DETERMINATION OF PLANCK’S CONSTANT AND WORK FUNCTION OF METALS USING
PHOTOELECTRIC EFFECT USER MANUAL

Aim: i) To determine Planck’s constant ‘" from the stopping Potential measured at different

frequencies (wavelengths) of light.
ii) To determine the work function “® of a metal.

APPARATUS:
The experiment set up consists of’

1. Main unit

2. Vacuum Photo tube
3. Light source

Color filters

=

Theory:
Most rrZetals under the influence of radiation emit electrons. This phenomenon was termed as
photoelectric emission. The detailed study of it has shown _

o The emission process strongly depends on the frequency of radiation _

e For each metal there exists a critical frequency such that the light of lower frequency 18
unable to make the electrons free from the metal, while the light of higher frequency
always does.

e The emission of electron occurs within a very short time interval after arrival of the
radiation and member of electrons is stricily proportional to the intensity of the radiation.

The experimental facts given are among the strongest evidence that the electromagnetic field is
quantified and field consists of quanta of energy E= hv, where v is the frequency of radiation and 4 is
Plank’s constant. These quanta are called photons.

Further it is assumed that electrons are bond inside the metal surface with an energy e®, where @ is
called work function. if the frequency of the light is /v > e® then it is possible to eject the
photoelectron.

The slope of the graph of stopping potential as a function of Frequency yields h and the intercept of
extrapolated point at frequency= 0 can give work function ®@. '

An electron in a metal can be modeled as a particle in an average potential well due to the net
attraction and repulsion of protons and electrons. The minimum depth that an electron is located in
the potential well is called the work function of the metal, ® (see Fig. 1). In other words, it is a
measure of the amount of work that must be done on the electrons (located in the well) to make it
free from the metal. Since different metal atoms have different number of protons, it is reasonable to
assume that the work function (®) depends on the metal. This is also supported by the fact that
different metals have different values for electrical properties that should depend on the electron
binding including conductivity. The electron in the potential well of a metal is shown below in Fig,

I. It is analogous to a marble trapped in a water-well. The shallower the well (i.e. the lower the work
function “®”), less is the energy required to cause the emission of the electron. If we shine a light
with sufficient energy then an electron is emitted.

[ e wag.

Electron in a potential well at a depth “®»




Experimental Set up: fferent color filters, a vacuum

i x ' i ith four di
The experimental set-up consists of a light source Wi )
phototube, a built-in power supply and a Main unit. The base of the phototube

uilt into a dark

room and front side of it a arrangement is given to mount filters.

MICRO AMMETER

PHOTO CELL WITH FILTER

/ h |

LIGHT SOURCE

FILTERS

FIG (2)

PROCEDURE:
PLANK’S CONSTANT:

1.
2.

Make the connections as shown in figl and switch on the main unit.

Keep voltage control knob to its minimum position, set digital micro ammeter reading to zero
with the help of zero adjust knob.

Arrange the light source and photo tube in such a way that light falls on the photo tube. The
distance between photo tube and light source is adjusted such that there is a deflection of about
50uA-80pA in digital micro ammeter.

Now place a color filter in the path of the light (Slot is given to place filter).

After placing the filter there will be some reading in micro ammeter this is called photo current
at zero anode potential.

Now slowly increase the voltage till current in micro ammeter becomes zero, this voltage is
called as stopping potential Vy. Wait for some time and note down this reading in the space
provided.

Repeat the experiment with different color filters and note down their stopping potential
values. .

Pllot the graph by taking Stopping potential on Y-axis, frequency on X-axis and calculate the
slope.

calculate plank’s constant by using the formulae h= slope x e



When a photon with frequency “v” strikes the surface of a metal, it transmits all of its i ke
conduction electron near the surface of the metal. If the energy of the phOton-(hV) - }%reathe work
work function (®), the electron may be ejected from the metal, If the.enef'gy is lesi t artl oty
function, the electron will simply acquire some kinetic energy that wxll_ dlssnt[)at?3 rag ;ﬂ‘)t;e i ok

: i ‘o i icles in the metal. By conservation of energy,

in subsequent collisions with other particles in t _ 6 aulated to
kinetic energy with which the electron could be emitted from the metal surface Tmax, is

the energy of the absorbed photon Av, and the work function ® , by the relation,

Toay= _';— mv’ = hv —ed @

Now consider the case of electrons being emitted by a g 5
photocathode in a vacuum tube, as illustrated Fig.2. In
this case, all emitted electrons are slowed down as they i I

approach the anode, and some of their kinetic energy is i

converted into potential energy. There are three — v 619
possibilities that could happen.

i) First, if the potential is small then the potential
energy at the anode is less than the kinetic energy of

the electrons and there is a current through the tube. ;
i1) The second is if the potential is large enough the potential energy at the anode is larger than the

kinetic energy and the electrons are driven back to the cathode. In this case, -thefe is no current.
iti) The third case is if the voltage just stops the electrons (with maximum klpetlc energy Tmax)
from reaching the anode. The voltage required to do this is called the “stopping potential" (V).

- Fig.1

Thus Eq. 1 can be rewritten as,

eVo =hv — e®
Vo-——e— Mis

It is worth noting here that, since the anode and cathode surfaces are different, an additional
contact potential “A” comes into the picture which simply gets added to the work function

“@”. Above Eq. can be written as

Vo {_2_] (v) —[(I) +AJ

) : ,
v=(5) 0) -Ver @
Where ®- work function

h- Planck’s constant (Standard value of h is known to be 6.626x107]-s))
e- charge of electron = 1.602 x 10°° coulombs '

v- Frequency of Particular color filter

Vo- Stopping potential for Particular color filter

A- contact potential

NOTE: Contact Potential A for this photo tube is = 0.5



WORK FUNCTION:
alues of plank’s constant,

i fi by substituting the v S
ulate work function @ for all the filters by substituting (2). Note down readings in the

1. Calc _ )
ping potential and charge of electron in equation

frequency, stop
space provided.
OBSERVATIONS AND TABULATIONS :

Specifications of filters: Unit No. 1808102

Color Blue Green Orange

Frequency (Hz) 6.06x10" 5.40 x10" 5.08x10‘; \

Filter Frequency (Hz) | Stopping Potential (V) Work function ()
Orange 5.08x10™"

Green 5.40x10""

Blue 6.06x10™"

PLANK’S CONSTANT h VALUE =

[
>

GRAPH:

Stopping Potential

< P
Frequency

d +A

NOTE: DO NOT INTER CHANGE THE COLOR FILTERS OF ONE EXPERIMENTAL SETUP
WITH OTHER. FOLLOW THE SERIAL NUMBER OF RESPECTIVE UNITS
INTERCHANGING WILL LEAD TO ERRONEOUS RESULTS. '



HALL EFFECT EXPERIMENT USER MANUAL

AIM: To determine Hall Coefficient, Nature of charge carriers, Carrier Density & Carrier

Mobility (Lorentz Force) of a semiconductor crystal.

I
APPARATUS: |.C regulated power supply, Electromagnets, Constant current power supply, Ha

Sensor & Semiconductor Crystal.

Theory: When a transverse magnetic field (B) is applied to a semiconductor carrying .cufnjrelegt(B)
(1), an voltage is induced in the direction perpendicular to both current (1) & magnetic fie ‘

This phenomenon is known as Hall Effect. If the sign of Hall Coefficient is posi-tive the o
semiconductor is of P-type& if the sign of Hall Coefficient is negative the semiconductor is of n-

type.

Experiment 1: Hall current Vs Hall Voltage at constant Magnetic field.

Procedure: o .
1. Connect the IC regulated power supply terminals to Electromagnetic coils in their

respective sockets.
Connect Hall probe to Gauss meter. Switch “ON” the Gauss meter, set the Gauss meter

reading to “0.00” by adjusting the knob.

3. Now place the Hall probe in the magnetic field exactly at the center of the
electromagnet cores. Set the gauss meter reading to 0.5KG magnetic field. This is
achieved by applying suitable current to electromagnets & by simultaneously
positioning the electromagnet cores by turning the knobs.

4. Connect the crystal mounted PCB to constant current power supply to their respective
sockets.

5. Remove Hall probe from the magnetic field and place crystal in the same position
without disturbing the position of magnetic cores.

6. Switch “ON” the constant current power supply & apply current in steps of 0.1mA,
rotate the crystal till it becomes perpendicular to magnetic field. Hall voltage will be
maximum in this adjustment, note the corresponding Hall voltage at constant magnetic
field.

7. Plot the graph between current (1) and hall voltage (Vu) which is a straight line & find
the slope. '

8. Repeat the above steps from 3 to 7 for different values of magnetic fields say 0.75KG,
1KG, 1.25KG, 1.5KG, 1.75KG & 2KG.

NOTE:

1._There may be some voltage even outside the magnetic field. This is due to the imperfect
alignment of the four contacts of the crystal and is generally known as the “Zero Field
Potential”. In all the cases this error should be subtracted from the Hall voltage reading

2. Gap between the magnetic cores should remain fixed for one set of readings



TABULAR COLUMN: IDEAL GRAPH:

SI HALL CURRENT [ HALL VOLTAGE A
NG [,mA V.mV
1 0.1
2 102 WKG
; = 1.75KG
4 0.4
> 105 1. 5KG
ES/ 8'3 1.25KG
8 |08 - 1IKG
: 2.9 £ 0.75KG
10 1 ;
11 |1 g 0.5KG
i2 |12 £
13 |13 =
14 |14
15 |15
16 |16
17 [ 1.7 / .
18 |1.8 0 :
19 1 '9 Current in mA ————»
20 |2
21 |23
23 |22
23 |23
124 <23
[25 25

Experiment 2: Magnetic Field Vs Hall Voltage at constant current across the
Lxperiment Z2: Magnetic Field \ 2t constant current across the

Semiconductor.

Procedure;

1. To demagnatise the coils, place the sensor mounted PCB exactly at the center of the
core. Apply reverse current through the coils till the Gauss meter reads ‘0.00’
2. Switch “OFF” all the sources, set the IC regulated power supply (to the magnetic coils)

knob to minimum.
Increase the gap between magnetic cores to maximum by turning the core knobs.

4. Place crystal & sensor mounted PCB together in the magnetic field exactly at the center
of the magnetic cores gap.

P



5. Connect the crystal mounted PCB to constant current power supply to their respective

sockets.

6. Connect Hall probe to Gauss meter. Switch “ON” the Gauss meter, set the Gauss meter

reading to “0.00” by adjusting the knob.

7. Switch “ON” IC regulated power supply to the magnetic coils & constant current power

supply.

8. Set the current across the crystal to 1ImA, vary magnetic field (starting from. 0.0Q]Kg) in
steps of 0.25KG. This can be achieved by applying current to electromagnetic coils
simultaneously changing the position of electromagnetic cores.

9. Note the corresponding Hall volta
10. Plot the graph between ma

& find the slope of the lin .
11. Repeat the above steps from 2 to 6 for different values of current applied to
semiconductor crystal say ImA, 1.5mA, 2mA & 2.5mA.

c.

TABULAR COLUMN:
SI Magnetic Hall

NO | Field KG voltage,mV
1 [0.00

0.25

0.50

0.75

1

1.50

L75

2
3
4
5
6 1.25
7
8
9

Description of Experimental Setup:

Fig (1) shows the experimental set up consistin
Magnetic Coils, Constant Current Source of 2
Crystal mounted on PCB, Hall Sensor mount
Coil arrangement with ma

ge at constant current through semiconductor.samp.le.
gnetic field (B) and hall voltage (Vy), which is a straight line

IDEAL GRAPH:

t
> 2.5mA
£
= 2mA
gﬂ 1.5mA
E ImA

0 -

Magnetic Field —_—

g of IC Regulated Power Supply of 2Amps for
mA for Crystal, Gauss Meter, Semiconductor

ed on PCB

gnetic coils mounted on the wooden base, handles provided the coils

moves the cores of the magnetic coils to change the magnetic field as desired. Brass bars

provided on either side of the coi

Is is used to hold the ¢

rystal & sensor PCB,



Magnetic
COILS
GAUSS METER

IC REGULATED POWER
SUPPLY

CONSTANT CURRENT
POWER SUPPLY
CORE
Fig (1)
CRYSTAL MOUNTED pcB
HALL SENSOR MOUNTED
PCB

Specifications of the Sgecimen_supplied With the Set up:

Crystal type = Germanjum p-type

Size = 5mm x 5mm

Thickness of the crystal (Z) = 0.7mm

Resistivity (p) =2.1217 ohm m
Conductivity () =0.4713201c¢o] vojt-! sec!m’!

Sample calculatio for Hall Coefficient, Carrier Density & Carrier Mobility

Thickness of the Crystal (2)=0.7mm= 0.07cm
Resistivity (p) = 2.3578625 ohm m
Conductivity (c;) 0.4241129 o] yolt-! sec'm!

]



Calculation of Hall Coefficient (RH)

Hall Coefficient Ru)=vVy x2Z
I xB

Where Vy/I = Slope of 2KG graph
Z =Thickness of the crystal
B = Magnetic Field (2KG in this case)

Substituting the values in the equation :

Hall Coefficient (Rn) = 20.478 x 7x 1072
2 x10°

=71.673 x 10° cm?® col”!

As per the calculation since the sign of Hall coefficient is positive, the semiconductor is P-type.

Calculation of Carrier Density :

Carrier Density (n) = 1/ (R x q)

Ry= Hall Coefficient
q= Charge of an electron = 1.6 X 10""° Coulombs

= I
71.673x10°x1.6x10°

= 8.7201x10"3 ¢cm?

Calculation of Carrier Mobility:
Carrier Mobility (1) =Ry x o

Ry= Hall Coefficient
o =Conductivity

=71.673 x 10°x .4477163
~32089.185 x 102 ¢cm volt™! sec’!



*_m thlS Case voltage per unit charge, which is a kind of “electrical pressure”,

|

|

/) Resonance in LCR circuits

Purpose of the experiment :

1. To study resonance effect in series and parallel LCR circuit.
2. To determine the resonant frequency.
3. To determine self-inductance. v fops

4. To determine quality factor of the coil in the series and paralle! circuits.
Apparatus :

Oscillator (function generator), variable capacitor (set of capacitor), resistance,

resistance box, inductor, AC mill voltmeter, connecting WH'ES and plug key
lntroducuon and Theory :

The electrical analog of the damped mass-spring oscrllator [Resonating mechanical
systern] is the LCR circuit. In the electrlca] case it is the charge q(t) on the capac;tor (or

“the current (I= dq/ dt)) that satisfies a differential equatlon analogous to the dlsplacement

| of the mass in the famrhar spring mass system The mcfuc:tance L acts as the “inertia”

of the system, while the reciprocal of capacitance 1/C=V/Q acts as the “force constant”,

Not surprisingly,
_the resistance R serves as the source of damping. |

The correspondence between mechanical and electrical parameters is shown in the
following table.

Mechanical System Electrical System

Displacement (x) Charge (q)

-~~~ Driving Force (F)
Mass (m)

Driving Voltage (V)

Inductance (L)

41
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Mechanical System : i_‘\ |
Resistance (P) '\

Damping Constant (b)

Reciprocal Capacitance (1/C)

Spring Constant (k)

/T Resonant Frequency 1/-/1C
Resonant Frequency V; P

Resonance Width y = b/m

pesonance Width 7 = RL 1:

The forced damped harmonic equation (mechanical system) is given.

d’x bdx k__f
et +—Xx="2coswt
| dt m dt m m

The above equation can be modified as below

dx L@ dx
dt2 Q 3 —+lx=0 A, - cosot . [1]
& e~ 9 L
—_—a)a
m B
b
__-_-}/
m
w{i
Q===
/4
£, __F
Ay Z‘Fz 2
mauo

The equation [1] becomes equatlon [2] by substituting the mechanical variables by

electrical parameters,

and all the other equatrons can be rewritten in terms of the electrical parameters

In the series LCR circuit, an mductor (L), capacator (C) and resistance(R) are

connected in series with a variable frequency sinusoidal emf source and the voltage
42
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~across the resistance is measured. As the frequency is varied, the current in the circuit

(and hence the voltage across R) bécomes maximum at the resonance frequency. In

the paralle! LCR circuit there is @ minimum-of-the’ current at the resonance frequency.

If \(, is the dnvmg voltage a current, I will flow in the circuit. At an angular
frequency o, of the ac source, the current I will be in phase with the voltage V. This
condition is called as resonance and the circuit is referred to as a series resonant LCR
circuit, If the inductance L is connected in parallel with a capacitance Canda resistan.ce
R, the"tlzircuit is called as a parallel resonant LCR circuit. .

Formulae :

but w,=2xf and hence
y; - 1
ﬂ 272 LC -
L= 71 -
dr- . C |
r Af

= Resonant frequency £/ Bandwidth & F
where, Af = f, — 1, is band width which will be calculated fro.m the graph.
Here f, is the innt beyond the f, f, is the point before the f.

w, is the angular frequency in hertz.’
L is the inductance of the coil in Henry.
Cis th-e capacitance of thé, capécitor in micro farad.

R is the resistance of the resistor in ohm.




X

IL\

Physics Lab Manual o e 3
£ 'S the resonant frequency of the series OF parallel resonant circuit ingmertz,
] ,

Q is the quallty factor of the coil. . - ~ T "

ris the re5|stance of the coil- in ohm.

Procedure S
-1. SERIES RESONANCE CIRCUIT

"Signal
generator

Fig. 1 : LCR Series circuit
(R) and a milli ammeter (mA) are

o ifi'l—)—ﬁ?ﬁé capacitance (C), inductance (L), resistance
connected in series with a function génerator as shown in the figure-1.

2) The capacitance (C) and resistance (R) are set to be particular values [a.1 .1k 50

o ohms]

3) The frequency oscillator is adJusted to @ minimum value of 1 kHz.

)The current shown by milli-ammeter is noted.
5) Keeping the C and R values as a cbnstant, the frequency of function éenerator is

increased in steps, the corresponding milli-ammeter(current) readingé are noted.

_ _.6) The same procedure is repeated for different resist_énces, for the same range of
_ frequency and the readings are tabulated. |

~7)A graph is drawn with frequency along the X-axis and the current along the Y-axis.

~The frequency at which the current is maximum is the resonant frequency.

——
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To determine resonant frequency in series mode

Tabel - 1

©  Capacitance (C)in uF = Resistance Rin Q=

S.No. Frequency (Hz) Current (mA)
Model Graph :
=
E
g
3
fy il fa

Frequency (Hz)

Graph-1 : Frequency verses current graph forseries LCR circuit
From graph-1 ' ‘

Resonant frequency f =

45



Bandwidth Af = f, - )=

Calculation ¢
Series Resonant Circuit

- found 0 B f, = comrresener
a) Resonant frequency from graph (1) is foun

1

L) &l we L =
dn" [, C
'C" is the capacitance set is pF.
R milli Henry.
w, L ﬂ
i ——u .0 ===
C) Quahty factor QO 6 Sy

where '’ is the resistance, and it is practically the r'esistar_wce of the inductance

coil and is measured using a multimeter,

II. PARALLEL RESONANT CIRCUIT

Signal @

generator

Fig. 2: LCR Parallel circuit
1) The inductance (L),

(€):

the resistance (-R); are connected in parallel to the capacitq
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- 2) The milli-a '
g mmeter (mA) and function generator are connected as shown in figure-

3) Th ' -
) The capacitance (C) and the resistance (R) are set to be particular values [0.1 pF
and 50 ohms]. | |

. 4)*The audio frequency of function generator is adjusted for a minimum value of
frequency. : |

5) The current in the circuit shown By the milli-ammeter is noted.

6) Keeping the C and R values to be constant, the frequency is increased in steps, the
corresponding milli-ammeter readings are noted. |

7) The procedure is repeated for different resistance values for the same range. of
frequency and readings are tabulated. _

8) A graph is drawn with the frequency along the X-axis and the current along the

Y-axis. The frequency at which the current is minimum is the resonant frequency.



A llyqlvu —— - —

Model Graph :

) Current (mA)

——>> Frequency (Hz)

Graph-2 : Frequency verses currenit graph for parallel/ LCR circuit
=~ From graph-2 o SR

Resonant frequency fr'= :

" Bandwidth Af = f, — f, =,

Calculation :

Parallel Resonant Circuit

a) Resonant frequency from graph (2) is found to be £ = ceeveneennnn. Hz.
i
L=——— i
BT A L

'C' is the capacitance set is pF.

L T BN St . oo milli Henry.

48
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where ‘' is the resistance, and it is practically-the resistance of the inductance

; L ;
C) Quallty faCtOﬂ Q == _(2‘_'_ (Or) Q — f
i

coil and is measured using a multimeter.

Result :

3

/ For a Series Resonant Circuit
, L. The resonant freqUERnCY. £ = wssposssimnis HZ.
2. The induj:’tance of the coil was found tobe L = ...covvvvnnnnnnns “mH.

3. Quality factor was calculated to be Q = ......ccou.cee. :



ZENER DIODE AND PN JUNCTION DIODE CHARACTERISTICS
USER MANUAL

AIM: To find V-I Characteristics Curve of Zener Diode and PN Junction Diode.

MICRO BOARD CONSISTS OF:
Variable power supply (0-2V) and (0-10v),
Dual range Digital Ammeter.

Dual range Digital Voltmeter.

Set of PN diode and Zener diodes

Resistors

RN

THEORY:

Forward Bias Characteristics
The Junction is said to be forward biased when the “P” sections of the diode is to

positive terminal and “N” section of the diode is connected to negative terminal of
the source, with an increase in the voltage the current also increase, for silicon
diode Knee Voltage rises from 0.5 — 0.75V & for Germanium 0.2 — 0.3V.

PROCEDURE: Forward Bias of PN Junction Diode

The circuit connections are made as skown in the diagram.
Switch on power supply note zero on meters.

Vary the power supply note down the readings of voltage and the

correspondingly current in milli amps.

Plot a graph between voltage and current.
Note the forward voltage at which a significant amount of current starts

flowing through the diode is the knee voltage of the diode.
Diodes IN4007& IN4148 are silicon diod®s OA79 is Germanium diode.

U'I.l:. WN -

o

\/1\7/\1/\ +@-

(0-2V)

(2

7
= (0-2V)




IDEAL GRAPH:

#

.

s e o —— — — —

= Forward Current (ImA)——»

Forward Voltage (Volts) ——>

VTH FOR SILICON DIODE 0.5V- 0.7V
V1 FOR GERMANIUM DIODE 0.2V- 0.3V

Reverse bias Characteristics v

The Junction is said to be reverse biased when the “P” section of the diode is
connected to Negative terminal and” N” section of the diode is connected to
positive terminal of the source, with an increase in the voltage there is a small

change in the current, reverse current increases to higher value with an increase

in the voltage. .
- B3

Reverse Bias ofl PN Junction Diode

1. The circuit connections are made as shown in the diagram.

2. Switch on power supply, note zero on meters.

3. Vary the power supply & note down the voltage and its correspondingly
current in micro amps.

4. Plot a graph between voltage and current.
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THEORY:

Zener diode is a heavily doped PN junction diode. Due to heavily doped, its
depletion layer is very thin and is order of micrometer. The forwarq bias _
Characteristic of Zener diode is same as the normal PN junction diode but in
reverse bias it has different characteristic. Initially, a negligible constant current
flow through the Zener diode in its reverse bias but at certain voltag.e, the current
becomes abruptly large. This voltage is called as Zener voltage. This sudden and
sharp increase in Zener current is called as Zener breakdown.

Avalanche Breakdown:

This type of breakdown occurs in the presence of a high electric field. When we
apply a high electric field in a reverse biased condition, the electrons start gaining
high kinetic energy. These electrons start breaking other cova[ent bonds anq
start creating more hole-electron pairs. These pairs start crossing the dep_letlon
region and contribute to a high reverse reverse biased current. The breaking of
bond is an irreversible process, and the p-n junction is completely destroyed after

an avalanche breakdown.

ORWARD BIAS OF ZENER DIODE



75 (0-10V)

S’
REVERSE BIAS OF ZENER DIODE
IDEAL GRAPH:
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TRANSISTOR CHARACTERISTICS USER MANUAL

AIM: To Study and plot the input and output Characteristics of both PNP and NPN
transistors for CE, CB, CC configurations.

MICRO BOARD CONSISTS OF:

. Variable Power Supply (0-3V) -01, (0-10V)-01
Dual Range Digital Ammeter yA/mA - 01
Digital Voitmeter- 02

Digital Ammeter (mA) — 01

SL 100 — NPN Transistor

SK 100 — PNP Transistor

Resistors

NEO RN

THEORY: Since the transistor is a three terminal device it can be connected in a
circuit in three different ways.

1.Common Base Configuration

2.Common Emitter configuration

3.Common Collector Configuration

COMMON BASE CONFIGURATION: -

INPUT CHARACTERISTICS: - It is the curve between emitter current le and emitter
—base voltage Ves at constant collector-Base Vcs. The emitter current is generally
taken along y-axis and emitter base voltage along x-axis. Fig (1) shoes the input
characteristics of a typical transistor in CB arrangement. The following points may be
noted from these characteristics.

1. The emitter current le increase rapidly with small increase in emitter-base voltage
Vee. It means that input resistance is very small.
2. The emitter current is almost independent of collector-base voltage Vcs. This
leads to the conclusion that emitter current (and hence collector current) is almost
independent of collector voltage.

4
(ma)
13
Ve Constant
Fig (1)
0 3

R Yhg —d{m¥)



OUTPUT CHARACTERSISTICS: - It is the curve between collector current lc and
collector-base voltage Vcs at constant emitter current IE. Generally, collector
current is taken along y-axis and collector-base voltage along x-axis. Fig (1a)
shows the output characteristics of a typical transistor in CB arrangement.

The following points may be noted from the characteristics:

1. The collector current Ic varies with Vca only at very low voltages (<1V). The
transistor is never operated in this region.

2. When the value of Vcs is raised above 1-2v, the collector current becomes
constant as indicated by straight horizontal curves. it means that now ic 18
independent of Vcs and depends upon le only. This is consistent with the theory
that the emitter current flows almost entirely to the collector terminal. The transistor
is always operated in this region.

3. A very large change in collector-base voltage produces only a tiny change in
collector current. This means that resistance is very high.

&

(ny\)

+«—— Active Region ——»

I¥ constant

Ic /

Vs

i N Ve -+ (volts)

Fig (1a)

PROCEDURE: -
1. Rig up the circuit as per fig (2).
2. For input characteristics:
(a) Keeping collector base voltage (Vcs) at some fixed voltage. Vary the emitter
base voltage (Ves) and note the corresponding emitter current.
(b) Plot the graph, taking le along Y-axis and Vce along X-axis, at constant Vcs.
(c) Keeping Vcs fixed at some value, family of input characteristics can be
drawn.
3. For output characteristics:
(a) Keeping emitter current (le) constant vary the collector base voltage (Vcs)
and note down the corresponding collector current (Ic).

ra



(b) Plot the graph taking Ic along Y-axis and Vcs along X-axis, at constant

emitter current. |
(© Keeping emitter current fixed at some value, family of output characteristics
Can be drawn.
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COMMON EMITTER CONFIGURATION:-

INPUT CHARACTERISTICS: -lt is the curve between the base current Is and
base emitter voltage Vse at constant collector-emitter voltage Vce. 2B
The input characteristics of a CE connection can be determined by the circuit
shown in fig (3). Keeping Vce constant, note the base current Is for various values
of Vae. Then plot the readings obtained on the graph, taking Ie along Y-axis and
Vee along X-axis. This gives the input characteristics at constant Vce at some
voltage. Following a similar procedure, a family of input charact;anstncs can be
drawn. The following points may be noted from the characteristics. Ve
1. The characteristic resembles that of a forward biased diode curve. This is
expected since the base-emitter section of transistor is a diode and itis
forward biased. :
2. As compared to CB arrangement, ls increases less rapidly with Vae. _—
Therefore, input resistance of a CE circuit is higher than that of CB circuit.

A
( uA)ﬂ
A
Is —>» Vce Constant Fig (3)
v
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OUTPUT CHARACTERISTICS: -It is the curve between collector current IC and

collector emitter voltage VCE at constant base current.

The output characteristics of CE circuit can be drawn with the help of the circuit

shown in fig (2). Keeping the base current IB fixed to some value, note the

collector current IC for various values of VCE. Then plot the readings on a graph
taking IC along Y-axis and VCE along X-axis. This gives the output
characteristics at different values of IB. following the same procedure, a family of
output characteristics can be drawn as shown in fig (3a)).

The following points may be noted from the characteristics.

1. The collector current IC varies with VCE for VCE between 0&1V only. After
this, collector current becomes almost constant and independent f VCE. This
value of VCE upto which the collector current IC changes with VCE is called
the knee voltage (Vknee). The transistors are always operated in the region
above knee voltage.

2. Above knee voltage, IC is almost constant. However, a small increase in IC
with increasing VCE is caused by the collector depletion layer getting wider
and capturing a few more majority carriers before electron hole combinations
occur in the base area.



3. For any value of Ve above knee voltage, the collector current Ic is
apprommately equal to B x Is.

Saturation Region ————Active Region——

Is constant

—— VB ———; (volts)

Fig (3a)

PROCEDURE: -

4. Rig up the circuit as per fig (4).
5. For input characteristics:

(a) Keeping collector emitter voltage (Vce) at some fixed voltage. Vary the base
emltter voltage (Vise) and hote the corresponding base current,

(b) Plot the graph, taking Is along Y-axis and Vg along X-axis, at constant Vee.

(c) ;(eeplng Vee fixed at some value, family of Input characterlstics can be
rawn.

6. For output characteristics:
(a) Keeping base current (Is) constant vary the collector emitter voltage (Vc)
and note down the corresponding collector current (Ic).

(b) Plot thf graph taking Ic along Y-axis and Vce along X-axis, at constant base
current.

(c) Keeping base current fixed at some value. fami Ll
can be drawn. » 1amily of output char acteristics
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FIGURATION: -

l:?:: ) CHARACTERISTICS: It is the curve between the base current Is and
© Collector voltage Vac at constant collector-emitter voltage Vez.

e Input characteristics of a CC connection can be determined by the circuit
shown iin fig (5). Keeping Vce constant, note the base current Is for various values
of Viac. Then plot the readings obtained on the graph, taking le along Y-axis and
Vec along X-axis. This gives the input characteristics at constant Vce at some
voltage. Following a similar procedure, a family of input characteristics can be
drawn. The following points may be noted from the characteristics.

A
(nA)
A
I Vce Constant
Fig (5)
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OUTPUT CHARACTERISTICS: -t is the curve between collector current IC and
collector emitter voltage VCE at constant base current.

The output characteristics of CE circuit can be drawn with the help of the circuit
shown in fig (6). Keeping the base current IB fixed to some value, note the
collector current IC for various values of VCE. Then plot the readings on a graph
taking IC along Y-axis and VCE along X-axis. This gives the output
characteristics at different values of IB. following the same procedure, a family of
output characteristics can be drawn as shown in fig(5a).

The following points may be noted from the characteristics.




Saturation Region

«———Active Region————

Is constant

/

Fig(5a)
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«———— Vce ——— (volts)

PROCEDURE: -
1. Rig up the circuit as per fig (6).
2. For input characteristics:

a.

b.
C.

Keeping collector emitter voltage (Vce) at some fixed voltage. Vary the base
emitter voltage (V) and note the corresponding base current.

Plot the graph, taking Is along Y-axis and Vst along X-axis, at constant Vce.
Keeping Vce fixed at some value, family of input characteristics can be

drawn.

3. For output characteristics:

a.
b.

c.

CIRCUIT DIAGRAM: - (0-10mA)
+ =

Keeping base current (Is) constant vary the collector emitter voltage (Vce)

and note down the corresponding collector current (Ic).
Plot the graph taking Ic along Y-axis and Vce along X-axis, at constant base

current, i
Keeping base current fixed at some value, family of output characteristics

can be drawn.
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Graph:
Now plot a graph taking current (I)
hysteresis loop or BH curve. The area under the curve

on x-axis and tand on y-axis. It looks like loop called

gives energy loss.

Y

Formulae:
1. H=4mnl/10(Amps) = K;I Amp/meter.
Where K; = 4nn/10
n = No. of turns/cm. in the solenoid =10 turns/cm.
2. The magnetic induction is given by:
_ poHe(d?-17)%tand

15 1= =XK,. tan @
(2d)(2la) aal
2 2\2
= HoHe(d” — 1#)
2SN (a2l
I =5/12 of the geometric length of the specimen = .................. cm
d = distance between center of solenoid, to center of DM = .............. cm

H. = Horizontal component of the Earth’s magnetic field = 3.024x10°Amp-turn/m
a = Area of cross-section of the specimen=.............coccuennu cm’
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8 Study the characteristics
of LED sources

|

Aim :
To study the c‘harac'teristics of _light emitting diode (LED) sources.

Apparatus :

Light emitting diode, volt meter and ammeter

- Introduction :

E

Light emittih.g diodes are semiconductor p-n junctions that under proper forward
biased conditions.They can emit external spontaneous radiation in the ultra violet, visible
and infrared region of eIectromagnetlc spectrum Usually GaAs, GaP or SiC materials are
used as light emitting materlals They emit light only when external applied voltage is
operated in forward bias mode and above a minimum threshold value. The gain in.
electrical potential energy delivered by this voltage is sufficient to force electron to flow

out of n-type material, across the junction barrier, into the p-type region.

Basic mechanism of LED is

Input energy is electrical energy ——> ' "Output energy is Photons

(bundles of light energy)

ot D2 e
P type( .kl AV
n-type T-

> B

P-n junction Electron flow -

Fig. 1: Schematic diagram of light emitting diode
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The LED invoives'basic'ally three processes

1) The first one.is an excitation process in which electron-hole pair generated

2) SeCond process is recombination process in which the excited carriers are give-up !
their energy elther through radiative or non- rad|at|ve process. i
3) The thll‘d process is extraction of emitted photons from the active region of '

. semiconductor to the observer,
What are: radlatlve and non-rad:atlve processes?

5 .
s = S

Y

My . . 1| @
. (2) (4)_—» ( (3)
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Fig, 2 : ".S'chem'atic diagram of (a) radiative and (b) non-radiative transitions. -

An atom can be represented by an energy level diagram. Honzontal lines in
these d:agrams represent the allowed energies that an electron in the atom can possess.

Electrons like to have the lowest possible allowed and avallable energy.

Fig (a) path (1) depicts intrinsic band—t‘o-band transition involving the recombination
of an electron-hole pair. This process has a hlgh probability of occurrence onlydn a direct
gap semlconductor,,,,and the emitted photon energy is then hf = Eg. Path 2 shows an
| extrrnsu: recombination between a hole bound to a neutral acceptor and a free electron
in the conductlon Path 3 depicts the exciton recomblnatlon involving acceptor-type
' trap Path (4) shows ‘the extrinsic process of donor-acceptor pair recombination. Here

electron from the conduction band is captured by ionized donor, and a hole is captured
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by the ionized acceptor. The subsequent transition of the electron to the acceptor state

emits a photon équal to the difference between the two energy levels.

Fig (b) Path (1) show‘i.n be;‘nd-to—band'auger recombination involving two electron
and one trap assigned recombination can also occur. Path (2) depicts an Auger transition
involving two free electrons and trapped hole and path (3) shows the same involving an
occupied donor-acceptor pair and a free electron. Finally path (4) depicts the non-

radiative recombination process via a deep-level recombination center.

Theory :

A fundamental of quantum mechanics is that the electromagnetic spectrum is

quantized into photons. A photon of wavelength A and frequency £ has energy £
CE=hf=hei T ——(1) ‘
where A is Planck’s constant, h = 6.626 x 10% Js ;

In this experiment we will use the properties of light-emitting diodes (LED s) to

determlne the value of 4. Ina simple electrical circuit of a resistor connected to a

\
voltage source, the source supplies a voltage Vwhich causes a current 7to flow through

the resistor. For an ideal resistor Ohm’s law states that the relationship between voltage

and current is
V=IR —(2)

where R is the resistance.
Energy is dissipated through the resistor. Microscopically, this happens via collisions

of electrons with the atoms in the resistor, converting electron kinetic energy to heat.

The I-V relationship of a diode is quite different. A diode has almost infinite
resistance when the voltage is applied in one direction. Even the voltage is large (up to
a “breakdown value”), no appreciable current flows. Conversely, a diode has extremely

low resistance when current is passed through it in the other direction. Thus, a diode is
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: T i urrent flows until
a “rectifier” However, even in the forward direction, no appreCIabIe o 3

ght-emitting diode,

little more than half a volt has been supplied. Furthermore; in ali
f the junction

much of the energy of the electrons is lost not in heating up the lattice-0

material, but in creating photons. The wavelength of the photons depends on the type

of diode; each diode produces photons of a particular characteristic Wavelength or set of

wavelengths.
If a voltage Vis applied.across a diode, the maximum energy that any electron

could acquire is eV, where e is the charge on the electron. If this energy is less than

the energy required to produce a photon of wavelength 2, then no such photon can be

produced. Thus, as a function of applied voltage we would expect to see photon

production only above a characteristic. voltage
V.= hffe=hc/Ae

The threshold voltage V, can be measured very easily if we substitute ejectronic

charge ‘e’ and inthe above equation. Fig. 3 shows the schematic diagram of operation

of LED.

Juncﬁon

q Electron
E g energy
h

AE

4

Empty state p-type E n-type Electron

'Fig. 3: Operation of LED
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Procedure : : .
oy ot h with 2
1) The main component of the apparatus is circujt board containing LEDS, €a¢ 5

different emission wavelength. A particular LED can be connected to the circuit as

shown in figure.

®

LED ( v

Fig. 4 The circuit dia éram for the measurement of current-voltage characteristics

2) The voltagﬁe is varied with the help of power supply which is externally connected.,
3) Turn the power supply on and very slowly increase the voltage until the LED just

starts to glow o
4) Continuously monitor the current as functlon of voltage across the LED

| 5) Plot the graph voltage on X-aXIS and current on Y-axis, WhICh gives the current

voltage characteristlcs of LED.
6) To avoid errors plotting I-V data on a semi- log graph.- Data should fit in a straight

line, indicating the exponential nature of the current voltage relationship. “The
threshold voltage (V,) is the voltage when the current reaches 0.01 mA. Extrapolate

I-V curves to where they cross 0.01 mA current and that as the working value of Ve

Observations :. o | Ly o

s.No. - Voltage (mV) Current (mA)

25
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Model graph :

Current mA
. VO
\ I /

— X |

Voltage (mV) .

Precautions : . -
1. Make sure that '_the volt meter is rﬁEasu}ing the voltage across the LED only.
2. Increase the power supply very slowly until LED just starts to glow. .
3. Contlnuously monitor the current so that it do not exceed the maximum current.

With this the damage of the LED wnth hlgh current can be avoided. - C

Result : _
The I V charactenstic of LEDs are studied and threshold value of voltage =




SOLAR CELL CHARACTERISTICS USER MANUAL
AIM: To-p]ot the V-I characteristics of Solar cell.

MICRO BOARD CONSISTS OF:;
1. Solar Cell/Photovoltaic cell mounted on the wooden base.

. Single directional mercury coated variable intensity source.
. Voltmeter.

2

8

4. Ammeter.

5. Load resistance.

THEORY: .
Sunlight consists of a little particles of solar energy called photons. As the photovoltaic

cell is exposed this sunlight, many of the photons are reflected, pass right through or
absorbed by the solar cell. '

When enough photons are absorbed by the negative layer of the photovoltaic cell,
electrons are freed from the negative semiconductor material. Due to the manufacturing
process of the positive layer, these freed electrons naturally migrate to the positive layer

creating a voltage differential, similar to a household battery.

When the 2 layers are connected to an external load, the electrons flow through the circuit
creating electricity. Each individual solar energy cell produces only 1-2 watts. To
increase power output, cells are combined in a weather-tight package called a solar
module. These modules (from one to several thousand) are then wired up in serial and/or
parallel with one another, into what’s called a solar array, to create the desired voltage

and amperage output required.

Due to the natural abundance of silicon, the semi-conductor material that PV cells are
primarily made of, and the practically unlimited resource in the sun, solar power cells are
very environmentally friendly. They burn no fuel and have absolutely no moving parts

which makes them virtually maintenance free, clean, and silent.

PROCEDURE:
1. Connect the circuit as per the circuit diagram shown in fig (1).

. Place the solar cell at a particular distance say 1cm from the variable light source.

2
3. Vary intensity of the light source, note down the voltage and current in the tabular

column.
Next note the short circuit current Isc, when the voltage across the solar cell is

4.

zero & open circuit voltage Vo by removing the load resistance across the solar
cell.

Calculate power P=V]I for each reading. '
Plot the graph between the voltage Vs Current,, mark the maximum power point,

o »

Repeat the experiment by changing the distance between the solar cell & light

source.



CIRCUIT DIAGRAM:
LIGHT SOURCE AN -
N

.3 LOAD

SOLAR CELL

Fig (1)

IDEAL GRAPH:

The short circuit current Isc, is the
maximum current from the solar cell
4 and occurs when the voltage across the

‘/solar cell is approx zero.
Yo Maximum Power
point (MPP)

CURRENT mA

Open circuit

voltage Vo
Vmax; /

= —>

VOLTAGE IN mV —>




TABULAR COLUMN:

VOLTAGE IN

SINO | DISTANCE BETWEEN THE CURRENTIN | P=
LIGHT SOURCE & SOLAR mV mA '
CELL IN CMS
‘ o
OBSERVATION:

1. SHORT CIRCUIT CURRENT Isc
2. OPEN CIRCUIT VOLTAGE Vo
3. MAXIMUM PEAK POINT




1 Enérgy gap .of a material
of p-n junction

To determine the energy band gap of a p-n junction.

Apparatus : :

p-n junction diodé, thermostat, volt meter, ammeter, thermometer and battery.
Introduction and theory :

p-n junction is made up of semiconducting material. It consists of valence and
conduction band which is separated with a small distance. Semiconductor material have
almost empty conduction band nearly filled valence band with a narrow band gap of. 1
eV. The narrow band gap which is separated is called energy gap of the semiconduc-
tors. The se‘miconductors are of two types intrinsic and extrinsic semiconductors. Intrin-
sic semiconductors are pure semiconductors. By .adding ver.;-/ smatl amount-of impuri-
ties, such as one part in a million to a pure semiconductor in a controlled manner, a large
increase in conductivity can be échieved. Extrinsic semiconductors are formed by,addiqg 7
impurity (doping) to pure semiconductors. The n-type of semiconductor is formed by
adding pentavalent impurity to bure semiconductor. Similarly p-type of semiconductor is
formed by adding trivalent impurity to pure semic'enductbrs. The schematic diagrams of
intrinsic and extrinsic semiconc!uctors are as shown in figure 1.

_The p-n junction is a device made with p- and n-type of semiconductors. p-n .
- junctions are of two_tybes. Homo junctions and.hetero-junctions. Homojunction is made
up with the same material which is available in both n- and p-type conductivities (eg. Si
| junction made with n- and p-types). Heterojunctions are made with two types of mate-
rials having n- and p- type of conductivities (eg. GaAs). In the present experiment p-n

junction which made with the same material, but available in both the conductivities

(homojunction) is used.
: ol 145 -
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Conduction band Conduction band Conduction band
Fermi level
Fermi level’ -
Fermf level
Valence bénd Valence band Valence band
Intrinsic semiconductor n-type semiconductor o-type semicon;iuctor

Fig. 1: Energy band diagram of intrinsic and extrinsic semiconductors

Theory :- -
The current I thfough a p-h jUriciﬁo‘anor both s‘ignéuof applied voltage V
I=l =[exp)el) ((KT)-1)
wheree = fundamental electronic charge,

K = Boltzmann’s constant,

T = Absolute temperature.
For the silicon p-n junctions and positive val_ues. of V the exponential term be-
. comes greater than 1. The current through the junction will increase'exponentially with
V. The dependence on energy gap occurs through the factor I,- I, is due to that current
that flows when the junction is biasegj negatively and is due to the thermal excitation of
electrons across the energy gap after which they flow freely across the‘ junction. A

complete treatment of the problems shows that I, is proportional to the factor f which is
given by -

f oo T3/2gEokT
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E, = energy gap of the semiconducting material. The I, can be determined by a
simple measurement with a negative bias applied to the junction. However, I, is so small

and careful measurement is necessary. It is. essential to generate curves representing
€quation (1) at several-temperatures in order to obtain several values for I,
Procedure :

Tbe circuit diagram 6f the experimental setup for fhe measurement of energy

gap in shown in figure.

micro ammeter

Y G

| A

4 .

thermometer

thermostat

A/

p-n junction

1. The point contact diode connected in a reverse bias as shown in the diagram.
It is placed in a oil bath and heated uniformly.
Saturation current is noted for various temperatures.

The bias voltagé is maintained at constant value.,

Ak T pa

The readings in the micro-ammeter is noted a function of temperature in steps
of 5 oC.
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6. A graph is drawn between with log (

7. The slope.of the graph is calculated and substituted in the formula.

. Formula :

; _2_303x2xkxsiopeev
Band gap energy & =~ 7o

Observations :

— ]
S.No. .. [+ Temperature Saturation - for graph | Log I,

heating | cooling

Precautions :
1. The current flow should not be too high, if the current is high then the internal

heating of the device will occur. This will cause actual temperature of the junction

to be higher then the measured value. This will produce non-linearfty in the curve -
2. _There may be contact potentials, thermo emfs and meter dc offsets which must

be add and subtract from the readings. |
3.=Poor cohtéct’js result in huge variations in the results and must be carefully sol-

dered. . S S e -, - T T
4. It is better to repeat a few measurements at end of each run to check the

source of error.




Model graph :

(960}) Jua.Lin)

Slope Y/X = Tanb

X
1/T (K)

Result :  The energy gap of the p-n junction material is calculated = eV



B-H Curve

Aim: To draw B-H curve between the magnetizing field (H) and Magnetic Induction (B) of the
specimen and to find Coercivity (H.), Remanence (B,) and Hysteresis loss.

Apparatus:  Deflection Magnetometer (DM), A wooden bench with sliding magnetizing coil

CC - Compensating Coil, A - Ammeter, Rp - Rheostat ] [

K
B - Battery w —+ }—
Rp B

K
S - Solenoid,DM - Deflection Magnetometer

(Solenoid) and a compensating coil, DC power supply, a Rheostat, a commutator,
plug key, iron rod specimen and ammeter.

Plug Key, P - Commutator

P

Procedure:

1 Rerpgve gll magnets / magnetizing materials form the XAAK @ KBS
vicinity of the magnetometer. s CC

2. Keep the deflection magnetometer in Tan A position so :
that the arms are in the East and west dircction. Aluminium poinler is made parallel to the arms of
DM. Set the aluminum pointer to read 0-0 and make the circuit connection as shown.
2(a) Plug in all four keys of the commutator and connect the circuit as shown in the circuit
diagram.

3. Without placing the specimen rod in the solenoid, close the circuit and increase the current
gradually up to 3amp. = )
3(a) Demagnetize the given sample ferromagnetic rod (iron rod) by gently hitting or dropping
down

4. Place the un-magnetized specimen in the solenoid and switch on the power supply.
Remove two opposite keys in the commutator.

6. With minimum current note the readings at the two ends of the aluminum pointer in the DM
without parallax error as 6, and 6,.

7. Increase the current by using Rheostat in steps of 0.25 amps till the maximum current is reached.
At each step note the readings in DM in the tabular form 1

8. Now decrease the current from the maximum value in steps of 0.25 amps till it reaches the
minimum current, and note the readings in DM. in the table 2

9. Change the positions of the keys in the commutator so that the direction of the current flow gets
reversed.

10. Repeat the whole process of increasing and decreasing of current and the readings are tabulated in
the tabular forms 3 and 4 respectively.

11. Again reverse the direction of current by changing the positions of the keys in the commutator.

12. Now increase the current and note the readings in DM and enter the readings table 5.

13

The relation between the magnetic fled H, magnetization I and magnetic induction B is given by
B= llo(H“}“I)
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Observations:
Table: Forward direction: Increasing Current

S. No.

Current(l)
Amperes

Deflection

0,

0,

Mean &

Tan 0

0

0.25

0.50

0.75

1.00

1.25

1.50

s

2.00

2.25

2.50

2.75

3.00

- Table: 2: Forward direction: Decreasing current

Current
Amperes

Deflection &

0,

Mean @

Tan 6

3.00

2.75

2.50

| 2.25




Table:3: Reverse Direction: Increasing current
’ Deflection @
Mean 0

T ey

| S. No.

Amperes

Current 1)) _\__ ;

0,

0

0.25

0.50

0.75

1.00

1.25

1.50

.75

2.00

2.25

2.50

2.75

3.00

Table:4: Reverse Direction: Decreasing current

S. No.

Current
Amperes

@

Deflection @

6,

0,

Mean &

Tan 0

3.00

2.75

2.50

2.25

2.00

1.75

1.50

1.25

1.00

0.75

0.50

0.25

0




K, x OB (from graph) web/m’=




BEAM DIVERGENCE OF LASER USER MANUAL

AIM: -To Calculate the Beam Divergence of the given LASER Beam.

APPARATUS: -
1. LASER diode fitted on base.
2. Screen Provided to fit graph sheet
3. Meter Scale.
0.

THEORY: - The term LASER is acrony

emission of radiation. |
It is a mechanism for emitting electro magnetic radiation via the process of

stimulated emission. The LASER was the first device capable of amplifying light
way wave themselves. The emitted LASER light is spatially coherent.narrow low
divergence beam. When the waves (or photons) of beam of light have same

frequency phase and direction it is said to be coherent. _
According to encyclopedia of LASER Physics and technology beam divergence

of LASER beam is a measure of how fast the beam expands far from beam

waist. A LASER beam with a narré\i\‘iﬁbeam'éfci_ivergence is greatly used to make

LASER pointer devices.

m for light amplification by stimulated

Divergence means “Departure from norm or Deviation” . The beam divergence
of LASER is the measure of increase of diameter or radius.

A LASER beam consists of very nearly parallel light rays the beam diameter
increases far more‘slowly with distance from light source as compare to light
bema from other light'sources.

Beam Divergence: The light emitted by a LASER is confirmed to rather narrow
one. But when the beam propagates outward it slowly diverges out. For
electromagnetic beam divergence is the angular measure f the increase in the
radius with distance from optical aperture as beam emerges. The divergence of
the LASER beam can be calculated if the beam diameter d1 and d2 at two
separate distances are know n. LetZ1 and Z2 are the distances along the
LASER axis from the end of LASER to points 1 and 2.



d1 d2
\

LASER Z1 \
I e
Z

Divergence angle is taken s the full angle of o

pening of the beam.

d2 -di1
0= g2

Half of divergence angle can be calculated'a':s'_,

Where W1 and W2 are radius of beam at

Like all eIectrOmagnetic beams LASER'S ar i :
measured in milli radians. © subject to divergence which is



PROCEDURE:

Place the LASER diode on stand.
With the help of scale provided ke
paper at distance of
Switch on the LASE
With the help of pencil circ
horizontal and vertical beam ra
Repeat the proce
Note down the va

dure at 50 cm below
lues of diameter of beam of LAS

Divergence Angle © = W2 - W1 milliradians

22 - Z1

ep stand the screen with graph

300 cm from LASER Diode.

R such that beam falls on the graph paper.

le the beam light measure with scale

dius and find the mean.

the scale taken.
ER calculate.

CALCULATED VALUE:
S.NO DISTANCE FROM BEAMRADIUS | BEAM RADIﬁs MEAN
LASER HORIZONTAL VERTICAL 3 ____v;; -vzvll
01 300cm 0dsnE 1 F0.4cm —| 0.4 l
x 107 mrad
02 250cm 0.35cm 0.35cm 0.35

Divergence angle ©

= W2-W1 milliradians
Z2 -Z71

300 - 250

= 005 =1x10"mrad
50
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KEvaluation of numerical aperture of given fibre

Objective : _ e o
To determine the acceptance angle and using laser light the numerical aperture
different types of fibres.

Equipment : ccal
Digital multimeter, Different fibers optical cables, conueciors, sower supply, Numerica
aperture measurement jig.

Introduction and theory :

Background information of Fibre Numerical Aperture :

An optical fibre consists of a core that is surrounded by a cladding. The core and
cladding are normally made of silica glass, although polymer materials are also in use. 'I?he
function of the core is to transmit an optical signal while the purpose of the cladding is to g_ulde
the light within the core, in effect to confine the light within the core. A fibre is sometimes
called an optical waveguide because light is guided through the fibre. The basic construction of a
fibre is shown in figure 1(a).

In order to confine the optical signal to the core of the fibre the core and cladding
materials are deliberately given different refractive indices, so that the refractive index of the core
(m) is higher than that of the adding (n;). The refractive index of a material decides whether the
material transmits or reflects a light ray that intersects the surface of the material. The simplest
type of fibre is called a step index fibre, since in such a fibre there is a step in the value of the
refractive index at the boundary between the core and the cladding. This is shown in figure 1 (b)
which displays the so called refractive index profile of a step index fibre. The refractive index
profile of a fibre is a graph which shows how the refractive index varies with distance from the
centre of the fibre.

In a step index fibre the refractive index is constant at n; until the core cladding boundary
is reached, where the refractive index falls to mp. The core diam~ter of step index multimode
fibre is typically 200 nm, with a cladding diameter of 300 nm. A light ray that enters the fibre
does not merely travel straight down through the centre of the core. Instead light rays within the
core are continually reflected at the core/cladding boundary so that the rays remain within the
core. Thi§‘ process is called total internal reflection.
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In order to understand the process in more detail consider in figure 2 light ray (i) enml’m_g
the core at point A and then traveling through the core until it reaches the core clznddmg bou:,)c dll}’
at point B, As long as the light ray intersects the core/cladding boundary at a small “”(?”gh angie
the ray will be reflected back into the core to travel on to point C where llw‘ln'()(‘fu-‘;S of mﬂ(‘:c'“_(lm
1s repeated. 1 a ray enters the fibre at a steep angle, for example light ray (ii), then W]}C“ this way
intersects the core/cladding boundary the angle of intersection is too large anfl reflection back in
to the core does not take place and the light ray is lost in the ¢l=3di g. This means that to be
guided through a fibre a light ray must enter the core with an angle that is less than the so called
acceptance angle for the fibre. A ray which enters the fibre with an angle greater than the
acceptance angle will be lost in the cladding. By convention the acceptance angle for a fibre can

also be described by the term “numerical aperture”. The fibre acceptance angle can be calculated
from the refractive indices of the core and cladding.

Numerical Aperture :

Numerical aperture (NA) is a measure of the amount of light rays that can be accept§d by
the fibre and is more generally used term in optical fiber communication. NA is defined using a
relation between the acceptance angle and the refractive index of the medium involved namely
air, core and cladding. Let us consider a ray 1s launched into the fiber at an angle 6;, which is
less than the angle of acceptance 6,, for a fiber see fig.3. The ray enters from medium (air) of

refractive index ny to the fiber with core of refractive index n,;, which is slightly greater than that
of the refractive index of cladding n,. '

According to Snell’s law at interface of the medium (air) and fiber
g sin 9] =1 sin 92
From figure-3, in triangle ABC
O=5n/2-0,
From Equation-1 and 2
Sin 6, ='n; / ny cos0
Equation (3) can be written as
1o SinB; = ny(1-Sin%0)'? - 4
When the total internal reflection takes place at B (figure-3), 0 = 6, and 0, =
critical angle and 0, is acceptance angle
N sin On = 03 sin Bc
n; sin © = n, sin 90 === (5)
From equation (4) and (5)
Ny sin 90 = (mz— nzz)m
No-; in air and sine, is the numerical aperture (NA).
NA = (n,— n,?)"2 s ()

The numerical aperture is a parameter normally associated with light entering a fibre,
however to measure numerical aperture it is easj

. ler to investigate i'.c « 1aracteristics of the light
leaving the fibre, which will provide a reasonable approximation of the numerical aperture see
figure-4,

0, where 0, is called



Numerical Aperture defines the maximum angle (the “cone of acceptance”) at which light

can be launched into a fiber.

Formula :

Light from the optical fiber end at A falls on the screen BC. Let the diameter of the light

falling spot on the screen is W =BC. Let the distance between the optical fiber end and the
screenis L=BC=W.

BD =DC = W/2 from geometry

2 2 2
AB=[L?+ %]”ZQAB= e ZW )

NA =

41> + W2

v =sin®, e 7)

Where 0, is acceptance angle. By knowing the values of W and L you can compute the

numerical aperture and hence acceptance angle using the equation (7).

Procedure ;

1.

2.

3.

Connect the one end of the optical fibre cable to the output power socket of the NA
module  and other end to the NA measurement jig.

The mains of power is switched on and the light passing through the cable at the other
end of the fiber is observed to ensure the proper coupling is made or not.

A white screen with concentric circles of known diameter is hold vertically at a suitable
distance (L) from the optical fibre end and light (red) spot is seen on the screen.

4. The diameter (W) of the red spot is made exactly equal to the concentric one of the circle
and corresponding length (L) is noted.

5. The diameter of the red spot can be varied by varying the length (L). Repeat the same for
different concentric circles by varying the length (L). .

6.

Table :
o W (Diameter of Numerical
S.No. | screen from the Acceptance angle

fiber end) mm the spot) mm aperture




/observations -

Formula :
W
NA = = 5in 9,
Va2 w2
Results :

Numerical aperture of the optical fibre =
Acceptance angle of the optical fibre = degrees



DETERMINATION OF RIGIDITY MODULUS OF THE

UAL FOR :
USER MAN NDULUM) EXPERIMENT

MATERIAL OF A WIRE (TORSION PE

AIM: To determine the rigidity modulus (n) of the material of the given wire using torsional
pendulum.
APPARATUS: - Torsion pendulum, Stop clock, meter scale, and vernier caliper, Screw Gauge

Rough balance.

THEORY: : ¢ th
A torsional pendulum is a flat disk, suspended horizontally by a wire attached at the top of the

fixed support. ] Y )

When the disk is tuned through a small angle, the wire is twisted .On '{29“}3};?9193%?51 the disk
performs torsional oscillations about the axis performs torsional oscillations ab%gt.tk}e axis oof-the
support .The twist wire will exert a torque on the disk tending to return it to the original position.

This is restoring torque. For small twist the restoring torque is fgqrz;gi‘ to be propgrtiOIIal to the
amount of twist, or the angular displacement, so that Fan Y '
T=-kK0 -mmrmmmeme (1) )
Here k is proportionality constant that depends on the properties of the wire
is called torsional constant. &
The minus sign shows that the torque is directly opposite to the
the condition for angular simple harmonic motion..-

£

Tangu’l'ar? d;ilsplacement 0.Eq"1, is

The equation of motion for such a system'is
t=1 a=Id%/dt’

So fhat, on using the equation (1) wﬁget

B
A
22

&k 0=1 d*0/dt*

A

. il " X . i B B
The solution of the equation 3 is, therefore, a simple harmonic oscillation in the angle co-ordinate
0, namely .

Y

Where I = rotational inertia of the pendulum
K= torsional constant

If k and I are known, T can be calculated.

PROCEDURE:

Torsional pendulum consists of a uniform circular metal (brass or iron) disc of diameter about 10
cm and t.hlckness of 1 ¢cm. Suspended by a metal wire (whose n is to-be determined) at the cente
of the disc .The other end of the wire is griped into another chuck, which is fixed to a w l?
bracket. The length (l) of wire between the two chucks can be adjusted and measured usin me?e
scale .An ink mark is made on the curved edge of the disc. A vertical pointer is kept in fgront o;



the disc such that the pointer screens the mark when straight.
the horizontal plane, by tuning through a small angle .Now stopwa

20 oscillations is noted.

This procedure is repeated for two times and the average value is
Taken. The time period T (=t/20) is calculated.

The experiment is performed for five different lengths of the wire
And observations are tabulated in table.

The diameter and hence the radius (a) of the wire is determined
accurately at least at five different places of the wire using screw gauge ,
since the radius of the wire is small in magnitude and appears with forth

power in the formula of rigidity modulus.

The mass (M) and the radius (R) of the circular disc are determme

by using rough balance and vernier respectively.

The disc is set into oscillations in
tch is started and time (t) for

A graph is drowning between “ [ “ on x-axis andT on Y-axis. h
Rigidity modulus (n) of given wire is determifi using/the formula

4 © MR? ! ] ]
n= :

a’ T J :
OBSERVATION TABLE:- | >
Mass of the discm =, gm .

Radius of the disc R =£
Radius of the wire, a
Sr.no PSR + (HSR*LC) Diameter (cm) Radius ,a (cm)
Sr. No I:c:.ngth of the wire Time taken for 20 time period T? IT?
I’ between chucks (cm)| Oscillations (sec) T (sec)
Trial I, Trial Il |Mean




