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VISION OF THE INSTITUTE
To be a premier technological institution that fosters humanity, ethics and excellence in education and research towards inspiring and developing future torch bearers

MISSION OF THE INSTITUTE
M1. To impart quality educational experience and technical skills to students that enables them to become leaders in their chosen professions. 

M2. To nurture scientific temperament and promote research and development activities 

M3. To inculcate students with an ethical and human values so as to have big picture of societal development in their future career (Humanity and Ethics towards exemplary Citizens). 

M4. To provide service to industries and communities through educational, technical, and professional activities
Engineering AS & H Department

VISION 
“To be a vibrant department providing both foundational and finishing touches towards successful professional engineers known for its innovative teaching learning process and research”

MISSION
M1. To impart strong foundational knowledge in applied science required for aspiring under-graduate engineering students.

M2. To impart sound communication and managerial skills required for a successful engineering professional.

M3.  To promote research culture and innovative teaching learning process towards creation of new knowledge and improved learning.

LABORATORY COMPONENT:
Any Ten Experiments have to be completed from the list of experiments

Note: The experiments have to be classified into 
a) Exercise

b) Demonstration

c) Structured Inquiry

d) Open Ended

Based on the convenience classify the following experiments into the above categories. Select at least one

Simulation/Spreadsheet activity.

List of Experiments:

1. Determination of Young’s modulus of the material of the given bar Uniform Bending.

2. Determination of Rigidity modulus of the Material of the wire using Torsional Pendulum.

3. Study of Forced Mechanical Oscillations and Resonance.

4. Study of the frequency response of Series & Parallel LCR circuits.

5. Determination of Fermi Energy of the given Conductor.

6. Determination of Resistivity by Four Probe Method.

7. Determination of effective spring constant of the given springs in series and parallel combinations.

8. Determination of Young’s modulus of the material of the given bar Single Cantilever.

9. Determination of the Moment of Inertia of the given irregular body using torsional pendulum.

10. Determination of Wavelength of Laser using Diffraction Grating.

11. Determination of Acceptance angle and Numerical Aperture of the given Optical Fiber.

12. Determination of the Radius of Curvature of the given Plano Convex Lens by setting Newton’s Rings.

13. Step Interactive Physical Simulations.

14. Study of motion using spread Sheets

15. Application of Statistics using Spread Sheets.
16.PHET Interactive Simulations 
 (https://phet.colorado.edu/en/simulations/filter?subjects=physics&type=html,prototype)

COs and POs Mapping (Individual teacher has to fill up)

COs POs

1 2 3 4 5 6 7 8 9 10 11 12

CO1 3 2 - - - - - - - - - 2

CO2 3 3 - - - - - - - - - 2

CO3 3 3 - - - - - - - - - 2

CO4 3 2 1 - 1 - - - - - - 2

CO5 3 2 1 - 2 - - 3 3 - - 2

Level 3- Highly Mapped, Level 2-Moderately Mapped, Level 1-Low Mapped, Level 0- Not Mapped

Note: The CO-PO mapping values are indicative. The course coordinator can alter the mapping using Competency and

Performance Indicators mentioned in the AICTE Exam reforms.
Activity-Based Learning (Suggested Activities in Class)/Practical-Based Learning

http://nptel.ac.in

https://swayam.gov.in

https://virtuallabs.merlot.org/vl_physics.html

https://phet.colorado.edu

https://www.myphysicslab.com

ENGG PHYSICS LAB (BPHYM102/BPHYM202)

Course outcome (Course Skill Set)

At the end of the course the student will be able to:

CO1: Describe the principles of LASERS and Optical fibers and their relevant applications.

CO2: Discuss the basic principles of Quantum Mechanics and their application in Quantum Computing.

CO3: Summarize the essential properties of superconductors and applications in Quantum Computing.

CO4: Illustrate the application of physics in design and data analysis.

CO5: Practice working in groups to conduct experiments in physics and perform precise and honest measurements.
CO- PO Matrix:
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‘Safety precautions / Do’s and Dont’s
· Be present in the lab on time.
· Maintain silence and discipline in the lab.
· Conduct yourself in a responsible manner at all times in the lab.  Don’t talk loud or crack jokes in lab.
· Dress properly during a laboratory activity.  Long hair, dangling jewelry and loose or baggy clothing are a hazard in the laboratory.
· Do not wander around the lab, distract other students, startle other students or interfere with the laboratory experiments of others.
· Observe good housekeeping practices.  Replace the materials in proper place after work to keep the lab area tidy.
· Do not eat food, drink beverages or chew gum in the laboratory and do not use laboratory glassware as containers for food or beverages.
· Maintain a separate observation note book for the lab experiments.
· Free hand diagrams are not allowed in the observation book.
· Handle the equipments carefully.
· Before switching on the power supply all the equipment knobs should be in minimum position.
· All equipments/components should be returned while leaving the lab.
LIST OF EXPERIMENTS FOR LABORATORY COURSE IN 

ENGINEERING PHYSICS LAB (BPHYS102/BPHYS202)
(PRESCRIBED BY VTU)

I Cycle :

	1
	Determination of Young’s modulus of the material of the given bar Uniform Bending.

	2
	Determination of Rigidity modulus of the Material of the wire using Torsional Pendulum.

	3
	Study of Forced Mechanical Oscillations and Resonance.

	4
	Study of the frequency response of Series LCR circuits.

	5
	Study of the frequency response of Parallel LCR circuits.


II  Cycle

	6
	Determination of Fermi Energy of the given Conductor.

	7
	Determination of Resistivity by Four Probe Method.

	8
	Determination of effective spring constant of the given springs in series and parallel combinations.

	9
	Determination of Wavelength of Laser using Diffraction Grating.

	10
	Determination of Acceptance angle and Numerical Aperture of the given Optical Fiber.


 Experiment No. 1
 Determination of Young’s modulus of the material of the given bar Uniform Bending.
                                                            Experiment No. 2
TORSIONAL PENDULUM

AIM:  To determine the rigidity modulus of the material of the given suspension wire by Torsional pendulum method.

Apparatus: A Circular plate, suspension wire with chuck nuts, stopwatch, Cathetometer, screw guage etc.

Formulae:  The rigidity modulus of the material of the wire is given by 

                                                                [image: image3.png]


     Nm-2
                     Where `I’ is the length of the suspension wire in m, r is the radius of the suspension wire in m, I is the moment of inertia of the suspended body about its axis of suspension in kgm2 .


The moment of inertia of the circular plate about an axis passing through its center and perpendicular to its plane.




I   =     M R2      Kg m2 



               2



where M is the mass of the plate and R  is its radius.

PROCEDURE:


The mass of the Circular plate is found by weighing it in a rough balance up to an accuracy of [image: image5.png]


 1 gm and also the circumference C of the circular plate with the help of a thread is also found.


The experimental wire whose both ends are tightly fastened to two chuck nuts is taken.  One of the chuck nuts is firmly clamped to the stand; the circular plate is screwed on to the other chuck nut, without permitting the wire to undergo any twisting while the body is fixed to it.


A pin is fixed on the circular plate as a reference mark.  Length `1 of the wire exposed between the chuck nuts is found out.  Look through the cathetometer kept in front of the torsional pendulum and focus the reference mark.  The circular plate is given a gentle rotation, so that it oscillates in small amplitude with the wire as its axis.  At the moment when the body reference mark crosses the reference cross wire of a cathetometer a stop-watch is started. The oscillation is counted as one, when the body reference mark crosses the reference cross-wise again in the same direction.  Time taken `t’ for completing 10 oscillations is found under two trials.


The same procedure is repeated by varying the length of the experimental wire with a difference of at least 5 cm in each case.  Mean value of `t’ is found from which the period T and hence T2 are determined.  The value of l / T2 is found out in each case.  Mean value of 1/ T2 is found out.


The diameter of the wire is found at 3 different points along its length by using a screw gauge from which the radius r is evaluated.


The rigidity modulus ` η’ is evaluated by using the formula.

[image: image7.png]


     Nm-2
OBSERVATION:


Mass of the circular plate M =……………..
kg.


Circumference of the circular plate C = ………………m

[image: image9.png]


 Radius of circular plate R = C/2[image: image11.png]


 = ………………..m


Radius of suspension wire = ………...m

DIAGRAM:


[image: image12.emf]
Tabular column for measurement of period of oscillation

	Sl.No.
	Length of the wire (L) m
	Time taken `t’ for 10 revolutions in sec.
	Period T = t/10
	L/T2 (m/s2 )

	
	
	
	
	









Mean (L/T2) =

RESULTS:

Rigidity modulus of the material of the given wire ([image: image14.png]


) = ………….. N/m2 
Moment of inertia of the circular plate I = ………………………. Kg m2 
CALCULATIONS:

Viva voce questions & answers: 
1   Define Rigidity of modulus? 

Ans: When tangential surface forces are applied on a body, the successive layers of the material are moved or sheared. This type of strain is called shearing strain. “The ratio of tangential stress to shearing strain is called Rigidity of modulus”

             Rigidity of modulus= Tangential stress / shearing strain.

                        Tangential stress = Force/Area.

                                 Shearing strain= θ    

2.  Define Moment of Inertia?

Ans: It is the measure of the inertia of a body in rotatory motion. It depends upon the axis of rotation, mass of the body and also on the distribution of the mass about the axis.

3. Why is it called a torsional pendulum?

 Ans: The disc is making oscillations around a vertical axis passing through its centre of mass and hence the arrangement is called a torsional pendulum.

4. Difference between simple pendulum and torsional pendulum?

 Ans: In a simple pendulum the Simple harmonic motion is due to the restoring force which is the component of the weight of the bob.             

          In a torsional pendulum the Simple harmonic motion is due to the restoring couple arising out of torsion and shearing strain.

5. What is S.H.M?

 Ans: A body is said to have a S.H.M, if its acceleration is always directed towards a fixed point on its path and is proportional to its displacement from the fixed point.

6. What is Young’s modulus?

 Ans: It is the ratio of longitudinal stress to the longitudinal strain.

7. Define Time Period? 

 Ans: Time taken for one complete oscillation.   

8. Define Frequency?

 Ans: Number of vibrations per second.

9. Define Resonance? 

Ans: Vibrating a body with its natural frequency under the influence of another vibrating body is called resonance.

10. What do you meant by Progressive wave? 

Ans: A disturbance created in an elastic medium propagates outwards in an elastic medium in the form of a wave, is called progressive wave.

11. How many types of progressive waves are there? 

Ans: Progressive waves are of two types and they are (1) Transverse waves and (2) Longitudinal waves. The type of wave is based on how the particles of the elastic medium vibrate with respect to the direction of propagation of the wave.

A progressive wave always travels in the forward direction only.

12. Difference between transverse wave and longitudinal wave?

Ans : In a transverse wave the particle vibrate perpendicularly where as in longitudinal wave the particle vibrate parallelly with respect to the direction of propagation of a wave.

13. What do you meant by standing wave?

Ans: standing waves means superposition of propogating waves that have same amplitudes and frequencies but traveling in opposite directions.

The term standing or stationary refers to the fact that the nodes and antinodes of the wave remain fixed in position.

14. In our experiment which type of wave is  passing along the thread?

Ans: In both the modes only transverse wave is passing along the thread.

15. Why the frequency is different in longitudinal mode when compared with the transverse mode?

Ans: In longitudinal mode, for one complete vibration of the source the string completes only half vibration where as in transverse mode the string completes, one complete oscillation for one complete vibration.

Experiment No. 3

Study of Forced Mechanical Oscillations and Resonance.
AIM: To study the Forced oscillations on a mechanical oscillator and hence to find Natural frequency and resonance frequency.

Principle: Pohl’s pendulum is an example for a mechanical oscillator which executes simple harmonic motion about the axis of its rotation. The pendulum is a circular wheel suspended on its central axis of rotation with very low friction. It also connected with a soft spiral spring which helps in developing restoring force on the rotating wheel to set up free torsional oscillations about its axis of rotation. An external periodic force is applied on the spring with the help of a motor to set up forced oscillations in the pendulum. If the frequency of the applied external force matches with the natural frequency of the pendulum, then the pendulum oscillates with maximum amplitude. We can compare the matching of the natural frequency with external periodic force frequency by measuring the both. Also we can study the damping cases and measure the damping coefficient by applying external frictional force on the pendulum.

Apparatus: Pohl’s pendulum set-up, frequency meter and a timer/stop watch.

Formulae:  Natural frequency of the mechanical oscillator,
[image: image16.png]
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Diagram:
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Procedure:

To find Natural frequency (fo ):

· Turn the motor off by pressing the motor Start/Stop button.

· Turn the DPDT switch towards ‘Timer’ side and press ‘Reset’ button to make the reading to zero on the meter display.

· Make some angular displacement (say 140o) by rotating the pendulum wheel manually.

· Release the pendulum wheel simultaneously pressing the timer start button.

· Count the too and fro motions and after 10 oscillations press the Start/Stop button.

·  Note down the time for 10 oscillations and repeat the above steps for three times and find the period of oscillation (To ) for each case.

· And repeat the above step for two more different angular displacements.

· Find the Natural frequency fo by the given relation.

To study the Forced oscillation:

· Set the frequency of oscillations ‘f’ (say 0.6 Hz) using the frequency Up/Down buttons. Observe the forced oscillations developed by the rotary pendulum due to the external periodic force applied by the rotating motor.

· Note down the maximum amplitude of oscillations in degree in any one side of the scale.

· Increase the frequency in steps of 0.01/0.02 Hz and note down the amplitude each time.

· Now plot a graph of maximum amplitude versus applied frequency. 

· From the graph find out the resonance frequency corresponding to the maximum amplitude.

· Compare the natural frequency and resonance frequency.

Tabular column:

To find Natural frequency:

	Trial No.
	Time for 10 oscillations ‘t’ in s
	Period 

To = t/10

in s
	Natural frequency 

fo in Hz

	1
	
	
	

	2
	
	
	

	3
	
	
	


Average fo = 

 To find Resonance frequency:

	Sl. No.
	Applied frequency

f in Hz
	Amplitude (θ)

in deg

	1
	0.70
	

	2
	0.72
	

	3
	0.74
	

	4
	0.76
	

	5
	0.78
	

	6
	0.80
	

	7
	0.82
	

	8
	0.84
	

	9
	0.86
	

	10
	0.88
	

	11
	0.90
	

	12
	0.92
	

	13
	0.94
	

	14
	0.96
	

	15
	0.98
	

	16
	1.00
	


Result:

The Natural frequency of free oscillation is found to be -----------Hz.

The Resonance frequency of forced oscillations of the mechanical oscillator is found to be -----------Hz.

Experiment No. 4
Series LCR
AIM:  a) To study the frequency responses of the Series resonance circuits.                 

b) To determine the inductance, bandwidth and quality factor of the circuit.

APPARATUS REQUIRED: Audio frequency oscillator, wideband a .c. mille ammeter, inductance of unknown value, resistor and capacitor of known values, patch cords etc.

FORMULAE:

[image: image17.png]Band width(4f) = (f2- f1)
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Where f1 and f2 are lower and upper cut off frequencies.

CIRCUIT DIAGRAM:





[image: image20.png]



Fig.1. Series resonance
PROCEDURE:
Series Resonance

The Required circuit diagram is shown in figure l.   Make the connections as per the circuit diagram. Switch on the supply points and adjust the output of the oscillator to approximately 10 V, which should be kept constant throughout the experiment. Increase the frequency f from 100 Hz to 1 KHz in steps of 50 Hz and note down the corresponding readings of the current I in mA from the milli ammeter.


Plot a graph between frequency f and current I as shown in figure3.  Note down the values of f1, f2, fr and Imax from graph.  

OBSERVATION:  Resistance = 200 Ω,
Capacitance = 0.5μF
GRAPH
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TABULAR COLUMN
	Frequency (Hz)
	Series Resonance

Current I(mA)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


RESULTS:-

SERIES LCR CIRCUIT                                        

1. Resonance frequency fr =

2.Frequency Band width (BW) =




3.Quality factor Q =




CALCULATIONS:

                                             Experiment No. 5

Parallel LCR
AIM:  a) To study the frequency responses of the parallel resonance circuits.                 

b) To determine the inductance, bandwidth and quality factor of the circuit.

APPARATUS REQUIRED: Audio frequency oscillator, wideband a .c. mille ammeter, inductance of unknown value, resistor and capacitor of known values, patch cords etc.

FORMULAE:

[image: image22.png]Band width(4f) = (f2- f1)
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Where f1 and f2 are lower and upper cut off frequencies.

CIRCUIT DIAGRAM:
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      Fig. 1 Parallel resonance
PROCEDURE:
Parallel Resonance


The required circuit diagram is shown in figure 1.  Make the connections as per the circuit diagram – vary the frequency and note down the corresponding circuit currents as earlier.  Plot a graph between f and I as shown in figure 4.   Find out f1, f2, fr & Imin.  
OBSERVATION:  Resistance = 200 Ω,
Capacitance = 0.5μF
GRAPH
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TABULAR COLUMN
	Frequency (Hz)
	Parallel Resonance

Current I(mA)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


RESULTS: -
PARALLEL LCR CIRCUIT

1. Resonance frequency fr =

2. Frequency Band width (BW) =





3. Quality factor Q =




CALCULATIONS:

Viva-voce Questions and Answers

 1   What is the function of A.F. oscillator? 

     Ans:  An A.F oscillator is a device which can produce sinusoidal waveforms of any desired frequency ranging from 20Hz to 20 KHz

 2   What is meant by resonance?

Ans: When the applied frequency matches with the natural frequency of a body, the    amplitude   of vibration becomes maximum. This phenomenon is called as  resonance. 

3   What do you mean by sharpness of resonance?

Ans: It is a measure of the rate of fall of current amplitude from its maximum value at resonance frequency to on either side of it.

4   What is resonance frequency?

     Ans: The frequency at which the resonance occurs is called resonance frequency. 

5   What are forced vibrations?

Ans:  Forced vibrations are the vibrations in which a body vibrates with a frequency other    than its natural frequency under the influence of an external force.

6  What is bandwidth of series circuit?

     Ans:  The range of frequencies between the cut-off frequencies is called bandwidth.

 7  Define quality factor of a series circuit.

     Ans: The ratio of a resonant frequency of a circuit to its bandwidth is called quality factor. 

8  Why is the series circuit called as acceptor circuit?

Ans: Because it accepts one frequency component out of the input signals having different frequencies. The accepted frequency is equal to its own resonance frequency.

9  Why parallel resonance circuit is called a rejecter circuit?

     Ans: Because it rejects the signal having same frequency as its own frequency.

10  What is the importance of series resonance circuits? 

Ans: For high frequency A.C in radio communications, a series resonance circuit is used. LCR circuits are used in frequency filter circuits like high pass filter, low pass filter and band pass filter.

Experiment No. 6

Fermi Energy
Aim: To Determine the Fermi energy of a given metal (Copper) by studying the variation of its resistance with temperature.
Apparatus: Copper Wire, Digital Voltmeter, Digital Ammeter, DC Power Supply, Thermometer, Beaker, Heater & Connecting Wires.

Formula:   

EF= [image: image28.png]



Where, 

n = No. Density of electrons = 8.464 X 1028 / kg mol
e = Charge of the Electron = 1.602 X 10-19 C     m = mass of an electron = 9.11 x 10-31 kg

                                 A = λF X T    (λF = Mean Free Path in Copper & T = Room Temp)

                                       A =   2.32 X 10-8 m X 305 K 

A = 7.07 X 10-6 m

r = The Radius of the Wire (m) = 0.26 X 10-3 m2

L = Length of the Copper Wire (m) = 3.6 m
[image: image30.png]AT



 = The Slope of the Straight Line Obtained By Plotting Resistance of the Metal against Absolute Temperature of The Metal (Ω/K)

[image: image32.png]


 EF = 4.5 X 10-13 X  [image: image34.png]


 eV
Circuit Diagram: 

[image: image35.emf]
Nature of the Graph 


Procedure: 

1. Circuit connections are made as shown in the fig.

2. Standard copper wire is taken in the form of coil.

3. The coil is immersed in the water bath and a thermometer is immersed to read the temperature.

4. Temperature is increased till 95o C and allowed to cool down to 50o C.

5. At an interval of 5o C difference the values of current and voltage are recorded in the tabular column. 

6. Resistance is computed using the relation R = V/ I.

7. A graph of resistance versus temperature is plotted.

8. Slope of the graph is measured. This gives the value ΔR / ΔT.

9. The value is expressed in electron volts, from the value of Fermi energy in joule.

Tabular Column 

	Temperature
	Voltage

(mV)
	Current

(mA)
	Resistance 

(Ω)

	0C
	K
	
	
	

	95
	
	
	
	

	90
	
	
	
	

	85
	
	
	
	

	80
	
	
	
	

	75
	
	
	
	

	70
	
	
	
	

	65
	
	
	
	

	60
	
	
	
	

	55
	
	
	
	


Calculation: 

[image: image37.png]


 EF = 4.5 X 10-13 X  [image: image39.png]


 
                     EF=_______________ × 6.24 × 1018
                                                           EF=_______________eV

Result: The Fermi energy of given copper wire is found to be ……………………eV
CALCULATIONS:

Viva-voce Questions and Answers

1. What is Fermi level? 

Ans: The highest energy level in the valence band occupied by electrons in a crystal at absolute zero temperature is called Fermi level. 

2. What is Fermi energy? 

Ans; The energy corresponding to the Fermi level is called Fermi energy.

3. What is the importance of Fermi energy? 

Ans: Electrical conduction takes place only when electrons acquire energy above the Fermi energy. 

4. What is Fermi factor? 

Ans: Fermi factor is the probability of occupation of a given energy state for a material in thermal equilibrium.

 5. What is the probability of occupation for E > EF at T=0 K? 

Ans: The probability of occupation f (E) =0 for E > EF at 0K. 

6. What is the probability of occupation for E > EF at T=0 K?

Ans: The probability of occupation f (E) =0 for E > EF at 0K.

7. What is the probability of occupation at ordinary temperatures? 

Ans: For E= EF the probability of occupation f (E) =1/2 at ordinary temperatures.

8. What is Fermi temperature (TF)?

Ans; It is the temperature at which the average thermal energy of the free electrons in a solid becomes equal to the Fermi energy at 0 K. At this temperature gas can be considered degenerate. It depends on mass of fermions and energy. 

9. What is Fermi velocity?

Ans: The velocity of the electrons which occupy the Fermi level is called the Fermi velocity VF. It is measured by VF = 2EF / m 

10. What is the unit for Fermi energy?

Ans: Its unit is eV. 1eV is the energy possessed by electron when unit charge is accelerated through a potential of 1Volts. 1 eV = 1.6 x 10-19C x 1V = 1.6x10-19 J.

11. What is the relation between EF & TF ? 

Ans: EF = kBTF, where kB is Boltzmann constant. 

12. What is meant by Fermi Dirac distribution?

Ans: It is the representation which depicts the details of distribution of electrons among the various available energy levels of a material under thermal equilibrium conditions. Fermi factor is called a Fermi Dirac distribution function.

13. What are the factors on which EF depends? 

Ans: EF depends on the material and the temperature.

14. Are the energy levels lying above EF are empty at 0 K? 

Ans: Yes, they are empty, but below EF are filled.

15. How many electrons are there in each energy level?

Ans: According to Pauli’s exclusion principle, there are 2 electrons in each energy level.

16. State Pauli’s exclusion principle?

 It states that no two electrons, having same quantum number can occupy the same energy levels in same time. 

17. What is meant by mean free path?

 Ans: It is the average distance traveled by the conduction electrons between successive collisions with lattice ions. It is measured in m.

18. What is meant by collision time?

Ans: The average time that elapse between two successive collisions of an electron with the lattice points is called mean collision time.(
19. What is meant by relaxation time? 
Ans: Due to sudden disappearance of an electric field across a metal the average velocity of its conduction electrons decays exponentially to zero. And the time required in this process for the average velocity to reduce to l/e times its value just when the field is turned off, is known as relaxation time.

 20. What is the meant by drift velocity? 

Ans: The velocity of the electron in the steady state in an applied electric field is called the drift velocity (m/s).

 21. If the dimension of the wire is changed, will it affect the value of EF?

 Ans: No, EF depends on the temperature & material but not on the dimension. 

22. From where does the Fermi level concept come from?

 Ans: It comes from Fermi Dirac statistics.

23. What is the importance of Fermi energy? 

Ans: It helps to understand electrical & thermal properties of solids. It explains why electrons do not contribute significantly to the specific heat of solids at room temperature T. it gives information about the velocity of electrons which participate in ordinary electrical conduction.

 24. What is the effect of atomic number Z on EF & TF?
Ans: As Z value decreases EF & TF increase. 
Experiment No. 9
Wavelength of LASER using Grating
AIM: To determine the wavelength of the given source of semiconductor laser.

APPARUTS: 
Diode Laser source, grating, holder, scale, screen, base etc.,

FORMULAE:
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(a+b) = [image: image44.png]1

Number of lines per metrs on the grating




n – order of spectrum

λ – wavelength of Laser

(a+b) – Grating constant

Xm  - Distance between zero order spot & first order spot

f  - distance between screen and grating element

DIAGRAM:
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PROCEDURE:

1. Place the Laser source on the holder and mount on the heavy base.

2. Hold the grating and screen in their respective holders and base,

3. Place the grating between laser source and screen as shown in figure.

4. Grating and screen should be perpendicular to the incident Laser beam.

5. The Laser beam after passing through the grating will split into zero, first and second order beam as shown in figure.

6. Mark zero order, first & second order spots on the screen

7. Measure the distance between corresponding first order spots on both the sides of central spot and half of this distance is Xm1.

8. Measure the distance between corresponding second order spots on both the sides of central spot and half of this distance is Xm2.

OBSERVATION:

Distance between screen and grating element (f) = ………. m

No. of lines per inch on the grating (N) = 15000

Grating element (a+b) = [image: image47.png]2.54x1077
15000



 m
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TABLE:

	XL1
	XR1
	Xm1
	XL2
	XR2
	Xm2
	λ1
	λ2
	Mean λ

	
	
	
	
	
	
	
	
	


RESULT:

Wavelength of the given source of semiconductor Laser = ….. …….. Å

CALCULATIONS:

Viva-voce Questions and Answers

1. What is the principle behind this experiment?

Ans: The principle behind this experiment is Diffraction of Light.

2. What do you mean by diffraction?

Ans: Bending of light rays, round sharp obstacle or slit is known as Diffraction.

3. What is grating? What is grating element?

Ans: A grating is an arrangement of a large number of very narrow slits separated by very narrow opaque surfaces. Typical number of slits is 15000 slits per inch. A grating element is the width of one slit and its adjacent opaque surface. For the above typical value, the grating element is (2.56/15000) cms = 1.6933× 10-4cms

4. What is the function of a collimator?

Ans: A collimator is used to obtain a narrow pencil of parallel rays.

5. In the grating experiment if sodium lamp is replaced by X rays, what will be observed?

Ans: The diffraction effects can be observed only if the width of the slit or the obstacle is comparable with that of the wavelength of light used. As the wavelength of X rays is 1 to 10 Å and the slit width is 1.6933× 10-4 cms = 1.6933 Å, the X rays cannot be diffracted from this particular grating.

6. If a polycromatic mercury source is used instead of monochromatic sodium source, which color will be diffracted more, violet or yellow?

Ans: Angle of diffraction varies directly with the wavelength. So, yellow color with higher wavelength will be diffracted more than the violet color which has smaller wavelength.

                                            Experiment No. 10
Numerical Aperture using optical fiber
Aim:  To determine the Acceptance angle and Numerical aperture of the given optical fiber.

APPARATUS: Laser source, Optical fiber, Screen, Scale.

PRINCIPLE:  The Sine of the acceptance angle of an optical fiber is known as the numerical aperture of the fiber. The acceptance angle can also be measured as the angle spread by the light signal at the emerging end of the optical fiber. Therefore, by measuring the diameter of the light spot on a screen and by knowing the distance from the fiber end to the screen, we can measure the acceptance angle and there by the numerical aperture of the fiber.

FORMULA: 

The Acceptance angle, 
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Where D – the diameter of the bright circle formed on screen,

L – the distance between the optical fiber end and screen and the Numerical Aperture,
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diagram:

Procedure:

· Switch on the laser source and adjust the distance between output end of the optical fiber and the screen ‘L’ (say 5 cm).

· Place a graph sheet on the screen and observe the circle formed on the graph sheet.

· Mark the points ‘a’,’b’,’c’ & ‘d’ on the inner bright circle as shown in the diagram. Note down the horizontal diameter D1 and vertical diameter D2 of the inner bright circle in the tabular column.

· Repeat the above steps for different values of L (for 4cm, 3cm, ……. )

· Find the Acceptance angle from the tabular column and hence the Numerical aperture.

Tabular column:

	Trail No.
	L

(in cm)
	Horizontal diameter D1
(in cm)
	Vertical diameter D2
(in cm)
	Mean Diameter D

(in cm)
	Acceptance angle 
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	Numerical aperture NA
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Result:  The Angle of acceptance and Numerical aperture of the given optical fiber are found to be
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CALCULATIONS:

Viva- Voce Questions: 

1. What is numerical aperture? 

Ans: Numerical aperture is thus considered as a light gathering capacity of an optical fibre. Numerical Aperture is defined as the Sine of half of the angle of fibre's light acceptance cone. i.e. NA= Sin θ0 where θ0, is called acceptance cone angle.

2. What is acceptance angle? 

Ans: The acceptance angle of an optical fiber is defined: It is the maximum angle of a ray (against the fiber axis) hitting the fiber core which allows the incident light to be guided by the core.

3. How do you explain total internal reflection? 

Ans: When light goes from a denser medium to a less dense medium, as the angle of incidence exceeds the critical angle, the ray reflects back to the denser medium. This phenomenon is called Total Internal Reflection. Total Internal Reflection is a very efficient reflection, as the loss of light energy is almost negligible. Example: such as glass to air or water to air 

4. Give some lively examples which use total internal reflection? 

Ans: Total internal reflection is the operating principle of optical fibers, which are used in endoscopes and telecommunications. 

5. What is optical fibre? 

Ans: An optical fiber is a very thin strand of plastic or glass that is used to transmit messages via light 

6.   Mention the types of optical fiber. 

Ans: Single mode fiber is optical fiber that is designed for the transmission of a single ray or mode of light as a carrier and is used for long-distance signal transmission. Multimode fiber is optical fiber that is designed to carry multiple light rays or modes concurrently, each at a slightly different reflection angle within the optical fiber core. Multimode fiber transmission is used for relatively short distances because the modes tend to disperse over longer lengths (this is called modal dispersion). 

7. What are the applications of optical fiber? 

Ans: Internet: Fiber optic cables transmit large amounts of data at a very high speeds. This technology is therefore widely used in internet cables. As compared to traditional copper wires, fiber optic cables are less bulky, lighter, more flexible and carry more data. 

Cable Television: The use of fiber optic cables in the transmission of cable signals has grown explosively over the years. These cables are ideal for transmitting signals for high definition televisions, because they have greater bandwidth and speed. Also, fiber optic cables are cheaper as compared to the same quantity of copper wire.

Telephone: Calling telephones within or outside the country has never been so easy. With the use of fiber optic communication, you can connect faster and have clear conversations without any lag on either side. 

8. What is attenuation? 

Ans: Attenuation or loss in optical fibers basically refers to the loss of power. During transit, light pulse loses some of their photons, thus reducing their amplitude. Attenuation for a fiber is usually specified in decibels per kilometer. The degree of attenuation depends on the wavelength of light transmitted. Attenuation measures the reduction in signal strength by comparing the output power with input power. Measurements are made in decibels (dB). The basic measurement for loss is done by taking the logarithmic ratio of input power (Pi) to the output power (Po). 

9. What is bending loss and types of bending loss in optical fibers? 

Ans: Transmission loss in the fiber during its propagation through the optical fiber cable. Types of bending losses in optical fiber are 

1. Addition of impurity to fiber. 

2. Material composition loss. 

3. Absorption & scattering loss. 

4. Radiation loss 

10. What are the advantages of optical fiber?

 Ans: 1. Greater bandwidth.

          2. Low attenuation and greater distance 

          3. Security

 11. What is step index and graded index fiber of an optical fiber?

 Ans: Step Index fiber: A step-index profile is a refractive index profile characterized by a uniform refractive index within the core and a sharp decrease in refractive index at the core-cladding interface so that the cladding is of a lower refractive index. 

In fiber optics, a graded index is an optical fiber whose core has a refractive index that decreases with increasing radial distance from the optical axis of the fiber.

Experiment No. 4
Charging and Discharging of a Capacitor
AIM: To determine the dielectric constant of the given material by the method of charging and discharging of the capacitor.

APPARATUS: Digital stop clock, digital voltmeter, resistor, capacitor and D.C. power supply.

PRINCIPLE: The capacity of a capacitor is directly dependent on the dielectric medium placed between the plates of the capacitor. When a capacitor is charged through a resistor, the voltage across the capacitor increases exponentially over time. Similarly, when the capacitor is discharged through the same resistor the voltage decreases exponentially. The time corresponding to the point where the charging and discharging curves meet is known as time constant. By knowing the time constant, area of the capacitor plates and the resistance through which it is charged, the dielectric constant of the medium between the plates of the capacitor can be calculated using the given formula.

FORMULA: 

Where Tp
Time interval at which Vc = Vd.

          d
 Thickness of dielectric material = 0.075 mm.


  A

      Area of the plates of capacitor





( for C1, A = 0.235 X 10-3 m2,
    




   for C2, A = 0.72 X 10-3 m2, and



   for C3, A = 1.098 X 10-3 m2 )


   R 
Resistance (100 kΩ)
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Permittivity of free space = 8.85 X 10-12 ( Fm-1)

CIRCUIT DIAGRAM: 

                                                                                                                 [image: image57.png]



PROCEDURE: 

· Electrical connections are made as shown in circuit diagram by selecting a resistance R and a capacitor C. Say, R = 100 KΩ and a capacitor C1/ C2/ C3.

· Switch on the power supply and check whether the voltage across the capacitor is zero or not. If it is not zero discharge the capacitor by short connecting the two terminals of the capacitor.

· Throw the switch S1 to charge position and reset the clock. Note down the first reading for time t = 0 sec.   

· Now, switch S2 is thrown to start position and after every 5 sec note down the voltmeter reading. ie., for t = 5, 10, 15, 20, 25…………….sec.

· This is continued until the capacitor is charged to its maximum value. ie. The voltage developed across the capacitor becomes almost a constant.

· Now reset the clock and through the switch S1 to discharge mode simultaneously.

· Note down the first reading for time t = 0 sec. The first reading of the discharging mode must be equal the last reading of the charging mode.

· Now, switch S2 is thrown to start position and after every 5 sec note down the voltmeter reading. ie., for t = 5, 10, 15, 20, 25…………….sec.

· This is continued until the capacitor discharged fully.

· A graph of voltage versus time is plotted for both charging and discharging of the capacitor in the same graph as shown in the figure.

· The charging and discharging curves intersects at a point P, where the voltage across the capacitor during charging and discharging remains the same. The time corresponding to the point P, ie., Tp is noted.

· The dielectric constant k, is calculated by using the formula.

TABULAR COLOUMN:





Specimen graph:
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CALCULATION:

for C1, 
A = 0.235 X 10-3 m2


d = 0.075mm and R = 100 kΩ
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Result: The dielectric constant of the material used in the given capacitor is found to be, 

K = 

Experiment No. 5
Photo-Diode Characteristics
AIM: To study the I-V reverse bias characteristics of the photodiode 

APPARATUS : Photodiode, Bulb, power supplies and Ammeter, micro ammeter, Voltmeters.

PRINCIPLE: Photodiode is a two terminal junction diode in which the reverse saturation current changes when it’s reverse biased junction is illuminated by suitable wavelength of light. This small amount of reverse saturation current is due to thermally generated electron-hole pairs.  The number of these minority charge carriers depends on the intensity of light incident on the junction.  When the diode is in a glass package, light can reach the junction and thus changes the reverse current.

Formula: 
Responsivity of the Photo diode, R = slope of the graph
ampere /watt

CIRCUIT DIAGRAM:

PROCEDURE:-

To study the reverse bias characteristics of the photodiode.

1) The electrical connections are made as shown in the circuit diagram; 

2) The photo diode is moved towards the bulb and the distance between them is adjusted to around 1cm.

3) The Power supplies are switched on and the voltage across the bulb is increased or the distance between the bulb and the diode is adjusted till the micro ammeter reads photocurrent of 5(A. 

4) For this fixed intensity of the bulb the reverse bias voltage across the photodiode varied as 1, 2, 3 and 4 volts and the corresponding micro ammeter reading is recorded in the tabular column.
5) The experiment is repeated by varying the intensity of the bulb for 10(A and 15(A of photo currents.

6) The graph is plotted between current versus voltage for different intensity of the bulb in the third quadrant of the graph, because the current and voltages are for the reverse bias.    
7) The characteristics of photodiode in reverse bias condition are obtained as shown in the specimen graph.
Specimen graph:-


Photo diode reverse characteristics curves

       

Photo diode Responsivity graph


OBSERVATIONS:

Reverse bias characteristics

	Sl No.
	For various Intensity of the Bulb

	
	Low intensity 
	Moderate intensity 
	High intensity 

	
	Biasing voltage in volts
	Current(I)

in (A
	Biasing voltage in volts
	Current (I)

in (A
	Biasing voltage in volts
	Current (I)

in (A

	1
	0
	
	0
	
	0
	

	2
	1
	
	1
	
	1
	

	3
	2
	
	2
	
	2
	

	4
	3
	
	3
	
	3
	

	5
	4
	
	4
	
	4
	


Result: - The I-V characteristics of the given photodiode for different intensity of light is as represented in the graph. From the graph it is clear that the reverse saturation current is independent of biasing voltage and depends only on light intensity.

Experiment No. 6
Series LCR
AIM:  a) To study the frequency responses of the Series resonance circuits.                 

b) To determine the inductance, bandwidth and quality factor of the circuit.

APPARATUS REQUIRED: Audio frequency oscillator, wideband a .c. mille ammeter, inductance of unknown value, resistor and capacitor of known values, patch cords etc.

FORMULAE:
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Where f1 and f2 are lower and upper cut off frequencies.

CIRCUIT DIAGRAM:
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Fig.1. Series resonance
PROCEDURE:
Series Resonance

The Required circuit diagram is shown in figure l.   Make the connections as per the circuit diagram. Switch on the supply points and adjust the output of the oscillator to approximately 10 V, which should be kept constant throughout the experiment. Increase the frequency f from 100 Hz to 1 KHz in steps of 50 Hz and note down the corresponding readings of the current I in mA from the milli ammeter.


Plot a graph between frequency f and current I as shown in figure3.  Note down the values of f1, f2, fr and Imax from graph.  

OBSERVATION:  Resistance = 200 Ω,
Capacitance = 0.5μF
GRAPH
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TABULAR COLUMN
	Frequency (Hz)
	Series Resonance

Current I(mA)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


RESULTS:-

SERIES LCR CIRCUIT                                        

1. Resonance frequency fr =

2.Frequency Band width (BW) =




3.Quality factor Q =




CALCULATIONS:

Experiment No. 7
Parallel LCR
AIM:  a) To study the frequency responses of the parallel resonance circuits.                 

b) To determine the inductance, bandwidth and quality factor of the circuit.

APPARATUS REQUIRED: Audio frequency oscillator, wideband a .c. mille ammeter, inductance of unknown value, resistor and capacitor of known values, patch cords etc.

FORMULAE:
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Where f1 and f2 are lower and upper cut off frequencies.

CIRCUIT DIAGRAM:
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      Fig. 1 Parallel resonance
PROCEDURE:
Parallel Resonance


The required circuit diagram is shown in figure 1.  Make the connections as per the circuit diagram – vary the frequency and note down the corresponding circuit currents as earlier.  Plot a graph between f and I as shown in figure 4.   Find out f1, f2, fr & Imin.  
OBSERVATION:  Resistance = 200 Ω,
Capacitance = 0.5μF
GRAPH
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TABULAR COLUMN
	Frequency (Hz)
	Parallel Resonance

Current I(mA)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


RESULTS:-

PARALLEL LCR CIRCUIT

1. Resonance frequency fr =

2. Frequency Band width (BW) =





3. Quality factor Q =




CALCULATIONS:

Viva-voce Questions and Answers

 1   What is the function of A.F. oscillator? 

     Ans:  An A.F oscillator is a device which can produce sinusoidal waveforms of any desired frequency ranging from 20Hz to 20 KHz

 2   What is meant by resonance?

Ans: When the applied frequency matches with the natural frequency of a body, the    amplitude   of vibration becomes maximum. This phenomenon is called as  resonance. 

3   What do you mean by sharpness of resonance?

Ans: It is a measure of the rate of fall of current amplitude from its maximum value at resonance frequency to on either side of it.

4   What is resonance frequency?

     Ans: The frequency at which the resonance occurs is called resonance frequency. 

5   What are forced vibrations?

Ans:  Forced vibrations are the vibrations in which a body vibrates with a frequency other    than its natural frequency under the influence of an external force.

6  What is bandwidth of series circuit?

     Ans:  The range of frequencies between the cut-off frequencies is called bandwidth.

 7  Define quality factor of a series circuit.

     Ans: The ratio of a resonant frequency of a circuit to its bandwidth is called quality factor. 

8  Why is the series circuit called as acceptor circuit?

Ans: Because it accepts one frequency component out of the input signals having different frequencies. The accepted frequency is equal to its own resonance frequency.

9  Why parallel resonance circuit is called a rejecter circuit?

     Ans: Because it rejects the signal having same frequency as its own frequency.

10  What is the importance of series resonance circuits? 

Ans: For high frequency A.C in radio communications, a series resonance circuit is used. LCR circuits are used in frequency filter circuits like high pass filter, low pass filter and band pass filter.

Experiment No. 8

Magnetic Field at any point along the axis of a circular coil
AIM: To determine the magnetic field intensity along the axis of a circular coil carrying current and earth’s horizontal magnetic field by deflection method.

APPARATUS: Deflection magnetometer, sprit level, commutator, ammeter, variable power supply and connecting wires.

PRINCIPLE: 

FORMULA:
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where B – the magnetic field intensity at the centre of a circular coil,


n – number of turns in the TG coil,


a – radius of the coil 

x – distance between the centre of the coil and pointer in the                            compass box 
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- permeability of free space = 4πx10-7 Hm-1.


I – the current through the coil
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Where BH – horizontal component of earth’s magnetic field and 


θ – Mean deflection in TG.
CIRCUIT DIAGRAM:


PROCEDURE:

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

2. Arrange the deflection of the magnetometer in the magnetic meridian of the earth

3. Now align the plane of the coil with respect to 90°-90° line of the magnetometer.

4. Keep the magnetometer exactly at the centre of the coil (for this case x = 0).

5. Pass a current I (say 0.5A) to flow through the coil and the corresponding magnetometer deflections θ1 and θ2 are noted.

6. The direction of the current is reversed by using the commutator C and the corresponding magnetometer deflections θ3 and θ4 are noted.

7. Average deflection θ is calculated.

8. Calculate the magnetic field at the centre of the coil by using the given formula 
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 and also BH .

9. Repeat the experiment for different values of x ( say 5cm, 10cm, …) by sliding the magnetometer along the axis.

10. Find the average of both B and BH.

Tabulor column:

	Sl. No.
	Current I in A
	X 

in m
	Deflections in degrees
	Average θ in degree
	B

in T
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in T

	
	
	
	θ1
	θ2
	θ3
	θ4
	
	
	

	1
	1.8
	0
	
	
	
	
	
	
	

	2
	
	0.05
	
	
	
	
	
	
	

	3
	
	0.1
	
	
	
	
	
	
	

	4
	
	0.15
	
	
	
	
	
	
	

	5
	
	0.20
	
	
	
	
	
	
	


RESULT:


The magnetic field intensity along the axis of the given circular coil is calculated and is as shown in the tabular column. 

At the center (x = 0) it is found to be B = ………….T and 

The Earth’s horizontal magnetic field intensity is found to be BH =…………….T

CALCULATIONS:

Viva voce questions & answers: 
1. What is Faraday’s law? 

Ans: The induced electromotive force in any closed circuit is equal to the negative of the time rate of change of the magnetic flux through the circuit. It is a basic law of electromagnetism predicting how a magnetic field will interact with an electric circuit to produce an electromotive force (EMF). 

2.  What is Biot Savart’s Law? 

Ans: According to this law, the magnetic  field strength (the magnetic field) at a point P, which is at a distance of R unit away from a current carrying conductor, varies as follows, dB is directly proportional to current (I); dB is directly proportional to the sine of angle of θ dB is directly proportional to dl; and dB is inversely proportional to R2 𝑖. 𝑒. , 𝑑𝐵 = 𝜇0𝐼𝑑𝑙 𝑠𝑖𝑛𝜃 /4𝜋𝑟2
 3.  What is magnetic permeability?

 Ans: It is the degree of magnetization that a material obtains in response to an applied magnetic field. 

4.  What is the purpose of a plane mirror in the deflection magnetometer?

 Ans: It is used to avoid the parallax error while taking readings. 

5. What is the unit of ‘B’? 

Ans: Tesla or Weber/m2 or Gauss. 1Gauss= 10-4 Tesla

6. What is a null point?

 Ans: A null point is a point at which the resultant or total magnetic field induction B Is zero. 

7. What happens to the value of ‘B’ if the current value is doubled? 

Ans: The value of B also gets doubled. 

8.  What is a commutator? 

Ans: It is a device used to reverse the direction of current. 

 9. What is the importance of Stewart gee’s galvanometer?

 Ans: To verify the variation of magnetic field occurring due to a circular current carrying a coil. 

11. What is Tangent law?

 Ans: 𝐵 = 𝐵𝐻tanθ.

12. How do you arrange the instrument to satisfy the law? 

Ans: The arms of the Stewart gee’s galvanometer must be kept in the East west direction so that the circular coil is in the  North south magnetic meridian direction. Without passing the current the aluminum pointer should be read 0-0 in the compass box. 

13. Formula for magnetic field due to circular coil? 

Ans. 𝑑𝐵 = 𝜇0𝐼𝑑𝑙 𝑠𝑖𝑛𝜃/ 4𝜋𝑟2
14. Why the curve is parabolic?

Ans: As per the formula the field decreases about the y-axis since the denominator value ‘x’ increases.
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15. Explain the curve? 

Ans: The curve is parabolic in nature and symmetric about Y-axis.in other words the magnetic field decreases symmetrically on either side of the coil w.r.t the distance ( 1/𝑥3) on either side of the coil. 

16. What is the importance of magnetic component of earth’s field?
 Ans: For all practical purposes horizontal component (𝐵𝐻 = 0.38 𝑜𝑒𝑟𝑠𝑡𝑒𝑑) is taken in to account, as the resultant magnetic field of earth B = 0.4 𝑜𝑒𝑟𝑠𝑡𝑒𝑑. The suspended magnet or magnetic needle aligns in the direction of 𝐵𝐻 practically. 

17. What is the Application of magnetic field due to circular coil? 

Ans. The magnetic field due to circular coil is mainly used in designing galvanometers, electric motors, etc.,
Experiment No. 9

PLANCK’S CONSTANT USING LEDs

Aim: Determination of Planck’s Constant using LEDs

Apparatus: Planck’s constant experimental setup consisting of 0-10V peak to peak sine wave generator, digital peak reading voltmeter and different known wavelength LED lights 

Introduction

Max Planck’s quantum theory and Albert Einstein’s theory of relativity have forced man to change some of his most cherished philosophical beliefs. Understanding atomic and subatomic process in quantum theory and understanding space and time in relativity are the fundamental theories of 20th century physics.

Max Planck in his paper published [1] in 1900 announced his derivations based on his revolutionary idea. “ The energy emitted by a resonator (black body radiator) is in discrete values or in quanta”

The packet of energy is given by

E  h…(1)

Where “h” is a universal constant now called as Planck’s constant in honor of the inventor. For Planck it was a “lucky guess” rather than a firm conclusion. He theoretically calculated the value of the constant appearing in his equation and obtained

h = 6.55x10-34 Joules Second ( Js).

which is very close to the present value h = 6.626x10-34 Js. In 1913, R M Millikan performed series of experiments and determined Planck’s constant (h = 6.626x10-34 Js) very accurately.

Very recently high-precision measurements of Planck’s constant is performed using laser interferometer and super conducting magnets [2,3]. The value obtained is h = 6.62606891x10-34 Js, which is the same as the one obtained by Millikan.

In lab experiments, Planck’s constant is determined using Phototube and Einstein’s equation. Phototube is obsolete at present and the one available in the market are more than 50 years old. Because of the aging effect, these tubes are not reliable. Getting accurate and consistent results are not guaranteed in such phototubes. Hence, we are introducing a new method based on solid- state lamp. LEDs are available in different colors and could be made use in the determination of “h”. Wavelengths of the light emitted can be determined either forming Newton’s rings [4] or using a diffraction grating [5].
Light Emitting Diode (LED)

LED is a two terminal solid-state lamp, which emits light with very low voltage and current. The light energy radiated by forward biasing is given by equation-1.

E = hc…………(2)

λ
Where
c is the velocity of the light

λ is the wavelength of the light emitted and 1/λ is the wave number h is Planck’s constant

If V is the forward voltage applied across the LED terminals that makes it emit light (it is also called forward knee voltage) then the energy given to the LED is given by

E = eV,,,,,,,,,,,,,,,,,(3)

Where e is electronic charge

LEDs are very high efficiency diodes and hence this entire electrical energy is converted into light energy, then equating equations 2 and 3,

eV = hc   ,,,,,,,,,,,,,(4)

λ
From which Planck’s constant is given by

h = eVλ------------(5)

c
In equation-5 for different wavelength light, the forward knee voltage is determined and the value of h is calculated. Moreover, e/c =5.33 x 10-28 coulomb/meter is a universal constant and hence the product λV must be a constant. This enables the determination of Planck’s constant.

Experimental Procedure

1. The circuit is rigged as shown in Figure-2. The input to the LED is an ac signal. The rectified output appears across the LED is a unidirectional pulsating. Hence, a peak reading meter is used to read voltage across the LED.

2. Using a digital peak reading voltmeter the voltage across the LED is measured and recorded in Tabular column1 for given color LED light.

3. Trial is repeated by changing the LED and the corresponding knee voltage is noted in Tablular column.

4. The product of wavelength and knee voltage is determined and its average value is calculated.

5. Planck’s constant is calculated using equation-5.

6. A graph is drawn taking wavelength along X-axis and knee voltage along Y-axis as shown in Figure-1.

CIRCUIT DIAGRAM: Knee voltage determination

1K


+10V
+5V 0




Input 200Hz Sine wave




Peak reading voltmeter
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Tablular Column: Knee voltage for different color LED using peak reading meter
	Color
	Wavelength (nm)
	Knee Voltage (V)
	λVx10-9

	Yellow
	576
	
	

	Green
	548
	
	

	Blue
	350
	
	

	Red
	620
	
	

	                      Average λV = 




Figure-1: Nature of Graph: Variation of knee voltage with wavelength
Result: The Planck’s constant (h) calculated experimentally = ………….Js
Experiment No. 10

Fermi Energy
Aim: To Determine the Fermi energy of a given metal (Copper) by studying the variation of its resistance with temperature.
Apparatus: Copper Wire, Digital Voltmeter, Digital Ammeter, DC Power Supply, Thermometer, Beaker, Heater & Connecting Wires.

Formula:   

EF= [image: image80.png]



Where, 

n = No. Density of electrons = 8.464 X 1028 / kg mol
e = Charge of the Electron = 1.602 X 10-19 C     m = mass of an electron = 9.11 x 10-31 kg

                                 A = λF X T    (λF = Mean Free Path in Copper & T = Room Temp)

                                       A =   2.32 X 10-8 m X 305 K 

A = 7.07 X 10-6 m

r = The Radius of the Wire (m) = 0.26 X 10-3 m2

L = Length of the Copper Wire (m) = 3.6 m
[image: image82.png]AT



 = The Slope of the Straight Line Obtained By Plotting Resistance of the Metal against Absolute Temperature of The Metal (Ω/K)
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 EF = 4.5 X 10-13 X  [image: image86.png]


 eV
Circuit Diagram: 

[image: image87.emf]
Nature of the Graph 


Procedure: 

10. Circuit connections are made as shown in the fig.

11. Standard copper wire is taken in the form of coil.

12. The coil is immersed in the water bath and a thermometer is immersed to read the temperature.

13. Temperature is increased till 95o C and allowed to cool down to 50o C.

14. At an interval of 5o C difference the values of current and voltage are recorded in the tabular column. 

15. Resistance is computed using the relation R = V/ I.

16. A graph of resistance versus temperature is plotted.

17. Slope of the graph is measured. This gives the value ΔR / ΔT.

18. The value is expressed in electron volts, from the value of Fermi energy in joule.

Tabular Column 

	Temperature
	Voltage

(mV)
	Current

(mA)
	Resistance 

(Ω)

	0C
	K
	
	
	

	95
	
	
	
	

	90
	
	
	
	

	85
	
	
	
	

	80
	
	
	
	

	75
	
	
	
	

	70
	
	
	
	

	65
	
	
	
	

	60
	
	
	
	

	55
	
	
	
	


Calculation: 
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 EF = 4.5 X 10-13 X  [image: image91.png]


 
                     EF=_______________ × 6.24 × 1018
                                                           EF=_______________eV

Result: The Fermi energy of given copper wire is found to be ……………………eV
CALCULATIONS:

Viva-voce Questions and Answers

1. What is Fermi level? 

Ans: The highest energy level in the valence band occupied by electrons in a crystal at absolute zero temperature is called Fermi level. 

2. What is Fermi energy? 

Ans; The energy corresponding to the Fermi level is called Fermi energy.

3. What is the importance of Fermi energy? 

Ans: Electrical conduction takes place only when electrons acquire energy above the Fermi energy. 

4. What is Fermi factor? 

Ans: Fermi factor is the probability of occupation of a given energy state for a material in thermal equilibrium.

 5. What is the probability of occupation for E > EF at T=0 K? 

Ans: The probability of occupation f (E) =0 for E > EF at 0K. 

6. What is the probability of occupation for E > EF at T=0 K?

Ans: The probability of occupation f (E) =0 for E > EF at 0K.

7. What is the probability of occupation at ordinary temperatures? 

Ans: For E= EF the probability of occupation f (E) =1/2 at ordinary temperatures.

8. What is Fermi temperature (TF)?

Ans; It is the temperature at which the average thermal energy of the free electrons in a solid becomes equal to the Fermi energy at 0 K. At this temperature gas can be considered degenerate. It depends on mass of fermions and energy. 

9. What is Fermi velocity?

Ans: The velocity of the electrons which occupy the Fermi level is called the Fermi velocity VF. It is measured by VF = 2EF / m 

10. What is the unit for Fermi energy?

Ans: Its unit is eV. 1eV is the energy possessed by electron when unit charge is accelerated through a potential of 1Volts. 1 eV = 1.6 x 10-19C x 1V = 1.6x10-19 J.

11. What is the relation between EF & TF ? 

Ans: EF = kBTF, where kB is Boltzmann constant. 

12. What is meant by Fermi Dirac distribution?

Ans: It is the representation which depicts the details of distribution of electrons among the various available energy levels of a material under thermal equilibrium conditions. Fermi factor is called a Fermi Dirac distribution function.

13. What are the factors on which EF depends? 

Ans: EF depends on the material and the temperature.

14. Are the energy levels lying above EF are empty at 0 K? 

Ans: Yes, they are empty, but below EF are filled.

15. How many electrons are there in each energy level?

Ans: According to Pauli’s exclusion principle, there are 2 electrons in each energy level.

16. State Pauli’s exclusion principle?

 It states that no two electrons, having same quantum number can occupy the same energy levels in same time. 

17. What is meant by mean free path?

 Ans: It is the average distance traveled by the conduction electrons between successive collisions with lattice ions. It is measured in m.

18. What is meant by collision time?

Ans: The average time that elapse between two successive collisions of an electron with the lattice points is called mean collision time.(
19. What is meant by relaxation time? 
Ans: Due to sudden disappearance of an electric field across a metal the average velocity of its conduction electrons decays exponentially to zero. And the time required in this process for the average velocity to reduce to l/e times its value just when the field is turned off, is known as relaxation time.

 20. What is the meant by drift velocity? 

Ans: The velocity of the electron in the steady state in an applied electric field is called the drift velocity (m/s).

 21. If the dimension of the wire is changed, will it affect the value of EF?

 Ans: No, EF depends on the temperature & material but not on the dimension. 

22. From where does the Fermi level concept come from?

 Ans: It comes from Fermi Dirac statistics.

23. What is the importance of Fermi energy? 

Ans: It helps to understand electrical & thermal properties of solids. It explains why electrons do not contribute significantly to the specific heat of solids at room temperature T. it gives information about the velocity of electrons which participate in ordinary electrical conduction.

 24. What is the effect of atomic number Z on EF & TF?

Ans: As Z value decreases EF & TF increase. 
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