
 

Theory                                                         Credits: 3                                                              3hrs/week 

 

COURSE OBJECTIVE:  
 

 This course provides students with a broad understanding of the physical principles of the oscillations, to 

help them develop critical thinking and quantitative reasoning skills, to empower them to think creatively 

and critically about scientific problems and experiments. 

LEARNING OUTCOMES: 

 

The student should be able  

1. To describe the basic characteristics of waves such as frequency, wavelength, amplitude, period, 

and speed.  

2. To utilize mathematical relationships related to wave characteristics. 

3. To compare particle motion and wave motion in different types of waves.  

4. To distinguish between Longitudinal and Transverse waves.  

5. To get the knowledge about how to construct and analysis the square waves, saw tooth waves, 

etc. from Fourier analysis 

 

UNIT-I Simple Harmonic oscillations                 

 

Simple harmonic oscillator and solution of the differential equation-Physical characteristics of SHM, 

torsion pendulum-measurements of rigidity modulus, compound pendulum- measurement of ‘g’, 

Principle of superposition, beats, combination of two mutually perpendicular simple harmonic 

vibrations of same frequency and different frequencies.  Lissajous figures. 

 

UNIT-II Damped and forced oscillations                  

 

Damped harmonic oscillator, solution of the differential equation of damped oscillator.  Energy 

considerations, comparison with un-damped harmonic oscillator, logarithmic decrement, relaxation 

time, quality factor, differential equation of forced oscillator and its solution, amplitude resonance and 

velocity resonance. 

 

 

 

UNIT-III Complex vibrations                          9hr 

 

Fourier theorem and evaluation of the Fourier coefficients, analysis of periodic wave functions-square 

wave, triangular wave, saw tooth wave, simple problems on evolution of Fourier coefficients. 

 

 

UNIT-IV Vibrating Strings and Bars                     

 

Transverse wave propagation along a stretched string, general solution of wave equation and its 

significance, modes of vibration of stretched string clamped at ends, overtones and harmonics. Energy 



 

transport and transverse impedance. Longitudinal vibrations in bars-wave equation and its general 

solution.  Special cases (i) bar fixed at both ends (ii) bar fixed at the midpoint (iii) bar fixed at one end.  

Tuning fork. 

 

UNIT-V Ultrasonics:                   

 

Ultrasonics, properties of ultrasonic waves, production of ultrasonics by piezoelectric and magneto 

strictive methods, detection of ultrasonics, determination of wavelength of ultrasonic waves. 

Applications and uses of ultrasonic waves. 
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SEMESTER-II 

COURSE 4:  WAVES AND OSCILLATIONS 

Practical                                                         Credits: 1                                                              2hrs/week 

 

 



 

COURSE OBJECTIVE:  

This course provides students with a broad understanding of the physical principles of the oscillations, to 

help them develop critical thinking and quantitative reasoning skills, to empower them to think creatively 

and critically about scientific problems and experiments. 

LEARNING OUTCOMES: 

1. Students are made to determine the unknown frequency of tuning fork by volume resonator 

experiment  

2. Students are made to determine ‘g’ by compound/bar pendulum  

3. Students are made to determine the force constant of a spring by static and dynamic method. 

4. Students are made to determine the elastic constants of the material of a flat spiral spring. 

5. Students are made to verify the laws of vibrations of stretched string –sonometer 

6. Students are made to determine the frequency of a bar –Melde’s experiment. 

7. Students are made to study the damped oscillation using the torsional pendulum immersed in 

liquid-decay constant and damping correction of the amplitude. 

8. Students are made to form Lissajous figures using CRO. 

 

Minimum of 6 experiments to be done and recorded 

 

Experiments 

 

1. Volume resonator experiment  

2. Determination of ‘g’ by compound/bar pendulum  

3. Simple pendulum normal distribution of errors-estimation of time period and the error of the mean by 

statistical analysis 

4. Determination of the force constant of a spring by static and dynamic method. 

5. Determination of the elastic constants of the material of a flat spiral spring. 

6. Coupled oscillators 

7. Verification of laws of vibrations of stretched string –sonometer 

8. Determination of frequency of a bar –Melde’s experiment. 

9. Study of a damped oscillation using the torsional pendulum immersed in liquid-decay constant and 

damping correction of the amplitude. 

10. Formation of Lissajous figures using CRO. 

 

STUDENT ACTIVITIES 

 

Unit-I Simple Harmonic oscillations: 

 

Activity: Measuring the period of a simple pendulum and verifying the relationship 

between the period and the length of the pendulum. Students can use a stopwatch and a 

ruler to measure the time for a fixed number of oscillations and calculate the period. 

 

Unit-II Damped and forced oscillations: 

 



 

Activity: Measuring the damping coefficient of a mass-spring system and calculating the 

quality factor. Students can measure the amplitude of the system as it undergoes damped 

oscillations and use the logarithmic decrement formula to calculate the damping 

coefficient. They can then use the formula for the quality factor to evaluate the quality of 

the system. 

 

Unit-III Complex vibrations: 

 

Activity: Constructing a square wave using Fourier series and analyzing its Fourier 

coefficients. Students can use a software tool or a programming language to generate a 

square wave and then compute the Fourier coefficients. They can then plot the magnitude 

spectrum of the waveform and observe the harmonic components. 

 

Unit-IV Vibrating Strings and Bars: 

 

Activity: Measuring the speed of sound in a metal rod and comparing it with the theoretical 

value. Students can use a microphone and an oscilloscope to measure the time delay 

between two reflections of a sound pulse in the rod. They can then use the formula for the 

speed of sound in a solid to calculate the speed and compare it with the theoretical value. 

 

Unit-V Ultrasonics: 

 

Activity: Measuring the wavelength of ultrasonic waves using the diffraction of light. 

Students can use a laser and a diffraction grating to create a diffraction pattern of an 

ultrasonic wave. They can then measure the distance between the diffraction fringes and 

use the formula for the diffraction of light to calculate the wavelength of the ultrasonic 

wave. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SEMESTER-III 

COURSE 5:  OPTICS 


