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6. COURSE INFORMATION SHEET (CIS)

a) Course Description

COURSE TITLE APPLIED PHYSICSLAB
COURSE CODE AP102BS / AP202BS
REGULATION R18JNTUH
COURSE LECTURES| TUTORIALS PRACTICALS | CREDITS
STRUCTURE - - 3 1.5
COURSE M.Madhavj ASSISTANT PROFESSOR, H&S
COORDINATOR
b) Course Plan
Division of List of experiments Name of the | Course
Experiments b Equipments | outcomes
Week-1
Thermometer,

Erergy gap of FN junction diode

energy gap kit

Energy gap To determine the energy gap of a and brass glass COL,Cce
semiconductor diode.
Week-2 Solar panel, sola
Solar Cell kit and lamp
Solar cell To study the VI Characteristics of solar CO1,Co3
cell.
Week-3 LED trainer Kit
Light emittingdiode and connecting
LED Plot V-1 and RI characteristics of light wires Co1,c02
emitting diode.
Week-4 Galvanometer,
Stewart- Gee’s experiment rheostat,
Stewart — Determination of magnetic field along the ammeter, CO1.CO?2
Gee’s axis of a current carrying coil. commutator and '
pug key
Week-5 Magnetic coils,
Hall effect power supply,
Hall Effect To determine Hall cefficient of a given | probe and coLCos
semiconductor. connecting wires
Week-6 Photo cell, powe
- supply and
Pho;?filstctnc Photoelectric effect connecting wires| CO1,CQ
To determine work function of a given
material.
LASER Week-7 Laser diode COLCO3

LASER

trainer kit and
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To study the characteristics of LASER connecting wires
sources.
Week-8 Optical fibre
. . Optical fibre trainer kit,cables
Optical fibre To determine the bending losses of ,multimeter,roller COo1,c02
Optical fibres.
LCR circuit
LCR Circuit Week-9 board
LCR Circuit .connecting C0O1,C03
To the Quality factor of LCR Circuit. wires, signal
generator
Week-10 RC circuit
R-C Circuit R-C Circuit board
To determine the time constant of R-C ,connecting colcoz
circuit. wires.

c) Additional Experiments

Name of the| Course
Equipments | outcomes

Division of

Experiments List of experiments

d) Marks Distribution

Session wisenarks End semester | Internal
exam marks

There shall be a continuous evaluation during the semest
25 marks. Dajo-day work in the laboratory shall |
evaluated for 15 marks and internal practieasbmination 75 25
conducted by the concerned teacher shall be evaluated 1
marks.

e) Evaluation Scheme

S .No. Component | Duration Marks

1 Day-to-day Evaluation _ 15

2 Internal Practical 3 hours 10
Examination

3 End Semester 3 hours 75
Examination

M. MADHAVI , ASSISTANT PROFESSOR
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f) Text books & Reference books

1. “Advanced Practical Physics for students”, B.L.. Worsnop and H.T. Flint, Metheun
London, 1942.

2. “Fundamentals of Optics”, F. A. Jenkins and H. E. White 4th ed., McGraw-Hill
Inc.,1981.

3. “Fundamental of Physics”, D. Halliday, R. Resnick and J.A Walker,6th ed., John
Wiley & Sons, New York, 2001.

4. “Optics”, A. Ghatak, 2nd Ed., Tata McGrawHill, New Delhi 1992.
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7. MICRO LESSON PLAN

S. No Topic Plan date Actual date

1 Determination othe energy gap of a
semiconductor diode.

2 To study the W1 Characteristics of solar cell.

3 Plot V-1 and RI characteristics of light emitting
diode.

4 Determination of magnetic field along the axis
of a current carrying coil.

5 Determination ofHall co-efficient of a given
semiconductor.

6 Determination ofvork function of a given
material.

7 To study the characteristics of LASER sources.

8 Determination ofthe bending losses of Optica
fibres.

9 Determination othe Quality factor of LCR
Circuit.

10 To determine the time constant ofRcircuit.

M. MADHAVI , ASSISTANT PROFESSOR
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8. LAB MANUAL

1. Energy-Gap of P-N junction Diode

Aim: To determine the energy gap of a semiconductor diode.

Apparatus: Forbidden energy gap kit, semiconductor diode (Germanium or Silicon)

Centigrade thermometer.

Theory: In a semi conductor there is an energy gap between its conduction and valance
bands. For conductor a certain amount of energy has to be given to the electron so that it
goes from the Valance band to the Conduction band. Than we can measure the energy gap
semiconductor diode. When a p-n junction is reverse biased then current is due to minority
carriers whose concentration is dependent on the energy gap. The reverse current Is

(saturated value) is a function of the temperature of the junction diode.

The current-voltage characteristics of a P-N junction is given by
1= Isexp[(" 1"/ pyer) = 1
Where ‘I’ is the forward junction current,
‘I’ is the reverse saturated current,
V' is the junction voltage,
‘q’ is the electronic charge,
‘k’ is the Boltzmann constant
T’ is the temperature in Kelvin and
‘n’is a constant
The reverse saturation current is given by
Is=BT3exp(-Eg/ nkT) e (2)

Where ‘B’ is a constant and Eg is the energy gap.
E; =2 X K X Slope

Procedure:

M. MADHAVI , ASSISTANT PROFESSOR
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a)  Trace the circuit and switch on the Training Board.

b) Insert the thermometer provided into the opening of the Bakelite Cap.

c) Now switch on the oven and allow the oven temperature to rise upto 50°C. At this
temperature switch off the oven. The temperature will further rise upto 70 to 80°C

and will become stable.
d) After some time the temperature will begin to fall. Now fix the voltage at 5 volt.

e) Readings of Micro ammeter are noted for every 5° C fall in temperature.
Circuit Diagram:

1
L

MICRO AMMETER

@ THERMO

METER

I d _I copper vassel

—.
% PN MINCTION
C—PoIoDE

OIL
Table:
2.303XLOg10| 1000
S. No Temp (°C) Temp (K) —K
Current (1) r
Graph:
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2.303x log, ./ T

The energy gap of the material of the given p-n junction diode is found to be---------

M. MADHAVI , ASSISTANT PROFESSOR
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2. Solar cell

Aim: To study the M characteristics of solar cell.

Apparatus: Solar cell, rheostat, ammeter, voltmeter, illumination source, variac
and connecting wires.

Theory:

Incident sunlight can be converted into electricity by photovoltaic conversion
using a solar panel. A solar panel consists of individual cells thatiaye drea
semiconductor diodes, constructed so that light can penetrate into the region of
the pn junction. The junction formed between théype silicon wafer and the
p-type surface layer governs the diode characteristics as well as the photovoltaic

effect. The excess charges can flow through external circuit to produce power.

A

Isc P

Lsc:

e ]

=y

4
v

AV Vooz  Voc

I-V characteristics for solar cell for two different illuminations

Circuit Diagram:

M. MADHAVI , ASSISTANT PROFESSOR
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1. Place Solar Cell directly in front of variable light intensity source and

connect output of Solar Cell to voltmeter V1 on board.

2. Now gradually increase the intensity of light (bulb) and observe the

output of solar cell on the voltmeter V1.

3. Then connect the circuit as shown in the circuit diagram.

4. Vary the intensity, and note voltage and current on V1 and M1l

(Ammeter) respectively and as well as connecting load.

5. Plot graph, between voltage and current at different intensities with &

without load.

Table:

S. No Voltage Current P=VI
(mV) (mA)

M. MADHAVI , ASSISTANT PROFESSOR
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Result:

® The |-V characteristic for given solar cell have been studied.

® The open circuit voltages and short circuit currents are measured as:

Voc= 5 ISCT

e Maximum power point (MPP)=......cccovvevvivrieereinen.

Fill FACtOr (FF)=euivreererremrrrerrreerssneesesssersannrsssnsses

M. MADHAVI , ASSISTANT PROFESSOR
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3. Light Emitting Diode (LED)

Aim: To Plot V-l and P-l characteristics of light emitting diode.
Apparatus: light emitting diode, volt meter and ammeter, laser characteristics trainer kit

Procedure (LED):

1. The main component of the apparatus is circuit board containing LEDs, each with a
different emission wavelength. A particular LED can be connected to the circuit as

shown in figure.

LED

2. The voltage 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.
4. Continuously monitor the current as function of voltage across the LED.

5. Plot the graph with voltage on X-axis and current on Y-axis, which gives the current

voltage characteristic of LED.

Table:

M. MADHAVI , ASSISTANT PROFESSOR
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S.No Voltage (mV) Current (mA)

Graph:
4
Current
Voltage

Table:

S.No Voltage (mV) Current (mA)

Result: Studied I-V characteristics of LED diode.

M. MADHAVI , ASSISTANT PROFESSOR
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4. Stewart - Gee’s Experiment

Aim: To Determination of magnetic field along the axis of a current carrying coil.

Apparatus: Stewart and Gee’s, Rheostat, Ammeter, Battery eliminator, Plug key single,

Commutator four plugs and connecting wires.

Diagram of Experimental Setup:

Arrangement for the measurement of magnetic field along the axis of a current carrying coil

Graph:

tanOw | tanBe

< ——  (West) X (East) X ——»

Theory:

M. MADHAVI , ASSISTANT PROFESSOR
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The magnetic field (B) at a point on the axis of a circular coil carrying current "i" is

Hopia®

given by the expression ==
2(x2+a?)

Where 'n' is the number of turns, "a" the mean radius of the coil, ‘X’ is the distance of the
point from the center of the coil along the axis, and ‘i’ is the current passing through the

coil.
Procedure:

The magnetometer is set at the center of the coil and rotated to make the aluminum
pointer read (0°-0°) in the magnetometer. The key K is closed and the rheostat is adjusted so
as the deflection in the magnetometer is about 60°. The current in the commutator is
reversed and the deflection in the magnetometer is observed. The deflection in the
magnetometer before and after reversal of current should not differ much. If the difference

is above 2° or 3°, necessary adjustments are to be made.

The experiment is repeated by shifting the magnetometer towards West from the center of
the coil in steps of 2cm, each time and deflections are noted before and after the reversal of

current. The mean deflection is denoted as O..

A graph is drawn between x [the distance of the deflection magnetometer from the center
of the coil along x-axis] and the corresponding Tan O¢ and Tan 6y, along y-axis. The shape of
the curve is shown in the above figure. The points A and B marked on the curve lie at

distance equal to half of radius of the coil (a/2) on either side of the coil.

Observations:

Horizontal component of earth’s = -0.38 x 107* Tesla (or Wb.m™)

Llo magnetic permeability of air= 4 & x 1077 Henry m!

Tabular Form:

M. MADHAVI , ASSISTANT PROFESSOR
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Distance Deflection in East Deflection in West Log( | Bx=B
from the Direction Mea Direction Mea 0:@ Tan | R2+x e
Center of n O n Ow 0 2) Tan®
. 01 | 62 03 04 01 02 03 04
Coil x
Result:

Experimental value of exponent (slope) =....ccccccevenene.

Theoretical value of slope =

Experimental value of intercept =

Theoretical value of intercept =

-1.5

M. MADHAVI , ASSISTANT PROFESSOR
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5. Hall Effect

Aim: To determine Hall co-

Apparatus: Hall effect set up, Hall probes, electromagnet with power supply, semiconductor

sample, current supply with meter, volt meter and digital Gauss meter.
Theory:

As you are undoubtedly aware, a static magnetic field has no effect on charges unless they
are in motion. When the charges flow, a magnetic field directed perpendicular to the
direction of flow produces a mutually perpendicular force on the charges. When this
happens, electrons and holes will be separated by opposite forces. They will in turn produce
an electric field (En) which depends on the cross product of the magnetic intensity, H, and
the current density, J.

Eh=RJXxH

Where R is called the Hall coefficient.

Now, let us consider a bar of semiconductor, having dimension, x, y and z. Let J is

directed along X and H along Z then Ey will be along Y.

Vi v
Ro2 h/)
JH

M. MADHAVI , ASSISTANT PROFESSOR
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Where Vi, is the Hall voltage appearing between the two surfaces perpendiculartoy and | =

Jyz

In general, the Hall voltage is not a linear function of magnetic field applied, i.e. the Hall
coefficient is not generally a constant, but a function of the applied magnetic field.
Consequently, interpretation of the Hall Voltage is not usually a simple matter. However, it
is easy to calculate this (Hall) voltage if it is assumed that all carriers have the same drift
velocity. We will do this in two steps (a) by assuming that carriers of only one type are
present, and (b) by assuming that carriers of bo

PROCEDURE:

» Connect the widthwise contacts of the Hall Probe to the terminals marked 'Voltage'
and lengthwise contacts to terminals marked 'Current’.

» Switch 'ON' the Hall Effect set-up and adjustment current (say few mA).

» Switch over the display to voltage side. There may be some voltage reading even
outside the magnetic field. This is due to imperfect alignment of the four contacts of
the Hall Probe and is generally known as the 'Zero field Potential'. In case its value is
comparable to the Hall Voltage it should be adjusted to a minimum possible (for Hall
Probe (Ge) only). In all cases, this error should be subtracted from the Hall Voltage
reading.

» Now place the probe in the magnetic field as shown in fig. 3 and switch on the
electromagnet power supply and adjust the current to any desired value. Rotate the
Hall probe till it become perpendicular to magnetic field. Hall voltage will be
maximum in this adjustment.

» Measure Hall voltage for both the directions of the current and magnetic field (i.e.
four observations for a particular value of current and magnetic field).

» Measure the Hall voltage as a function of current keeping the magnetic field
constant. Plot a graph.

» Measure the Hall voltage as a function of magnetic field keeping a suitable value of

>

Sample Details:

M. MADHAVI , ASSISTANT PROFESSOR



» KG REDDY

%
¢ College of Engineering
& Technology

APPLIED PHYSICS LAB
Sample : Ge Crystal n-type

Thickness :5X 1072 cm
Resistivity : 10 ohm.cm
Conductivity :0.1Coulomb / Volt secem

Formula:
a M V}lz
Hall Coefficient (R} R=—
Carrier Density (n) R=——n

Carrier Mobility () w=Ro

Table:

S. No | Hall Current (lx) Hall Voltage ( Vi)

Result: Hall co-efficient of a given semiconductor is

M. MADHAVI , ASSISTANT PROFESSOR
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6. Photoelectric Effect

Aim: To determine work function of a given material.
Photo cell, Multimeter, Voltmeter, Optical fibres and a source of a light.

1. Determine an experimental value of Planck's constant.

2. To determine work function of a given material.
Theory: Photo cell consists of one electrode made of photoelectric material and another
electrode of ordinary metal sealed in an evacuated glass bulb. When suitable
monochromatic light falls on the photoelectric material, electron are ejected from its
surface. When the potential applied between cathode and anode, the photoelectrons are

attracted by the anode and photoelectric current flows.

Einstein explained photoelectric effect from quantum theory of radiation. A part of
energy of the incident photon hu is spent in releasing the electron from the surface of the
metal, called work function (w,) or photoelectric work function, the remaining energy of the

photon imparts kinetic energy to the photoelectron.

Circuit Diagram:

Formula:

M. MADHAVI , ASSISTANT PROFESSOR
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9. VIVA QUESTIONS

Energy-Gap of P-N junction Diode

1. What is energy gap?

2. What is the importance of determining energy gap?

3. How is reverse current related to the temperature?

4. Why is the current in the reverse bias very small?
Solar Cell

1. What is the basic principle of solar cell?

2. What is fill factor?

3.What does the energy output of a solar cell depend upon?
Light Emitting Diode (LED)

1. What is the basic principle of LED?

2. What is threshold current?

3. What are the characteristics on LED?

4. Explain by what mechanism an LED emits light.
Stewart -

1. What is magnetic field?
2.Define Magnetic field strength?
3.What is Biot
4. What is the use of commutator in the experiment?
5.What is tangent galvanometer?
Hall Effect

1.What is Halleffect?
2.What is Hall voltage?
3.What are the uses of finding the Hall coefficient?
4.For material, if the Hall coefficient has positive sign, what do you infer?
5.What are rtype and ptype semiconductors?
Photoelectric Effect

1. What is photoelectric effect?

2. What is meant by threshold frequency?

3. How it is related to the intensity of photon?

4. What is the basic principle of photoelectric effect?
LASER

M. MADHAVI , ASSISTANT PROFESSOR
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1.What is LASER?
2. What is threshold current?

3.What are the characteristics of laser diode?
4. Explain how the lasetiode differs from an LED in its light emission characteristics?

Optical Fibre

1. What is the basic principle of an optical fibre?

2. Define total internal reflection?

3. How do you measure the losses in an optical fiber?

4. What is the significance of finding the losses?

5. What are various types of losses that occur in optical fibres?

LCR Circuit

1. What is an oscillator?

2 What types of oscillations occur in the LCR Circuit?

3. What is quality factor? What is its importance?

4. When does the electrical resonance occur in the circuit?

R-C Circuit

1. What is the time constant of® circuit?
2. What do you learn by doing this experiment?
3. In what way the charging and discharging of capacitor occur over time?

M. MADHAVI , ASSISTANT PROFESSOR



