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intensity measurements by an LDR
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Dedicated to Professor Wolfgang Osten 

This paper presents an automated, low-cost and simple polarimeter based on intensity measurements using a photoresistor 
(LDR). The polarization states are determined by sensing the intensity variations of an input beam as it passes through a 
polarizer mounted on a stage and rotates at a constant speed. We use a USB Data Acquisition system and LabVIEW to 
automate and analyze the data. The main advantage of this proposal lies in the fact that the polarization state obtained is 
shown by its polarization ellipse as well as its inclination (with a simple methodology of data acquisition and processing). 
In addition, the device can be activated remotely, and the results can be sent via email. The results will be validated 
by comparing them with a commercial polarimeter. © Anita Publications. All rights reserved.
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1 Introduction 	  

	 It is possible to represent an optical field with elliptical polarization as an oscillating wave in the 
x-y plane. This wave travels in the z-direction and can be expressed in a vector form: E = (iEx+ jEy eiδ)
eiφ. The components of the amplitude, Ex and Ey, together with the phase difference δ, describe the shape 
and orientation of the path traced by the electric field [1]. φ, on the other hand, is related to the phase of 
the wave. For example, if δ = ± mπ with m being an integer number, the resulting wave will be linearly 
polarized. If any other set of amplitudes and relative phases is used, an elliptical polarization will occur, 
including circular polarization when Ex = Ey [2,3]. Depending on the sign of δ, the tip of the field can 
rotate either clockwise (right-hand) or counterclockwise (left-hand) as it propagates. The electric field 
vector of the propagating laser beam can be graphically described by its orthogonal components, as shown 
in Fig 1(a). If an observer looks perpendicularly to the x-y plane, the tip of the total E field vector will 
trace a curve of the polarization ellipse (Fig 1(b)); in such a way that this is one method to visualize the 
polarization state of an incident beam. The propagation of the electric field components, as well as the 
traced polarization ellipse, can be observed in a simulation provided by Rivera-Ortega and Dirckx [3].
	 The relationship between the magnitudes of the components and their phase difference defines the 
ellipticity and orientation. For example, Fig 2 depicts the resulting polarization ellipses when the amplitude 
of the components is equal and with a phase difference from 0 to π.
	 The main parameters of a polarization ellipse are represented in Fig 3. This polarization ellipse 
is bounded by a rectangle whose sides are equal to twice the amplitudes of the Ex and Ey components. 
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The angle θ is measured between the horizontal axis and the major axis of the ellipse. These parameters 
are important since one of the main features of the proposed system is the graphical representation of the 
polarization ellipse.

Fig 1(a). The two orthogonal components of the electric field, (b) the ellipse formed when 
observed perpendicularly to the x-y plane.

	

 

Fig 2. Some examples of polarization ellipses that are formed when the magnitudes of the components 
are equal and with a phase difference from 0 to π.

 
Fig 3. A polarization ellipse is described by its main parameters.

	 The polarization effect has many applications in various fields, such as manufacturing, biotechnology, 
nanotechnology, optical communication, remote sensing, and astronomy [4-7]. Polarimeters are optical 
instruments that determine the polarization properties of light beams and samples. They are used for various 
applications such as calibration of polarization elements, ellipsometry, spectroscopic studies of materials, and 
remote sensing. There are two principal groups of polarimeters [8]: light-measuring and sample-measuring 
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(Fig 4, in which PSG refers to a polarization state generator and PSA to a polarization state analyzer, 
respectively). The former determines the polarization state of an incident beam of light and some of its 
polarization characteristics, while the PSA defines the relationship between the polarization states of an 
incident and exiting beams of a sample [9]. 
	 In a polarimeter, a PSG consist of all the optical and mechanical elements needed to produce a 
beam with a known polarization state. The analyzer (PSA) typically consists of a linear polarizer which 
rotates around the propagation axis of the beam, measuring its output intensity with a detector [10]. 

Fig 4. General schematic diagram of (a) light-measuring and (b) sample-measuring polarimeter.

	 Polarimeters are generally classified into light measuring instruments, such as Stokes polarimeters, 
and sample measuring instruments, such as Mueller matrix polarimeters [11]. They can operate in DC mode 
or use modulation based detection, the latter offering advantages in sensitivity, noise rejection, and large 
area imaging [12]. Some other optical setups use photoelastic modulators for polarimetry based on Muller 
matrix [13] or Stokes parameters calculation [14]. If a polarimeter measures a Stokes vector or a full Mueller 
matrix, it is categorized as a "complete" polarimeter [15,17].

Fig 5. Change in the input polarization state due to reflection.

	 Ellipsometers can be mentioned among the instruments for measuring optical parameters related 
to polarization. They measure the change of polarization when light reflects or transmits from a material 
(commonly used to characterize thin films) [18]. Figure 5 shows a change in polarization state when a beam 
is reflected from a thin film, modifying the amplitude of the perpendicular (Es) and parallel component 
(Ep) of the electric field E with respect to the plane of incidence. Rotating waveplate and rotating polarizer 
schemes are well established in the literature. In this context, the present work does not aim to replicate 
a full Stokes or Mueller polarimeter, but rather demonstrates a simplified light measuring approach with 
automated visualization, designed for accessibility in teaching laboratories.
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	 Therefore, polarimeters are instruments that measure and interpret polarization information, while 
ellipsometers refer to the polarimetry that characterizes thin films and surfaces using polarization changes. 
It is worth mentioning that there are polarimeters based on interferometric configurations [19] that allow us 
to know, for example, the concentration in solutions based on the intensity of the interference fringes [20]. 
Finally, another method of obtaining the polarization state of a beam is based on the Stokes parameters 
measurement from the intensity of a ring formed by the phenomenon of conical refraction [21,22].
	 In addition to the applications mentioned above, where it is important to know the polarization 
state of a light beam, there is also an application of optical metrology to obtain the phase of a test object 
using the phase shifting technique (PSI) in an interference pattern, which are generated by changing the 
polarization state in the input beam [23] or in a single-shot setup [24,25].
	 It is possible to find in the literature some proposed low-cost polarimeters based on the measurement 
of the received radiation using light sensors or naked-eye observation [26-32]. However, none of them fully 
automates the process or shows the real-time reconstruction of the polarization ellipse and its inclination 
angle θ. By considering this, the proposal presents a simple and automated polarimeter based on intensity 
measurements of an input beam. It utilizes a photo-resistor as the detector and generates intensity variations 
as from the input beam passes through a rotating linear polarizer. These variations are plotted in real-time 
on a Time vs. Voltage graph to visualize the corresponding polarization ellipse. The orientation angle of the 
polarization state is also displayed at the end of the process. In addition, this tool allows remote measurement 
by emailing a screenshot of the user interface showing the calculated parameter. To ensure the proposal's 
applicability, some polarization states described by the method will be compared with those obtained with 
a Thorlabs polarimeter PAX1000VIS.
	 This work also relates to the research areas in which Prof Wolfgang Osten has made important 
contributions, particularly in the development of measurement-based optical techniques. Throughout his 
career, Prof Osten emphasized experimental approaches that make the characterization of optical fields both 
reliable and accessible. In this sense, the polarimeter presented here follows the same spirit: a simple setup 
that allows the visualization and analysis of polarization states using basic elements such as an LDR and 
a rotating polarizer [33] (while rotating polarizer schemes are well established, the novelty of the present 
work lies in its simplified and automated implementation). The proposed system is intentionally focused 
on well-defined, predominantly pure polarization states, and does not aim at the characterization of mixed 
or weakly polarized light in the presence of strong depolarizing noise. Instead, it is designed to facilitate 
experimental access to polarization concepts in teaching laboratories and controlled experimental settings, 
where such measurements are often addressed mainly at a theoretical level. In addition, beyond the optical 
simplification, the system integrates automated control and remote activation features, including data transfer 
via e mail and triggering through a phone call, which enhance its accessibility and pedagogical value.

2 Setup and methodology

	 The proposed scheme is illustrated in Fig 6. In particular, Fig 6(a) shows the polarizing optics used 
to generate input polarization states (PSG) using a half-wave plate (HWP) and a quarter-wave plate (QWP). 
The induced polarization states will be analyzed by the proposed polarimeter, which consists of a linear 
polarizer (P) attached to a Thorlabs motorized rotational stage (with KDC101 driver) and a photoresistor 
(LDR), as depicted in Fig 6(b). The code and the user interface of the polarimeter were created using 
LabVIEW. The input and output signals from the LDR and the rotational stage are acquired through a Data 
Acquisition Device, DAQ (NI-USB6008).
	 The experimental setup, including how the PAX-1000 polarimeter is placed for calibration and 
comparison, is depicted in Fig 7.
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The polarization state figures are generated by plotting each calculated coordinate pair (x, y):
	 x = x0 + Vout cosα	 (1)
	 y = y0 + Vout sinα	 (2)
where x0, y0 are the coordinate origin (0,0), Vout is the output voltage given by the divider configuration [34] 
and detected by the LDR, depicted in Fig 8(a). Vout decreases if the input light intensity I increases (Fig 
8(b-c)). The variable α is the angle at which the polarizer rotates at a constant speed.

Fig 6. Schematic setup of the polarimeter.

Fig 7. Experimental setup.

 
Fig 8. Voltage divider configuration and Vout vs RLDR graph.
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	 Figure 9 shows a section of the LabVIEW code responsible for graphing the ellipse corresponding 
to the detected polarization state based on Eqs (1-2). The variable “amplitude” is given by the voltage 
from the voltage divider and read by the DAQ (Fig 9(a)). The argument of the sine and cosine functions 
represented by the variable “angle,” is given by each rotation step of the polarizer attached to the rotational 
stage (Fig 9(b)). The “x” and “y” components used to graph the ellipse are calculated in a “formula node” 
block (Fig 9(c)). To plot the resulting polarization ellipse, the “x” components will be plotted along the x 
axis, while the “y” components will be plotted along the y axis using an XY plot (Fig 9(d)).

Fig 9. The polarization ellipse is calculated and displayed with LabVIEW.
	 Identifying various polarization states, such as linear, elliptical, and circular, relies on determining 
the respective ranges of angles associated with each state. This is done by measuring the output intensity of 
the light as a polarizer is rotated by a certain angle. The values obtained are then estimated using Malus' law 
[35], which provides a formula for calculating the output intensity of light based on the angle of rotation :
	 I(α) = I0 cos2(α),	 (3)
where I0 is the total input intensity. For simplicity, an elliptical polarization can be created by two orthogonal 
linear polarizations at a relative phase of 90°:

	 E(t) = 
E0

(1 + ε2) 
 


cosωt
ε sinωt  

,	 (4)

where ε is its ellipticity, so that the Malus’ law can be calculated by its scalar product with the unit vector 
û = (cos(α), sin(α)) 
	 I(α) = 〈(E(t).û)2 〉.	 (5)

	 I(α) = 
1
2

 
E0

2

1 + ε2  (cos2(α) + ε2sin2(α))	 (6)

	 This configuration's minimum and maximum light intensities are equivalent to 5V and 0V, 
respectively. Based on this, we can estimate the voltage ranges for each polarization state, as shown in Fig 
10. The polarimeter also displays these voltage ranges, considering that there is a constant voltage range 
for circular polarization.
	 The bars depicted in Fig 10 indicate the voltage range in which each of the polarization states is 
found. These ranges are specific to the configuration of the voltage divider used, which may change if the 
input voltage and resistances are modified. 
	 The angle at which the polarization state is oriented that is, the azimuth angle of the central axis 
about the x-axis, will be referred to as θ (previously depicted in Fig 3). In the case of elliptical polarization, 
this angle is linked to the row number (d) where the first peak of voltage measurements is found, as shown 
in Fig 11. After verifying with the Thorlabs polarimeter, it was found that for d = 32 → 90°. This means 
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that:

	 θ = 
d.90°

32 	 (7)

	 This orientation angle corresponds to the azimuth of the polarization ellipse. The ellipticity is 
inferred from the relative amplitudes of the orthogonal components, which are estimated from the voltage 
variations as the analyzer rotates. This procedure enables the reconstruction of the polarization ellipse for 
pure states using only intensity measurements obtained with the voltage divider circuit.

Fig 10. Estimated voltage ranges related to each polarization state.

 
Fig 11. The orientation angle θ of the polarization state which is related to the position d.

3 Experimental results

	 The measurements begin when the polarizer is automatically positioned with its transmission axis 
parallel to the horizontal x-axis, and will end up showing the data obtained in the process in the user interface 
(sending it via email if it has been activated remotely or locally). The entire process can be followed in the 
block diagram shown in Fig 12. 
	 In Fig 13(a1-a2), you can see linear polarization states that have been rotated from 0° to 180° 
with increments of 15°. The figure also shows the polarization states' inclination per the current proposal. 
Figure 13(b1-b2) depicts the polarization states obtained with the Thorlabs polarimeter [36]. The polarization 
states shown in Figs 13 and 14 are compared with measurements obtained using a commercial Thorlabs 
polarimeter, providing a qualitative validation of the proposed method.
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	 Figure 14 displays the circular, linear, and elliptical polarization states and their inclination angles. 
These values were obtained by fixing the HWP at an arbitrary position and rotating the QWP at 15° intervals. 
The experimental measurements of the proposed method are shown in Fig 13(a1-a2), while Fig 13(b1-b2) 
depicts the results obtained with the Thorlabs PAX-1000 polarimeter.

Fig 12. Block diagram of the stages and data acquisition regarding the polarimeter implementation. 

Fig 13. Experimental linear polarization states rotated from 0 to 180°, with corresponding measurements 
obtained using a commercial Thorlabs polarimeter for comparison.
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	 The user interface is illustrated in the figure below, (Fig 15). Figure 15(a,d) displays the real-time 
voltage measurements sensed by the LDR and the overall measurements from which the orientation angle 
is computed, as described in Fig 11. Figure 15(b-c) showcases the polarization state and its inclination. 
Finally, Fig 15(e-f) shows the current position angle of the rotational stage and the starting switch. To 
better understand the entire process, you can watch the video in Visualization1 (https://doi.org/10.5281/
zenodo.17905314).

Fig 14. Experimental polarization states by rotating a QWP at steps of 15°, with corresponding measurements 
obtained using a commercial Thorlabs polarimeter for comparison. 

 
Fig 15. The user interface of the polarimeter was designed in LabVIEW (Visualization 1).

	 To demonstrate the proposal's feasibility, 62 repetitions were carried out for the measurement of the 
same polarization state. The x-axis corresponds to the number of measurements, while the y-axis represents 
the rotation angle. Figure 16(a-b) displays the measurements of two linear polarization states at 90° and 70°, 
respectively. The average value obtained from these measurements is  –θ  = 94.29°, with a standard deviation 
of σ = ± 2.21 and ε = 4.76%. Additionally, the value obtained from another set of measurements is  –θ  = 64° 
with an error 8.57%. Figure 16(c-d) shows the measurements corresponding to two elliptical polarization 
states (at 180° and 135°), resulting in an average of  –θ  = 180.06 with a standard deviation of σ = ± 1.55 
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with an error of ε = 0.33%. Additionally, the value obtained from another set of measurements is  –θ  = 135° 
with an error ε = 0%.

Fig 16. Sixty-two measurements of different polarization states, indicating their corresponding values of –
θ  and σ.

4 Remote measurements

	 The user interface shown in Fig 15 includes the resulting polarization state corresponding to the 
input beam, which will be sent via email at the end of each measurement as a screenshot. To continue with 
the low-cost approach, the speaker output pins of a Nyx mobile model XYN305 was used to activate an 
analog input of the DAQ when receiving a call, as shown in Fig 17 (the pins are circled with a dashed 
line). This signal will begin the process of measuring and sending results, thus providing remote use of this 
device.

 
Fig 17. Using the cell phone speaker output to activate an analog input.

	 The complete implementation, including the implementation for remote measurements, is shown 
in Fig 18.
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Fig 18. Main sections of the experimental arrangement, including the polarimeter (analyzer and photoresistor), 
the cell phone used for remote activation, and the DAQ interface.

	 Figure 19 contains the block code section responsible for saving the screenshot of the user interface 
in an MS-Word document, giving it a name with a different numerical ending for each measurement (Fig 
19-1). Once the file is saved, it will be sent via email (Fig 19-2). 

Fig 19. Section of the LabVIEW program where the measurements are saved in a Word file and 
sent to an e-mail address.

	 Figure 20 is included to exemplify how an email is received (Fig 20(a)) containing the screenshot 
in Word format of the user interface made in LabVIEW (Figs 20(b-d) show the captures of independent 
measurements in separate files).

5 Conclusion	

	 The polarization state as well as the polarization ellipse and its inclination angle obtained with 
the proposal were compared with those obtained with a Thorlabs PAX1000VIS polarimeter, showing some 
examples in the user interface depicted in Figs 13-15 (the input polarization states were generated by setting 
a HWP and a QWP with different orientation angle among each other). In order to test the repeatability of 
the process, 62 individual tests were carried out for linear and elliptical polarization with different inclination 
angle. These results as well as the average) and standard deviation are depicted in Fig 16. The percent errors 
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were calculated with respect to the average of each set of measurements and the value measured by the 
polarimeter (red line in the graph labeled as expected value). According to these values, it can be deduced 
that there are two principal sources of error: the first one is the dynamic range and hysteresis effect of 
the sensor used (a photoresistor which exhibit a delay of approx. 10ms between exposure to light and the 
subsequent decrease in resistance), which could saturate the voltage and delay the measurements. The second 
and most important source of error is the methodology used to calculate the orientation angle θ, which is 
also related to the error introduced by the photoresistor. According to Fig 10, if the voltage reading presents 
a delay, the peak detection will also give a delay affecting the distance d and, consequently (as described 
by Eq (7)), the calculation of θ. However, these errors can be reduced by using sensors that do not present 
the drawbacks of an LDR; however this would increase the cost and ease of acquisition. An alternative 
configuration for the LDR sensor is to use a Wheatstone Bridge circuit. This configuration is mainly used 
to measure very small values of resistance, also operating as a voltage divider. Because of this, one of its 
best-known applications is to measure the variations of a resistive sensor [37,38].

Fig 20. (a) Email received with the user interface (b) containing information of the polarization state, saved as 
a Word file.

	 As mentioned above, the materials/method used affects the accuracy of the instrument. However, 
in addition to functioning as a demonstrative/didactic element, it is possible to apply it, for example, in 
phase shift interferometry PSI based on phase-shifts due to polarization change (to name a few [23,25]). The 
proposed instrument can measure the polarization state and θ of the input beams used to generate phase-
shift in the interference pattern; in which the accuracy of this measurement is not an important factor since, 
within the phase-shift algorithms, the Carré technique [39,40] allows knowing the wrapped phase of a test 
object with constant but unknown phase-shifts.
	 In this manuscript, we presented a low-cost, simple, and automated polarimeter which consists of 
a linear polarizer mounted on a rotational stage and a photoresistor (although a Thorlabs rotating mount 
was used, this component can be replaced with a low-cost mount or motor that performs the same function. 
Also, the software can be implemented in any free programming language such as Java and Python with an 
electronic interface such as Arduino or micro:bit, to name a few), aligning with one of Prof Osten's research 
themes and approaches, mainly related to metrology, inspection, and optical instrumentation [41,42]. Some 
input polarization states were generated using an HWP and a QWP to test the apparatus. The detected 
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polarization state is described by plotting the general polarization ellipse in a time-voltage graph (including 
linear and circular states) and the corresponding inclination angle θ. 
	 The simple principle of the polarimeter (avoiding the measurement of Stokes parameters or Mueller 
matrix elements) allows it to be easily implemented and with a very low cost compared to some commercial 
light polarimeters. In addition, this tool can be activated remotely by making a call to a modified mobile 
phone, sending a screenshot of the user interface saved in Word format. Although other devices could be 
used for this purpose, using a cell phone was chosen to make the implementation accessible, low cost 
and without the use of knowledge involving protocols and programming for remote access. In this way, 
the polarimeter presented here can have measurement, demonstration, and teaching applications due to its 
construction and development characteristics, both locally and remotely.

References

	 1.	 Hecht E, Optics, 3rd ed., (Addison-Wesley, San Francisco), 2007.
	 2.	 Collett E, Field guide to polarization, (SPIE Press, Washington), 2005. 
	 3.	 Rivera-Ortega U, Dirckx J, Visualizing the phenomena of wave interference, phase-shifting and polarization by 

interactive computer simulations, I, 36(2015)055016; 10.1088/0143-0807/36/5/055016. 
	 4.	 Frankovský P, Ostertag O, Ostertagová E, Trebuna F, Kostka J, Výrostek M, Experimental analysis of stress fields 

of rotating structural elements by means of reflection photoelasticity, Appl Opt, 56(2017)3064–3070.
	 5.	 Ding S, Li R, Luo Y, Dang A, Polarization coherent optical communications with adaptive polarization control 

over atmospheric turbulence, J Opt Soc Am A, 35(2018)1204–1211.
	 6.	 A’Hearn M F, Ahern F J, Zipoy D M, Polarization Fourier spectrometer for astronomy, Appl Opt, 13(1974)1147–1157.
	 7.	 Kraemer M, Baur T, Achromatic devices in polarization optics, Proc SPIE, 10528(2018)105281C.
	 8.	 Tyo J S, Considerations in polarimeter design, Proc SPIE, 4133(2000); doi.org/10.1117/12.406642.
 9.		 Chipman R A, Lam W T, Young G, Polarized light and optical systems, (CRC Press, Boca Raton), 2019. 10.	
	10.	 Wu W, Yu Y, Liu W, Zhang X, Fully integrated CMOS-compatible polarization analyzer, Nanophotonics, 

8(2019)467–474.
	11.	 Spandana K U, Mahato K K, Mazumder N, Polarization resolved Stokes Mueller imaging: a review of technology 

and applications, Lasers Med Sci, 34(2019)1283–1293.
	12.	 Berdyugin A, Piirola V, Poutanen J, Optical Polarimetry: Methods, Instruments and Calibration Techniques, 

Astrophys Space Sci Lib, 460(2019)33–65.
	13.	 Arteaga O, Freudenthal J, Wang B, Kahr B, Mueller matrix polarimetry with four photoelastic modulators: theory 

and calibration, Appl Opt, 51(2012)6805–6817.
	14.	 Wang B B, List J, Rockwell R R, Stokes polarimeter using two photoelastic modulators, Proc SPIE, 4819(2002)1–8 
	15.	 Honma M, Takahashi N, Nose T, Simple Stokes polarimeter using a liquid crystal grating with ternary orientation 

domains, Appl Opt, 57(2018)10183–10190.
	16.	 Goldstein D H, Mueller matrix dual-rotating retarder polarimeter, Appl Opt, 31(1992)6676–6683.
	17.	 Azzam R M A, Stokes-vector and Mueller-matrix polarimetry, J Opt Soc Am A, 33(2016)1396–1408.
	18.	 Chitaree R, Weir K, Murphy V, Palmer A W, Grattan K T V, MacCraith B D, An optical-fibre ellipsometer for 

applications in thin-film sensor systems, Sens Actuator A Phys, 50(1995)45–53.
	19.	 Dembele V, Jin M, Baek B-J, Kim D, Dynamic spectro-polarimeter based on modified Michelson interferometric 

scheme, Opt Express, 24(2016)14419–14428.
	20.	 Calixto S, Martinez-Ponce G, Garnica G, Figueroa-Gerstenmaier S, A wavefront division polarimeter for the 

measurements of solute concentrations in solutions, Sensors, 17(2017)2844; doi.org/10.3390/s17122844. 



14	  U Rivera-Ortega, J Dirckx and S Van Der Jeught

	21.	 Peinado A, Turpin A, Lizana A, Fernández E, Mompart J, Campos J, Conical refraction as a tool for polarization 
metrology, Opt Lett, 38(2013)4100–4103.

	22.	 Turpin A, Loiko Y, Kalkandjiev T K, Mompart J, Conical refraction: fundamentals and applications, Laser Photonics 
Rev, 10(2016)750–771. 

	23.	 Rivera-Ortega U, Lopez-Mago D, Simple phase shifting by polarizer rotations in a cube beam-splitter interferometer, 
Appl Opt, 58(2019)1005–1009.

24.		 Hong K, Choi K, Single-shot phase-shifting on Michelson interferometry for incoherent digital holography, ETRI 
J, 47(2025)102–111. 

	25.	 Rodriguez-Zurita G, Meneses-Fabian C, Toto-Arellano I, Vázquez-Castillo J F, Robledo-Sánchez C, One-shot 
phase-shifting phase-grating interferometry with modulation of polarization: case of four interferograms, Opt 
Express, 16(2008)7806–7817. 

	26.	 Breton G W, An inexpensive homemade polarimeter for demonstration use in the classroom, J Lab Chem Educ, 
3(2015)7–11.

	27.	 da Camara C A G, Construction of a low-cost polarimeter for educational purposes, Quim Nova, 3(2021)361–365.
	28.	 Sutrisno Y A L, Hidayat N, Noninvasive and painless urine glucose detection by using computer-based polarimeter, 

IOP Conf Ser Mater Sci Eng, 202(2017)012030; doi.10.1088/1757-899X/202/0120230.     .
	29.	 Cruz S, Galindo S, Portable, inexpensive polarimeter, Rev Mex Fis, 2(1987)300–310.
	30.	 Öztürk Y, Simple and low cost polarimeter system, Eur J Phys Educ, 3(2012)23–29.
	31.	 Almanza-Ojeda D-L, Rodriguez-Sotelo D, Castro-Sanchez R, Martinez-Celorio R, Ibarra-Manzano M-A, Stokes 

dynamic polarimeter for non-organic and organic samples characterization, Sensors, 22(2022)2155; doi.org/10.3390/
s22062155.

	32.	 Gu N, Lian B, Xiao Y, Huang L, Full-Stokes retrieving and configuration optimization in a time-integration imaging 
polarimeter, Sensors, 22(2022)4733; doi.org/10.3390/s22134733.

	33.	 Imazawa R, Kamiya S, Nunoya Y, Rotating waveplate Stokes polarimeter using anisotropic transmittance in 
waveplate, Rev Sci Instrum, 96(2025)073504; doi.org/10.1063/5.0272881. 

	34.	 Scherz P, Monk S, Practical electronics for inventors, 4th edn, (McGraw-Hill Education), 2016.
	35.	 Chong S D, Wei B, Jaafar R, Student activity: verification on Malus’s law of polarization at low cost, Proc SPIE, 

9289(2014)92892A;                        
	36.	 Thorlabs, PAX1000VIS, apparatus and software, 2019.
	37.	 Saeedi M, Effatnejad R, A new design of dual-axis solar tracking system with LDR sensor by using the Wheatstone 

bridge circuit, IEEE Sens J, 21(2021)14915–14922.
	38.	 Azhari S J, Kaabi H, AZKA cell, the current-mode alternative of Wheatstone bridge, IEEE Trans Circuits Syst I, 

47(2000)1277–1284.
	39.	 Carré P, Installation et utilization du comparateur photoélectrique et interférentiel du Bureau International des Poids 

et Mesures, Metrologia, 2(1966)13–23.
	40.	 Chen Y, Kemao Q, Phase-shifting algorithms with known and unknown phase shifts: comparison and hybrid, Opt 

Express, 30(2022)8275–8302.
	41.	 Osten W, Optical Inspection of microsystems, CRC Press, Boca Raton, 2007.
42.	 	Osten W (ed), Fringe 2013: 7th International Workshop on Advanced Optical Imaging and Metrology, Springer, 

Berlin, 2013.

[Received: 01.01.2026; Rev recd: 25.01.2026; accepted: 26.01.2026]



Automated, low-cost and simple polarimeter based on intensity measurements by an LDR	 15

 

Uriel Rivera-Ortega (°1981) graduated in Mechatronics Engineering from UPAEP, Puebla, Mexico, and obtained 
the M Sc and Ph D degrees in Applied Physics from the Benemérita Universidad Autónoma de Puebla, Mexico. He 
subsequently carried out a postdoctoral research stay at the University of Antwerp, where he worked in optical metrology. 
He is currently affiliated with the Universidad Tecnológica de Puebla, Mexico, where he teaches courses in engineering 
and applied physics.
	 His work focuses on interferometry and optical metrology, with particular interest in the development of low-
cost experimental setups and STEM-based tools for teaching physics and engineering. His research interests include 
phase-shifting techniques, polarization measurement systems, and experiment-based learning approaches. He is currently 
a Level 1 member of the Mexican National System of Researchers (SNII) and an active member of SPIE committees. He 
is author and co-author of several journal publications in the fields of optical instrumentation and physics education.

Joris Jan Jozef Dirckx (°1960) graduated in Physics and in Didactics, and obtained the PhD in Physics in 1991. After 
working as scientific advisor for the government and as a clinical audiologist, he returned to academia. In 1999 he became 
professor at the University of Antwerp, where he was full professor and director of the laboratory of Biomedical Physics 
until his retirement in 2025. In 2014 he was elected chair of the department of Physics. He taught courses in general 
physics, optical microscopy, and practical holography, and developed a course on experiment-based physics teaching 
for high school teachers. His research interests focused on the development of opto-electronic metrology systems, the 
mechanics of biological systems, and musical instruments. He is author of over 350 journal papers and conference 
proceedings, and is editor of the book series “Optical measurement techniques for systems and structures”.

Sam Van der Jeught (b. 1987) is a Professor at the University of Antwerp. He holds a Ph D in Physics and specializes in the 
development of 3D optical measurement techniques and Optical Coherence Tomography (OCT), with a particular focus 
on the imaging and mechanics of the human tympanic membrane. Beyond his research, he teaches courses in Biomedical 
Engineering and Material Sciences, integrating advanced optical physics with clinical and structural applications.


