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DERIVATIONS
S1. Probe beam propagation:

Under Fresnel diffraction approximation, amplitude of electric field at the center of the laser

beam is given by!
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The amplitude of electric field at the output plane of the sample which is encountered with

phase change ®(x,y,?) is given as
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Substituting Eq. (2) into Eq. (1) gives
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Since the complex electric field amplitude of the TEMy, Gaussian laser beam at the entrance

of a sample can be expressed as!
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where, g, is the complex beam parameter which is defined as
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From Eq. (8) & (9), we get
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The integration in Eq. (3) cannot be solved analytically. However, for the case of weak thermal
lens effect (O<<1, phase shift is much less than 1, as is the case in Shen model?), we can write
exp(—j®) ~1- j® 23, Then Eq. (3) can be written as
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or
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We note that the phase change is change ®(x,y,?) of the laser beam occurred due to variation in

refractive index (n) is given by?>?
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The absorbance and the beam divergence angle are small allowing the beam power and the

beam radius to be taken as constant within the cell of path length of /.

The phase change @ is obtained after substituting expression for temperature in Eq. (13) and

defining m = (o}, /@ ), which is given as
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where, 6=-

and ¢ = Z);) , O relates to different physical properties of the

sample that are responsible for the formation of thermal lens in such a way that its

magnitude is directly related to the strength of the thermal lens.

For convenience, let us present Eq. (12) as
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Solving for the F, part, we get
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Eq. (19) can be solved as follows:

Substituting Eq. (16) into Eq. (19), we get
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Now, let
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This allows us to treat the two parts independently. Let us first solve the F. part (Eq. (25)) and

then use that knowledge to solve for Fy (Eq.(26)).

Eq. (25) can be solved as follows
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Once again, let
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such that
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Using solution of Eq. \* MERGEFORMAT (28) in above equation we get
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With this simplification, we can get back to £, in Eq. (30), as follows:

e 1 | 2(vt/@.) 1 '
R ) [l (””/f)J 1 2 | !

0 1 |t 2(vt /@) 1 ’
F, _]Ct 9% j1+2t’/tc (1 (1+20)1, )] (1+27/t) A+ jV)+2m t (38)

(1+27/t)(1+ V)
0 1 [F 2(vt'/@.) (Le2ejt)(Ae)V)
FL_JCZ(1+jV)['([1+2t’/f [ (201, )J[ _(1+2f'/fc)(1+f’/)+2m}dtj oY
e ¢ [+ 1 2(vt /@) 2m '

e (’ 1 (_2(th’/“)e)2 ! '
F=ry (1+jV)LOI+21'/tCL1 (1+2f'/fc)j{(1+2t/t )(Hﬂ/) }t w
pojf_C ( (+2)i)-2(n o) dr (42)

Z, (1+jV)0(1+21/t ) (1+;1Vj+(l+2t/t)

2 4 ’
Let a—z, b=— f—g p=2(v,/o,) (43)



1+at' — pt”?

0 C
- . 44
fe=r (l+jV)£(l+at/)3 (v i)+ (rary -

tan'l( aft+ f J_
Z{M] abi-+b 1
b+if 2jtan'l(—fj
b+1

1+at'— pt” 1 _{az+p(b+jf+1)2]m{(abz+b)2+2b(a1+1)+(aﬁ+f)2+1} 45)

NOW, J. 3 3 2 dt —F b - b2 2b 3 1
o(L+at’y (b+ jf)+(1+at") a +Jjf +2b+ f7+
+;fl—2p+2(a2+p(b+jf+2))1n{at+1}

So,

_ e ()] |

oo p(+ir+1Y | | Labrsbs1) \bt1

ZJ{a + bt Jtan IJ{ P j(fj
abt+b+1 )\ b+1

_0_c L}_{az+p(b+]f+1)2Jln{(abt+b)2+22b(at+1)2+(aft+f)2+l} 46)
t, (1+ V) 2a b+ jf b*+2b+ 7 +1

b+ jf +1)
+ 2p -2p+2 a2+p( +if+1) - In{at +1}
at+1 b+ jf b+ jf

—(az N p(b+jf+1)2]

b+ jf

aft+ [ f
2jtan (abt+b+1j_(b+lj o (abt+b)2+2b(at+1)+(aft+f)2+1}
po0_C 1 1+[ aft+ f )(fj b +2b+ 7 +1
¢ t(1+jV)2a3 abt+b+1 )\ b+1

c

(47)

. 2
+2—p—2p+[a2 +MJ21H{GI‘+1}
at+1

b+ jf
_[_2p
] [b+jf]1n{at+1}




__ a2+p(b+jf+1)2 |
b+ jf
(asrsren) (5%
6 Cc 1 o Cabr+b+1) b+t (abt+b)2+2b(az+1)+(aﬁ+f)2+1
=iz — 2 1 48
k. jtc(1+jV)2a3 Juan l+( aft+ f )(fj +n{ (Z)2+217+f2+1)(¢11+1)2 (48)
abt+b+1)\b+1
2p [ _2p
+at+1 2p (b+ijln{at+l}
__ 1+p(b+]f—|—l)2 |
az(b+jf)
(asrsren) (5
6 C 1 o Labr+b+1) b1 (abt+b)z+2b(at+1)+(qft+f)z+l
A 2 1 4
Fe T @+ V) 2a Jtan 1+( afi+f j[fj +n{ (b*+2b+ 2 +1)ar +1Y (“49)
abt+b+1)\b+1
_Z_fK L }ln{at+l}+(l— 1 H
a |\ b+ jf at+1
where
2 2x2(v, czxtcz 2 @, S
2p 2RI fy (2] -5 (50)
and
p(b‘l']f""l)z:P_EZ(l‘FjV‘Fzm)z (51)

a2(b+jf) 2 2m(1+jV)

The factor aiel‘;x , 1s the well-known dimensionless parameter called the Peclet number.

It is the ratio of convective to conductive heat transfer rates®. w. has been chosen as

characteristics length as it is imposed by laser beam size itself. Thus,

Rate of convection _ @,v, (52)

Peclet Number (P.) =
eclet Number (7;) Rate of conduction 4D

Now the logarithm part in Eq. \* MERGEFORMAT (59) is simplified separately as follows:
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Similarly, tangent inverse part in Eq. (49) is simplified as follows:
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Once these simplifications are attained, we can finally get F, as:
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Now, let us get back to F; in Eq. (26):
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Finally, the intensity at center of the laser beam (r)= |U (2 Jrzz,zj2 comes out to be:
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