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List of Experiments

1. Laser: Determination of wavelength using diffraction grating.

2. Study of variation of magnetic field along the axis of a current
carrying circular coil by Stewart & Gee’s method.

3. Determination of dielectric constant using charging and discharging
method.

4. Rigidity modulus of material of a wire-dynamic method (Torsional
pendulum).

5. Determination of numerical aperture and acceptance angle of an
optical fiber

6. Determination of thickness of thin object by wedge method.

7. Determination of radius of curvature of given plano convex lens by
Newton’s rings.

8. Determination of wavelengths of different spectral lines in mercury
spectrum using diffraction grating in normal incidence configuration.
9. Determination of dispersive power of the prism.

10. Sonometer: Verification of laws of string.



DIFFRACTION GRATING - DETERMINATION OF WAVELENGTH OF A LASER

Aim : To determine the wave length of laser light by using plane diffraction grating at normal incidence.

Theory : When the laser light incident normally on the plane grating the diffracted ray makes an angle
8 with the normal. The path difference between the two rays passing through successive light is given
by d sin for maximum of the diffracted beam, Then we know that for a grating dsin® =nA wheren
gives the order of the light and A is the wave length of the light used.
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Procedure :

Coincide laser light to the vertical cross wire and fix the telescope. Release the vernier disc. Set
the disc to a convenient reading (0 or 180 ) and fix the vernier screw. This is direct reading.
Move the telescope by 90 from the direct ray reading position and clamp it . Now the telescope and
collimator are at right angle to each other.

Mount the grating on the grating stand fix to the prism table rotate only the Prism table so that the
reflected image is see on the vertical cross wire of telescope and clamp the prism table. In this position
the angle of incidence will be 45° as shown in the figure. Release the vernier disc and tum it by 45°in
proper direction such that the incident ray coming from the collimator is normat to the grating. Fix the
vernier disc screw.



Grating Telescope
Fig. 2 Setting the Grating at normal incidence

Laser rays from the collimeter will be icident on the grating at normal incidence. Set the
screen with scale an arangement at a distance (D) away from the grating and observe the Ist order
diffraction light symmetrically on either side of the direct beam, note the distance between the Ist
order line and the direct beam (d). Repeat the experiment by keeping the screen at different distance
. and table the observations. Note in no. of lines (N) of the grating/cm and take n=1.

- d
By writing A = o, the wave length of the laser beam is determined
Table :
g, |Orderof the | Distance fromthe |  Distance from the Sind q A= Sinf AU
No. | spectrum | grating(D)cm. | central maxima(d)em. | === Nn

Average Wage length= AU

Res@lt : The wave lengths of the laser beam is S AU



MAGNETIC FIELD ALONG THE AXIS OF THE CIRCULAR COIL

Aim ; To study the variation of the magnetic field along the axis of a circular coil carrying current

Apparatus : Stewart and Gees type apparatus, deflection magnetometer, electric power supply,
rheostat, commutator, ammeter. |

Theory The intensity of the magnetic ficld P al any point on the axis of the circular coil is given by
. 2
Mnia A
F= Oestred
2 0% e (1) H
10[x° +a
Where
S the distance of the point from the center of the coil 0
n number of turns in the coil ' |
i Current through the circular coil Magnetic needleé ->
, S F
a radius of the circular coil

If the coil is placed in the magnetic meridian, the direction of the magnetic field will be per-
pendicular to the magnetic meridian i.., perpendicular to the direction of the horizontal component of
the earth’s magnetic field (H). If the deflection magnetometer is placed at any point on the axis of the
coil such that the centre of the magnetic needle in the magnetometer lies exactly on the axis of the coil,
then the magnetic needle is acted upon by two fields F and H which are at right angle to each other. So
the magnetic needle shows a deflection 6 obeying the tangent Law.

E=Htanb Qestred SRR () |

| Assuming H and knowing 8 the intensity of the ﬁnagnetic field can be calculated ilsing the
equation (2)
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Procedure : Generally there is a provision for different number of turns like 5,50,500. The circular
frame is sufficiently large so that a deflection magnetometer can slide on graduated scale fixed
centrally and perpendicular to the plane of the coil. The scale graduation stands from the centre of the
circular frame. The distance are marked on either side of the scale starting from this zero, when the

Fig.1 Circuit Diagram



magnetometer is moved on the scale, the centre of the magnetic needle lies always on the axis of the
circular coil.

The conncction arc made as shown in the circuit. The circular coil is set with its plane in the
magnetic meridian i.c., the planc of the coil is parallel to the magnetic needle when no current passes
through the coil. The scale is automatically tanA to the magnetic meridian. The magnetometer is
adjusted such that the pointer read 0-0 on the circular scale with out disturbing the position of the coil.

The circuit is closed and the rheostat is adjusted until the magnetometer shows a deflection of
about 60° when coil centre and the centre of the magnetic needle are coincide. The deflection 0, and
8, are noted. The current is reversed using the commutator and deflection 6, and 8, are noted. 9,8,

and 6,,8, values may differ but the difference should not be grater than 1 or 2. The mismatch
between the values indicates the alignment of the coil with NS direction, When the values are matched,
the mean of four values gives for x=0. Now the magnetometer of is moved through 2cm along the
scale towards east. The values of 6,,6, 6, ,and 8, are noted same as in the case of x=0. The mean
value '8 is calculated for x=2 and noted. The experiment is repeated by moving the magnetometer
insteps of lcm and in each case the four vales are noted and corresponding mean value is also calcu-

lated. The whole experiment is repeated by moving the magnetometer towards west.

The values of 8 in west 8;, 6, 6, ,and 6, are noted

Observations :

Number of turns of the coil (n) =

Current through the coil (i) = ampere
Radius of the coil (r) = cm

Horizontal component of the earth’s magnetic field (H) = 0.39 Oersted
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The magnetic field values obtained from equation (1) and (2) are copared in the Table
| A graph is drawn between the distance x along the x-axis and corresponding tand along
the y-axis. The shape of the curve is shown in the figure.

TanB, Tan6,

Distance from the centre of the coil x (Cm)

Precautions :

1. Plane of the coil should be in the magnetic merdiun

2. The centre of the coil must lie of the axis of the coil

3. The deflection magnetometer should be ganely tapped be before taking the readings.

Result :
The variation of magnetic field along the axis of a circular coil carrying current is studied using
Stewart — Gee’s type apparatus.
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. DIELECTRIC CONSTANT
AIM: To determine the dielectric constant of the dielectric medium present in a parallel plate
capacitor,
APPARATUS: DC Regulated power supply, El i i i igi
FTARA y, Electrolytic capacitor, , Itmeter,
Digital timer, Double plug key. i capacilo, Resisor, Digtal velimeter

‘ R
— AW

— C =04 =)V
|

15V
Fixed power supply

S= chuarging, discharging ; R= Resistance; C= Capacitance; V= Voitmeter

PRINCIPLE: Capacitors are devices which store electric energy by means of an electrostatic field
and release this energy later. The voltage across the capacitor when it gets charged gradually at
any instant of time t, is given by

Ve =V (1-e-t/RC),
where V is the voltage applied, R is the resistance and C the capacitance in the circuit, While

discharging through the resistor R, the capacitor voltage at any instant t is given by,
Ve =Vet/RC

Let T1/2 be the time required to charge or discharge a capacitor to 50%.

\When t="T1/2, Ve =V/2

V/2=Ve-t/RC

et/RC=2

t/RC = loge 2 = 0.693

C=T1/2 /0.693 R
But C = Ke0OA/d where A and d are the thickness and area of the dielectric material. €0 is the

permittivity of free space and K the dielectric constant.

\K = d T1/2 /0.693¢0AR

PROCEDURE: The circuit connections are made as shown in figure.

To begin with, the toggle key H is connected to point 1. Now the capacitor begins to get charged t
higher voltage. The voltage across the capacitor is taken at every 10 seconds interval fmma:hge 0 tl(':
second until capacitor voltage becomes practically constant. Now the capacitor is fully charged
Now the toggle key H is connected to point 2. The voltage across the capacitor is taken at e‘i . |
seconds interval from the Oth second until capacitor voltage becomes practically zero ry 10
A graph is plotted with time T taken along X-axis and the capacitor voltage V along Y:axis Th
charging mode curve and the discharging mode curve intersect at the point P. By referrin . i e
position ‘P’ to the time axis, the value of its abscissa T1/2 in seconds is found out. Now tl%e °

dielectric constant K can be calculated.

Connect the circuit as shown in the figure

Turn on the power supply, Change the S{ Switch to Chargin i
simultaneously start a stop clock { ) g side &
Now the current flows & the capacitor gets charged. Note down the voltmeter
reading, V at suitable regular interval of time (say 5 seconds) till the voltage
reaches a maximum value £
Now change the switch S to Discharging mode & Similarly Note down the voltmete
readings V at suitable interval of time {say 5 seconds) till voltmeter reaches -
minimum value. a
Note down the observations in Tabular form for Charging & Discharging.

Plot the Graph Voltage Vs Time
Repeat the experiment for different sets of R & C values.






OBSERVATIONS:
R=

Lengthl=
Breadthb=
Thichnessd=
ArcaA=Lxb=

Time {s) Voltnge during changing (V) Voltage during discharging (V)
/
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CALCULATIONS:
K=dT1/2/0.693¢0AR=
RESULT: The dielectric constant of the material in the given capacitor =



RIGIDITY MODULUS OF THE MATERIAL OF A
WIRE TORSIONAL PENDULUM

AIM : To determination of the rigidity modulus of the given wire
using torsional pendulum.

Apparatus : Circular disc, metal wire, stop clock, meter scale, screwguage,
vernier calipers.

Theory : A torsional pendulum consists of a circular metallic disk
suspended from an inextensible thin wire (AB) from a rigid
support as shown in Fig. 1. When the disc is twisted about
the axis of the wire,; the wire exerts a restoring torque on the
disc, tending to rotate it back to its original position. If
twisted and released, the disc will oscillate back and forth,
executing simple harmonic motion. This is similar to the
oscillation of mass loaded spring.

P el

A
i
Metallic disk
-
—

Figure 1: A torsional pendulum.



For more clarity of the twist of the wire, consider a thin rod (same as wire)
with one end fixed in position and the other end twisted through an angle §

about the rod’s axis as shown in Fig. 2.

Y
untwisted (Q )
- fixed
twisted @e e

. _
e - » -
Figure 2: Schematic of an untwisted and twisted wire

Let & be the angle of rotation of the disk, and let & = 0 correspond to the
case in which the wire is untwisted. For relatively small angles of twist, the
magnitude of this torque is directly proportional to the twist angle 8.
Hence, we can write

T=—k@ . ()

where k is the torsional constant of the wire. The above equation is
essentially a torsional equivalent to Hooke's law.

The period of oscillation of a torsion pendulum is given by,

T=27r\/% . e

* where / is the moment of inertia of the disk (about a perpendicular axis
through its centre) and given by,

_ MR?

== ..3)
Where M is the mass of the disc and R is its radius. The moment of inertia
of the wire is assumed to be negligible.

For a cylindrically shaped twisted wire of length / and cross-sectional radius
a, the torsion constant k is given by,

4
—Tna
k== e (@)

where 7) is rigidity modulus of wire.




Therefore, the rigidity modulus of given wire can be found from above
equations as,

n=47rMRZ(I) .. (5)

at T?

Determination of Time period of Torsional pendulum (T):
Construct the torsional pendulum as described above and hang it from the
rigid support on the wall as shown in the diagram. Tighten the chuck nuts
carefully so that you can feel that it is properly set. Give the disc a small
twist so that it oscillates about the vertical axis. Make sure that the disk is
free from lateral vibrations when it is oscillating. Measure the time period
for N (say N = 20) complete oscillations by using a stop watch by two trals.
If the time for N complete oscillations is ¢, then the time period is given by,

_ Total time required for N scillations(t)

B Number of ocsillations(N)

The procedure is repeated by measuring the time for several lengths (/) (the
length being measured between the chuck nuts) of the pendulum by
increasing its length by nearly 10 cm, and the readings should be tabulated.
Precautions:

1. Ensure that the wire is free from kinks.
2. Give small amplitudes of twist to the wire.
3. The vibration of the disc must be only in the horizontal plane.

Time taken for 10 oscillations Time
Length of the in seconds : T? /T2
S.No. : period 2 2
wire I(cm) _ _ T(sec) sec” | cm/sec
Triall | Trial2 | Mean(t)
01
02
03
04

Average I/T?= cm/sec?




To determine the radius of the circular disc

one main scale division value

Least count of the vernier calipers = : —
No.of vernier scale divisions

S.No M.S.R V.C V.C X L.C | Total Reading
(@ cm (b)em (a+b) cm
1
2
3

Average diameter of the circular disc =

Radius of the circular disc (R) = cm = m

To determine the radius of the wire

itch th
Least count of the screw guage= —— of the screw

No.of head scale divisions

S.No P.S.R H.S.R. C.HS.R. C.H.S.R.X | Total Reading
(@ mm L.C (@a+b) mm
(b)mm
1
2
3
Average diameter of the wire = mm = m

Radius of the wire(a) = m




Observations:

Average radius of the circular disc R = m
Average radius of the wire a= m
Mass of the circular disc M= kg= gm
_ 4TMR? ]
Calculation: n = ” —  gm/cm?
a T2
Result:

The rigidity modulus of the material of a given wire by using torsional pendulum is
gm/cm?



NUMERIALAPERTURE OF AN OPTICAL FIBRE USING LASER

Aim:

To determine the numerical aperture
{ NA) of an optical fibre using a laser beam of
wavelength A =630 nm.

Apparatus:
A meter long single mode optical fibre,
a red diode laser, and a graph sheet.

Formula:

The numerical aperture (NA) is defined
as the sine of the acceptance angle. Acceptance
angle is defined as the maximum angle that a
light rat can have relative to the axis of the fibre
so that it propagates down the fibre suffering
total internal reflections.

D/2

NA=§in8, = Vm,whereb =
D12+

diameter of the circular patch of light in cm, L=
the height of the fibre end from the graph sheet
incm, 6, the acceptance angle. &—p-—>
Theory and Procedure: Fig.2

An optical fibre is a hair-Thin fibre consisting of, as shown in the figure, three coaxial
cylindrical regions. The inner region is a cylindrical core made of glass of dimension about 50 4 m.
This core is surrounded by a protective layer called sheath (not shown in the figure).

Laser rays are guided to propagate down the length of the fibre through successive total internal

reflections. For this to take place, the refractive index n, of the core must exceed the refractive index n,of
the cldding medium. And the angle of incidence i of the laser ray at the core-cladding interface must be
greater than the critical angle. As shown in the figure, laser beam lauches into the fibre in the form of cone
with an acceptance angle 6. The acceptance angle 6 is the mzximum angle that a laser ray can have
relative to the axis of the fibre in order to guide it down the fibre through total internal reflections. £isa
measure of the light gathering ability of the fibre.

The laser beam emerges from the other end of the fibre again in the form of a cone as shown in the
figure and falls vertically on a graph sheet below to form a circular patch of light. The height (L) of the
fibre end from the graphy sheet and the diameter (D) of the circular patch of light are measured.

The heights (L) are changed in steps of about 3 cm and the corresponding diameters (D) are
tabulated. ‘

The average value of NA is recorded



D/2

S.NO. L D D2 NA =sin 9.. = (D/2;-_L—’

Report:
Average Value of the Numerical Aperture =
Conclusion: '

The transmission of laser light through a optical fibre is hence studied and the value of
numerical aperture is presented.



AIR WEDGE

Aim of this experiments is to determine the thickness of the given paper piece using interfer-
ence.due to wedge shaped air film.

Introduction : The apparatus mainly used here are travelling microscope, sodium vapour lamp
(monochromatic source of light), a glass plate fixed to a stand, black paper or cloth and two optically
plane glass plates of the same size. The experimental arrangement is shown in the figure.

travelling
microscope

45°

Vi
the light rays
which interfere

glass
plate

Plane glass plate 2

. black paper Plane glass plate 1

Fig.1  Experimental Set up for air wedge
Theory : Two plane glass plates are kept at
small angle forming a wedge by keeping the
thin paper at one end, Let L be the length of
wedge and T be its thickness of the paper
piece. Letx and x be the distances from the
edge correspondmg to the m* and nth dark
fringes. Lety and y be the corresponding
thickness of the air film.

Dark fringe

A I
<
W

Fig2 Length of air wedge

According to theory of interference, the condition for obtaining dark fringes is 2yn=(" + %)1

1 .
Corresponding to the mth dark fringe, 2ym=(m + 5)7\ Let o be the wedge angle.
Ym— yn T :

Tang ==L =2
¥m Xn Xm—X« L ]

Ay,-y,) = (m- n)h

ym-yﬁ = (m-n) 5

1f B is the fringe width
xm-xnz(m-n)ﬁ

(m-n)— A T T _ A
nox, mop L3

The thickness of the paper T is given by ' .

2 A =wavelength of the monochromatic lighi

L =distance of wedge from the edge of the glass plate
P = fringe width

i



Praceduré :

.

The least count of the travelling microscope is to be determined. The two glass plates are cleaned
well with a lens cleaning paper. One glass plate is placed over a blackpaper under the microscope
and is focussed. This was done by taking a small piece of graph paper and it was placed on the
glass plate. When microscope is focussed, the magnified image of the lines of graph paper should
be clearly seen.

Form the air wedge by keeping the second glass plate over the first glass plate with the given paper
piece at on one end between the two plates. A glass plate is fixed to a stand and is fixed to a stand
and is placed at 45° (o the horizontal so that the light from the sodium vapour lamp falls normally
on the glass plate system. Parallel straight fringes are formed and are observed through the
microscope placed above it. ‘

Take any one of the fringes as the zeroth fringe and coincide the one of the cross-wire parallel to
the fringes system. Measure the positions of 0%, 5*, 10%, 15" ............ fringes etc., Tabulate the
results as shown in the table. Also find the length of the air wedge using the travelling microscope.

Since the locus of all points having the same path difference happen to be a straight line, one gets
parallel to the fringes. At times one gets fringes inclined to the edge. This is due to adhesion of

. dust particles the edge of the plates or irregularities at the edge gives rise to improper inclination.

Certain fringes expected to be straight lines appear curved. It is due to strains built up inside the
glass plates. Any glass plate under strain can give rise to variation in refractive index which gives
rise to change in the shape of the fringe. This can be used for studying the planeness and strainfree
nature of glass plates.

1 Main Scale Division Value _
Table-1: Least Count = 0" ¢ Vernier Scale Division Cm.
S i Microscope readings Width of the air wedge
No At the edge of two plates At the edge of paper peice P~Q)
MSR(m| VC [VCXLCim)] TR(P)(em) | MSR(m)| VC JVCXLC{m}| TR(Q) (m) {cm)
Table-2 :
N ad. ‘ .
S. Fringe Microscope readings Width of Single fringe
No No. 5 fringes width
MSR (tm) vC VCXLC{m) | . TR (m) (cm) {cm)
] 0 A A-B
2 5 B B~C
3 i0 ‘€ C-D
4 15 D D-E
5 20 E E~F
6 25 F . E-G
7|3 G G-H
8 35 H H-1
9 40 1 I-J
10 45 J J-K
11 50 ‘ K K-L

Average Fringe width = Cm.

AV —em—



Observations :

Least Count of the travelling Microscope = cm.
Length of the airwedge (L) = cm.
Single fringe width () = cm.
Wavelength of monochromatic source of light(A) = cm.

AL
Thickness of the given paper (T) = 75 =

[}
8

Report :

Thickness of the given thin paper T = cm. (from observations)



NEWTON’S RINGS

Aim of this experiment is to determine the radius of curvature of given lens by forming Newton's rings.

Introduction : Apparatus mainly used here are travelling microscope, sodium vapour lamp
(monochromatic source of light), a glass plate fixed to a stand, black paper o cloth, plane glass plate
and the given lens. The experimental arrangement is shown in the following figure.

travelling Interfering Ray Incident Ray
Qmicmscopc 45° :
A \ /
' \ Lens
‘ rms Region of
Glass plate €
terference
/ the light rays Interferenc
. vy ¥+« which interfere
A4 A7 é-f—Mr Film
air film \ . v, 7 Plano convex lens . }g]ass plate

black cloth] | Y ghass piate

. Experiemental Setup Fig.2 Ray Diagram
Fig.1 Newton’s Rings
Newtons rings with central dark.

Fig.3 ’
Theory : Newton's rings experiment is an example for interference of light by the division of ampli-
tude in reflected light. According to theory of Newton's rings, the radius of mth dark ring is given by
r=ymRr  wherem=0,12cun.. (number of ring)
R=radius of curvature of the given lens
' A=wave length of the monochromic source of light.
The diameter of the mth dark ring is given by

Dm=2 mAR = Dm2=4m7LR .
The diameter of the nth dark ring is given by D *=4nAR
. D *D}= 4mAR-4nAR .

D -D}=4 Am-n)R

D-D}

R= 4A(m-n)

Procedure :

I. The least count of the travelling microscope is found. The plane glass plate and the lens are
cleaned well with a lens cleaning paper. The plane glass plate is placed over black paper under
the microscope and is focussed. This is done by taking a small piece of graph paper and placed on
the plane glass plate, When microscope is focussed, the magnified image of the lines of graph on
the piece of graph paper should be clearly seen. :

2. Then the given lens is placed over the plane glass plate so that air film is formed between the
plane glass plate and the lens. A glass plate is fixed to a stand and is placed at 45° to the horizontal



so that the light from the sodium vapour lamp is falls normally on the lens. By adjusting the angle of
- the glass plate, Newton's rings are formed and are observed through the microscope placed above
it. Newton's rings can observed very casily if microscope is focussed at the centre of the glass
plate and lens system.

3. Asaresult of interference between the light reflected from the lower surface of the lens and the
top surface of the plane glass plate (light reflected from the top of the air film and bottom of the
air film), a concentric ring system with alternate dark and bright rings having a dark spot at the
centre, will be seen through the microscope. Some times due to the presence of dust particals
between the lens and the plane glass plate, the central spot may appear bright.

4. Bring the point of intersection of the cross wires (o the centre of the ring system. Taking the
center of the ring system as zero, move the travelling microscope with slow motion, say to the left
across the field of view counting the number of rings. After passing beyond the 21 dark ring,

reverse the direction of motion of the microscope and set the vertical cross-wire at the middle of
21* dark ring tangential to it.

3. Now, note the main scale reading on the horizontal scale and note the vernier coincidence using

~ areading lens. Similarly note the readings with the Vertical cross-wire set successively on the

18%, 15™,12%, 9™ 6%, 3"dark ring. Move on the microscope in the same direction and note the
readings corresponding to 3 6™, 9% ,12% 15% 18" and 21* dark ring on the right side.

6. Readings should be taken with the microscope moving in one and the same direction to avoid
¢ITOrS in coinciding the vertical cross-wire respective dark rings. Record the observations in the
table below with left side readings from top to bottom and rightside readings from bottom to top.

7. Concentric ring system is formed at the centre because the path difference between the two light
rays, those are interfering with each other, is constant radially or the locus of all points having the
same air gap happen to be a circle. Dark spot is formed at the centre because the reflecting system
of glass plate and lens is used. At the centre, actually there is no path difference between the two
retlected beams. first one from the upper surface of the glass plate and the other from the bottom
surface of the lens. But, the former undergoing reflection in a rarer medium (air) against denser

A
mzdium (glass), has an extra path of = Hence there is a net effective path difference between the

two rays giving rise to dark fringe at the centre. Mathemiatically we have D” =4nAR for the n
dark rings so that for n=0, D =0. Hence from thc relation, there is a dark ring at the centre.

Graph : Draw a graph between the ring number (on x-axis) and the square of the ring Diameter (on y-axis)

(Diameler)*
mz
TD,.,Z <
D? <

roo

(0,0) ‘n m  Ring Numbers
-




S. | No. of Microscope readings Diameter | (Diametery
No | ring Left cdge of ring Right edge of the ring (P-Q) Cm?
MSR | v | VCXLC] TRy, | MSR VCXLC|[ TR
VC p vC
Cm Cin Cm | Cm Cm CmQ Cm
1
2
3
4
§
-6
.
8
9
10
Observations : _ 1 Main Scale Division Value _ Cm.
Least Count of the microscope = No. of Vernier Scale Divisons
m =
n =
D? = Cm?from graph only
D* = Cm? (from graph only)
A = wavelength of the monochromatic source

D Z-D;
R= 4l(m-n)

Report :

The radius of curvature of the given lens (R) =

<m.




DIFFRACTION GRATING -DETERMINATION OF WAVELENGTHS

Aim of this experiment is to determine the wavelengths of the spectral lines of mercury emis-
sion using plane diffraction grating at normal incidence.

Introduction : Plane diffraction grating consists of large number of parallel straight lines c!rawn ona
transparent plate with the lines acting as opaque regions and the space between the lines actmg as slits.
for the passage of light. Originally they are drawn on a glass plate which is called master grating. The
impressions made by the master grating on a transparent resin is sealed between two glass plates and
is commecially supplied as grating.

) \

Theory : Letd be the width of each slit, approximately /
: 1 ¢

number of lines per cm. of the grating is given by N= P 0

When the light incident normally on the plane >

Q.%-——

grating make an angle 8 wilh the normal on diffraction, T ,  Diffracted Light
the path difference between the two rays passing through ~ Incident Light
successive slits is given by d sin8. For maximum of the ¢
diffracted beam, d sin6 = nA where n gives the order of e
the spectrum and A is the wavelength of the light used.
Since, '
J= ] Fig 1. Diffraction of Light through grating
= |
sinf = nNA 4
with the known angle of diffraction, order n of the spectrum and known N, the wavelength A

‘ ind
of the line is determined by using the relation, A = %—

Procedure :

I Least count of the circular scale of the spectrometer is to be found. After preliminary adjustments
of the spectrometer, the grating is to be kept at normal incidence. For this keep the telescope in

line with collimator to observe the white slit and coincide the vertical cross-wire with the white
slit. Adjust zero reading. '

2. Keeping the grating table fixed, rotate the telescope to an angle 90°

u Collimator

__esop
O (

Collimator

3. Mount the grating in the grating stand and rotate the grat- O telesco
ing table in such a way that the reflected image of the white ¥
slitis observed through the telescope. By rotating the grat- -

ing table, make sure that the white slit coincides with the
-~ vertical cross-wire. '

grating
Fig 2. To keep grating at
Normal incidence position



4. Tehn rotate grating table through an angle 45° towards colloimater Now the grating is kept at
normal incidence. Light rays from the collimator will be incident on the grating perpendicularly

at normal incidence.

5. The spectrum can be obscrved through the
telescope as shown in the figure. Normally,
one may not get violet in the second order
due to its low intensity.

6. Conventionally, one goes to the extreme lefl
of the spectral line and starts making

. measurements until he reaches the extreme

right of the spectral line, coinciding each-

spectral line with the vertical cross-wire.
The- data is presented in the tables given

below

Table for the first order spectrum :
n=1
N= Number of lines per cm of the grating

/

incident ray

grating

y
second

order b
b/

first order

28 second order

¥y
first order

direct reading

Fig 3. Angle of Diffraction

1 main scale division value

Least Count of spectrometer =

No. of vemnier divisions

S. .  Readings on the circular scale

Clour
No " Left

Right

— Sinb
2 |0 lquAa

- MSR | VC [VCxLC

MSR VC [VCxLC§| TR
1 |Yellow-2 '

2 |Yellow-1

3 | Green

4 | Blaish
Gr 2en-2 .

5 | Bluish
|G een-1

Py s

6| Blue

7 |Voilet-2

8 Voilet-1




Repont: .
The wavelength of the spectral lines of mecury emission are in A.U.
Voilet-1
Violet-2 =
Blue

1]

Bluish green-1
Bluish green-2
Green =
Yellow-1
Yellow-2



DISPERSIVE POWER OF A PRISM

AIM :To determine the dispersive power of the material of the given prism.
APPARATUS: Spectrometer, prism, mercury source, reading lens and table lamp.
Theory

The Refractive index of any transparent medium is given by,

sin (A+Dm)

SlTLé
2

Where A= Angle of the prism
D,,, = Angle of minimum deviation for the given colour of wave length A .
Dispersive Power of a Prism is given by,
w:HB"' HG Here u_lle kG
p—1 2
Where p g is refractive index of blue spectral line.
u ¢ Is refractive index of green spectral line.

Procedure :

1. After making the preliminary adjustments
with the spectrometer, the prism is mounted
on the prism table as shown in the figure
with the refracting edge (edge opposite the
rough surface) facing the collimator.

Telescope Telescope

Fig. 1 Angle of the Prism (A)

7. The reflected image of the white slit on either side of the faces of the prism are observed with
naked eye. Then, the reflected image from one face of the prism is observed through the telescope
and the cross-wire of the telescope is made to coincide with the reflected image. The reading on
the circular scale (T ) is noted. Similarly, the reflected image from the other face of the prism is
observed through the telescope and the cross-wire of the telescope is made to coincide with the
reflected image. The reading on the circular scale (T,) is noted.

3. The difference in the readings T and T, gives the angle of the prism A as 2A=T, ~T,. ‘The results
are tabulated in the table-1

4. To determine the angle of minimum deviation, set the prism approximately as shown in figure

* below, so that light from the collimator enters one face of the prism containing the refracting
‘ anglc and emerges out of the other. Disperses spectrum can be seen through the telescope in this

position.



The prism table is rotated such that the dispersed
mage of the slit (different coloured spectral lines)
moves towards the direct reading position (white shit)
of the telescope i.c., the deviation of the ray decreases.
Looking through the telescope, the prism table is
further rotated in the same direction. The image
appears to move in the same direction but at a certain
position, the image appears to remain stationary and
suddenly retrace its path, the prism table is clamped.

“coincide each spectral line with the vertical

Least count of spectrometer =

cross-wire and note the reading on the circular scale
for each colour. '

Collimator

Base of prism

Fig. 2 Angle of Minimum _Deviation

The prism is removed and the telescope is moved until the vertical cross-wire coincides with the

image of the white slit. The direct reading is noted. Results are tabulated in the table-2.

One main scale division value

Number of vernier scale divisions

ANGLE OF THE PRISM

S.No

Telescope reading

Ve
wsr [ve | x | TR | wsr |ve | VX
X LC

TR(T3)

2A=T, ~ T, A




Direct reading : D=MSR + (VC x LC)

Telescope reading Angle of
Minimum M=

S.No | COLOUR L‘IIEVB?C\;I'II'EH TR(T Deviation sin (A+2m;

' MSR | VC | VCXLC M | p,=t~p |22

A (AU) it

1 Blue 4358
2 Green 5461
Report :

The Dispersive power of a given prism =




VERIFICATION OF LAWS OF A STRETCHED STRING - SONOMETER



At one end two or three pegs are provided to which strings of various
materials and radii can be firmly attached. These strings may be passed over the
fixed knife-edges, carried over tiny smooth pulleys at the other end of the
box. The strings are attached to weight hangers at the ends. The vibrating
segments of the string can be adjusted by the movable knife edges and the
distance between them can be measured by the scale attached to the box.

Resonance takes place when the frequency of the external body (say, tuning
fork) is equal to the natural frequency of the vibrating segment of the wire
which can be observed by placing a paper rider on the string. At resonance,
energy transfer from the external body takes place and the segment of the
wire between A and B vibrates with maximum amplitude kicking off the
paper rider. ‘ S

Theory: When a stretched string is plucked at its middle and released, it
vibrates in a single loop, which is the fundamental mode of transverse
vibrations and emits a note of frequency n, depending on the tension in it (7).
The length of the vibrating loop (/) and the mass per unit length (m) of the
wire. The relation connecting the above quantities is given by:

n=%‘E | . (1)

From the above relation, the laws of transverse vibration of stretched strings
may be stated as follows.

I law: The frequency of stretched string is inversely proportional to its
length (); tension’ (T) and the linear density (m) being constant. Or

nl = constant .. (2)
II law: The frequency of a stretched string is inversely proportional to the
square root of its linear density (m); tension (T) and length of vibrating
segment (/) being constant. Or

n?m = constant ..(3)

It can also be proved that, @ = constant. or

112 = constant (keep n and m fixed) C)



III law: The frequency of a stretched string is proportional to the square
root of its tension (T); the linear density (m) and length of vibrating segment
(/) being constant.

-';72 = constant. It can also be proved that,
vml = constant . (keep n and T fixed) ... (5)

Procedure:

Verification of first law: Add weights to the hanger which is attached
to one end of the wire to create sufficient tension in the wire. One of
the tuning forks is excited by striking the prong of the fork with the
rubber headed hammer. The stem of the tuning fork is set vertically on
the top of the sounding box. In doing so, the prongs of the tuning fork
should not be touched or should not touch the sonometer wire. The length
of the wire between the knife edges is adjusted by slowly moving the knife
edges A and B nearer to one another or apart, until the natural frequency of
the segment AB is equal to that of the tuning fork. To know whether the
wire between A and B is under resonance or not, a small V-shaped paper
rider is placed at the middle point of the segment AB of the wire. At .
resonance the paper rider is thrown off. This length is AB = I. The
procedure is repeated with 2 or 3 forks of different frequencws and the
results are tabulated in table 1.

Table 1: Verification of I law

Length [ of the vibrating
Frequency of the segment in cm nxl

S.No .
tuning fork(n) Triall | Trial2 | Meanl | ~ const




Verification of the second law: To verify the second law, a tuning fork
and wire of any given material are used throughout the experiment, and the
tension applied to the wire is changed to get various readings. For different

tensions in the wire, the resonating lengths AB are noted and the results are
tabulated in the table 2.

Table 2: Verification of II Law

Tension | Length of wire in cm resonating (T)
S.No | applied in with the given tuning fork 2
gm. Wt. (T)| Trial 1| Trial 2 | Mean length ‘I’ | = const.

Verification of third law: To verify the third law, three wires of different

materials (different linear densities (m)) are taken and a tension T is

applied. A tuning fork of known frequency is excited and the stem of it is

placed by the side of the wire and the resonating length AB = /, of the wire

is noted. Similarly, the resonating lengths of the other two wires for the

same tuning fork are determined. The results are tabulated in table 3.

Table 3: Verification of III Law:

Linear density| Resonating length of the 2

(m) of the wire wire (/) in cm mx}
ingm/cm |Trial 1| Trial2 | Mean() | — €OMst

Sl. | Type of
No. | wire

Steel

Brass

1
2
3. | copper
4

5.
Results: The laws of stretched strings are verified with the help of sonometer.




