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* Method developed by R. Clark Jones

* Alight disturbance propagating along x — axis

o (b —01)

y=ja,

* The horizontally polarized light disturbance
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y=a,e

where ¢ =kx—aot and z=0




* Jones — polarised light can be represented by a column vector
whose first element represents the amplitude and phase of Y —
component and the second element represents the Z-component.
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* Intensity i1s normalised and phase indicating factor 1s omitted

22l
z 0
* Horizontally polarised light is represented by Jone’s vector J, as

1
J, = {0} < horizontally polarised light



* The disturbance in vertical plane (Y - Z plane)

- /ga ei(kx—a)t+¢)

¢ 1s the phase difference with respect to horizontal disturbance.
* The vertically polarized light disturbance

vyl |0
- a.e* e’

* Omitting the phase factor and considering that intensity is
normalised, the Jones vector J, for vertically polarised light can

be
0

for vertically polarised light ($)



« If the disturbance is polarized at 45°
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* The linearly polarised light may be obtained by adding a
horizontally polarised light and a vertically polarised light
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So, a normailsed linearly polarised light at 45°
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* If right and left handed circularly polarised light (of equal
amplitude) are combined
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State of polarization

of a light beam Jones vector

Linearly polarized with the vibration direction !

along the x-axis (horizontal). 10
Linearly polarized with the vibration direction 0

along the y-axis (vertical). 1]
Linearly polarized with the vibration direction (ﬂ
at 45° relative to the x-axis. 11]
Right circular polarization. { 1q

-
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Left circular polarization. . ! J




There is no Jones representation of unpolarized light.

Jone’s matrices for polarizers and retardation

plates

Jones vectors are useful in computing the effect of inserting linear oprical elements into the paths
of beams of light of given polarization.

A polarizer (such as a Nicol prism}, a quarter-wave plate and a half-wave plate are examples of
‘linear opticai elements’. We can associate with each one of thema 2 * 2 matrix called a Jones matrix.

We have seen that the state of polarization of a beam can be represented by a column vector

Al a bl
J . Let [ r Ji represent the Jones matnx of a linear optical element. When the beam passes through
c

e

B
the element, the emergent beam will, in general, have a different state of polarization represented by,
I"J.‘ir'i
say { . |. Jones matrices can be used to find the state of polarisation of the emergent beam.
J - r Mo |
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| into the vector | ., | as
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The Jores matrix is a transformation matrix which transforms the vector | 8

{ .-

follows :



la & . . ,
Here, T =[ J is the transformation matrix.
¢

Let us express the general transformation by the following matrix operation:

A I 14

Transformation Incident Emergent
matrix light matrix light matrix
Let us denote the incident light by the following matrix.

[ aE-f'h w
be'*2

=

Consider the following transformation matrix.

s



By the operation of transformation matrix on incident light matrix, we get the emergent light as
honzontally linearly polarised light.

1 0 IE-E".'I ge'." 1
.= e
0 0f]pe* 0 0
IR . B
The matrix [D DJ represents the linear polariser with axis horizontal.

0 0
5 1 } represents the linear polariser with axis vertical as shown below
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If$,=¢,=0and a=b=1, then
I 1 2 |1
14 ZeE b
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1 ; ; . ;
l represents a linear polariser with axis at - 45°,

Simularly, the matrix [

]
Here matnix I
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Similarly. matrix —|

I ]

-1
J represents a linear polariser with axis at —35°.

il L3l

The emergent light has zero intensity i.e., cut off. So the matrix represents a polariser of —45°.
There is no Jones vector representation for unpolarized light. Jones matrices are useful only
when we commence with light that is initially polarized in some manner.

|
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If light in some state of polarization given by [ } 15 sent through a train of n optical elements

B

having Jones matrices 7;, 75, ....T,, the final state of polarization is given by

A" [A]
NSRRI, |
B . LEI

Linear Polariser Jones Matrix

Linear polarizer with the transmission axis horizontal. (<)
:

0
0
‘ 0
Linear polarizer with the transmission axis vertical. (1) 1




Linear polarizer with the transmission axis at + 45°,

Linear polarizer with the transmission axis at — 45°.




Jone’s Matrices Quarter and Half Wave Plates

In Jones’ matrix formalism. a linear retarder, either nght handed or left handed can be represented
by a matrix

i 1L 0 |
ud 1o &1
A A/4 plate introduces a phase change of /2. Hence Jones’ matrix for A 4 plate can be represented
as
) 5
b4 =1 =7 |°
l:} E'-I e m

The positive sign is used when a 4/4 plate matrix produces a right circulariy polansed light. The
negative sign is used when A4 plate matrix produces left circularly polarised light. Thus

[y = :} ﬂ,‘.l /4 plate matrix producing RCP

- I.—'
1 -]' {:I-' = - - o
[V} = - A 4 plate matmx producing LCP
=1
A A2 plate introduces a phase change of n. Hence the Jones' matrix for half wave plate is

i
0 1]



Optical Element | Jones Marrix
1 0]
Quarter-wave plate with the fast axis horizontal. 0 —i
o
Quarter-wave plate with the fast axis vertical. 0 i
i (1 %]
Quarter-wave plate with the fast axis at + 45°. T | e
J2IF] |
. 1 0]
Half-wave plate with the fast axis either vertical or horizontal. g —1
0 1]
Half-wave plate with the fast axis at +~ 45°, 1 0]




xample 1. Consider a limear polariser with its transmission axis horizontal. Describe what

would happen when
(i) Linearly polarised light of horizontal orientation is incident on it.
(i) The same light but mow with vertical orientation is incident on it.

o[ 1]

“{o oJlo]ls)

The emergent light is linearly horizontally polarised.

AF
(i7) Let us denote the emergent light by the matrix [B} _
L [A

Lo ol

jf'here is no emergent light.



\_/ Example 2. What is the ,c;o;’arfsan'on of emergent light when the light first be horizontally polarised,
then passed, through a + 45° polariser and finally through a — 45° polariser ?
Solution. The matrix operation is shown below.

1{ 1 =111 A1) _1{o] (o
2(-1 1]2|1 1J|o] 4|o] |o
Hence no light is transmitted.
ﬁampie 3. (i) Determine the polarization of the emerging light when a quarter-wave plate is
insérted into a beam of linearly polarized light with the vibration direction making an angle of 45°
with the x-axis. Assume the fast axis as horizontal.
(ii) Work out the same example, for a half-wave plate (instead of the quarter-wave plate) with its
fast axis at 45°.
(4] [1 1 0
Solution. (i) =| [ T=
B| |1 Q ~i
o

L. —

T

The emerging light beam is right circularly polarized.

_— T_‘01
1) Here -_1 0
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This is a case where the direction of vibration of the incident light is along a privileged direction
of the crystal. The polarized beam is transmitted as it is.




Jone’s Matrices for Circularly Polarised Light

Consider a vibration in Y-direction represented as
] s

Here, ¢, = (kx—w¢)and k = propagation constant = 21/A.

Further consider an orthogonal vibration propagating along X-axis and having displacement along
Y-axis. This can be represented as

i, +9)

-

-
Here, ¢ is the phase difference between two linear vibrations.
When a, = a, and ¢ =n/2, then the resultant of two vibrations is a(j+ k &™) ¢* . Thus the

two components fluctuate in different phases. The two components can be represented as

v = real part of ae’* = acos §, - 3)
and z = real part of g¢'*%+*™'%
=acos(, +n/2)=—asme, A4
From Egs. (3) and (4) we get
y.o oz
e — =1 .
a® a

Thus the light is circularly polarised light.



Special Cases
{a) When Z-component leads in phase by n/2
(f) Let ¢, =Dattimer =1
So wy =krort, =kx/w.

From Egs. (3) and (4), we get y=aandz=1.
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(fi)Let ¢, =n/2attime s =1,

kx: = :
Then f» =— ——— [l << )
W 24

From Egs. (3) and (4), we get v =0 and z = —u.
Thus. as seen from Fig. 16.2. as the time passes the resultant displacement vector passes from a

configuration [y =0, z = —a] toa configuration [y = a, z =0]. Thus the resuliant displacement vector



rotates in a circle in anti-clockwise sense. In general, if the Z vibration leads ¥ vibration by
(2n+ 1R2)m, wheren=0, 1, 2... etc., then the resultant vibration would be rotating anticlockwise
in a circle. The light in this case is called right circularly polarised (RCP) light. In Jones™ matrix

formalism
a |
j = = fﬂ-T — — i
[ I.Fi'f"F' |:£I'E'Im'-i| ﬁ|;;| (6]
with intensity normalised.

(b) When Z-component lags in phase by /2

.
| T .
Lety=acos®, and z=acos| 0, “;:|=a sin ¢,

o
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(i) When 0, =0, 1, = o]
w

Now y=aand z=0.
kx

m T
i) Wheno¢, =—,t, =——-——
( O 2% w2

Nowy=0and z = a.

As the time passes, the resultant vector passes from the configuration [y =0, z=a] to configuration
v=a,z=0as shown in Fig. 16.3. The light is called left circularly polarised (LCP) light.

In Jones’ formalism
a d a 1 1 |
[ eni= € a—] ||
LCP Le-mn} \E i:_!} \5 {_f]

(c) When Y-component leads by 1/2
Let y=a cos [g+¢‘:| =-asin¢, and z=acos ¢,.

Zz
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Fig. 16.4.



(/) When ¢, =0, 1, =E.Nowy:0andz=a.
M

kx
(if) When ¢, =%.rz =E--2%' Nowy=-aandz=0.

Thus as the time passes, the resultant vector passes from configuration [y = —a, z = 0] to
-onfiguration [y = 0, z = «] as shown in Fig. 16.4. The light is called left circularly polarised light.
In Jones formalism

i
[Vice Fﬁm

(d) When Y component lags by /2

Lety=4:1r.:nmns.[q:Jr ~7-2t-]=asin ¢, and z = a cos ¢,.

kx
(i) When ¢, =0, nirL

Now y=0and z = a.

7Y Wh ¢ —..TE t -—uk_x._l
(II] en Y 21 9 = 2{,[}

Now y=aandz = 0.
Now we have right circularly polarised light.

1 |1
In Jones’ formalism [])rep = E 1



The following Table lists Jones matrices for circularly polarised light.

Nature of light Jones matrix
1 |1
RCP when Z-component leads. —\E  ;
11
LCP when Z-component lags. B 1
e L "d
1 [i]
LCP when Y-component leads. T LIJ
R _ I [~
RCP when Y-component lags. _ﬂ_ 1 J




Jone’s Matices for Elliptically Polarised Light

Elliptically polanised light is the superposition of honzontally polansed light and vertically
polansed light. The two lights are represented as

y =i“| Lllﬂ.l-wn'.l =1”| ¥

:j.'I'I:Lj F 4 ""l:;. I'.i'_'| 'I."'.-I‘-'-‘I:lhl'.‘:l = ﬂ. ':‘:\. l.l'-*l .:-"'n
The resultant of two vibrations is

(j a, + k a, e”') ¥
The y and z components of resultant vibration are
y = real part of a, e“f = @, COS ¢.=r

z =real part of a, ei(¢‘+¢} =@, COS (cbt = ¢) :

From these equations, we get

3 2
y" e 272 cos ¢ =sin” ¢
a” a, a,a,
Wheno=2n+1)n/2,n=0,1,2,3...., the equation takes the form
2 2
y_’ +—%'—2 =
a4

This represents an ellipse with its axes along y and z directions.
Thus we get elliptically polarised light.



In Jones® formalism, elliptically polarised light is represented as
ﬂ1 .ﬂ'l -l
[J]REP = i =
€

This is right elliptically polarised light.
Similarly, the left elliptically polarised light is represented as

a

The following Table lists Jones matrices for elliptically polarised light :

Nature of light

Jones matrix

Right handed elliptically polarised hght [REP]

Left handed elliptically polarised light [LEP]




