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SEMESTER-II 

COURSE 4: WAVES AND OSCILLATIONS 

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. 
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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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