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FPractical Physics

,b.mnn this figure also. The frequency of the electrically maintained tuning fork w
signal generator.
(4) Again adjust the frequency of the signal generator such that a figure of eight is obtained in herizontal

&_.nn:o_..oo.._xsnmammmﬁnonmqmnm:mum i ili
. e per. The frequency of the tuning fork wili be &
of signal generator in this case, ) PuBe the frequency

Result : .

(1) The waveiorni of the electrically faintained tuning fork is shown on the attached tracing paper.
{2) The frequency of the electrically maintained tuning fork = ... cycles/sec. )

ill be half of the frequency of

— LIGHT = —

Refraction and Dispersion of Light

JEXPERINENT No. 1

Object : To determine the refractive index of the material of the prism for the given colours (wavelengths!
af mercury light with the help of a spectrometer.

Apparatus required : Spectrometer, given prism, mercury source and reading lens.
Formula used :

The refractive index of the material of the prism is given by the foliowing formula

in{ A B
)
u=s—-——
sin ﬁw u
where A= Angle of the prism,
&,.= Angle of minimum deviation.

Description of the apparatus :

Spectrometer : The spectrometer consists of the following parts :

(1) the Collimator C.
the prism table F. and

(1i) the Telescope T.

(i) The Collimator : The collimator C consists
of 1wo hollow concentric metal tubes. one being
longer than the other. The longer tube carries an
achromalic lens L at one end and the smaller tube on
the other end. The smaller tube is provided with a slit
at the outer end (width of the slit can be adjusted with Fie. ()
the help of a screw attached 10 it) and can be moved in or out the longer tube with she help of rack and pinion
arrangement, The slit is adjusted in the focal plane of the lens L to obtain a pencil of parallel rays ifrom 1he
collimator when light is allewed to be inciden: upon slit. The collimator is also provided with two screws for
adjusting the inclination of the axis of the collimator. This is rigidly fixed to the main part of the apparaws.

{ii) The Prism Table : I is a circular table supported horizontaily in the centre of the instrument and the
position can be read with the help of two verniers attached o it and moving over a graduated circular scale carried
by the telescope. The levelling of the prisin table is made with the help of three screws provided at the lower
surface. The table can be raised or lowered and clamped in any desired position with the help of 4 screw. The
prism table is also provided with a tangent screw for a slow maotion. There are concentric circles and straight
lines paralle! 10 the line joining two of the levelling screws or the prism table.

. {iit) The Telescope : The telescope consists of similar tubes as in case of collimator carrying achormatic
objective lens O at one end and Ramsdon eyepicce £ on the another side end. The eyepicce wbe can be taken in
or out with the help of rack and pinion arrangement, Two crosswires are focussed on the focus of the eyepiece.
The telescope can be clamped to the main bady of the instrument and can be moved slightly by tangent screw.
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1321 . . Praciical-Physics

(iii) Table for angle of minimumum deviation (5% o

_ ) _Dispersed image. Telescope in Telescopt reading for .
< ‘minimum deviation position Direct image | 0 Mean
2m ! Colour | Vernier “ : ; ) i Di mﬁ,mw:nm deviation
W L MS. NS Tala M.S. V.8, Totalb | 5, degree
! i reading Loo st Ge reading | din degree '
| degree 8 BT | degree 8 &
R :
1. Viglet H
; V. ; . d
: : 1
1 T
v, i _ , |
2 Blue ! A ;
v, I’ - ,
. 1 |
) v, T |
3.+ Green ﬁ |
| v, . ! '
! :
_ v, _ . |
47 Yellow ,“ _
i ; :
| — i _
Calculations : .
Angle of minimum deviation for violet = ...
) A+d,
- 1
. sin 3 .
it for violet =
Angle of minimum deviation for blue=. ... ..
for blue = —
K T sin(A72)
Similarly find the value of u for other colouss.
Result : Refractive index for the material of the prism : ;
S | cal |
No. olour . Calculated Standard y % Errvor
1§ Viols ]
2 Blue i
3, : R
s L : : )

Precautions and Sources of Error :

(i) The telescope and collimater should be individually set for parallel rays.
{ii) $lit should be as narrow as possible.

{iii) White taking observations, the telescope and prism table should be clamped with the help of clamping
SCrews,

(iv) Both vernters should be read.

Y

Refraction and Dispersion of Light 133L
{v) The prism should be properly placed on the prism table for the measurement of angle of the prism as
well as for the angle of minimum deviation.
Thereretical Error @
Refractive index of the material of the prism is given by the expression.

CrA+E,
sin| —
R0 (4r2)
Taking logarithms of both sides and differentiating
cos >|+mh cos 4
T 2 &(A + 8m) . 2 ] 54
Ho  A+G, 2 anl A 2
a(22y 7 (3
5\ 8(A+8,) A
&t (A0 i Aygr4d
::noﬁm ) u 3 ,+n9 mumhmv
sa=2 . L .
Now 5(5,)=2 Ag the least count of the spectrometer = 1" and there are two verniers.
Al
3(A+8,)
Hence £Mm‘ and MAWVH r

ﬁ»cu_ﬁoz? mx_umaﬁzemb

™ )
. EXPERIMENT (1 CL

-Object : To study the variztion of angle of deviation with the angle of incidence for a prism and to determine
the refractive index of the material of the prism using ({ — &) curve for a given wavelength using prism spectrometer.

Apparatus ..EE,.& Mnmnqoaﬂﬂ. prism, source of light (merery or sodium _mEE spirit level and reading
lens.

Formula used : ) :
The refractive index of the material of the prism is given by the following formula

CrAEb,y
510 ) B

= n @)

where  §,,= angle of minimum ams.w:o:

A= Angle of prism =(2/ - §,}, i= angle of incident corresponding to &,

koS

@
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136L . R : -Practical Physics
The value of i at 2 pasticular wavelength can be calculaied by using the following formula
: . A8,
\ sn(22%)
Y7V - @
where A= Angle of prism and 8, = Angle of minimuim deviation,
Knowing the values of 4 and B with the help of eqs. (2) and (3), the value of [L can be calculated at any
other wavelength with the help of eq. (1). The calculated value is compared with the help of eq. (1). The calculated

“value is compared with the experimental value. An agreement between theoretical and experimental valug of p
for certain value of X verifies the Cauchy's dispersion relation.

Procedure :

1.

(1} Adjustment of the specirometer : see experiment No. 1.

{2) Measurement of &, for dffecent wavelength : see exp. No, 1.

(3) Measurement of angle of prism A : see exp. No. 1.
O_uma_...smo_.._m :

(1) Table for the angle (A) of the prism see table on page 3L.
{2) Table for the angle of minimum deviation see table on page 4L.

Calculations -
{1} Using the following formulz, calculare 1 for each line
sin{(A+8 )72
A= G an
Tabulate the result like the following table.
T ) - :
5 . ’ A (A) From the Table of
o, : Colour of Line __ _w_._ [l #_ Ald) M.uch.ﬁn__b”_mm ¢ o
1 w Viole it ! A 4047
2 Vieket [ ‘ | 4358
3 _ Bivish Green ; i 4916
4 Green “ _ 5451
5. | Yeilow i ' 5776
6 | Red _ . - % 6234
(2) A graph is now plotted between A, (along X axis) and & (along ¥ axs). The graph is shown in fig. {5).
Y ¥
i ]
[ 51°4 4 &
s !
W £ 50°- 1540 5
zs %
58 4o O
w i 49 Z 1.630 0
og w
M3 480 =
ool 5 16204y,
z < -
< a7° & 1.610- :
. & :
T T T =X o Ay 2 . -y
° 4006 5000 6000 7000 4000 5000 000 7000 .

WAVELENGTH 1A —= WAVELENGTH 3 A—=
Fig. (5) Fig. (6}
(3} Again draw a graph between A (along the X axis)and (along the ¥ axis). The graph is shown in fig. (6).

el

L

m&.nﬂnn:.oz and b@hmﬁaoa of Light 137L
From the graph of Fig. (6)

B= Mk =...cm?
?_!Pu
7 a2
3 B 5
and. et »_.nt_lm\f-ntwlw\wnsz.nau

(4) Using the above derived values of 4 and B and applying the Cauchy’s formula for a particular wavelength

(say 3500 A) we calculate the theoretical value of refractive index Hie.
.m - —
(3500x W78 T (s500x 10782
" From the graph of fig. (6), the vatue of £ = .. for wavelength S500A.
" Result: (1) Fig. {3) shows the variation of angle of minimum deviation with wavelength.
(2} Fig. (6} shows the variation of refractive index of the material of the prism with wavelength,

(3) The value of y for a particular wavelengih caiculated by Cauchy’s formula is nearly same as read
on (A -} graph for the same wavelength, Hence Cauchy’s formuia is verified.

H=A+

P

EXPERIMENT (1-3)

Object : To verify Hartmann's formula using a prisim spectrometer.
_ Apparatus required : Spectrometer. prism, mercury lamp and reading lens.
Formula used :

According 10 Hartmann's formula, wavelength A can be expressed by the relation
. B
A=A+— . (1)
X-C
where A. 8 and C are constants for the material of given prism and X is the position of the waveiength.
Procedure : ‘

- (1) Adjustment of the spectrometer : see experiment No, 1,
(2) Measurement of the positions of various mercury lines : The procedare is as follows :
() The spectrum of the mercury source using the given prism is obtained in minimum deviation position in
telescope.
{ii) The evepiece is moved to the red end of the spectrum and the crdss wire is fixed on the red line. The
micromeict reading is noted.
. (i} The screw is turned in the same ditection and the cross wire is fixed on various lines. The corres-
ponding micrometer reading are recorded for each line, i
(i¥) Various wavelengths of mercury are recorded from the table of constants.
Observations :

Least count of micrometer = ... cm. T
Coleur of the line _ Position of spectral line X {em.} | A(A) From the izble of constants
Red _ K= m A, =6233
Yeliow , Xp= | 2y = 5770
Green k ' K= ... : Ay=3441
Bluish Graen _ K=o | A, =4816
Violet I _ Xo=o _ Ay=4358
Viole Il , Xg= W ko= 4047
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140L Practical Physics

EXPERIMENT (1-5}

" Object : To calibrate the drum of a constant deviation spectrometer.

Apparatus reqaired : Constani deviation spectrometer. condensing lens, Mercury larnp, Reading lens and
Reading lamp. .

Description of apparatus :

The constant deviation spectrometer is shown in fig. (8).

Ii consists of a cast jron stand with L-shaped platform. On this platform. a collimator, prism table. télescope
and a wavelength drum are mounted. The collimator and telescope are at right angle to each other. A special
prism of quadrilateral section ABCD (known as constant deviation prism) CONSTANT DEVIATION
with m_._a_nm A B. C, D of 75° 90%, 60° and 135° respectively is placed at
the re of prism 1able. When a ray of polvchromatic light falls on the
?F wm. of the prism. it is dispersed intc its constituent rays. The
consiituent ray which is parallel 1o face CI of the prism falls at 45° on

. |
face AL and is reflected parallel to DB, The ray emerges from the prism ﬁ cou z_bam ﬁmﬂ..m_%%
perpendicular to the incident ray. This ray comes in the field of view of P E><m.mz®f ORUM

the telescope. When the prism is rotated, successive rays (having different Ly

wavelengihs) fall turn by turn at 45° on AD and the corresponding speciral TELESCOPE

line vocupies the centre of the field of view. The wavelength drum is fitied N CROSS WIRE. .
with 1 rotating screw which rotates the prism table in order to move'a EYE PIECE-
particular spectral fing across the field of view. The drum is provided with T

a head und a scaie of wavelengths to read off directly the wavelength of T EYE

speciral line appearing on the cross-wire of the wlescope. Fig. (51

Procedure : The following procedure is adopted :

I The mercury lamp is placed at a distance infront of the slit and switched on. Initiatly the st is open wide.
The eyepicce is withdrawn from the lelescepe. We now look through the telescope tube at the face of the
prism. The position and height of the mercury lamp is adjusted in such a way that (he image appears in the
centre of prism face. The slit is then narrowed.

A condensing leas is placed between the slit and the lamp m:nm that the image of mercury discharge is
projecied on the slit, Now or looking through the telescope. the entire surface of the prism appears uniformly
bright.

The eyepiece is placed in its position in the welescope. By moving it in or out. it is focussed on the cross-wire.
The telescope is adjusted by its rack and pinion arrangement uniil the spectral lines are m_._mﬂnﬁ

4. The wavelength drum is rotaied slowly so that particular speciral line fails on the cross wire. Tts wavelength
- is read on the drum and noted.

1

[

5. The wavelengih drum is rotated slowly so that the spectral lines. turn by turn, fall on the cross wires. The
comresponding wavelengths are read and noted,
Observations :
. 5. Ne. # Spectral line Colour “ Wavelength recorded by Drum {A) , " Standard wavelength (A)
Lo Viglet - 1 _ ! AH6.8
S Violet -2 : j 40718
30 Blue _ . "43383
i Blue-groen | 19160
5o Green ” 49515
] | Green bl _ 512035
7 Green 1] _ 5354.0

o
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Result : The table shown above shows the calibration of the drum of the specirometer.

Sources of errors and Precautions :

(1) The width of the slit m_._oan_ be adjusted at its optimum value,

(2} The slit should be free from dust particles otherwise black horizonal lines will appear across the spectrum.

{3} The Cellimator should be adjusted for parallef rays.

(4)  The mercury lamp should be placed on thé axis of coflimator to obtain the best inteasity.

(5% The constantl deviation prism is so placed that the light from the collimator falls on its longest face and
emerges out from the shorter face in a direction at right angles to the direction of incidence.

Viva-Voce

Q. 1. What do you mean by refractive index ?

Ans. The ratio of the sine of angle of incidence to the sine of angle of refraction is constant of m_.: wo
media, i.e..

sini _
s F

a constant known as refractive index.

Q. 2. Is it essential in your experiment o place the prism in the minimum deviation position ? If so, why ?

Ans. Yes, It s essential because we obtain a bright and distinct spectrum and magnification is unity f.e.,
the distance of the object and image from the prism is same. The rays of different colours after refraction diverge
from the same points for various colours.

Q. 3. Will the angle of minimum deviation change, if the prism is immersed in water ?

Ans. Yes. The refractive index of glass in water is [ess than air hence angle of minimum deviation becomes
less. Co- B
Q. 4. Des the angle of minimum deviation vary with the colour of light ?
Ans. Yes. il is minimum for red and maximum for violet colour.
Q. 5. Does the deviation not depend upon the length of the base of the prism ?
Ans, No it is independent of the length of the base. By increasing the length of base, resolving power is
increased. )

Q. 6. What do you mean by pure spectrum ? .

Ans. A spectuin in which there is no overlapping of colours is known as pure specirum. Each colour
oceupies a separate and distinct posttion.

Q. 7. Can you determine the refractive index of a liguid by this method ?

Ans. Yes. The experimental liquid is filled in a hollow glass prism.

Q. 8. How U vary with wavelengths ?

Ans. Higher is the wavelength, smaller is the refractive index.

Q. 9. What is the relutionship between deviation and wavelength ?

Ans. Higher is deviation, smaller is wavelengih i.e. deviation for violer colour is most but wavelengih is
least.

Q. 10. Which source of light are you using ? Is it a monocromatic source of light ?

Ans. Mercury lamp. It is oot a menochromatic source of light, The monochromatic source comains only
one wavelength.

Q. 1. Can you not use a monochromatic source (sodium lamp) ? .

Ans. Yes. we can use 2 sodium lamp but it will give only yellow lines and not the fui} spectrum.

Q. 12. What is construction of mercury lamp ?

Ans. It consists of a loag cylindrical tube which contains two electrodes. The tube contains some mercury
and argon gas at a pressure of about 10 mm. of mercury. The n%::azo.m tebe is enclosed in a vacuum jacket 10
reduce the loss of heat from it to strroundings.
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l44r - Practical Physics

Resuit : The dispersive power of the given prism.

‘Precautions and Sources of error :
Same as in the experiment No. 1.

Viva-Voce

Q. 1. What do you mean by dispersive power ? Define if.

Ans. The dispersive power of a material is ils ability.to disperse the warious companents of the incident
light. For any twa colours. it is defined as the ratio of angular dispersion to ¢ Tean deviation. i.e.
8. -8,

&

Q. 2. On what factors, the dispersive power depends ?

Ans. [t depends upon {i) material. and (1) wavelengths of colours. -

Q. 3. Out of the prism of flint and crown glasses, which ore will you prefer to use ?

Ans. We shali prefer a prism of flim glass because it gives greaer dispersion.

Q-4. What is a normal spectrum ?

Ans. A spectrum in whick angular separation between two wavelengihs is directly proportional to difference
of the wavelengths is calied a normal spectrum.

Q. 5. Do you think that a prismatic spectrum a normal one ? ~

Ans. No.

Q. 6. Can you find out the dispersive power of a prism with sodium light ?

Ans. No. This is a monochromatic seurce of light.

Q. 7. How many types of spectra yau known ?

Ans. There are twa main Ivpes of spectra (i) amission.spectra and (i} absorption spectra.

Q. 8. What type of spectra do you expect to get from {i) an incandescent filament lamp (if) sun light (iii}
meercury tamp ? o :

Ans. (i) continuous spectrum, (5i) band spectrum. and (iii) line spectrum.

Q. 9. How do you classify emission spectrum ?

Ang, (i) Continuous spectrum, given by a candie or electric buib.

(i) Band specurum, given by elemenis of compoeund in. molecular state.

(iii) Line spectrum, given by sodium or mercury SpecErum.

Q. 1¢. What is difference between a telescope and a microscope ?

Ans. Telescape is used to see the magnified image of a distinct object. fts objective has large aperture and
large focal-length. The microscope is used (o see the magnified image of very near ohject. Its objective has small
focal-length and aperure,

Q. 11. Without touching can you differentiate between microscope and telescope ?

Ans. The objective of mizroscope has sniall aperture while the telescope has a large aperure.

Q. 12. What is that wiich you are adjusting in focussing the collimator and telescope for parallel rays 7

Ans. In case of coilimator. we adjust the distance between collimating lens and siit while in case of elescope
the distance between cross wires from ihe objective lens is adjusted.

Q. 13. What are these distances equal to when both the adjustments are complete ?

Ans. The slit becemes a1 the focus of collimating lens in collimator and cross wires became at the focus of
objective lens in telescope.

Q. 14. How can telescope and collimator be adjusted together 7

Ans, (i) The prism is set ia minimum deviation for yellow colour. )

{it} Prism is rotated towards telescope and telescope is adjusted to get a well defined spectrum.

(i11) Now the prisi is rotated towards collimator and the collimator is adjusted to get wetl defined speclfum.

(iv) The process is repeated till the spectrum is well focussed. This is known as Schuster’s-method,

w=
v

Refraction and Dispersion of Light

Bl EXFERIVENT No. 3 |§

Object : To determine the angle between crystal surface by spectrometer.

Apparatas required : Spectrometer, crystal and source.

Procedure : When the crystal is of bigger size, i.e. of the size of the prism, the angles between the crystal
surfaces can be determined with the help of spectrometer. The procedure is as follows

(i) The specirometer is adjusted as described in Experimen: No. 1. .
ii) The crystal is placed on the prism table with one of the edges facing towards the collimator.
(iii} The light falling on each surface will be reflected and can be received with ihe hielp of telescope. The

‘elescope is moved to one side to receive the light refiected from one surface and the crass wires are focussed

on the image of the slit. The reading of the two verniers aré taken.

{iv) The telescope is moved on other sids to receive the light reflecied from the other surface and again the
¢ross wires are focussed on the image of the slit. The reading of the two verniers are noted.

{v) The angle through which the telescope is moved or the difference ia the two posilions gives twice the
angle between the crysial surfaces. Half of the angle gives the angle o between the two crysial surfaces.

{vi) Proceed similarly for other pairs of surfaces.

Viva-Voce

See the Viva-Voce of Experment. No. 1 and 3.

145L
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1521 Practical Physics

m.c..EEm.:m.on,.“ T
Hanmﬂ.ﬁmﬁ of mica sheet 7 is given by ~ = .
N !
SR Y TR

where

Shift of the central white fringe,
wavelength of the light employed.
fringe width, -

refractive index of mica.

il

T w e
I

Procedure :

(i) Make all the initial adjustments of the Biprism as described in Experiment No. 5,

(i) Using sodium lighi, measure the fringe width [} as before.

(i) Without disturbing the adjusiments, replace the sodium light
source with a white light source. ’ :

{iv) Observe the fringes in micromater eyepiece with a central white

T
fringe. Set up the cross wire on the white fringe and note the reading of §
MICTOMETEr SCrew. . H

(v) Introduce a thin mica sheet in one of the interfering beams as Wémzqz?
shown in fig. (3). Due 1o the introduction of mica sheet the central fringe ERINGE

i shifted,- Again set the crosswire on the white fringe and noie the ,
micrometer reading. : Fig. %)

(vi) The difference of the two micrometer reading gives the shift § of the central white fringe.
Observatons :

Micrometer reading

5. Na, 7 i . _ Mean §
on of central fringe Position of eentral fringe
without mica sheet with mica sheet

. Difference
|

Lowia —

Calculations : -
Sk
B+

=...Cm.

=

Precautions : Same s in previous experiment.

] Viva-Voce

Q. 1. What do you mean by interference of light ?

Ans. When the two waves superimpose over each other, resultant intensity is medified. The modification
n the distribution of imensity in the region of superposition is called interference.

Q. 2. Is there any loss of energy in interference phenomenon ?

Ans, No. There is only redistribution of energy 7.e. energy from dark places is shifted to bright places.

&

huerference 1531

Q. 3. What are the conditions for obigining interference of light ? :

Ans. (i) The two sources should be coherent 7 e. they should vibrate in the same phase or there must be a
constant phase difference berween them. {ii) The two sources must emit waves of same wavelength and time
periad. (iii) The sources should be monochrematic, (iv) The ampiitudes of the interfering waves'should be equal
or nearly equal. Tt S

Q. 4, What are the different types of interference ? R

Ans. (i} Division of wavefront, the incident wavelront is divided into two parts by utilising the phenomenon
af reflection, refraction or diffraction. (ii) Division of amplitude. the amplitude of incoming beam is divided into
two parts either by parial refiection or refraction, L

Q. 5. What are interference fringes ? ) )

Ans. They are alternately bright and dark pasches of ._..m.:.,.mra_‘:na in the region of superpesitior of two
wave trains of light. ’ Lo

Q. 6. What is a biprism ? . )

Ans. A biprism is a combination of two acure prisms placed base 1o base. This is made from an optically
plane glass plate by proper grinding and polishing,

Q. 7. Why are the refracting angles of the two prisms made so small ?

Ans. By doing so 24 (distance between two virtual images}.will b2 small and so fringe width will be large.

Q. 8. What is the purpose of the biprism ? . S

Ans. The purpose of the biprism is 1o produce two coherent images of a given skt which are separated at a
certain distance and behave as two coherent sources.

Q. 9. On what factors does the Sringe-width depend ?

Ans. The fringe width § is given by .

2D )
P=% | .
where D= distance between slit and evepiece. 2d = distance hetween two virwal SOUFCEs.
Q. 10. How does fringe-width depend upon the angle of biprism ?

.#nm.ﬁ,.nr.zos;_ﬁEuuitlz}:aan.am distance between slit and hiprism and A, the angle of
biprism. Hence :

B= A D
T Zap-1)A
i.e.. fringe width is inversely proportional 1o angle A of biprism.

Q. 11. What is the effect of changing the distance between the slit and biprismt on the fringe-width ?

Ans. When a is increased. 24 is decreased f.e., fringe width is increased.

Q. 12. How do you measure 2d ?

Ans. We use displacement method, In this method a convex lens is used. We use the formula
24 =N(d, da).

Q. 13. What will happen if you replace menochromatic source by white light seurce ?

Ans. In case of white light, the interference pauern consists of a central white fringe surrounded by-2 few
coloured fringes, )

Q. 14. How will you locate zero order fringe in biprism experiment ?

Ans. First of all the interference fringes are observed with monuchromatic source of light. The
monochromalic source is-replaced by white light source. The cross wire is fixed a1 white fringe. White light
source is replaced by monochromatic source. The fringe on cross wire is zero order fringe.

Q. 15. How you can measure the thickness of mica sheer ?

Ans. Using a white light source. the cross wire is fixed at whire {ringe. Now 2 mica sheet is introduced in
one of the interfering beams and the shift of white fringe is observed. Then

re Sx2d
Du-

where § is the shift.
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156L Practical Physics

EYE PIECE

Procedure :
Adjustments : ) o
(i) Level the bed of optical bench with the help of spirit level and levelling screws, :
{ii) Piace glit. Llovd's mirror and eyepiece at the proper uprights arid adjust them at the same height.
(iii) The slit and cross-wire of eyepiece are made vertical,
(iv) The mictomeler cyepiece is focussed on cross-wires, .
(v Monochromatic light is ailowed 1o incident or the slitand bench is so adjusted that light comés straight
along its length: This adjusiment is made to avoid the loss of light intensity for the interference pattern.
{(vi) Move the eyepiece at right angle [c the optical bench to obtain the region CP where interference fringes
are obtainied. There would be a patch of light where intensity is more in cormparison 1o other places.
(vii} Rotate the Llovd's mirrer in its own plane 1o obtain the clear interference fringes.
Measurement of fringe-width B : .
{1 Find the least count of micrometer screw. ,
(i) Place the eyepiece at such a distance where fringes are distinct. bright and widely spaced. ,
(i) The corss wire is fixed at the centre of a bright fringe and its reading is noted on the main scale as
well as on micrometer screw. ‘ '
(iv) The cross-wire is now moved and fixed at the centre of every bright fringe. The micrometer readings
ar¢ noled. From these observations B can be calculated. -
Measurement of D,
The distance between slit and evepicee upright is noted. This distance gives D.
Measurement of 2d : ’
The distance 24 between two virtual sources can be measured with the help of fig. (3).

$ " FIRST POSITION OF LENS

EYE PIECE

b g

5, 2™ POSITION OF LENS .

g (3) o

(i) To obtain the value of 24, the positions of slit and Lloyd's mirror uprights are not disturbed.

{ii) A convex lens is introduced between Lloyd's mirror and eyepicce and moved in berween to obtain rwo
sharp and focussed images of source. The position is shown by first position of lens in fig. (3). The distance d,
between the two images is noted with the help of evepiece.

(iii) The lens is now moved owards 2yepiece to obtain second position where again two sharp and focussed
images is again noted with the help of eyepiece. , :

(iv) Knowing d and da. 24 can be calculared by using the formula

’ 2d=Nd, d,

—— e T

.

|

{niterference , 1571

Observations :

Pitch of H_._.m screw = ... cm, Position of upright carrying the eyepiece = .. _cin.
No. of divisions on micrometer SCrew = ., Observed value of D=... cis.
L.C. of micrometer screw = . em,

Position of upright canying shit = ... em,

(1) Table Jor fringe width §
0 o - - i k “ T
u Micrometer reading 1 _ Micrometer reading i |
No. of (@) . _| Nesot| @ { Diff.of § !
e 1 e T ws T e ST ) S s
fringe 1 ™= i b Towl <[ Feinge | M. o - fringes
& | Teading reading | nw___m ! tinge reading i reading m Total | a~b !
| ems. | gms, : ) ! oms. | ems. | cIs. i |
K i ! T . . '
1 i i ; B , ] “ m |
L ; ; 7 _ B |
LR : i U s ! | . _ ! . w
E i i g ! g ! ! !
- oo i | . [
301 ! 3 | , i i |
: L I R oo
. <o _ Mean for 3 fring
Fringe Widih =222 ».o|um:s;mmu.:.:na
o ) . 3 :
Measurement of 24 ’
. ! }
i Micrometer reading i !
§.No. Ist positinn of lens | Hod position of lens i 2d=~d m Mean 24
. " _ ; ' _ i
! st . nd d . f Ist 1Ind i d | i
' 1 4 i 3
I Image Image ¢ Image image | : |
_ _ — i :
! i 1 i i - | !
2 i | , i !
| i i ! .
ER . ! i
i i ! | | : ﬁ i _

Caleulations :

2d
. A= D
Result : Wavelength of sodium lighth=_. A
> - standard value = 5893 A
_ Percentage error = . %
Precautions and sonrces of error :
(i) The seiting of the uprights a1 the same level is essential,
(1) The slit should be vertical and narrow. . .
{iii} Cross-wire should be fixed af the centre of the fringe while taking observations for fringe-width,
(iv} The fringes should be measured at fairly farge distance. : ) .
(¥} Motion of evepiece should be perpendicular to the lengths of the bench,
(vi) Convex lens of shorter focal lengths should be used.
{vit} Mirror shouid aa.v_mnmn close to the slit.

&




B (Y

bl ST Y

sfmyc |

L ﬁ sa8uy g
imn_._m | Jo3 ueapy ‘ Jo WPy

ddawy
FLET

aa1dads s woxy Iy PUEIEP © Je st 30a1daia uagm g Wips aduuy aog agey

_[ — | - - L __, I

-t o

—

|
,m
_
|
|
|

! i |
. m _ _ W W B ULy ﬂ un |
e_m_ | sy g 7_ oy | F0L A SH | gy | oL LS S Gy
1 -
e |y | o wpy | PN 0
afmag ! | | 2uipear tewo sy f ’ N
I

|
| | Buppeax 131310 IN Ly f
i : i

s ay wogy Iy asuepsip g Je81 3da1dada nags Iyl yyprm afuwy toy ajqey
W = mans smawon jo o ks
= Mals msono vp SUOISIALD 1O OpN
o = mams ay jo yong
w2 =y sam o wely asatdaka oy J0 20URISTD puoosg
W= b anm ay wely aoa1daka s go I0UEISIP 1821,
W25 01 X £68€ =y pasn 1y 30 pEuspanesy

! suoeATISgQ)

"SAEISIP s TR O Eu._.s-m.m:E AR EmEo 01 (A1) 2mpazeid Teadoy ‘PasIasqo

37 s2duy wiuq pre RURSIE s1oym Y aoumstp poue o pasow s 2031d-24a re1zwosmy L (1)

"PR10U St anm unp wog 2a1dada aip jo Ly DUEISIP 34T (a)
‘PRIEN2[RD 51 4 PPt 33UL oy pue a9eraap UE U0 punoy st sagury Al

1O @mpLw 2yg *parou o s3upeas Suipuodsatios 24 pue safupy JuaEIY

“Paseds £japim pere 3ySig ‘10upsIp are safuiy
Tt 3y Jo juoy u Paded st a0aidads TRWonE Ay, 1y
SIS Ioratoaom sy 40 1un62 1583] A1p1 1n0 PuLy (1
:q Wiptm-adutsf fo Rizuansnapy
© P50 2m sagury ScUataptal “yauaq [eando
841 03 j8ue Jysu e a3a1dads ap Sutaow Ag "anm 1 woy £eme pasow St a0a1daks Iwoonu W_ﬁ. E&

douea9 i1}

————

. _,..,,* s

i
¢
T

1851

D) By

“G8uat st Suoje 1yRrens saweo
W) em passelpe os 8L youaq
A1 pur s 21 uo 3piaul 01
PmaNe st g3y SHPWOIIOUOL (1)
SALM-SSOID U0 PAsSnI0g
§1 20midada RRBWen ayy (a)
‘[B200194 spRI axe 3091d
-242 0 anm sso1n PUe s ayp (an
ALEAY 91
s Ap o1 Joj[eed pue [e211a4
PA1snipe 3 prnoys oxtw ayy (uy
T3y
395} WAy sums o e Wayp snlpe pue siyFude sdoxd 2411z 303tdaka pue arm gy ‘His avely (1)
T smanos Buj[ana] pue [2ag] wids jo djay atp i 4ouag eando =y jo Paq oyl [aaeT (1)
< Smiaunsnipy
! aInparorg
“a2atdads ut 3as 9 wen &5 10 HV U3315 A 10 paslasqo e
sa8uLYy auatapa; S, "§83IN0S 0w 34t SE S108 1w Y1 JO 528pa ol
241 aovyd sayer wydy Jo AN Ay o “pa1dagya SEIWE ay g
§ I8 2 woy Sunwoa ngdy AHEWoags0uoM jo yred ay T paverd st auim
‘ umr #g vaya (1) By UL UMOYS ST snm unp 2 Jo uone ayp
uswizdxa snorard aas uduRg reondo jo uonduassp 311 30,1
: smeaedde ay; jo ueyditasag
b 2ouBiSIp ® 12 tpyv aBuul aBeraar = O
17 soumsip w e fipin afuwy afesoae = Ig
STt 3yl wody as3idads o AOUMSID puolss = ‘q

JEmo S 3DAN0S

.oy

N3ZA08 s

g E
NIHL ﬁ

anm ) uiey daidada jo oueISIp sy = g
P3sn 3y Jo Yifuapaacm = ¥ 313Ym
Iq_3 -
G- 1,
(g-taq)

E[NILI0; Sulmoljof 3y Sussn Aq puno; 29 ted anim Y1 JO 1 ssauydny ayp
: : : PAsST BnuLIOf

: , . 2t U pue (Youaq Teando yim pany
Apearpe ag Lo s ‘atdada 1auorsny ‘dire) wnipos siyEidn _.E_s:ucuammu._aon_umw: mnuﬁanm<

‘yousq jeande me:..EE E 40 ssauyamy ay) puy 01 : 13algn

dua1afiaguy



160L

Practical Physics
Calculations ;

Result : The thickness of the Biven wire = ‘cme.
- "
Precations and sources of erroy :

: : ither side of the interference frin ges should be clear] v differentiated,
A_._.u The wire should be vertical and parallel to the sk af i centre,

ge whi ing ations for fringe widh,

TSt

M.\.

Interference

Object : To determine the wavelength of sodium light by Newton’s ring.

Apparatus required ; A plano-convex lens of large radius of curvature, optical arrangement for
Newron's rings, Plane glass plate, sodium famp and travelling microscope.,
Formula used ; -

The wavelength i of light is given by the formula

’ o : NHDm+mIDam
T 4pR
where D +p = diameter of (n + pith ring,
D, = diameter of nth ring.
P = an integer number (of the Tings),
. R = radius of curvature of the curved face of the plano-convex lens,
Description of wﬁuwnmﬂ.um : ’ .

The optical arrangement for Newton's ring is shown in fig. (1) Light from a monochromatic source (sodium
lamp) is allowed to fall on 2 convex lens through a broad slit which renders it inio a nearly parallel beam. Now
it falls on a glass plate inclined ar an angle 45% 1p
the vertizal, thus the paralle]l beam is reflected from
ine lower surface. Due 19 the air film formed by a
glass plate and a plano convex lens of large radius

M ‘ MICROSCORE

BROAD sLIT
of curvature, interference fringes are formed which * GLASS PLATE
are abserved directly through a ravelling micro- A
scope. The rings are concentric cirgles. ." SCDIUM
‘ LAMP

Procedure ; -“

. . . ] G

.:_ If a point source _m. :mnn oaly .En: we . CONVEXLENS

fequire a convex lens otherwise using an extended PLANO
soutce. the convex lens £, s not required. . Oﬁ_.um,wﬁmx

it} Before starting the ex, rimeni, the plass * GLASS PLATE

i g pe E &Y—i—F

plates G, and G, and the plaro convex lens should
be thoroughly cleaned, Fig. ()

(iii) The centre of lens L, is well illuminated by adjusting the inclination of glass plate G| at 45°,

{iv) Focus the eyepicce on the cross-wire and move the microscope in the vertical plane by means of rack
and pinion arrangement 5] the rings are quite distinct. Clamp the microscaps in the vertical side.

161l
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164L Practical Physics
Calculations :
Using Bay’s method
uf
' . R=—"
. BEY
i =..cm
Using Spherometer method
2ok
k=% ta
=, om.

The wavelength of sodium light is given by
Y
- Dy, p=Dx
T4 PR

= AL

The value of hbm.{_ Ibmv can also be obtained using a graph as shown in fig. (5). The graph is plotted

between the square of diameter of the ring along Y-axis and comesponding
number of ring along X-axis,

Result : The mean wavelength L of sodium light

= AU
Standard mean wavelength &
A= AU
Percentage error
=L

Souces of Error and Precautions ;-

(1) Giass plates and lens should he cleaned thoroughly. T NUMBER OF RING n -

(ii) The lens used should be of large radius of curvarre, Fig. {5)

(iii) The source of light used should be an extended one,

{iv) Before measuring the diamerer of rings, the range of the microscape shouid be propetly m&c.&nn_.

(v) Crosswire should be focussed on a bright ring tangentially.
(vi) Radius of curvature should be measured accurately,
Theoretical error ; )
In our case
- bm+ P UM ’ -
4pR

Taking logarithm of both sides and differentiating
& _ 805, ,-DY &
=S BFp s UK
A P, R

n+p n

_ 2 _“D=+mmmb=+wv+b.._ (8D} +m|x
Dm+wlbm R

&
[

Interference : 165L

be»« TIONAL EXPERIMENTS

EXPERIMENT (8-1)

Apparatus used : Optical arrangement for Newton's rings, plane glass plate, a plano-convex lens of large
radius of curvatire, experimentai liquid, meta container and travelling microscope, :
Formula used :

Object : The determine the refractive index of 2 liquid by Nerwton's rings.

-~
The refractive index K of the liquid is given by
‘N2 2
h= DiyptD;
T )
D, oI5
- where Dy+p = diameter of (n+ )™ ring in air film between glass plate and plano-convex lens
D, = diameter of nth ring i air flm,

I

o, +p = diameter of {n + pjit ring in liquid film between glass plate and plano-convex lens.
. diameter of nth ring in tiquid film.

Description of apparatus :

See Experiment Na. (8).

Procedure : . ) .

(iHIfa ‘poiat source is used only then we requite a convex lens otherwise using an extended source, the
convex lens L, is not required,

{ii) Before starting the experiment, the glass Plates G, and G; and the plano convex lens should be
thoroughly cleaned. .

(iii) The centre of lens L is well stluminated by adjusting the inclination of glass plate G, at 45°,

(iv) Focus the eyepiece on the cross-wire and move the microscope in the vertical plane by means of rack
and pinion arrangement 1il} the rings are quite distinet, Clamp the microscope in the vertical side,

(v} According to the theory, the centre of the interference fringes should be dark but sometimes the centre
appears white. This is due to the presence of dust particles between glass plate G, and plano-convex lens L, In
this case the lens should be again cleaned.

(vi) Move the microscope in 2 horizontal direction to one side of the fringes. Fix up the crosswire tangential
to the ring and note this reading, Again the microscope is moved in the horizontal plane and the cross wire is
fixed tangentially 1o the successive bright fringes noting the vernier readings till the other side is reached. This
is shown in fig. (2). . .

(vii) Take the experimenta) liquid in 2 metal container and place the plano-convex lens and glass plate

System in it such that the air film js replaced by experimental Tiquid.

(viii) Focus the eyepiece on the cross wire and move the microscope by means of rack and pinion
arrangement till the rings are quite distinct. Clamp the microscope in the vertical side.

{ix) Move the microscope in a horizontal direction to ong side of the fringes. Fix up the cross-wire tangential
to the ting and note this reading. Again the microscope is moved in the horizonta] plane and the cross-wire is
fixed to the successive bright fringes noting the vernier readings ill the other side is reached,

S e e — . o IRV = e
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168L Practical Physics

Where Ry = radius of curvature of canvex lens

and”  R= Radius of Curvature of the combination of concave and convex lens,
- The value of Ry is obtained with the help of formuia
D
- R = —ftpg_ Tn
e 4pk

i

where D, | 7= a_.mamﬁn of (n+ pyth ring

D, = diameter of pth ring
P= an integer number (of the ring)
v=  wavelength of light used (3893 x 10~ cm). . .
Stmilarly, the radius of curvature & of the lens combination may be obtained using the above formila -
Description of apparatus :
See Experiment No, (8).
Procedure ;
03] Formation of Newion 'S rigns with convex lens,

(i) If a point source s used only then we Tequire a convex leng otherwise using an extended source, the
convex lens L; is not required. )

(i) Before starting the experiment, the glass plates G, and Gy and the plano convex lens showd be

thoroughly cleaned,

{i#) The centre of lens L is well illuminateg by adjusting the inclination of glass plae Gy ar 45°
(iv} Focus the eyepiece on the cross-wire and move the TICroscope in the vertica] plane by means of rack

and pinion arrangement till the rings ae quite distincy, Clamp the microscope in the vertical side.

(v) According 10 the theory, the centre of the interference fringes should be dark but somictimes the cenie-

m_unnma:..::o.._‘_z:macnnogm bresence of dust particies between glass plaie G, and Plano-convex lens Ly In
this case the lens shinilg he again cleaned, -

(vi) Move the MICroscope in a horizontal direction to one sjde of the fringes. Fix up the cross. wire langential
(o the ring and note this reading. Again the microseope is moved in the horizontal plane and the cross wire is
fixed tangentially to the successive bright fringes noting the vernier readings 1ili the offier sige is reached. This
is shown in fig. (2). )

(vii) A graph is drawn between the number of rings and the square of
corresponding diameters as shown in fig. (3), From the graph, the diameterg
of (r+ 1) apqg oth rings are obtained. The radius of curvature of the convex

lens Ry is calculated by using the formula MICROsCOPE
2 2
R = E .
SUETH ‘ GLASS
(2) Formation of Newton’s rings with the combination of conver and

LIGHT
FROM

SODIUNM

concave lenses,
(i) The plane glass plate is replaced by concave fens L.e., the convex lens a
is placed over the concave lens as shown jn fig. (7). _
(ii) The procedure mentioned above for the formation of Newton's rings

*_ i - PLATE
|
|

LAMP
.
with convex lens s repeated 10 obtain the radius of curvawre R of . the _ LENS
combination of lenses, COMBINATION
Thus using the mo=9<5w formula, R is calcufated
2 2
R= bm._rmlb.._
4pd Fig. {7)

e ———

" Interference 1691
Observations :
When convex lens i used )
Value of one division of the main scale = . o,

- No. of divisions on the vernier scale =
Least count of the microscope =

Table for the determination of 2 +p IUU :

Micrometer reading

Diameter D
| Right end (@ - k) em,

bem,

Right end {a - b) e,

i
Diameter D _w
|
I
i

B

Caleuation : Ri=.....cm;and R ceseeens CINL
& RR,
- wu?ﬁa
Result : The ragius of curvature of the given concave lens = . cm,

i

o
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SEMI-SIVERED

GLASS PLATE

mimnogm, ' reescoper
«Q}.bm......ﬂhﬁhm\_ﬁw GLASS
PLATE Gy

SCALE FoR Mz

ROTATING FRIC Ti0w
/ HEADF
LEVER HANDLE
Lo -
(s CHARGED FOSITroN)
(ENLARGED POSIFroN}
DRUM HEAD #r

STAND &

Fig (1)

(iiy Light coming from sodium lamp is rendered parallel by condensing lens L. Zoé a pin is introduced
between condensing lens L and glass plaic Gy. On looking through the telescope {being towards glass plate G,
for receiving the emergent light from M 1) four _Emamm Ry Ra, Ry and R, are observed as shown in fig. (2). The
images Ry and R, are brighter while R and R, are
fainter, By adjusting the screws wa_.:_a the mirror
My, the brighter images R;and R, are made
coincided.

(iii) The pin is now removed. Usually
localised firnges appear in the ficld of view. To
obtain the cicular fringes, the mirror M, is further
tilied with the help of screws attached behind it in
such a way that the spacing between the fringes
increases. After a slight adjustment circular fringes

appear in the centre of the field of view. If the . RiRRRy
cenire of the fringes is not at the centre of field of -
view, then it is also adjusted by screws, Fig. {2}

(iv) By moving the eve in linear or lateral direction, the fringes mroc_m noi converge or diverge. If they do
50, then again by a final tilt of mior M, the fringes are made sationary.

Procedure : (1) For the wavelength of monochromatic fight :
{i} The position of mirror M, is adjusted by turning drum head H| so thar a bright m_uQ of circular fringes
appears at the centre of field of view. The micrometer reading is noted.

&

Interference

“¥73L
(i) The mirror ?: 1s moved away 5o that 2 god number of m:nnam (say 25) appear at the centre of the field.
The micrometer screw reading is again noied.
(if) The procedure {s repeated 3o take 20 readings.
(2) For difference of ._.._mﬁFamaE
(i) The interferometer is adjusted for circular fringes. The mirror M, is Soén_ ik BQ,W is EmEEEﬁ
indistinctness of the fringe pattern. The micrometer screw reading is noted,
(ii) By further movement of mirror M), the fringe pattern becomes clear. Again the mirrer _m Soﬁa E::
the next pesition of maximum indistinctness is obtained. The micrometer reading is noted.
(it1) The procedure is repeated for a number of consecutive positiens of maximum _ua_mcaﬂnnmm
Observations : (I) Table for wavelength of monochromatic light.
Leastcount of rough micrometer serew = 0- 001 cm,
Leastcount of fine micrometer screw = 1077 ¢

T T
: | Position of mirror A, o
S. | No. of fringes ! _ I ! U_Mﬂﬂ M. M_..._mMm?_. Mean difference
No. | oppeared | wroinscale | RMS. reading | F.M.S. reading Total {em.) (200 x) * (em}
| _ reading (cm.) | cm.) i {em.) (cm }
i 0] , ) ] ! !
3 2 |
3 % i .
4 75 _ ; . .
20 g W00 i
] H t
{2} Table for différence of wavelengths (A —2Ag).
_ Position of mirror M, for maximum indistinctness Differesice |
S [ Qm?.mon. 2 Afean _ Mean
N i : consecutive i
N Mainscale | RMS. reading | F.MS, reading Total positions 5 &) Srfem) o x(emd)
reading (cm.) {cm.} {em.) {cm.} (cm.)
3 . . - -
2 . - - .
3 . . .
4 . .
N H 3
10. R _ i .
Calculations :
I 2(..
) A=l o
N 200
Yoy _ (5893 % 10782
@ R T

2 2(..)
where A, =5893x 1078 ¢
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{2) The turn table is fixed
the tefescope is inade tangentia)
the proceduzs js repeated for sy

and the telescope j : i ge pattern. The cross wire of
to the first dark ring sind the turn g4 ing i i
ceessive dark fringes Gl the clearly visi

g y visible fringe is reached.
(3) Procedure ng, 2 i repeated towards the left side of fringe pattern
{4) The angular-Hameter 29 of the rin

Observations -

Leat count of spectrometer =

.H.mm_m for Plotting cos 8, against r.

Angular diameter 28, !

. i !
Difference I

Precautions and sources of er,

of field of view,

separated at a fixed distance,

Calculations ; A graph is plotted be

of 1. The graph is shown i fig. (2).
From graph

tween ¢os 8, as a function

n__ BC _
cos@, AR
BC i
TAB*3
Here A=5893% 1078 oy

Hence the valye of d can be calculated,

Result : The thickness of the etalon = ¢y,

ror

5 6 15 g0 X
he fringe pattern should be made a the centre

RING NO. A—» :
-Fig. (2)

{i) The centre of 1

{ii) While taking readings, the 1 table should be fixed,
(1i1) Before measuring the diameters of the rings, the telesco

pe should be properly adjusted,
(iv) Cross wire should be focussed langentially,

Q1L Whatis g Fabry-Perot etaloy ?

Ans. This is a miltiple beam high resolution
Q. 2. Whar is itg construction ?
Ans. This consists of two semi

interferometer desj gned by Fabry and Perot.

=silvered (inner side) optically plane and parallel glass plates which are

;
!

17l
Interference ‘

: , hape of fringes ? tre while crowded for longer radii.
Q.3 ._Ernn.a s i hich are widely separated at the centre while ¢ o omeier ?
Ans. The fringes are n:ocwﬂ NH:“&% these fringes and those obtained in ?«.S_mmwaa s «.H_MHM_.oBmE..
S MME m&mﬂmﬂnﬂ narrower, sharper and brighter than those of Michefoson's in
Aas. These fringes are S \
Q. 5. Where are.these fringes formed ?
Ans. They are formed at infinity.
Ans. They are formed at in ) ) ‘ | )
% nges « 3 imini 1 Xlmnam.
e oo 5mﬁﬂ=wwmhwwﬂwmﬂmwﬁﬂ rapidly the intensity diminishes on either side of ma
Amns, The sharpness of fmg; ohines I YR E .
; : S . ; i the maximum
QT hat aﬂrxnﬁﬂu&mﬂmam“‘mﬂzmima at those points where the intensity has fallen to half the
Ans. This is the total w
intensity. i devend ? . .
s 0 max P ; 1 i the maxima.
Q.8.0n =..-E.%nnaaﬂm“mw”a“r“mw“ﬂ.mﬁﬂmnmm width, smatler is the half fringe width, sharper is
Ans, The sharpness L fcient increases. | ,
i i tion coefficient i bry Perot
Moreowes wu_::nu% ; MS%:MMMMMM manMWMMnEm a Michelson’s interferometer arrangement of Fabry
Q. 9. Instead of spec ) .
i ’ Perot Etalon is
Fualen 7 In this case. mirror M of Michelson's interferometer is remaved and Fabry
Ans. Yes. In this case.

2 q y be adjusted.
meunted on the carriage 50 that require i tween the two @umﬁﬂm ma’
1 ired separauon betws Wi .
o. 10. Can you measure the Rq\mﬁhﬂﬁm B.\.:Eu I.ﬁﬁmmmﬁwﬁwuh with the Tmmﬁ Q-%.QVQ_‘S arrangement !
;4 - B ..
Ans. Yes. As in case of Michelso is ::ﬂ;n‘._o neier.

o
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Interference

EXPERIMENT No. 12

Object : To determine the value of Young's modulus ¥ for the material of a rod by
interference method.

burwﬂﬂﬁﬁanmn&_aw apparawis, convex lens of large focal length. 50 gm weights, vernier-callipers,
Screw gauge. sodium lamp. -

Formula used :

Searle’s optical

The Young’s modulus ¥-of the material of the experimental rod is given by

po2WiEDd-a)

) hang

where W = weight loaded on the rpad

- = perpendicular distance between tivg plates attached to'the experimental rod.

= perpendicular distance of the weight W from the axis of experimental rod
distance between the axis of experimental rod and the centre of the ring system.

= radius of experimental rod : .

= wavelength of monochromatic light used

1= number of fringes appearing or disappearing for weight W,

Description of apparatus -

The different parts of the Searle’s apparatus are shown in fig. (1. As shown in fig. (1b). AB is the

MEongg
H

experimemal cireviar rod held vertically and fixed 10 a firm base. ,;M upper portion of the rod AB is connected
to'another horizonta sad AC by means of screw S)- With the help of hook H, desired weight Wean be stspended.
Two mesailic plates Py and Py are attached to rod A8 by means. of screws Sy and 8. A pillar is artached 1o plate
P which passes through the hole of plate P3. The upper surface of the pillar is spherical so that a convex lens
L may rest on it. The upper plate P, carries three tevelling screws along with springs. A circular plate P js placed
on the springs. With the help of springs, a fine contact between lens and glass plate P can be made. A glass plate
G. which can be adjusted {0 an inclined position, is also attached to the experimental rod by means of screw 5.

This helps the monochromatic light 1o incident normally ¢n the lens system. The fringes are observed with the
help of microscope.

Procedure : The following procedure s adopied
A1) The convex lens is placed on the piller attached 10 plate Py. Now the pillar is moved upward so that the

Ps, In this Way an air film is enclosed between the lens and plate P,

(2) The exiended monochromatic source of light is switched on. The inclination of glass plate is adjusted

so that the light s inciden: nommally on lens system. Newtons fings are now formed. The eye-piece of the
microscepe M is focussed on the fringe-system.

{3} The most imporiant adjustment is the free movemens of the fringe-system This is tested by applying a

- little pressure by means of finger tip on the unloaded rod AC. This causes the movement of fringe system. If there

is 10 free movement of the fringe-system, the screws of the plate P, should be worked out. When this 15 adjusted,
the lens touches the glass plate at a singte point.

1301

&

, 181L
Interference

(4) The weights of different masses say 0-05 0.1 0-15 02 kg......ew. are hanged in succession at the
hook . For each weight, the number of fringes n-which-disappear at the centre are oocﬂmm_. ,
“{5) The constants a.d, [ atd D are measured with the help of screw gauge and vernier-callipers. Here ¢

-should be determined very accurately as it occurs in.fourth power,

Observations : .
1. For number of fringes n disappeared

. No. _ Weight applied ¥ =mg Newton Fringes disappeared

2. Determination of radius a of the rod AB

Least count of screw gauge = ... cm.

! H

i _ Diameter along ) Mean diameter Meand radius Mean

S. No. _ D_mm_.“._n?._.. along one , perpendicular _ ! .y 2 cm, _ o,
i Tection cm. _ dicection cem. I _
- : : , ]
1 i f et H —
[ S _

Meana=_.. ... .. meger



. Te81

. -
(e saBuily aueqradiy souslapan Ay ejuozitoy Y1 YiLn ;
NV NIGOCM oS JO 3{Bue ue 8 paulfour o ated sse)F jo sueaw 4q 4 ajed _
M M w WIPIIUT 0] pamo[[e s1 dure] WnIpos sy wey iy gy i
- We3q O AppIw 241 18 paveyd st (nn 7 Ssauyangl pue wo s :
T 3p1s) J areid sse(s arenbs v pol [mwswuadys jo Spus s , - : .
87 i T v Teau &[eommaunuds papuadsns ale ssafuey om *sdoo] pesip ; “BIRULIOR A uf Jamod tpnog ur $1900 3 se A|NEIn0e K19a pammseaw aq pinoys POI A 30 7 SHIpRE BT (S)
H S T H 4O suedws Ag auren uapoom & w pauuc Ty pue Ly safpa ; . . QIBINAIE 3 plaogs uissnaoy sy {t)
: : : : 231 01 10 patioddns sy {ssouary) uz ww ¢ [ pue ypeaig “ PAYLS 2 10U pinoys wianted S3uLL p Jo 2auad g ‘SyStam waspp oy Sutddde Ag (¢)
A R ulwd g *Buof W (g neqe) gy weeq sse[d [musurmsdys m ustuRACW 534 103 pa1snipe ST waisAs aBuly oy ‘sma3s Jo djsy 3 Wiy (7)
! . : 2L (1} "31f ur umoys sTuawaSueLre jrraawnradys sy "GV POL 3Y) JO g pus 3 fest paisnlpe aq plaoys & pue Ly saeid ayp ()
) ; JAVT : smyeredde Jo wondurasag : 01D J0 S3)UN0S PUE. SUONAEIAL]
2 HHOV__%_QOw ', M WE1aa 01 Bmpuedsanioa UAUOMMIN 0L X" = ‘101§ @ aneA prepusig
mmOUmON_U_S_D _ ' SI2UBISIP paucnuawl aaoqe ayy are Lty pus My 313ym FU/UOMAN |01 X =1 .
W (t-w)yy =iy A poI 941 JO feURleW Ay Jo sninpowr s, 3unax : ymsay
X~ X ' T A Jo anfeA UBALL Sy INE] USH) PUE 4 JO SANJRA LSNP 10f £ aie(oE)
"uoLoaAp [2ufpniduo] 2y u saduy Jo ared 1si u3amiag SEsIp = Ty . g/ HOMIN 07 x =4 o
i , 2 " e =a mal ud 05 = 4 taym
uonsalp [eupniFuol u safuny Jo 1ed y YT USIMIAG douBISIP = My pruy ’
; ) t
- H)7 =
m v_.m”u@. @-raniaz 4
. N X=X . 1 SuonRmAEY)
q U3 SEA) WFIoM 01 3P UE3Q AU JO AIMIBAINS JO SHIpR) [RUIPTIZUO; 2U ] oL < e N
", M 1Stom G anp uleag Y1 JO AMEAIND JO SOUpEI [eUipANFu0] = [y _ DOI 21 JO D SRIPEI + g o1 pue §o0Y u2am1aq FOUBISIP = 7
A1 ER2 0 30D WL 54} Jo JIMEAIRD JO SNIPE {eupnnduo] = Iy _ a o PEO] 30 UOJIE J0 JUl 3 PUE g} Pod Jo SIXE UMPT  dumst] S
. e UIBDg A} JO SSAURdHp = 2 w - s =p ' :
. weaq 1 jo ppealqg = ¢ T o
33p) ajtuy wiolj Jaduey 3y jo aouwIIp = p , ¢
- lgag ssefd vo ‘ﬁu:&m SWEDM AP =, ypury  Audm - <,, - |
f.lﬁ LR =4 . ) . : - 5 K _m |
PLM-m)TE o e i e watd v poa pus epd gypopuesepd | CoN S
Ag uansB 51 sse[3 jo 1 smpnpow s, Funoy ] ¢ pIsn e{nmii0g : W P+'p U32:720 2ITLISYp Jovu] H33M13) DURISIP FNQ |
“s2dj{e2 2on9A pue afned maios ! ,v

radoasordnn Bujaaen “siydtem ‘safuey duse WRIpos * Sy Jo 23ue UE 1E paunpour puE pues ¥ ut pany s1eqd ssejd W3t = s IS JO Tunga 1587
ateid sse2 seinweraas feuws e ‘wesq sse(d [Ewanedya 2 A1red 01 surel uapooy, : pasn smyereddy : POL I3 JO SIxe 3g) pue 77 su3] o 3e3u0d jo Juied oWy meamyag p qiSusy  p
“POIaW S nure7y £q.55713 Jo £ sninpowt 5, Suno g Y 20n1IN3p 0] : PRl - ) .

B =/
|
T _ €
£1 "N INIWIYIdXT _m L
. N £ - e
R ) w L= Sgpwe iy ypue iy -op -
NUQ@LW&N@&N&N R wpE FER ! sapeyd Jo 2ompans sae|d 3o 3o8pms NS
) Jaul} 03ami3q 0uRIs)(q | I300 U dURSI V
s
Wy = siadif[es Jetwo Jo 1Hn03 15es]
. Ty pue Ly sorepd maamiaq 1 \pBua ¢
SskY g foonone g

81

Rpiz




1841

formed between the lower face of the plate P and upper curved surface of the beam are vewed with the help of

‘wavélling microscope. -

Procedure : {1} Weights of certain masses say 200 gms are Emnmm on each hanger at both the ends of the

experimental beam and plate P is illuminated by sodium light,
© " (2) The waveliing microscope is focussed on the hyper-
- bolic fringes (fig. 2). - )
(B ._.._._n distance between the first pair of fringes and n
(say 5% pair of fringes is determined in the longitudinal
direction. by means of microscope. These readings give
X, and X, respectively. B
(4) Different sets of readings (X, and X} are taken for

(3) Remove all the weights from experimental rod.

(6} The broadth b of the experimental beam AB is
measured with the help of vernier callipers.

(7) The thickness ¢ of the cxperimental beam AB is
measured with the help of screw gauge.

{8) The distances of the knife edges K, and K, from their
respective hangers arc measured. The average of two gives the
distance d.

QObservations :

{1) Distances X, and X, measured in longitudinal direction

Least count of wavelling microscope = ... ...

Practical Physics

] | -
. ¢ Distance (Diameter) i
Set | Weight | No. of T Distance
No. - Mirror Fringe | Leftend 4 Right end o
_ i i cm. cm. i
st 1 W=02kg ¢ 1
4 _ nsay 3) |
_ _
Ind | W=025kg ol
t 7 1 (say 5)
i | W=03ie 1 _
: n {say 5} A
| | |
4h ] W=03kg 1 | i .
. | nisay 5} . A
i I ,
{2) Breadth 5 of the beam (for weight zero)
Least count of Vernier callipers=. .. ... cm.
S. Main scale reading 4 Veraier scale reading | Total reading b
No. cm. } cm. | cm. meter .
1 _ i
2 . : i
: | |

4

Interference
(3) Thickness ¢ of the beam (for weight zero)
I.east count of screw guage =..... Cm.
T T
S. Main scale reading _ Circular scale reading “ Total reading Mean !
Ne. cm. H om. el <m.
i
1 i .
3 _ _

(4> Distance d hetween knife edge and hanger (for W=10)

Ry (x2-X

1
Similarly 7
i}

1

) mm:. =

!

And ¥=

:
1

7 T oy e oy
Ry i: gulﬁx_ %H
Now Y=

1
Ao

b Ry RY
...... x 101! Newton/ meter
{For W=0-2 kg and W' =025kg)

L..C. of Vernier Callipers = .. . . . .
T " T T
s. | Distance X, H, f Distance K, Hy | _ K Hy+KHy Mean d _
No. | cm. | om. | - 2 o, i
1! . ; ! i |
4
S | | |
2] : _ : | : L H
Calculations : .
‘ 1_arw-1) = em™ for 0-2 kg

4i{n-1)

e om™ for 025 kg

P
4A(n—i}

A em™ forD-3ke

&P -

dhin=]) c=..cm for 0 35 ke

12(W-Whd

W W d

1 1
b7 (2557 )

4
...... % 10! Newton/meter”

(For W” =03 kg and W' =035 kg)

Mean value of ¥=..... X 10" Newton/meter
.
Resul : Young's modulus ¥ for glass = ... X 10t Newton/meter

Standard result : Young's modulus ¥ for glass= ...
Sources of error and Precautions : {1) The beam should be placed sy

x 101 Znﬁosxaﬁmnm.

(2) The glass plates should be optically plane and clean.

{3) Constants of the apparatus should be determined only when the beam is unloaded.

{4} The experimental beam should not touch the wooden stand.

o°

mmetrically on two knife edges.
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Pracrical Physies

Calcuiate A for other spectral lines.
Mean value of A violet=,,.... Al
Result : The wavelength are given in the table.

e Y

N . _ -
T
AL AL Error
Violet

Violet Il
Biue : _
Blue green ;
Green 7 - !
Yeliow [ : i
Yellow 01 o . f
Red ,

[
: A
Colour of Spectral line _ Observed Standard
i
]
|

L | i

Sources of error and Precautions :

E wmmown performing ihe experiment, the spectrometer should he adjusted.
c: Grating should be set normal 10 the incident light.
c_: Grating should not be touched by fingers.
" (iv) While taking observations, telescope and prism table should be kept fixed.
Theoretical error :
5 ([a+5)sin@
n
Taking logarithm and differentiating
, 83 cosB 80

3 c s =cot 656

_\._.E
uno&%ﬁﬂdw (180° =7 radian) 5= 2

m,w;&
unmeiFHhmmﬂnocsﬂommmn:oaﬁolﬁ
hmo _ﬁ 180 u ° -

ADDITIONAL EXPERIMEN

EXFERIMENT No. (14-1)

Object : To n_nawm.::n the dispersive power of a plane transmission. diffraction grating.
hau_..m..mim required : Spectrometer, sodivm lamp, gratiag and reading lens.
_ Formula'used : The dispersive power of a grating d8/d) is given by

B
dh fa+b)cosB
;&na (a+b) = gzrating element

n
¢}
Adjustments :

number of spectrum
angle of diffraction.

(A} >&._$m§.ns_ nm the spectrometer : As described in experiment No. 1.
:w,v Q_‘mwz.m is m&.:.ﬂna normal to the axis of collimator - See experiment No. 14.
(C) The slit is adjusted parallel to the lines of graiing : See experiment No. 14.

il
F
H

Diffraction of Light-

. Procedure : For the determination of angles of diffraction, the following procedure is adopted :

1891

(i) Rowate the telescope 10 e left side of direct image and adjust the specral lines D} and D, one by one

gn the cross wire in first order. Note down the readings of both verniers for D and D

(i} Rotate the telescope further to obtain the second order spectrum. Adjust the cross wire on the spectral

lings D), 2nd D, one by one in second order. Note down the readings of both verniers for D| and D,

(1) Now rotate the ﬁnmnon.n to the right of direct image and repcat the above procedure for first order as

well as for second order.

(iv} Fitid the difference of same kind of verniers for the spectral linés in first order and then in the second
order. The angle is twice the angle of diffraction. Half of this angie will be the angle of diffraction. In this way

the-angles of diffraction for [} and Ds in first order and in second order are known.

I =

Obsegvation : No. of rulings per inch on the grating, N=_....

-Least count of the spectrometer =. . . ., . ¢m.

Reading of telescope for direct image=.. ...

Reading of circular scale when reflected image is obtained on the cross wire=.....
Reading afier rotating the prism table through 45°=. ... ..

Tabie for determination of angle of diffraction. -

. T T ’ T
Order _ : Spegi- Spectrum on left side # Spectrum on right side A
» Kinds i ing of T Reading of Telest —a- !
of of _ fication Twmum_:m of Telescope ea _ 2 WEE : B=a~ b Mean 8 . a8 cos @
SPect . vermier | LN 1 M. b ovs  Towla] Ms. | Vs, Tl _ _
rem o ) me | reading reading | Degrees u reading | reading | Degrees _ | :
! — +
Cow, R I T M
T (I : P ] B
First  © . _ ,ﬁ : _ _ T T
B A e
A = ! ; ; ! ! '
v f _ m | : ! , |
h o, e
IR R o
Second | : i ,, |
Loy, I i i - .
. v ﬁ Ch 7 4 - _ _ ﬂ i -
R : ! i

Calculattons : Grating element

3.5
(a+b)= Mluw = ... [percm.
N

a8 1 _
For Ist order. D @b cosB

48 98-8 .
Alsa %,.l.w.m Y =t
For second ord #___2 . .

or second order A @rbyons
Al 8 95
* dha-h

Result : The dispersive power of grasing in first order=...... and the second order=.....

The theoretical and experimental values are approximately equal.
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1921 Practical Physics
Calculations : The diameter 4is given by
1-220D

r

d=

(Der firse setof pin Wples =+ - - - -

Calculate o for giher sets of pin holes,

Result : The mean diameter of lycopedium powder = . .
Precautions :

{1} The optical bench should be levelled, . : . . a

{2) The glass plate and meta) Plate should be adjusted at the same levei, .

(3) The glass plate should be parzllel to mesal plate. .mx.ﬂmw.gmw._._‘.z.,o. .._m L .. S
(4) r should be measured accurately, ... . ,

(5} The centrat hole of metal plate and eye

.. Cm,

should be at the same level.

Object : To determine the wave-length of monochromatic light by diffraction at a straight edge.
Apparatus required : Optical bench, a straight edge-(say arazor blade) siit, stand and travelling microscope.

I Description of apparatus and theory : ) . e )

. The experimental arrangement is shown in fig. {1). . : seoe
‘ i The optical bench used in the experiment consists of a heavy iron base supported on four levelling screws.
Lo There is a graduated scale long one of its arms. The bench is provided with three uprighs which.can be clamped
any where and the position can be read by means of vernier attached.to.it. Each of the c.nmw_.:m is- subjected 1o
the following motions : ) ’ ’ . . S EEEE
: (iy motion along bench, S S
: (13) transverse motion.
(iii) rotation about the axis of uprighi.

SOURCE B
ST STRAIGHT EDGE MICROSCOPE

Bameseee
]

e e

. " Fe (D) et i :

. 3 The straight edge is set up in one of stands on optical bench,.paratlel to the. length of :the slit. which is
: illurninated by monochromatic light. The fringes are observed with the help of traveiling microscope: .. . .-

For first maximum, .

fni&ﬂ ) . Pt e

x= p T
’ and for nth maximum, B B NI
_ blatbh(2n-11MA | . et
. Xn= a - . : N
Subtracting, we get - o S
xon =\ KB iy Ly
) A . \
or _ (5, - =HE2DE (G e

1931
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Resolving Power of A Telescope

EXPERIVMENT No. 17

Object : To determine the resolving power of a telescope, ] U

Apparatus required : Telescope with 2 rectangular adjustable stit. a black cardbourd with narrow white
strips o it, wravelling microscope and meue scale. o ,

Formula used :
The theoretical and practical resolving powers are given by
Theoretical resolving power nw
- . d
and Practicat resolving power = b
where A = meap wavelength of light employed,
¢ = width of the rectangular siit for just reselution of swo 8._.@0.;.
d = separation berween (wo ohjects. T
D = distance of the objects from the objective of the telescope. . -
Hence L4
a D
Theory of the experiment

Rayleigh’s criterion of resolution - According to Ravieigh's criserion. two equally bright sources can be
justreselved by any optical system when their disiance apart is such that in the difiraction pattern. the maximum
due 1o one falls on the minimum due 10 the other. .

Resolving power of Telescope : The resolving power of a telescope may be defined as the inverse of the
least angie subtended at the objective by two distant point objects which can be
just distinguished as separate in its focal plane.

Let a beam of monechromatic light siarting from 2 distant object O (not
shown) be incident normaily on a sectangular aperture A8 fired infron of the
telescope objective. Let AQ represents the incident wavefront which is breughf 10
a focus F and observed magnified by neans of eyepicce. The intensity patiern at
Fis shown by thick curved line.

Consider again an object O’ towards the right of O whose patter is formad
wwards lefi of the . The pattern is formed ar F as shown by dotted curve, The
wave-front due to the incident light is shown by AN, According 1o the Ravleigh
eriterion, the two objects can only be resoived when the maximum due to one falls
on the minimum due to the other as shown in figure (1).

As the aperture s reciangular the mirimum due 10 one will fall on the
maximum of the other when ON =), The angle between the two wavefronts, i,

a_A0 %
@lmzun

Fig. 1
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Resalving Power of A Telescope 197L-
where a is the aperture and 8 is the angle subtended by 1wo objects OO at the cbjective of telescope.
e _00 _d_k
= "D D .

where dis the distance between two objects and D is their distance from the objective of telescope.
Procedare :

(i) Mount the telescope on a stand such that its axis lies horizontal and the rectangular lines marked on
cardboard or glass on the another stand such that they are vertical. Place the two stands at = suitable distance (say
about 5 or 6 1) fig. (2).

(i) Illumninate the object with source of fight.

Now open the slit with the help of micrometer screw and move

the telescope in the horizontat direction such that the images of two ﬂﬁmoonm SuT mmwpﬂmﬂwm&m
verical sources are in the field of view of the eyepiece. !

(1) Gradually reduce the width of the slit 1li the two imagesjust | Frececeeeemeoees
cease to appear as ™wo. Note down the reading of the micrometer. MICROMETER. 5~ "™" D----

Agair close the slit completely and note down the micrometer reading. SCREW
The difference of the two readings ives the width of the slit (@) just
sufficient to resclve the two images. :
. Or . Fig. (2)

If the slit is nat provided with micrometer arrangement, the slit is gradually reduced till the two images
ceage to appear-two. Take the slit and measure its widih with the help of fravelling microscope.

(ivy Measure the width (d) of white or black rectangular sirips with the help of ravelling microscope.
Measure the distance between the object and the slit which gives .
1) The experiment s repeated for different values of D,

Observations ;

(i) Mean value of A =35000x 1078 cms. )
(it Table for width {a) of slit when micrometer arrangement is attached.

L.C.of screw = ... cms.
. ) i I
Slit reading Width of _ Thearetical |
H ‘idth of R . -
Slit when images cease : When slit is closed the skit 2 ,ﬁ resolving Distance
- T =(¥-1 ” pawer [ emis.
M. VS . Total MS | vs. Total =0 YR
reading reading ¢ X reading i reading Y : : i
i e - v ;
2 | B
4 ﬁ . T .
When micrometer arrangement is not used.
- Table for the width of slit (a).
Least Count of MICTOSCOPE = ... CRS.
m : Micrometer reading i
T - a=¥-X"
i OTHER END ems.
CoMs. | vs Total X MS. VS Total X ’

-
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Object : To determine (he resolving power of m,.cﬁmm:m.
Apparatus used ; Plage diffraction grating,
adjustable width, reading [ens.
Formula pseq ;

“The resolving power A/dh of a plane diffracrion grating is

Mwl.u Nyn. B :
Where i is the smallest wavelenaty.
the grating,

Specirometer, mercury lamp, prism, 2 rectangular apertyre of

given-by
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order of the spectrum
Procedure .

{1} The Spectrometer adjustments are made 3
on refraction ang dispersion of light,

(2) Procedure {B) of expt
table.

s described under the spectrometer head in the 2eneral section

- 0. 9 Is then adopted for normal meidence sefting of the graung on the prism

(3) The skir should be adjusted paralfe] 1o the ruling of ¢he |
grating [procedure (¢} of expr. no. 14]. - _
(4) Mount the rectangular aperure of adjustable widh on the

prism table infron; of the grating or o the collimating leng of the

=& —
collimator such that its axis is paralle] 1o the slir, ‘

(5) Now keep the aperture fully opened and turp, ghe telescope  LAMP §

iew, Fig {1)

w0 spectratl lines Jjust ceage tC appear or to Separate, -
Measure this widh of the aperture with the help of 5 ravelling mictescope.

(7) Again put the apenture in the Same position] and open fully. Now turm the te
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Resolvirig Pover oA Graring 2011
Observations

) , . 254 I
(I} No.of lines per ey, of the grating, (grating element) = <27 _um_,n_.:..

N

g Exposed width
of the aperture

Micrescope reading when jis

|

[ .

1 . .

CTOSE wire is set at Mean aperture | No. of fings of

ZL Side 0

i
[ forjust | g | aratingin this | - mmf of
| One end of the | Other eng o9 | resolution | (x~y) width &, “pectrum ¢
! aperture I the aperture | (x ~y) 5
x ems, | ¥ems. _

i
|
§
i
|
i
i
|
7
i
|
3
]
i
!

[ RightSide
1

Calewlations ;
(1) The difference in wavelengths of the wo vellow
- =3790- 5770
=20A1.

lines of Hg spectrum, - .

(2) Mean wavelength,

A+ 5
= _u >uuuu._\.c...”.m.\.®o

=3780AU. -
{3) Therefore theoretica] resclving power,

Order of spectrum No. of lines in meap
=pn ﬂm&q_ukl.%ﬂ?‘g

Result ; Comparision of theoresical and practical resolvipng

Power is shown in the table,

Sources of error and Precautions -

Same as jn experiment No. 14,
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Practical Physics

(vi) Rotate the analyser 10 obtain the equal iniensity position, first in clockwise direction and then in

anti-clockwise direction.

{When the tube comiaining sugar solution is placed in the path of the polarised light, the piane of polarisation

is rotated which disturbs the previous position (equal Hlumination)],

Note down the position of the analyser on main and versier scaies in the two directions. Find the mean

reading. The difference between this and previous reading gives the specific rotation.
(vii) Repeat the experiment.with sugar solutions of different concentrations,
(viii) Measure the length of the tube in centimaters and change it in decimeters,
Observations : : SRR

(A) Preparation of sugar solutien :
Mass of the warch glass =

2

]

o
e

Lo
- g
g

Wateh glass + sugar = .= - ke
Mass of sugar taken mo= llem=. .. kg.
Volume of the solution V= am.o=... .. kg

. N - 3
Concentration of the solution m/Y = | emifee. = ke/m”

(B) Length of the polarimeter tube { = decimeter

Room temperaire = ... degree centigrade
(C) Table for the specific rotation ;
Value of one division of main scale
No. of division of vernier scale
Least count of vernjer =,

I

Ll I | !
Analyser reading with pure water | . Analyser reading with sugar sniution ,

T T T ————  Mem

i
: _hosnmn_nm:a: T
Clockwise | Anti-clockwise = XtF T ofsolution | Clockwise | Anti-clockwise wu
) l r . ..u. _ T b pmitec i T | 1 _,H __
M, vs Ty o Lg ot P s vs TR s v oeal:
A ! | ; : , Xt ; X ,

E
-

B

|
Mean ,.muilz
Y+¥:' i
2 | degree

Caleulation : Draw a graph between 6 and concentations, The graph is shown in fig. {2
out the value of 8 for a particular concentration. Thex.

6.V v,
S Tm
=..%dm kg rm® i
Result : The specific ratation for cane Sugar al a temperaire ...°C and !
M A= i
Standard value : ... % dm./kg /i’ #
Percentage error : ...

Sources of error and Precautions :

(i) The polarimeter tube should be well cleaned.
(ii) Water used should be dust free,

). From graph find

CONCENTRATION — X

Fig. (3

)

Ai

Polarisation of Light 205L
(11} Whenever a solution is changed, rinse the tube with the pew selution under examination,

{iv) Théte should be no air bubbie inside the wbe,

(¥) The position of analyser should be set accurately.

{vi) The temperamre and wave-lengih of fight used should be stated.

(vil) Reading should be taken when halves of the field of view become equaly illuminated.

Theoretical error ; :

8.V

S
fom
Taking log and differentiating, we get
5 8 3V 8 bm
sTe " vt 7T G )
Here 80 =0-1°, 8V =0-lcc. §m =000 gms. and 8 =01 cm.. theq
55 .
=
Maximum thearetical error = . %

Viva-Voce

Q. 1. What do you mean by polarised fight #

Ans. The light whick hag acquired the property of one sideness is called g polarised light.

Q. 2. How does polarised light differ from ordinary light ?

Ans. The ordinary light is symmetrical about the direction of propagation while in case of polarised light,
there is lack of symmeiry about the dircction of propagation.

Q. 3. What does polarisation of light tell about the nature of light ?

Ans. Light waves are ransverse in nature.

Q. 4. Define plane af vibration and plane of polarisation ?

Ans. The plane containing the direction of vibration as well as jhe ditection of the Propagation of tight is
<alled plane of vibragon. On the other hard. the plane passing through the direction of propagation and containing
na vibration is called plane of polarisation. '

Q. 5. What is phenomenon of double refraction ? .

Ans, When ordinary light is incident on 2 calcite or quartz crystal, it splits in two refracted rays and his
Phenomenon is known as double refraction. -

Q. 6. Define optic axis and principal section. -

Ans. A line passing through any one of the blun corners and making equal angles with three faces which
meet there is the direction of Opiic axis. A plane containing the optic axis and perpendicular 10 two opposite faces
is callad the principa! section,

Q. 7. What are uniaxigl and biavial crystals ?

Ams. The crystals having one direction loplic axis} along which the two refracted rays travel with the same
velozity are called as unjaxial crystals. In biaxial.crystals, there are two oplic axes.

Q. 8. What do vou mean by optical activity, optical rotation and angle of rotation ?

Ans, The property of rotating the plane of vibration of plane polarised fight about jts direction of trave| by
some crystal is known as optical activity. This phenomenon is known as bptical rotation and the angle through
which the plane of polarisation is rotated is known as angle of rotation,

Q. 8. What is specific rotation ?

Ans. The specific rotation of a substance at a panicular lemperature and for given wavelength of light may

be defined as the rotarjon produced by one decimeter length of its solution when conceniration is # gm. per c.c.
Thus
8

Specific rotation = ——
pee Ix¢

—————

§



. “1L0¢
(1) Big
THY
OMIOADIOHI T ————
QoavICd

Wy38

- TABWSNYIL v

AV S5v19 A
‘(sap5uR Juarsyp e =eyd oy Sumes £} 01 Aes 4q 3USPLAUT JO 3[Fue 3 stun yows sulseardur 49 noneatasgo
§101 12ad2y 31awepoldIwr Aq uaAIs sz My pug XU opy Ppue 2ue[d umo s11 U1 profejod sizior g AON (7)
. . ’ “UEY patosyjal jo weaq 1R} 34 3ata031 01 sE 08 parsn(pe o {la2 areyj0a
o10yd pue prosejod Jo uomsod 201 (1) *B1y ur umoys se-ae|d ssepf pue qja0 Jtejea 010yd “suay ‘dwe A reg
. : amparory
(¢ ydeiny) mgg SUISOZ 21 SMO30] UoHELEA
Ksuanr oy, ‘aueld umo s plorzjod ay1 pajeror pue n@ = ooy am uamuadya o Jo wed Jagous sy
’ . 2[BUE 5 1smarg s3n8 aadnd ap Jo WUNWIXeUs 341 01 spuedsanios
4HUM § JO aniea ayp (z yderd aag) panerd aq uay ues g pus 4 u2antag yderd v og o S$anjea wajjp w

i ASii

Wiz, _ vety
AQuaais d uonestejed 1o 23ifap YT AENOES U
AUC SUOBAISSQ0 35811 W01 “|[23 dteN[oa croyd pue proselod jo disy a1 e 3UOP ST JuauIainseaw Ausuajur sy
“1-ydess uy umoys ST 20Uap1oUl 0 9j5ue Hilu SUOnIELQMY Ijenorpuadiad PUE Jajjered 10 uonetres .ﬁ,ﬂmcué..vu&émoa
aue[d Ala2jduwoa sy WS 1IN 3yl pre UIBUIS) SUCHEIGLA Fepnotpuad ad AJuo mo 1B 1013329 (/€ 0GR “3|Bue
Fuisimied) 9 2|ue ue ¢ 013z 0) sy pur Juaplaul 16 aur ap Fuisearour ynm SUSRAINAP A][emoE suoneiqr,
felered a 1o UoR3sjar-a8euasrad ayy, RouapIaut jo aueid ay o femapuadiad asoy se 113 s2 2ouapiou;
Jo augld a1 o) japened SUBNIEIGIA ISISUOD Jim 9 "pasuefod Sued Aja1aydwos vou STI®3q pataapas ays * s ¢ unyp
10 sajFuw 1Y "UON23p Sy yEnory sued Daxy e ut *noissnusuen jo uonsanp a1 0 {jastaasuey Buneagua s1
W3y paroaggal I UL I012A WIBY Ay 1Ry Suesw 1431 pasmjod SUEl] ‘pasireod sueyd st MBI paraapay a1 ‘aigyd
$s218 € w0 /¢ moqe ‘oifue temanred e waprour 5 81| Aruipio jo weaq = USYA 18T PAI2A0ISID SBar 1 |
* pasm e[ntioyg pae ooy,
SUI ¥3aU0D ‘pronzjod
Ao “dure uR0sIPUBILL NEM (19 *)[2a oreifoa otoyd ‘owyd ssepg ardus v : paanbax smereddy
. ‘Honaapar adus £q w3y jo tonestrerod sy Apmys o7 ; fgo

cw.._mz_upzms_mmmxm

31T fo uoynsumjoy

'le@- s T

, ‘(a8 Lpewry
PUE 19sLIE[Og UONoRNSU07Y) wesnid 5.103IN pue areid zuenbiq o uonae 31 Apms o3 pastape are Sapmg
“Aoteredag
uonnjos yopa £q paonpo:d suoneor [eNpIsIpUl jo wng SMesqage aq v woneor Relnsar ayy suy
. ¢ Hoyntos

VIRS21 ) 2 faon yoyy g7 -

, .. ‘uonesiIRiod 1o aued 3yl
40 uon2aMp 2 s3.13 HOBRIOL 0 wonsanp ay 931 SpFua] sadugy 10} 193181 st g uay "LOTIROs 2y jo EHM:E

W23NP 01 .4y Paonpoid uoneq; ) APNIs ues am 241 B4 € yong U PALIDOW St smipredde SYL suy

£ Houmtos fo HO3itp 241 punaf og HIUISAYT fuasasd imof Lfipows nod upy HMOIT 61 D)

. i ON suy

. < Uoyosuntod [p HouDI0L ,\a HOUII1p 2ypz Mauzdxs mog woLf mnf nog ¥B) 81 B
. . Hawep Fuope EEH BRI pauiof puy sIxe ando oy TENoIpuadiad 103 o iog

{papuzy 1Sy 3G pue papurey 13 3u0) zirenk jo Sterd Semans-swps g JO sisisue aepd Zuenb-ig v suy

o ¢ 202 uonb-1q 51 poygy -7 ‘0

awdsuerm zienb-ig '$L suy

. & I3y anymn HIH Yiom pyy YoM taraSun in fyp 4241 591 'Y

"Honnos 3y Fuiurguos 2qm 1a03urpeq0d 33 pue joopy Fuisurejod 18 Baxjag panyy sy SIYT “suy

¢ 4Nanigod 2} W pamnf aynd 2poYS-fioy a3 5 3y <1 D

400q sondo £y 93§ suy

) 2P7HS fioy 8 fo Suryiom oy noideg by -
. RUETETETEIN fe[nanred auo 1oy nos o) paredord s; g “werp fuope Paluauta;
e _._.Bmm 21l zuenb sp 31 Jo wnowe BLES a1 squosge 1 38t yons SSauNaIy Yara aeyd ssgpd Teons-russ
PUre 11 yanoy Sussed sip; Lmuipio pue meEofio U3am1ag x o a5ueya uwmﬁ.m $2anponuy 11 1ey, os .m;m

ando o jagjered 1ns 2Rnb ;0 32)d sapm HEY emoyonas ¢ Jo s1s15100 29pd 2PRUS Jrey §,Ju3mney .uﬁ. suy )

¢ 2 s, wamwy b 10 PPHS Jyo st oy gy )

. o __GQEEPGE 10 papuey 155
SE PANED ST U1 “Yya] spapacy uonesueed jo auejd A1 S3EI01 33uEISQNS 3yl J1 .bQEE.obxu_u 10 papuey 1y sp

PAIED ST W31 spresm 3N jo co.:mmﬁﬂo,.u._o,.mzn_m L5201 EISqNS 3anoe feando A U3y sy
¢ $asupisgny b&&e.__-a.;ms PUD 04xap £g ypary x.e;. 0P IYY T D
.bEEtmcuunm”mum.uu.m._ m.azgmhmﬁw J0 95%2 1t pagn PRuneEod v suy
C ¢ UL mysas g SHPY I D

S o7 URSQNS 3anae

mmcn.uﬁ Bupmseayy 1] pasn uauIthisur e 5 Nosoy

¢ 1orunimiod v 57 oy g1 ‘0

ond wE

30 YBuap oy 1 's2a150p uy uoneies 1o a(3ue sig u.a:a.

Alfeoudo we Aq uonesurejod o sueld aup yo UONEXOI 30




208L

Praciical Physics

{ nax COTTESpORds 1o perpendicular vibrations and Lz, cOTTESpends 1o paralled vibrations and thus we plot the graph

L. and get mn.

(3) From the abave abservarions, calculate th
find 0,

{4} Now keeping 8=6_, rotate the polarcid in its own plane, angle B being measured now

e value of p at different & ang plot the graph no. 2, and also

and intensty 7

is observed at each setting of B. A plot of f against B is sketched and at the maximum we set B =0, marking other

angles reiative to this. Thus new angles B are obtaj
thess valyes against, observed / values,
Observations ; ’

Table 1 : Reading of Loy (L7 vibY and 7

min {1

ned (See Table-2). Then we calculate 7__ cos? B’ and check
: max

1! vib) with 0 -

—

Angle of Incidence 6

in degrees | ———

!
“ I or Blr

_
|
_
_

] |
” . Phota electric current ,_

|
i

_u I or RII !

min

T —————

IR

Table 2 : Variation of transaitted intensity through pelaroid with angle of rotation in its ow

]

|
_
j
_
i
|

n plane.
m _, !
! i Angle for .q.smu =176° h _,
Agular positions 8, | 7 (obs) in terms of | {from graph) . .
of polaroid (degree) | current (in pd) ; .m._ﬂ.ow..mﬂw _7 cos™ _ T €05 B
| : erefore |
| i F=p-170° i
| | \
-_— —
T _ J ;
e ! ] i -~ 60 0248 5
. 120 | 9 _ - 30 0413 ¥
130 ! 12 i -40 0- 587 . 11

Calculation : (1 In order 1o find p. make calculation using

I
h_|~a

() Find ' =B - 170° and calculate L OS2

max ~.5,5

2% +~E_n

f" and compare this product with 7 {observed) values.

Result : Graphs 1. 2. 3 are plotied as shown in fig. (2).

o8

Polarisation of Lighs 2091

S B Y I 1 I 1 1
O 0 20 3 &£ s0.60 80 0
Graph no. 1. Reflacted intenstty vs. ¢

Sﬁ_
tos)
ipel:
o
o4t

021

SIS S
91 0 330 »H 50 70 80 9

Groph no. 2. Degres of polarisation vs, 6,

20
< 15
£10F .
e
£ 5
v F" 1 ! i | ! i Il 1
100 -120 140 160 180 200 22C 240 260 280 300
. B —
@raph no. 3. Varation of the cosng square jaw.
Fig. (3

Some points to note : . o
(1) Before starting the experiment with glass plate. one can make the following observations : . )
Light from lamp is made 1o fall directly on polaroid and through it to nr.os vohtaic cell. Then by rotating
the polaroid in its own plane we check that there is no variation of the reading in micrometer connected with the
phetovoltaic zell ie. the beam is unpolarised. . -
(2) While working with glass plate in position, distances of palaroid and photovaltaic cell do not maller 50
long as ful width of the beam is covered by them. . "
(3} In procedure at no. 2 it may be noted that dnax and [ are observed for angular rorations of the polaroi
90° apari. and always in same posizions.

hcbﬁcz\_ L m@mﬁ&mzi

EXPERIMENT (20-1)

Object : To determine Brewster's angle for a glass surface and hence 10 determine refractive _.un_mx of glass.
Apparatus required : Spectrometer, monochromatic source of light, glass prism and polaroid anachment
10 telescope objective.
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Polarisation of Light

..mxmmn_gmzq_ No. 21,

.‘_...Oc._mn_“ﬂo (....:.&.,:ono&uomm:ﬁims (Malus [aw) for plane polarised light with the help of a photo
voltaic cofl. - ,
Apparatus required : Photo volizic ce
of fight, convex lens and two pelaroids,

Formula used : -

« moving coil galvanometer, lamp and scale arrangement, source

According 10 Malus law or €0Sine squars law. when a beam of completely plane poiarised light is incidem

-on the analyser. then the intensity / of the emergent light is given by
: I=1 cos? o]
where fy = intensity of plane polarised tight incident on the analyser.
¢ = angle between planes of Iransmission of polariser and the analyser,
From this law. when ¢ =, 1= Iy maximum intensity i
when §=90°, /= minfmum intensity )

To verify this law. the light from the analyser is made 1o enter in a photo voitaic cell. The current output
of photo voltaic cell ig connected 0 moving coil galvanometer. The deflection of galvanometer 8 is direetly
proportional o the intensity of light £ ‘

ng on pholo voliaic cell. According to cosine law B¢ cos* o, Hence if
a graph is plotted between @ and cos® @. it should be a straight line, thug verifying cosine law,

Description of Apparatus ; The experimental m._.BnmanE is shown in fig. {1). P is a polariser and A is
an analyser. These 1wo are fitred at the ends of 2 metallic tube. Both are capzbie of rotation about a common

Plane To
pioarised g
L 2 ot Ry
5 % 55 p
M
B _\
it % ’ Photo vottaic
Convex A call
lens’

Analyser

Plarser

Tz (1)
axis. The rotation can be read on & circular scale provided with each of them. Light from the source S rendered
parallel with the help of convex lens L, is allowed 1o fail an polariser P. The light after passing through P becomes
polarised. The polarised light then passes through analyser A. It is then allowed 0 fall on a photo voltaic ceti

connceted with a galvanometer, The experiment js performed in a dark room to avoid any external light to enter
inside the photo voltaic cell.

T T D M e s i

~

Polarisarion of Lighr

Procedure :

213L

(i} The experimental arrangeinent is made according to fig. (2). In this arrangement, the source 5, conyex

lens, Polariser 2, analyser A and the window of photo
voltaic cell should be at the same height. Adjust the
lamp and scale arrangement in such a way that the
spot of light would be at zero of the scale.

(i) Now open the window of photo voltaic cej].
For any crientation of the polariser P, the analyser is
rotated till there is a maximum. deflection in the
galvanometer. The position of analyser is noted on
the cireular seale, The comesponding galvanemeter
deflection is also recorded. This position analyser
comresponds to ¢ =0,

Box

(iii} The analyser is rotared through a small angle say 10° and the steady galvanometer deflection is noted.
(iv} The experiment is repeated by rotating the analyser through 10° each time ang noting the rorresponding

falvanometer deflection (i} it becomes practically zero.
Observations :

[ F i i
| Angle through which | Steady galvanometer
5
/.n._ [ analyser is rotare | deflection _ . cos H
o 6 : 3 !
_ : : |
u L
2 | _
: _ . m .
ER . - : _
51 _ _ . j
6
2 L _
5 | | | i %
; i | i

_.
P
|

| .
I
|

Calculations : Find the value of 6/cos? t from each observation. It remain practically consiant,

Draw a graph beiween nome on X axis and 9 on ¥ axis, The graph comes a straight line as shwon in

fig. (3). The graph verify the cosine square law (Malus law).

Sources of error and precautions :

(1) The position of the polariser P should not he disturbed throughour
ille experiment.

(ii) Source of light. lens, polariser, analyser and window of photo
voltaic cell should be adjusted 1o the same height.

(iii) Galvanometer should be of low resistance.

(iv) The voliage applied 10 the source of light should be constani
throughout the ¢xperiment.
. (v) The experiment should be performed in a dark room,

Y
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2161 . Fractical Phyvsics

observed. Now the polariser N is placed in its mount znd it is rotated i such a way that after focking through
the evepiece the minimum intensity is observed. The two Nicols are then in a crossed positions.

(ii) The compensator € is now introduced between Ny and N,. On looking trough the evepiece, bright and
dark bands are observed. The <ompensator is now rotated exactly through 435°, The bright and dark bands of
maximum contrast are now observed, ‘

(iii) One of the dark bands is taken on the ¢ross wire by moving the wedge Wy of the compensator by means
of micrometer screw. The reading of the screw is noted,

{1v} The successive dark bands are adjusted on cross wirs by micrometer serew and the micromerer reading
are noted. '

(¥) The distance between o successive bands is found our, Let j; be 25, This distance coemesponds o 3
change of 2xin phase difference produced by the compensator. It this way the compensator is calibrated in lerms
of phase difference,

(B) Measurement of the phase differeace ;

(i) The menochromatic source of light is replaced by white light source. The TiCTOmELer Screw is adjusted
so that the central band is under the cross wire, In this position the phase difference at the CTOSS Wire is zero, The
micrometer reading is noted, :

{ii) The quarter wave plate with its oplic axis making nearly 25° angle with the vertical is introduced between
polariser and compensator, The light falling on compersator is eilipticaly polarised. The centrat dark band now

shifts from the cross wite, Here it should be remembered that the intensity (blackness) of the central bands .

decreases. The blackness is restored by rotating the “ompensator. The micrometer screw js now rotated such that
the centra bard js again at the cross wire.- This reading of micrometer is also noted.

(iii) The difference berween the micromeier readings in step (i) and in step (ii) give the distance x through
which the wedge is moved, The phase difference s ihen calculated by the following formula -

Phase difference = lqw rad.

(iv) The process is repeated for other inclinations (see table 2) of 4/4 plate.
{C) Determination of Positions and ratio of the axes of the elfipse :
" {1} White light source is used for this part.

{ii) The 44 plate is removed and the light is allowed to fal] on the compensatar so that the light is plane
pelarised. The wedge W, of the compensator is adjusted in such a way that the central black band comes under
ihe cross wire. The micrometer reading is noted.

(it} The micrometer SCrew is now moved exactly through a distance /2. The central dark band is no mere
under the cross wire,

(iv) The 474 plate is inserted between polariser and compensator. With the help of plumb line, /4 plate
is made venical and then it is rotated through an angle 25° (say),

(¥) The compensator is rotated unil the central band is under cross wire. Here the analyser may also be
rotated so that the centraj band is maximum black. Ir this case the axes of the incident elliptical vibration are
Parallel to the axes of the wedges. The orientation of the compensator 8 is noted oz the cizcutar scale,

(vi) Now the compensator is slowly rotated unti] the bands just disappear. The field of view will be of
uniform iliemination. The orientation of compensator B, is noted.

(vii) The difference of the twq readings of compensater i.e., (81 ~ 8,) gives the angle 8 of rotation.
(viii) Thie experiment is repeated for different inclinations of /4 plate.

T o e

Polarisarion of Light 217L

Observations Table 1

(A) For the calibration of micrometer screw (hand widih )
Leas! count of micrometer screw = ...cm.

Band width

Band number 1
(28) cm. |

Serew reading

Width of 4 bands |
. {2 em.

_" mﬁ h
Second |
Third
Fourh .
| Fifin |
! Saxth m
! Seventh :

1

)

N

[

@ 1

Eighth

Table 2
nee :

(B) For the measurement of phase differe

) |

5 Inclination of ,_ Screw reading

No, i~ plate frem I without ;.74 plate
i verlical !

Serew reading “
with /4 plate u

| @) em. | @) cm, ]
- !

Phase difference i\ Mear Phage
=nxlbrad, difference rad,

displacement
X =(p~g)rad,

Position of Position of

Inclination of 774

r

] 1

i ! Angle

| i i :
No. plate from , Compensator in i compensator n 8=0 _g Tan 0= b
o vertical | MBIBIM 2ontrast | unjfopm iMlumination e Ratio of the axes

R .
; 9, (degrees) ! 6, (degrees)

1o —
G

du s
hoth

a

i

Graph : The ellipse of differen;
eccentricities corresponding 10 differen
orientations of j,/4 plate are shown in
fig. (2). When 8=45° the cirle 50
obtained corresponds 1o circularly
polarised ligh:,

Results : (i) The phase difference
betwesn  pwo components of the
elliptical vibration= rad. (This is
nearly equaj to n/2).

by {© (d)
Fig. ()




161t
‘P10t st adoasapay ay 40 vonisod ayy, s
192) wisuid oy oy Paaowr st wisygd N (D

NUIPIUL jo auerd agy o 5P
elod d01emmyios an jo Sumag (V4]

W Jo aBewn 0anp sy 107 pasnfpz 51 adeasaga ay pue 5

I8 paupul 148y pastiejod suerd jo wonerq Joaueld ayy axeu o prog
bl |<UBl=¢
ME| 5. I315marg won PRIB[NOeD 51 (0) aj5ue 3uIsue

(£

[ T
- ermtLar S Sutsn <o - oY)
» B[Miling SULMOTIO) 23 sulsn iq vam_.zuﬁu §1 twsud ay) o [BlItew oy jo0 () .equ SAldelyar ayy .A;:

* “Kea ensn uy PautLaap S1 Y wng

CLETTN

Asmyag susn sier [3lered 105 pa1snipe mm auwonaads oy ‘sp
L EIRIPOS Wi pateusngy st soreuuspron pwsayy

o : 3jdue
Susurejod 210 NenoEed oy U1 pue wsiad ayy 0 TeL1ovew sy 3o X3pul a !

AlpdEISAI 30 UoNemuLgay ¢ )
730 sanes snoues 105 g Jo uoneu g €)

. ’ ‘BUIPLM Jo Jueld ayy o5 oS¥ ¥ paurgour -
(wEy Eunﬁc.c 1431 pasuejod aueid o BoneIqIA Jo aued 1 e 0 prosejod R LI TR ucCoum,E._Mum. (0

Buisiejod SU1 3enofes o uay; pug wsnd 2yl Jo renamw o
* sked aanp furmoyjoy 31 81 pawioyiad s Watadya wf(... ain

SRIIELOY ¢ [ausary ay 40 Uonesiyizas e se Uy ;
UIT1YSTENS ® 3G 0110 saumos Yders awp gy

Pa301g

el 2g Leur suy) LI 'S3XE 3y 0y g e pautpaur

(] * 1) 802,(4 = 1) 503 =} pue g ue; up 12q panord sy yde s 4... .
“UoNRLAI Jo 3j5ur Buipuodsamoy = -

B W5Y pasireyod aueid 1o UIPIOL Jo Ay

22u3pduI 16 auwyd 01 pue W5 paraagar Jo uonanp ay URnag a3uy

]

-1
9 EIEIEY

il

{4+ 1) 500
fe=ryso3 ~ =6 U™

SR[NWIC] § Tsussig o Stiprosay
. . . * yamIadxa agp 30 f20ay g
215 'su?| Surpess $3qm) 101ewn00 pue adeosap aip ko padureps oq Aew YoM s31e3as senays Yim papraoad
SPuBIs repnong IpIsul pany sprozjod jo ed e ‘dure; wnrpos ‘wsud aauE_.o:ouam "uww_._ wﬁﬂn&f

Ajpan o : walqg

WS Jo vonaagar AU Joj senungy §,1ousarg

R e e

-

. i 290} B Ul Pase2ia Lol st (iS4 gy ‘uresyeq
EPRUED Jo Jade] © &q paruatad pue paysijod ‘papunoid am S3T2NS 10 2y, a0k} pus pue uonazs rediund s
moq ot rprnoipuadiad vonosnp € Buore 1> usy §1 [esiiy ML 5211 PUe ,§9 awodaq uondas _m&u:m.a ut safgue
241 1B £BM E 430S U 0o o SO0B] pU3 3T, UIN®} ST IpIm 51t sE Saum 2314) st YiSus] asoym [e1sdin EHOTER RN
“WBi pastrerod auerd sy as{[eue pue aanpoad o [e1skln M01ed WoYy spew 20)aap eondo ue SISIH] ‘suy
. ‘st joony; o 3GLIIST g D)
"PRINOTAI 3q §{Lw S3PIS oq uo pueq oo A yrep readde it pueq jenuas yp sy
£ 224105 8y aym g paovydas 81 20an05 ayvuonpetom fi uaddoy am Wy LD
"SPURq yS1q pue 3rep 193 am 's3Epam a1 Jo ssauyauy Ul UCNELIEA 24} 0} an(] "suy
¢ Spupq 1ydiig puv yaop 128 nos oF {1y 9D
“asdifje oy Jo saxe o1 Jo onel pue suonisod jo UONBUILLIN (T (1)
‘aeld oy .R paonpoid woneeigra Teandr)[2 Jo siwanodwcs U3amiaq soualapip sseyd jo uaLIaInseapy {1}
= sapn[aut w31 pasuejod Lieandryz jo sisdjeue Yy, suy
¢ M8y pasupiod Awendiya fo sis{}pun {g upsw nos Op IPAL S D)
W3t pasueod
Kreandura se wwouy ST BT Ay *Bungios spm apnituBew sy safueys a7 asdifra §uole sa12101 201094 WEL g g
‘uctiededord jo uonsanp I ot eppuadiad auerd e ug apnuudew eSO & Y s:elor 101038 W3 weynsar
AU UL L3O yIEs 1940 sedwnadng 19110 gora o1 3j3uz Wi 1. saazm pasteiod suz(d om1 tayy, sy
¢ M3n pasupjod Aipondya &g uvare nog oP DM D
o "satousnbayy jo afue: 2pLw
E 1340 patn g dew 10esusdusos uqeg otym Lausnbay renoped v 10§ A]u0 pasn ag ued eyd $/Y suy
¢ 2opd aavs aapapnb Rpduns » asq0 H0wsuaduio 13uigog v fo 23vpunaps 5t M e D
S4B ATRuIpIO-BIIX3 pug Lreurpso maomiag 7 Jo duakoyp sseyd 10 ¢y Jo 2uaspip yed e
S20NPONUL 1 3241 05 SSANYINY ® Yons 40 1215403 30 30upns sy W spxe anrdo yitw 21eid syopes B S15I] sty
< amd 1y st oy 7 -
“Wsuadys o Jo 1ed juswadueim [IUaMLIadys 33g “suy
¢ L0105UadMI03 12ugDg S T D

2204 -pa1/

2ed v 10
SUONBULOUL 1WA10) 1P 10] potesdaa 2q pIROyS wauzdys 3 ‘saxe o ones UL JO tuawamsea i o (a)
“Aflnyaes pasnfpe aq PINOYS 1SRN0 whunNew Jo uonsed ayr g Sumruumap up {an)
‘Tesniza ed ¢y a1 ayew o) pasn q pinoys aurp quingg (1}
221005 W1 A Lg pasepda ag plnoys
HE1] J0 32um0s SHEUIDIDOUOR 21J; *S3XE 2Y) o oner U Lof pue 2dustayTp aseyd jo wwauwrainseawm 34z 10 (1)
, “PU3 3u0 1 paisalpe
54 PIROYS 23t $5015 2t aouay pue “Aoanos pueg ymp 0 med Spppiw s 212304 01 d[qrssod tou s1 17 (1)
¢ SUOPNEIIIY PUE lola Jo saaanog
“ape1d /v Jo UGNBUTOUT 33 01 [enba Aereunycadde
"SEp Jo emea 2yT (7) 81 Ut umoys are sasdifia 23 o saxe 241 J0 soneT 2 SUONEUI|IUT SnoLeA 30 {m)

H.;Qm izl YA T8IT




2201 ' ‘ Practical Physics

(i} The telescope is rurned through an
angle (180 -2¢)° from the direct
posizion as shown in fig. (1) and e DIRECT
clamped, ;- IMAGE

(if) . The prism is placed on the prism rable.
The prism 1able is rotated slewly 10
receive the reflected image of the slit
on the cross-wire of the telescope. In Fig. (1}

FROM COLLIMATOR

this position. the light incident on the pri$m face is at polarising angle ¢. Now the light is plane

polarised. The vibration of plane polarised light is perpendicular 1o the plane of incidence.

(iv} The polaroid (Analyser) is mounted or the objective of the telescope. Viewing through the telescope
and rotating the polaroid slowly. the image of the slit is reduced 10 a minimum, The position of the
peinter of the polaroid in its graduared scale is noted. Let it is B. '

(v} The prism i5 removed from the prism table and the telescope is brought in the line of collimator o
receive the direct image of slit on the cross wire, The second polaroid (Polariser) is mounted on the
collimator lens. This is rotaced tll the direct image of the slit in the telescope reduces to minimum
intensity. The reading of polariser is read on the circular scale attached with it. Further the polaroid is
rotated through 45°. Now the polaroid is transmitiing light whose plane of vibration is inclined ar
457 10 the plane of incidence. ’

(3} Determination of ¢ for various values of f :

(Y The telescope is rotated through a small angle ¢ (say. about 10°) and clamped.

(i) The prism is placed on the prism lzble-and the prism table is EROM
rotated 1o receive the image of the sit on the cross wire of the COLLIMATOR
twle:copé. o
The analvser (Polaroid on telescope) is rotated from its inital . -
setiing B uniil the intensity of image of slitin telescope reduces 1o
mirimum. The angle of rotation will be-§ {e.. the angle which the
reflected vibration makes with 1he plane of incidence. The angle.
of incidence (as shown in fig. (2)) for this seiling will be

180~ o

1=

For a=10° i= =835

! ROTATED
_ mm.mzm

and | . tllllm_:h ar ...nm:._Lmlm::u i
(tv) The angle of incidence is varied in steps of 10° by turning the mUmﬁm%W
telescope and angle 8 is measvred for all values of 7, - - :
Observations and Calculations :
-(1). Table for the angle of prism (A)

! Positién of telescope for Position of telescope for _ Difference

the image of slit from the image of slit from 24 R

one face _ other face . Aean
T T R 4

4.2.1.&- . Vernier _ Vernier | % 24:2. v, v, Mean

\ . s 1 i : | I

& 1 1 v, ¥y
]
i

"

Polarisation of i ghr

2211
(2} Table for the angle of minimum deviation &)
T
I m.om:_n._: of telescope for _ Position of telescope for | |
| the minimum deviation | directimage of thesliy ! Difference !
Vernier Vernier __ Vernier dm...nmm_. _ e
!
|

i ]
v | by _
_

Angle of the prism A= .

sin

g U= sin (4/2) =... m:aeuﬁsltn:.
(3)  Readings for setting the plane of vibration of incident light a¢ 45°

(i) Position of telescope on veriner V| for direct image of slit = ..
(i) The angle through which the telescope is rotated = (180 - 2¢) =

New position of telescope on vernier = .
mmm&nm of analyser for minimym intensity B=___
Reading of polariser for minimum intensity = .
Reading of polariser after rotation of 45°=
() Table for finding 6 for different vatues of ;.

with the plane of incidence,

Readiag of analyser u Iaiti "
for minimum intensity 1 aitial readiog of
| analyser §

. Aagle of ratation
Ng. i of telescope o

8=(F-p _ tan §
i

i
]
|
,
]
1
i
I
!
|

LT O A s lu g

o

o

o |
_
,_
_

—
5]
-~

Table for calculation of [-cos i ~r)reos (@ +7)]

Angle of incidence

Angle of refraction ‘

e E .O.IJ _Los(i-n
r=sin ﬁ " w cos{i+r)

|

I
| o
“! -
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4L - Practical Physics

(2) The coil of the galvanometer is made frce. Keeping the source of light (bulb) switched off, the jnitial
position of the spot of light is adjusted on zero of the scale.

(3} Place the photo-cell at its proper place of the optical bench. The pointer of the analyser M, is adjusted
to read zero on the circujaf scale,

(4) The source of light is swiched on. Note down the deflection of the spet of light on the scale.

(5) The source of light is switched off and the spot of light is brought 16 zero postion. The analyser is rotated
through 20°, o . o

(6) The source of light is switched or. The deflection of spot of light is noted.

{7) By rotating the analyser in steps of 20° and foltowing procedure 5% ind 6'7; the'comesponding deflections
of spot of light are noted.
Observations :

Table for orientation of analyser and galvanometer deflection

- T . 1 i r .
w,.ma _ Orientation of analyser o° Ow_.w_.wﬂ“”“m%ﬂ.._ﬁ:a: : zmn_ 7 Oim_.,_s..:cw_ ommzmu.....mnw” [is nw#uﬂ_ohnn“w“ﬂwan:c:

1! 0 T 200 ot

1. 0 1 g 220

3! an ; 13 _ 40

2 i 60 [ES 260 m

5 80 | ) DS 280 -

5 log : . G LI mo-

7! 170 [ . P 320 =

8 140 . CI8 0 ot

5 160 o 360 |

10| 120 oy

Calculations : A graph is drawn hetwes o Lo

galvanometer defiection (Imtensity /) and various ’ /m

orientations of analyser (o). The araph is shown in
fig. (2). The shape of the graph is like a figure of eight.
The maximum value of radius vector defines 9= 0°
for 180%) and minimum defines 0 = 90° {or 270%).

Now we draw radius vectors (like OB at angics
8=0% 20° .. 90% with respect 1o longest radius
veetor OF and measure their lengths. The radius
vectors give the intensity. The values are tabulated
below :

|
§. No.| LR 7 cos I {in cm,)

10 .
2 _

[FER PP

e

|

f

_

|

56 : . 7
60 !

|

|

_

~1 o

70 7
80

50 |
100 i

=gV I

Polarisation of Light

223L

Finally a graph is drawn between [ and cos? 8. This comes out to be a straight line as shown ig fig 3
g. (3).

o :
1.0 cos’g— o
Fig. {3)
, _
From graph, =1 (for0=0ic., cos?6=1. 0000)

=0P=,
22 :
{a” - £~} = slope of the line=AC/CB= ...,

wvvesovneeens Firther a2/82 =

Result : The ratig of W =

Precautions and sources of error :

(1) The heights of the uprights shouid be properly adjusted.
{2) The source of light should be switched on only when the reading is to be-taken.
{3) The galvanometer used should have a very high sensitivity. ’

. (4) After each observation, the galvanometer coil shauld be brought 1o rest (i.e.,
light should be at zero). .

initial position of spot of
(5) Experiment should be performed in a dark room, . .

&
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228L Practical _1@.2.2.

1 i 1
L hx_H 22 B :._m H—
where Ry; = Rydberg's constant,

Some of the Hoﬂm:nmm lines corresponding 1o 1, =3, 4, 5, 6, are as follows :

H, Red A= 6583 AU
Hy  Green Blue A= 4861 AU
H, Bl A= 4342 A U
Hy  Violet A=dI2 AT,

Thus the value of the Rydberg’s constant can easily be calculated by experimentally determining the
wavelength of the above prominent lines for the comresponding value of 5.

Procedure : .
(A) Make the following preliminary adjustments of the spectrometer :
(i) Focussing of the eyepiece of the telescope on the ¢rosswire.

Qc.ﬂ_nmﬁmOHEWS_omncﬁnm:aEmgmno_mamanaﬁﬁ Fﬁmmnﬂmﬁvu:nﬁmu<a:_.nm_mxmmo:cwm=.o=om
the telescope. : e ’
(131) Prism table should be levelled. ‘
{iv) Telescope and coilimator are adjusted for parallel light by Schuster’s method.
(B) Grating skould be normal to the axis of collimator : by
The adjustment is shown in figure {2). .. T oar
(i) Collimator and telescope are amranged in z line and the image
of the slit is focussed on the vertical cross wire. The reading is noted
on both the verniers. .
(it} The telescope is now rotated through 90°,

“(tin) Mount the graiing on the prism 1able and rotaze the prism wwwmm_._,m
1able so that the reflected image is seen on the vertical cross wire, Take
the reading of the verniers.

(iv) Turn the prism table from this position through 45° or 135°,
In this position the grating is normal to the incident beam,

(C) Pracedure for the determination of angle of diffraction :

The specirum ohtained in a grating is shown in figure (3).

{i) Rotate the telescope 0 the left side of the direct image and adjust the different spectral lines (violet,
green and red) of 1st order on the vertical cross wire. Note down the readings of both the verniers in each settings.

(ii) Rotate the telescope further to obtain the second order *\ W» | r&

COLUMATOR

)

TELESCOPE

Fig. (2)

spectrum and again adjust the spectral lines on the vertical cross
wire and note the readings.

(iil) Now rotate the telescope to the right of direct image and
tepeat the above procedure for first order as well as for second
crder.

(iv} Find out the difference of the same kind of verniers for
the same spectral lines in the first order and in the second order.
The angle is the twice the angle of diffraction for that particaiar
colour. Half of it will be the angle of diffraction,

(v) Find out the angles of diffraction for other colours in first
and second order

A
i

Rydberg’s Constant 229L

Observations : .
No. of lines, N, per inch on the grating = .,
Least count of spectrometer = . cm. s
Reading of telescope for direct image = ... S
Reading of telescape after rotating it through 90° = . .
Reading of circular scale when reflected image is obtained o the cross wire <- -
Reading after rotating the prism table through 45° or 1357 = __
Determination of angles of diffraction :

_ ﬂ Specrum on left side Spectrum on right site ﬁ
Readi f i -
Order of w Colour of | Kinds of taling of Telescope . Reading of .—.a_nm,nnnx_ W=g~b | Meand
Spectrum _ light vernier MS. Vs, .H.ME_ M. vs, | Hn__u.ﬁ s Degrees
Resding | Readin eadi ing | (oCmE
‘ g ading Degrees :u._&:w Reading Degrees
_ Violet v, - - -
| T,
First
irs Green v, . _
!
I
i f
+—

Calculations ;

2-34
n
where N is the number of ruling per inch on the grating surface,
Wavelength of H, tine :

For first order

(a+b)= =...perem.

Ay =(a+b)sin®, because n= | for first orcer
X108 em,
For second order = le+b)sin 8 ‘
2
=_.x10%cm.
Hence, mean wavelength Ag for Hyline=_, %1078 ¢in.
Similarly, calculate the wavelength of H, H, and H lines,

. 1 11
Now, for Hy line M.H uxm_ﬁw IwFNU_
I 36
. Ra=375
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Object : To nmﬁnndp:n.ﬁ_._m‘:mw:— of & tower with the help of a sextant,
Apparatus required : Sextant and measuring tape.
Formula used ; - .
The height & of a tower is given by the following formula :
h= A
= cot B—cot ¢t
where 1 = distance between the rwo points of observasion,
B = angular elevarion of the tower from one point of observation,
@ = angular elevation at a point distany x from the previous point towards the tower,
Description and theory of the experiment ;

Description of sextant : Sextant js shown in fig. (1). The sextant
consists of a graduated circular arc of about 60° having wo radial fixed
ams A and B. There is another arm known as thid moving arm ¢
(index arm) whick maoves over the circular graduaied scale. [t carries a
vernier scale V on one side and plane mirror M; (index glass} on the
another side. This arm s fitted with clamp and tangent screw, so that
it can be adjusted in any desired position. The plane of the mirror M,
is perpendicular {o the plane of the arc. A second mirrer M, called the
horizon glass is fixed to the arm whase lower half is silvered while S
upper half is transparent. The plane of this mirror is aiso perpendicular
1o the circular arc. A telescope T is fitted (o the arm B with its axis 129
perpendicualr 1o the horizon glass. The lelescope receives the direct
rays through the transparent portion of M, and the twice reflected rays v,
from A, and My - .

Principle of working : The distant object is viewed directly
through the clean part of mirrors M and ther the movable arm is
50 rotated that the mimor My and M, become parallel. In this
position the telescope recejves rays from distant object in two paths
as shown in fig. (2). One set of rays PM, T through clear part of
M; and other set of rays starting from £ reflected from miror M
and then from the silvered portion of mirror M, enter the telescope.
Now the zero of the main scale shoulg coincide with the zero of the

vernier scale and if it is not so then there is a zero emor in the
instrument which should be noted with proper sign.

Fig. ()
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Reflection of Light 233L

In order to calculate the angle beiween two objects situated in
the direction M, Rand M, P as shown in fig. (3), the movable arm
containing mirror M, is moved such thay the rays coming directly
from P towards telescope and rays coming through the paths RAf,,
My M, and M, T coingide with mmnw other. The angle RM, @ is the
angle between the directions of the 1wo objects which is twice the
angle BM,C. To facilitate this, the circular scale s directly marked
s twice the actual degrees.

The difference between this reading and zero teading gives the
required angle, )

Theory : Let i be height of the tower MA with point N as the
t0p- Let ¢ and B be the angles subtended by the 10p of the wali ar Pz ()

mNsnﬁ&m_mEi:m::a ﬁmmm_.awgqcnmrﬁmza perpendicular 1 the plane MA as shown in mm. 4.
In ANME :

or mSm"f.qH'.u}ooHQ

tan o
In ANMFE

NM h -
an = T uF

ar MF=hcot B
Now MF-ME=hcotB~heota

a=hcotB-heot o
p x M Efm-ooox-ooom
= .

cot B —cot © Py

Adjustments : .

Before performing the experiment following adjustments are made.
{i) Plane of the index glass should be perpendicular 1o the plane of the are.
(it} In the zero reading the index glass and the horizon glass shauld be parallel.

{iii) The axis of the telescape must pe parallel to the Plane of the graduated cireular scale and nust pass
thraugh the cengre of the horizon glass.

Procedure :

(i} First of al) determine the vernjer constant of the scale provided with.the instrumen; Le. by dividing the
value of one division of main scale by the total number of vernjer divisions. .

{1} Draw 2 short horizontal tine on the tower with a piece of chalk in the level of your eye and place the
Sextant at a fairly large distance from the tower, Mark this posttion on the grourd. This will be the first point of
observation. . .

(iii) See a part of horjzonta] line through the Lransparent portion of the horizon glass and the other portion
of the same line through the reflecting part of this mitror, Now turn the movable am such that the horizontal line
is seen continuous, Note down the main scale and vernjer scate readings. The reading will be the zero reading
and should coincide with zero of main scale. If net so, note down the zero with proper sigh.

(iv) Now rotate the movable arm gradually so that the wal] begins to descend down. Coptinue till the image
of top coincide with the mage of marked line. Note down the reading. The difference of this teading and previous
reading will be angular elevation o,

o
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. Practicat Physics

Viva-Voce

Q- 1. Why this instrment is called a sextany ? ,

Ans. The circulaf scale of the instrument is only one sixth of 2 circle Le., an arc of 60°,

Q. 2. On what principle does the working of a sextant depend ?

Ans. This is based on the principle that when a plane mirror is rotated through an ange 8. the reflected ray
is turned through 26. )

Q. 3. Why do you see two images formed in the telescope when the sextant is pointed towards an
abject ?

Ans. One image is formed by the rays directly entering the telescope through the transpareat portion of
horizon glass and the second by those ravs which enter the telescope afier reflections from index giass and silvered
portion of horizon glass.

Q. 4. Is the incident ray fived here as mirror is rotated ? Then'?

Ans. Here the incident ray is not fixed but the reflected ray is fixed, Due to the reversibility of light paih,
the two rays {incident and reflected) are interchangeable.

Q. 5. What are these coloured glasses meant for ?

Aus. These are used when measurements are made with sun or any other bright object.

Q. 6. What do you mean by zero error of sextant ?

Ans, When direct image of a distant object seen through transparent portion of the horizon glass is made
to coincide with the image formed by reflections ar the index and horizon glasses, the two glasses are paralle].
The reading of index arm on the scale should be zero. If it is not zero, then there is zero error,

Q. 7. What is the relative setting of M and M, when the scale reads zerp 7

Ans. The two mirrors are paralle] to each other and perpendicular 1o the bed of the apparaius.

Q. 8. What are other uses of sextant ? e

Ans. This is used by mariners 10 find latitude and longitude a1 a particular place during their voyage.

Q. 9. What is meant by angulor diameter 9 of the sun ?

Ans. The angle subtended by sun's disc a1 the carth is called angular diameter & of the sun.

Q. 10. How the angular diameter of the sun is related to the actual digmeter ? .

Ans. The actual diameter D of the sun is related (o angular diameter 8 by the relation D =x 8, where x i
the distance between earth and sug,

<

e

e A

"Description of the Apparatus and Theory ;

Striking the cemenred part are totally

ww_&cSms

B EXPERINENT No. 27

. Object : To compare En.H..z._._Siﬂ_.um powers of two given sources of tight with a Lummer-Brodhum
p DSMHQQ. and (o study the varation of ittuminating power of » filament lamp with the applied voltage
Apparatus required : Lummer-Brodhum hotometer. aptic ieht an
R al b . 1w
sy " p p ench. 1wo sources of light and amig

Formula used -

If the luminating powers of W0 sources of light be P,

and P znd their respeciive distances from thie
photometer be d; and > theq .

£od”
Pyt

The distances. &) and dy are such thar they produce equai illumination.

»._hn..mhzmaaw«uam_mw + The illuminating Ppower of a source is the quantity of light falling per second on a uni
area piaced at a unit distance form the source in 2 direction normat 1o (he rays. It is measured in candle power.

3.%&5. a\EEE.ahaaa : The intensity of illumination a7 a point is defined as the light falling per szcond
0n a unit area o?:.n surface placed at a point under coasideration, .

Intensity of illumination ME
o : {Distance)* :
_Hcﬁnzmnaa of photometer : The Lummer-Brodhum photomeier is shown in fig. (1).
L consists of a magnesium carbonate slab A8 arranged suth that each face ig | inal
S an Pl e P, et ca ity g <h face 1s illuminated by the sources
angied prisms which receive the light after -
the reflection from the slab AB. The ipht
now reflected from these Prisms, enter into
adouble prisms P3and P,. The two prisms

4

are placed with theip hypotenuse faces
together and separated by a thin air film
£xcepl at the centre. The centra) portion is
cemented with canada balsam, The rays

ransmitted while hose striking the air
film are totaliy reflected. This is shown in
the left adjoining figare, The rays I and 3
coming from prism Py are reflected while
ray 2 is transmited. Similarly rays 4 and 6
coming from the prism P, are reflected
while ray 5 is transmijted. In this way light

Fig. (1)

FAYIR
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d;. adjust S5 at a distance dy till the field of view in photometer i equally illuminateq.

(i1} Now interpose 5.@ transmitting plate between photometer ang source §,. Move 87 till the feld of view
in photometer is equally i#fuminateq. Note the distance 4 of seurce from photometer.

(iii} Repeat above procedure by changing 1he distance d; of source Sy from photometer.

Observations -

Position of
Photomerer
a

!
4
3
:
4

Q. 1. Whar 4o You mean by ph olomtetry ? .
Ans. The branch of the optics which deals with the comparison and measurements of the Quantity of radiang
Energy, emitted or recejved or absorbed by light bodies. ’
Q. 2. Define dlumingting Power ?
Ans. The M.:_._Emam:.am Power of a source is the quantity of lighy falling per second On & unit area placed a
a unil distance from (he source in a direction nprma) 10 the rays, It is measured in candle power
Q.3 Whar s intensity of Hlumination » .
Ans. The intepsity of illumiration ar a point is defined ag the light falling per secongd On.a.unit area of the
surface piaced ar o Point under consideration, ’
Q-4 What is o candle power ? .
Amns. The candle power is the ratig of illuminating Power of a given source of light and that of 5 standard
candle. :
Q. 5. What is in verse square law 7 B
Ans, The intensity of lumination 7 a a point due 1o a Point source varieg inversely as the square of the
distance r of the given point from the source f ¢ /17, . S
Q. 6. Is eye equally sensitive to aif colours in the visible range of radiations ?
Ans. In visible range of the spectrum, eve is pot equally sensitive 10 i colours ie., wavelenghs, [t hag
maximum sensitivity ar 4 = 5550 4 in yellow region,
Q. 7. What is the Sensitivity of the eye in comparing illuminance of twg surfaces ?
§ Ans. The eye can distinguish between two surfaces, placed side by side and seen mmﬂn_mgnocm@ which
1iffer in brightness by one percen:,

R b 1
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.. OF the lens combinaion, When the system is situated

Object : To locate the cardinal points of a svstem of two thin tonvergent ienses separated r.« 2 distance and
then 1o verify the formulae ’
: s F xF
©ad LH,=_1f
£ B/
Apparatus required : Nodal slide assembly and rwo thip convergent lenscs,
Formula used : C

(1) The distarce of the fizst principal point | fiom the figsy lens L, is given by

L H =y

xF
LyH =421
f
(2) The distance of the second principal point Hy from the second lens is given by
Fr '
Ly H=— —
coT It
where i = Focal lengih of the 1wo lenses L;and Ly respectively.
+ = The distance hetween 1w lenses,
F = Focal leagth of the Jens combination,

Procedure :

(1) Determine the focal lengihs 7, and /5 of the 1wo lenses separately as described in £xperiment no. 29,

(2) Mount the two convex fenses on the carriage of nodal slide upright provided with scale so that positian
of lenses can be reag over it. This upright can alsp be rotated about-its SUpPOIt in horizontal plane, The support
stand represents the axis of rotation. As shown in fig. (1) keep lens L, towards plane mirror and lens L, towards

cross slit. Then as described in experiment no. 28 proceed to caleulate the focz) teagth of the combination of
leases. For this the positicns of the carriage on the nodal slide upright and the position of the upsight on the
optical bench are adjusted 1o obtain *no Jateral shift’
Position of the crass slit. In this position cross slit ligs
in the second focal Dlane and the axis of rotaticn of
the nodal slide passes through the second nodat potm

Mirror

in air, nodal points and principal points ceincide.
Therefore distance between lens L, and axis of
rotation is , L. Note the distance Hy F5 between
axis of rotation and cross slit. This i§ F, the foca]
tergth of combination, By cenvention. F is Positiv

whereas [, Hy s negative 25 it lies left to the lens
L, (taking the reference direction of light from planc
mitror).

250L

Location of Cardinal Pogys 25IL
and again obtair ‘no lateral shift’ positian, Again nate L, H) and
£ According 1o sign convention Ly H) will he 0sitiv

(3} Now rotaze the carriage through 1 g0
focal length of combination £ (disrance H,
negative.

(4) Find she mean va
Observations -

{1} Focal length of first Ho_._m_b = e, CL
(2)  Focal lengih of secang Hmsm‘.\w =.
(31 Focal length, F, of combination ang i
Distance, x, between the WO lenses =

lues of F from the values obtained in procedure (2) and (

Cop Position of the between fens
Lens towards LS wea:..__.n of 2xis of rotatigy | Focal _.nqu of | towards crosg | Mean distance
crossslit N n_.o.,w_”.: @) | of nodal stide | Combination slit and avis of ! em.
; . i &} em, 1 Fan =(a-p ! rotation of ! Pracicaf value”
: ; | nodal slide §n

Caleulations : {1) Take Mean
L) H and Ly Hy by the relations :

L H, u%ﬁ.u+ . Cm.
2

and P:utuul.[lwﬁn.:na.
i

Difference

Since the 1wo values nearly agree. relationg

xF ¢
D=2 g &muuﬂw
2 1

are verified,
(2} Location of Cardina] Points :
Draw twa lenses L, and Ly ai & known distance x apart,

Thea make the pasttion of first ang second principal points
Hyand Hy at distance Ly Hy from lens L) and at distance

Ly H, from fens Ly on the common axis, respectively, with
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. ’ H Refractive Index

Result : The refractive index of concave leng =
" Precations and sources of error :
(1)  Optical bench should be levelied.
¥ (i) Object pin and Image pin heights shouid be upto the centre of concave lens.
f o ~ . VH). Rédius of curvature of hotn the surfaces should be determined,

{iv) Spherometer readings should be taken carefully. . .
(¥} Atleast three or four rzadings shouid be taken for the determination of focal-length of the lens.

L “
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S63EN

P.nnmn& Physics

a‘o_»mmm Volis
w 150
1264
1250
1304

%

No. of counts

Background couats

Net no. of counts “

Result ;
counter.

Precautions : Radicactiv
shield one self from radiations.

‘e sources should be placed in supporting blocks, By

A graph is plotted in number of counts and applied voltage. .:E is plateau characteristic of G.M,

ery care should be 1aken 1o

@)

PHYSICAL CONSTAN TS AND MA H@N&h NN CAL TABLES

Universal Physical Constants :
Gravitaticnal constant G
Boltzmana constant
Mass of H; atom (g

H

6.67 x 111 nmfeTS.\rq-
1.38 x moldho:_n\m ‘
167399 x 1627 kg

L67399 x 10¥ g

9.1083 x 107 kg

1.6 x _ol_mnoz,_oa_u

Ix 108 mss

6.63x 10731 ¢

Mass of proton {myy

Mass of clectron (tn,)

h

Charge on eleciron

Velocity of light in vacuum

Planck’s constam
Densities

Al ordinary temperature (17°-239

It

Substance | Density x 107 kgrm® | Substance - i

Density

% 10 km?

Metals and alloys | I Liquids i
1 Alumigiam i 2.7 ! Alcohal 0.30
) Tron. Pure ,_ 7.88 i Benzene 033
Wrought 1 7.85 f Ether 0.73
Cast “ 7.6 i Glycerine 1.26
Steel | 7.7 ' Lubricating il 09]
Brass __ 887 _ Mercury 13600
Chromim | 6.2 ! Aniline 102
Copper “ 8.86 ‘_ Ether 0736
Gaold i 193 ! Turpentine 087
Antimony w 6.62 __
. Bismith | 9.78 ﬁ
N Silver 10.5
Mica 2.6-32
Platinura 2145
Tungsien 193
1 Tin 7.3
' Lead 11.34 ‘
Magnesium L7
Nickle 8.8 _ )
Selenium 4.8 | Gases:
Germanium 5.3 b i 0.00129
Bronze $.8-3.9 | Carbon dioxide 000158
Constantan B 88 ‘ Hydrogen 0.00609
Maganin 8.50 Steam (100°C) 0.00091
Asbestos 20-28 _ " Helium 0.000179
- Cork 0.22-026 1 _
Glass Crown 20 H i
Flint 40 ! u
Zine 7.1 | i
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: v)
. (iv) # Spexific Resistance and Temperature Coefficient of Resistance ;
Thermal constants - (C.G.S. units) i - ) _ ‘ ]
m:iuss. . ﬁ Melting paint, *C | Boiling point, *C: Specific heat Litent heat Conductivity ; P — P, _ Y By
Aluminiom 0.504 ,p Sibver _k 164 360
Bismuth 0.0194 German Silver ‘ 62% Cu. 15% Ni, 22% Zn | 26.6 23w60
Copper - 0.918 Copper | . _ 178 498
Gold 0.7 Nichrome . i 80% Ni, 20% cr ‘ 110.0 17
Tee . 0.005 " Mercury | % 908 90
lron (wrought) ‘ _ - 0.144 Brass \ T0% Ce, 30%74 i 6.6 10.0
Lead i 7 0.083 Plarinum . ] 1.0 75
Platinum _ i 0.165 Manganin Uos%Cu 0 o Mo 430 0028005
Siver ‘ _ ‘ 0.974 Electro-chemical Equivalent -
Tungsten _ _ ...... 0.33
Steel ﬁ ...... i ﬁ ...... 0118 Element Atomic weight I i E.CE.gm Jeoulomb
Benzene __ q | 3 Alurnintum _ 26.97 i ! 0.0000935
Warer _ _ _ 147 o Oxygen 16.00 | 2 __ £.0000829
Mercury ‘ 0.033 I 62 T Silver . _ 167.88 f 1 I 0.001118G
Ether I s _ 346 0.55 _ 8 _ 3 Copper H 6357 “ 2 q 00003254
Magnetic Elements : Zinc ; 6538 ‘ 5 __ 00003383
[ Station | Dip | Hoerstea | Station I Dip H oersted 11‘ o : /n_nnwn u 197.20 | 3 i 0.0006309 N
P . e : i : i 58.69 _ 3 i 0.0000305 ;
Agra m 407 41 | 0.348 | Gorakhpur T _ 0358 Hydrogen _ 007 _ , | oot
Aligarh | 41750 % 0.346 _ Jaipur | 407 300 i 0.347 - - | -
Allahabag | oww | 0.353 [ Kapor o 0.363 Thermo EMLF.
Delhi. [ 42" 52 f 0343 | Khurja i 200 | 0.343 Thermoeanpte T o
Meerut | 43730 _ 0339  Lucknow * 07 00 _, 0354 - , : o eqm.L.
Varanagt | ral[iy ﬁ 0364 i Batilly | 4272 ! 0344 Opper-consiantan ETY Microvoly'C
Dehra Dun : 45500 ; 0.332  Bombay - 257300 | 0.376 n%?l.a: _ 8.6 Microvoly"C
Gwaljor 39° 00" __ 0.353 I Caleurta i 31307 g 0.382 Antimony-Bismuth w 113 Microvali
Wire Resistances Internal Nﬂ.am_mnnn and EM.F, of Cells :
7 T ! Resistance (ohm/meter) R Internal resistance (ohras) | EMF, (valts)
SW.G. No. | Diamcer ma. Copper Constantan Manganin Cadmium _ 9002 (very high) m LOIS3 vol: L 20°C -
i 38 _ 0.0021 2087 i 0.081 Daniei u 34 (faidly constam) i 108
12 _ 26 | 0.0032 ﬁ 0o ‘ 0077 L © A Leclanche i High. increases with usage _
¥ 203 _ 00054 _ 0.146 0131 . ccumatator | Lo »
16 | 163 0.6083 | 0218 % 0203 . Lead acummiargy - - Very Low ° v ST
18 ! L2 “ 00148. | 0.495 | 0.361
20 I 0514 0.0260 _ 6.722 , 0645
22 i 0711 1 00235 | 120 _ 107
24 | 0.359 ! 0.070 I 1.93. | 173
2% | 0437 “ 0.105 % 0,89 | 258 —_—
23 ] 0.474 ! 0.155 _ 4.27 | 382
30 @ 0315 | 0222 ! 6.08 | 543 :
32 | 0274 | 0.293 | 8.02 _ 718
34 w 0.231 ] 0404 _ ILi i 99 .
< 36 | 0193 i 0.590 16.2 145 oA
T ; 0152 _ 0.950 | 62 _ u.m
n 0.122 _ 148 | 06 ] 363 |

ot
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Practical Physics

NATURAL COSINES
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WAVES AND OPTICS PRACTICALES EVEN
SEMESTER

REFRACTIVE INDEX OF A PRISM
Aim:
To determine the refractive index of a given prism by using a Na Light.

Apparatus Required:
Spectrometer, prism, mercury vapour lamp, spirit level and reading lens.

Formula Used:

The refractive index p of the prism is given by the following formula:

sin (%)
sin (%)

Where A = angle of the prism, ém = angle of minimum deviation.

H=

Procedure:

The following initial adjustments of the spectrometer are made first.
* The spectrometer and the prism table are arranged in horizontal position by using the levelling screws.
* The telescope is turned towards a distant object to receive a clear and sharp image.
* The slit is illuminated by a mercury vapour lamp and the slit and the collimator are suitably adjusted to receive a
narrow, vertical image of the slit.
* The telescope is turned to receive the direct ray, so that the vertical slit coincides with the vertical crosswire.
(A) Measurement of the angle of the prism:
* Determine the least count
* Place the prism on the prism table with its refracting angle A towards the collimator and with its refracting edge A at
the centre. In this case some of the light falling on each face will be reflected and can be received with the help of the
telescope.
* The telescope is moved to one side to receive the light reflected from the face AB and the cross wires are focused on
the image of the slit. The readings of the two verniers are taken.
* The telescope is moved in other side to receive the light reflected from the face AC and again the cross wires are
focused on the image of the slit. The readings of the two verniers are taken.
* The angle through which the telescope is moved; or the difference in the two positions gives twice of the refracting
angle A of the prism. Therefore half of this angle gives the refracting angle of the prism.
(B) Measurement of the angle of minimum deviations:
* Place the prism so that its centre coincides with the centre of the prism table and light falls on one of the polished
faces and emerges out of the other polished face, after refraction. In this position the spectrum of light is obtained.
* The spectrum is seen through the telescope and the telescope is adjusted for minimum deviation position for a
particular colour (wavelength) in the following way: Set up telescope at a particular colour and rotate the prism table
in one direction, of course the telescope should be moved in such a way to keep the spectral line in view. By doing so
a position will come where a spectral line recede in opposite direction although the rotation of the table is continued in
the same direction. The particular position where the spectral line begins to recede in opposite direction is the
minimum deviation position for that colour. Note the readings of two verniers.
.« Remove the prism table and bring the telescope in the line of the collimator. See the slit directly through telescope
and coincide the image of slit with vertical crosswire. Note the readings of the two verniers.
* The difference in minimum deviation position and direct position gives the angle of minimum deviation for that
colour.
* The same procedure is repeated to obtain the angles of minimum deviation for the other Colours.
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Collimator

Figure: Left: Arrangement to determine the angle of prim.
Right: Arrangement to determine the angle of minimum deviation.
Observations:

(i) Value of the one division of the main scale = ......... degrees
Total number of vernier divisions = ..........
Least count of the vernier= .......... degrees = ......... second
(i) Table for the angle (A) of the prism.
S.No | Vernier Telescope reading for reflection Difference Mean | A Mean A
from first face from second face | 6=a-b=2A | value degrees
MSR | VSR [ TR(a) | MSR | VSR | TR (b) of 2A
1 Vi
v, }
2 Vi
v, 3
3 V,
v, 3

MSR = Main Scale Reading, VSR = Vernier Scale Reading, TR = MSR+VSR = Total Reading.
(iii) Table for the angle of minimum deviation (6m).

S.No | Colour | Vernier | Telescope reading Telescope reading | Difference Mean value
for minimum for direct image Su=a-b of 8,
deviation
MSR | VSR | TR(a) | MSR | VSR | TR (b)

1 Violet Vi

Ve
2 Yellow | Vi

V2
3 Red Vi

V2

MSR = Main Scale Reading, VSR = Vernier Scale Reading, TR = MSR+VSR = Total Reading.
Calculations:

Refractive index for yellow=.............
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Angle of minimum deviation forred=...........
Refractive index forred=..............
Result: Refractive index for the material of the prism

DISPERSIVE POWER OF A PRISM

Aim:
To determine the dispersive power of a prism using Hg light

Apparatus:
A spectrometer, a glass prism, mercury lamp, reading lamp and a magnifying lens.

Formula used: The dispersive power of the medium of the prism is given by

Where ub and pr are the refractive indices of the medium for blue and red lines respectively and py refers to the
refractive index for the D yellow line of sodium and may be written as:

My +H,
”v = bT
The refractive indices pub and pr can be determined by using the formulae
_sin(A+ d,)/2 _ sin(A+ 05 )/2
’ sin A/2 T sinA /2

Where A is the angle of the prism and b and &r are the angles of minimum deviation for the blue and red
respectively.

Source Schematic diagram of the spectrometer

Manipulations:

1. Determine the vernier constant of the spectrometer.

2. Turn the telescope towards some brightly illuminated white background and move the eyepiece in or out till the
cross-wire is sharply focused.

3. Switch on the neon lamp.

4. Bring the telescope and collimator in the same straight line and move the lamp right and left and up and down and
fix its position when the illumination of the slit is maximum.

5. If the image of the slit is not bisected by the horizontal cross-wire in the telescope, adjust the leveling screws of the
telescope or collimator till the slit is bisected.

6. Place the prism in the centre of the small prism table in such a way that one of its refracting face is at right angle to
the line joining two of the levelling screws on the small prism table.

Optical Leveling:
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7. Turn the table till the edge of the prism is opposite to the middle of the collimator lens. The image of slit will now
be reflected from each of the two faces.

8. First get the image of the slit from that face of the prism, which has been kept at right angles to the line joining the
two leveling screws on the prism table. If it is not bisected by the horizontal cross-wire it should be made to do so by
adjusting either of the two screws. This is done to ensure that the faces of the prism are vertical.

9. Now view the slit through the telescope, as it is reflected from the other face of the prism. If it is not bisected, adjust
the third screw. This operation makes the edge of the prism vertical and parallel to the slit.

10. The prism table is thus leveled and the two faces of the prism are made vertical.

11. Turn the prism table till the beam of parallel light from the collimator enters the prism at one face and emerges
from the other. Now the refractive image of the slit will be seen. The prism table is moved in a direction to increase
the angle of incidence. As we increase the angle of incidence, the refractive ray will move in a particular direction. At
one particular angle of incidence, the refractive ray will cease to move. This gives the position of minimum deviation
for the prism. If the prism is moved still further, the refractive ray will begin to move in opposite direction. Turn the
telescope a little to one side of the image and fix it. It is evident that there are now two positions of the prism, one on
each side of that of minimum deviation, which will bring the image of the line again into view in the center of the field
of the telescope.

12. The prism is first turned to the position where the angle of incidence is greater than that corresponding to
minimum deviation. The telescope is now focused while looking at the spectrum through the telescope.

13. Now rotate the prism table in the opposite direction till the image is again visible through the telescope.

14. Focus the collimator.

15. Turn the prism table again so as to increase the angle of incidence till the refracted rays after going out of the field
of view are again visible.

16. Focus the telescope.

17. Again rotate the prism table so as to decrease the angle of incidence and when the image reappears focus the
collimator.

18. If all the above operations have been performed correctly, you will find that the refracted image will always be in
sharp focus, no matter in which direction the prism is turned. This is known as Schuster’s method of focusing the
telescope and collimator.

19. Find the angle of the prism.

20. Find the angle of minimum deviation for bright red and greenish blue line of the mercury spectrum.
Observations:

1. Vernier constant of the spectrometer =

2. Readings for the angle of the prism ‘A

Sl No. Readings for the Image Reflected 2A A
From Right Face From Left Face c—a d—-b
Venier A Venier B Venier A Venier B
a b c d

1.
2.
3.

Mean A =

3. Readings for the angle of minimum deviation
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Sl no. Colour of Direct Reading Reading for the
Light Position of Minimum [
Deviation
A B A B
1. Red
2. Red
3. Red
1. Blue
2, Blue
3. Blue
Mean: 6, (red) = &, =, 6, (Blue) = &, =
Calculations :
_sin(A+0.)/2
sin A /2
sin(A+ ﬁb}fz
Hp = -
sinA/2
THb
H} = % =
i = ub B p':'
i, -1
Result:

The dispersive power of a prism =

RESOLVING POWER OF PRISM
Aim :
To determine the resolving power of a prism.

Apparatus Required:
Spectrometer, prism, prism clamp, mercury lamp, lens.

Principle:
If a spectrograph can just resolve two lines near wavelength with a separation of, the resolving power is defined as
AJAN.

Resolving power for yellow and blue is given by
_ nb—-ny
n-1

. . b+
Where n, and n, are the refractive index of blue and yellow, and n = =%

2

Procedure:
Preliminary adjustments:

1. Focus Telescope on distant object.
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When focus is correct, start button is activated. Then click Start button.
Switch on the light by clicking Switch On Light button.

Focus the slit using Slit focus slider.

Adjust the slit width using Slit width slider.

Coincide the slit with cross wire in the telescope.

oA~ wN

Performing Real Lab:

1. Turn the telescope towards the white wall or screen and looking through eye-piece, adjust its position till the
cross wires are clearly seen.

2. Turn the telescope towards window, focus the telescope to a long distant object.

3. Place the telescope parallel to collimator.

4. Place the collimator directed towards sodium vapour lamb. Switch on the lamp.

5. Focus collimator slit using collimator focusing adjustment.

6. Adjust the collimator slit width.

7. Place prism table, note that the surface of the table is just below the level of telescope and collimator.

8. Place spirit level on prism table. Adjust the base leveling screw till the bubble come at the centre of spirit
level.

9. Clamp the prism holder.

10. Clamp the prism in which the sharp edge is facing towards the collimator, and base of the prism is at the
clamp.

Least Count of Spectrometer:

One main scale division (N) =................ minute

Number of divisions on vernier (V) = .....cc.........

LC =Z= i, minute

To determine the Angle of minimum deviation:
Direct method :

Performing simulator:

Rotate prism table so as to get the refracted light through the prism.

Make the slit coincide with telescope cross wire.

Slowly rotate the vernier table by using vernier fine adjusting slider.

Note the position where the slit is stationary for some moment.

Using telescope fine adjusting slider, make coincide the slit with cross wire.

agrwbdE

Performing Real Lab:

1. Rotate the prism table so that the light from the collimator falling on one of the face of the prism and emerges

through the other face.

The telescope is turned to view the refracted image of the slit on the other face.

3. The vernier table is slowly turned in such a direction that the image of slit is move directed towards the
directed ray; ie., in the direction of decreasing angle of deviation.

4. It will be found that at a certain position, the image is stationary for some moment. Vernier table is fixed at the

position where the image remains stationary.

Note the readings on main scale and vernier scale.

Carefully remove the prism from the prism table.

7. Turn the telescope parallel to collimator, and note the direct ray readings.

N

o o
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8. Find the difference between the direct ray readings and deviated readings. This angle is called angle of
minimum deviation (D).
To determine the Resolving power of prism :

1. Rotate the vernier table so as to fall the light from the collimator to one face of the prism and emerged through
another face. (refer the given figure ).

2. The emerged ray has different colors.
3. Turn the telescope to each color, and note the readings for different colors.
4. Remove the prism, hence note direct ray reading.
5. Find the angle of minimum deviation for different color.(Say ,violet, blue, green, yellow).
6. Find the refractive index for these colors. Using equation (3).
7. Resolving power for yellow and blue
—nb—ny
n-1 b
Where n, and n, are the refractive index of blue and yellow, and n = *2"~
Refracted ; Difference
: o Direct R Mean
Line Vernier ray . (Minimum n
z readings o D
readings =" | Deviation)
Vi
V2
Vi
V2
Vi
V2
Vi
V2
Refractive index for the line nl=
Refractive index for the line n2 =
Average refractive index n = 272
Resolving power for and line = = nrz:lll
Result:
Angle of the Prism — VTR - . VSO Degrees
Angle of minimum deviation of the prism S e eeereeeeen it raeenraeenreees Degrees

Refractive index of the material of the prism T TR
Dispersive power of the prism  =.............coooiiiiiiiiii

SPECTROMETER — DETERMINATION OF CAUCHY’S CONSTANT
Aim:
To determine the value of Cauchy constants of a material of a prism
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Apparatus Required:
Spectrometer, Prism, Mercury vapour lamp.
Formula
The refractive index n of the material of the prism for a wavelength A is given by.

B
n=A+—
}LE
Where A and B are called Cauchy’s constants for the prism.

If the refractive indices nl and n2 for any two known wavelength A1 and A2 are determined by a
spectrometer, the Cauchy’s constants A and B can be calculated from the above equation.

Procedure:
Preliminary adjustments:

1. Focus Telescope on distant object.

When focus is correct, start button is activated. Then click Start button.
Switch on the light by clicking Switch On Light button.

Focus the slit using Slit focus slider.

Adjust the slit width using Slit width slider.

6. Coincide the slit with cross wire in the telescope.

gL

Performing Real Lab:

1. Turn the telescope towards the white wall or screen and looking through eye-piece, adjust its position till the

cross wires are clearly seen.

Turn the telescope towards window, focus the telescope to a long distant object.

Place the telescope parallel to collimator.

Place the collimator directed towards sodium vapor lamb. Switch on the lamp.

Focus collimator slit using collimator focusing adjustment.

Adjust the collimator slit width.

Place prism table, note that the surface of the table is just below the level of telescope and collimator.

Place spirit level on prism table. Adjust the base leveling screw till the bubble come at the centre of spirit

level.

9. Clamp the prism holder.

10. Clamp the prism in which the sharp edge is facing towards the collimator, and base of the prism is at the
clamp.

Nk~ WN

Least Count of Spectrometer :

One main scale division (N) =.............. minute

Number of divisions on vernier (V) = ...........
LC =—= i minute

To determine the angle of the Prism:

1. Prism table is rotated in which the sharp edge of the prism is facing towards the collimator.
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2. Rotate the telescope in one direction up to which the reflected ray is shown through the telescope.
3. Note corresponding main scale and vernier scale reading in both vernier (vernier | and vernier I1).
4. Rotate the telescope in opposite direction to view the reflected image of the collimator from the second face of
prism.
5. Note corresponding main scale and vernier scale reading in both vernier(vernier | and vernier I1).
6. Find the difference between two readings, i.c.0
7. Angle of prism, A=6/2
Reading of Vernier 1 \Vernier 2
reflected ra
y MSR VSR Total MSR VSR Total
from
face 1
(say a)
face 2
(say b)
Difference
betweena & b
Mean 0 =.................. Degrees
Angle of prism =................. Degrees

To determine the Cauchy's constants for the prism:

Performing Real Lab

The angle of the prism A and the angle of minimum deviation D for different wave length are determined. From this
the refractive index n for these colours are calculated. Taking the value of A from the mathematical table, the Cauchy’s
constants A and B are calculated for different pairs of spectral colours using the equation.

The Cauchy’s constants can also be determined graphically. A graph is drawn with n along the y-axis and 1/A2 along
x-axis with zero as the origin for both axes. The graph is a straight line. The Y intercept gives A and the slope gives B.

Performing simulator :

1.

Nooakrwd

Rotate the vernier table so as to fall the light from the collimator to one face of the prism and emerged through
another face. (refer the given figure ).

The emerged ray has different colors.

Turn the telescope to each color, and note the readings for different colors.

Remove the prism, hence note direct ray reading.

Find the angle of minimum deviation for different color.(Say ,violet, blue, green, yellow).

Find the refractive index for these colors. Using equation (3).

Draw the graph with n along the y-axis and 1/A2 along x-axis with zero as the origin for both axes.

Table (1): To calculate A and B.
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Pair of Ax10°m | rx10°m nj >
Colors
Yellow]l &
Blue
Green &
Violet
Table (2): To find A and B graphicaly.
Colour Ax109m (1/A2) x 1012 m?2 n
Yellow 579.1 2.988
Green 546.1 3.353
Blue 435.8 5.265
Violet 2 404.7 6.103

Graph:

1/A2x 1012m2

Result:
Cauchy's constants

A =
B = m?2
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WAVELENGTH OF LASER USING DIFFRACTION GRATING
Aim:
TO find a wavelength of laser source using diffraction grating.

Apparatus required:

Diffraction grating, Laser source, Large screen, Stand with grating mount, metre scale

Formula
Sin 6 ,=NnA
Sin®,=x,/vXn2 + d2

m=+2

m=+1

Procedure:
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Laser, grating and a screen are arranged in a line as shown in a figure. Switch on the laser and pass through the grating
so that the diffraction pattern can be seen on screen. The pattern consists of bright diffraction bands of orders n =
1,2...etc. On either side of the central spot. For normal incidence, the grating is aligned such that the separation
between the central spot to the first order spot on both sides are equal. Adjust the spacing between the grating and the
screen d to 0.23 m. Find the distance to the n th order (n=1,2) diffracted spot from the central spot on both sides of it
on the screen as x,. From the mean value of x,, calculate Sin0,=x,/+vXn2 + d2 for each order. The number of
lines per metre of the grating N is also noted. Then the wavelength given by A = Sin 0 ,/ Nn is calculated. The
experiment is repeated for various distances d= 0.5,0.75 and 1 m and the mean value of wave length is calculated.

Table :
Number of lines per metre on the grating N = lines/ m
s.no | Order | Distance to the diffracted spot Sin 0 ,=x /VXn2 + d2 Meansin 0, | A =Sin 6,/ Nn
n | from the central spot x, (m) (m)
Left Right Mean
1
2 I
3
1
2 I
3
Result :

Wavelength of the laser light =

MELDE’S APPARATUS
FREQUENCY OF VIBRATOR(TUNING FORK)

Aim:

To determine the frequency of vibrator or tuning fork of Melde’s Apparatus by measuring the frequency of
Dtransverse vibrations 2)longitudinal vibrations of a string.

Apparatus:

Melde’s apparatus of electrically maintained vibrator or tuning fork with a long uniform string, scale
pan,weight box etc.

1) TRANSVERSE MODE OF VIBRATIONS

Procedure:

In Melde’s apparatus, a long string is attached to one of the prongs of the tuning fork(or vibrator). The other
end of the string carrying scale pan is passed over a smooth pulley. The pulley is rigidly fixed to the edge of the table.
The electrically maintained tuning fork is placed so that its prong is along the length of the string as shown in Fig28.1
below.
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When the circuit is closed, the fork is set into vibration, at right angles to the length of the string. A mass of, say, 5g is
placed on the pan. The transverse stationary waves are produced in the string due to the superposition of the traveling
wave and reflected wave at the pulley. The length of the string is adjusted to get well defined loop of standing waves.
Leaving the loops formed at the ends of the string, total number of loops is counted and total length of the loop is
measured using meter scale. The length | of then is calculated. The experiment is repeated by adding the mass into the
pan in step of 5g. The mass of entry pan m, is determined and is added to the mass placed in it. The readings are
tabulated as given in table 28.1. The linear density m of string that is, mass per unit length of the string is calculated
by knowing the mass of the specimen string 10m in length.

Table 28.1: To determine (M*/ L?)

Load in scale Total mass Number of loop | Total length of Length of one (M1 %) kg.m?
pan: M g M’=(M+m,)g N loops m loop I m

Mean (M'/ I?) = Kg m?

Mean (M'/ 13)¥2= Kgm?

A graph can be drawn connecting M" and L? as shown in fig 28.2 and the slope (M'/ I?) can be determined.

M’ kg L* m?

Formula:

In transverse mode of vibration of the string of the loop length L under the tension T, its frequency of
vibration is equal to that of vibrating tuning fork. Therefore frequency of the fork

n = 1/21 [T/m]¥? = 1/2 [(g/m)(M*/1)]"?

where T is the tension in the string = (M+m;)g =M g. Here M" is the load including the mass of the pan m, and g is
the acceleration due to gravity.

Observation:

Mass of the scale pan m, = kg
Mass of 10m of string = kg
Mass per meter of string m = kg m™
Mean (M*/1%)*2 1) by calculation = kg"?m™*
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12 ~-1

2)by graph = kg™“m

Frequency of the fork n = 1/2[(g/m)(M*/13)]*? Hz

Result:
Frequency of tuning fork in transverse mode of vibration of string
1) By calculation = Hz
2) By graph = Hz

2)LONGITUDINAL MODE OF VIBRATIONS:

Procedure:

In the longitudinal mode, the fork vibrates in a direction parallel to the length of the string. The experiment is
performed as in the case of transverse mode of vibrations. Observations are tabulated for various tensions. The table is
identical to the table 28.1 which is already given. Here it should be noted that for same tension, the length of one loop
is twice as that for transverse mode. Experiment is also repeated to find the relative density of the given solid and
liquid.

Table 28.2: To determine (M*/ L?)

Load in scale Total mass Number of loop | Total length of Length of one (M/1%) kg.m?
pan: M g M*=(M+m,)g N loops m loop I m
Formula:

In longitudinal mode, each and every point of the string makes one complete oscillation during which of fork
completes two oscillations.Therefore,

Frequency of the fork n = [(g/m)(M*/1%)]"?

As in the case of transverse mode, using the same formulae, the relative densities of solid and liquid are determined.

Observation:

Mass of the scale pan m, = kg
Mass of 10m of string = kg
Mass per meter of string m = kg m™
Mean (M*/1%)*2 1) by calculation = kg“?m™*
2)by graph = kg"*m*

Frequency of the fork n= [(g/m)(M/I*)]"* Hz

Result:
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Frequency of tuning fork in longitudinal mode of vibration of string

1) By calculation = Hz
2) By graph = Hz
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LISSAJOUS FIGURES
Aim:
To use Lissajous figures to take phase measurements.
Apparatus:
General purpose oscilloscope (10MHz) , Function generators (1 Hz to 1 MHz) ,Digital multimeter.
Theory:

A lissajous figure is produced by taking two sine waves and displaying them at right angles to each other.
This easily done on an oscilloscope in XY mode. If the oscilloscope has the x-versus-y capability, one can apply one
signal to the vertical deflection plates while applying a second signal to the horizontal deflection plates. The
horizontal sweep section is automatically disengaged at this time. The resulting waveform is called Lissajous figure.
This mode can be used to measure phase or frequency relationships between two signals.

Procedure:

1. The circuit was connected as in Figure 3.8.

2. The frequency of Ein was set at 1 kHz. R was set at 0 Q. The signal voltage was set at 4 V peak-to-peak.
The display was centered. R was changed to 10 kQ and the pattern in was recorded in Table 3.3. The measured and
calculated values was recorded in Table 3.3, for different values of R.

I __l Chaadningl &
I | ] ,.
.01 wF
|
) ihlﬂnﬁlB
B0k
| : |
c
Observation:
SNO X Y @=sin"(Y/X)
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Result:

The phase difference of lissajoue’s figure =
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" Chapler 10

" Huygens' Principle

and Its Applications

- Christiaan Hauygens,

ave theory of light was first put forward by Christiaan
s in 1678. Disrinig that period, everyone belicved in
s ‘Gorpuscular theory, which had satisfactorily
“the “phel otena - of reflection, refraction, the
ropagation of light and the fact that tight could
ite throngh vacuum. So empowering was Newton’s
that the scientists around Newton believed in the
oy much more than Newtor himself; as
uchi, when Haygens put forward his wave theoty, no one
really ‘believed him. On the basis of his wave theory,
Huygens explained satisfactorily the phenomena of
reﬂectibu,-refragtibn and total internal reflection and also
providéd a simple explanation of the then recently
discovered birefringence (see Ch. 19). As we will see later,
Huygens’ theory predicted that the velocity of light in 2
mediiity (like water).shall be less than the velocity of light
ace, which is just the converse of the prediction
m Newtoti’s corpuscular theory (see Sec. 1.2).
Tt u.-wave_'charac't'er of light was not really accepted until
the interference experiments of Young and Fresnel (in the
early part of the nineteenth century) which could only -be

explained on the basis of a wave theory. At a later date, the -

data on the speed of light through transparent media were

also available which was consistent with the results.

obtained by using the wave theory. 1t should be pointed out
that Huygens did not know whether the light waves were
longitudinal or transverse and also how they propagate
through vacuum, It was only in the later part of the
nineteenth century, when Maxwelt propounded his famous
electromagnetic theory, could the nature of light waves be
. understood properly.
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a Dutch physicist, in a commiication o the Aeademie des Science in Paris, propounded his wave theory of fight
. (published in bis Traite de Lumiere in 1690). He considered that light is sransmitted throngh an all-pervading actber that is made #p
-, of small elastic partickes each of which can. act as a secondary source of wavelets. On #his basis, Huygens explained many of the known
ﬁ}@agaﬁaﬂ.c}jamcmim'm of fight, inclucling the double refraction in caleite discovered by Bartholinus. ‘

—From the Internet
10.2 HUYGENS' THEORY

Huygens’ theory is essentially based on a geometrical
construction which allows us to determine the shape of the
wavefront at any time;, if the shape of the wavefront at an

garlier time is known. A wavefront is the locus of the points

which are in the same phase; for example, if we drop a small
stone in a calm pool of water, circular ripples spread out
from the point of impact, each point on the circumference

of the circle (whose center is at the point of jmpact)

oscillates with the same amplitude and same phase and thus
we have a circular wavefront. On the other hand, if we have
a point source emanating waves in a uniform isotropic
medium, the locus of points which have the same amplitude

_ and are in the same phase are spheres. In this case we have

spherical wavefronts as shown in Fig. 10.1(a). At large
distances from the source, a small portion of the sphere can

" be considered as a plane and we have what is known as &

plane wave [see Fig. 10.1(b}].

Now, according to Huygens’ principle, each point of a
wavefront is a source of secondary disturbance and the
wavelats emanating from these peints spread out in all
directions with the speed of the wave. The envelope of these
wavelets gives the shape of the new wavefront. In Fig. 10.2,
S5, represents the shape of the wavefront (emanating from
the point O) at a particular time which we denote as ¢ = 0.
The medium is assumed to be homogeneous and isotropic,
... the medium is characterized by the same property at ail
points and the speed of propagation of the wave is the same
in all directions. Let us suppose we want to determine the
shape of the wavefront after a time interval of Afr. Then,
with each point on the wavefront as center, we draw spheres
of radius v Af, where v is the speed of the wave in that

g
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Fig. 10.1 (a) A point source emitting spherical waves.
(b} At large distances, a small portion of the
spherical wavefront can be approximated to
a plane wavefront thus resulting in plane
waves.

medium. If we draw a cornmon tangent to all these spheres,
then we obtain the envelope which is again a sphere
centered at . Thus the shape of the wavefront at a later
time Az is the sphere S75;.

There is, however, one drawback with the above model
because we also obtain a backwave which is not present in
practice. This backwave is shown as S7’S;’ in Fig. 10.2. In
Huygens’ theory, the presence of the backwave is avoided
by assuming that the amplitude of the secondary wavelets is

Fig. 10.2 Huygens' construction for the determina-
tion of the shape of the wavefront, given the
shape of the wavefront at an earlier time.,
5,5, is a spherical wavefront centered at O
at a time, say t=0. S/S, corresponds to
the state of the wavefront at a tima At, which
is again spherical and centered at O. The
dashed curve represents the backwave.

not uniform in all directions; it is maximum in the forward
direction and zero in the backward direction*. The absence
of the backwave is really justified through the more
rigorous wave theory.

In the next section we will discuss the original argument

- of Huygens to explain the rectilinear propagation of light.

In Sec. 10.4 we will derive the laws of refraction and
reflection by using Huygens’ principle. Finally, in Sec. 10.5
we will show how Huygens’ prln(:lple can be used in
mhomogcneous media.

10.3 RECTILINEAR PROPAGATION

Let us consider spherical waves emanating from the point
source O and striking the obstacle A (see Fig. 10.3). Accord-
ing to the rectilinear propagation of light (which is also
predicted by corpuscular theory) one should obtain a
shadow in the region P(} of the screen. As we will see in a
later chapter, this is not rigorously true and one does obtain
a finite intensity in the region of the geometrical shadow.
However, at the time of Huygens, light was known to travel
in straight lines and Huygens explained this by assuming
that the secondary wavelets do not have any amplitude at
any point not enveloped by the wavefront. Thus, referring
back to Fig. 10.2, the secondary wavelets emanating from a

Fig. 10.3 Rectilinear propagation of tight. Ois a point
source emitting spherical waves and A is
an. obstacle which forms a shadow |n the
region PQ of the screen.

* Indeed it can be shown from diffraction theory that one does obtain (under certain approximations) an obliquity factor, which 1s of the form

%(l + cos’ 8) where 8 is the angle between the normal to the wavefront and the direction under consideration. Clearly When # = 0, the obliquity -

to zero amplitude in the backward direction).

- factor is 1 {thereby giving rise to maximum amplitude in the forward direction) and when 8 = 7, the obliquity factor is zero (thereby giving rise




262 A Textbook of Optics
same time. Hﬁh&h‘bﬁﬁuhpbf&m .mbmmon_m:mﬁmmaﬁwm. 7.12 (i)] the wave-
front is spherical. When the source is at a large distance, then any -small
portion of the wavefront can be considered plane [Fig. 7.12 (if)]. Thus

rays of light diverging from or %;Mﬁﬁzm?m rise to a spheri-
cal wavefront and a parallel beam of light gives rise to-a plane wave front

According to Huygens principle, ali points on the primary wavefront .

(1, 2, 3 etc., Fig. 7.12) are sources of secondary disturbance. These sec-
ondary waves travel through space with the same velocity as the original
wave and the envelope of all the. secondary wavelets after any given in-
terval of time gives rise to the secondary wavefront. In Fig. 712 (), XY
is the primary spherical wavefront and in Fig. 7.12 (if) XY is the primary
plane wavefront. After an interval of time ¢, the secondary waves travel
a distance v, With the points 1, 2, 3 etc. as centres, draw spheres of
radii v¢’. The surfaces X|Y, and X.Y, refer to the secondary wavefront. XY,
is the forwar front and X Y, is the backward wavefront. But accord-
ing to Huygens principle, the secondary wavefront is confined only to the
.forward wavefront X, ¥, and not the backward wavefront X Y. However,

171 ‘
no explanation to the absence of backward wavefront was given by Huy-

gens. , . . _
7.13 REFLECTION OF A PLANE WAVE FRONT AT A
PLANE SURFACE . o BN

Let XY be a plane reflecting surface and AMB the incident plane

wavefront. All the particles on AB will be vibrating in phase. Let i be

the angle of incidence (Fig. 7.13). : : " ,

In the time the disturbance at

A reaches C, the secondary waves

from the point B must have trav-
elled a distance BD equal to AC.

With the point B as centre and ra- o LR Y
dius equal to AC construct a sphere. RN 4 :
From the point C, draw tangents - s gy
CD and CD’. Then BD = BD'. o o o

: Fig. 7.13

In the A s BAC and BDC
~ 'BC is common

BD = AC
and £ BAC = £ZBDC = 9
. The two triangles are oo:m:_nnr
.. LABC=i=ZBCD=r.
. i=r :
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Thus, the angle of incidence. is .8:& t0 the angle of reflection,

- Hence, CD forms the reflected plane wavefront. It can be shown that all

the points on CD form the reflected plane wavefront. In the time the dis-
turbance from F reaches the point C, the secondary’ waves from £ must
have travelled a distance EN = FC. With E as centre and radius FC draw
a sphere and draw tangents CN and CN”’ to the mﬁro:w.” It can be show

that ‘the triangles EFC and ENC are congruent. :

AC = AF+ FC s
Bute - AF = ME
and . , ﬁ.,ﬁ, = EN

AC = ME+ EN
.dEm.. all 54 secondary waves from different points on A8 reach the
corresponding points on CD at the same time, Therefore, CD forms the

reflected plane wavefront and also the an i .
gle of incidence
angle of reflection. is equal to the

7.14 REFLECTION OF A PLANE WAVEFRONT AT A
SPHERICAL SURFACE L

Let APB be a convex reflecting surface and OPR :m_w incident Emsm
wavefront (Fig. 7.14). By the time the disturbance m_”.@ and R reaches
the points A and B on the re- : L o
flecting surface, the secondary | |
‘waves from P must have trav- -
elled a distance PK back into’
the same medium such that QA
‘= RB =PL =PK

Then AKB forms the re- -
flected = spherical wavefront -
whose centre of curvature is F.

Similarly, the secondary waves
corresponding to-the points ly- -
ing on the incident wavefront

QPR will reach the surface

Fig, 7.14

AKB in the same time after re-

mmn:on.hmmOm:naEnmoocmo:_ﬁm@rnloaquoﬂbwm.ﬂ..wﬁmm?awonm_.
length ‘of the mirror. : D _

In Fig. 7.14, APB is a small arc of a circle of radius PO = R and
ALB.is a nro.a. PL is called the sagitta of the arc. From mgq__na%

AL* = PL(2R~PL)
= 2R.PL-PL?

i
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2. ¥ _2>x_,
2T ab
: X ¥ _
or n.lw.lo ‘ , .
. B

This navﬁm@rﬁ the equation of a straight line BD (Fig. 7.9) ie., the
particle &dﬂ#@ simple harmonically along the line DB. :

. B
G If o=m;sinct =0; A £
cosot =—1
2 Y. 2y _,
a~+v~+n&
X2 l=0
ﬁh+vu

This represents equation of a straight line AC (Fig. 7.9).
o X 3=m

(i) If =z or pisma=1l;
cosa =0
2. ¥

@ P»

.Wwwm represents the equation of an ellipse EHGF (Fig. 7.9) with a

and b as the semi-major and semi-minor axes.

: . x _3n
@v) If a=5ory
and a=»b
. 2 .
then Mm+mn_ ! " "_
. . ] :
or ! C+y =a e —=-

This represents the equation of a circle of
+-radius a (Fig. 7.10).

T
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@ If a= W or w the resultant vibration is an oblique- ellipse

KLMN as shown in Fig. 7.11 ¢/

-L

Fig. 7.11

On the other hand if o, — Wm or Wm, the resultant vibration is again
an oblique ellipse KLMN is shown in Fig. 7.11 (if). The. cycle of mum:mﬂ.n .
is repeated after every time period.

H12 HUYGENS PRINCIPLE

. According to Huygens, a source of light sends out waves in ail dj-
rections, through a hypothetical medium called ether In Fig. 712 (), §
is a source of Jight sénd- ,
ing light energy in the
form of waves in all di-
rections. After any given
interval of time (), _all
the particles of the e-
dium on the surface Xy
will be vibrating in
phase. Thus, XY is a por-
tion of the sphere of ra-
dius 2 and/centre S, 7 is
the velocity of propaga-
tion of the wave. XV is
called the primary wave-
front. A wavefront can

be defined as ihe locus

Xp X X,

of all the points of the
‘medium which are vi-
brating in phase and are
also displaced at = the
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time the disturbance at B reaches C, the secondary waves from A must

For the spherical surface XPY have travelled a distance AD = v, 1 where 1 is the time taken by the waves

P = AM? _ AM? i) travel the distance BC. ‘
o wCc 2R BC = v e
1
= = MN approximatel
Also, PL = AE PP Y and AD = v 1
PN = PM+MN = PM + PL N
b 3 With A as centre and radius AD ( = v_ 1) draw a sphere. Draw a
v = PM+FPM E . tangent CD to the sphere from the point C. w::w: CD represents the re-
PN+ LM = 2PM V) fracted plane wavefront. To prove that CD is the common wavefront, it

is enough to show that in the time the disturbance travels from B to C
or A to D, the disturbance at P reaches L. With the point M as centre,
draw a sphere such that CD happens to be the tangent to the sphere. From

Substituting the values of LM, PN and PM in equation (iv)
AM? AM? _ 2AM 2

2 2R the AsACD and MCL
1,1 _2 1 AD  AC |
) v u R .,,..x S ‘ ML = MC . :..Qv
According to the sign convention, u, v and f E.o. all negative. ,mi&mﬂ._w from the As ACE and MCN
: 1,11 _ V) AE _ AC _ i
- vou g . MN T mC (D)
7.17 REFRACTION OF A HFPZH WAVEFRONT AT A From equation () and (i)
PLANE SURFACE = . AD  AE
Let XY represent the surface separating the media 1 and 2 of refrac- ML= MN . .

N . : i d the velocities
tive indices Y, and {, respectively (Fig. 7.17). v, and v, are .. N AE BC U0 mn

or P L _ LD

Hence, if AD is the radius of the secondary wavefront for the psint
A, then ML is the radius of the secondary wavefront for .So point M.

Let i and r be the angles of incidence and refraction respectively.
From the As ABC and ACD

sini _ BC fAD
sin r ACT AC

or sini _ BC _0f_ 9 M
sinr AD  u© it v i,

Fig. 7.17.

of light in the two media. The second medium is optically denser 93
the first and hence v, > v,. APB is the incident plane wavefront. By

W, sini = i, sinr

This is the Snell’s _mi of refraction.
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JAMES CLERK MAXWELL (1831-1879)

He did fundamental work in colour vision and colour photography. He is well
known for the discovery of the Electromagnetic Theory of Light.

i

Natre of Light
rAC
But, AC
W KM
i [KP+ PQ + QM]

it

LP+L PO+ ON
KM (approximately)
LP+ 1 PO+ ON
LP4+u PO+ QN

275

-or . t%+m§ = (KP— KLY+ (OM + MN) (D)
Here . .. AL = CM = h (approximately)
h h?
Kp = T3 oM = 7
., R H’
| KL I‘.Mm,mna MN = -
Substituing these values in equation (i)
N S
Ml2r TR | T 2R T24 2R, T 20
Lot (a1
MR |7IR R |" v 4 i
11 4,1
ot v w o D R, R

L2
According to the convention of signs, u is —ve, v is -ve R is — ve
and R, is +ve

1 11
BRI |m_+mu
10 "1 , S
or 5 n = m=D R R | it
If , u=oco, v =f
i 11 :
R (8}

722 NATURE OF LIGHT

(i} Corpuscular theory. Rectilinear propagation of light is a natural
deduction on the basis of corpuscular theory. This theory can also explain
reflection and refraction, though the theory does not clearly envisage why,
how and when the force of attraction or repulsion is experienced perpen-
dicular to the reflecting or refracting surface by a corpuscle. Newton as-
sumed that the corpuscles possess fits which allow them easy reflection
at one stage and easy transmission at the other. According to Zmi.ﬂoa_m
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A Textbook of Optics

Apply Huygens prnnciple to derive the relation

1 11
" - = -1l ==
S f -1 R R,

)

_..o,ﬂ a thin lens. (Mysore 1990)
State and explain Huygens principle of sccondary waves. Apply this

principle for explaining the simultaneous reflection and refraction of a

plane light wave from a plane surface of separation of two optical media. '

[Dethi 1984 ; Delhi (Hons.) 1984]
Explain Huygens principle of wave propagation and apply it to prove
the' laws of reflection of a plane wave at a plane surface.

. [Delhi B.Sc.(Hons.) 1991
State the principle of superposition. Give the mathematical theory of in-
terference betwesn two waves of amplitude a1 and a2 with phase dif-
ference ¢. Discuss some typical cases. [Rajasthan 1985)
Deduce the laws of reflection with the help of Huygens theory of sec-
ondary wavelets. (Rajasthan 1985)
What is Huygens principle ? How would you explain the phenomenon

of reflection and refraction of plane waves at plane surfaces on the basis
of wave nature of light 7 [Delhi (Sub.) 1986]

-State and explain Huygens principle of moncuam.é waves.

(Delhi 1988)

‘State and explain Huygens principle of secondary waves.

[Delhi ; 1992]

8.1 INTRODUCTION

The phenomenon of interferepce of light has proved the validity of
the wave theory of light. Thomas Young successfully demonstrated his ex-
periment on interference of light in 1802. When two or more wave
trains act simultaneously on any particle in a medium, the displacement

—— CREST
——-. TROUGH

Fig. 8.1

of the particie at any instant is due to the superposition of all the wave
trains. Also, after the superposition, at the region of cross over, the wave
trains emerge as if they have not interfered at all. Each wave train retains
its individval characteristics. Each wave train behaves as it others are ab-
sent. This principle was explained by Huygens in 1678.




. _up-s soussopip oseyd o «y souoropp yed ® 104

s : d-ou “x sousragp Wed e Joj ssoddng,
Q" ST SOUDIRJIIP dseyd Sy} B L e = 20URISY

-Jip Wwwnm. 1Y 2 SoAEM OM] S USamIq souarapip ped ey )1

~

AINFITAAId HLVA ANV FONFIALAIA ASVHd +'8 7

e e b B T g

TR R
S e T

. BuBRARM IRy JO sydnjnu Bqunu ppo ue 8q proys

soARm OM] 34} couﬁun‘oosﬁoﬁ% red o 10 ¥ JO sidpnul Jaquing vﬁm.
ue aq pinoys uod s Suyoes: SOARM OM] DI} UIIMISQ IDUIIAIJIP -Ise]
oﬁfmm._m.m e QEB,E EmEEmmH 10d. ‘mBusfeaem JO apdninuJoguunu

} | 9OUII)] o adn
Jopep-s1_ AR 0N o) uoonioq ouoiogp thed o 0 B JO I
Ui Joquiny [0y ¥, SIINIed S SuTSes $5ARm Om1 9Y) TS

-yip oseyd oy 239y urod € 18 poAlosqo S1 ANSUSTUT WNUIXEIA IO 4Ied

0] 9sO[> 2g OS[E 1SNl pUE MOUEBU 3q ISnUl $30IN0S OM1 A} Q{7 .W.E 10
‘.mmm.ﬂndlm.%ﬂzﬂum Ajawianxe st saaBm WBT Jo WEUSPABM S WS
‘spadsar e ur e[S Apaey
-1ad ame Aoy Ji se 0e [[im SIDINOS oM1 9Y) ‘SISBD Yans [Je UY "32IN0S a3
_uIs ® O 9Np PAWIO] SIDINOS OM] UIOL SIABM U0M1] aoepd seye U3 Jo
oomo.ﬂo,toui. (11) 92IN0S [BMIA B PUZ 22JN0S [eal OU3 TUOIJ SPARM I} UIBM]
-oq ‘o€id SayEl WS JO 20USIAIeIUL (7) SI1SUM PISIASP U39 SARY SPONAIN
-§90INOS JUSIOYOD SB 108 UEBD 90IMOS 2[SUIS B WOK paulio} $22IN0S [BNIIA
om1 ‘sasodind piuswadxs 10§ Ing JURIAYOT A [P saInos Wwapusdap
_ut oa] oAey 0} afqrssod jou S sonoead [emoe U] (q1Sua[eAEm) MO[00
sures oY) JO SUONEIPBI WIS IS SIXIMOS 0M) Y} JBL mzmowh J[ "ISLPO Youd
s oseyd ul skemie arg pue oﬁa:nﬁm sures ayy Ljeau hucoswoc Qwies
oy Jo saaem T I £dy3 JI JUAIBYOD D] O} PIES 2J8 S20INOS OM[,

SHDUNOS LNIYAHOD €8

sumy- Pia 28ueyd @E om] 9] U2PMIRqQ ITTARIP aseyd oy pue Qp3uU]
aaem pue opmfdwe jUdIRYIp A1odmy Jo sonem WS w2 hmE,moE:.om
oM) SUJ 'PRAIOAUL 3IE SAN[AOUHP JO lequunu o3l ® asnmosq ‘WY3i| Jo
§00in0s 1uapuadapur Om} 01 9N OUSIYINUE MOYS 01 apqissod jou st s

: "0I0JUIII SOABM OMI OI) 9SNEBI yBuq oS oam. U0
a1y Jo ySnon ayi Uo S[[e} U0 Jo ygno1n oy a1yum ‘H 0 Iequs ‘symog”
1IN0 (ORI JO 10949 2} AZiRrpnal Aoy pue 1910 2y JO sm_:.oh 211 uo
s[fe] QU0 JO 15210 Yl 2511808 JIep 9ME 4 Se yons syulod YJ; IARO YIeI
yyim 2010julRl K9t} 2K0JOISYI PUR JOHO 3yl O) 2P 1S2I0 2} YILm SIPIOUL
09 oAEA QUD O} NP 15910 o) asnessq Y3uq are y se yons quuiod 24},
ySuq pue YEp A[PATRWAIE 3IE yoys peonpoid are spueq uo:o.hutﬂﬁ
u9a10s o) UQ 'ISus[AEAM pUEB apni[dUre SRS 31 JO 31t SOABM asoyy ‘g
pue vy woy N0 praids Os[e SIABM eonoyds 'S woy 1o peaxds saaem
[eouayds 19Ul0 YoBa 03 95019 3¢ pUR § WOLY jueisipmbo 212 g pue ¥

ERTEIEI N
182

e —

iy

4

T8 8ig

SHBNOUL, ~-nm
S1S3HD ———0

(z'8 1) g pue v soouuld oml U0 Aeme S0URISID SWIOS
ye uayy pue ¢ aoyurd ® uo Jey 01 WSuns pamoje sH WY Jo adusryy
-Iwutl 21 uo wewiadye 21p pelensuowsp Funog ‘zogl ek oyy uf

INJNIIHIXT SONAOA T8

“uowraoe[dsip winwxew Jo siutod 9yl 01 jueweor(dsip wnuun Jjo syurod
93 WOl PALRJSURD A[UO S1 AZIoU2 9U], *a0UAIILINGI 0) dnp ASIaUs Jo
SSO] OU SI AJaN) JPY) PAISQWISUIAI 3 PINOYS ] 'dARM 3UO 0} onp ANSus]
UL 34 oW Inoj st spuod asay e Arsuaul syl (v s f) spnnjdwe e
jo arenbs a1 03 [euonzodoid Apoemp s1 (AZreus) Ausulun Iy SY peliile]
Uom2 im  IDIOJWIAI SIavm P swutod 9591 1B TOIRIAYJY, TSIARM UF JO
Iatpte Jo apanpdure oy @01my ST Juswaoeidsip syl Jo spmiijdwe oy “esed
B oS uJ JOIO S JO ySnom syl ynm suwiquuod [[IM suo Jo yFnon oy
10 I94I0 24) JO J$210 241 YIIm SUIQUIOD [[Im dUO O 1SaId u.E J9YIe ‘asned
=2q wawoe(dsip umunXew 2aey [ welfep 9y Ul $9SS0I0 AQ UMOUS
siuiod o, ‘o3z §1 Juswese[dsIp JUBINSAI Sy PUE JaYio 9yl Jo ySnon sy
Uo S[[B] 2ATA SUO JO 1SDIN DYl ISNEIAY JUIWROBSIP WINWIUTUL JABY [[I4
ureiderp sy ur sopoId Aq umoys siutod Sy, 'seavam 9yl [POQ 01 Snp jusW
-aoe1dsIp oY1 Jo uonoe a Jepun aq [ donued syl quersur Aue 1y -adeys
ur JRDID dle UOoWym IJJem JO IIBJNS Y] U0 N0 pealds S2ABpy -9dulay
-jip-aseyd jueisuod pue apnirdwe enbe jo searm sonpoid yowym $a0In0S
OM] 3] 2l g pue v sjuied ['g "B U] J8iem JO 20BJINS oY) UD Uuo:ﬁo&
SaABM Y] ISPISUOD ST 2] I9AO SS0ID JO UOISal 2l UMM SUTEM O] JO
uontsodiadns 2y 01 anp s1 W31 Jo dUIAINUI JO ueudwousyd ayL

sondo fo yooqal v 082




A Textbook of Optics

~. For a .path difference x, .the phase difference = m\,_,.m

2 2n : N\»\
2= Sx (pathdifferencg -
i

8.5 ANALYTICAL TREATMENT OF —ZH.HWHHWHZOM

Consider a monochromatic source of light § emitting waves of wave-
length A and two narrow pinholes A and B (Fig. 8.3). A and B are equi-
distant from § and act as two virtual coherent sources. Let a be the
amplitude of the waves. The phase difference between the two waves
reaching the point P, at any instant, is m .

Phase difference &=

SCREEN

¥
)

Fig. 8.3 S
If y and y, are the displacements

y, = asinwt

y, = asin(@t + 3)
| y=y +y,=asinot+ asin(@z + 9

y=asin®w? + asinwt¢osd + acos wrsind

‘ asinwe(l + cosd)ir acos wsin b,
Taking  a(l + cos8) = Rcos@ D

and . asind = Rsin0 : (i)
.,._, y =-Rsinwtcos® + Rcos ®1sin®
= Rsin (ot + 6) _ .. (i)

which represents the equation of simple harmonic vibration of amplitide R.

! Squaring (i) and (if) and -adding,
; R*sin*® + R*cos’™® = &*sin® & + a*(1 '+ cos §)°

;

SL :

e

Interférence . 283

or OR*= @*sin?® + & (1 + cos?’8 + 2cosd)
R* = a'sin®d + &’ + a’cos’ & + 2a’cos d
= 24 + 2d°cos & = 2a* {1 + cos B)

R? = 2a°. woormw = 44 nomuw
The intensity at a point is given by the square of the amplitude
[ =R .
or. I =44 no%w )

Special cases : (i) When the phase difference 6=0, 2m, 2 (2m),
...n(21), or the path difference x = 0, %, 2k, .. . ni.

! = 4d’

: Intensity is maximum when the v:mmm.&mﬁn:nm is a whole number
ultiple of 2 or the path difference is 2 whole number multiple of wave-
length.
(iiy When the phase difference, & = w, 3%, ... {2n + 1)-m, or the path
difference x = W u|wy.., MW 2+ D W .
I =0 .
Intensity is minimum when the path difference is an odd number
multiple of half wavelength.
(iii) Energy distribution. From equation (i), it is fount that the in-
tensity at bright points is 4 and at dark points it is zero. Accorditig to

]

—-51 ¥-31 ﬂl.:o m 2n3nd4nrdn
-4x -2n :

Fig. 8.4

the law of conservation of energy, the energy cannot be destroyed. Here
-also the energy is not anmn.o<oa but only transferred from the points of
minimum intensity to the points of maximum intensity. For, at Unm_,:
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I
Then the fringe width, B 20

. . AD
But the fringe width = =~

Ba A :
D . (D)

In equation (i) P and D are known. If 4 is also known, A can be
calculated. : .

Determination of the distance between the two virtual sources ).
For this purpose, we make use of the displacement method. A convex lens
is placed between the biprism and the eyepiece in such a position, EE
the images of the virtal sources A and B are seen in Em field of view
of the eyepiece. Suppose the lens is in the position L, (Fig. 8.9). .?Hommcnm
the distance between the images of A and B as seen in the eyepiece. Let
it be d, .

In this case,

Il

Y

e e
d u m IR A..v

Now move the lens towards the eyepiece and bring it to some other
position L,, so that again the images of A and B are seen clearly in Em

. _L - |

Ae ’ | ) . .

Be Ilm_ll
m : — .

vu n $ _..dlll-'n

Fig. 89

field of view of the owmuw.oom. Measure the distance between the two im-

ages in this case also. Let it be equal to d; -

Interference 205

Here, v =mand u = n,

— === L i)

-

From equations (if} and (/).

dd;
or d = dd,

Here d will be greater than d, and d is the geometrical mean of
d, and d,. Therefore d can be caiculated. Substituting the value of d, B
and D in equation (i), the wavelength of the given monochromatic light
can be determined.

The secend method to find d is to measure accurately the refracting
angle o. As the angle is small, the deviation produced 8 = (L-1) .
Therefore the total angle between Aa and Ba is 26 = 2{(u— 1) o If the
distance between the prism and the slit S is y then d = 2(u—- 1)« Y,

Therefore d can be calculated.

89 FRINGES WITH WHITE LIGHT USING A BIPRISM

When white light is used; the centre of the fringe at C is white while
the fringes on both sides of C are coloured because the fringe width (B)
depends upon wavelength. Moreover, the fringes obtained in the case of
a biprism using white light are different from the fringes obtained with
Fresnel’s mirrors. In a biprism, the two coherent virtual sources are pro-
duced by refraction and the distance between the two sources depends
upon the refractive index, which in turn depends upon the wavelength of
light. Therefore, for blue light the distance between the two apparent
sources is different to that with red light. The distance of the n th fringe
from the centre (with ‘monochromatic light)

x = _=wc.  whered = (2n- D)oy,
nAD " ‘
A X = —
Z4i- Doy,
Therefore for blue and red rays, the » th fringe will be,
ni D
X = ——r (D)
b2, - Doy,
ni D
x = ..(i)

PT 2l - Day,
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Suppose A and B are two virtual oormani sources. Hﬁw.woiﬁ Cis
equidistant from A and B. When a transparent piate G of thickness ¢t and

refractive index L is introduced in the path of one of the beamns (Fig. 8.10),

Fig. 8.10.

the fringe which was originally at C shifts to P The time taken by the
wave from B to P in air is the same as the time taken by the Smé.n.oa
A to- P partly through air and partly through the plate. Suppose ¢_ is the
velocity of light in air and c its velocity in thé medium

| BP _ AP—t !

<, ﬁo c

=}

-nloﬁ'

C
' 0
or - EwH\:uln+|n t. But

BP—AP = pt—t.= (W— 1)t
If P is the point originaily occupied by the » th fringe, then the path
. difference :

BP—AP = nk

=Dt =nh | D)
Also the distance x through which the fringe is shifted

_ D

T d

where W&.‘N = B, the fringe width.
, _ nAhD

e " x = d

Interference’” - . 308

xd

D

xd
D

‘Therefore, knowing x, the distance through which the central fringe
is shifted, D, d and y; the thickness of the transparent plate can be cal-
culated. If a monochromatic source of light is used, the fringes will be
similar and it is difficult to locate the position where the central fringe
shifts after the introduction of the transparent plate. Therefore, white light
is used. The fringes will be coloured but the central fringe will be white.
When the cross wire is at the central white fringe without the transparent
plate in the path, the reading is noted. When the plate is introduced, the
position to which the central white fringe shifts is observed. The difference
between the two positions on the micrometer scale of the eyepiece gives
the value of the shift which is equal to x. Now, with the monochromasc
source of light, the micrometer eyepiece is moved through the same dis-
tance x and the number of fringes that cross the field of view is observed.
Suppose n fringes cross the field of view. Then from the relation

(L—1) = nir

the value of ¢ can be calculated. The value of ¢ can alse be calculated
from equation (i{}. However, if ¢ is known, L can be calculated.

Also, O m

Il

or . (w—1) (i)

‘This experiment also shows that light travels more slowly in a me-
dium of refractive index W > 1, than in air because the central fringe shifts
towards the side where the transparent plate is introduced. Had it been
opposite, the shift should have been to the other side. The optical path
in air = pxv¢, for a medium of thickness r and refractive index w.

Example 8.20. When a thin piece of glass 3.4 x 107 cm thick is
placed in the path of one of the inrerfering beams in a biprism arrange-
ment, it is found that the central hright fringe shifts through a distance

equal to the width of four fringes. Find the refractive index of the piece

of glass. Wavelength of dight used is 546 x 1077 cm.
‘ - VDeéthi (Hons. M

Here '

= 34x10 *cm
n=4
A =546%107% cm
=
(L—1)t = nA
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