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Abstract

Optical activity is the ability of the material to rotate the plane of polarization. Many matters
in nature have this property. Generally, we can check this ability of substance by using the
polarimeter. In principle, the polarimeter is an instrument what measures the angle of rotation by
passing polarized light through the substance. For the application, this process is used to measure
the concentration of sugar in the syrup and can be applied for the detection of specific pathogens
in medical purpose. In this project, we will create and develop the polarimeter from the optical
instrument in a laboratory. Sugar crystal, the matter which has the property of optical activity

will be used to confirm the results compare with the commercial polarimeter.
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Chapter 1

Introduction

This report is the research explanation of the bachelor’s degree student in the faculty of Science,
Department of Physics, Mahidol University who was in the consultant of Asst.Prof.Dr. Ratchapak
Chitaree

1.1 Motivation

Many materials in nature have an optical activity property. Optical activity is the ability of
the material to rotate the plane of polarization when the light passes through it. For instance,
protein, nucleic acid DNA and RNA, chlorophyll, hemoglobin, sugar and etc. also have the optical
activity. Generally, for checking this ability of substance the polarimeter will be used. Polarimeter
was used to measure the angle of rotation of the light. For this application it can be applied for
the detection of specific pathogens in medical purposes. Therefore, it is interesting to creating and

developing the polarimeter to be able to measure and show the reliable results in cheaper price.
1.2 Contributions by the Research

This work focuses on creating and developing polarimeter. So, the most of work is about writing
code in Matlab for calculation and show the result in the Poincare sphere and Stoke parameters.
Besides this, we also show the result in three other values. The first value is an azimuth angle that
was described as the angle change caused by the rotation plane of polarization. Then the second
value is the degree of polarization (DOP) which indicates the polarized light. The last value is the
ellipticity, which is the ratio between the length of the minor axis and the major axis of the ellipse
that is used to specify the polarization of light more clearly. Then we will check coding by using

sugar solution with different concentrations.
1.3 Overview of the Report

This report is divided into five chapters. The first chapter is about the introduction and
motivation of this research. The second chapter is about background knowledge about optical
activity, polarized light, polarization, Poincare sphere, and Stokes parameters for this study. For
the method and instrument of this research will be presented in the third chapter. The result
and discussion will be presented in the forth chapter. Finally, the conclusions of this work will be

described in the chapter five.



Chapter 2

Background knowledge

2.1 Optical activity

Optical activity is the ability of material to rotate the plane of polarization. It happens when
the polarized light pass through the material. This phenomenon can be described by changing the
angle of polarized light.
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Figure 1: Optical activity
(From: https://www.fiberopticsdsale.com/blogs/wave-optics/103704710-
what-are-optically-active-materials)

2.2 Polarization

Polarization is the process that transforms unpolarized light into polarized light. It can
be created by giving the unpolarized light travel through the polarizer. The polarizer has an
application to block the light and give the resultant vector in a single plane of light. So the light

that comes out is polarized light.

@ Unpaolarized light
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Figure 2: Polarized light
(From: https://chsopensource.org/polarized-light-photography)



2.3 Polarized light
2.3.1 Linearly polarized light

Light consists of the magnetic field and electric field which are perpendicular. But in general,
optical analysis is preferable using the electric field. Because of the effect of the electric field on
particle, such as electron, it has more effect than the magnetic field.

Linearly polarized light can be expressed by the resultant vector. The resultant vector occurs
from the conclusion of a vector in the x-axis and y-axis that travel along the z-axis. While both
vectors will have the same phase or different phase equal to 7.

For the equation of linear polarizing light in the x-axis can be shown as follows.

L

&3]

« = Elsinfwt —kz — ¢li (1)
And for the equation of linear polarizing light in the y-axis can be shown as follows.
E, = Eg sinfwt — kz — ¢olj (2)

So the resultant vector can be represented by the equation (3).

JEEN N

Fo = By+E
= (EXE + Eyj) sinfwt — kz — ¢o] (3)

Electric field

Magnetic field

Figure 3: Linear polarization
(From: http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt /polclas.html)

2.3.2 Circularly polarized light

In the case of circularly polarized light will consider in the same amplitude but in a differ-
ent phase. Where the phase difference is equal to 7/2 and —n/2. The resultant vector can be
represented in two case.

The first case is right circular polarized light(rcp). The phase difference between the components
in the x and y axis is equal to 7/2. For the resultant vector is sweeping in clockwise direction. The

equation of right circular polarized light(rcp) can be shown as follows.



Erp = E%(sinjwt —kz + ¢oli + sinfwt — kz + ¢o + g]ﬁ)
= E%sin[wt — kz + ¢o)i + cos|wt — kz + ¢o]j) (4)
The second case is left circular polarized light(lcp). The phase difference between the compo-

nents in the x and y axis is equal to —7 /2. For the resultant vector is sweeping in counter clockwise

direction. The equation of left circular polarized light(lcp) can be shown as follows.

JEEN

Eip = E%(sinfwt — kz + ¢oli + sinjwt — kz + ¢ — g]j)

= E%(sinfwt — kz + ¢oli — cos[wt — kz + ¢o])) (5)

Furthermore, the sum of rcp and lep will give the result in linearly polarized light.

Ercp + Elcp

5 = E%sinwt — kz 4 ¢p)i (6)
direction of
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Figure 4: Circular polarization
(From: http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt /polclas.html)

2.3.3 Elliptically polarized light

In this case, the status of light in general is an elliptically polarized. The components in the x

and y axis can be shown as follows.

E, = Esinfwt — kali (7)
E, = Eg), sinwt — kz + AJj (8)

Noticed that the amplitude of the component in x-axis and y-axis is not necessary to be equal.
For the phase difference between both component is equal to A. From equations (7) and (8) can

be arranged in the form of an ellipse equation as follows.
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The equation (9) is an ellipse equation in Ey and E, axis. The major axis did the alpha angle

with the x-axis.

Figure 5: Show the ellipse obtained by drawing the graph in the equation (9)
(From: https://www.fiberopticsdsale.com/blogs/wave-optics/102492742-stokes-polarization-parameters)

2E)E) cos A
tan2a = M (10)

For the equation (10), it use to find the value of « (azimuth). If a = 0, the major axis and

minor axis are parallel to Ey, Ey respectively. The equation (10) can be rewritten in equation (11).

tan? 2E2E2(:OSA 0 1
m2e = 0 (R )

So when A = +7/2,£37/2, ... and Eg = E% = Ey, the equation (9) can be arranged in form of

circle equation according to equation (12).

E}+E2 = Ej (12)



If A = nz, when n are even number the equation (9) can be rewritten as follows.

Ey>2 <E)2 E, E,
) (=) 272" cosA = 0 (13)
(Eg EO EO EO
E, E,
=0 = 70 (14)
E9 EO
E
E, = —E?° (15)
Y Eg Y

. .. . EO .
The equation (15) is linear equation that have slope equal to 4. In the same way, if n are odd
¢ 0
number the equation (9) can be rewritten to equation (16) that have slope equal to —%.

E: o
E, = ——FE (16)
Y EOY

The sweeping of the resultant vector of an ellipse polarized light in different directions de-
pending on the phase difference as well as the circularly polarized light. In conclusion, an ellipse
polarization is a general state of polarization. While the status of circularly polarization and

linearly polarization are special case polarized status.
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Figure 6: Poincare Sphere
(From:http:/ /hyperphysics.phy-astr.gsu.edu/hbase/phyopt /polclas.html)

2.4 Stokes parameter

Stokes parameters were defined by George Gabriel Stokes in 1852. They were a set of values

that consists of a four-component vector. That use to describes the state of polarized light.
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Moreover, we can describe Stokes vector in terms of an electric field as in the equation (17).

So ng + Egy

Sl _ E(%:c - Egy (17)
So 2Eo, Eo, cos 0

53 2E0xE0y sin d

But in the experiment, we couldn’t measure the electric filed directly. Therefore, we will measure
in form of the intensity of light instead. In which the intensity of light is related to the stoke vector
as in the equation (18).

So intensity
St _ Ip — Igo (18)
So Iis — Tiss
Sg Ircp - Ilcp

The examples of a common state of polarization are shown below.
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Figure 7: Common state of polarization of light
(From:https://en.wikipedia.org/wiki/Stokes parameters)



2.5 Poincare Sphere

Poincare Sphere is another example showing the polarization status of light. Which every point
on the sphere can be used to indicate the status of a polarized light. For example, at the north
polar and the south polar would be represented to the right circular polarized (rcp) and left circular
polarized (lcp) respectively. For the points around the equator of the sphere, it is used to represent
linear polarization. The rest of the points on the sphere are used instead of elliptical polarization.

The coordinates on the Poincare sphere depend on the stoke parameter | Sq, Sg, S3|. Generally,
the point on the surface of Poincare sphere is due to the radius of the sphere of one unit size. And

can be determined with y and ¢ values.

Figure 8: Poincare Sphere

(From: https://en.wikipedia.org/wiki/Polarization(waves))

Where the x and ¢ related to stoke parameter and can be found from the equation (19) and
(20).

S3
2x = arctan ————= 19
* NGESS )
2¢ = arctan 52 (20)
S1

2.6 Degree of polarization (DOP)

Degree of polarization (DOP) is the quantity that represents the polarization of light. We can

calculate value of DOP from equation (21).

NGBS
DOP — ST+ 85+ S3 (21)

= S



While DOP = 1 — Completely polarized light
DOP = 0 — Unpolarizd light
0< DOP <1 — Partially polarized

2.7 Ellipticity

Generally, ellipticity is proportional between the length of the minor axis and major axis of
ellipse. In this case, the ellipticity will be used to indicate the polarization of light more clearly.

We can calculate the value of ellipticity from equation (22).

e = tan1 53 (22)
2\ /5% + 53+ 53

For each type of polarized light has a different ellipticity.
e = 0 — Linearly polarized light

e = 1 — Circularly polarized light

0 < e < 1 — Elliptically polarized light
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Chapter 3

Methodology

In this work, the Matlab code used to generate the program for the analysis part of the
polarimeter what I plan to create. The overall process of this program; the first step is enter the
light intensity that obtained from the polarizer in each degree. For the second step, the program
will calculate the intensity value and show the result in various form which are the Poincare sphere,

the Stokes parameters, state of light, graph,the Degree of polarization(DOP) and the ellipticity.

Input intensity of light

l

Program calculate

|

Show the result

|
v v . v v V

Poincare Sphere Stokes parameter State of light Graph Degree of polarization Ellipticity

{DOP)

Figure 9: The process of program

Devices that used for creating the polarimeter include laser, polarizer, a quarter-wave plate,
Photodetector, Arduino board, and computer.The principle of this process is shooting a laser
through the polarizer to create linearly polarized light (or shooting laser through the polarizer and
quarter-wave plate to create circularly polarized light).After the laser travels through the substance
it will be detected by a photodetector and the collected values will be operated by program.The

signal will connect to the computer by the Arduino board and show the result that we want.

Substance

Polarizer

Laser

Photodetector
Quarter

wave plate

sy Ao

Figure 10: Process of creating polarimeter
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and ellipticity.

)

From the program the result that we get after calculate were shown in form of Poincare sphere,

Stokes parameter, State of light, graph, Degree of polarization(DOP

Chapter 4
Result
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In summary, the program can be used and give the reasonable results by input the stoke

parameters of known cases as shown in fig. 11-17.Even so the validity of the program has been

checked by random the intensity that passes through the polarizer in each degree. However some

random values stay under some conditions that will make the answer incorrect. For example, if

the value of Iio, exists the value I, should be 0. In the other hand, if the value of L., exists the

value of Ijc, should be 0. The table below is an example of information from checking code.

50

P P PP PP P PR RPR PP RPRPPRPR PP PP P

51

O 0O 0000000000000 0OO0 00O OO o0

52

OO0 0000000000000 O0OO0O0OO0OOoOOo

state of light
Left-hand circularly polarized
Left-hand circularly polarized
Right-hand circularly polarized
Left-hand circularly polarized
Left-hand circularly polarized
Right-hand circularly polarized
Right-hand circularly polarized
Left-hand circularly polarized
Left-hand circularly polarized
Right-hand circularly polarized
Right-hand circularly polarized
Left-hand circularly polarized
Left-hand circularly polarized
Right-hand circularly polarized
Right-hand circularly polarized
Left-hand circularly polarized
Left-hand circularly polarized
Right-hand circularly polarized
Right-hand circularly polarized
Left-hand circularly polarized
Left-hand circularly polarized

P P PP RP PP PR RPR PP PR RPRPRPRPR PP PR

190

P R R R R PR RRRRPRRPRRRPRRRRRERRRR

145

OO0 0000000000000 O0OO0O0OO0OOoOOo

1135 Ircp

OO0 o000 O0 00000000000 OO OO
Ly bR PR PR WWWWRNNNDMNRER R OO

llcp

N O R WO WU W N R NP R WRER, O WNONPE
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'
=

O O R Pk OO0 R,

0

Ellipse
Ellipse
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Linearly polarized (vertical)
Ellipse
Ellipse
Ellipse
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Linearly polarized (vertical)
Ellipse
Ellipse
Linearly polarized (vertical)
Linearly polarized (vertical)
Ellipse
Ellipse
Linearly polarized (vertical)
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Figure 18: The example of information from checking code

NN N N N N N N NN OO0y OOy

WO W w w0 0000 00 0o

[l
o o o

M NN PR PR P22 000

15

~N o w0 N o

Y
o 0

WP, O P WO W R, Vo



16

Chapter 5

Conclusion

This final chapter concludes the whole study in this work. For the reason that I am interested in
this project because the polarimeter that has been sold in the market are quite expensive. Moreover,
the operation is quite difficult due to the installation of the device need to have precision. So I
would like to create and develop the polarimeter to be easier for using, cheaper and give the reliable
result.

In my plan, the validity of the program can be checked by using the commercial polarimeter in
the laboratory for data comparison. Then I will design and create my own polarimeter. However,
because of the problem of instrument in the laboratory. It is impossible to store data for comparison,
as well as the COVID situation that occurs,I don’t have tools for do the experiment. I can only
writing code to be used as part of analysis of the device and suppose the intensity value to check
reliable of the code.

For coding part, it was wrote to have easy function to use. The principle of working is input
intensity when the light travel through polarizer in each degree. Then it was calculate and show
result of state of light in form of Poincare sphere, Stoke parameter and graph. Moreover, program

will calculate DOP and ellipticity too.
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Appendix

| Editor - D:\Work_years4\Senior project\codecheck_3.m X

EDITOR PUBLISH ViEw B4 8092e@
E\_Ij ™ Eﬂ [ Find Files <« Insert =, fx ' [) % 5] Run Section
New Open Save (L) compare > A GoTo~ Comment % & % Breakpoints Run  Runand |2 Advance Run and
v v v = Print ¥ ( Find ¥ Indent SR A ¥ Advance Time

FILE NAVIGATE EDIT BREAKPOINTS RUN =

| Untitled.m | codecheck 3.m [+ |
1 lclear ~a
2= clc
3
4- while 1
5— 10 = input ('Input value Intensi
6— 190 = input ('Input value Ir
= I45 = input ('Input value Intens
8 — I135 = input ('Input value Inten: ")
9— Trcp = input ('Input value Inten N
10 — Ilcp = input ('Input value Intens "y
11
12
13— if I0+I%0==
14 — continue
15— end
16
17|~ if Ircp==Ilcp
18— continue
19— end
20
21 = S_0 = round(I0+I90):
22— S 1 = round(I0-190);
23— S 2 = round (I45-1135);
24 — 5_3 = round(Ircp-Ilcp)/
25
26— EOx = sqrt((S_0+5_1)/2):
27— E0y = sqrt((S_0+5_1)/2); .

M Editor - D:\Work_years4\Senior project\codecheck_3.m

EDITOR PUBLISH VIEW ®
G | S @ et S
New Open Save Lo Compare ¥ ©fGoTow Comment % % %1 g vite  Run  Runand [ Advance  Runand
v v v = Print ¥ ( Find ¥ Indent g | N ¥ Advance Time

FILE NAVIGATE EDIT BREAKPOINTS RUN ax
| Untitledm | codecheck 3.m | + |
28 — d = acos(S_2/ (2*E0x*E0Y) ) ; =
29
30 — norm = S_0;
31
32— if norm<sqgrt(s_172+S_2"2+5_3"2)
33— fprintf ('$f - %f\n',norm ,sqrt(S_LA2+S_272+4S_3"2))
34 — continue
35— end
36
37— round (S_0/norm, 0);
38 — round (S_1/norm, 0);
39— round (S_2/norm, 0);
40 — . round (5_3/norm, 0);
41
42
43— if abs(S_0)>abs(S_1) || abs(S_0)>abs(S_2) || abs(S_0)>abs(S_3) || S_0~=0
44— break;
45— end
46 — end
47
48
49
50 —
51— 'Linearly polarized (horizontal)'};:
52
53— elseif S 1==-1 && S_2==0 && S_3==0
54— j={'Linearly polarized ( .
n 1 Col 1

1 AM

6/14/2020



| Editor - D:A\Work_years4\Senior project\codecheck_3.m*
EDITOR PUBLISH VIEW

E'u\j ™ H [l Find Files L] Insert = fx

[l compare ¥ 2{GoTov Comment % %g #d

I) @ [2] Run Section

Breakpoints Run  Runand |2 Advance Run and

New Open Save

s B9

v v v &Pt ¥ ( Find ¥ Indent [Z] 3| [f& v v Advance Time
FILE NAVIGATE EDIT BREAKPOINTS RUN =
| Untitled.m | codecheck 3.m* |+ |
| - . —

56— elseif S 1==0 && S_2==1 && S_3==0 ~

57 — j=sprintf ('Linearly polarized (45 ', char(176));

58

59 — elseif S_1==0 && S_2==-1 && S_3==

60 — j=sprintf ('Linearly polarized (-45%s)', char(176));:

61

62— elseif § 1==0 && S_2==0 && S_3==1

63— j={'Right-hand circularly polarized'};

€4

65— elseif S 1==0 && S_2==0 && S_3=—=-1

66 — Jj={'Left-hand circularly polarized'}:

€7

68 — elseif S_1==0 && S_2==0 && S_.

69 — j={'Unpolarized'};

70

Tl=

72— Ellipse'};

73

74 — end

75 $plotBlochSphere.m

76 — [Xs, Yx, Zx] = sphere(25);

7= mySphere = surf (Xs, Yx, 2x);

78 — axis equal

79

80 — text (0, 0, -2.1, j, 'Interpreter', 'latex', ...

81 'FontSize', 15, 'HorizontalAlignment', 'Center')

82 — hold off v
script Ln 47 Col 9

E L Type here to search

M Editor - D:\Work_years4\Senior project\codecheck_3.m

o I

[’uj & H [ Find Files <& Insert (51 fx

[l compare ¥ {GoTov Comment % % %1

. [) % |2] Run Section é))

New Open Save Breakpoints  Run  Runand [&} pdvance  Runand

i AM
6/14/2020

v v v &Pt v ( Find ¥ Indent (5] 3| [F v v Advance Time
FILE NAVIGATE EDIT BREAKPOINTS RUN =
| Untitled.m | codecheck 3.m |+ |
85 $shading interp TD
86 — mySphere.FaceAlpha = 0.11;
87
88 — line([-1 1], [0 0], [0 0], 'LineWidth', 1, lor', [0 0 0])
89 — line ([0 0], [-1 1], [0 0], 'LineWic 1, lor', [0 0 0])
90 — line ([0 0], [0 0], [-1 1], 'LineWidth', 1, ler', [0 0 0])
91
92
93— text (0, 0, 1.3, '$5_35", 'Interpreter', 'latex', ...
94 'FontSize', 20, '"HorizontalAlignment', 'Center')
95 — text(-1.3, 0, 0, '$5_13', 'Interpreter', 'lat
96 'FontSize', 20, 'HorizontalAlignment',
97 — text (0, -1.5, 0, '$5_2%', 'Interpreter', 'la
98 'For ize', 20, 'HorizontalAlignmer .
99
100 — line ([0 S_11, [0 S_2], [0 S_3], 'LineWidth', 2, 'Color', [l 0 0])
101 — hold on
102 — plot3(s_1, Ss_2, S_3,'.r', 'markersize',20)
103
104 — A = sprintf('$3S=\\pmatrix{ 3d \\er %d \\cr %d \\cr %d }$5', S 0, S_1, S 2, S_3);
105
106 — text (1, -1.3, 1, A, 'Interpreter', 'latex', ...
107 'FontSize', 15, 'HorizontalAlignment', 'Center')
108
109 — L = 600% (10~ (=9)); %Lambda
110 — k = 2*pi/L; % wave number k=2pi/lambda
L= jj = -pi:pi/360:pi; %time
119 v
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FILE NAVIGATE EDIT BREAKPOINTS RUN =
| Untitled.m | codecheck 3.m |+ |
—

114 — E0x sqrt ((S_0+5_1)/2)7 ~
115 — E0y = sqrt((s_0-5_1)/2):

116 %d = acos(5_2/(2*E0x*EOy)) ;

117

118 — if S5 1==1 && S 2==0 && S 3

119 — d=0;

120

28 = elseif S_l==-1 && S_2==0 && S_3==

122 — d=0;

123

124 — elseif S 1==0 && S 2==1 && S_3

125 — d=0;
126
127|= elseif 5_1==0 && S_2==-1 && S5_3=
128 — d=0;
129 — EOy=—EOy;
130
13 I= elseif 5_1==0 && S_2==0 &&
NP |= d=pi/2:
133
134 — elseif S_1==0 && S_2==0 &&
135 — d=-pi/2;
136
137)|= elseif S_1==0 && S_2==0 && S_!
138 — d=0;
A= E0x=07
140 — EOy=0; v
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FILE NAVIGATE EDIT BREAKPOINTS RUN =
| Untitled.m | codecheck 3.m* |+ |
—-—a
142 — else ~
143 — d=d;
144 %d = acos (S_2/(2*E0x*EQy)) ;
145 — end
146 — Ex = EOx*cos(k*jj);
147 — Ey = EOy*cos (k*jj + d)s
148
149 — figure
150 2if S_1~=0 || S_2~=0 || S_3~=0
151 — plot (Ex,Ey,'.")
152 — fprintf('test’
58 %end
154 — grid on
155 — x1lim([-1 11)
156 — ylim([-1 1)
157 — pbaspect ([1 1 11)
158 $Degree of polarization
159 — DOP = ((sgrt(S_172+5_272+5_3"2))/S_0);
160 — A = sprintf('$$DOP=\\pmatrixz{ %.1f \\cr}$s', DOP);
161 — text (0.7, 0.9, 1, A, 'Interpreter', 'latex', ...
162 , 10, 'HorizontalAlignment', 'Center')
163 i
164 — g = tan((1/2)*(asin(S_3/sqrt (S_1°2+5_2°2+S_3°2)))):
165 — A = sprintf('ssellipticity=\\pmatrix{ %.1f \\cr}ss', q);
166 — text (0.6, 0.7, 1, A, 'Interpreter', 'l
167 'FontSize', 10, 'HorizontalAlignment'
le8 v
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