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Introduction

- Is there surface enhancement of
lonic salts in aqueous solution ? Aqueous Na
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- Can we measure ?
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Introduction

APPLIED PHYSICS LETTERS 89, 183504 (2006)

S S, =20 log Z° -2y
1 7"+ z,
ZR ? \
¢ | two layer model
el IR _ Zi | +[tan(k,(v/s)Vey +cy)T )
S

Ve, 1+ [(gy+cy')/e ][ tan(k,(v/s) '\."'Isé +cy) )P

[ Z,: effective impedance of the probe tip

. . &
ZR : real part of the complex impedance of solution b
k, : wavenumber in air
v : volume of solution e
sample
\_ S :surface area of solution
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Our goal - matching with the circuit

tip reflection
()

soff-Mallter Optical Speclroscopy



(1) first step (2) second step
Zy Z, L
Z, r
85 ---------- @ .-L ------
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£l Z,=R, & | = )




Wave egquation - in lossless medium

VXE =—jouH {§2I§+a)2,ugI§=O
. . > | ... e .
VxH = jocE V’H +@’peH =0

.
pLTN

"= k2 where k= o e

i) (|E(2)=FEe " +Ee"

or E, (z) =E" cos(awt—kz)+E™ cos(wt +kz)

([H,(2) =%(E+e‘jkz —E"e’)

where 17 =uwlk=\uls ; wave impedance for the plane wave
in free space, 7, =/u,/&, =377 Q
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Wave equation - In general lossy medium

(conductive medium)

VxE=— joou H o .
{ _ =) V2E+f_(()2yg(1—jiJ}E:O

VxH = jocE +oE "
............. :_7/2,Where
r=atif=jous -

sol.

. o

e—yxz _ e—aze— 1Pz

— e cos(wt — f2)
N aVaVaVal . . .
decay is given by the attenuation constant, «

* phase velocity v, = w/ B, a wavelength A =2n /

*iflossless : =0, f=Kk, y=]k
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summary. ofi wave propagation - [ various media

type of Medium
lossless é_ T _g_e;u_er_a_l ;c;s_s;/_ T i good conductor
(&7=0=0) ! E (&7 >> & or 0>> we')
compligr]pgéﬂigation y = ja)\/ﬁ i y = ja)\/E i y=(1+ DW
| = joJue' 1= jo) we" |
wavenomoen) | Aek=oe [ peimG)  |ip=im)= o 2
attenuation constant a=0 | a =Re(y) ia = Re(y) =Jouo 2
Impedance n=uolk=uls n=juwly =0+ ) uol2o
skin depth S, = i o, =1la i 0, =+ 2] pwo
wavelength i=27lp A=2r1p . a=271p
phase velocity vV, =0l f i vV, =l p i vV, =wlp

_______________________
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Trransmission Line Theory.

i(z,t) 1(z+Az,1)
W ——Q -
* RAZ LAz ¥
v(z,1) GAz7 § =T C4z V(z+Az,t)
P -
Az .

R = series resistance per unit length length, for both conductors, in Q/m.
L = series inductance per unit length length, for both conductors, in H/m.
G = shunt conductance per unit length length, in S/m. (*G = 1/R)

C = series inductance per unit length length, in F/m.

by the Kirchhoff’s law

v(z,t)—RAz-i(z,t) - LAz ai(ﬁzt,t) —Vv(z+Az,t)=0

I(z,t) —GAz-v(z+ Az,t)—CAz

aV(ZgAZ’t)—i(z+Az,t):O
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Trransmission Line Theory.

i(z,t) 1(z+Az,1)
. W\ QY N
RAz LAz

v(z,1) GAz7 § =T C4z V(z+Az,t)

E -

Az
v(z,t)—RAz-i(z,t) - LAz alz,1) —Vv(z+Az,t)=0

{ I(z,t) —GAz-v(z+ Az,t) —CAz Nz ;tAZ’t) —i(z+Az,t)=0

taking the limit as Az —0 gives the following

ov(z,t) _ _Ri(z,)-L oi(z,1)
0z t
oi(z,t) _ _Gu(z,1)-C ov(z,t)

0z




Trransmission Line Theory.

avézz1t) :—Ri(Z,t)_Lal(azt’t) I(Z,t) — |(Z)eth, \;( ) (R+ JCOL)I(Z)
0i(z,t vy VYO :
Iz, )=—Gv(z,t)—C (29 soe—— | 41D _ —(G+ joC)V (2)
o7 ot dz
dzvgz) (R+ joL)(G + joC)V (2)
—) 2d ..................................................
dIZ(Z) {R+ joL)(G + joC)1 (2)
........... - ) N
- AWV )
dzglzgz) (1) =0 % 1
| '
ddlz(ZZ) —721(2) =0

where, y= a+jf= (R+ joL)(G + joC)




TFrransmission LLine Theory

1(2) = -_I_*_e_iiﬂ_{z__i d\(/jiz):—(R+ja)L)l(z)

z direction -z direction

dV(Z) d +A—V2 -A72\ _ +A—V2 —AVZ
=—(R+ jolL)I(z)
1 (2) d y (V ey e”) Z, : characteristic impedance

R+J L _R+joL _ [R+ joL
—1/Z 4 G+ joC
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Trransmission Line Theory.

+ =72 N7
1(2) = i(\/(;e-ﬂ —Vo‘eﬂ) — Voe ™ Ve

Z, Z, Z, > Ve 7 __ Vo
V(z)=Ve 7 +V e

e—yz —_ e—aze— 1Pz

. _ _ — e cos(wt — f2)
converting back to the time domain,

v(z,t) = ’VO* cos(wt— fz+¢")e " + ’VO“ cos(wt + Sz + ¢ )e™*
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LLossless transmission LIne (a=0)

V(z) =V, et +V, e/

I(Z) :Vie_Jﬂz _V_OeJ,BZ ZO ,ﬂ V(Z), |(Z)
ZO ZO I
v |
o e

Z, :V(sz) VoV,
1(z=0) V, -V,

Z, -7
) V, ="
° 7, +2,

vV, Z,-Z,
vV, Z,+Z,




LLossless transmission LIne (a=0)

T(z=1)=

Zin (Z

=)

Vo_e_ il
V +ejﬂ|

=T'(0)e*/”

0

V(D) Ve [ej/" +Te A ]

D) Ve -Te

Zy

V(2), 1(2)

1+Te?”
T 1-re s

4




