
Appendix A

The 2nd order ODE describing change variation of current with time in a LCR circuit excited

by an AC source (fig 1c of manuscript) is given as

Lm
d2i

dt2
+Rm

di

dt
+

i

Cm

= ωVocosωint

For solving the ODE, re-arrange

d2i

dt2
+

Rm

Lm

di

dt
+

1

LmCm

i =
ωinVm

Lm

cosωint

This equation is non-homogeneous and will have two solutions, one the homogeneous part and

second a particular part which would depend on the nature of function on the right hand side,

The homogeneous solution of the above is found by solving the characteristic equation

λ2 +
Rm

Lm

λ+
1

LmCm

= 0

and is given as

ih(t) = e−
Rm
2Lm

t(C1sinωot+ C2cosωot)

where

ωo =

√√√√ 1

LmCm

− R2
m

4L2
m

The non-homogeneous/ particular solution can be obtained by using the guess solution as

inh = A sinωint+B cosωint

and substituting back into the original equation. We get a simultaneous equation of A and B

as (
1

LmCm

− ω2
in

)
B +

Rmωin

Lm

A =
ωinVm

Lm

−ωinRm

Lm

B +
(

1

LmCm

− ω2
in

)
A = 0
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Solving for A and B, we have

A =
Vm

Rm

1[
1 + L2

m

ω2
inR

2
m

(
1

LmCm
− ω2

in

)2]

B =
Vm

Rm

Lm

ωinRm

(
1

LmCm
− ω2

in

)
[
1 + L2

m

ω2
inR

2
m

(
1

LmCm
− ω2

in

)2]
Hence, the non-homogeneous solution is

inh =

[
Vm

Rm

× 1√
1 + x2

]
sin(ωint+ ϕ)

where

x =
Lm

ωinRm

(
1

LmCm

− ω2
in

)
ϕ = tan−1(x)

The complete current expression can be written as

i(t) = e−
Rm
2Lm

t(C1sinωot+ C2cosωot) +
Vm

Rm

(
1√

1 + x2

)
sin(ωint+ ϕ)

or

i(t) = e−
Rm
2Lm

t(C1sinωot+ C2cosωot) +
Vm

Rm


1√

1 +
[

Lm

ωinRm

(
1

LmCm
− ω2

in

)]2
 sin(ωint+ ϕ)

Since the first term attentuates rapidly (due to the exponential term), the steady state solution

would be represented as

isteady−state(t) =
Vm

Rm


1√

1 +
[

Lm

ωinRm

(
1

LmCm
− ω2

in

)]2
 sin(ωint+ ϕ)

The voltage drop across the resistance Rm would hence be given as

vsteady−state(t) =


Vm√

1 +
[

Lm

ωinRm

(
1

LmCm
− ω2

in

)]2
 sin(ωint+ ϕ)
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Appendix B

To obtain an expression for currents in the two loops of the equivalent circuit shown in fig 3a, we

essentially have to solve the coupled ordinary differential equation using the operator method

v(t) =
1

Cm

∫
i1dt+ Lm

di1
dt

+M
d

dt
(i1 − i2) +Rmi1

0 =
1

Ch

∫
i2dt+ Lh

di2
dt

+M
d

dt
(i2 − i1) +Rhi2

Removing integral sign, we have

ωVocosωt =
i1
Cm

+ Lm
d2i1
dt2

+M
d2

dt2
(i1 − i2) +Rm

di1
dt

0 =
i2
Ch

+ Lh
d2i2
dt2

+M
d2

dt2
(i2 − i1) +Rh

di2
dt

Solving the coupled differential equation for i1, we have (for simplification of calculations,

we have made a reasonable assumption that Rm ∼ Rh ∼ 0 or negligiable compared to the

remaining terms. In simulations, we have used Rm ∼ Rh = 0.5Ω.)

i1 =

ωVo

Lm

[
1

LhCh
−
(
1 + M

Lh

)
ω2
]
cosωt[

1 +M
(

1
Lm

+ 1
Lh

)]
ω4 −

[
1

LhCh

(
1 + M

Lm

)
+ 1

LmCm

(
1 + M

Lh

)]
ω2 + 1

LhLmChCm

(1)

From this equation, the frequency at which resonance occurs (ωp) due to culmunated effect of

metal nano-particle and surrounding dielectric can be found from

ωp =

√√√√√
[

1
LhCh

(
1 + M

Lm

)
+ 1

LmCm

(
1 + M

Lh

)]
[
1 +M

(
1

Lm
+ 1

Lh

)] (2)

Consider both metal and dielectric materials are non-magnetic, similar permeability would

result in Lm ≈ Lh = L. Hence, above equation would reduce to

ωp =

√√√√[ 1L (1 + k)
(

1
Ch

+ 1
Cm

)]
(1 + 2k)

Since the dielectric surrounding medium is EM radiation inactive compared to the metal nano-

particle, Ch ≪ Cm. Hence, we write

ωp ≈

√√√√[ 1
LCh

(1 + k)
]

(1 + 2k)
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ωp ≈ 1√
LCh

√ 1 + k

1 + 2k


Since we talk of SPR peak position in terms of wave-lengths

λp ∝
√
LCh

√1 + 2k

1 + k
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