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This week we used the elaborated Omega strain gauges to determine the strain of the distorted 

Kapton film. According to the user’s manual, the most precise method is using a Wheatstone 

bridge, as it will compensate the temperature induced resistance change and the residual 

resistance of the wire. Following the user’s manual, we used 4 strain gauges to set up a standard 

Wheatstone bridge (Fig 1a). We added a quasi-DC voltage Vin (~13Hz, 1.000V) on two diagonal 

terminals and used a lock-in amplifier to measure the output voltage Vout in specific input 

frequency between the midpoints of two branches. 

 
Fig 1: a) The geometry of the 4 strain gauges, 2 are on the top side of the film and 2 are on the 

bottom side. When the film is bended, gauges on one side will be compressed and those on the 

other side will be stretched. For example, if the right terminal is suppress as we apply Fv in the 

shown direction, then gauge 1 and 3 will be stretched and gauge 2 and 4 will be compressed. b) 

The circuit of the Wheatstone bridge.  

 

We assume the strain <1%, then the resistance changes linearly and the stretched and 

compressed gauge have the resistance of R+ΔR and R-ΔR accordingly. Using basic knowledges 

about circuit, we can express Vout as 
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As R1 = R3 = R+ΔR, R2 = R4 = R-ΔR, we get 
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According to the handbook of the Omega, the relation between the resistance change and the 

strain are given by the following formula 
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Gf is the so called gauge factor. Gf = 2.0 at 23℃, and Gf changes in different temperature.  

 

Fig 2 shows the real image of our experiment. It was based on the device we already have. The 

left holder is settled on a motion stage, and the right holder is fixed in relevant to the motion 

stage. When the motion stage is moving, the kapton film held is deformed accordingly. However 

when viewed from the side, the kapton film was evidently asymmetric, which should be 

attributed to the attached strain gauges. 



 

  

Fig 2: a) The real image of our experiment device. The 4 terminals of the Wheatstone bridge were 

soldered on the cooper foil and then connected to the digital source and the lock-in amplifier 

through 4 BNC wire. b) The side view of our experiment device when the kapton film is bended. 

Obviously the profile of the kapton is asymmetric, which could be attributed to the attached strain 

gauges. 

 

Before taking the voltage signal output, the velocity of the motion stage is determined previously 

–when we set the velocity to be 1000 steps/sec in the software, the motion stage moves at a 

speed of 0.0768mm/s. When the kapton film is in its original strain-free configuration, the 

distance between two holders is 24mm. We set the motion stage to move and measured the 

voltage output versus time. (Fig3a) Utilizing the formula listed in the beginning, we convert the 

voltage signal into strain signal. (Fig3b) 
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Fig 3: a) The original data, the amplitude and phase of VIN versus time. At the beginning as there 

is supposed no signal, we are actually measuring the noise. So in the beginning there is an 

abnormal decrease in amplitude and the phase is also changing violently. In the end part, there is 

a plateau in the data line, probably due to the fact that the lock-in amplifier is saturated in the 

chosen range. b)the converted data, strain versus distance, showing a maximum strain of about 

0.27%. 

 

VIN is set to be 1.000V. As a pure resistance circuit, the phase of the VOUT is supposed to be 0 or 

180 degree. However we observed an abnormal decrease in the beginning with violently 

changing phase from about 180 degree to 0. This may due to the extremely low signal, as the 

signal is supposed to be 0 in the beginning. We were actually measuring the background noise. 

Also, after the distance of two holders decreased below 11mm, the amplitude is saturated and 

R1 

Vin- 

Vout+ 
Vout- 

R3 

(R2 and R4 on 

the other side) 

←abnormal decrease 

plateau↑ 

Vin+ 



we observed a plateau. After processing the data using the formulas listed in the beginning of 

this report, we get the strain versus distance relation. We get a maximum strain of about 0.27%. 

 

The precision of this approach is limited by the stiffness of the strain gauge itself. After sticking 

strain gauges on both sides of the Kapton film, the film gets harder to be bended. Actually, this 

kind of strain gauge is designed to measure the small deformation of metallic board, in which 

case the force needed to bend the gauge is far less compared with the force used to bend the 

metallic board. However, when we measure soft materials such as kapton film, the strain gauge 

will evidently effect the strain distribution and the error will be introduced consequently. 

 

In conclusion, the strain gauge experiment could only be treated as a supporting experiment 

which gives the lower limit of the strain on the kapton films. We can also see the disadvantage of 

the commercial strain gauges from this experiment. Hopefully black phosphorus strain gauges 

could surpass them in the revelent aspects.  


