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EXPLOITATION OF THE GAUSSIAN BEAM
FOR THE INVESTIGATION OF THE NONLINEAR
ABSORPTION OF LIGHT

J.KUFCAKOVA', P. VOJTEK', Bratislava

In the present paper the transition of the Gaussian light beam through a nonlinearly
absorbing medium is investigated. The transmission of the beams with a homogeneous
and a Gaussian transverse intensity distribution, respectively, in the absorber with two
excited singlet energy levels is theoretically compared. The nonlinear absorption of the
Gaussian beam in the solution of two organic dyes is experimentaily investigated. The
method enables the determination of all parameters which characterize the nonlinear
absorber and demonstrates the convenience of the Gaussian beam for the investigation of
the nonlinear absorption of light.

MCIOJAL30BAHUE F'AYCCOBA IIYYKA NN H3YYEHUA
HEXHHEWHOr0 NOTMOIMEHUSA CBETA

B paGore wu3yuaercs PACNPOCTPAHEHHE CBETOBOIO My4Ka rayccoBa TOa B cpene
C HesMHelHbIM ornowenneM. [IposoguTes TECOPETHYECKOE CPABHEHHE NMPOXOXKIECHUA
[IyXa B NOIOTHTENE C IBYMS ORMHOYHBIMH IHEPTETHIECKHUMM YPOBHSIMM [/ Cly4aes
ORHOPONIHOTO M rayCCOBA PaCHpPENCACHHS NONEPEYHON HHTCHCHBHOCTH Iy4Ka COOTBET-
CTBEHHO. JKCHEPUMCHTANLHO HCCNEROBAHO HENHHEHHOE MOTNOWEHHE rayccoBa fy4Ka
B pacTBOPE ABYX OPTaHKYCCKUX KpacuTenelt. Jaunuii METOJ NO3BONACT ONPEREANTD BCE
APAMETPLI, KOTOPLIE XAPAKTEPU3YIOT HENHHEHHBIN MOMMOTHTEN, H IOKa3bIBaCT mpe-
MMYLICCTBA TayCCOBA MYYKA NMPH UCCAEROBAHNH HENHHEHHOIO NOTNIOWEHUS CBeTa.

L. INTRODUCTION

the region of the low intensities is a linear function of intensity u

du=—-k udz,

The decrease of the light intensity du at a distance dz in an absorbing medium in

(1)

where k is the absorption coefficient. We can determine the light intensity u, of the
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beam at the distance 7 by integrating equation (1), which gives the well-known
Bouguer law

“ _du
w k(Wu_ % 3)

power @, at the exit from to that at the entrance to the absorbing medjum ®D,. The
quotient of powers @,/ D, is equal to the quotient of intensities T = U/ u, for the
light beam with the homogeneous distribution of intensity in the cross section. We
shall determine the intensity u, from eq. (3). We labelled the quotient @,/ ®, as T,
for the beam with the Gaussian distribution of intensity in the cross section. We

IL. THE NONLINEAR ABSORBING PROPERTIES OF THE MEDIUM

_, 1+Au
k=k, Tvau’ “
where k is the absorption koefficient for the low intensities of light, A = B,/ Ay, a

s the coefficient of nonlinearity that may be expressed as

m—N..T wn—
}N— '

a =

&)
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The constants A;, B, are Einstein’s coefficients of the spontaneous and the
stimulated transition between the respective levels. The index 1 denotes the ground
level, the indices 2, 3 denote the first and the second excited level, respectively.
A solution of equation (3) for the medium with the absorption coefficient of the
form (4) gives a transcendent relation for the dependence of the transmission T on
the intensity u,

ﬂfhn?»?. ,
_= IA Hv_s b (6)
in which To=exp (—koz) is the transmission for the low intensities u,. For the high
intensities #,— « the transmission T acquires according to equation (6) the final
value T,=exp (—~k,z), where k:=koA/a. Such a medium is often called the

“medium with the residual absorption. Namely, the Bouguer law of the form 2)

with a constant absorption coefficient k for the high intensities of the light is valid
again. .

III. THE ABSORPTION OF THE GAUSSIAN BEAM

The Gaussian distribution of the intensity u, in the cross section is given by the
form

s = uo; exp (—R*/R3), , 7

where ug, is the intensity on the axis of the beam, R, is the radius of the beam, R is
a distance from the axis of the beam. It follows from the theory of propagation of
the Gaussian beam [3] that the radius R, is a hyperbolic function of the distance F4

Ri@=wi[1+(Z)]. ®)

where w,, is the radius of the vaist of the beam in the plane z=0; k' =2x/A is the
Wavenumber,

We assume that the absorbing medium through which a Gaussian beam is
Propagating is sufficiently thin so that a change of the radius of the beam Rq can be
neglected. We shall be interested in the character of the above mentioned

transmission
\NJQ = GN\ e_ < ﬁ@v

The radiant power @, at the input of the absorber can be expressed analytically

2R,
e_n\ 2R dR = ugwR3(1 —e*). (10)
(1)
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Hrnnm&mivoinnew” zﬁoﬁﬁozr i i
i N w e absorber can be obtained by solving the

28,
G~uh u,27R dR ] (11)

using the transcendental equation (6) for u,. In both cases (10)
: ‘quat . and (11
confined ourselves to the limiting distance 2R, from the axis of the coEM_ mVEMM

Ry, it is only the function of the intensity u,,. The dependences of Te and T

4 3, . . -
n@wvan:ﬁ? on the dimensionless quantity ue, = auy, for the values T,=1.58 9,
and T,=63.10 % are shown in Fig. 1. It can be seen from this graph that the

character o.m the amno:aosoo .Hoﬁmﬂv is similar to that of the dependence :mﬂ_v.
The mvmo_.c.sm mc_.:@ of the medium decreases if the intensity of light increases, i.e.
the transmission is increasing until it reaches the constant value T, at the high

58:&@. Ug,. ,.;.n dependence of the quotient T, /T on mw_. is also shown in Fig. 1. It
reaches its minimum value in the region of the bleaching of the absorber, Both

aotm:&o:nam T(uo,) and HQAM.U. respectively, are characteristic for the absorbing
Em.aEB and they are fully determined by the constants ko, A, a from eq. (4),
which may be reversely determined from them.
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1V. THE EXPERIMENTAL INVESTIGATION OF THE NONLINEAR ABSORPTION

The diagram of our experimental setup for the investigation of the nonlinear
absorption is shown in Fig. 2. A ruby laser operating in the regime of the giant
pulses was chosen as the source of the intensive radiation. The experimental
arrangement permits to consider the light beam behind the lens to be Gaussian with

laser Cc, C8 K 5,

\ ©

Fig. 2. The experimental arrangement of the investigation of the nohlinear absorption of
the Gaussian beam. C,, C, — diaphragms, S — lens, K — cell with the investigated
absorber, D, D, — photoelectric detectors, Osc. 1, Osc. 2 — oscilloscopes.

the waist at the plane of the image of the circular diaphragm C, [4]. The value of
the magnitude of the intensity uo, at the input to the cell may be changed by moving
the cell along the beam axis and can be determined from equation (10) in the form

Ug1 = .q«mem—vM. OIAV . AHNV
The information about the radiant power @, is given by the detector D,, which
registers the fraction of the power that is separated by the beam splitter. The radius
R, may be calculated from €q. (8). The detector D, registers the radiant power at
the output from the cell. The signals from the two detectors D, and D, were
displayed on the oscilloscope Ocs 1, Osc 2. The transmission of the absorbing
medium was determined with respect to the transmission of the cell filled with the
solvent.

In the experiment we investigated the nonlinear absorption of the light in two
solutions of organic dyes. The vanadyl phtalocyanine (VOPc) dissolved in nit-
robenzene is widely used as a passive Q-switch for the ruby laser.
BEFBTPc-chlorid dissolved in etanol may be used as the active medium of the dye
lasers. We have used the VOPc as the calibrated nonlinear absorbing medium for
our experiment.

The results of the experiment in the form of the dependence To(ue) for
BEFBTPc-chlorid are shown in Fig. 3. The transmission T, for the low intensities
of light has been measured by a spectrometer.
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V. DISCUSSION

The €xperimentally obtained de
1tz pendence To(ue,) for VOPc¢ and the k
value of the coefficient a = 5 x 1010 Wlim? [2] for this dye enables us to ScwwMM

BEFBTR — chiorid
in ethano|

10° 1o" 1o 107
Ug, ﬁ2<<\ 3@

Fig. 3. The @xvnaanaa.:w obtained dependence of transmission To(uyy) for the Gaussian beam i
nonlinearly absorbing solution of BEFBTPc-chlorid in ethanol. . "

wmmwﬂwo..nr_ona in etanol, @ =g x 1091 W'm® The transmission T, and T
together with the coefficient a make jt possible to determine the <m_=oo of BM
constant A fromeq. (4), A = 1.4 x 107° W™ m2 Thus the parameters characteriz-
ing the nonlinear absorption in this dye are fully determined. The theoretical

with these Parameters is ip Fig. 3, drawn in full line, . e

m“%mcmﬂﬂ:ﬂ%% m\w ﬂﬂ 5@. length of E.o cell for the greatest divergence angle of the
detectors D m:nm U d ¢ did not take into account the temporal pulse shape. The
betnr, "The ~oo e 2 detect the i.ro_o energy of the pulse in the cross section of the
:m:mn.u?_.oz ﬂal_ MB:S of. dhis fact leads to the dependence of the energy
Suipur of = EL/E, on the __W.E Intensity. E, is the €nergy of the pulse at the

put of the absorber and E, is the energy at the input, respectively. The
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theoretical calculations of the dependence Te(u) give the same character of the
dependence as that of Ts(u) [5]. Then with regard to the calibration of the
intensities the axis uo, it is not crucial for the evaluation of the results with the
quantity Te. The evaluation of the results with the quantity Ty is correct in the case
of the constant duration of the pulse. However, its value may be changed and
contribute to the dispersion of the measured points in this way. The nonreproduci-
bility in the distribution of the intensity in the cross section of the beam may have
the same influence. This nonreproducibility is caused by the inhomogeneous
distribution of the intensity on the diaphragm C,.

VL. CONCLUSION

Regardless of the mentioned unfavourable influence which mav accur in the
proposed experiment, the attained results demonstrate the convenience of the
application of the Gaussian beam in the investigation of the nonlinear absorption of
light. The advantage of this method is the removal of the influence of the phase
modulation of the beam on the obtained results. The intensity of light in this
method unlike to that of other methods is changed in a simple way by moving the
cell along the beam axis. The nonlinear absorption of light may be investigated with
any beam similar to the Gaussian beam but it is necessary to know the distribution
of the intensity in its cross section.

REFERENCES

[1] Senderikovi, D., Vojtek, P.: Proc. 6™ Conf. of Czechoslovak Physicists. Ostrava 1979

[2] Pilipovich, V. A., Kovaliyev, A. A.: Optical Quantum Generators with Bleachable Filters (in
Russian). Nauka i technika. Minsk 1975.

[3] Kogelnik, H., Li, T: Appl. Opt. 5 (1966), 1550, :

[4] Vojtek, P., Senderikovd, D, Strba, A.: 5. &s.-polskd opt. konferencia, Krpicovo 198¢.

[5] Penzkofer, A., Von der Linde, D, Laubereau, A.: Opt. Comm. 4 (1972), 377.

Received November 4%, 1980

255




