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Abstract 
The optical parameters (refractive index, absorption coefficient) of opaque dielectric materials can be measured 
with terahertz (THz) Time-Domain spectroscopy (TDS). By using a THz beam of known polarization and 
measuring both components of the transmitted THz field, it is possible to determine the birefringence present in 
an anisotropic material. In this work we used polarization sensitive (PS) TDS to determine the strain-induced 
birefringence in stretched elastomers. 
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1.  Introduction 
 

Elastomers with random orientation of polymer chains usually do not exhibit anisotropic 
properties. By applying tensile strain to the sample, the polymer chains are aligned along the 
axis of stress and thus the material becomes birefringent [1, 2, 3]. In this work, elastomer 
testbars with an initial cross-section of 9 mm (height) x 4 mm (thickness) are clamped at a 
length of 22 mm and stretched symmetrically by two stepper motors. The THz beam is 
focused on the center of the test bar. The sample is then stretched in steps of 2 mm and PS 
TDS THz measurements are performed while also logging the applied force by a strain gauge. 
Additionally also the current height of the testbar in the center is measured with a caliper. 
These measurements are performed twice, with the polarization of the THz beam aligned 
either parallel or perpendicular with regard to the loading direction of the sample. For the 
second data set, the sample is replaced by a new similar elastomer testbar. 

 

2.  Results 
 

The measurement data was analyzed with the commercial software TeraLyzer [4] which not 
only calculates the refractive index but also fits the geometric thickness of the sample while 
being stretched (Fig. 1(a)). The corresponding stress is given by the logged force and the 
actual cross-sectional area of the elastomer (determined from the width measured with the 
calliper and the thickness fit by the software) (Fig. 1(b)). 
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(a)          (b) 

Fig.1: (a) Thickness fitted by Teralyzer and (b) calculated stress as a function of the clamping distance for 
horizontal and vertical polarization with regard to the direction of stress. 

 
For further analysis the whole spectral information of each measurement is taken into 

account, i.e., the dispersion for horizontal and vertical polarization is fitted by a 2nd order 
polynomial n(h,v)(f) =  n0 +  n1∙f+n2∙f2 between 0.3 and 1THz, shown exemplarily in fig. 2(a). In 
Fig 2(b) this extrapolation is shown for the offset term n0 for each orientation of the 
polarization as a function of the applied stress. It is interesting to note that for both 
orientations the refractive index seems to decrease when the applied force is increased. 

 
(a)      (b) 

Fig.2: (a) Spectral dependent refractive indices for both orientations of the THz beam at a clamping distance 
of 130mm, corresponding to a stress of 6N/mm² (dashed rectangle in (b)); (b) The fitted constant term n0 for the 

two polarization directions as a function of the applied stress. 
 
The difference for each polynomial term between horizontal and vertical dataset is shown in 

Fig. 3. Compared to the difference of the constant terms (squares) ∆ of the quadratic terms 
(crosses) shows similar behaviour, whereas the difference of the linear terms (circles) 
increases faster with increasing stress. We find that the difference of the extrapolation to 0 
THz, i.e., the difference of the offset terms             (shown in Fig. 2(a)) gives the best 
correlation with the applied stress. These calculated values are shown in Fig. 3 (squares) as 
well as the difference of the two linear fits (dashed line) from Fig. 2(b). Particularly for 
moderate applied stress up to 7 N/mm2 the measurements show a linear increase of this 



difference with rising stress on the elastomer, which indicates an induced birefringence in the 
sample. However, there is also a small intrinsic birefringence present even without external 
force, which could be due to the productions process of the testbars by injection molding. 

 

 
Fig. 3: Difference of the polynomial terms as a function of the applied stress; (black dashed line shows the 

difference from the linear fit in Fig. 2(b)). 
 

 
3. Summary 

 
Unfortunately, the induced birefringence is very small and the available bandwidth of the 

THz system is limited to around 1.5 THz. Therefore our methods developed for extracting the 
intrinsic birefringence in anisotropic materials directly from the complex valued spectrum in 
reflection [5, 6] or transmission geometry [7] cannot be applied for this purpose. On the other 
hand, the fitting of complex refractive index also gives an accurate value for the thickness, 
which can be used for calculating the stress from the applied force and the cross sectional 
area. With these accurate values of the geometric dimensions of the testbar it is possible to 
correlate the applied stress with the induced birefringence obtained from two separate 
measurements. 
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