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LI. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration
A a  A a A , a P p p p R , r
b b  5 6  B, b C c  C c
B B s V , v T T 7 T, t
r r  r s  G , g  Y y  Y y  U , u

ii ~ D , d F , f
E e  E s  Ye , ye; E, e5 X x  X x  Kh , kh

ZJi , ~h U, u~ IJ v Ts, ts

3 s  Z , z L1~~~.i Ch , ch
K u  1, 1 W w  11/ us Sh , sh
A Y , y 14 U4 111 sq Shch , shch

K H K , k b b

/7 s L, 1 Y , y
M M  M , m b b  b e

N , n 3~~ 9 ,  E, e
D o  0 o O , o kJ io Yu ,yu
f l n  I i i  P, p B R  1 *  Ya ,ya

*~~~ Initially , after vowels , and after b , ~; e elsewhere .When written as ë in Russian , transliterate as y~ or e.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh sinh~~cos cos ch cosh arc ch cosh 1tg tan th tanh arc th tanh_1
ctg cot cth coth arc cth coth 1

• sec sec sch sech arc sch sech 1cosec csc csch csch arc csch csch

Russian English

rot curl
* ig log
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OPTICAL GEHERAT IOH USIHG D IARYL BUTADIE HE SOLUTIOHS

if. I. Dzyu benko , A. if .  Ko4 ov. I. G. Na u ien k o , N. I. Gan ushchak , and

V. A. Ve ngrz ha nOvs kiy

Ea rlier works [1,  2] reported th e obtaining of forced ecission

of the solut ions of the various classes of organic dyes when the y

vere excited by •3aopulses of solid—state lasers and by the eaission

of flash laips .

Here ye are reporting on the sti.ulated saission by the

solutions of new organic coipounds — d iaryl butadiene - and certai n

peculiarities of lase r oper at ions usin g these subst ances. A list of
the studie d coipon ads and also their spsctral—la.ineecence properties

-- .... 
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are given in the table. The diaryl butadienes are characterized by a

relati vely intens, absorption in the near UV—region of the spectrum ,

by a large quantu.  output  of f luor escence, and greater s tabi l i ty  to

the action of the DV radiation tha n the to dyes. Figure 1 shows a

typical spectra øf absorption and fluorescence. While measuring the

absorption spectra the stud ied coippunds wer e d issolved in hexane and

while aeasuring the fluorescence spectra and generation they were

dissolved in tolyls.

The solutions were excited by the emission of a second harmon ic

of a ruby laser with a modulated Q. The modulation of the ruby laser

was accomplished by the rotating prism together with a saturating

filter, which cad. it possible to obtain a core stable p ower of

~mission. The laser em ission was transformed into an emiss ion of

second harmonic by the KDP crystal. The power of emission of the

second harmonic was appro xim ately 5 MW. Filter ps—i was placed

between the cuvette and the KD P crystal which absor bed the emission

of the main frequency of the ruby.

toiyi solutions of diaryl butadiene were poured into a

rectangula r cuvettes of var ious dimensions. In the experiments on the

reconstruction we used the cuvette s in which one or both (fron t or

rear) walls were slanted at Brewster’s angle. The excitation was

* 

acc°mPli8hed in the resonator whose opt ical axis was perpendic ular to
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the beam of pumping — a transverse versiom . Iq some cases a

cylindrical lens wi th a focal distance of 65 am was placed in front

of the cuvette for increasing th. density of the pumping power.

Furthermore, to decrease the threshold power of excitation of the

solution the polar ization vector of pumping emission was 3riented

perpendicular to the axis of the resonator of a liquid laser (33. The

resonator of a liq uid laser was formed by silver and dielectric

mi rrors with a reflection coefficient in the region of genetation of

99 and ($O0/~.

We measured the spectra of forced emission of all the substances

studied un der various conditions. We have discowered that the average

wavelength of the generation band coincides with a wavelength of

the ma ximu m fluorascence (see the table) and is independent of the

power Of pum ping. The remains const ant also w hen we change the

concentrat ion of the solutions from 10~~ to 10’ mole/I . Figur e 2

shows the generation spectra of the solutions of substance ~ at

various co ncentrations and excitation intensities. The variation in

thes. para meters only led to a change in intensit y of emissi on and to

expansion or narrowing of the generation band .

The spectral properties of the laser operating on dy es were

examined in (1]. It was shown that in the emission spectru m of

dyes is usually displaced towards the lon g waves from the maximum of

fluorescence.

_______ 

I 1:
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The frequency of generation was determined by the position of

the maximum of the amplification coefficient. In the simplest case of

the two— level model of the working substance the application

coefficient

~5V~~~—V )

J ,,(v) =o(v) IN,— N 1e hi 
(1)

where N5 &nd N 2 - relative population of the lewels (N1 + N2 = 1);

= h
~)/vIRB ,z(~) — maxim um amplification coefficient ; N — number

of molecules of the working Substance in 1 cm 3 ; B~~ (~) — Einstein’s

coefficient for forced emission; ‘, fr qussCy of a purely electron

transition.

From form ula (1) it is evident that th. generation frequency

coincides with a maximum of the fluorescence in the case when N2 1,

which is realized w ith infinite powers of pump ing. The exponent wh ich

enters th. second term of formula (1) causes a shift in the maximum

~ (V) toward, the side of long waves. The role of this term can be

diminished by decreasing the concentration of this solution and by

increasing the intensity of excitation. However, if the Stokes shift

is so large that h(via —v) 3~~T. then the amplif icat ion factor

* a a

$
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K,,, (v) o(v) N,. (2)

In this case the m ax iasm K,.(v) coincides with a maximum of the

fluorescence band. With a change in the concentration of the

solution, power of pumping, and Q of the resonator only the absolute

va lue of will change, in other words only the width of the

spectrum and the intensity of the gener ated emission.

We wi ll no te that the m a x i m u m  wi dt h ot the generation band with

the excitation power used by us was apptoxiaately 60 1, which is
considerably narrower than the width of the spectrum of the forced

emission of organic dyes (23.

Using this solution of substance 4 we checked the possibility of

realizing a frequency reconstruction and the narrowing of the

genera tion band by means of a pr is m dispersed resonator (~ 3. The rear
wall of a rectangu lar cuvette made of glass E—8 was used as one of

the prisms cut at the Brewster angle. In addition to this prism,

between the cuvette and the rear totally reflecting mirror of the

resonator we placed another one or four prisms made of glass F-i with

the refracting angle of 63° each (in thene cases, the dispersion

d~,/d)~ was 18.5 and 52.2 angles s/I, respectively). The wavelen gth
range. in wh ich the rearrangement was realized (in the resonators

with the two or five prisms), was approximately the same (‘115—170
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~
). The dependence ot ~~~~~~~ on the angle of inclimation of the rear

mirror in both cases is close to linear. For a resonator wit h two

pr isms this dependenc e is shown in Fig. 3.

As seen from Fig. 3, by changing the inclination angle a of the

mirror within the limits of 10’ in any direction from the position

corresponding to the wavelengt h of tuning )~ Of the fluorescence

ma xi.ua (a 0), A~eu follows the tuning wavelengt h ~~ when the

angles of inclination of the mirror are outside this range , at first

there is a splitti n g of the emission spec t rum (th e emission spectru m

consist of two bands with )~ = ~~ and )~ = 
~o)~ 

T hen wi th a f u r ther

increase in a the emission is observed only at the maximum of the

fluorescence band (a simila r occurrence was observed by the authors

of (63 for the rhodamine 6G during the rearrangement towar d the

long—wave side). In this case there iS also a change in the direction

in which the emission passes from the resonator and a sharp increase

in its diversgence. The spectrum of emitted frequencies becomes wider

than even in the ease of nonselective resonator, its usual (see Fig.

2), for complex resonators, line structure disappears and it becomes

solid. When the rear mirror was removed the emission was totally

absent; however, when the front mirror was removed its intensity

increa sed. The observed emission represents luminescence amplified

with two passes ( w i t h  the presence of the f ton t  mirror , and possibly

due to a larger numbe r of passes) . Wit h a suf f ic ien t ly  large 

.,
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threshold of generation (at frequencies corresponding to the edge of

the fluorescence band) the super luminescence can occur earlier than

generation, which leads to even greater increase in the threshold and

cam even totally precl ude the possibility of generation at the tuning

frequency of the resonator.

We will note that the spectral width of the generation band of

the prism disperse resonator decreases enly by three—four times in

comparison with the nonse].ective resonator and comprises 15— 20 and

8—15 A in the cases of two and five prisms, respectively. Figure 4
shows the dependence of the threshold pumping power on the ang le of

misalignment of the mirrors in a nonselective resonator. The distance

between the mirror s is the same as in the case of a resonator with

two prisms. We can see from Fig. 4 that the regeneration threshold

has low sensitivity to the inclination of the mirrors, which is due

to a large divergence of emission with a transverse version of

çumpiug (5, 63. Therefore, with the excit ation powers whic h are

considerably greater than the threshcld power (as in our case), one

should not expect a significant narrow ing of the generation band by

means of a prism disperse resonator. Furthermore, due to a large

div.rgence of emission with a transvers.d versicn the duration

threshold increases, wh ich limits the range of rearrangement of the

frequencies of a liquid laser.
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S u m m a ry

Optical generation is obtained in violet and near ultraviolet region by pumping so-
OHons of diarylbutadienes with the second harmonic of a ruby laser. Independence of
“~i:igjrequency of generation conditions is explained.

Tuning range exceeding 1000 cm—’ was obtained with one of the investi gated dyes,..a~ a disperse prism resonator. The returning of lasing frequency to the fluorescence
“ik was observed with large angles of mirror inclination.

4 
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-
~ (a.) ~~ ~~~ (~)

C.) ~~~~~~

((~) I I.4~1H$eHHJl6yTa) LII eH- J ,3 332 490 381 400
ti) 2. l.(n.To.,Hj~).4.(n.xJopAK euH~)6yTaaIteH.1~ 352 570 414 540
Cl) 3 ? MCTNJI.I-(n.ToAII.n) .4.(n.xAopAM $CHIIA)6yTweH-13 337 630 422 670

4. I. e,mju.4. (n.x.aopAIs$ewIuu)6yTaaMes-b.~ 350 580 413 520
P~~1. l.NeTw.n.1.(s.xj iop$e,m.s) .4.(n.xAop~ii$em.a)6y Ta~aei.~,~ 345 690 420 540
~~~ I( n •zJIop$.nNJI ) -4.Qt-xAop~M$enhLa ) 6y Tasu eK-I3 355 560 425 530
(*V 7. l - (o . xJ ~op $ e I IHJ1 ) - 4 . (n . x J ,o p J (I1 4) eKHJ1 ) 6y Taj tHeH . l .3 355 590 418 570

(ta)
li p H M e  q a H It e: — JUIHHa BoJt H bI , cooTaeTc1symu~a9 MaKCHMyMy

~~5 — noJtywHpKIta flojVoChI norJIouleHHa; A~~
KC 

— MMHS 50)1KW, coo~setcrsym-

~La1I Maicc Itwy Ny nojloci. $ yopecuemcl.n ; 
~~~~~ 

— fl OJlyw NpHHa noJ~ocw ~ AyOpi~cUeHUHK.

Table . KEY: (1) Substance, (2) - A
~~~ orp s mm , (3) 

~~absorp’ nm, (4)

(5) mm , (6) 1,14—diphenyl butadiene, (7)

1— (n—tol yl)—~— (n—eblorodiphenyl) butadine— 1, 3, (8)

2—methyl—I— (n—tolyl)—4— (n—chlorodiphenyl) butadine— 1,3, (9)

1—phe n y l—i$ — (n—cblorodiphenyl )  butadine— 1, 3, (10)

2— m e t h y l — I —  (n—ch lorop h enyl )  —4— (n— chloropheny l) ~utadine— 1. 3, ( 11)

1(n— c h l o r o p h e n y l ) - l4 — (n— ch l orop h eny l )  butad i n e— 1,3, (1 2)

1— (o—chlor ophenyl) —4— (n—chl oropheny l )  bat adine— 1,3, (*3 ) N otat ion:

~
. — weveleagth corresponding to the max imum of the absor ption band ;

— halftkwidtk of the absorption band ; ~r — wavelength

corresponding to the maximum of th e fluorescenc e band; ~~*a —

~ balfwidth of the fluorescence band. 

- .---- - -.- ~~~~~~~“-~~ ~~~~~~~~~~~~~~~~~
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iiq. 1. Spectra of absorption (1) and fluorescence (2) of substance

4• KEY: (1) nm.

Pig. 2. Generation spectra of substance 11; a, b — c = 10~~ mole/I ., P
= 1; 5 NV; c, d , e, 1, g c 6; 2; 1; 0.5.10 ’ mole/1~, P = S NV .

‘ I

~j9_ 3. The dependence of ~~.. on the angle ~ of the slope of the F

mirrors in the resonator with two prisms. The vertical segments

designate the width of the generation spectrum. KR!: (1) mm , ( 2 )  ~~,

angula r s.

I th 9yM II( (2..)

Pig. 4. Dependence of threshold pumpiag •. oa the amgle of

misalignment of the mirrors 0’. KEY: (1) relative emits, (2) angular
S.
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