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Abs trac t Second-order sugmept i b i l i t y  x '') 
in homeatropically digned nematio 8arnpl.e is 
dlscusaed which is due %o slight in centrsaym- 
metrigity induced within 
tat ional B-t e g r a t a ,  light- w e d  by or%- 

ce-inhomogeniousr and enablea one t o  achieve phm 
se-match- conditions f o r  seconit harmonic ge- 
neration f o r  ar'bftrtxq pump polarfeation and 
incident angle. 

~ m p l e  by osien- 

gin. Such x v appears to be psrlsdica l ly  spa- 

If 8 nematic l tguid c r y s t d ' a  director fie2d 
A 
r? [p) homogetlnity fs fmwtrated by some reason, 

the medium Looses losal centrosyrmnetrisity, 

which is provided by antiparallel aligument of 

neibouring znoleculm in case of nondisturbed 

orientation, Really, in caBe of disturbed re- 

rientatian we have one extra variable, namely 
17 
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18 A.V. SUKHOV AND R.V.  TIMASHEV 

A 

Vni , which corresponds to a new local polar 
A 

axia (see fig.1) in the medium (remember0 and 
A 

- Y t  being equivalent). The sbnpleat and well- 

-known physfcal sequence of appearance of auch 

polar axis ia the direct flexoelectrio effect 

Nevertheless, besides this polarization, 

defines a8 a matter of fact by the angular dia- 

tribution function of molecules &v) first 

momentum, its natu.mil to expect other phenomena 

defined by odd momenta of +Ph 
One of auch phenomena, namely the second 

hmonic  generation2 in case of spatially perio- 

dic (ttgratinglt) director field perturbation w i l l  

be discussed theoretically and experimentally 

in this report. 

nFL13XOINDUCED1t SECOM, ORDER SUSCEPTIBILIW 

Consider a homeotropic EM? sample, its director 

being slightly reoriented in a pating-l?ike ma- 
nner as shown in f i g J ,  84.t)~ A(i> S h e s  

neglect aA/a i  in comparison with 

A(%) varying slow enough in 9.' scale for us t o  . Such 
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ORIENTATIONALLY INDUCED SUSCEPTIBILITY 19 

gratings are rather easily excited everimen- 
tally by co-propagating 0- and @-waves, see 3 , 
A being rather mall ( A N  'tOm2rSa) a 3;etla consie 

der the flexoelectric polarization pd in auch 

mediwn pd =& pd in terns of molecuhr dip- 

less reorientatfon around their long axe8 (fig.  

a 

A 

lb). In our approximation we consider moleow 

les as long "oyllhder8" having arbitrarily 

oriented dfpols pr;= exiP f e z f , ,  their long 

axes being aligued along a (so we suggest or- 

der parameter s =7 a d  neglect here a alight 

A A  a 

reorientation associated with the director d w  

formation described above). Bue to the general 

symmetry of the problem the antiparallel frpac- 

kage" of the molecules with respect to t axis 

is not destroged, EIO the dipole's Z -components 

are compensated and we can consider the mole- 

cules having only the transverse dipole compo- 

nent P ~ x '  . Being noncentrosymmetric, such mom 
A 
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20 A.V. SUKHOV AND R.V. TIMASHEV 

lecules posess second-order hyperpolarizabili- 

ty aswell as permanent dipole, After taking in- 

to account "antiparallel package'' w i b  respect 

to z axis, the effective molecular hyperpolari- 

zability tensor \ jelw~ 
of referense, will have only 8 independent com- 

ponents, namely fo1lowLn.g: 

defined in x ' y @ z  frame 

t'+c( i L; t22&; &as; If351 = L 3  ; 

Meanwhile all the rest components of effective 

r";,eare equal to zero independently of realmo- 

lecular hyperpolarizability tensor. Within the 

framework of such approximation the flexopola- 

riaation can be only due to anisotropic modifi- 

cation of molecular dipoles' distribution func- 

tion +F) 
If, in addition, we let a light wave E,,, 
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ORIENTATIONALLY INDUCED SUSCEPTIBILITY 

Here N stauds for molecular concentration, 
f!,,j. = (E,;.+3)/2 - @ a C d  field tensor and ti,( 
is r;,p tensor rewritten in xya frame of ref- 

ference and thus dependent on \Q . For the case 

21 

of orientationally nondisturbed N U  we consider 

&V) being equal to 412% , which immedialely pro- 
A 4  

vides pd=P'LC) as they must be in centrosy- 

metric medium. If orientation is disturbed we 
assume $tV) being defined by some "molecular 

field" potential v(?), which is an even fwlc- 

tion of 'p and after aFourier series develop- 

ment gives following: 

Here we introduced the first Fourier coeffici- 

ent az h p  , h thus corresponding to some llmole- 
cular field" interact- with molecular dipole, 

and phenomenologically h cx f i  8 W t G  for B-defor- 

mation. It should be noted that the nature o f h  

is a great deal complicated, but fortunately we 

will manage to avoid presense of h in the resul- 
ting expression, so it is not nesessary to dis- 

cuss it h detail here. Using (2) and (3) after 

some simple but rather extensive calculations 
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22 A.V. SUKHOV AND R.V.  TIMASHEV 

one can obtain following result: 

Here the 

5 independent) componentss namely followhg: 
tensor has only 7 nontrivial (and 

12) 
Expression (3)  immediately shows .that u3 pd, jba: 
namely 

Such proportionality was 
A 

mentioned phenomenolo- 

gically in', but it was considered in such man- 
A 

ner that X"is a by origin a dc-field induced one, 

the dc field PO in turn being produced by spa- 
tially inhomogenious Pd. It can be shown (see ) 

that such "field-inducedl* ,?*?&)will be 

4 A 

and thus negligibly small compared t o  expressi- 

on (5). It's thus obvious that the l inear  depen- 

dence of XUJupon pd 
4 A 

is rather formal than in- 
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ORIENTATIONALLY INDUCED SUSCEPTIBILITY 23 

trinsic, both magnitudes in fact be- indepen- 

dent consequenses of the lgame origin-anisotro- 
pic modification of f(.>. Now using the phenome- 
nological expression for pd we can simply deri- 

a 

A. 

ve the 

4; = 

So the 

p) 
final expression for 

second order susceptibility appears to be 

a spatia1lya1temating grat&g* varying one 

can obtain phaae-matched SHG for arbitrary pola- 

rization type of interacting wave8 a d  their 

propagating directions, Let's consider those 

phaze-matching conditions in more detail, 

It can be seen from (6) that as fur as SHG is 
considered the medium behaves as biaxial crys- 

tal, the x 
nerally non-equivalent axes y and Z. Meanwhile 

the linear permittivity tensor is uniaxial (to 

say nothing of slight perturbations due to a?$, 
z being its' optical axis. Heuse the SHG proper- 
ties are different in cases of xz and y z  planes 

of incidense (correspondent effective suscepti- 

: t f  
tensor having polar axis x and ge- 
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24 A.V.  SUKHOV AND R.V. TIMASHEV 

bilities are different). Nevertheless the wave 

vectors' geometry is defined by linear proper- 

ties and is quite the same for both planes 

(see fig.2). 
4 x(9) 

FIGURE 2. SHG wave vectors' geometry, 

Let; a plane wave, having in general both o- and 

e- components be incident upon a homeotropic sam- 

ple by incident angle d, , According to the tra- 

ditional boundary conditions the "wave vector 

mismatchingll b will be directed along z, as well 

as q, and the shortened equation f o r  SH wave mag- 

nitude EH can be written as follows 

-* 

Bere summation by n is not suggested, subscript 

n corresponding to the number of interaction po- 

larization type in the Table l ,  and p superscr- 
ipt denotes the plane of incidense ( p  =x,y). 
Xxplicit expressions for 3 ,  are a great deal  

sophysticated (see ) ,  the o r d e r  of magnitude for 

B 
4 
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ORIENTATIONALLY INDUCED SUSCEPTIBILITY 25 

t e ,  -io them bejng 9 = 4 0 ~  dl CdS where is some rrty- 
-4 

pica1 value” f o r  rske component ( d  I O - ~ ~ C G S >  ,i\”locm 

is the En wavelength, and h =f -a=Pct-(K,(C)-K,,(~)-~~~~~) 
A a -5 a 

3 
* P  

Qualitative data f o r  gh B (whether its: zero o r  not) 

is 

In 

of 

presented in Tablel. 

TABLE1 

n 
__ 

Possibility of interaction 
p =x 9 =Y Type 

1 O O + Q  7 

2 00 +e 0 

3 oe -0 1 

4 oe+e 0 

5 e e 4 0  0 

6 ee+e 1 

0 

1 

0 

1 

1 

0 

typical experiment only a very small portion 
A 

wave (about 10 2+104 photons per pulse) is 

transmitted into %, it is natural to cosider 

(z)=cons-k, eq.7thus having simple solution: ,2 
L 

EH(/J)=~$; ENdEh/2 9 lA(’)pxp ((A+%) +exp(i&28 42 (8) 
0 

So thepkase-matched SHG takes place if 0, 50 or 
A,=O (neglecting small shifts due to slow A(e) 
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26 A V SUKHOV AND R.V. TIMASHEV 

phase drift). Here one can see qualitative diffe- 

renses f o r  various polarization types of interac- 

tion, namely for the types which do not exhibit 

phase matching by spatially homogenious x +say, 
bxternal field-induced one ),i*e* 0040, oo-+e, 

oe+s and ee-,e, situation is following. If q q  

(win Ib(a)l or q >ma% l A ( d  n o phase matching ta- 

kes place,, By t'hh[bd]C~<msxfi&k)$one phase-mat- 

ching peakarrivea in %( o( ) dependense (due to 

5 

E l  l 3  
A 

A+=O or A, " 0 ,  while the rest ~~rniSm~tchia@ ne- 

ver equal8 zero as sign A ( O ( ) = c o n ~ ~ t ) ~  

For interactions exhibitim p hase matching; 
(2) 4 

4 

by x (r)=const, i.e. ee-o and oe-o, the situa- 

tion is quite different. Namely, for qrm.W{b(dg 

phase matching is absent. For m ~ * ~ l ~ ( ~ ) ~ < ~ < M ~ ~ ~ t A ~ ~  

- one phase matching peak takes place. At last for 

l o w  values of q: q < rnihllA(413 the "homogenious" 

phase-matching peak is '*doubledtt. Explicit expre- 

ssions f o r  phase-matching angles'calculation are 

obvious but very huge, so we won't present them 

here. 

Now we are to say some words about the means 

of orientatioonal B-gratings excitation, and hen- 

ce the explicit expression f o r  R ( e ) .  A s  f a r  sa we 
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ORIENTATIONALLY INDUCED SUSCEPTIBILITY 21 

know, the only such means up to date is the lig- 

ht-induced reorientation6’ under the influence 

of co-propagating 0- and e-waves (see fig.4). 

Some explanations should be made here. Up to now 

we assumed that EN does not influence the direc- 

tor orientation. Its true for typical experiment 

EN being a &-switched laser pulse, powerful eno- 

ugh to excite SHG, but of t o o  little energy den- 

A 

a 

sity to create observable reorientation. S o  one 

needs an extra wave ER (millisecond pulse in our 

experiment) to excite the grating. 

-5 

a 
FIGURE 3.  Orientational SS geometry. 

Let an ordinary wave penetrate the sample by the 

incident angle %,in yz-plane, it will cause ori- 

entational stimulated scattering (SS) into ES e- 
A 

-wave6y7. In transient regime, which was our  

experimental case, SS is discribed by the follo- 
wing equations 7 
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28 A.V.  SUKHOV AND R.V. TIMASHEV 

to spontaneous scattering cross section, It sho- 

uld be noted that one can easily manage the value 

of g varying 6,. AS to d , it equals d = E ~ ~  s;7r~gc+/ 

/ 3 2 ~ 2  OS c ass , 2 being orientational viscosity, 
& R - permittivity misotropy for W, frequency, 

2 

2 
n - the E, refraction index, c - light velosity, 

S 3 

Using the second eq.(g) we can rewrite (8): 

Since S(Z,r )  = To (2m)is a rather complicated 

function, analitical integration in (10) fails 

but in the case of phase-matched SHG( A40rA,=o) 

In such case 

Physical meaning of thes expression is quite ob- 

vious: the SWG signal must be proprotional to 

current value of SS power efficiency by iiN=const. 
-5 

OBSERVATION OF SHG DISCUSSED ABOW 

Experimental observation of SHG enhancement by 

grating B-deformation and phase-matched SHG 00.r 

+o w a s  carried out in a hometropic 5CB sample 
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ORIENTATIONALLY INDUCED SUSCEPTIBILITY 29 

of 70 m thickness. Grating was excited by orien- 
tational SS of o-polarized free-running ruby la- 

r 
ser pulse of about 0.5J total energy and beam 

diameter within the sample of PWHM=?.5mm. SHG 

was excited by a &-switched single mode and fre- 

quency Nd laser pulse of total energy of about 

lOmJ,  which was slightly focused upto WHM=O,5mm 

within the sample, its divergense being about 

0 .3', Following parameters were measured: total 

energy of EN,EH pulses (the SH registration thre- 

shold being 50 photons per pulse), temporal en- 

A A  

A 

velopes of  E pulses andQdf)aJ( by integrating K,S 
circuit) and EH polarization (with the help of 

a 
Glan prism), EN wave propagated along z axis be- 

a 

ing polarized along x (see figel), EH appeared 
to be x-polarized as well, 

Qualitatively, the results were following. 

In the absense of ER wave a very weak (perhaps, 

quadrupole) SHG occured, SH signal revealing tra 

ditional square dependense of ENenergy Q, and 

yielding Maker's oscillations by slightly vari- 

ed EN incidence angle - thus ensuring its volume 
origin, In the prsense of ER wave Q, enhanced 

drastically (more than 50 times) with the incre- 

A 

a 

-. 
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30 A.V. SUKHOV AND R.V. TIMASHEV 

ase of Q, (see fig.4), QN and so being constant 

4 QH,ld'; 
6 t  
4 t  

.a 
I ,.' 

I 

I 

i 
I 

0.2 0.4 0.6 0.8 1 QR,J 
FIGURE 4. Q, dependense of QR. 

In order to verify the grating character of in- 

duced XWthe dependense of QH of go was investi- 
gated (see fig,5), Q, and a, being maintained 
constant. The dependense reveals a typical pha- 

se-matching peak by incidense angle go =38.5', 

which corresponds to refraction angle =25.162 

- coinsiding with the calculated value for pha- 
se-matching ( &=25.40°) within the ED beam di- 

vergense. Q~ ,.~o-?J A 

A 

A 

' \  

1 1  
1 1  

I I  

I 

30 t I  

20 

36 37 38 39 40 doo 

FIGURE 5. Angular dependense of SHG sinal. 

Maintaining.pow the phase-matching value for 
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ORIENTATION ALLY INDUCED SUSCEPTIBILITY 31 

2 we measured the dependenas of QH upon IS1 (see 

eq.ll) keeping QH cOabstant. The resulta presen- 

ted In in fig.6 reveal lineax dependerne QH(ISf’), 

thus confbming eq.11. The coefficient of tlUs 

dependense appeared to be 10 times greater than 

that cd.culctted from (11) which is quite satia- 

fac tory  remembering i n c e r t R q t y  of mater iaX pa- 

rametera wed. The abmlute value of SHG e f f i c b  

ency acMeved B=QB/Qp5.tOu12 i.e. quite compa- 

rable t o  external dc-field induced SHG (see5). 

.* 60 Q,!d”3’ / e0 50 t 0 

4 8 i2 16 20 
FIGW& 60 SB s%gnaI. dependense of SS efficiency 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

9:
34

 1
9 

Fe
br

ua
ry

 2
01

3 




