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 Fiber-based polarimetric stress sensor for 

measuring the Young’s modulus of biomaterials 
Mark C. Harrison, Andrea M. Armani 

Ming Hsieh Department of Electrical Engineering 

Recently, it has been shown that the Young’s 

modulus, a measure of the elasticity of a 

material, can be used to distinguish between 

cancerous and non-cancerous tissue.  

Researchers have also used polarization-

maintaining optical fiber to measure stress in 

materials.  By using a simplified setup and 

generalizing the theoretical analysis of these 

types of sensors, we are building a tool that 

will allow us to easily measure the Young’s 

modulus of tissue samples for potential 

diagnostic purposes. 
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This diagram schematically shows the various parts of the 

experimental setup.  Laser light is coupled into an in-line 

polarizer connected to polarization-maintaining fiber.  The 

fiber, which is the transducing element, is strung through the 

sample and connected to a polarimeter.  A load frame 
compresses the sample 

while simultaneously  

measuring 

reference data. 

This transfer matrix and the associated equations fully describe how the 

polarization evolves as it passes through the fiber, as diagrammatically 

shown to the left, and stress is applied to the sample. 

The Young’s modulus can be 

measured directly from the slope 

of the stress-strain curve.  The 

measured Young’s modulus from 

the reference data (load frame) 

and experimental data (sensor) 

match well. 

 

Young’s modulus 

Load frame 31.70 kPa 

sensor 30.29 kPa 

a) Raw sensor data is recorded as an arbitrary polarization state represented by three Stokes parameters shown plotted on a Poincaré sphere 

as a series of 3-dimensional points. b) The raw data is analyzed to produce a plot of phase-angle of the plotted circle vs. increasing strain. 

An applied force rotates the birefringent axes of the stressed 

region (ϕ) and changes the beat length of the fiber in that 

region. Additionally, the birefringent axes  are rotated at an 

angle α with respect to applied force, an angle β with respect 

to the initial linear polarization axis, 

We have demonstrated that our fiber-based polarimetric stress 

sensor can measure the Young’s modulus of materials with 

different stiffnesses.  The next step is to prepare the testing setup 

to accommodate tissue samples and to measure the Young’s 

modulus of various real tissue samples.  Based on these 

preliminary results, we believe our sensor will be able to distinguish 

between materials with different stiffness and will be a valuable tool 

for diagnostic researchers. 
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Right: A photo of one of our 

tested PDMS samples with 

an optical fiber embedded 

in it.  These PDMS 

samples are a good analog 

to tissue samples that we 

plan to test with in the 

future. 
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c) A plot of the theoretical fit (green) to the raw data (blue).  This fit is used to 

produce a calibration curve.  d) The calibration curve relates the applied force to 

the measured polarization changes. e) The analyzed experimental data is 

calibrated with the calibration curve and plotted alongside reference data from the 

load frame.  Data shown here is an average of ten repeated runs. 
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Polarimeter Normalized force: 

Angle of rotated axes: 

Modified beat length: 

and an angle γ with 

respect to the 

polarimeter axes. 

ƒ = applied force in [N/m], N = refractive index of the fiber, σ = Poisson’s ratio, Y = Young’s modulus, 

Lb0 = beat length of fiber without stress, pij = photoelastic constant 
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The Young’s modulus is the 

slope of the linear, elastic 

region of a stress-strain curve 

elastic region 


