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List of Experiments
B.Tech. | & Il Sem,
Physics Lab

1. To plot the characteristics curves of a p-n junction diode.

. To plot the characteristics curves of PNP fransistors in CE mode.

. To perform Melde's Experiment in transverse and longitudinal modes and
determine the frequency of an electrically maintained tuning fork.

. To determine frequency of AC mains using an electrical vibrator.
. To determine the radius of curvature of a lens by Newton's ring method.

. To determine the refractive index of the material of the prism for various colors of
mercury light using prism and spectrometer,

. To determine the dispersive power of the material of the prism using spectrometer.

. To determine the wavelength of different colors of mercury light using a plane
transmission grating.

. To determine percentage of transmission of light for a semi transparent film using
Lummer-Brodhum photometer.

. To study diffraction at a single slit using He-Ne laser.
. To determine the wavelength of He-Ne laser by Michelson Interferometer,
. To determine Hall Potential and Hall Coefficient.

. To study the characteristic of Photo Cell,

. To verify the formula for the combination of lenses and to determine the cardinal
points of the combination using Nodal Slide assembly.

. To measure resistivity of a semiconductor by Four Probe method at different
temperatures and determine the Band-gap.

. To determine the Flank's Constant using LED
. To study the characteristic of Photoconductive matenal.
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MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B.Tech. I & 11 Sem
EXPERIMENT: STUDY OF DIODE

AlIM:
To study the forward and reverse characteristics of 51 and Ge junction diode,

THEORY;

semuconductor P-N junction 15 practically umidirestsonal, device having more conduction ni
ong diréction and negligible conduction in opposite direction.

When P-M junction is formed, potential barrier iz developed across the junction that opposes
the further transition of electrons and holes across the junction. Wow' if the extermmal potential
difference is applied across the junction so that the P ead is connected o the +ve of external
supply, it will oppose the junetion potential barrier and when external P.D. just balances the
P, now it becomes easy for electrons and holes to move towards the junction and cross the
junction. Thus with funther increase in external P.D. more and more electrons and holes will
cross the junction and contribute wwards external current in the circuit. Hence diode conducts
and it is referred to as Forward bias.

If the polarity of external supply is reversed so that P end is connected to the —ve of external
supply. it will assist the junction potential difference and width of depletion layer wall further
increase making it still tor electrons and holes to cross the junction. Hence diode will not
conduct and it is referred as Reverse bias.

However due to minonty carnes very small current of the order of few pA 15 observed when
diode 15 Reverse Bias. Bul as compared to forward current which 15 of the order of few ma
practically we can neglect the neglect the reverse current and p-n junction diode mav be
treated as umidirectional device.

Semiconductor used for the manufacturing of p-n junction diode may be Si and Ge. The basic
difference between 5i and Ge is the energy band gap is 1.21 ¢ for 8i and 0.72 ¢V [or Ge at
room temperamre. Both Si and Ge diodes are commercially availabie.

A number of differences between these two types are relevant in design. A note worthy
feaiure of IV characteristics is that there exist cut in or threshold voltage Vi the current rises
very rapidly. It i found that Vit is approximately 0.2 ¥ for Ge and 0.6 V for Si. Note that the
cut-in voliagze for 51 diode s offset about 0.4 V owith respect (o the cut-in voltaee for Ge. The
reason for this difference iF found in part, i the fact that the reverse saturabon current in Ge
diode is normally larger by a factor of about 100, then the reverse saturation cumrent in a 51

diode of comparable ratings.

CIRCUIT DIAGRAM:
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FROCEDLURE:
(A) FORWARD CHARACTERISTICS:
1. Make connection as shown in figure (A).
2. Keep meter switches as under
Voltmeter =1 % and Ammeter = [0 mA

3. Ciredvally increase VF o steps of (L1 Y from 0 and sote - IFforward current).
Tabulate the readings.

(B} REVERSE CHARACTERISTICS:
1. Make connection as shown in figure (B)
2, Kcep meter switches as under
Yolimeler =10% and Ammeier = W) pA
3. Gradvally imerease VR i steps of | 'V and measure diode current.
4, Plot the graph between VR and IR

OBSERVATIONS:
a) Least Count of Ammeters = LomAl and LA
b Least Count of Voltmeters = N
TABRLE 1: FORWARD CHARACTERISTICS
| S.No. Vi(Vaolis) Iy mA)
[ 1.
.
_ TABLE 1: REVERSE CHARACTERISTICS -
5.5, Vil Volts) Ia(pA)

l.
-

=

RESULTS AND CONCLUSION:
From -V characteristics of diode i1 is observed that, diode conduets, when it is forward bins,
Current increasss rapidly with forward voltage. However there is cut-in veltage below which

there is no conduction. In reverse bias, reverse saturation current of dicde is very small, of the
order of faw micro amperes.

The diode can be wsed ss a unidirectional device which linds importanl application as
rectifier. [t 15 observed from the comparisons of V-1 charactenstics of 51 and Ge that the cut-in
voltage for the Ge diode is smaller than cut-in 51 diode and forward current for Ge diode is
larger for same forward voltage.

Reverse sataration current in Ge diode is also higher than the reverse saturation cument in Si
diode for comparable mange.

SOURCES OF ERRORS AND PRECAUTIONS:
. Ensure proper connection of the diode with the correct pelarity (anode 1o posimive,
cathode 1o nepative) when connecting o the cireuit.
11. Avoid exceeding the maximum current rating of the diode
. Increase the apphied voltage gradually to observe the diode’s behavior

B “STUDY OF DIODE
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MALLANA AZAD
MNATIONAL INSTITUTE OF TECHNMOLOEY, BHOPAL
DEPARTMENT OF PHYSLCS
B.Tech. 1 Semdl Sem
THARACTERISTICOS CURYVE OF A TRANSISTOR
AIM: To study and plof the tansistor inpul and oulput characten=tes for common emibier
configuration.
APPARATUS: A prepared kit of transistor with connecting wires.
THEORY: Transistor is o three terminal device, consisting of three different doped semi
conducting  regions, sepamted by two Junctions, These are named as emitter, base and
collector.
The doping n the three regons 15 not the same. The doping 15 heavy in the emitter region, and
15 light in base region, while it is onlv moderate in the collector region. Area of cross section
is also not the same throughout, but goes on increasing from emitter towards collector. The
base region of the ransistor i2 invariably thin.
There are two tvpes of junction transisters, Figure shows the cross sections of the NPMN and
PNP transistors, along with their electnical symbols.
In a transistor, collector base junction is always reverse biased. Naturally small current flows
through the diede circuit, Current in this circuit can be increased by forward bissing the
emitter base junction. When the emitter base junction is forward bissed, heavily doped emitter
gjects large number of majority carmers into the base region, These carriers diffuse through
the base region, and enter into the collector region.

|| F | | ¥ |7 | ¥ | constituting the increasing current in the collector
circuit of the transistor. But base being thin and
B P lightly doped. few of the minority carriers gjected

L~ sb Sk : Az ;
_B _El inte at, are lost by the recombinstion with the
™ g oppesite type of majority. cammers ejected into i, are

most by way of recombination with opposite type

majority carriers present. in the base region. This
constitutes the base current, The most of the majority camriers gjected into the base region
diffuses into the collector region. This collector current is almost equal to the emittér current.
Hence difference between emitter and collector current is the base current of the transistor.
Thuy Emidecer current ily) = Coflecior current (1) + Base current il
The current gain in the common-emitter circuit is called BETA (1), Beta is the refationship of
collector current (output current) to base corrent (input curent). To ealculate beta, use the
following formnula:

A s the Greek letter delta, it is used 1o mdicate & small change, The resistance gam of the
common emiter can be found in a method similar o the one used for finding beta:

R gt

Flia

Once the resistance gain is known. the voltape gain is easy to calculate since it is equal to the

current gain (B) multiplied by the resistance gain (E = AR). And. the power gain is egual o the
voltage gain multiphied by the current gain (P = BE).

Bom

FROCEDURE:

i g

1. Keep collector to emitter voltage constant say 1.0V

2. Increase de voltage applicd o the forwand biased base emitter junction in proper seps
and in each case note Vi and Ty reading.

| THANSISTOR



3. Repeat the steps for different Ie
Ve volluges.
OUTFLT CHARACTERISTICS: _.,.@_.
l. Keep base current I mA
constant at say 20 pA. '} B C 1
L Inercase  collector  to :_‘@_—l:\ @
emitter  voltage Ve in s E  VaT+s le
proper steps and for each E}) ' Iy _— Vi
value  of Ve record Vi 27 Wiy
cotresponding collacior +
current le
J. Repeat the steps for
different values of Ig. -
OBSERVATHONS: a) Least Count of Ammeters =,.......mAand =, pA
b) Least Count of Volmeters =........ v
TABLE 1:
V= V=
Vee  [1s | Vag!lg=Rin | Vez |1y Ve | Iy= Rin
TABLE 2:
B B =
Vi le Velle= Rau Y le Velle= R,

Input characteristics: From the observation table 1. plot a graph for Iy versus Vis at
different collector voliage Ve

Output characteristics: From the obzervation mable 2, plot a graph for 1o versus Vg o
different base curment Iy

Put average By and averuge By, n to find resistance goin R,

R =

E
Fia

RESULT:
The charactenstics curves for the common emitter mode of given PNPINPN transistor, are
shown in the graphs,

PRECAUTTONS:

2
8

The emitter-base junction is kept in forward bias while the collector-emitter junction is
ke reverse bias

A high potential shiould not be applied at the base or collector

The transistor should not be heated continuously, For this a separate kKey should be
connected with the battery both in base and collector circuit.

The +ve marked terminal of the ammeter and voltmeter should alwavs be connected w
the positive terminal of the battery.

2 THANSISTOR
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MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B.Tech. 1/ 1T S¢m

EXPERIMENT: MELDE’S EXPERIMENT
OBJECT:
To determine the frequency of electrically maintained tuning fork
AFPARATUS USED:
Electrically Maintained Tuning Fork, Battery Eliminztor, Meter Scale, Pulley, Weight Box,
Thread.
THEORY:
When a thread of mass per unit lenpth ‘'m’ is connected to the vibrator fork and
stredchied with tension T. the thread vibrates in sepmients. If the length of the thread is
then adjusted until well defined nodes are formed. the freguency of the stretched string
15 same a5 the vibrating fork. Then if " 14 the length of one loop of vibrating string,
the frequency of vibration in transverse arrangement of fork to thread, is given by

o
2\ m
And the frequency of vibration in longitudinal arrangement is given by,
1 T
== 1=
I\
FORMULA:
The frequency in transverse armangement, 27
L [T T TN aed
| = "
T30 ——

Where = Frequency of Rod (ac main) <’_>/I,_\) ne2
{ =Distance between two nodes _— s !
T = Tension Applicd

m= Mass per unit length of thread i
The frequency in longitudinal arranzensent

With same meaning of symbols.

FROCEDLURE:
{a)l Transverse arrangement —

a. Fix a thread to one of the prongs of the fork. With the help of a screw supplied
for that purpose. Stretch the thread in a line with the prong of the fork and pass
it over a ball bearing palley clamped to a stand [Fig 1]. Put suitable weight (M)
on the hanging pan connected to the other end of thread,

b. The current 15 switched on and adjust the metal contaet serew o make the fork
vibrate. It i3 seen that the prong of fork begins fo vibrate.

¢. The length of thread is adjusted till it is found that s free end attains
maxirmum amplitude.

1 Melde's Experiment



d.

e
L.

Modes are observed at the extreme end points of thread. Measure the lengih of
the thread (L} and numbers of loops (n) between them

Calculate the length of one loop ',

Caleulate tersion and compute f, frequency of fork.

(b Longiiudinal arrangement -

A

b,
C.

Fix a thread to one of the prongs of the fork. With the help of a screw supphed
for that purpose. Stretch the thread at right angles to the length of the prong of
the fork and pass it over a ball beaning pulley clamped to a stand [Fig 2], Put
suitable weight (M) on the hanging pan connected to the other end of thread.
Perform the experiment same as for Transverse amangement,

Calculate the length of one loop 7, tension and compute 7, frequency of fork,

————
5 [+ -

Battery clemasatoy

e |

Fig 1. Tiansverse anangsineat

A

Fug 2. Longitndimal szangement

OBSERVATIONS:

a) Mass of the pan =

2L

b} Mass of thread per unit length m = (UHM215 gmicm.

) Acceleration due ta ravity = 980 cmsec

Table 1: For transverse arrangement

[SNo. | Massof Pan + Temsion | No.of | Lengthof Lengh of =
Weight suspended T=Mg Loops | Vibeating Thread | ome Loop [ = "',lli-—'
M (m.) (dynes) 0 Lem Jo Lin can Am |
1| M, fi '
2. Ma Iz
3| M i
Hmn _Ili;l BT APTLY - LR Hmz
2 Melde's Experiment



Table 1: For longitudinal arrangement

S.Ma, Mass of Pan + Tersion Mo, of Length of Lengih of 1 IIF
Weipht suspemded T=mg Loops | Wibeating Thread | one Loop = —,u—
| migm} (dynes) | Lem =tmen | LTM
1.| My fi
i A
3™, i
BB faritmstbl ™o € g v Heriz
CALCULATIONS:
For transyerse arrangement
ViiTE
jr = EJE Hertz:
For longitudinal arsngement
I im
Frequency of fork [ = frawnwest fogmumne:
2
- Herte.
RESULT:
I'he frequency of fork i found to be Hertz

SOURCE OF ERROR AND PRECAUTIONS:

i.  There should be no friction in the pulley because it causes the tension to be less than

that is actuallv applied.

i.  The nodes and antinodes should be sharply defined which justifies the optimum

weight pot on the pan.

il Thethread should be anexiensible so that its mass per unit lepgth remping constant and
the distance between the nodes ind antinodes may not change during the experiment.

Melde's Experiment
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MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B.Tech 1 Sem /11 sem
EXPERIMENT: FREQUENCY OF A.C. MAINS

AlM:
To determine the frequency of A.C. Mains using an electrical vibrator.

APPARATUS:
Electrical vibrator, Lamp, Meter Scale, Pulley, Weight Box, Thread,

THEORY:
When a chord of mass per unit length "'m’ is connceted to the vibrator rod and
stretched with tension T, the chord vibrates in segments. [f the lengih of the chord 15
then adjusted until well defined nodes are formed, the frequency of the stretched string
15 same a5 the vibrating rod which in tum 15 equal o frequency of A.C, Mains, Then if
1" 15 the length of one loop of vibrating string. the frequency of vibration 1s given by

[P
f =—,|—
2tV m
Where #= Frequency of Rod (ac main)

{ =Dhstance between two nodes
T = Tension Applied
m= Mass perunit length of thread

Slandurz Wave

&
Electnic vibrator er Mode pulley

Tenszion (T)

Fig. An electric vibrator connected to a pulley

PROCEDURE:
a) Thread is connected with the rod of the vibrator and it is made to pass over the pulley
and suitable weight (M) is put on the hanging pan connected to the other end of thread
{seen in fgure). This weight will give tension on the string
b} The current is switchad on and it i seen that the rod of the electric vibeator beging (o
vibrate. The length of theead is adjusted till it is found that its free end atlains
rax o amplitode,

I A0 Mains



<)
d)

e)
f)
gl

The length of thread is adjusted till it is found that nodes are well defined.

Modes are observed at the extreme end points of thread. Measure the lengih of the
thread using the metre scale and count numbers of loops between them, Mote down the
values intable 1.

Calculate the length of one loop ‘17

Calculate tension and compute I, frequency of A.C. Mains.

Repeal the experiment with different 1ensions.

OBSERVATIONS:

a)
b}
c)

Mass of the pan = g
Mass of thread per unit length = (LO04215 gmicm.

Acceleration due to gravity g= 950 cirsee”

Tahle: for determining tension in string and length of one loop

S M. Mazz of Pan + Tension Mo, of Loength of Lengih of

M (g b [y mes) ] L em F= Ffn di

Weipht suspemided T=Mg Loops | Wibeating Thread | one Loop | f =—

| | el pdf -
Frey ]

CALCULATIONS:

1 T
2 e
f 21V m

£ Hertx.

Mean " =i+t it +
3

- Hertz

RESULT:

The frequency of A.C. Mains is Hertz.

SOURCE OF ERROR AND PRECAUTIONS;

i,

Vi

There should be no friction in the pulley because it causes the tension to be less than
that is actually applied.

The nodes and antinodes should he shamply defined which justifies the optimum
weight put on the pan.

The length of the steel rod should be initially adjusted so that it vibrates with
maximum amplifude, This will ensure that the Treguensy of the vibradion of rod is
game as that of AC. Mains,

The chord should be inexiensible so that is mass per unit length renains constant and
the distance berween the nodes and antinodes may not change during the experiment.
The rod should be horizontal and pass freely in between the poles of the magnet so
that it attains the same frequency as that of A.C. Muns while vibrating.

The A.C. should be stepped down to about (6 — % volis) before passing through the
wire, to make the distance between nodes and antinodes constant,
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MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B.Tech. T Sem/11 sem

EXPERIMENT: NEWTON'S RINGS

OBIECT:
To determine the radius of curvature of a lens by Newton’s Ring method

APPARATUS:
Mewion's Ring apparatus; which consist of a plano-convex lens of large radius of
curvature and a plane glass plate, traveling microscope, and Light reflecting unit, Reading
lens and Sodiam vapor lamp,

FORMULA:
The radius of curvature of a lens 15 calewlated from the formula,

L
dpd

Where, D, is diameter of n™ bright fringe
Diip is digmeter of (np"™ bright fringe
and R ihe radivs of the curvature of the lens,

THEORY:
The experimental arangement for obaining Newton's nngs shown in the Fig 1 . Newton's rings
appargtus consists of a plano- conex lens with its conex surface resting on @ plane glss plate. This
arrangement forms an air films between the glass plate and the plano-convex lens. The thickness
of the film is zemo at the center{point of contact) increases as ong moves rapidly outwards (Fig
7). By tuking the radivs of curvature of the

lens very large.the thickness of the air film ‘&

becomes very small. A parallel beam of

monochromatic light is allowed © o fall on a

glass plate which is inclined at 43 w the IiCTosCope
hotizontal . This glass plate reflects the light
vertically  downwards. Thus the lLight is
normally incident on the air film enclosed
between the plano-convex lens and the glass
plate, This light is reflected from the upper
and the lower surtace of the air film. These
two reflected beams mutually interfers to
give rise to localized circular fringes in the

air film. The wave reflecied from the glass soxdium light source x\. T
plate fravels an extra path Zut {geometrical " 'j, ¥
path difference), where t is the thickness of

the air film at the point of mcidence. Since \_L

this wave is reflected from a denser medium,
it suiTers a phase change of A72 or & (optical s —=

path difference). Depending upon the path

difference; bright and dark circular finges  Fizl Scanatic dipgram of the Newton's Ring apparatus
are formed due (o interference.

1 Newton s Rinps



These fringes can be seen with the help of microscope focused on the air flm (fig 2). The fringes
avsiem consizis of alternate bright and dark concentric rings with dark fringes at the centre. Due
to presence of dust particles, the pano=convex lens may nof have perfect contact with the glass
plate and in that case the central fringe may be bright

Diameter of Bright Rings
Let x be the radivs of the o th bright ring and B the radios of the curvature of the lens, Then from
fig. 3{a) the diameter of n H bright fringe (D= 2x ) will he

D - iRl

And diameter of n-+p™ bright fringe (D) will be,
2 d{mepiRA
Du =

Ie
Thus the equation for the radius of curvature of palno-convex lens will be,

D, =D,
H.m= —
dpa

Py
1 [
| =
LTS
=
=
-
e

plans-conves bens .c':f::'..---
akr fikm '

Inss plate s [ e SSet
gloss plote —s ol ey
4 ——
finh ik
Fig 2 Schematic arrgement Tor prodicing Mewtou's nng Fiz # Diametar of breehit fraes

PROCEDURE:

4)  Clean the plane-convex lens and the elass plate with the rectified spirit.

hy 't touch the lens and the glass plabe with the finpers oint the mdile portion

¢ Ploce the plano-convex lens over the glas plate.

d)  Below the microscope objective, place a light reflecting umit inclined at 457 to the honzontal.

¢)  Allow a beam of parallel light from a sodium vapour lamp to fall on the reflector. See through
the microscope, Bright and dark circular rings will be seen., If rings are not scen shifi the
Newton's ning arrangement in such a way that the point of contact of the plano-convex lens and
the glass plate Ties just below the microscope objective. Adjust the inclination of glass plate of

reflecting unit. 5et the cross wire an the central dark ring.

fi  Be sure that the cross wire can be moved abobe 20-25 fringes on both side of the central of the

dark rings by moving it with the help of micro meter screw provided in the microscope base.

£)  Sel the mtemsechon of cross wire on the central darck Trinpe. Move ihe cross wire with help of
micro meter screw till it crosses over the 207 bright ning on the left hand side of the center.
Adjust one of the cross wire tangential to the bright ring. Mow the cross wire is moved in
opposite dircetion 6l it follows over the middle of the 18" ring. Take the micrometer reading,
Meving the cross wirg in the same direction sct it at the middle of 16" ,14™,....... 6 bright ring
and note down the corresponding readings . Mow move the cross wire to the right of the centre

2 Newton s Rinps



so that it falls over the middle of the 6™ bright ring. Take the reading, The cross wire is now

moved to the 87,10%.......... 20™ bight ting and the corresponding readings are recorded. From
these readings the diameter of the rings are calculated as in the observation fable,

OBSERVATIONS:
Least count of microscope VEmIEr = 5 e cm
Tahle: Calculate the square of the diameters of the rings
Ring Microscope reading Microscope reading | Diameter | D, Dy = Dy
number | from Lefi-hand side of | from Right-hand side Dy, [l:m‘l"}
the center (cm) of the center {(cm) {em)
() (b) (a-b)
Sl Vernier (B THN Mam ‘Vernier l'ainl
Suale Scale femi Scalo Scale [l

la DI\':- = D:l..

14 Dig - E"m

12 D1- IJH:.....

1 D.r:- — D ...

E Dy -Dy ...

6 By -De .

L Pji %"_:'

2

0
CALCULATIONS:

2 i
R= Dy — D0
4 pi
= JCIN
RESLULT:
The radius of curvature (Riofalensis ..o cm

SORCES OF ERRORS AND PRECAUTION:
i.  The theory demands that light should fall normally on the air film. To achieve this
condition, the glass plate of the reflecting unit must be inclined at 43 o the horizontal
ii. Inorder to have thin air film between the glass plaie and the plano-convex lens the latter
must have large radivs of curvature, because m deriving the formula of diameter of nings
we have used the approximation <R
iii. the glass plate and the plano-convex lens must be well cleaned
iv. Before taking the readings it should be checked whether the working length of the micro
meter serew covers 20 rings on both sides of central spol. 5 micro meler screw 18 nol
properly adjusted then its entire working length s finished only on the one side of the
central spot and the microscope diffuses (o move further.
v,  While measuring diameter one of the cross wire should lie tangentally on the middie of
the bright ring
vi, Back lash emmor of the micro meter screw should be avoided by moving it in the one
direction only.

3 Newton s Rinps
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MALILANA AZAD

MNATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
BEPARTMENT OF PHYSICS

B.TECH, | SEMTT SEM

EXPERIMENT: REFRACTIVE INDEX
AlIM: To determine the refractive mdex of material of prism using spectrometer.

APPARATUS:Prism, source of mercury light, a spint level and spoctrometer.
THEORY:
When a rav of light is incident on a prism, it undergoes deviation (Fig. 1), When a ray of lighi
incident on a face of prsm it passes from rarer medium to denser and thus bents towards the
normal and travels within the material of prism. On emerging from other face it passes through
denser to rarer medium and thus bents away from the normal. It travels in air. It is evident that it
has deviated from iz original path by an angle &, For thin prism of angle A, the deviabion
produced by i is given by
&= (n-11A
Where nois refractive index of material of prism
The refractive index o of a substance is defined as the ratic of speed of light in vascuos and o the
speed of lght in medinm.
o
/-
..l
For an sosceles triangled prism, the condition when prism is set in iminimum deviation is

A+ d
sinf 440 ]

M= =
& i o “slllmet sr
i |

where n = refractive index of prism
A = angle of prism
fy= angle of minimum deviation

The light wave of different frequency (and Vs Y

hence  different wavelength) move with _ ! "‘._
different speed in an optical medium; so the P L
refractive index of medium is a function of Al ¥ "“@
frequency (or wavelength)., In general, the i '

refractive index n of 3 material decreases Telescope Teleasaps

with increase in wavelength,

Since # depends on wavelength, so does the w
deviation &, If white Light is incident on

prism, different wavelength undergo

deviation by different amount and hence Fig: 1
the emergent ray 1 dispersed and a spectrum is formed.
FORMULA:
For an ispsceles wrangled prism, refractive index of material of the prism »
. l’ A+& ]
= A 4
n= A
5N —

where A = angle of posm, and & = anzle of minmmum deviabion
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Fig. 1a Fig. b

Prism Table

Vernier V1
Chrcular base

Vernier

Fl(= 3: FARTS OF THE SPECTROMETER

FROCEDURE:

9

-

Put a prism on prism table © set iis base paraliel to collimator beam. A well focused
specirum is oMained in field of view.

Setting for parallel rays: Move Refracting angle of the prism slightly towards the collimeter,
The spectrum will get diffused. Focus the collimeter for sharp spectrum. Now move the
refracting angle slightly towards the telescope. The spectrum will zet diffused agpin. This
time focus the telescope for shamp spectrum. This procedure should be repeated number of
times till the spectrum alwayvs remains sharp for shight movement of the pnsm

To measure prism angle: Keep one edge of the prism pointed fowards collimeter. Make the
width of the slit as narrow as possible. Tumn the telescope to set the image of the slit from one
face. In this position, note down the reading of vernier (V) from window-1 and reading of
vernier (V) from window-2, Again turm it @ the other face, @mke reading from both vernicrs
and notedown in Tabte 1. Find the difference which gives twice the angle of prism (IA).

Now place the prism so that the base becomes parallel to the slit and light falls on one face
Focus the telescope on other face. Spectrum will be observed from that side. Slowly rotated
the prisin table, keepmng im view the spectrum by rotating telescope in same direction till the
spectrum starts moving in the opposite direction. Fix the position of prism table. Now set the
crowswire of telescope on Red hine of spectrmume In this posthon, note down the reading of
vernier (V) from window-1 and reading of vemier (V;) from window-2 in Table 2 as
dispersed angle. Similarly note down the reading for other two colours yellow and violet.

2 REFRACTIVE INDEX



. Remove the Prism and bring the telescope in line with collimator. Record and iheir readings

both for Vi and ¥ in Table 2 as direct-angle.

7. Find the differencge for all the three colors which gives & for individual color,

OB

SERVATIONS: Least count;

main scale = 0.5 ®(degree)

i T =
vermier scale = 01 {manute)

Table 1: For angle of prism.

5. | Window | Reflection for Left | Reflection from Righi | Difference | Mean | A
No. | Vernier Face (L) face (R) =1A ™
MSR | VSR | Total MSR VSR | Total
1 | ¥) Vi, ViR | Vi~V
2 Vi Vi, Vie |Vu~Vm
*M5R= main scale reading, VSR= vernier sciade reading
Table 2: For finding angle of minimum deviation:
Colours | Window Dizpersed angle Direct angle Difference | Mean
S.No Vernier | Dis. Dvir. Vi~V b
MSR | VSR | Total | MSR | VSR | Total | Vi Vs
1. Red Vi B ™ nanns
b=
Vi 83,2
2, Yellow |V Vip= i ]
&, =
Vs V= gy =
3. Yiolet ¥ B eaianin
5, =
1._.'2 ﬁ:.,. Srannann
CALCULATIONS:
1. Calculate A (tahle 1)
2. Using the values of &, &, and &, in formula, caleulate three refractive indices (table 2).
sin[ ke ]
g 3
L
sM -
i
RESULTS:
Angle of prism = - *{degree)
Refractive index of prism for different colours
n (Red) =
P T T
P AT () B —————
FRECAUTIONS:
1. Awvoid the extra lipht falling on telescope
2. Prnor to any measurement with spectrometer, the telescope, collimator and prism table
should be set properly.
3. The width of slit should be made as narrow as pessible.reading of both emier should be

taken.
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MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B.TECH. | SEM/T] 5EM
EXPERIMENT: DISPERSIVE POWER OF MATERIAL OF PRISM

ATM:To determmine the dispersive power of matenial of pnsm by using spectrometer.
APPARATUS: Prism. source of mercury light, a spint level and spectrometer.

THEORY: The refractive index n of a substance is defined as the ratio of speed of light in
vacuo and 1o the speed of light in medium,

=

W

The light wave of different frequency (and hence different wavelength) move with different
speed i 8 medium; so the refractive index of medium s a funciion of frequency (or
wavelength). The dependence of refractive index of material on frequency or wavelength is
known s disporsion. In geneml, the refractive index # of a matenal decrcases with increase n
wavelength.
When a ray of light is meident on a prism, it undergoes deviation. For thin prism of angle A,
the deviation produced by it 15 given by

6= (n-114

For an isosceles inangled prsm, the condition when prism s sel in minumum deviation is:

. [.{+5']
sin
i S

A

SH —

=

where » = refractive index of pnsm
A = angle of prism
& = angle of minimum deviation

Fig. |

Since # depends on wavelength, so does the
deviation & If white light is incident on prism, differemt wavelength undergo deviation by
different amount and hence the emergent ray is dispersed and a spectrum is formed, The
prism is thus a dispersive device. If &, 6, and &; are the angles of deviation for violat, yellow

)
ond red eolours, then the rabio T

¥

]EE called the dispersive power (w) of the matenal of
the prism.
_8,=8, n=n,

& n -1

W

il

Where Iy, 1y and Ny, are refractive indices of prism for red, yellow and violet colours.
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FRG It PARTS OF THE SPECTREOMETER

FORMULA:
Refractive index of matertal of the prism n

.{J+5]
il 20 E
& 2

ol
=m

2
where A = angle of prism
& = angle of minimum deviation

=

Dispersive power of the material of the prism o,

n =i
i =

n =1

Where ny, 0y and ny are refractive indices of prism for red, yellow and violet calours,

FROCEDURE:
. Puta prism on peism able (o set s base parailel o collimator beam and light falls on
one face.
2. A well focused spectrum is obtained in field of view,
3. Setting for parallel rayvs: Move Refracting angle of the pnsm slightly towards the
collimator. The spectrum will get diffused. Focus the collimator for sharp spectrum. Now
move the refracting angle slightly towards the tebescope, The spectrum will get diffused
again, This time ficus the telezcope for sharp spectrum. This procedure ghould be repeated
numher of times till the spectrum always remains sharp for slight movement of the prism.
4. Now place the prism so that the base becomes paralkel o the shit Focus the 1elescope
onl other [ace. Spectrum will be observid rom that side. Slowly rotate the prisim able,
keeping in view the spectrum by rotating telescope in same direction till the spectrum siams
moving m the opposite direction. Fix the position of prism table. Now set the crosswire of
telescope oft Red line of spectrum. In this position, note down the reading of vernier (V)

2 DISPERSIVE POWER



from window-1 and reading of vemier (V) from window-2 in Table as dispersed angle.

Similarly note down the reading for other two colours yellow and violet,

5. Remove the Prism and bring the felescope in lime with collimator. Kecord and their

readings both for V', and ¥;in Table as direct-angle.
6. Find the difference which gives &.

OBSERVATIONS:
Angle of prism= ﬁ-l’l-""ljdt_g;‘n::}
Least count;
main scale = (1.5 " (degrec)

vermierscale =101 (minute)

Tahle : For finding angle of minimum deviation:

ENMo | Colours | Vernier | Dispersed angle Direct angle Difference | Mean |
I¥is. Lir. Dis,~ Diir, i
MSR | VSR | Total | MSR | VSR | Total
1. Red ¥y | B
Vi B neas =
e Yellow |V, i g —
l'l"lz il'llt | ﬁu L T ﬂ|.- =
A Vinlet Vs | = venes
Vi Vs | By Zrere | By =

*MER= main scale reading, VER= vernier scale repding

CALCULATIONS:

Using the values of & &, and &, in formula, calculae three refractive indices.

.[,-I+£r‘}
g ———
N e————la

r

sin

e | b | B2

21 S SRR - . T SRR SR

Dispersive power of the material of the prism o,
"=,

fif =
e |
o T
RESULTS:
Refractive index of prism for different colours
n {Red) =

n {Yellow) =
n {Yiwolet) =
Dispersive power of the material of the prism w=.. ...
PRECAUTIONS:
B Avoid the extra light falling on telescope

I, Prigr to any measurement with spectrometer, the tebescope, collimator and prism table should be

set properly.

3. The width of slit should be made as namow as possible reading of both ernier should be taken,
4.

The posstion of minmum deviation should be obtained for each colour photocell such that it

yields maximum current.

L
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MAULANA AZAD
MNATIOMNAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B.Tech. | Semy/Il sem

EXPERIMENT: PLANE TRANSMISSION GRATING

AdM:

Determmination of wavelength of different colours of mercury light using a plane
transmmission grating.

APPARATUS:
Spectrometer with the prating stand, diffraction grating of known grating element,
mercury lamp and reading lens.

THEORY:
A transmission diffraction grating s 2 glass slide with large number of parallel, closely spaced
slits (transparent spaces) drawn on it, Early ones were cerbon covered glass slides etoched by a
meedle point - now they tend to be printed onto a slide. When a parallel beam of
monochromatic light is directed normally (8t right angles to it!) at a diffraction graung, light
i5 transmiticd by the grating n certain directions only because the light passing through each
slit is diffracted and these diffracted light waves frome adjacent slits reinforce each other in
certain directions only, including the incident light direction, and cancel out in all other
directions.
If the source of light 15 mercury lamp (having all visible colours), this grating separates the
colors of meident light because different wavelengths are diffracted at different angles,
gecording to the grating relationship
¥
fe+d)

where (e+d) = grating element

2 = angle of diffraction

n = order ditffraction

& = wavelength of light

sinf=

Diffraction Tt oridar
graing
Zar arder
White light (ebriles)

@l eanler
Fig 1: Diffraction pattern from grating
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PROCEDURE:

Make the pretiminary mechanical and optical adjustments of the spectrometer.

1. Set the telescope and collimator in one line so that the direct image of the slit falls on the
intersection of wires, Note the reading. Now mount the grating and twm the telescope by
20", Tum the grating in such a way that the reflecied image of the slit is received in the
telescope. It means that the incident ravs on the grating are inclined at 45" to the plang of
grating. Now rotate grating by 45" or 135" so that it becomes normal to collimator and the
grating surface facing the telescope. The rulings of the grating are paralle] to main axis of
the instrument. When the axis of the elescope is parallel to that of the collimator, an
image of the slit will be seen lying with its centre Iying on the intersection of the cross-
wires of the telescope.

2. Turn the collimator towards left until the diffraction image (eolour spectrum} of first
order is visible on the intersection of cross-wires, take the readings of two verniers ¥V,
(window 1) and Va2 (wmndow 2) for Vielet color.

3. Next tum the telescope to get the first order image 1o the right on the intersection and
read the two verniers Vy (window 17 and Ve (window 2) Tor Violet color.

4. The difference in the readings of the same vernier of the two setrings gives twice the
angle of diffraction. Calculate s mean value, Use this and the known grating element for
the calculation of wavelength of light.

5. Bame experiment can be repeated for Green and Y ellow lines.
OBSERVATIONS:

Lines per inch on grating = 15000

Grating element (e+d) = 2.54/1 5000 ¢cm

Least count ; main scale = 0.5 " (degree)
vernier scale = 307 (seconds)
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Table

Colour | Vernier | Spectrom Spectrum Difference in | Mean
|eft of Right of the readings | value
direct image direct image 20 of €
MER VSR Tkl MER VER Tutal
regres Filmute | Degree | Minote

Violet |V, Vi Lon Vimige | Vives ~ Vi nign

1'.;1 - | :';-';3 Lei . ‘i,|.?2 Rign ;'"r.i Ledi - .1"'?2 High L

Green |V, . | | | Witen ~ Vi Right .

Vs Varten~ Yagign |

Yellow | W Vitet ~ V1 Rigi

¥ _ V2 ten = Yarigh
CALCULATIONS:
Wavelength of,
I P W) - T S
i
2, preen A= h‘ﬂﬂsh B g i i g
n
3 T R e
n
RESULT:
4]
1. Wavelength of violet kght = ...l A
i1
2, Wavelength of green light= ..-.ccvivreerinn A
(8
3. Wavelength of yellow light=.................. A

SOURCES OF ERRORS AND PRECAUTIONS:
i) Awvoid the extra light falling on telescope
i) Prior 10 any measurement with spectrometer, the telescope, collimator and prism table
should be set properly.
iti) The width of slit should be made as namw as possible. reading of both ernier should
be 1aken.
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EXPERIMENT: L-B PHOTOMETER
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AlM :
To determine the percentage of ransmittance for a semi-transparent film using
Lummter-Brodbum (L. B,y Pholometer.

APPARATUS :
1. B. Photometer assembly with two light sources, transparent glass plate with stand.

THEODRY :

The optical arrangement of LB, Photometer assembly is illustrated in fig. 1. It consists of a
system of right angled isosceles prisms so arranged that the ficld of view of the telescope is
divided into two, one portion being illuminated by light coming from one of the sources and
the other by light from the second source. This §s achieved in the following manner. Light
from the rwo sources 15 admined through the apertures AA and falls on the slab DD of
magnesium carbonate. Light 2 ditfusely retlected from the surtaces of the slab and except for
the rays that cut the faces of the total reflection prism P and O nommally, the rest are absorbed
by the interior of the blackened sides of the box containing this arrangement. These rays are
totally reflected at the hypotennse surface of the prism P and ) and then enter the prism
combination SR. It consists of two right-angled prisms with their hypotenuse surfaces in
optical eontact, The

hypotenuse of S is rounded of i
except for the central portion LIEhT Source 2 D Light Source 1

which lies i contact wath B, \N T B/
The reason for this is that light A A

can pass through the region of
contact as if the pnsm were
one solid medium, Other rays
suffer total reflection and do
mot  pass  through  the
combination. Of the rays
tetally reflected by P on to the
surface of S only the central
system incident on the surface
of contact of the two prisms is
pllowed to pass through and
enter the telescope; other rays
are totally intemally reflected.
Inm a similar manner rays
coming from €} and meeting
the surface of contact of the
two prisms pass through the
combination and are not ahle
o enler the tefescope. The light, which [alls on the portions of B owiside the surface of
contact, are totally reflected and enter the telescope. So, the central portion of the field of
view is illuminated with light coming from the source on the left side whereas that
sirrounding the central portion is illuminated by light from the other souwrce. IF the
llumination of the two porfions is same, the field of view will appear to be uniformly
illuminated (Fig 2 a,b). It means the intensity of illumination on cither side of the slab DD is
the same,

Fig. 1
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If then the sources have illuminating powers Py and P: and their distances from the
photometer-head are r and ry respectively.

O
P
Since both the portions of light received by the ielescope traverse the same thickness of glass,

any absorption by it will affect the intensity of the two equally and will not interfere with the

adjustment,
{a} L]

Fiz. 2 (a) spots of e qual intensities (1) photumetnc balace

IT & semi transparent film is kept between one source Py and photometer head, keeping their
position constant the second source is moved to distance 1y, 1o keep the balance of intensities

z z
r Fy
Where .P;1=L..P_|'
and ¢ = transmittance coctticicnt.
B s b
i
P
=
a2
1
= 100 % L
L

Fig 3 Lmnaner-FErodlam Phatome e Anmangeineid

PROCEDURE:
a) Kecp Photometer head and the source Py at a fixed distance I (say 40 cm).
b} On viewmg through photometer eyve piece, two spots of unequal intensities are
ohserved (Fig 2a)

3 L-B Photometer



c)
d)
e)

i)

Adjust the source P3 to make the intensity of spots equal, this is ealled a photometric
balance ( Fig 2b). Motz iis position as by em o caleulate vy

Then insert given giass plate between screen of photometer and Py, Then again note
the distance r; for photometric balance by moving P,

Experiment Repeat the experiment by changing r and also by rotating photometer by
180,

Calculate @ from ry and - data

OBSERVATION:

Table: For caleulating rand g

5. Pasition of | Position of | Position of Sceond Source %
Mo | Mxed Source | Photomete P r=b,~a | r;=h,;~a IEn=mitt
Pyem Faoem Without Plate | With Plale anoe
by cin b; cim fug
1.
.
3,
4,
5.
CALCULATION:
; r
%= 100 x
r;,'

MMean %6 ransmatiance =

RESULT:

The percentage of transmitance for the given film is found to be 04,

SOURCE OF ERRORS AND PRECAUTIONS.

The height of the uprights carmving the two sources should be properly adjusted so that
light falls normally and not obliquely on the slab of the photometer. This is done so
that full intensity of hight of the source eaters the photometer head.

Due to same reason as mentuoned above the photometer head 15 set so that slab Lies
pormal to the line joining the two sources.

For one fixed distance of the source of hight from the photometer a number of
ohservations for the distance of the other source should be taken, This 15 done to
gliminate any minor error in taking one reading.

Fotate the photometer head through 1807 with reference to the source of light so as to
interchange the surfaces exposed to light. This eliminates anv error due 1o inequality
of the reflecting powers of the two surfaces of the slab,

The thickness of the slab causes a slight emor in the calculations however in acual
practice the thickness of the slab is lefi out of consideration.
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MALLANA AZAD
MNATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS
B.Tech. 1/ 11§
EXPERIMENT: MULTIPLE SLIT DIFFRACTION

OBJECT: To determing the Grating clement of given Multiple shits grating using He-MNe laser
APPARATLS USED: Opuical bench with suitable accessories, 3-slit unit; He-Ne laser source
THEORY: Laser is a device that emits light through a specific mechanism for which the term
lager iz an acronyvim: Light Amplification by Stimulated Enussion of Eadiation,

A helium-neon laser, generally called He-Me laser, is a type of small gas laser. This lasers have
many mdustrial and scientific uses, and are often used i laboratory demonstrations of optics. The
gain medium of the laser, as suggested by its name, is a mixture of helium and neon gases, in a
1 fo 200 ratio, contained af low pressure

This experiment is based on the diffraction of light. The very hean of the explanation of all
diffraction phenomena is interference. When two waves combing, their displacements are added,
causing cither a lesser or greater total displacement depending on the phase difference between
the two woves, The bright bands observed on the sereen happen when the light has interfered
constructivelyv—where a erest of & wave meets a erest from another wave. The dark regions show
desiructive nterference—a crest meets a frough.

e

A

Fic |- Luver D ' 5 Fig: E Diffraction patterns from alits

Construchive imlerference to give br;"Igh: band occurs when

A T @
oL B M

Where & is the wavelength of the light, & is the separation of the slits, ¢ is the order of maxima

abserved [ for maxima, n=07, x is the fringe distance, and L is the distance from the slits (o the

SHLTCCH,

IT 4 and L are known and x 15 observed, then 4 can be easily caleulated.

FROCEDURE:

I. Make sure that the incident LASER beam and the screen are both along one, single horizontal
lime

2. Sel the screen behind the shit so close as to get the sharpest diffracted image. We pel four
bright Red vertical lines in the image for a given zet of slits.

3. Fix the screen at a point to 30cm.away from the slit (L cm),

1 Multiple Slit Diffraction



4, Bel the cross wire on the mmage of st shil by using the screw gaoge (conmected at the botlom
of scr¢en holder) which controls thesr movement, Note this reading of screw gauge.
. Measure the screw gauge reading similarly for all rest of the lines in the image.
6. Measure the separation between all the wo consecutive lings and Tind out an average
separation fermed as “x" cm.
7. Using this valuc of average scparation “x” and that of wavelength “L” given for He-Ne
LASER, calculate the prating element “d” cm.

Ln

B. Increase the distance of screen from the shit by 10em, and repeat the procedure step-4 to 7.
9. Averape out the two *d” values,
Scresn
-1 1
g Oplkes Bench
Bz ene s e Eu;'n- Suane

Fig.3 Experimental setup for grationg element

OBSERYATIONS: .
Wavelength of He-Me laser = . 6328 A=
Least count of screw gauge circular seale= ............... mm

TABLE: For measuring Fringe width x.

Distance of 'Frlnges Fosition nfi’l'lnge.a on screcm | Fringe width I
screen from — | X Mean
slits Main = ecircular Toral value of
L scale scirle (rem) (i) X
fmm}_ _ (it} | { o) __ | . (i)
é‘ : A<H=, ...,
300 mem 3 - g
4, B
5 Bleiiiis el
i =
z = e S
404 mm 3. O, e
o C=D=.
4. | D=, D-E—
— = ..5'.. | F='. """" &
CALCULATIONS:
Grating clement d,
d= nAL/x [n=1]
=R L] BT T T
RESULT: The Grating element of piven slits 8 ._....... ...... C0L

PRECAUTIONS AND SOURCE OF ERROR:
. NEVER LOOK INTO A LASER BEAM
ii. Incident LASER beam, Beam expander, shifts and the screen are should be along one, single
horizontal line,
iil. Operate the knob of screw gauge carefully.

2 Multiple Slit Diffraction
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MATIOMAL TINSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B, Tech. | Sem/Il sem

EXPERIMENT: MICHELSON INTERFEROMETERS
OBJECT:

To determine the wavelength of He-Me laser with the help of Michelson interferometer

APPARATLS LSED:
Michelson interfercmeter, laser source, scraen e,

THEORY:

The Michelson interfervmeter operates on the ponciple of division of amplitude rmther than on
division of wave front,

The important parts of a Michelson interferometer include a sturdy base, a diffusing glass, a beam
splitter, 8 movable miror with a micrometer serew for messuring distanes of movement, a fixed

marror, and compensating glass. Theze parts are shown in a Uypical physical arrangement in
Figure 1.

Wl

L:uwn:Lms.

i 1 (Fised}

Tliroe T Suppeat Plale
Figd A pypdead Michelson (nerferometer

The light source shown o the lef can be a white light or specteal Light source. 1018 not genecally
conzidered a part of the Michelson imterferomeier

An agecurately machined micrometer screw is aitached o the movable mumror, permitting the
miarror o be moved toward or away from the beam splhitter by a precisely determined amount, The
micrometer generally has about one inch of movement and vsually can measure mirror motion 1o
within 0,002 mun. The two mirrors, beam splitters, and compensating glass all are made of
carefully annealed glass (e.g., borosilicate-crown).

Michelson Interferometers



The optical anungement foe the Michelson imterferometer is shown schematically in Figure 2.
Light from & broad spectrum souree 8, such as an incandescent bulb, passcs thronigh 2 diffusing
plass M7 (e, a ground glass plate), and strikes the beam splitter #, The beam splitter is half-
stilvered glass plutes (silvered on the back side) which reflects balf of the light toward mimor M;
and transmits half of the fight (but the enfire cross section ] toward mirror 4.

If the two nmumors are

precisely aligned such that R their
planes are exacily g

perpendicular o one

another, thus ensuring that path

differences aver different
regrions of the mirrors are
constant, the fringe patiern
be seen by the observer at
consist of a semes of
wwonventrie nngs Figure 3,

will

The fringes shown arc
called fringes of equal
inclingticss.  When  the
mireor M is moved S0 &s
approach the condition for
zero path difference, the
fringe pattern will appear
collapse with all mnges
moving toward the center,
then disappearing.
Collapse of one frnge al  Fig.  Circwlar fringes {egual inclimation) seen in Michelsan inferferometer

the center will b

equivalent to a displacement of mirror A4, by an amount of A, Thus if N 15 the number of fringes
eollapsing at the center when Myis moved by a distance of d, then

Ly

FELD OF e 0
i v

Loy

2d,=NA
Llsing this relation A can be oblained.

FORMULA USED:

Woavelength X,

A=2dy /M
where d, iy distance measured with micrameter screw and N is number of fringes
collupsing

FPROCEDURE:
a)  Set up the Michelson imterfesometer
b1 Mount the laser on the optical table with the beam pasallel o the table surface
¢} The moveable mirror will be the one in the direct path of the laser beam.
d)  Align the mirrors gsing the laser beam,

=
"
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e} Adjusithe distance of M, and Mz from P (o be nearly equal.

P Adjust the center of circular fringes in the ficld of view,

gl  Mote down the least count of micrometer screw provided with the mimor M,

by Record the initial reading of the screw. Mow, move it solely and count the number off
fringes collapsing af the center in steps of 25 and each time note down the micrometeér
reading in the tabular form.

tf  Measure the wavelength of the He-Ne laser using eq 3 .

OBSERYATIONS;
Least count of mierferameter Mun scale = ... ... em
Léadd count of cireolir seale Wy = oo oo caos . G
Least count of vermierscala Vs = .. .. ... ..cc..... B
TABLE:
Mo, of nges | Maio scale | Circular seale | Vemier scale Todal Separation o, for
collapsed foim) oy feml Vo fon T =5l
0 i
25
el
75
1404
| :
Mean value of d,- . {een)
CALCULATHINS:
Wavelength i,
A=2d, /N
= cm
B LTS A Ar
HESLLT:
The wavelength of given He-Ne laseris .............. A

PRECAUTIONS AND SOURCE OF ERROR:
i. The two mirrors should be highly silvered on their front surfaces.
ii. The glass plate should be of same thickness.
i, Adjustment should be made by moving M; only

Michelson Interferometers
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MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS
B.Tech. 1 Sem/11 sem

EXPERIMENT: HALL EFFECT

OBJECT: Todetermine the Hall voltage and Hall Coefficient of Germanium crystal,

INSTRUMENTS: Hall Probe (Ge Crysial); Hall Effect Set-up . Electromagnet.
Constant Current Power Supply, Dioial Gaussmeter,
THEDRY:
A static magnetic field hos no offect on charges unless they are in motion. When the charges
flow, a magnetic ficld directed perpendicular 1o the direction of flow produces a mutually
perpendicular force on the charges. When this happens, clectrons and holes will be sepamted
by opposite forces, This means that the cument of carners will be deflected from 4 straight
ling in p-direction. In other words, there is'a component of the velocity in p-dircetion and s0
the surfaces perpendicular fo the p=-direction will become charged as soon as the curreni {or
the magnetic field) is switched on. The flow-lines of the carners will look like fig 1.
Thew will in tum prodece an electric feld (Ey) which depends on the cross product of the
mapgnetic intensity, H and the curvent density, J

E,=ElxH {1
Where B 1z called the Hall Coeflicient
Mow, let us consider a bar of semiconductor, having dimension, x, v and z. Let J is directed
glong X and H along Z then Ep will be along Y. Then we could write

E= \'-I!.' ¥ Cir R=£E B K in
JH Ix H

Where Vi, is the Hall voliage appearing between the two surfaces perpendicular to y and =1,
The Hall Effect phenomenon is diffevent for different charpe carriers. Tn most comimnon
electrical applications, the conventional current i3 used partly because it makes no difference
whether you consider positive or negative charge to be moving: But the Hall voltage has a
different polanty for positive and negabve charge carmers, and 1l has been used (o study the
details of conduction in semiconductoss and other materials which show a combination ol
negative and positive charge cirriers. n-Ivpe semiconductors arfe doped with trace quaniities
of a group V element (e.g phosphorus, arsenic or antimony) as & pentavalenl donor. p-type
semiconductors are doped with trace quanithes of a group 1 element {e.g. boron, aluminium
or indium ) as a trivalent acceptor. n-tvpe semiconductors conduct by mobile negative charges
(electrons), p-type semiconductors by mobile positive charges (holes), These electrons and
holes are known as majority earriers, For sericonductors the Hall effect provides a means of
determining the sign of the majority charge carriers and their number density.
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PROCEDURE:;

a) Connect Hall probe to sct-up { red wires to Voltage and green wires to Current)

bl Switch OM the sciup and adjust current (zay mA |,

¢t Switch over the display 1o voltage side. Seg the Zero field potential. Place probe in the
magnetic field as shown in fig. 2 and switch on electromagnet power supply. Measure
magnetic field by Gaussmeter sensor. Adjust the current (Ipy) of power supply of
electromagnet around 0.3 Amp 10 get magnetic fiekd Hy=1000 Gauss. Keep it constant

d) Botate the probe tll it hecomes perpendicular to maemetc feld.

¢) Gradually increase corrent (1) of probe and measure the Hall voltage (V) corresponiding
to that current. Take 6 readings.

) Repeat experiment step ‘¢’ by increasmg the electromagnet current (lpag) {maximum
4.0Amp) for constant magnctic ficld 1=1200 Gauss and He=14M0) Gauss (5ET-1 & SET-
a8

OBSERVATIONS: ;
Thickness of probe {(z)= 5 x 107 cm

OBSERVATION TABLE:

SET=1 SET-2 SET-1
Electrnmagnet power supply Electromngrat poswer supply fleetrmeagaect power suppl
H =180k Cianss H=1300 Gauss Hl=T600 Craness
= ... Amp) {ljpg= .. A = -...Amp)
£ No. 1, L7 S.No, 1, v, 5.No, i, [
LA} i by i) i b i A fir b}
| I I
2 3 2
L 3 a
4 3 3
5 5 5
L] i ]
CALCULATIONS:

Plat ¥y, versus |, graph and compuie slope (AV/ Al ] tor all the three sets. Caloulate R tor

cach s,

Ri=slopex _=z-.
H,
=R I’.'n'r.-:.r.lr.aﬂq.:-'].{}'!
Average R = Riy+RatRa= ...
Volt.emamp .G

RESULT:
Hall Coefficient of Germanium crysial (R) K
T AMEA REe0 B0 1063
B i Valt.cm.amp™ G Ll ]
Fig3: Expecied |-V curve
PRECAUTIONS AND SOURCE OF Lt
ERROR:

1. The magnet powersupply can firnish irge currents al dimgerons voltage levels: do not ooch expesed
magned coil coniacs,

2. Do notexceed magnet current of 4 A

3. Do oot exceed Hall probe curvent of 004 A

2 Hall Effect



HIAT=1 ST B9 eI @R, Hiare
e fanam

#t ¢, e daaaw
mﬁﬂ'ﬁ'ﬂ?ﬂf

IeTY: TO-OH fFws F i diees T 8l s o i wm
IYBI; Fia WiE (Ge o), 810 shee dc-9m, Soeciie, R iz uiew o,
faforee mimsHTETans |
e AR aata &7 &1 7as 0% 74 0@ @5 W3 To] Jeol ud dd (6 8 7 5 1
o1 HE dw vEfRe #a @ S vae & i e PEne &1 3 W
YRR Sae ae Jeud deen B or e g ¥, o seei o v Rl wef g arem
B 9| T Oaad | A ) urn - J v @ v 9 Raf @ s
qEY Waal A y-foun & 39 @1 U wew gl g Hi gEfen - fun % dead w9 @
Jaw T i) T e o EfEE o el aest 9 vas- e e 1 # o e
qE0 ¥ UF TAgde &7 (E,) S0 T4 ) ga@y fadl, H AR U 9, | P Iug
R R T &

En=RJXH (1)
W8l R <1 gl Ui e S o
38, U T ) g (UE) e o, e S «, y 3R 2 B O el )
E?mmHﬁzﬁmﬁﬁﬁﬁmﬁmﬁﬁEm?%Wﬂ'ﬂ'ﬂ'ﬂlﬁﬂﬁﬂﬁﬁ

R= Vpy oo R=V x_2z i2)

TH 15 H

WET V), BT Aleed & Ol y & Siaad & Yee! o ard S BT 8 ST 1=,
Bie TEE BT YT SE-IET ATEN AEE! & o S-S 8§ ity amra

st , urdafesr e e Gugi sifiee sy & gaftn v o & el god
15 B T8 USAl & H10 YAEE 1 WS MY B NEEE 9§ @ g
drees # oS AR BUTHS MY GES! & & UH S0 yadl gl 8, S 25
JUNT StETE! HE HT AR § ues & fGeee & s S o o BT g Wl
HUES AN YHE 99 GEE] F e B i Bl nusn & snfues! &)
et S & 0 B OHE \V O (99 WIeni, MEHE 0 U ® oF 7E o gy
2 fEm =6 ¥ p UER & el %1 Hee wiwal ® 9 10 508 1 59 o
dreie, uegfirfe o 2ftom) & 29w & Ay S fw o 81 oo srfETere
Tfesfie BoTEE AT EEE g 9T 39 ¥, p-eRy snfEes e v
e (et g HeE S § | 39 IeigeiAl AN fagl &) agdErE ae® & F 9
W 21 STt & B B T aguee oW TRt & AR AN It wEm
wad w1 e B @ ue @ vaE st g |

BELIEEED 1—-1. O28/8008E I—FJ,

. p—— ——
[ Kbgrm
" - !' || P |

B wh'

e — S—
— — ——..'_‘l ¥

F
¥
50006000, ,, GOBEE00E ..,
Fgt

3 Hall Effect



wigsam:

a) ﬁmﬂﬁ-mﬁﬁ%mmﬁﬁéﬁﬁiﬁﬂﬂﬁﬁw%}

by BEHT AR FIE ORI HY (03 5 0.2maA) |

c) fasat it aﬂmﬁﬁaﬂﬂﬁlﬂﬁﬂﬂﬁuﬁéﬂlsﬁmﬁﬁm NERS L
o fi o 2 & forara man @ iR sttegAve Rerdl o s =m ) ridier
HET g dge 1y 8 & A g 84 H1= 1wnnmmaﬂﬁﬂiﬁuiﬁaé\ﬂﬂt
i faetet Mg & FIE (1) © 2.0 TERR & U e w11 38 R o

d) &ie v w1 a1 &g gl R @ g deaita &9 & e § s

e) Tl Uid & Hie (1) 7 d-0R 9fg & ol 90 F F HTE0 g dieed () B
or | ZHi U 6 $TET |

[ T g9 & H2=1200 T SR H3=1400 THE ¥ e ERERNE FEE (b B
FETHY (HIUTOH 4.0Amp) T T ‘e’ T GIE (SET-1 & SET-2)|

Hadre:
« Bl UE (e d) B AL (2) = &« 107 Tt
T'l'I'FH'HT:

SET-1 SE -2 SET-3
Electrommgnet powsr supply Electronmagest power supply Eleciroamagact powes sl
H =180k Gauss H=1300 CGawss Hy=Pail e
(L= - Amp) (= . Aamph (g™ -o.mp)
5. MNn. 1y v, 5N, I, v, .M, I A
A} fma b e 1) i ) i) fm I3
| I I
K] i K]
A d L
5 5 K]
6 t &
. LA3E-
Vi wfs |, T TTE @Y AR o1 Ah & fog |5 o Pt
T (AV,,/ AL) T O | Fown
2 hBeE]
UdE 9 & o R 3 A
§ afl. i~
H'I =m:’: z_.. A A BET | i
H1 AW EDEA RGN O 106-1
% A CUERENT [4]
= ik v il ilﬁ.m.qm .h ‘Fln]: Elp'md [RT] curve
ST R = Ry+Ro# Ry = oo A Aty
yivom: g o aFos fmed & 810 0 /) = g iy G
3¢ T wa aftv wEwft:

i FaF dee Wl U Fat YRIT UEH &1 Ol 2|
i gw%ﬁﬁmmi
jii,  ET% WIE 4R 0.4 T E afif T8 e afen)

4 Hall Effect



MAULANA AFAD
MNATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEFARTMENT OF PHYSICS

B.Tech. | Semidl sem

EXPERIMENT: FOUR PROBE METHOD

OBJECT: To measure resistivity of a semiconductor by Four Probe method at different
ternperatures and determine the Band-gap.

APPARATUS USED:

Four probe setup, semiconductor crystal film, oven, and dipstal meter for current &

wvirl e mieasurement.
THEDRY :
Atoms are usually armnged in a regular way to achieve a dense packing in solids and thereby
form a crystal. The arrangement has very desirable chamactenstics, 1.c. the transports of holes
and free electrons is very smooth in these structures, Silicon and germanium (and carbon)
crystallize with an identical crystal structure, called diamond structure.

By Ohm's law, the electric field intensity, Eat a paint in a material is proportional 1o the
current density, ] that it induces at that poant. The proportionality constant 15 called electrical
resigtivity p, of the material as,

E=p0J
For a sample with a long wire like peomerry with uniform cross-sectional area, p can be
measured by simple 2-probe, passimg o known cumrenl through the sample and measunng the
voltage drop across 1. This simple method has however several disadvantages. Some of the
difficuliies ¢on be resolved by
employing a technigue called
four probe method. MILLIVOLTMETER
Consider 3 flat —_—
ﬁcmlunm!uc!ing sample. In the
four probe method, four MLLIAMMETER
pointed, collinear, equally
spaced probes are placed in
pressure contact with the plane
surface of the sample (Fig 1)
A current 15 injected mbo the
sample through the outer two
probes (1 & 4). The resulting Fig 1. Four probe setop curcuit
electno potential is measured
vig the two mner probes (2 & 3). An oven 15 provided with a heater to heat the sample so that
behavior of the sample 15 studied with increase i femperature,
FORMULA:
The energy gap of the semiconductor i3 given by the equation

Ep J_E.EL*E_"- e
?
E.. [:"..-:E_Z'Il}l.’ilh'lug,n LY

T

PROBES

NNV

Mote that log = 2.303 log ;.

K is the Boltzmann constant (K=8.6x10-" eVideg, ), T is the temperature, in Kelvin, p the
resistivity of the semiconductor crystal s,

| FOUR FPROBE METHOD



Py

P=TWIS)
Vv
.I'}n T I"?"Tsi
Where, i in phm-cim

W is the thickness of the crystal, in mim, 5 is the distance betwean the probes, in mm, V is the
voltape across the inher probes, [ 5 the current through the covstal, (W /51 is a function and
its value is taken from the data sheet of expenment setup.

If the values of T"'X10° and the corresponding values of logp are plotted on a graph, a
curve 1s found (Fig. 21 The slope of the curve is calculated fromm the graph and putting the
value of slope in equation, E; is obained as

E.s 2 x 2303 =KxSlope eV

and
Slope = -‘:""E:u &
JF X0
Swymbols have their usual meanings.
FROCEDURE:

1. Connect the outer pair of probes (red/black) leads to the constant current power supply
and the inner pair (vellow/green leads) to the probe voltage terminals.

2.  Place the four prebe arrangement in the oven and fix the thermometer in the oven
through the hole provided.

3. Bwitch on the ac mams of Four Probe Set-up and put the digital panel meter in the
current messuring mode through the selector switch. In this posibon LED facing mA
will glow_ Adjust the current to a guitable value (Say 5 mA).

4.  Mow put the digital panel meter in voltage measuring mode. In this pesition LED
facing mY would glow and read the voltage (V) between the probes. Note the value of
% and room temperature T in table.

5. Connect the oven with power supply. Rate of heating may be selected with the help of
a switch Low or High as desired, Switch on the power to the Oven. The glowing LED
indicates the power to the oven is 'ON. For different temperatures, up to 150°C, note
the voltage developed between the probes.

OBRSERVATIONS TARLE:
s  Probe spacing S= (.20 cm
»  Sample Width W= 0.050 cm
* (W /3) function = 3 89
LI B Ty 1 mA (Constant )

3, No. Tﬁrﬁﬁé!ﬂlure Te11iﬁeﬁ1ure ‘-;"ﬂ]-tigfe' p= (VX 25k Tx | logiop

iC) T (mV) i 10
() {ohm.em)

1. | Room Temp

a1

il

150

2 FOUR FPROBE METHOD




CALCULATIONS

- Plot graph for logsep vis T'% 107 12
- Find the slope from graph, )
mﬂl-“"= .iI.HfEl['ﬁ. (g -
A—X1o0'
T o b
f fkd
- Caleulote band gap,
Ey= 2x2303xK<Slope oV wd
symbaols have their usual meanin 9 - . :
o = 2 "".: e . ] PO 14
02 ! !
Tzt
Flguie 2 Varkatisn af j» with temperainre
RESULTS:
Experimentally obtained Eg for semicondoctor = ... eV

PRECAUTIONS AND SOURCES OF ERROR:

1. Don’t press the probes tightly on the surface of semiconductor film
2. Four probes should Iie in w simight lne
3 Probe-film contact point should be small compored 1o

3 FOUR FPROBE METHOD
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MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B.Tech. 1 Sem/Il sem

EXPERIMENT: NODAL SLIDE ASSEMBLY

OBJECTIVE:
To verify the formula for the combination of lenses using Nodal Slide assembly.

APPARATUS:
Modal Slide Assembly, Light sorce and the convex lenses

THEDRY :

When a ray of light passes through a nodal point, its conjugate ray passes r.hmugh the
other nodal point and is always pnmllnl to the incident ray. I the system is rotated
slightly about & vertical axis, the image
will mot shift from its position. The nodal
‘wide  assembly 5 used in  opfical
instruments like microscopes, telescopes,
and cameras o precsely  adjust the
pasition of the optical component without
affecting the image guality.
If, t) and f; are the focal lengths of the
component lenses of a system and the
lenses be situated at a distance x apart ,
then the focal fength of the combination
i3 Eiven as

L] i X

S I

N S R 1

Where [} and fy are focal lengths of first and second lens and x is the separation
between them in combination.

- L3
.'.I LY W
n Y
i \

ﬁwm
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FROCEDURE:

a)  Adjust the lens holder on camiage of lens L), cross shit, light source and plane mirror
so that the line joining their centers are parallel to the bench.

by Adjust the alignment of plane mirmor so that the image of the cross shit form close 1o
iself,

¢l Adst the position of the lens so that waal movement of lens holder through o small
angle (hy 5" do mot produce any shift in the image, At this point read the position of
cross slit, R and the axis of nodal slide R;. Their difference will give (7 {One face).

dl  Hotatc the camiage by 1807 axially (Other face), Take the reading again for cross slit,
R and the axis of nodal slide K2 to get ;. Their average will give f;

) Repeal the same procedure (step 1 1o 3) with second lens Ly and obiam [,

)  And then repeat agam with both the lenses on the camage simultancously. At this
point read the distance between fwo lens2s as x cm.

g}  Take similar readings after shifting the position of two lenses by rotating carriage
LRO",

OBRSERVATIONS:
Least count of seale = .....................cm
TABLE 1:

Set Light on | Position of - Position of lens on Foeal length
cross slit the Modal slide fr=Ry-R;
Rj em R:cm cm

[ndividual focal Ohe face
length of lens Ly | Other face

[ndividual focal Ome foce
length of lens L | Other face

TABLE 2:
Light on | Position - Position of axis of Focal length
af cross slit MNodal Shides aof
Acom Bem Combination
F=A~B cm
Combination of Omne fuce
Lenses Caher face
CALCULATION:
fy = — Cms,
fy= — CImS,
I I I x
pCT e e R e
F & .5 hh
Experimental F = —--co———omis

F=

NODAL SLIDE




RESULT:

Value of Focal length fi = «-eesemmsamniaaaa. CIms.
Value of Focal length f7 = ————cceeeem - — LI
Value of Experimental Focal length of combination lens F = —---v- - cms.
Value of Flealeulated) = -—-—rem- cms

%% error between caleulated and experimental

= et ieaane (TS

SOURCES OF ERRORS AND PRECALTIONS:

&

The ¢rose slit must be properly and intensely illuminated by the light coming from the
lamp, 5o that the image obtained is bright and distinct.

Singe the image is formed on the principle focus of the which lays on the principle
axis , the lenses must be 50 mounted on the lens holders that the principle axis of the
system passes through the point of intersection of the cross siits, If this condition is not
adhered to the image of the cross slit won't form.

Sometimes a bright image i1s formed on the metal plate screen by reflection from the
surface of the lens . This is termed as ghost image and it must not be confesed with the
pmewe desire to obtam, [Fthe plane mmor 15 shehtly tomed the genume imave shifis
shightly whereas the fuke one remains stationary. As the other way out we can obstruct
the hight from falling on the plane miror by hiding it behind our palms.

The rotation of the nodal slide about the vertical axis while testing it's coincidence
with the nodal peint should not exceed 57, for if it does the image may leave the ¢ross
slit and has to be adjusted again w get a bright and distinct image.

The image of cross slit will not shift on rotating the nodal slide, if the axis of motation
of nodal slide passes through the nodal point, So we can always switch the position of
nodal slide until we end up with the apt one.

In order that & sharp and well defined image forms on metal plate screen . use of small
aperture lems 13 recommended |

The mirror emploved should be o perfect plane so that all the meident mys are
reflected back without suffering any change.

NODAL SLIDE
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MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B.Tech. | Sem [ I Somi

EXPERIMENT: PHOTO CELL CHARACTERISTICS

AIM: To siudy the characteristics of a Photo cell.

APPARATUS USED: Photo cell, D0C Power Supply and Digital meters, Light source (lamp of

100, optical bench, seale etc.

BRIEF THEORY: Pholocells are of two types (i} Vaccum filled Photocell and (i) Gas filled

Photocell.

fi) Vacwum filled Photocell: It consists of a serm cyhndrical plate © coated with very thin
layer of Photo sensitive material (like potassium or cesium) and a wire of platinum or
nickel is connected along the axis of this cvlinder. The whole svstem is fixed on an ebonite
base and is enclosad by an evacuated glass
cover as shown in fig 1. When radsation
falls on the semi eylindrical plate (cathode)
C, electrons are emitted from il and are ¢omode ©
collected by anode A. The two important i
characteristics of this Pholocell are (a)
Photocurrent Vs  anode  voltage (1-V)
charactenstic at ditferent hght intensity and
{b) Photocurment Vs Light intensity (1-X)
characteristic at different anode voltage.
Since the light intensity X falling on the
photocell i preportional to |, where d is
the distance of the photocell from the
source, o plotof I Vs 1/ plot will be same as 1 Ve X plot
(i) Gax filled Photocefl: Its construction is exactly similar to Vacuum filled Photocell except

that the gas filled photocell is filled with inert gas. Like Yacuum filled Photocell, this cell
has also two eportant characteristics, (a) -V characteristic and (h) 1-X characieristic.

Cibiss Jucloel

—Anpde A

—Hisulting bavse
Eare pins

—

|
=
il

Fig 1: A Phetocell

PROCEDURE:
| a) Keep the photo cell in sunlight for 15 to 20 Laghr :Fa
mimtes so that it gets properly activated ; TV ) e

B} Make connections as per Fig-2.
) Keep micro-smmeter's selector switch towards

200pA side, veltmeter range sclector’s switch | o -..-f
towards 20V side and output switch wwards _— {\‘t}l GAJ
20% sade 3 i = poh

d) Plage the lamp (100W) close to cell so that the
light from the lamp fulls on cell. Note the
distance as d;

) For -V characteristic, Keep the lamp from
photocell at fix distance and note az d,. Mow increase the positive potential to anode in
steps of 3V and note the corresponding reading of the micro ammeter as 1 in table 1,
Repeat the experiment with two other distances d; and dsto change the incident
intensities. Mote the readings in Table 1.

) Plot a graph by taking anode voltage on v-axis and cormesponding reading in micro
ammerer on y-axis 10 obtain f-F charocteristic (Fig Sa).

| Photo Cell Characteristics

Fig 2 Cwomit diagnam




g} For [-X characteristic, Keep the anode voltage at certain fix value, note as Va,. Change
the distance (d) of lamp from the photocell in steps of S5cm and note the corresponding
reading in the micro ammeter (1), Repeat the experiment with two other with two other
anode voltage Vaa and Vas, Note the readimgs in Table 2.

h} Plod & graph by taking by taking imtensity (X) on v-axis and comresponding reading in
micro ammeter (1) on y=axis to obtain f-X characterisic (Fig 36,

Xy Va gy
./.— X2 Wy
=2
sl % r) *s
im) b
Yo Waln x

Fig 3 @1 IV eharacteristics (1) 1Y characteniztics

OSERVATIONS:

Least count of Micro-ammeier =, ....oeevieensan b

Least count of  Voltmeter

TABLE 1: For I-Y characteristic

5.No. | Anode potential Correspomding Micro-ammeter Reading
1'!'Iu {H'IDJT]' I u_l_'&.}
fordr =...20cm | ford: =, . 30cm | for ds =, dlkem

Z.

| =

3

TABLE 2: For I-X characteristic

| 5. Mo, | Distance d .‘.':=|.-'El"' Corresponding Micro-ammeter Reading
' fem] fem™) I (A}
Yair =3 volt Wai =38 voll | Vias =13 vl
i & ' 20
(2 | 325
3
L& ;
CALCULATIONS:

Since no parameters are to be obtained, draw characteristic curves from the data of

Table! and Table 2,

RESULT:

i. The I-V characteristic curves of piven photocell is given in graph........
i1, The I-X charactenistic curves of given photocell is given in graph. ...

PRECAUTIONS:

i- Avoid the extra light falling on photocell

il. Set the photocell such that it yvields maximum current.

i, Close the opening window of photocell when it 13 not in use,

Photo Cell Characteristics
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MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B.Tech. | and 11 Sem

EXPERIMENT: DETERMINE THE PLANCK’S CONSTANT
OBJECT:
To determine the Planck’s Constant using LED,

APPARATUS USED:
Yanable Voltage source (0-2% D), Current meeter (0-20 mAZ0MIpA ), Temperature
conirolled Oven (ambient to 60°C), LED {Red. Yellow).

THEORY:

We employ light emiting diodes (LEDs) 1o determine Planck’s consianl. From the Einsiein's
relation, the photon energy E. = hv which 15 equal to the eneruy gap E, between the valance
anid conduction bands of the diode. Energy gap 15 in tum equal to the height of energy barrier
eVp. Those electrons have o overcome to go from the n-doped side of diode junction to the p-
doped side when no extemal voltage ¥ ois applied w0 the diede. In the p-diode side they
recombine with holes releasing the energy E, as phown with E~= Eg=¢V, Thus a
measurement of V, indirectly yields E, and planck’s constant, If v is known or mepsured.
However there are practical and conceptual problems in actual measurement.

Let us consider the LED diode equation:

Faexp(-V, ¥ Jep (7 /1,) 1], Ve
i

=

k= boltzmann constant, T=absolute temperature & e= elecironic charge.

Y. 15 voltmeter reading in extemal diode circuit and R is the contact resistance. The constant
1 is marterial constant, which depends on tvpe of diode. location of recombination region eic.
The energy barmer eV, is equal o the gap energy E; when no extemnal voltage V is applied.
The “one” in the rectifier 15 negligible iF 1 2 2nA, and the squation becomes,

f=exp|(l"=1,/1,)]
o e;ipie{r —F,/ t;L'T}l]

The height of potential barrier is obtained by directly messuring the dependency of diode
current on the temperature keeping the applied voltage and thus the height of barrier fixed.
The external voltage is kept fixed at a value lower than the barmier.,

In our experimental set=up the vamation of current 1 with lemperature 15 measured over about
a range of about 30C a1 a fixed voltage Vi=1_8valis) kept slightly below V. The slope of Inl
va I/T curve gives

whare F. =

Fe

The value ot 1 15 already 15 known
The Planck’s constant i5 then obtained by relation

—_ Ak i
h —t‘IQﬁ.fL

*’
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Thiz comtact resistance of LED is wsually around 1ohm, while overall interngl resistance of
LED at applied voltage (1.8V) is few hundred ohms, The factor BT in expression V=V, —-RI
may therefore be neglected.

FORMUILA:
The PMlanck’s Constant,

A= el i
=
Where,
o Alnf } K -
g AT !
slope of curve of graph, fi:l;'l al"

K = Raltzmann constant

2= Electronic charge

1= Material constant
A= Wavelength of LED
¢ = velocity of Light

FROCEDURE:
Dependence of current (1) on temperature (T)
constant  applied  voltape to find
Temperature coeiiicient

I

it

]
i

L)
[

Eeep the mode switch on V-1 side and
odjust the voltage seross LED slightly
below the band-gap of LED ie [&8Y
for both vellow and red.

Change the made of twoa —way swilch
b T-1 side.

hugine | The e potivic il stugp

Fggiiee 21 & vl waw' o e LIED

Insert LED in the oven and connect the other end of LED in the socket provided on set
up. Before connecting the oven check that oven switch 15 in OFF position and SET
Temperature knob is at minimum pesition. Now 1% DPM would read ambient

t-:hm|'.u:n11 uare,

Set the different temperature 20, 25, 30......C with the help of set - Temperature knob.
Allow about 5 minutes on each set wemperature 1o stabilize and take the reading of

lemperature and current,

Firud the inverse of iemperatare and draw the graph between in I& (1T).

OHSERVATIONS:

Sample: (RED/ Yellow) LED

Voltage = 1.B03Y (constant for whole sct of readings)

Matenal constant of Red LED {n) = 1.755

*
Planck’s Constant by LED



Matenal constant of Yellow LED (n) = 1L.782
Boltzmann Constant K= 1.38x 1077 /Kelvin
Eleetric Charge e= 1.602X% 10" Coulombs
Wavelength of yvellow light L= 5800 x 107 cm
Wavelength of Red light & = 6400 x 10 cm

Table: Determination of temperature coefficient of Current

(S Na Temperature Temperatire 1T Current | imA) | Inal
{°C) (K3 ik (1 in mA]
1. 0
2z, 15
1. 40
4. 45
5. S0
. 55
T el
CALCULATIONS:
Draw graph between Inl -3 LT and find Temperature CosfMcient of Sument
Slope of curve as
Alnt _ 2
P it
Be
: : Alntl K
Jo.=F TR —XN
: AT g g
,! Q.
The Planck s Constant, .
PR Lo F.oxA
o —
o o4 5
a8 i az 31 E ]
e Joules.sec
e
RESULT:
The Planck s Constant b= oo i i e e ionn e J0ULES BBC

PRECALUTIONS:
.  V-lcharactenstic of LED should be drawn at very low current upto = 1000pA only, so
that disturbance o 'V, 15 minbmum,
i.  In T-1 mode, make sure thal the oven switch 15 “OFF" and SET temp knob s at
minimum position before connecting the oven.
. On each setting of temperature, please allow sufficient time for the temperature o
stabilized, between 5-6 minutes.

*’
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MAULANA AZAD
NATIONAL INSTITUTE OF TECHNOLOGY, BHOPAL
DEPARTMENT OF PHYSICS

B.Tech. I SemyIT sem
EXPERIMENT: PHOTOCONDUCTIVITY

OBJECTIVE: To measure the I-Y characteristic of CdS as a function of iradiance and
applied voltage, respectively

APPARATUS: light source (vellow light bulbl, lamp housing, adjusiable shit, podanezer,
analyrer, voltage source 1) 2-12V 23 0-16 V, focusing lense. optical bench

INTRODUCTION: When the light radiations fall on a semiconducting or insulating crvstal
an increase in the clectrical conductivity of the material results, This is recognized as
the phenomenon of photoconductivity, The prime features of photoconductivity are
1} Photoconductivity of a given material depends upon the wavelength of light,

2} Presence of impunities substantially affects photoconductivity of the material singe
SO Impurnities may reduce its photosensitivity.
3} Mumination has a direct impact on charge carrier concentralion of the material.

THEORY:

When a matenal 15 exposed to the illumination of an appropriate wavelength that 12 equivalent
or more than its bandgap (E,) then there is a higher probability for transition of its charge
carriers from valence to conduction band. The free electron-hole pairs produced in this
manner serve as curriers of clectrical conductivity. This excitation of charge camicrs resulis
into  photoconductivity when there is potential difference applied to the material,
Photoconduction however is not-an intrinsic phenomenon of & material, It depends upon the
parameters like wradianee, temperature and the trap distribubion across its band gap. Traps are
nothing but the discrete energy levels of certain imperfections distributed across forbidden
band gap of the material. Role of imperfections or traps 15 vital i the sense that traps of the
form of recombnabion centers reduce photoconductivity whereas the activation centers tend
to incregse or contribute to it. Hence evaluation of photoconductivity of the given material
{CdS) 15 targeted as, 1) Study of photoconductivity (1-V) charactenstic of CdS with respect to
the vanation in imadiance, Z) Study of photoconductivity (I-¥) characteristic of UdS with
respect to the variation in potential difference applied w G435,

Figure 1: set-up for measurement of photoconductivity of the given erystal. Lamp hosing (H),
lamp housing (H), adjustable shit { A). olarizer (P}, anabvser (P2), lense (L) and photo-resistor
material (R)
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FROCEDURE:

(1} Mount the lamp housing (H), adjustable slit {A), polanzer (P). analvser (P;), lense (L)
and photo-resiastor material {R) on the optical bench as in following Fig.1.

(2) Conncect the lcads of the lamp housing to the power supply (0-12 ¥V ACY DO, 5
amp. ) and apply 10V A.C, w the lamp

(3} Adjust the heights of lamp housing (H), adjustable slit (A}, polarizer {F; ), analyzer
{P1) lens (L) and photo-resistor material (R), so that all these are fixed on the same
optical axis.

{4y Make the connections v photo-resisior and the given photo-curment measuring unil
(mulimeter) as shown in the Tollowing Fig, 2.

{5) Set both of polarizer and analyzer at the (17 mark imtially.

{6) Adjust the lamp, lense, and photoresistor to make a homogeneous heam of hight fall
straight on the surface of photoneaistor,

(7 Apply a D.C. voltage of 12 V to the photoresistor,

(8)  Adjust the width of slit 1o make a 9 mA corremt flow through the photo-resistor. Keep
this wadth fixed throughout the experimentation.

(a) Measurement of photocurrent as function of irradiance (u) at constant voltage.

(9  Apply a constant voltage 2.0V DUC. to the photorseistor, vary the angle of polanzer
and analyser 90" 60" .. 1o 0%nd record the corresponding  variation in the
photocurrent 1y,

(10} Similarly measure photocurrent for each fixed voltage 6.0 and 12.0 by vary the angle
of polarizer and analyser and record in table 1.

b} Measurement of photocurrent as funetion of . C. voltage applied to the eryvstal at
constant irradiance
(11} Fix the angle 90" and vary the applied volage 2.0V D.C. 1o 12,0V D.C. and measure
the comresponding variation in the photocurrent Ty,
(12) Similarly measure photocurrent for fixed angle 60", 30" and 0" by vary the voltage and
record in table 2,

H B R
G g s
1 1
Ty OO EX)
B N
D0 g

Figure 2: schematic represenfation of circull conneclions for measurement sef-up  for
measurement of photoconductivity of the given erysial,
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OBSERVATIONS:

TABLE 1
S.Mo, | lrmadiance (o) | Cos” o Photocurrent with respect 10 the
varying voltage (I mA)
v ay 12V
1. 20"
T &l
3. 45"
4. W
5. 15°
6. 0’
TABLE 2:
S.No. | DC, Voltage Photocurrent with respect to the
applicd to  the varying irradiance, (L, mA)
CiSerysaltv) | 90" | & | 30" [ @
l. |2
2 |4
3 |6
4 |8
A | 1D
h | 12

CALCULATION/PLOT THE GRAPH:
a. Calculate Cos’a in whle | and draw a Cos® a V/$ lon graph,
b, Draw & Voltage V/S Iy, graph using the data of table 2.

RESULT: The photoconducting CdS crysials behave like an ohmic resistance that depends
on irrndiance
SOURCES OF ERRORS AND PRECAUTIHONS:
i) Use a stable and calibrated light source to ensure concistent irradiance during
Mesurements,
11) Maintoin a constant temperature, as photoconductivity is temperature-dependent also.
iti) Ensure that the light beam is accurately aligned with the photoconductive material.
vl Apply the appropriate voliage to avoid damaging the photocondoctive material.

Curem woRAQE Characmisties of CoS

3 FHOTOCOMNDUCTIVITY



f ¥ wem  Frdrn e
WO UhTRrETe Sl (Bieiesiaeiae)

TeT: T Rl i A A e T H cds F 1-v At ang)

FUSTV]; FHTY Wi (el UehTa o), ofd B8, TSR E e, dievge, ey,
dieed |ig 1) 2-12 8 2) 0-16 91, WiHaT o8, divea ad|

ﬁﬁiﬁ:

Uity s uaTE R sifaEs o gegafdn Beee o g 8 d ven @ & ci
Wﬂﬁﬁ%lﬁﬁﬁﬁ%ﬁﬁaﬁmﬁwﬁmm
BrRFeReiae] ® 7o A §

1) ot 2 o el ot wieidafEeiae vere ot o 2ud v Pl e B

2) it @t guiifa verd # wieid st & TR g 0 Wik Bl § g
T sl oue) BIERTSfRD ®) w0 T awd |

3) VTS 1 ver F =T SToe Sl (S Sed Seer) o% it wure vsa

o @1 art At A S o e & dud F ondl @ 9 awh Sy [0 e
g1 IFE sfte g 2 a9 9 aEe § Oy | e o f d9enw 9 9=
mmaﬁélﬁaﬂ%ﬂawﬁawaﬁaaﬂﬁaaﬁ fagua wre®ar & ae® »
w0 § 1Y T ¢ :aﬂmﬂﬁwﬁfw@?ﬁmﬁmﬁaﬁ%ﬁgﬂ%ﬁaﬁm
1 U7 I BledsiEead F ufie g: ) faHt Ty @1
siafee e 78 81 U8 Ao, aoam ok 399 d8iu d 2y Ao o9 audsl w
Fref e 1 o0 el ¥ Aft Fef 7 Rl g9 @il ¥ smad S w1 ¢
et ar ¢ W yfy |5ﬁmﬁﬁ%ﬁqﬂ%ﬁim{ﬁﬁﬁmﬁaﬁﬁ%
0 BeldafFEd & mHﬁﬁ%ﬁaﬁimm&maﬁsﬂa—iﬁ%waﬂﬁ
qnrE 3d #) sui e uanl (cds) @1 wietbeiaeiid &1 Teied 59 e wik
[ nﬁﬁrmﬁﬁmmﬁiwﬁmsaﬁqﬁm&ﬁfﬂwﬁﬁmﬁlmaW| 2)
wreiey e wg Rvaior o afvads & gy J Sty o widdrefaedd g-v) g @
HETOA |

7 1: U T fiFew &t BiEeaeae! ATOH & o Ee-3 | o9 S8 (H), 79 sTeR
(H), Tewtad e (a), SleRTEw (P1), TAIEEER (P2), # (L) S BIE) YR
Tfea (R

4 PHOTOCONDUCTIVITY



wiisar-

far siww W At (o) & # & w0 0 wEEE % E|

(1) ofa gafi (m=), Tooee e @, deeEer o), Bl o), S mm) ek

wiel-woree gl (o) & diftea &9 w P e & esrEr grde 54

(2) oy BTaft & it & fewet @t Smafd (o- 1zfﬂu,~—eﬁs?ﬂ#r 5 Ui ¥ oo @i

31 o U 10 & U W S

@) AT TR (1), FHE FRE (A), TERIEER (P1), Rde (p2), 99 (U AR WA

%ﬁﬁ?mm}aﬁmﬁmﬁmﬂmﬁiﬁWWﬁmﬁﬁwmﬁﬁ
I |

() FIE IR A e e 98wt od o e reihilen ¥ w39 9 By

forz 2 # femamy armEw w9

(5) TIERTgAY IR TATEE e Gl @) 9% 3 00 A1F T HE &1

(6) B0, AH 3T HEferey &1 58 diE U IS0 &1 & Usm &t THan e O

BIE et $1 Hdg U US|

(7) W R U% 12 v @1 D.C. aleed oo |

(8) BIERVIET § 8 mA BYE Ualied B & (ol [&0e B 9187 B Usowe & | G Tam

& S = e = Rr

) fRr gt w fafeTo (o) % wea & =0 | wielsie w1 AT

(@) WieifeT 1T T divew 2.0V D.C. & ®1, dieged S s & S & o®

£0" . to ¥ (T Faef 3T BIEHIE Iph 7 W1Ta ohad ols oy

(10) SH7 9EE UieREet I s & S0 # 90057 TalE (B dled 60 AT 120

¥ forn wereye ord o ot 1 o Rafd o

@ R BfERe w ffes w o f13). 999 § BT § ¥ 0 § BREEE F1

oA

(11) 101 900 70 T 31T T deed 2.0v D.C. BT 120V D.C. TF T30 T FlEFE Iph

H w1 uleaa= A |

(12) 34 TE 9w T geodT BR F 60°, 30° {W " F Fw wEEe 7Y AR

difere 2 o fuepls #i1

Fe 2. 2y 7o fbwem & uareraersan & oo g We-am &1 itk shmeE)

5 PHOTOCONDUCTIVITY



Ve AaE:

AT 1:
S.Mo. | Irradiance (a) Photocurrent with respect to the
g voltage (lh mAj
oY 12V
T 9"
5 f0"
g, 45"
0 3"
11, 15"
2. il
aifersT 2:
SNo. |D.C Voliage Photocurrent with respect to the varving
applied  to irradiance, (1, mA)
CdS erystal (V) &l
e 12
B4
9 |6
10. | &
11, | 10
12, | 12
TN AT WIS BY:

o, T | H Cos2a T TT0F &4 3 Cos2 u V/S Iph AT &0
b, TR 2 % 321 &1 UL 3 deT S VS Iph TTE F91)

ufyume: BieEsEeT cds e ue it ufediy o1 678 wgeR ovd B ol fafeo

e A e B
gfedt & wig A wrawfmr

i, W% I aer fafe g w0 i ue R o Sfecs e

I & I EE
i, U R A A T i B iactadt aoAE U i Fnfr 8

T4 3 e e B efEs ol & oy 18 w0 3 @ifae )
iv. i it i JEEr ugaH & g9 & o ol alea arp#

Curreni wokage Chamcenstcs of Cds

PHOTOCONDUCTIVITY




