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I. Introduction:
~nzohddctien

EXPERIMENT VI

THE NITROGEN LASER

€ you are requited to use a Rogowaki coil to measure

the yarious electrical parameters of the blumlein circuit. The Final secricn

deals with the o

Ptical characteristics of the nitrogen laser and it contains
€re you are required to investigate some of the laser cutput

characteristics.
2, Basic Physics of Nitrogen Laser:

The UV nitrogen laser is based on a three leval pumping scheme. The
ground state X!rlg (jevel 1) and two electronically excited levels cny
(level 3) and §3ng (level 2) are shown in Fig. I. The vibrational and
Totational splitting of these levels are omitted for simplicity.

CJHU }r 3

hv = 3.5 ey Stimulated

T = 40 ns emission
hy = |} ey 3

b7mg 2
Absorption T = 10 pa Radiative
decay
XIIIg 1

Fig.

1 Three levels Pumping schems of
Nitrogen Laser.

During an electrical discharge, the nitrogen molecules are excited
from the ground level to the upper level 3. The energy difference betwveen

- The transition from level 3

lover level 2 with a lifetime of 40 ns. Level 2, on the
meétastable state with a lifetime of about |0 us. To avoid
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depoduldtion by spontaneous emission, population inversion must be
accomplished within a time shorter than 40 na. This requires pumping by a
rapid pulse discharge from a circuit with very low inductance e.g. in a
blum.ein eircuit.

Due to the short life time of the upper laser level, the population
inversion produced by such a discharge can be sustained for a short period
oaly. However, during this time, the gain is sufficiencly large that even
in orly one pass the laser radiation becomes 80 intense that the uppetr
laser level is largely depopulated via stimulated emission, Therefore, an
optical resonating cavity.is uot essential in the operation of this type
of laser. It is called a “super-radianc” laser.

3. Construction of the Nitrogen Laser:

3.1 General Features of Nitrogen Laser:

In order to obtain a fast high voltage~high current discharge in a
nitrogen laser, a low inductance high-voltage generator is needed, A
blumlzin high-voltage generator is used in this work and schematic diagram
is shawn in Fig. 2,

Resistor R1

———-—/VV\/\__L// Leser charrel
. — “HY
N ~
| + I
. — C1 “'_"'_"62 T'l‘r:i.:-;ger'ing pin
1=

Fig. 7 Equivalent circuit for the blumlein
high-voltage generator of the nitcogen laser

Initially, both the capacitors €y and C2 are charged to the same
high valtage when the high voltage supply ig on, but there is no voltage
drcp azross the laser channel. When the spark gap is triggered, causing
& spark discharge and hence grounding one end of the laser electrode, an
instan:zanecus high voltage develops at the other electrode connected “to
the casacitor C,. Thus a blumlein circuit is a simple method of obtaining
fast veltage switching. The criterion of fast ewitching is to have low
inductance in the switthing circuit, this is achieved in the usage oP:flat
plate capacitors.

The physical construction of the laser is showm in Fig. 3 whieh
consists of thelaser channel, the two parallel plate storage capacitors and
the spark gap. The laser channel is connected electrically to the capacitors
by the two soft copper sheet electrodes that extend from the middle of the
laser channel; a 500 ohms resistor, Ry, is connected across the laser
chamnel to both sides of the channel electrodes. Since the nitrogen laser
is superradiant in nature, a simple front surface aluminized mitror is
Placed at one end of the laser channel that will roughly daubled the
output power.
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Other components of the construction are a triggering unit for the
triggering of the spark 88p discharge and a high voltage power supply for
the charging of the capacitors.

3,2 Details of Component Construction:

3:2.1 Laser Channel:

mylar
sheets

The laser channel is constructed using two soft copper sheets of
thickness 1.6 mm and length 70 em glued to two pieces of 1.3 cm thick and
] : 2.5 cm wideh perspex rod using silicon rubber to form a rectangular laser
. ’ channel of 1.5 cm width by | cm heighe by 70 cm lengeh (internal asasurement).

Capacitor C

Patrspax

Laser
channel

copper sheet

Capacitor ('.‘2

Spark gap

- The electrodes separation gap is 0.8 cm. The cross—section and layout of
3 the channel are shown in Fig. 4. The ends of the tube are sealed using
.'g .E. Perspex caps fitted with quarts disc vindows and O-rings.
]
m— _" v The nitrogen gas is pumped longeritudinally along the tube i.e. the
& 848 enter and leave from one end to ancther end of the tybe through the
=9 gas inlet and cutlet. A TOtary pump is used and the pressure is monitoresd

by a pressure gsuge (0 - 250 md), Tegulated by the gas flowmeter (0 -
150 SCFH),

LT
5
]
s
(-]
W
-
B
g
o
- s
o 'E 3.2.2 Flat-plate Storage Capacitors:
H § The storage capacitors are constructed using paraliel copper plates
3 I . with both 10 mil and 20 mil @ylar sheets acting as the dielectric as shown
H » * in Fig. ). The mylar dielectric has 2 breakdown rating of 2 kV/mil and
3 P-4 S ] a dielectric constant of 1.8, The measured values of the constructed
5 1 - . Capacitors are as Follows:
H [ =
- M [*]
» N - : .
. o Cepacitors 10 mil mylar 20 mil mylar Dimension
/ \ " E (nF) (nF) (“z)
-t E’ ob
& | ~ -
) N G % ¢, 18.0 14.2 70 x 46
u h ] -
. v}
2 A F c, 7.0 4.2 0x N
[ Py \ ]
8 1A g
o N - < The copper plates are carefully polished with the edges well rounded
: R | to reduce corona discharge. The capacitor plates are firmly hetd together
. \ £a befveen two pieces of 2.5 em thick plyvood boards in order to maintain a
= N -g"’ unifcra spacing and tp prevent mechanical flexing of the dielectric during
\ . i o Ch“aing and discharging of the capacitors. Thick 20 mil wylar sheets are
: :3.;. _:'. Placed in between the copper plates and plywood boards for insulation.
N [
- < 1.2.3 Righ Voltage Power Supply:
¥
. a The nitrogen laser is known to operate best around 10 to 25 kV. A
¢ Y 3? kV variable high voltage charger has been constructed. It is shown in
S =g Fig. 5. a high voleage transformer is used to step up the voltage from a
“v 0 - 250 ¥ variac connected to the mains rms voltage of 230 V. The high
e
el ol
O W £
~ o35
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2.5 cm

Silicon
lrul:nlaer\|
l ca
Perspex 0.8 em
channel soft copper
sheet
1.5 em
a) Cross-section
O-ring .
Gas-ouclet Gas-inlet .

Quartz disc

/ window

sheet 4,

Soft copper

: :
1.5 tm
|

Nylon screw

/

70 cm

N

Perspex channel

Fig. 4 Schematic diagrams of the Laser Chanpel
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voltage output from the transformer is then full-wave rectified using »
diode bridge consisting of 4 x 41 pieces of INGOO7 diodes in parallel each
with a 4.7 M2 dividing resistor. The charging current is limited by six
Pieces of tubular pover wire wound 100 K resistors in series giving &
charging current of 17 to 42 mA vhen the charging voltage is operated from
10 to 25 V. (The maximum current rating of the transformer is 50 mA).
The high voltage output is read out on a microamseter in series with a

100 M2 resistor chain calibrated using an electrostatic voltmeter.

3.2.4 Spark Gap snd Triggering Circuic:

A non-pressurised air spark gap triggersd by a motor-boat spark plug
was used as shown in Fig. 6, The spark plug has its centre triggering
pin insulated from its outer metallic body by a gap requiring a firing
voltage of 5.5 kV, an ordinary moter car ignitrom coil (C12-500) was used
to generate the necessary high voltage triggering spark.

The triggering circuit as shown in Fig. 7 was used. It consiscs of
a WJT trigger pulse circuit to trigger the "gate' of a SCR which is helding
4 peak mains voltage of 340 ¥ across its ancde and cathode. Both continucus
switching and manual switching are seleccable by the two~way awitch of §)
and 52 respectively. 1In continuous switching, a pulse repetition rate of
more than 10 Hz can be obtained by adjusting the RC time-constant of the wT
circuit. The manual switch is operated using the press-switch S3. 1In both
manusl and repetition svitching, a trigger pulse would Appear across the
primary of & I:! pulse transformer. This will trigger the SCR which chen*
produces a voltage pulse of approximately 340 V peak. The SCR output
trigger pulse Appears across the primary of the iF“iti°“ coil which then *
gives an output Pulse of 17.5 kV peak. As shown is Fig. 6, this high
voltage will cause the spark plug to fire, hence inducing the high voltage
discharge across the spark gap. For more information on the control
electronics, refer 1o Experiment IV of this volume,

3.3 Operation of the Nitrogen Laser:

In the operation of a nitrogen laser, there are two important factors
to be taken into consideration. Piratly, the radio frequency radisted inte
the surroundings due to the spark discharge must be effectively shielded,
To do this, a metgl casing is construcred to enclose the laser channel
leaving only an outlet and another ocutlet for the high voltage and
triggering lines as well g5 the gas inlet and outlet rubber tubings. The
outlets are constructed iy the form of vave guides that witl attenuate the
enission of radie frequency. Also, all connections of electrical vires
from outside the casing to the laser, ®.g. the high voltage and triggering
lines, are made using coaxial cables to prevent propagation of RF along
the vire to the outside. Secondly, the grounding -of the high voltage to
the earth line during spark gap breakdown will cause s rapid transient
high voltage in the earch circuit and also a transient high voltage wave
reflected back into the mafns cireuit, Any electrical instrument using the
mains supply will then be affected. To overcome these problems, the earth
line of the laser discharge is connected to the vaterpipe instead as showm
in.l-"i;. 8. In addition, all earth lines sre distributed from a single
Point to the various lager components to prevent esrth looping. A line
filter for the mains with an attenustion of 100 db st frequency from 14 kiiz
to 10 GHz is placed before the mains supply to the inpye of the variac
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Triggering circuit for motor-boat spark Plug spark gap

7

Fig.

1=
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High voltage charging line

Earth line to
water pipe

CGround plate

metal casting

Coaxial cable L

/_J wave-guide

Power
supply

Line
filter

maing

Fig. 8 RF shielding,
elecrrical connection to
transient earth floating,

Earth te triggering unit

Earth to ignition coil

Power line to triggering unit
and ignition coil

line Filtering and
avoid earth: looping and

7 _r laser output
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transformer,

Since the nitrogen laser is operated at high voltage, a few safety
precautions must be taken into account during the operation., 4n "earthing
roc” connected to the earth ig used to discharge the capacitors prior to
any manipulation of the laser components. During charging and discharging
of the laser, close contact with the laser must be avoided and the
laser output must be carefully guided on its path.

Pollowing the above precautions, the nitrogen laser is safe for
operation and use in experimental work.

&, Electrical Characteristics of Nitrogen Laser:
4.1 Electrical Characteristics of the Blumlein Pulse Porming Circuic:

The blualein circuic is a simple means to obtain a high voltage
pulse which could then be applied across the laser channel. 7This is shown
again in Fig. 9 together with the equivalent ecircuit when the spark gap
breaks down.

The BLC circuit of the spark gap breakdown is composed of the
capscitance C3, the spark gap induccance Ly (including stray inductances)
and the breakdown spark resistance Ry . When breskdown occurs, the circuit
begins to oscillate as defined by the following equation:

d1, |t
— = - 1
L, R, L, v, A Iolzdt )]

*vheres I; is the current floving across the spark gap. Terms on the left-
hand side represent the voltage that develops across the spark gap during
the discharge.

The equation has a damped sinuscidal solution is the form of

Y sin W t (2

Iz-Ae i

vhere w = (uoz - yz) is the oscillating frequency

w o= — } is the natural oscillation frequency
] LZCZ

R

L,

N

and y =

is the damping factor.

[

The voltage across the spark gap during the spark gap breakdown can
be shown to be

~t/t R2
V2 - voe (—ZAT'E;) sin @t + cos wlt) (»

where ¢ --;— is the damping time constant.
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I_,, Laser channel
[ ] —+ HY
+ + R2
c C2 Equivalent
——1 —— L circuit of
2 spark gap
breakdown

||l—

Fig. 9  Equivalent blumlein circuit
vhen spark gap breakdowm.

\)g ¢
2

T= |40 ng

Fig. 10  Sketches of spark gap current I; and voltage Vs
waveforms, and the open circuit voltage waveform V. of
the Laser channel, :

145

Since the voltage at the ecapacitor Cy remains at ¥, during the
spark gap breskdown (the characteristic time scale of spark gap discharge
is in the order of nanoseconds vhich is much faster than the 10 us {R) =
5000; €; = 20 nF) discharge constant of Cy), the open circuit voltage
across the laser channel is then given by

vl - vo - '2
iy’
) sin w,t + cos w t)} (4)
ZUILZ i I

- Vofl - .'tIT(

The empirical parameters of the oscillating circuit are obtained by
weasuring the discharge current vaveform of che spark gap using a Rogowski
¢oil wound around the anode of the spark gap. By opersting at atmospheric
Pressure so that no laser channel breakdown occurs, a sinusoidsl current
vavefcra can be obtained. It is a slightly damped RLC oscillating vaveform.
Using Eqn. (2) by substituting the values of period T sod demping constant

y obtained from the vaveform, various values of “, w,, I‘2’ .'2 and y can be
deternined,

These parameters are important factors for optimm oparation of the

laser and are discussed in Section 4,2, For simplification, assume o o

Eqns. {3) and (4) become

v, =y o t/t cos w t (5)
2 Q [-]

and v, - Vo G-t cos unt) (6)

A sketch of the waveform I v V) and 1' are shown in Fig. 10. Thus,
vhen the spark gap breaks down, tge voltage across the laser channel
begins to oscillate with the same fequency w,, rising towards & maximm
value I¥,. In actual operation the breskdown voltage fo the laser channel
is between V, and 2v,,

4.2 Electrical Considerations for Optimum Laser Discharge:

Since the laser output power is directly proportionsl to the dicharge
curreat Ij across the laser channel, this discharge current can be taken
to be approximately proportional to the short-circuit current lg. between
the two storage capacitors. Thus

ID = [s-c - VbIZL (7)

where J), is the breakdown voltage of the laser channel;
2, is the characteristic impedance of the storage capacitors.

An increase in laser output is therefore expected by operating at
higher breakdown voltages across the laser channel. The breakdown voltage
is generally also 3 Function of the rate of voltage rise., The more rapidly
the vol-age increases, the higher the breakdown voltage. The voltage
rise time T, is dependent on the inductance and capacitance of the
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switching circuit given approximately by one quarter of the periodic time,
L
T, =iTe 3 -’(chz) (8)

A fast switching can thus be effected by reducing the values of Ly
and C;. The value of €y is fixed from the power requirement for che
discharge and can only be reduced marginally. The contribution of L, comes
from various sources. In the case of the flat plate storage capacitors,
the values of L, £ and Z can be estimated by considering a flat plate
transmission line, i.e.

Capacitance Cn ccoulid 9
Induccance Le uuodl/u (10)
Uy
and Impedance Z - J(L/C) = ( E;Eh | d/fw an
o

where 1 and v are the length and width of the parallel plates;
and d is the thickness of the dielectric.

In most case, the switching inductance is largely contributed by
the spark gap itself. This inductance is proportional to the flux linkage
of the switching :yrrent loop. The spark gap should therefore be placed
across the capacitor plates with winimum cross-section area for the current
loop which is oftan restricted by constructional design, .

Referring again to Eqn. (7), the optical power is also increased if
the chatacteristi: impedance of the Storage capacitor transmission line is
reduced, Since the value of the impedance Z) (Eqn. 11) is direcrly
proportional to the thickness of the dielectric, a thinner dielectric would
result in higher aprical pover than a thicker one. But there is an optimum
thickness of dielectric to be used due to the breakdown voltage rating of
the dielectric. Tor mylar dielectric (breakdown rating is 2 kV/wil), tre
optimm thickness of dielectric is therefore Biven by Vy/2kV wil where ¥y
is the breakdown volrage in kV. For most cases, breakdown voltage is
between V¥, and 2V,, thus a mylar thickness of Vo x 1073 mill will avoid
dielectric breakdswn. In this case, the thickness of the dieleceric is
fixed according to the operation voltage range. The impedance of the
laser is then nécessarily reduced by having a targer width of capacitor
(Equ. 11) instead, this means & longer laser channel as well.

We can also consider the following circuit equation scross the
laser channel when the lager gas breaks down,

dl
v, Lag* gl Rg(t)I : (12)
where I in the discharge current of the gas breakdown;

2y is the characteristic impedance of the transmission line;
and Rg(t) is the time varying resistance of the discharge plasma,
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The first term represents the voltage across the circuit inductance,
the second and third terms represent the voltage drop across the source and
Plasma impedance respectively. To maximise laser output power. the value
of the last term must be increased, i.e, the pover fed into the gas during
the time of breakdown discharge must be increased. This can be done by
minimizing the valuea of both the first term and the second term which means
having & low inductance and low impedance circuit. This critefion is in
fact normally best met by using a parallel-plate capacitor design.

4.3 Experiment I - Electrical Characteristics Measurement :

By operating at atmospheric preasure so that no laser channel
breakdown occurs, obtain the current vaveform from the oscilloscope by
using a Rogowski coil wound arcund the anode of the spark gap. Then
calculate the following electrical parameters of the blumlein svitching
circuit as shown in the table below where 27 is the impedance of the
RLC circuit.

T = noow o= w, = Hz
Y - T -
L, = nH R, = f
22 = 2

5. Optical Characteristics of Nitrogen Laser:

The cutput of the nitrogen laser is ultraviolet but can be observed
visibly through its blue fluorescence on a pPiece of vhite paper. The laser
pulse is detected using a fast phoctodiode (EC & G FRD-100 with a rise time
3f less than ooe nanosecond) and displayed on a 400 Miz Tektronix 7834
décilloscope, This is shown in Fig. 1! indicating a laser pulse width
LFWHM) of 5.0 t 0.6) us.

Fig. 11 A nitrogen laser

output pulse detected by the

FND-100 photodiode and displayed )
on the Tektronix 7834 oscilloscope.

Laser pulse width
= (5.0 £ 0.6) ns.




148

149

The divergence of the laser beam was estimated by measuring the ical power at S Hz (V_ = 10 kV) o
dimension of the flourescence Spot on a white paper at different distances. Average ?pu“ e "
Since the laser is superradiant, the divergence is approximately given by . Peak optical power {optimus value)
the raio of the width to the length of the laser channel. However, in the 1se width (FWmg ns
presence of a backmirror, the horizontal divergence will be reduced. This Laser pulse ( w
¢an be underatood from the longer gain path of the output beam in the Laser pulse energy
prasence of the backmirror. Baam divergence (horitontal and vertical) mrad

5.1 The Characteristics of Nitrogen Laser Output Power:

The aversge output power of the laser was measured using a Scientech

i laser channel
i i b) Plot a graph of laser output amplitudes against the .
36=001 thermopile. The peak power is then obtained using the average pover t iv detected using the photodiode with oatput
divided by the pulse rate and the pulse widch. ! pressures. Tha laser outpu '

connected to the Tektronix 7834 olcillr_ncope.

The growth of ionization in the laser plasma is a function of value
of E/P vhers E is the electric field across the laser channel and P is the
228 pressure in the laser channel, There is thus an optimm value of E/p
vhere the laser pover is maximum. 1In general, maximum laser pover occurs
vhen E/P = 80 to 250 V/cm torr. For example, in Fig. 12, laser power as
a function of the laser channel pressures are obtained. The optimum laser
pover is found to be maximunm at pressures of about 145 mb. The E/P values 110
for curves I and I1 are 120 V/cm torr and 120 V/cn torr respectively.
Thess are the minimun estimated valyes since the breakdown voltags is taken L 1
to be equal to the charging voltage. : 100

+—p B

The overall eificiency of the lager system is defined as the ratic - L |
of the aversge optical Power to the electrical imput pover from the supply.

80
i.e. overall efficiency = Mﬂiﬁ% x 100 * 70
v

’R -
o
vhere R is the limiting resiscance. - 60 +
The optical eificiency of the laser system is defined as the ratio 0 ’ x I
of the optical anergy per pulse to the electrical energy cvozlz stored in 5 I
the capacitor.
. 40
. laser pulse ener i
i.e. P A |
*. optical efficiency = capacitor stored energy x 100 i 30 ¢
f
In this experiment, the nitrogen laser constructed has an overall | 20 9
and optical efficiency of 0.2 1 and 0.05 X respectively. In the majority
of such design« tha optical efficiency is less than 0.12. . 10 4
5.2 Experiment II - Optical Characteristics Measurement: ' 0 + + $ * ¥ mb
c. 50 - 100 150 200 250 300 T

a) Heasure the various optical ouput parameters of the nitrogen
laser as shown below:

Fig. 12 Lager Output peak power versus Laser channel pressure
I) 10 -gl dielectric capacitors with charging voltage 10 kv
II}) 20 mil dieleetrie capacitors with charging voltage 10 kv

-
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2.2. Construction of a hitrogen pumped dye laser and its tuning

The following notes describes the construction of a nitrogen laser
pumped dye laser system. The system has been used for the measurement of

ambient nitrogen dioxide using differential absorption Lidar techniques.

Fig.1 is a schematic diagranm of the dye laser oscillator-amplifier
system based on the Bansch type (1}. 1Instead of using beam expander
telescope, a 4-stage prisa linear beam expander im used. The basic systen
consists of two dye cells, traasversely pumped by a 800 kW home built
nitrogen laser, a 600 lines/nn grating blazed at 500 o, a partial output

mirror with 30% transmission.

Fig. 2 shows how the beam is expanded approximately 2.1 times at an
ircident angle of 67 degrees. Vith the cascade of 4 prisms, a linear

expansion of 20 times can be achieved.

Fig. 3 shows the sine drive on which the grating is rotated. By choosing
the appropriate ara length, drive shaft thread and reducing gear ratios,
fine tuning of the laser output can be achieved., One could then use a
Microcomputer to operate the turning of the steppermotor for computer

controlled tuning of the laser output.

Fig. 4 shows a typical dye laser output with a pulse width of 5 ns.
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Fig.1. Schematic diagram of the simultaneous tunable doubla-
wavelength dye laser. M1 & M2 are plane mirrors., L1 & L2 ave
eylindriecal lens. M3 is partial feedback mirror. D1 & D2 ave
the dye cells, P1,P2,P3 & P4 are the prisms., G is the
diffraction grating. ‘
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Figure 2. Ray diagranm of light passing dhe single prism
expander,
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2.3. Flashlamp pumped dye laser

The following describes briefly the operation of a flashlamp pumped dye
laser system. The cavity is elliptical with the flashlamp made from quarte
tubes and filled with air at low pressure. The laser is used for the
rescnant absorption spectroscopy of hydrogen plasmas as a diagnostic

technique.

Pig. 5 shows a sketch of the lay-out of the system.

SCORHATIC LTAMTAR OF Tie TXFERIMTRTAL ARMARCEMET

KEY: H irror

= Ligkt veam

System characteristics

- using R640 dye in methanol at about § x 10-‘ ®/1.

- Cavity - chrome plated with major axis 4.5 cm apd minor axes 2.5 ca,
length is 20 ca.

~flashlamp - air filled gquartz tube at about 0.6 torr, discharged using a §

uF capacitor at 13 kv, triggered using an ignitron which is in turn

triggered by a krytron pulse generator.

-tunable between 647 and 659 on, H-alpha line at 656.3 nm.

-output - 800 mJ with a pulsewidth of 2 us,

2.4. Other lasers to be constructed
k. Gas Lasers

Since nitrogen lasers are the simplest and cheapest to construct, one
should cbtain sufficient working experience with thea betfore proceeding to
construct other types of gas discharge lasers.

Amongst various gas lasers, the CO2 lasers, either the pulsgd or the CW¥
type, would be the most useful lasers to consider. In thia case, infrared
optics and windows could then be the major cost of the system. High voltage
pover supplies and capacitors have also now to be higher rated to 40 xV or
so {instead of only 20 k¥ for the nitrogen lasers). Corona associated with
higher working voltages will have to be taken into considerations. Some of
the electrical coaponents My have to be immersed in transformer oil. IN
essence, the TEA-COZ laser operates much the same way as a ritrogen laser
does, requiring fast discharge and some fora of preionising scheme to ensure
uniforn discharge along the laser channel. On the other hand, since the CO2

laser has wuch higher gain, it can be made to lase rather easily.

Another type of gas discharge laser to be considered would be the
excimer lasers. 1In this case, expensive inert gases like xenon and krypton
are required. Highly toxic fluorine or chlorine gases are used. Optics are
also  very expensive and high voltage requirements also exceed those of the
nitrogen lasers. For both the excimer and TEA-CO2 lasers, electrode design
and preionisation are more eritical and has to be designed correctly.
Otherwise, both types of lasers are straight forward extension of the simple

nitrogen laser discussed in details earlier on.



Solid State Lasers

Nd-YAG or glass lasers can also be constructed rather easily. Here, the
®ajor cost would be in the laser rod. The design of the laser cavity is more
or less the same as in the flaghlamp pumped dve laser discussed earlier on.
Here, commercial xenon or krypton fiashlamps are used and are placed either
in an elliptical cavity or in a collinear configuration. The switching of
the flashlamp is much the same as in the case of tie dye laser. However,
with the commercial flashlamps, lower charging voltage and capacitances are
heeded.

Frequency doubling ani quadrupling to obtain h:gher order visible and
UV output involves using expensive non-linear crystals like the KDP.
Nevertheless, due to the simplicity in operation anc the ruggedness of the

Nd-YAG 1lasers, Bany spectroscopy experiments are bzsed on such commercial

laser systems.
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