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Part II: nitrogen laser physics =

Seotion 1: general considerations |

For our purposes here, molecular nitrogen has three electronic

states: ground, © and 3, mess levels and their lifetimes are
shown in Fig 1 .(A complete energy level diagram may be found
in the appendix) In these states, only the bottomost vibrational

* Q R= YO msec
‘ aS

Fig 4 ev Ln Bower (opseea= 4
a} [eres

levels (J= 0) are of interest; higher levels are not sufficiently

populated in an electric discharge, or do not have large enough
matrix elements, to lase. In these lowest vibrational levels,

several rotational lines have' sufficient lasing gain, but all
these details, as well as the details of the fine spin structure

of the electronic levels, are,not of direct import.

The lifetimes of the C and B states — as has been noted in every

nitrogen laser article since the discovery of nitrogers UV laser
Lines by Heard! in 1963 — ABB exactly wrong for CW action, 80

pulsed operation is a way of lice, For the purpose of pumping dyes,
pulsed operation is a boon since large peak powers can be developed

with only modest power supply!requirenents. Also, thermal problens

in the dye are completely evo}. Finally, laser speotroscopy
does not require a CW probe afd fares just as well on a pulsed

basis. :
|

|
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Section 2: the, rate equations

The power output of a nitrogeh laser is a function of the total

inversion in the laser tube, The inversion is, for practical

purposes, proportional to thelrate at which molecules are
pumped up into the C state. +

. © AN

viversums SES q)

Of dourse once a molecule gets to the C state it can only stay

thene for a few tens of nanosgconds after which it falls back to

soe lower state. ‘It is not surprising, therefore, to find that

the 33714 nitrogen laser pulsbs are about 10 nseo in duration.
i

Sinoe it will be of interest }o maximize the power output of a

nitrogen laser for dye pumping purposes, it is necessary to have

a rough idea of what is taking place inside the laser medium so

that various geometrical and plectricel factors can be optimised

‘in gotual construction. '
1

‘

Physically, @ transverse-field Np laser looks something like that
shown in Fig. The electrodes have a width w, length 1, and

i

ee

‘

re or | 4
We4]

; Fig.
: s

separation s; they are snnerspa in nitrogen at pressure p. The
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endsof the tube are made of quartz to pass the 33714 ultraviolet
lasep light which typically pours out in a superadiant fashion;

that is, the gain of the nstedgen is so high that feedback in
the form of mirrors is unnecessary for laser action. The UV beam

has roughly the rectangular ofoss section one would intuitively

expect from the efetrode geometry. The beam divergence is sin-}(w/1)
and sin-1(s/1) for the two bedm dimensions. When a plane mirror is

placea at one end of the lasex, ite length is effectively doubled

0 both beam divergences halv¢.
ad

The rate at which the C ever lis pumped is given by
i

H

' ate = nen, Re Q
We certainly expect the per-vjlume pumping rate to be proportional

to both the electron density,}since electrons do the pumping,

atid to the nitrogen gensity, gince nitrogen is what gets pumped.

Rg, which clearly has the diméngions cm3/seo, is somehow a measure
of the effectiveness of each plectron-molecule collision in regard
to that collision's ability % excite a ground state nitrogen to

the € state. If there were on]y one electron and one N2 molecule

in each om3, an excitation woild ocour every (Ro) seconds.

i
Gross section is perhaps a more graphic conceptualization of
collision effectiveness for sbme event, and as dimensions will

verify, the setsticnh/ Re amd cna Asche TE
———Re= CHE ECeomsare) ©)

where vg is the electron voiodity. Af any electron temperature
|
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there is of course a Maxwell-like distribution of electron
velocities. Since g is a fundtion of temperature ( see Fig 4),

t

at a given mean electron temperature Ry is calculated by

averaging ov, over all velocities in the distribution, hence

the ‘bar over Equa 3. This averaging flattens out the sharp

peak shown in the cross section plot so that a plot of Ro

versus electron temperature looks something like that shown

invig I. ,

j

!
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Fig't '
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From Equa. (2) it ie apparent that the C state pumping rate

is dependent on the electron ‘temperature in two ways,(1) through
Ro, and (2) through ne: i

1

aM 2 Me(Te) No R. (Te),
dt fi

'

’
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Section 3: determination of electron density ng, and the relation between
inversion and current density in the nitrogen laser.

In an electric discharge tnvo}ving large currents ( spark ) the
electron density and gas conductivity grow very rapidly as the

the gas begins to break dow." After a variable statictical tine
lag an avalanche occurs, ‘rent after the so-called formative
time lag, streamers form, the conduction channel fills out,

‘and the electron density is ‘then ready to grow in a more
analyseable fashion. All this} takes place in less than a
nanosecond if there is a high, overvoligge. When the channel is

formed, ng is still very small, perhaps only 10/om3 and the
applied voltage is stidl suppbrted. Ne then grows according to

the simple rate equation, .

1dite = Mee Riz (fe) (4)
~ H

This equation is identical to’ the previous excitation equation except

Ry is a measure of the collision effectiveness for ionisation.
Ry, like Ro, is a function oftelectron temperature.

Tt is helpful to know how large ng gets and how ng depends on

other parameters so that eventually laser power can be optimized. X
Equa (4), though interesting, is not very helpful in answering
those questions. All that can be eaia from Equa (4) ie that as

Ng grows, at some point the voltage across the discharge starts
to drop, the electron temperature falls; Ry diminishes in a way

i

1
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similar to Fig (4), and ng levels off at some peak value.

1

Consideration of the electron, drift velodity and ourrent limiting
~

provide an alternative anmwer; to the question. According to

P. Llewellyn-Jones? electron drift velocity is given by
H

w= aeEL (4) (s)~ Sm. \ %

where E is electric field, u electronic speed, and } the electron
i

mean free path. Q is roughly given by

i .he =i (6)
Nett o

|
where o is the mean radius of a gas molecule. The relation

between p and no is of course just the equation of state,

%= f& = (7)
Thad ‘

i

where p is in torr, T is the gas temperature relative to room
temperature in °K, and Gis a constant, 2x10!6/torr/om},
Thus we can write, i

Tor SP

and Equa (5) becomes,

olWo ose E+ (7 (a)Bro bre .
!

1
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The electronic mean kinetic energy 1, oF electron temperature,
is found to be, , ‘

= = i
f= tm -akk = eEL (19)

‘ A34

{

Where A is a constant indicative of how mich an electron is

stopped by a collision,
:

Ms

A = XM, a Xe ay
(Mer ™Moy* °i

If-A is small, the electron apcumilates energy picked up from
the electric field over many pean free paths. Replacing { in

Equ. (10) with Equa (@) we abt,

Fe eva ' ~(E) -2a% (12)= coe \sa tror & 34 P

Note that the gas and electron temperatures are not the sane.

The thermalization time is mh longer than the time it takes
for a nitrogen laser to lase.|For our purposes, then, Tre] is

!
just unity, room temperature,'a constant.

From Equ. ((2), then, it is apparent that electron temperature

and the fractions E/p or E/nof are all proportional to one

another; they are all measureb of the same property of the

electron gas, namely the mean; kinetic energy.
'

:
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With a certain degree of mathgmatical looseness, t can be

eliminated from Equas. (1) ata (12) to give,

: \

wis ( aeTat Ba yx \E )i Amo Q ve PHf

The drift velocity is also seen to be a function of E/p and
f

hence of electron temperature,

‘

Nitrogen is not an ideal gas, iand many loose assumptions have
been made. Nevertheless, the desults for electron temperature

and drift velocity as functions of E/p ( or E/N) at least show

the correct monotonic relatiotships. An experimentally derived

plot of these two quattities Yersue B/N for nitrogen at 77°K1

is shown in Fig. (5). :

i

To get a feel for the magnitude of some of the quantities that

are being thrown around here, ‘some numbers are appropriate. The
t

caloulations which follow werg all made from the preceeding

equations using values for E dnd p that might be found during

the laser pulse in a nitrogen{laser.

= [090 volts/enyE > volts/ ong Lo Qn

P= QO tow { E 2 /50eV
6Tyr 2

: | Te = 10° °KA = Bxio i Z = 700 umn/pare
° 5

a= 8A (cre) | Wo= Y om/pace
th = 4x10"/om !

. |
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We are in the process of seeking the eleotron density n,. Since

the ‘electrons are light, they account for most of the current in

‘the discharge, 50

Jy = T3ee W ch)
4 t

. J, it turns out, is limited by factors external to the nitrogen

discharge itself ( otherwise it would become infinite*), At the

time of the laser pulse, the gurrent density J — as will be

shown later — is limited by {he impedances of the discharge
1

circuit as well as by the slight inductance of the discharge itself.

It will also be Bhown that thd electron temperature, B/p, and

hence W. are essentially controlled by the electrode geometry

and externel discharge circuitry.

If ng is eliminated between Equas. (I) and (2), the result is,
i

wae i Ele)iniversion ~ ds f e xy Ke le. (is)WwW (&/p)

‘The important conclusion to bé drawn here is this: for a given

laser geometry and drive currdnt, 8/p is already determined (as
will be shown). Once an optimim value of pressure is ébundy the

amount of inversion per om3 nd hence the amount of available

power is directly proportional to the current density supplied.

*t 20 torr and with the drift velocity caloulated earlier, if
every molecule was singly ichised, the current would be

256,000 amperes, a large ‘though finite current density.
|
t
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Section 4: overvolting and E/p :

The spark process resulting i ‘the formation of a conduction
channel, as discussed above, dcours very quickly when the gas

is cvervolted by more than o few per cent (fypically in Np
x lasers the gas is overvolted ty 500%). Very near the spark

potential it may take several seconds for a channel to form
because in the case of low overvolting the statistical time
lag amounts #6 waiting for a boomic ray or photoionization to
start an avalanche. :

I

A very simple analysis of ionization buildup in a discharge —

first done by such gas greats as J.S.Townsend4 and J.J. "Electron"

Thomson? in the early part of the centuny — shows that the

number of electrons reaching phe anode of a discharge is

ic
Ma = We |—< | (16)4- 2( 1)

where n, is the number thet shave the cathode, d is the length
of the discharge, o is the nutber of ionisstiona per om caused
by each electron, and w is the number of electrons "created" at

the cathode per om of travel be each electron an the discharge as

@ result of so-called "seconabry processes.” w is thus seen to
be a sort of feedback. when aie large, ng is some small number

indicative of the gas Leakage! current. However, when d is reduced
to a value which makes the acponinator approach sero, it is like

'

|

‘
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@ loop transmission going to unity, and ng blows up. This,

Thomson tells us, is what sparks are all about. The spark

condition, or "Townsend criterien," is thus,

wds

SL e =) 1.

It can be shown that o(/p and 4)/p are both functions of the

familiar variable B/p = V/pa, so Equa. ((7) can thee be rewritten,
:

wo(\elP®) [ Sores i)e4 (\)% (Ve/pds) | ~ oo

iSolving this equation for Voparte) one gets,
'

Vg = Vs CP 4s), 8)
}

!
6which goes under the name of Paschen's Law®. For example, Wolff

(check this footnote for evidgnoe of recent research) found that,
for nitrogen Pasohén's Law is'approximately ( for reasonable
préssures), H

‘

°\g = 300 | 12. 08(P ee) + 5.0| (Re)

where V is volts, p atmospherés, and d mm.

For praétical purposes, Paschgn's Law can be approximated as
.

tVie = A es (2 »)
,

where A is -some congtant, ands is the electrode separation of;
t

5
{
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Av@ nitrogen laser. The discharge circuit with its inherent ¢i

will cause the discharge to oyervolt by some fattor B, so

Vac = BVac = AB ps (22)

Thus is obtained the result promised earlier that

!

Ely = Veo _ AB. (22)Pp ps i
That is, as long as the voltage supplied to the laser is greater

than Vg, by a sufficient factor (A), the ratio B/p is
determined entirely by external circuitry through B, the

overvoltage factor. B/p at breakdown is independent of both

pressure and electrode separation. ( This of course is only

trué in our simplified zeroth-order analysis. In fact, E/p
!

does vary slightly with these’ parameters, but not much.)
-'

i

‘

1

'
‘
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Part III: nitrogen laser engineering |

Section 1: discharge cirouit analysis

1

A simple discharge circuit ig shew in Fig. 1. G is a triggered

spark gap having a very fast rise time of perhaps 10 usec. D is

the discharge tube. The sum of all circuit inductances is L.

Capacitor C is initially charged up to some high voltage Vo, the

ewitch is triggered by an external circuit, and a pulse of ourrent

1
G ,

c ; p Fiqua 1.
‘

tO
is delivered to the gas. i

i

After the spark gap has switghed on and when the discharge has broken
down enough so that its resigtance is small compared to reactances,

the oircuit can be roughly approximated by a simple LC circuit.

‘Thé peak ourrent of such an LC circuit is easily shown to be

Iwan = \e Vo. a)

The current density J in thedischarge is proportional to I, #0

to increase J and hence the jmount of inversion we can (1) increase
C, (2) increase Vp, or (3) dporease L. Once a power supply is

selected, Vp is fixed. The aarginal benefit of adding an extra
capacitor to bank C drops off fast when there are already 10 or

s0 capacitors, and more capacitors also increases circuit

‘
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2

i

t

inductance. The best thing to do is to design the discharge circuit

evohetay so that the various ‘inductances are minimized. The total
inductances however, can never be less than that of the spark

gapt Typical numbers are |

:

L = 30 wh

Cc = 20 mF |No = $0 KV

That (8 KA.

In order that the power be agpiverea mostly to the discharge rather
than to the gap itself, the gap must ewitch on speedily. This

necéssitates its operation at high pressure (several atmospheres).

High pressure sparks are long and narrow, so they have high

inductance. The self inductarice of a round conductor is, by the
fay

ways 11
‘

; wis(nw) = a0 [be 2-2]. @
so that the inductance of a 4 om spark, I mm in diameter, is about
15 AE. H

1

i

Using the cirouit of Figure 1, the only way to reduce inductance
. i
below that of the gap is to use many gaps in parallel so that

lLtotal = Lgap/a. Typically ne20 and Lyoy,; = 1 nH. The multiple

gap approach is effective but expensive, and an alternative is

: to use the circuit shown in hears 2.
1

i
Before leaving circuit 1, however, one other observation should

H
7



f

:1

'

be ade which applies to ali'arive circuits. As can be.seen from

the, plot of the excitation rete R, in Figure 4 (Part II) and from

equation’ 15 (Part 12), the ijversion increases with increased
electron temperature, which is to say, with increased E/p. Back

on p. 12 of Part [it was shéwn thet B/p = AB where A was 2

Paschen constant and B was the overvoltage factor. The faster the

voltage rises on the aieoharge, the more it will tend to overvolt
though there is no strict linear comnection. In Figure 1, since

the discharge has very small'capacitance, d¥/dt is very large;

this is an advantage of circuit 1. Faotor B is thus lange, electron
temperature is high, and pumping of the C state is efficient.

t

“im cironit 2because of the “presence of capacitor Cy, aV/at is
somewhat sacrificed as a cost of obtaining increased discharge
current, Experimental evidence seems té show that increasing
avV/at beyond 1500 volts/nsec does not in fact improve the overvolt

.

u

z Q . ! 5 fon tea qe

: cS) 1 Fique 2. &)
'

factor B, so with small C, tliere is no sacrifice. The reason for

this is probably an effect ob the finite switching time of the
spark gap. That the circuit vf Figure 2 can deliver a higher
peak current can be demonstrated as follows. After the gap has

1
1
'

'

i
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ow |switched, buf before the discharge begins to break down, the
rs YON

circuit is thet show in Figure $f C de initially charged tot

Voy the current in the cirouit is .

g :TU = (WEY sin (tetu Nuch (3)

and the voltage rise on Cp is;

4 aq aMy= RLV, sie €).Ve.) = 2 on Yo t (3 ucu (4)
i

If Gp is small compared to Cy, ( perhaps 1:4 or less), ey ee
and then 1

Ce . t

Lex “oe ui S& jug (5)

2h is 6% Ve sok ( . (6)Ye, ANe Som GOTTG
t

j
Whereas the voltage rietine for circuit mam 1 was nearly sero,

here it is seen to be 2\LC; «As compensation, though, C, is

charging toward twice the eubty voltage and this tends to improve
av/at. H

When Vo2 reaches the overvoltage Vac = B Vag, the discharge very

quickly begins to break dom,| the circuit is that shom in Fig 3.

| Li

Figur a Nec=E Ce3 i

H .
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the crux of the matter is thie: now the peak current in the

discharge is no longer limited by the gap and external inductances.

L, the inductance of the metql plates cofnecting Cy to the electrodes,

can be made much smaller thay Lgay. Typical numbers might be:

b= 4 wh

' Ce 4 mF

\ex! 20 kV

Tyr [GVoe = YO KA.
‘Thus, the discharge ourrent toa inversion are more than doubled.

ic

‘These peak currents demonstrate a point, but are probably not

actually realized since the various losses, including the

excitations of the various mblecular states, have been neglected.

They appear, of course, as ime varying resistances.

'

‘

‘
'

,

i

5
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'

‘
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| Section 2: optimizing pressure .
:

In equation I-15 it. was show that .

INVERSION =< ps RF) :
. SNE)

Given g particular laser geometry and a discharge circuit, J

and B/p are ‘predetermined, ag has been shown, as long as

Veupply2 Vac When p is 20h the inversion is low, As p
increases, E increases so asito keep E/p constant, Ry and W_

remain fited, and the, invereton grows linearly with p. When
p reaches a certain value, B= Vao/a can no longer increase

due to the voltage Linitation, E/p drops and R, falle off fairly
steeply ( see Figure II-4) ag electron temperature falls. The

product of p with Rg, a tanction which increases as p increases,
is what produces a maximm itiversion and an optimum pressure.
With Vgupply around 30 kV and s=3 cm, the optimm pressure is

found to be 20 torr. |
1

1|
1

‘

:

i

|
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Section 3: optimizing nitrogen laser design

1

The more power supply voltagé available, the more power output

that can be obtained from the laser because (1) electrode séparation

can be made large for large volume, and (2) overvolting will

be high. ‘

t

Practically, a power supply or some reasonable voltage is chosen,
perhaps with consideration 40 the breakdown voltage of available

high voltage, low inductance eapacitors, ‘and then the optimization
begins. Fram economic considerations, the maximum size of Cy) + Cy
is also determined. The questions are: (1) How should the electrodes

‘be connected +o Co? (2)How should the capacitance be distributed

‘between Cy and Cy? (3) What should be the electrode dimensions,

shape, and separation? '

(1) To keep inductance low, the & capacitors should be as close to
the discharge tube as is possible; they should be arranged along

the length of the tube and should be connected continuously to

the electrodes via copper sheets. An inductance calculation will
be done later. :

(2) Chéosing the ratio of 04 /Cg is a playoff between peak current
and overvoltage and is best determined experimentally, as is

the optimm pressure, In our laser, a patio of 6/0, = 4 wan

found to optimize power. /

(3) The current density in the dhecherge at any point is (see -
}

i

fl
‘
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Figure II-2) given by
,

J= = (7)
w xt

and the total inversion per om of electrode separation is

controlled ty I which, as hag been shown, is determined by
external parameters. Thus, changing ‘the wiath and length of the
elettrodes does not change the amount of inverted population.

The separation should be as large as can be overvolted effectively

vy the power supply, since the total inverted volume is propor—

tional to separation s. Practially, however, the separation is chosen

so that the laser beam can bé collimated by available lenses to

the desired beam shape. Even ‘though the total inversion is
unaffected ty the length of the electrodes, their length is

important because of saturation effects. The electrodes should

be made long enough so that for most of thetr length the nitrogen

population is saturated. Increasing length further will not increase
power output ( for a fixed d#ive current). Howefer, if the Cy

coupling circuit is extended along with the laser tube, the total
drive inductance ‘s halved ejch time the tube length is doubled,
s0 there is some benefit in peak current, Most researchers, however,

seem to agree that with a sigle plane-mirror system, an slectrode

length of 1 m is about as long as is useful. In the siggle
spark gap scheme of Figure 2j all the current met ultimately

pase through the spark gap ahd increasing tube length beyond

1m merely raises, primary, Gifouit inductance with a resultant
deterioration in aV/at. In atmultiple gap scheme where

:
|

!

:
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}
everything is extensive along the tube, power output for long tubes

i

is linearly proportional to Hength. The operational cost is

an increased demand on power supply ourrent to charge all the
capacitors. :

'

Section 4: the question of discharge uniformity’

i:

1

That a uniform discharge is, ‘first of all, desireable oan be

easily demonstrated. For simplicity, assume that the discharge

"sparke" in N equally spaced{channels along the electrodes as

shown in Figure 4. The total gain of all the channels is
‘

'

: Pique 4.

determined by the total current I which, as has been remarked

about 5 times, is fixed. If the total gain is G,, then the gain

of each channel is 1+G,/n. As n->4 the beam passes through

each differentially thin chahmel with unity amplification.

If one of the end cliannels generates spontaneous noise Poff,
the power output of the tube is

{
|

mn

= \+ @)-Ra = B (\ =

Pout is thus a sonotontcat iy increasing function of n and has
q

H
l \
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alimiting value of :

i @’:
Ru (mae) = he. ;

.

This limiting value is effectively reached when .

G, {m= 10S,

'

For a uniformly discharging laser tube that saturates at 10 kW

from 10 ni of noise, Gis !

Ln Pa® = 2,3 \04 (4) =is= 23\oq (1%) = ,PB “4 (i=) =.
' ‘ .

Ana for effective utilisation of this gain, there should be at

ledst 150 channels. If the discharge only sparke at 5 of 6 places,

the gain, instead of being 1)° , is only

ot ios
. is~ SsPast, (+ BY x io. ,

This loss in gain is anothér{reason why overvolting the discharge

is important { besides the thot thet overvolting provides a high
1

electron temperature). When the electrodes are highly overvolted,

B of Vag = B+Vgc is large, the channel-initiating avalanches
i

form very quickly. The faster the channels are formed, the closer

together they ‘can be for the! following veason. When one channel

is formed, it tends to short'the electrodes and the local potential

:
1

i.

{ :
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falls. ‘This potential drop propagates as a pulse dow the

electrodes at something resembling the speed of light, so no

new channels can be formed where this pulse has passed by (see

Figure 5). Thus, i#f the channels all start forming in some
i
t

ae ie Gro ~sec
Fas. '

en[i4 msee
'

time @ , they can occur as ‘close together as
i

KH=c#,

Overyolting has the effect of drastically reducing @ . When
the electrodes are overvolted by 500%, @ , the time for a

channel to begin forming after the first channel has formed,

ia down to a few picosecondd, so x is on the order of mm, and the

gain of the laser is very high since n,'the number of channels

into which the total current is divided, is very large.

1

'

‘

'

'

i

t

|
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|Section
5: laser tube description |

‘

A ' t

A nitrogen laser\which vas constructed for the purpose of pumping
:

‘organic dyes, -had the followihg characteristics:
'

The electrodes were 45 om long, of polished semicylindrical brass

tubing, diameter 2.5 om, smoothed ends, separation 3 om.

|
‘The discharge vircuit supplied 30 KVDC at 5 ma. The spark gap used

. \

was an EG&G'GP-14 capable of handling 100 kA. Capacitor ‘banks

were made from Spfague 2500 pF 30 kV unite, All wiring consisted of

. copper sheet, 30 om wide (see Figure 6), The discharge circuit

‘

a
‘

o:

1

Figtnn 6.'
is shown in Figure 7. ,

4M byt ba ba.
‘

1

FFig 2 ‘2owF | Suk

by by ds
1

Nitrogen gas wes flowed at a yer slow rate through the tube;
optimum pressure was 22 torr.|

The voltage ond laser pulse abe shown in |Figure 8. The laser pulse

is some 10 nsec long and oocuis some 50 neeo after the discharge

d



©

(a) voltage across discharge
tube. Vert: 10 kV/om
Base: 50 nsec/om

; pote

12
(b) laser pulse. Vert: un-

cal ibrated. Base:

50 nsec/om

: aS COS

Fiquen ®. a ——
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‘

|

‘H

voltage begins to fall, which is consistent with inductance

caloulations for L ( to cone
H

Energetics: the power supply is capable of supplying 150 watts of
i

powér, “The energy required to charge the primary capacitors C, is

omWa= @v*= as jouten,
i

Thus, the maximum pulse rate is about 8 pps. The energy stored in

©, is, of course, only 9 J; the energy per laser pulse, as measured
by a calorimeter, was .50¢5 pJ, for a wall-to ~laser-pulse

efficiency of 3 X 1075, The average power during the laser pulse
H

is

e W 1.5\-3 W/w = Wa SES = Sokw,
i fo, -4 .

i

At 8 pps, the average laser power output is about 4 ali,

Misc: The electrodes were each mounted on three bolts inside a
3" 0D, plastic tube. The end, windows were 3" Corning No. 7740

pyrex glass plates with a losp of .3 db per window at 3371 A. The

spark gap was triggered by an’ EGSG TR-153 pulse transformer
driven by a transistorized phlser ( schematic in appendix).

f

1

1

|

1
.

j
i

i

1
1



an ‘ ua
~ 1

:
|

Sectiom6: inductance cAclulations |
i

1

The inductances shown in Figure 7 are not entirely trivial to

calculate; ‘an attempt will belmade here to calculate L;. Since

the electrodes were connected’to the current carrying sheets by

three bolts, the sheets were not as affective as they might have

been in reducing inductance. The inductance from Cp into the
discharge can be modelled as three rings omnected in parallel

as shown in Figure 9. Using another of Grover's formulas®
,

© W(t) = re. [dn Se - 5 | (v)
‘

and using a = 5 om, b= 1 om,| we find that the inductance of each

~ (EP

CoFF Frq 4‘

I

ring is 192 nH, so that the three rings in parallel give 64 nH,

suggesting that the L's in Pig. 7 are about 30 nH each. The other

induetanoes showa in Pig. 7 are probably also of the same order of
magnitude. i

|

A new laser tube is prosentiy| being constructed with the intention
of reducing the critical currpnt—Limiting inductance L3. The
electrodes for the new tube are 1 m long, and the current sheets

and electrodes are all formed; from the same piece of metal as
1
.

}

1

'



i

shown in Fig. 10. The secondary capacitors Cy are mounted so close

that they actually touch the plastic gas tube. The L3 inductance can be
1

ee,iow
a Ve c= aw Fquae10.Bonrt—

modélled as a short-circuited tranmission line. According to

Bleaney # Bleaney3, the inductive reactance of a short, short
circuited transmission line ‘

to.Xu = 2 td C254)
}

Since we are on a time scale vt tens of nsec, typical ) is several
meters and Q is a few om so we can say tan(x) * x to get

t

A y= 2rd Qo
»!

o

= Ree
3

or

LG) = Llow’) BoC. (:2)
; 30

For # parallel plate transiission line, Z, is

1

R= B77 >)
|

{
}
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Thug, the total inductgnce of’ the secondary discharge circuit is,

he
= = - 14GN) Vas G4)

'

i
whete lengths are in om. Putting in numbers as shown in Fig. 10,

we get L = 1.8 nll, a vast improvement over the former design,

. singe now each L; is only .9 nH as opposed to 30 nl, This

30-fold reduction of inductance could, according to equation

(5), increase current and laser-output by a factor of 5 or 6 to
300 kW. .
':
:

The characteristic impedance te the transmission line used here
4

is about 12, For an example of a nitrogen laser driven by

a moh lower impedance line (% = 41.2) see Geller et al.4

1

'

1

1
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