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From [1] it is possible to derive the theoretical phase shift between coupled core
in a multi-core fibre due to fibre bend.

The following derivation considers the difference between central core (n=1) and
any adjacent core (n=n).

1 Find PMP location

For [1] the Phase matching Point (PMP) will take place when the equivalent
refractive index between core pair is 0. We use this to find the location in space
where the phase matching appears.

1



Find period of contribution from core 1 to n
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As it can be seen from the derivation the phase matching point appear period-
ically with the fibre length (two phase matching point for integer k).

1.1 PMP between any core pair

As can be seen from the derivation below a simple analytical formulation be-
tween any core pair PMP is not easy to find. To use it in simulations it is
recommended to put the last equation in a root finding system varying the out-
put periodic parameter till the length of the fibre.
Find period of contribution from core m to n

2



δneq = neffm

(
1 +

D

R
cosθm

)
− neffn

(
1 +

D

R
cosθn

)
(13)

= neffm

(
1 +

D

R
cosθm

)
− neffm(1 + a)

(
1 +

D

R
cosθn

)
(14)

= neffm

(
1 +

D

R
cosθm − (1 + a)

(
1 +

D

R
cosθn

))
(15)

= neffm

(
D

R
cosθm − a+ (1 + a)

(
D

R
cosθn

))
(16)

= 0 =⇒ XT condition (17)

0 =
D

R
cosθm − a− (1 + a)

D

R
cosθn (18)

0 = cosθm −
R

D
a− (1 + a)cosθn (19)

0 = cos
(
γz + (m− 2)

π

3
+ θc

)
− R

D
a− (1 + a)cos

(
γz + (n− 2)

π

3
+ θc

)
(20)

0 = cos
(
γz + (m− 2)

π

3
+ θc

)
− R

D
a− (1 + a)cos

(
γz + (m− 2)

π

3
+ θc + l

π

3

)
l = n−m

(21)

0 = cos (u)− R

D
a− (1 + a)cos

(
u+ l

π

3

)
u = γz + (m− 2)

π

3
+ θc (22)

2 Phase at core n in respect of distance

From [1] it can be easily derived the phase of the signal at every in any core at
distance z.
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3 Phase difference at every PMP

Substitute z for PMP with the phase equation.
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The maximum number of phase matching points periods (k) for a fiber can
be found as follows:
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