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CALIBRATION OF A BABINET
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VARIATION BETWEEN THE ORDINARY
RAY AND THE EXTRAORDINARY RAY
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Email: labexperiments @rediffmail.com

Abstract
Using a quartz based Babinet compensator, the nature of the light emerging from a
Babinet compensator is determined. By varying the prism thickness, the phase variation
between the ordinary- and the extraordinary- ray is established and thickness of the mica

sheet required for making quarter wave plate and half wave plate is determined and
compared with the corresponding standard values.

Introduction

The Babinet compensator is an improved version of a Quarter wave plate and is used to produce
and analyze elliptically polarized light. A quarter wave plate or a half wave plate produces only a
fixed phase difference (or path difference) between the ordinary and the extraordinary rays and
can be used only with light of a particular wavelength. For different wavelengths, different
quarter wave plates are to be used. To avoid this difficulty, Jacques Babinet (1794-1872)
designed a compensator in 1867 by means of which the desired path difference can be introduced
between the ordinary and extraordinary rays and is named after him as Babinet compensator.

Babinet compensator (BC)

Babinet compensator consists of two wedge-shaped prisms A and B of quartz or any other
birefringent material [1], as shown in Figure-1: The optical axis lies lengthwise (longitudinal) in
A and breadth wise (transverse) in case of B. The outer faces of the compensator are parallel to
the optic axis. Therefore, the ordinary and the extraordinary rays travel along the same direction
but with different velocities inside the compensator. Moreover, the extraordinary ray inside the
quartz prism A behaves as the ordinary ray in B and vice versa [2). A parallel plane beam of
polarized light, incident at tl?e point of incidence C splits into extraordinary and ordinary rays, as
shown in Figure-1. The optical path for the ordinary ray is CD,=t;po and for extraordinary ray
CDy= toug, where t, and t2 are the respective thickness of the two prisms.

Path difference between two rays inside the crystal = CD,-CD,
"~ A=(t)-t2) (Mo-ME) wil
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Hence the phase difference

8 =2 (ti-t2) (Mo-HE)

where & is the phase difference;
ug is the refractive index corresponding to the extraordinary ray;
o is refractive index corresponding to the ordinary ray;
t, and t; are the thickness of the wedge A and wedge B respectively,; and
A is the path difference between the ordinary and the extraordinary ray.
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Figure-1: Two wedge shaped quartz prisms and spllttmg of the incident ray into ordinary
and extraordinary rays

Two crosed quartz prisms

Producing variable path difference between the ordinary and the extra-
ordinary rays

Figure:Z: The two prisms ?f the Babinet compensator; the prism on the left, A, is fitted on
to a micrometer screw which slides over the fixed prism B fitted on the back cover (right)
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Figure-3: Wedge thickness t, is fixed whereas the thickness of t, varies as the prism A slides
over the prism B by the distance‘d’



One of the quartz Wwedges A js mounted on a pl~ecisnon.m;i;oerr;e;$' i:;z;{xment inside the clogeq
cell (Figure-2). The prism B is fitted on the back cofvel 0 rsbas ?he helor e;lclosure, as shown
in Figure-2. Hence the prism A slides along the sur apﬁ t0 kil bk ftlg Of a rack and pinjop
arrangement. The horizonta] movement from left to r.xgla af? r(;g to eh Y the rack ang pinion
moves the moveable prigm away from the centre of the 1x]:: prllfmil' ence (tl-tg) vary or the
phase difference can be varied continuously. Figure-3 shows O“é_tffe t 1Ckn_ess varies, by slidin
the moveable prism. From Equation-1, 'it is seen that the phase difference is Proportional to the
difference in the thickness of the two prisms.

When both the prism centres coincide, ti=t, Which gives t1-t, =,0, or the resultant path difference
is zero. In this case light emerges from the compqnsator as a single ray and there i a change in
its polarization state, Similarly plane polarized light emerges frqm the compensator, At this
position the micrometer shows 0.00mm reading. The mlcrometer. is marked with the centre ag
zero, so that the prism B is free to slide on either side to get positive and negative phase shift.
The movable prism slides over the fixed prism on either side by 10mm, as shown in Figure-3,
For all the values of (ti-t2) >0 and (t;-tz) <0, the light emerging from the Babinet compensator is
elliptically polarized. Hence Babinet compensator produces elliptically polarized light.

[

Figure-4: Micrometer graduations H ljéad'i'rh{gorresonding to Imm
Relation between the micrometer reading (d) and difference in the prism
thickness (t;-t,)

From Figure-3 it is clear that micrometer readin

: ' g and the actual prism thickness are different.
The difference in thickness between the two pris

ms (t)-t;) and the micrometer readings needs to

micrometer reading, then one can write

d=K (t;-t;) w3
Where ‘K’ is a constant of conversion which éa

. n be evaluated by determining the fringe width
experimentally. Equation (3) connects the phas

e difference with the prism thickness. From this



relation the micrometer movement required to produce quarter, half, full wave phase difference
can be calculated. The procedure for connecting the micrometer reading with the prism thickness
is known as the calibration of the Babinet compensator.

Nature of output light of the Babinet compensator

The polarizer of the Babinet compensator copverts ‘the UH-POIafl;ed Incident light on it to output
polarized light with an angle 0 with the optical axis of the Babinet Compensator, Light passes
through the two prisms of the Babinet compensator and comes out fr9m It. When the phase shift
is zero in the wedges of the prism, the light coming out fro_m the Babmet compensator is linearly
polarized. For all other values of the phase shift the light emerging from it is elliptically
polarized. Let us now consider how to distinguish between the linearly polarized and the

elliptically polarized light.

To the naked eye linearly polarized, elliptically polarichd'or ci'rcularly Polarized light appear the
same, like ordinary light. Hence naked eye cannot d1§t1ng{115h polarized light. However, by
recording the light intensity one may be able to easily' 1de'nt1fy .the nature of polarization state.
For this purpose, one may also use an analyzer in combination with a quarter wave plate [3].

P
s b f‘ . ; ,i
Polarizer
Focusing lens

Compensator
Figure-5: Babinet compensator placed between the polarizer and the analyzer

The polarizer is oriented such that the plane polarized light emerging from it and falling
normally on the compensator makes an angle ‘0’ with the optic axis of the compensator. The
light emerging from the compensator is also plane polarized at those points of the compensator
for which the path difference is 0, A,----, nA and the vibrations are in the same plane as that
transmitted by the polarizer P. When the analyzer A is in a crossed position these vibrations are
stopped and we get a set of dark bands in the field of view. For the intermediate positions with
the values of the path difference A/2, 312, 5M/2, etc., the light emerging from the compensator is
plane polarized with vibrations inclined at an angle of 20 with the plane of the incident vibration.
The analyzer A does not get rid this light. When analyzer makes an angle 0 = 45°, the light will
be completely transmitted giving rise to the regions of maximum brightness without appearance
of any dark fringe. At these positions the fringes vanish and bright light emerges from the
B'abmet compensator, Between two dark fringes, the light is elli tiZally polarized as shown in
I*Tlgurf:-6, hen'ce the light coming out of the Babinet compensator j P lliptically polarized. If white
light is used instead of the yellow sodium light, the central l‘)andli;ill Ee dark while other bands

will be coloured, as shown in Figure-8, The d : . w width whereas
the bright band is quite wide, ark band is well defined with nar™



To identify the nature of the light emerging from tlflff Balt)rllnelt3 Zg?;ptensator the tests, as indicated
in Table-1, are conducteq [3]. The light emerging 'Omh e ne c??pensator is studied first
with the analyzer on bogarg, If there is no change in the mtegsny c;) ight en.1ergm.g from the
Babinet compensator, Tap]e-1 is used and further tests are conducted. If Intensity varjatiop with
the analyzer is observed then Table-2 is.used and further tests are conducted to determine the
nature of the emergin g light from the Babinet compensator.
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Path difference

Figure-6: Elliptically polarized light between the bright and dark bands

e has no intensity [If one position of the | If no position of the analyzer
variation, analyzer gives zero intensity, | gives zero intensity,

7.”hen the light is un-polarized | Then the light is circularly | Then the light is mixture of
light polarized light circular polarized and un-
polarized

Table-2: Intensity variation with analyzer, test and nature of light
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T polarized light

Apparatus used

compensator, Sodium vapour lamp set ang thin
shown in Figure-7.

The experimental set-up consists of a Babinet
mica sheet, The complete experimental set-up 15

Figure-7: Babinet compensator experimental set-up using white light

Experimental procedure

The experiment consists of three parts, namely

Part-A: Determination of the polarization state of light emerging from the Babinet compensator
Part-B: Variation of the path difference between the ordinary ray (OR) and the extra ordinary
ray (ER)

Part-C: Determination of the thickness of the quarter wave plate and the half wave plate

Part-A: Determination of the polarization state of light emerging from the
Babinet compensator

For identifying the nature of the light, viz. Its polarization state, emerging from the Babinet
compensator, following steps is performed, as listed in Table-1 and Table-2.

1. The micrometer reading is set to lmm. This indicates that there is some phase difference .
between ordinary and extra-ordinary rays.

2. Observing through the analyzer, it is slowly rotated to find the variation in the intensity of
light. -
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fe . variation, through analyzer rotation; _the fringes disappear; bright
O_bseryed light intensity e the field of view for certain positions of the analyzer anq any
light like moon appears 1n o same direction makes the fringes reappear, There are two

further angular variation in h 0° rotation of the analyzer.
maxima and two minima for 36

. ! "nie t d
Hence Table-2 is followed and further tests are conducte

rotated to find any zero intensity position, however, as no

Once again the analyzet 15 fore the light is not plane polarized.

zero intensity is noted, there

3. The thin mica sheet is now held by hand between the arldlyzer and the Babinet
compensator and the analyzer is rotated slowly to look for any zero Intensity position.

4. Minimum (but not exactly zero) intensity position is observed for a certain position of the
analyzer.

From Table-2 it is noted that the light is elliptically polarized.

Part-B: Variation of the path difference between the ordinary ray (OR) and
the extra ordinary ray(ER)

5. The Babinet compensator is set in front of the sodium light and viewing through the
analyzer eye piece bright and dark fringes are observed, as shown in Figure-8. By
rotating the micrometer screw, S, the first dark fringe on the left is coincided with vertical
cross wire and the corresponding micrometer reading is noted.

Micrometer reading 'cofresponding to first dark band = 0.00mm

it by

served for the sodium light and coloured fringes

hite light (Colour picture on the cover page of this LE issue)

Figure-8: Six dark and yellow bands ob
observed with w

6. The vertical cross wire is now

: sl coincided with e corresponding
micrometer reading is noted Second dark band and th P i

Position of the second dark band = 1.41mm

ings corresponding to 3, 4™ 5., 9™ (¢ill the last dark band)
y i : Sk i ter
reading are recorded in Table.3, With the vertical cross wire and the micromete



Table-3: M

and micrometer reading on Y-axis and the

_ , -axis
8. A graph is drawn with band number on X { which gives the average separation

slope of the straight line obtained is determine
between two consecutive dark bands.

14 = :
12
10

Micrometerreading d (mm)

o N B O X

0 1 2 3 4 5 6 7 2 9 10
Darkband munber

Figure-9: Variation of micrometer reading with band number

Separation between two consecutive dark bands = 1.371mm
The phase difference between two consecutive dark bands is 2m. Hence micrometer

reading 1.371mm corresponds to 2m phase difference between OR and ER. Using

Equation-3, one can determine the prism thickness corresponding to the path difference
of 2x.

d = K(t;-t) =1.371mm From Equation-2 we have
3= 2—: (t1-tz) (Mo-ME) =27

Simplifying one obtains

A 590x10°
(ti-t) = (LO-pE)) _ 9.1x10-2

= 64.83um

Substituting this value of (t;-t;) in Equatiuon-4, we get



_ 1371x10"3
-_‘—
64.83x106 = 2[ 147

Hence we have connected the micrometer reading, d, with the prism thickness
difference and we can write

d d
ti-ty)) =—= —— .5
( 1 2) K 21147

In this manner the Babinet compensator is calibrated for further measurements and
one can, calculate the path difference or the phase difference for a given micrometer
movement. Table-4 shows the micrometer movement (d) and the corresponding
theoretical value of the path difference.

craph is drawn with the path difference along X-axis and micrometer reading on Y-
axis, as shown in Figure-10. From the graph, micrometer reading corresponding /4 and
M2 path difference is noted as

For the quarter wave path difference, the micrometer has to be moved by the distance
“d” =0.348mm.

For the half wave path difference, the micrometer has to be moved by the distance “d”
=0.696mm.

For one full wave, the path difference, the micrometer has to be moved by the distance
“d” =1.392mm.

Table-4: Micrometer reading and path difference between the Ordinary Ray and the

Part-C: Determination of the thickness of the quarter wave

plate

Extraordinary Ray i
Micrometer (t;-tz) pm | Path difference | Path difference
movement d(mm) A (pm) fractlon of A

rT ‘ﬁ T
-— 19 73
B 630!
- 232.88 2 118 |

2 Hl”' |

G O ity | 910 14 Gt |

and half wave
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Figure-10: Path difference variation with micrometer reading

The thickness of the mica sheet for making a quarter wave plate
0.251

A
t-t=t =5 0% ~ 91x10-3
The thickness of the mica sheet

=0.0162mm
for making a half wave plate can be calculated as

A _ 052

t1-t= U =5 105 = Sax10-° =0.0324mm

Hence one may take a mica sheet of appropriate thickness for making quarter wave and
half wave plates.

Results

The values of thickness of the mica sheet for making quarter- and half wave- plates are listed in
Table-5 for sodium light.

e ——

v, 23 |

setiforiquarterwaye L 0/0162mm i [F200175mm

Thickness of mica sheet for half wave plate 0.032mm 1 0.035mm

Discussion

The light emerging frorp a Babinet compensator is ellipticall larized, as may be secn from
Table-2, Part-A. A relation belween micrometer reading and o thi kness is established b3
on the theoretical consndergtnons. The thickness of the mi prism thickness (; D et
wave plate and a half plate is calculated for sodium 1; ght arr?cllcs 0:‘;’:: el:(svl?t;eth;ostandard value.
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