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COMPARISON OF PARAMETERS OF RUBY AND NEODYMIUM

QUANTUM GENERATORS WITH PULSE HIGH QUALITY

Yu. F. Morgun and V. A. Pilipovich

It is shown that speed of introduction of high quality
of resonator determining character of radiation of optical
quantum generator depends not only on speed of rotation of
prism but also on optical properties of active material.

Earlier we carried out work for the study of a neodymium
optical quantum generator in conditions of pulse inclusion of high
quality [1]. Control of high quality was carried out by rotating a
prism of total internal reflection. Satisfactory coincidence of
parameters calculated hy analytic formulas with parameters found
from experiments indikates that in the case of a neodymium [OKG]
(011) [optical quantum generator], there was attained practically
instantaneous inclusion of high quality.

This work gives the results of investigations of ruby OKG
working in conditions of pulse high quality with the same method of
modulation of high quality as in the first work. Measurements
showed that the gigantic pulses obtained from ruby OKG essentially
differ in parameters from pulses of neodymium OKG. Whereas neodymiur
OKG at a speed of rotation of prism of 25,500 r/min at a pumping
energy of 202C Joules generated a monopulse; the ruby OKG with that
same speed of rotation and smaller pumping energy (1520 Joules)
generates 2-3 pulses which diminish in power. Therefore, it Is of
interest to conduct an experimental comparison of parameters of
neodymium and ruby quantum generators working in close conditions.

For this purpose there were used rods of neodymium glass and
ruby of identical dimensions. The electrical illuminator rotating
the prism and also the measuring part of the installation In both
cases were the same. Speed of rotation of the prism was 24,000 r/mIn.
The optimum mirror from the side of outpat in the neodymium OKG had
a factor of 60% and in ruby it has a reflection factor of 42%.

From works on quantum generators with pulse nigh quality
[2-5) it follows that the distinction obtained by us in pulses of

FTD-MT-67-12 1



generation can be explained during calculation of speed of change
cf high quality of resonator from threshold value Qnop up to

maximum Qmax" Naturally it is assumed that from source of pumping,

there is brought to working substance of generator the power
necessary for creation in it of threshold inverse population density

n nop . Magnitude nno p during a considerable range of energy

possibilities of the pumping system will be changed in a large
interval, which is determined by limits of change of high quality of
resonator.

A qualitative illustration of picture of formation of radiation
pulses, different in character, (their number, energy, and time
parameters) is given below. Since during rotation of prism, high
quality of resonator changes from Qmin to Qmax' magnitude of

threshold inverse population density will constantly change, dropping
max nmin

from nno p to nop To describe the operation of quantum generators

with pulse high quality there is usually considered time of inclusion
of high quality tQ and rise time of pulse t . For a modulator on

revolving prism, time of inclusion of high quality should be defined
as the time to turn the prism at an angle from magnitude nop'

which corresponds to the threshold value of high quality QnOp at a

given pumping power to angle # - 0, which corresponds to the maximum
value of high quality of resonator Qmax" Here # is the angle of

unparallelism of resonator reflectors. Rise time of pulse tM should

be counted off from the moment of achievement by the prism of angle
On0 p to the moment which corresponds to the maximum of the monopulse

(or the maximum of the first pulse). The number of pulses and their
power will depend on the ratio between magnitudes tQ and tM. For

those cases when tQ % tX, it is porsible to consider that there is

carried out the instantaneous inclusion of high quality and during
generation there will be observed one pulse of great power.

It is obvious that at t > t and Qax the threshold
Q V Qnop Qma

value of inverse population density cannot reach a minimum value
after generation of the first pulse and therefore, incre ing the
high quality of the resonator further will lead to appearance of the
following pulses of generation. Since Onop increases with increase

of pumping power, then at a given rotary speed of the prism, the
number of pulses increases with increase of energy brought into
the illuminator tubes. Therefore, at high energies of pumping, a
pulse of great power can be obtained only at considerable rotary
speeds of the prism. The modulator with a rotating reflector turns
out to be more effective for a plane--arallel resonator, which
(spherical, confocal, etc.) is more critical than others to
adjustment.

The results expounded below of measurements of parameters of
pulses of generation of ruby and neodymium OKG agree well with the
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circuit considered of work of generators in. conditions of pulse high
quality.

In Fig. I there are represented oscillograms of pulses of
neodymium and ruby OKG. From comparison of' oscillograms It follows
that in spite of identical speed of rotation of prism and the same
exceeding of the threshold by energy of pumping for both samples,
parameters of pulses are essentially different. The first
assumption about the nature of this distinction should c: iginate,
obviously, from the distinction of speed of introduction of high
quality for these generators. One of the possible checks of this
assumption consisted of obtaining generation on neodymium OKG at a
small rotary of the prism.

Fig. 1. Oscillograms of gigantic C
pulses of neodymium a) and ruby
b) OKG during speed of rotation
of prism of 24,000 r/min. Energy
of pumping is 1520 Joules
(neodymium) atJ 2020 joules
(ruby), threshold values of energy
of pumping are 1000 and 1400
joules, respectively, and speed
of scanning is 50 and 100 ns/dlv.

At a speed _f rotation of 25,)00 r-/mIn (Fig. 2a) cn outpit of
generator there is observed a sn;lte pulse lasting, on the order of
30 ns and having a pulse energy of 1 !oue. Deceleration of
rotation of the prism to 5500 r/min (Fig. 2b) essentially changes
the parameters of the generatel signal. Instead of one pulse In
this case on the output of the generator, there art- observed two
pulses which are divided by an Interval cif ttnme of about 500 rns.
The duration of the first pulse Is 55, and the duration of the
second pulse is 65 ns, which considerably exceeds the duration of
the monopulse obtained at a high speed :'.f rotation of the prism.
Since energy of pumping and, consequentiy, t ror In both cases

remained constant, then the only cause of variation of parameters of'
pulses can only be change of speed of Inclusion if r-sonator, which
in the second case was almost five times less than In the first. In

light of this experiment, the explanation of results of measurements
represented in Fig. I of differtnt speed cf In'lusion of high
quality (small for ruby OKG and great fc. nPoiy-.!1im) Is convincing.
Inasmuch as for both generators, speed c!" r'tati.n of prism,
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conditions of pumping and geometric parameters of resonator were
identical, the difference in speed of inclusion of high quality
could be caused only by the influence of the working substance.

a

Fig. 2. Oscillograms of gigantic W
pulses of a neodymium OKG at
different speeds of rotation of
prism: a) is 25,500 r/min, b) is
5500. Pumping energy in both cases
is equal to 1520 joules; scanning
speed is 100 ns/div.

The measurements mentioned below testify about the essential
influence of optical heterogeneity of active material on speed of
inclusion of high quality in OKG with a rotating prism. Qualita-
tively the speed of inclusion of high quality can be estimated by
the dependence of threshold energy of pumping on the adjustment of
the rotating reflector. Taking additionally the dependence of
threshold energy of pumping on losses on reflectors of resonator,
it is possible to determine speed cf turning off losses numerically.
For this, on the basis of two taken dependences of the threshold
energy of pumping - on angle of adjustment and on losses on
reflectors of resonator - losseb are plotted as a function of
adjustment. The scale of angles of adjustment can be translated to
a time scale fo' any rotary speed of the reflector. As a result

there was obtained a graph of change of losses in time, by which
speed of change of losses was numerlcally determined.

nor
In Pig. 3a uHao is plotted as a function of *. The length of

the resonator was 40 cm. One branch is given of each of the curves

(the second branch is symmetrical). As follows from form of curves,
speed of inclusion of high quality In neodymium and ruby CKG is
essentially different. Dependence of threshold energy of pumping
on losses on refle1.tors of resonator is represented in Fig. 3b.
Inasmuch as Fig. 3a and 3b are obtained during the same conditions,
on the basis of them, there can be plotted the characterizing change
of losses during adjustment of reflector (Fig. 4). For a speed of
rotation of prism of 25,500 r/min along the axis of abscissas is

, '



ilotted also time of' change of losses of resonator t (ns). The
curves of Fig. 4 confirm qualitatively the presented diagram of
work of generator in conditions of pulse high quality.

U""

a) b)M/ I 1

Fig. 3. Dependence of threshold nriergy o! u n1

(joules) on angle of adjustment of t (rin) of
a prism of total internal refltoc:tion a) and

on losses or, reflectors of resonator .I ** riri

cm b) for neodymium (1) and ruby (2) OKG.
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O.064 cm On curve 1, - ', Fi. Jet n!'n, i, I a u.;e f

magnitude of lo~ses fr..r, t. ",',.- r, t: a vi1&e of.

PTD-MT-67-12



-1
cm occurs each 44 ns (at a speed or , tcn of the prism of
25,500 r/min). At such a fast "nt cf losses, speed of incluslon
of high quality is close to instantaneous. The neodymium laser
generates a monopulse ?a ) . At a speed of prism rotation of
'500 riin, time of turring off losses is about 200 ns 'curve 3,
Ig. 4). With such a speed of introd:ction of hiih quality, the

neodymium laser radiates 2 pules ('ir. 2b).

in case of a ruby laser during a threshold pumping of 2020

joules, the change of losses from magnItude 0.0,181 cm (curve 2,

Fig. 3b) to minimum value J.036 c n- 1 occurs during the time near
700 ns (at a speed of prism rotation cf 24,00k rimin). With such a
speed of turning off losses, there are radiated several pulses
(Fig. 2b). Duration of sequence of pulses is also about 700 ns. Ir
order tc obtain, during use of this ruby crystal, a gigantic single
pulse, it is necessary -o incr(i,-,- spe,:_, of tu.ing off losses
approximately 10 times . e., to ajply a reflector revolving with
an effective speed of 240,000 r/rain.

Thus, constructing on two threshold dependences unoP = f(o and
Ha K

,o (n .--= a curve of losses as a function of ang.le ofHaIR 1 tr,r,)

I I
adjustment - In- =f(q,), it is possibie to predict the fitness of

a given sample of active material for work in a generator with a
revolving prism and to determine for a given OKG the speed of
rotation of reflector necessary to generate a monopulse.

The strong depe;idence of threshold energy of numping on
unparallelism of reflectors of resonator for neouymium OKG (curve 1,
Fig. 3a) indicates that optical hecerogeneity of neodymium glassturns out to be too small to essentially isturb the plane-

parallelness of he resonatr. For a generator with a ruby rod
(curve 2), dependence of threshold pumping energy on angle turns
out to be weak enough, especially within angular limits up to 1?.
If for a neodymium 0KG in this interval, the threshold pumping energy
is changed more than twice, then for a ruby this change is only a
few percent. Placing an optically nonuniform ruby rod into a
plane-parallel resonator, we transform the latter into a resonator
with reflectors with a curvilinear surface [6]. If the optical
he rogeneity of the ruby rou is such that it can be represented in
the form of a lens, then the resonator should be considered spherical.
It is obvious that this is the c- use of divergence of theoretical
[7-8] and experimental [9] results on study of dependence of power
of generation on angle of adjustment of reflectors of plane-parallel
resonator. In Fig. there is represented such a dependence.
Theoretical curve i was calculated for a resonator with flat mirrors
inside which therc is placed an optically uniform rod of active
material with a matted lateral surface (open resonator).

The difference of the curves shown in the figure indicates
considerable idealiz.ation of model accepted by authors as comparea
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to practl.' allv -- s~~,.~i:nrao. hs ~ :i ertains
to generators or- --u,,y I-! w. -±n:~eCpa-t~lirsonator,
during~ cale-ulat ion .J~e pedr~ U!,ns :'ut to; be of
little use. Tni a sno vhdt rbett-, a-piroach t. his mo'ir-i, there is a
generator with a neo'"Y-"ur gias, the opti,al hninit fwhich
is considerably ttt~-~a h: of ruby. I t 's po ,sible to consider
that the colncldenc - :f exct~ri-erntal and - . cretical results for
solid genierators w.1lh mn-!re s-tIs fact ry :~analo;gous calculation
Is carried out fo-r a-' erca esorato-.

FL.;. . Depernden~ce of standard-
ized power, of' g-errat ion *),'re

(relative to one) on the angle
b'-tween rtflectors ()f resonator
,p (m In): 1 - theoroticall.,
c a 1,su Inte( L81; 2, 3, and '~-

expeimental corresporidingi y
for neodymium and two ruby 0KG.

Summary

It has been shown th-at the rate of the resonator 0-switching
determinating the character )f the laser radiation depends not. only
on the priszm rotaticn. vOlocIty but loro) the optical properties of
the active substance.
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