Investigating Geometric Phase Sensitivity of an Array of Ring Interferometers as Inter-Ring

Distance IS Increased

IL

\
\\
A

ES

OUS Manhar Khanna (LaGuardia Researcher)
NI( Ms. Dianna Marino (Educator, The Dr. Horan School)
Dr. John R.E Toland (Mentor)

\

N
/\ |‘)i'
aVA\R

V\ C

Obtaining The Transmission Function

*The wave functions were found from solving the appropriate M et h O d S/A p p roac h

Schrodinger Equation (taking into consideration the kinetic
energy and the energy associated with the magnetic vector
potential in the Hamiltonian)

*Boundary conditions were set (wave continuity and current

conservation) ( 1/t r/t )

and a system of linear equations was solved to find the £ 1/t
refection amplitude, r, and the transmission amplitude, t (T/ t) / E

*The reflection and transmission amplitudes
were entered into the 2x2 transfer matrix

*The transfer matrix of each ring in the system was
multiplied to find the transfer matrix for the whole system =

N
T =[] Fra=7"
n=1

*The Multiplication of N identical transfer
matrices can be expressed as an analytic functions 1

E e**

T(kL,0,) = :
 [4sin?(6,) — 3 sin? (kL)]? 1+ UN-1
_ 16 sin?(kL) cos?(6,)

cos(kL) 4sin®(0,) — 5sin® (kL) |
cos B, cos(kd) + 4 cos B, sin(kL) sin(kd)

The Sagnac Effect. Digital image. Math Pages. N.p., n.d. Web. 28 June 2015.
<mathpages.com>.

Left Picture: This plot illustrates the
broadening of the transmission and the
narrowing of the stop gap as the distance
between rings is increased, this is
parameterized by the product of the wave
number and the inter-ring distance kd. The
values of kd illustrated here are 1.56 (Red), 1
(Blue), and .4 (Magenta)

The number of rings in this plotis N= 15

The kl value (circumference)is kL= .25n

Fringe Pattern. Digital image. Digital Library. N.p., n.d. Web.
27 June 2015.<spiedigitallibrary.org>.
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Discussion and Conclusion:

rings with a circumference, kL , of 4.

We find that the sensitivity of the interferometer
varies nonlinearly with respect to the distance
between the rings. Additionally, we see that this
trend remains as the number of rings is
increased.

The 3D Figure below allows the maximum slope as the distance, kd ,varies from 0
to pi/2 to be directly compared for arrays ranging in size from two rings to thirteen

Next Steps:

Fit Max Slope Vs Kd to quantify behavior

Extend current analysis to 50 rings

Generalize model to transfer matrices so that inter-ring sizes can be individually

modified and combined with non-uniform array geometries

Include effects of velocity broadening of incident atomic waves
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