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❙♦❧✉t✐♦♥ t♦ Pr♦❜❧❡♠ ❙❡t ✽
❖♣t✐❝❛❧ ❲❛✈❡❣✉✐❞❡s ❛♥❞ ❋✐❜❡rs ✭❖❲❋✮

Pr♦❜❧❡♠ ✶✿ ▲✐♥❡❛r❧② ♣♦❧❛r✐③❡❞ ♠♦❞❡s ✭▲P✮ ✐♥ ❛ st❡♣✲✐♥❞❡① ✜❜❡r✳

❚❤❡ ♠♦❞❡s ♦❢ ❛ st❡♣✲✐♥❞❡① ✜❜❡r ❝❛♥ ❜❡ ❝❛❧❝✉❧❛t❡❞ ❛♥❛❧②t✐❝❛❧❧② ✐♥ ❛♥ ❡①❛❝t ❢♦r♠✱ ❧❡❛❞✐♥❣ t♦ ❛ ❝❧❛ss✐✜❝❛t✐♦♥
✐♥ ❚❊0,µ✱ ❚▼0,µ ❛♥❞ ❤②❜r✐❞ ♠♦❞❡s ✭EHν,µ ❛♥❞ HEν,µ✮✳ ❲❤❡♥ ❧♦♦❦✐♥❣ ❢♦r ❡①❛❝t s♦❧✉t✐♦♥s✱ ♦♥❡ ❝❛♥ ✜♥❞
❛ ❞✐✛❡r❡♥t✐❛❧ ❡q✉❛t✐♦♥ ❢♦r t❤❡ Ez ❛♥❞ Hz ❝♦♠♣♦♥❡♥ts✱ ❢r♦♠ ✇❤✐❝❤ t❤❡ tr❛♥s✈❡rs❡ ❝♦♠♣♦♥❡♥ts ❝❛♥ ❜❡
❞❡r✐✈❡❞✳ ❆ s✐♠♣❧✐✜❡❞ ❛♣♣r♦①✐♠❛t✐♦♥ ❝❛♥ ❜❡ ✉s❡❞ ✉♥❞❡r t❤❡ ❛ss✉♠♣t✐♦♥ t❤❛t t❤❡ ♠♦❞❡ ✐s ✇❡❛❦❧② ❣✉✐❞❡❞
✭n1 → n2✮ ❛♥❞ ❤❛s ❛ ❞♦♠✐♥❛♥t ❧✐♥❡❛r❧② ♣♦❧❛r✐③❡❞ tr❛♥s✈❡rs❡ ✜❡❧❞ ❝♦♠♣♦♥❡♥t✱ ✇❤✐❝❤ ✲ ✇✐t❤♦✉t ❧♦ss ♦❢
❣❡♥❡r❛❧✐t② ✲ ✇❡ ❞❡♥♦t❡ ❛s Ex ✇❤✐❧❡ ❛ss✉♠✐♥❣ Ey = 0✳

❇❡❝❛✉s❡ ♦❢ t❤❡ ❛ss✉♠♣t✐♦♥ ♦❢ ✇❡❛❦ ❣✉✐❞❛♥❝❡✱ t❤❡ s❝❛❧❛r ❍❡❧♠❤♦❧t③ ❡q✉❛t✐♦♥ ❝❛♥ ❜❡ ✉s❡❞✿

∇2Ψ(r, ϕ) +
(

k20n
2 − β2

)

Ψ(r, ϕ) = 0, ✭✶✮

✇❤❡r❡ Ψ(r, ϕ) ❞❡♥♦t❡s t❤❡ Ex ❝♦♠♣♦♥❡♥t ♦❢ t❤❡ ♠♦❞❡✳

❛✮ ❲r✐t❡ ❊q✳ ✭✶✮ ✐♥ ❝②❧✐♥❞r✐❝❛❧ ❝♦♦r❞✐♥❛t❡s✳

❙♦❧✉t✐♦♥✿

❇② ❡①♣r❡ss✐♥❣ t❤❡ ❞✐✛❡r❡♥t✐❛❧ ♦♣❡r❛t♦r ✐♥ ❝②❧✐♥❞r✐❝❛❧ ❝♦♦r❞✐♥❛t❡s✱ ❊q✳ ✭✶✮ ❝❛♥ ❜❡ ✇r✐tt❡♥ ❛s✿

1

r

∂

∂r

(

r
∂Ψ(r, ϕ)

∂r

)

+
1

r2
∂2Ψ(r, ϕ)

∂ϕ2
+
(

k20n
2 − β2

)

Ψ(r, ϕ) = 0

❜✮ ❙❡♣❛r❛t❡ t❤❡ ✈❛r✐❛❜❧❡s✱ ✐✳❡✳✱ ❛ss✉♠❡ t❤❛t t❤❡ s♦❧✉t✐♦♥ ❝❛♥ ❜❡ ✇r✐tt❡♥ ✐♥ t❤❡ ❢♦r♠ Ψ(r, ϕ) = g(r)h(ϕ)✳
■♥s❡rt t❤✐s ❛♥s❛t③ ✐♥t♦ t❤❡ r❡s✉❧t ❢r♦♠ ♣❛rt ❛✮✱ s❡♣❛r❛t❡ ✐t ✐♥t♦ ❛ s✉♠ ♦❢ t✇♦ ❡①♣r❡ss✐♦♥s ✇❤❡r❡
♦♥❡ ❞❡♣❡♥❞s ❡①❝❧✉s✐✈❡❧② ♦♥ r ❛♥❞ t❤❡ ♦t❤❡r ❡①❝❧✉s✐✈❡❧② ♦♥ ϕ✳ ❙❤♦✇ t❤❛t sin(νϕ) ❛♥❞ cos(νϕ) ❛r❡
s♦❧✉t✐♦♥s ❢♦r t❤❡ ϕ✲❞❡♣❡♥❞❡♥t ♣❛rt✳ ❲❤② ♠✉st ν ❜❡ ❛♥ ✐♥t❡❣❡r❄

❙♦❧✉t✐♦♥✿

■♥s❡rt✐♥❣ Ψ(r, ϕ) = g(r)h(ϕ) ✐♥t♦ t❤❡ ❡q✉❛t✐♦♥ ❧❡❛❞s t♦✿

1

r

∂

∂r

(

r
∂ (g(r)h(ϕ))

∂r

)

+
1

r2
∂2 (g(r)h(ϕ))

∂ϕ2
+

(

k20n
2 − β2

)

(g(r)h(ϕ)) = 0

1

r

∂

∂r

(

r
∂g(r)

∂r

)

h(ϕ) +
1

r2
∂2h(ϕ)

∂ϕ2
g(r) +

(

k20n
2 − β2

)

(g(r)h(ϕ)) = 0

▼✉❧t✐♣❧②✐♥❣ t❤❡ ✇❤♦❧❡ ❡q✉❛t✐♦♥ ✇✐t❤ r2 ❛♥❞ ❞✐✈✐❞✐♥❣ ❜② g(r)h(ϕ) ✇❡ ♦❜t❛✐♥✿

r

g(r)

∂

∂r

(

r
∂g(r)

∂r

)

+
1

h(ϕ)

∂2h(ϕ)

∂ϕ2
+

(

k20n
2 − β2

)

r2 = 0 ✭✷✮

■❢ t❤❡ s✉♠ ✐s ❛❧✇❛②s ❡q✉❛❧ t♦ ③❡r♦✱ t❤❡♥ ❜♦t❤ r ❛♥❞ ϕ ❞❡♣❡♥❞❡♥t ♣❛rts ♠✉st ❜❡ ❝♦♥st❛♥t✳ ❲❡ ❝❛♥
✇r✐t❡ ❢♦r t❤❡ ϕ ❞❡♣❡♥❞❡♥t ♣❛rt✿

1

h(ϕ)

∂2h(ϕ)

∂ϕ2
= C1

❚❤❡ s♦❧✉t✐♦♥s ♦❢ t❤❡ ❧❛st ❡q✉❛t✐♦♥ ❛r❡ sin(νϕ) ❛♥❞ cos(νϕ)✱ ✇❤❡r❡ ν2 = −C1✳ ■❢ ✇❡ ❝♦♥s✐❞❡r t❤❛t
h(ϕ) ❞❡s❝r✐❜❡s t❤❡ ❛③✐♠✉t❤❛❧ ✜❡❧❞✱ ✇❡ ❝❛♥ ❛r❣✉❡ t❤❛t ❢♦r ❛ ❣✉✐❞❡❞ ♠♦❞❡ t❤❡ ✜❡❧❞ ♠✉st ❜❡ ❡①❛❝t❧②
t❤❡ s❛♠❡ ❛❢t❡r ♦♥❡ r♦✉♥❞tr✐♣✱ ❛♥❞ t❤❡r❡❢♦r❡ ♣❡r✐♦❞✐❝ ✇✐t❤ ϕ = 2π✳ ❚❤✉s✱ ν ♠✉st ❜❡ ❛♥ ✐♥t❡❣❡r✳

❝✮ ■♥s❡rt t❤❡ s✐♥✉s♦✐❞❛❧ s♦❧✉t✐♦♥ ❢♦r h(ϕ) ✐♥t♦ t❤❡ r❡s✉❧t ♦❢ ♣❛rt ❛✮ ❛♥❞ s❤♦✇ t❤❛t t❤❡ ❞✐✛❡r❡♥t✐❛❧
❡q✉❛t✐♦♥ ❢♦r g(r) ❝❛♥ ❜❡ ✇r✐tt❡♥ ❛s✿

r2
∂2g(r)

∂r2
+ r

∂g(r)

∂r
+
[(

k20n
2
i − β2

)

r2 − ν2
]

g(r) = 0, ✭✸✮

✇❤❡r❡ n1 ✐s t❤❡ ❝♦r❡ ✐♥❞❡① ❛♥❞ n2 ✐s t❤❡ ❝❧❛❞❞✐♥❣ ✐♥❞❡①✳

✶
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❙♦❧✉t✐♦♥✿

■♥s❡rt✐♥❣ h(ϕ) = sin(νϕ) ✇❡ ♦❜t❛✐♥ ❢♦r ❊q✳ ✭✷✮✿

r

g(r)

∂

∂r

(

r
∂g(r)

∂r

)

+
−ν2

sin(νϕ)
sin(νϕ) +

(

k20n
2 − β2

)

r2 = 0

r
∂

∂r

(

r
∂g(r)

∂r

)

+
[(

k20n
2 − β2

)

r2 − ν2
]

g(r) = 0

r2
∂2g(r)

∂r2
+ r

∂g(r)

∂r
+

[(

k20n
2 − β2

)

r2 − ν2
]

g(r) = 0

❚❤❡ s❛♠❡ s♦❧✉t✐♦♥ ✐s ♦❜t❛✐♥❡❞ ✇❤❡♥ ✉s✐♥❣ h(ϕ) = ❝♦s(νϕ)✳

❯s✐♥❣ t❤❡ ❢❛❝t t❤❛t ❊q✳ ✭✸✮ ✐s s♦❧✈❡❞ ❜② ❇❡ss❡❧ ❢✉♥❝t✐♦♥s ❛♥❞ ♠♦❞✐✜❡❞ ❇❡ss❡❧ ❢✉♥❝t✐♦♥s✱ t❤❡ t♦t❛❧ s♦❧✉t✐♦♥
♦❢ ❊q✳ ✭✶✮ ❝❛♥ ❜❡ ✇r✐tt❡♥ ❛s✿

Ψ(r, ϕ) =

{

A❏ν
(

u r
a

)

cos(νϕ+ ψ) ❢♦r 0 ≤ x ≤ a

A
❏ν(u)
❑ν(w)❑ν

(

w r
a

)

cos(νϕ+ ψ) ❢♦r a < x
✭✹✮

✇❤❡r❡ ❏ν ✐s t❤❡ ❇❡ss❡❧ ❢✉♥❝t✐♦♥ ♦❢ t❤❡ ✜rst ❦✐♥❞ ♦❢ ♦r❞❡r ν✱ ❑ν ✐s t❤❡ ❞❡❝❛②✐♥❣ ♠♦❞✐✜❡❞ ❇❡ss❡❧ ❢✉♥❝t✐♦♥
♦❢ ♦r❞❡r ν = 0, 1, 2, ...✱ ψ ∈ {0, π2 }✱ u = a

√

k20n
2
1 − β2✱ w = a

√

β2 − k20n
2
2 ✳

■♥ t❤✐s r❡❧❛t✐♦♥ ✇❡ ❛ss✉♠❡❞ t❤❛t Ψ(r, ϕ) ✐s ❝♦♥t✐♥✉♦✉s ❛t r = a ✳

❞✮ ❲❤② ✐s t❤✐s ❛ss✉♠♣t✐♦♥ ❧❡❣✐t✐♠❛t❡❄

❙♦❧✉t✐♦♥✿

❆t t❤✐s ♣♦✐♥t✱ t❤❡ ❛♣♣r♦①✐♠❛t✐♦♥ ♦❢ ❛ ❧♦✇ ✐♥❞❡① ❝♦♥tr❛st ✐s ✉s❡❞✳ ❚❤❡ ✜❡❧❞ ❝♦♠♣♦♥❡♥t Ψ(r, ϕ) ❝❛♥
❜❡ ❞❡❝♦♠♣♦s❡❞ ✐♥t♦ ❛ ϕ✲❞❡♣❡♥❞❡♥t ♣❛rt t❤❛t ✐s t❛♥❣❡♥t✐❛❧ t♦ t❤❡ ✐♥t❡r❢❛❝❡ ❛t r = a✱ ❛♥❞ ❛ r❛❞✐❛❧
❝♦♠♣♦♥❡♥t t❤❛t ✐s ♥♦r♠❛❧ t♦ t❤❡ ✐♥t❡r❢❛❝❡ ❛t r = a✳ ❚❤❡ t❛♥❣❡♥t✐❛❧ E✲✜❡❧❞ ❝♦♠♣♦♥❡♥t ✐s ❛❧✇❛②s
❝♦♥t✐♥✉♦✉s ❛t ❛ ❜♦✉♥❞❛r②✱ ✇❤✐❧❡ ❢♦r t❤❡ ♥♦r♠❛❧ ✜❡❧❞ ❝♦♠♣♦♥❡♥t t❤❡ D✲✜❡❧❞ ✐s ❝♦♥t✐♥✉♦✉s ❛♥❞ t❤❡
E✲✜❡❧❞ ❥✉♠♣s ❢♦r ❞✐✛❡r❡♥t εr ❛t t❤❡ ✐♥t❡r❢❛❝❡✳ ❲✐t❤ t❤❡ ❧♦✇ ✐♥❞❡① ❝♦♥tr❛st✱ ✇❡ ♠❛❦❡ t❤❡ ❛ss✉♠t✐♦♥
t❤❛t t❤❡ r❡❢r❛❝t✐✈❡ ✐♥❞❡① ❝♦♥tr❛st ✐s s♦ s♠❛❧❧ t❤❛t t❤❡ ❥✉♠♣ ♦❢ t❤❡ E✲✜❡❧❞ ✐s ♥❡❣❧✐❣✐❜❧❡✱ ❛♥❞ ✇❡ ❝❛♥
❛ss✉♠❡ t❤❛t Ψ(r, ϕ) ✐s ❝♦♥t✐♥✉♦✉s ❛t r = a✳

❙t❛rt✐♥❣ ❢r♦♠ t❤❡ ❡q✉❛t✐♦♥

∇ ·D = 0 ✭✺✮

✐t ✐s ♣♦ss✐❜❧❡ t♦ s❤♦✇ t❤❛t ✐♥ t❤❡ ❧✐♠✐t n1 → n2 t❤❡ ❞❡r✐✈❛t✐✈❡ ∂Ψ
∂r

♠✉st ❜❡ ❝♦♥t✐♥✉♦✉s ❛s ✇❡❧❧✳

❡✮ ❯s❡ t❤✐s ❢❛❝t t♦ ❞❡r✐✈❡ t❤❡ ❝❤❛r❛❝t❡r✐st✐❝ ❡q✉❛t✐♦♥ ❢♦r ▲P✲♠♦❞❡s✿

u❏′ν(u)

❏ν(u)
=
w❑′

ν(w)

❑ν(w)
✭✻✮

❙♦❧✉t✐♦♥✿

■❢ t❤❡ ❞❡r✐✈❛t✐✈❡ ✐s ❝♦♥t✐♥✉♦✉s ❛t r = a✱ ✇❡ ❝❛♥ ✇r✐t❡ ❢r♦♠ ❊q✳ ✹✿

∂

∂r

[

A❏ν

(

u
r

a

)

cos(νϕ+ ψ)
]

=
∂

∂r

[

A
❏ν (u)

❑ν (w)
❑ν

(

w
r

a

)

cos(νϕ+ ψ)

]

∂

∂r

[

❏ν

(

u
r

a

)]

=
❏ν (u)

❑ν (w)

∂

∂r

[

❑ν

(

w
r

a

)]

u

a
❏′ν

(

u
r

a

)

=
❏ν (u)

❑ν (w)

w

a
❑′

ν

(

w
r

a

)

r=a
−→

u❏′ν (u)

❏ν (u)
=
w❑′

ν (w)

❑ν (w)

✷
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❢✮ ❲❡ ✇❛♥t ♥♦✇ t♦ s✐♠♣❧✐❢② ❊q✳ ✭✻✮ ❜② ❣❡tt✐♥❣ r✐❞ ♦❢ t❤❡ ❞❡r✐✈❛t✐✈❡ ♦❢ t❤❡ ❇❡ss❡❧ ❢✉♥❝t✐♦♥✳ ❋♦r t❤✐s
♣✉r♣♦s❡✱ ♠❛❦❡ ✉s❡ ♦❢ t❤❡ r❡❝✉rs✐✈❡ r❡❧❛t✐♦♥s✱

❏′ν(u) = +❏ν−1(u)−
ν

u
❏ν(u) , ✭✼✮

❑′

ν(w) = −❑ν−1(w)−
ν

w
❑ν(w) , ✭✽✮

❛♥❞ s❤♦✇ t❤❛t ❊q✳ ✭✻✮ ✐♠♣❧✐❡s✿

u❏ν−1(u)

❏ν(u)
= −

w❑ν−1(w)

❑v(w)
✭✾✮

❙♦❧✉t✐♦♥✿

■♥s❡rt✐♥❣ ❊qs✳ ✭✼✮ ❛♥❞ ✭✽✮ ✐♥t♦ ❊q✳ ✭✻✮ ✇❡ ❣❡t

u
(

❏ν−1(u)−
ν
u
❏ν(u)

)

❏ν (u)
=
w
(

−❑ν−1(w)−
ν
w
❑ν(w)

)

❑ν (w)

u❏ν−1(u)− ❏ν(u)

❏ν (u)
=

−w❑ν−1(w)−❑ν(w)

❑ν (w)

u❏ν−1(u)

❏ν (u)
− ν =

−w❑ν−1(w)

❑ν (w)
− ν

u❏ν−1(u)

❏ν(u)
= −

w❑ν−1(w)

❑v(w)

◆♦t❡ t❤❛t ❢♦r ν = 0 ❊q✳ ✭✾✮ ❜❡❝♦♠❡s u❏1(u)
❏0(u)

= w❑1(w)
❑0(w) ✳ ❚❤✐s ✐s ❜❡❝❛✉s❡ ♦❢ t❤❡ s②♠♠❡tr② ♣r♦♣❡rt✐❡s

♦❢ t❤❡ ❇❡ss❡❧ ❢✉♥❝t✐♦♥ J−ν(u) = (−1)
ν
Jν(u)✱ ❛♥❞ t❤❡ ♠♦❞✐✜❡❞ ❇❡ss❡❧ ❢✉♥❝t✐♦♥ K−ν(w) = Kν(w) ✳

❋♦r ❡❛❝❤ ✐♥❞❡① ν t❤❡ ❧❛tt❡r ❡q✉❛t✐♦♥ ❝❛♥ ❜❡ s♦❧✈❡❞ ❢♦r β✱ ❛s ❞♦♥❡ ❛❧r❡❛❞② ❢♦r t❤❡ s❧❛❜ ✇❛✈❡❣✉✐❞❡✳ ❙✐♥❝❡
t❤❡ ❇❡ss❡❧ ❢✉♥❝t✐♦♥ ♦s❝✐❧❧❛t❡s✱ ❞✐✛❡r❡♥t s♦❧✉t✐♦♥s ❛r❡ ♦❜t❛✐♥❡❞ ❛♥❞ ❝❛♥ ❜❡ ❝❧❛ss✐✜❡❞ ❜② ♠❡❛♥s ♦❢ ❛ ♥❡✇
✐♥t❡❣❡r✱ µ✳ ❚❤❡ ♥♦r♠❛❧✐③❡❞ ❝✉t♦✛ ❢r❡q✉❡♥❝✐❡s Vµ,ν,c ♦❢ t❤❡ ❞✐✛❡r❡♥t ♠♦❞❡s ❛r❡ ♦❜t❛✐♥❡❞ ❢r♦♠ ❊q✳ ✭✾✮

✇❤❡♥ ✇❡ s❡t w → 0 ✭❛♥❞ s✐♠✉❧t❛♥❡♦✉s❧② u→ V = ak0
√

n21 − n2
2✮✳ ❋r♦♠ st❛♥❞❛r❞ ♣r♦♣❡rt✐❡s ♦❢ t❤❡ ❇❡ss❡❧

❢✉♥❝t✐♦♥s✱ ✐t ❝❛♥ ❜❡ ♣r♦✈❡♥ t❤❛t lim
w→0

w❑ν−1(w)
❑ν(w) = 0✳ ❚❤❡ ♥♦r♠❛❧✐③❡❞ ❝✉t✲♦✛ ❢r❡q✉❡♥❝② ♦❢ t❤❡ ▲Pν,µ ♠♦❞❡

✭µ = 1, 2, 3..✮ ✐s ❤❡♥❝❡ ❞❡t❡r♠✐♥❡❞ ❜② t❤❡ µ−t❤ ③❡r♦ jν−1,µ ♦❢ t❤❡ ❇❡ss❡❧ ❢✉♥❝t✐♦♥ ❏ν−1(u)✳

Vµ✱ν✱❝ = jν−1,µ ✭✶✵✮

❣✮ ❆ t②♣✐❝❛❧ st❛♥❞❛r❞ s✐♥❣❧❡ ♠♦❞❡ ✜❜❡r ❤❛s t❤❡ ❢♦❧❧♦✇✐♥❣ s♣❡❝✐✜❝❛t✐♦♥ss✿ a = 4.1µm✱ ∆ =
n2

1
−n2

2

2n2

1

=

0.0035 ❛♥❞ n1 = 1.41✳ ❚❤✐s ✜❜❡r ❛❧✇❛②s s✉♣♣♦rts t❤❡ ❢✉♥❞❛♠❡♥t❛❧ ♠♦❞❡ ▲P0,1✳ ❚❤❡ ♥❡①t ❤✐❣❤❡r
♦r❞❡r ♠♦❞❡ ✐s t❤❡ ▲P1,1✳ ❲❤❛t ✐s t❤❡ ♠✐♥✐♠✉♠ ✇❛✈❡❧❡♥❣t❤ ❢♦r ✇❤✐❝❤ t❤❡ ✜❜❡r ✐s s✐♥❣❧❡✲♠♦❞❡❄
❍✐♥t✿ j0,1 ≈ 2.4048✳

❙♦❧✉t✐♦♥✿

❚❤❡ ♥♦r♠❛❧✐③❡❞ ❝✉t✲♦✛ ❢r❡q✉❡♥❝② ♦❢ t❤❡ ▲P1,1 ♠♦❞❡ ✐s ❣✐✈❡♥ ❜② V✶✱✶✱❝ = j0,1 = 2.4048✳ ❋♦r t❤❡
❙▼❋✷✽✱ t❤✐s tr❛♥s❧❛t❡s ✐♥t♦ t❤❡ ✇❛✈❡❧❡♥❣t❤ ❛❝❝♦r❞✐♥❣ t♦✿

V = a
2π

λ0

√

n2
1 − n2

2

λc = a
2π

V1,1,c

√

n2
1 − n2

2

λc = 4.1 ➭♠
2π

2.4048

√

∆ · 2n2
1 = 1.2637➭♠

✸
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❋✐❣✉r❡ ✶✿ ❇❡ss❡❧ ❢✉♥❝t✐♦♥s ♦❢ t❤❡ ✜rst ❦✐♥❞ ❛♥❞ ♠♦❞✐✜❡❞ ❇❡ss❡❧ ❢✉♥❝t✐♦♥s ♦❢ t❤❡ s❡❝♦♥❞ ❦✐♥❞✳

◗✉❡st✐♦♥s ❛♥❞ ❈♦♠♠❡♥ts✿

❆❧❡❦s❛♥❞❛r ◆❡s✐❝ P❤✐❧✐♣♣ ❚r♦❝❤❛
❇✉✐❧❞✐♥❣✿ ✸✵✳✶✵✱ ❘♦♦♠✿ ✷✳✸✷✲✷ ❇✉✐❧❞✐♥❣✿ ✸✵✳✶✵✱ ❘♦♦♠✿ ✷✳✸✷✲✷
P❤♦♥❡✿ ✵✼✷✶✴✻✵✽✲✹✷✹✽✵ P❤♦♥❡✿ ✵✼✷✶✴✻✵✽✲✹✷✹✽✵
❛❧❡❦s❛♥❞❛r✳♥❡s✐❝❅❦✐t✳❡❞✉ ♣❤✐❧✐♣♣✳tr♦❝❤❛❅❦✐t✳❡❞✉

✹


