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Problem Set #01 (W&O0), Topic: SHM (undamped), Lissajous Figure

Multiple Choice Question

MCQ#01: At which position of a simple harmonic oscillator is the kinetic energy maximum?
(A) At the maximum displacement (B) At the equilibrium position
(C) At the minimum displacement (D) At all positions
MCQ#02: Which of the following equations represents the displacement of a simple harmonic oscillator?
(A) x(t) = Asin(wt) (B) x(t) = Aexp(wt)
(C) x(t) = Atan(wt) (D) x(t) = Alog(wt)
MCQ#03: The period of a simple pendulum depends on:
(A) The length of the pendulum (B) The mass of the pendulum bob
(C) The amplitude of the oscillation (D) BothAand B
MCQ#04: Which of the following is not a characteristic of simple harmonic motion?
(A) The motion is periodic (B) The motion is oscillatory
(C) The motion is damped (D) The motion is a result of a restoring force
MCQ#05: Which of the following factors does not affect the period of a simple harmonic oscillator?
(A) Mass of the oscillator (B) Spring constant
(C) Amplitude of oscillation (D) None of the above
MCQ#06: The restoring force in a simple harmonic oscillator is proportional to
(A) the velocity of the oscillator (B) the acceleration of the oscillator
(C) the displacement from the equilibrium position (D) the period of the oscillator
MCQ#07: Torsional pendulum shows SHM if the restoring torque is proportional to
(A) the angular displacement (B) the angular acceleration
(C) the angular velocity (D) square of the angular displacement
MCQ#08: Which of the following factors affect the period of a torsional pendulum?
(A) Length of the pendulum (B) Mass of the bob
(C) Distance between COM and axis of rotation (D) All of the above
MCQ#09: In a Lissajous figure, the number of lobes formed depends on:
(A) The ratio of the frequencies of the two SHM (B) The amplitude of the oscillations
(C) The phase difference between the oscillations (D) The period of the oscillations

MCQ#10: To form straight line in Lissajous Figure, the frequency ratio and the phase difference between two SHO must
be,

(A) 1:2 and /2 (B) 2:1 and /4

(C)1:1andO (D) 1:2 and /4

Answer the Following Short Questions

SQ#1. What is conservation of energy? Write down the energy conservation law for a SHM.
SQ#2. How does the presence of air resistance affect the motion of a pendulum? How can we ignore this?

SQ#3. What is meant by the center of oscillation in a compound pendulum?




SQ#4. What is damping? How does damping affect the motion of an oscillator?

SQ#5. Write down the differential equation of a forced, damped SHO. Explain all the terms.

SQ#6. What is the difference between Periodic motion and oscillatory motion?

SQ#7. What is a Lissajous figure? How is a Lissajous figure produced?

SQ#8. How can Lissajous figures be used to determine the frequency and phase difference between two signals?
SQ#9. What is the significance of the ratio of frequencies in a Lissajous figure?

SQ#10. How can pendulums be used to measure the acceleration due to gravity?

Solve the Numerical Problems

NP#1. A point is executing SHM with a period  sec. When it is passing through the center of its path, its velocity is 0.1
m/s. What is its velocity when it is at a distance of 0.03 m from the mean position?

NP#2. A mass of 1 g vibrates through 1 mm on each side of the middle point of its path and makes 500 complete vibrations
per second. Assuming its motion to be simple harmonic, show that the maximum force acting on the particle is 72 N.

NP#3. A particle performs harmonic oscillations along the x-axis according to the law x = A cos(wt). Assuming the
probability P of the particle to fall within an interval from —A to A to be equal to unity, find how the probability density
dP/dx depends on x. Here dP denotes the probability of the particle within the interval from x to x + dx.

NP#4. A 100 g mass vibrates horizontally without friction at the end of a horizontal spring for which the spring constant is
10 N/m. The mass is displaced 0.5 cm from its equilibrium and released. Find: (a) Its maximum speed, (b) Its speed when
itis 0.3 cm from equilibrium. (c) What is its acceleration in each of these cases?

NP#5. A mass M attached to a spring oscillates with a period of 2 s. If the mass is increased by 2 kg, the period increases
by one second. Find the initial mass M assuming that Hooke’s law is obeyed.

NP#6. The potential energy of a particle of mass m is given by
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where a and b are positive constants. Find the minimum of I/ (x) and expand V' (x) about the point of minimum. Find the
period of small oscillations that the particle performs about the position of minimum of V (x).

NP#7. A thin rod of length 10 cm and mass of 100 g is suspended at its midpoint from a long wire. Its period T, of angular
SHM is measured to be 2s. An irregular object, which we call object X, is then hung from the same wire, and its period Ty
is found to be 3s. What is the rotational inertia of object X about its suspension axis?

NP#8. At t = 0, the displacement of a point in a linear oscillator is —8.6 cm, its velocity — 0.93 m/s and its acceleration is
48 m/s?. (a) What are the angular frequency and the frequency? (b) What is the phase constant? (c) What is the amplitude
of the motion?

NP#9. The time period of a body executing SHM is 2s. After how much time interval from t = 0 will its displacement be
half the amplitude?

NP#10. A block whose mass is 700g is fastened to a spring whose spring constant is 63 N/m. The block is pulled a distance
10 cm from its equilibrium position and released from rest. (a) Find the time period of oscillation of the block, (b) what is
the mechanical energy of the oscillator? (c) What are the potential energy and kinetic energy of this oscillator when the
particle is halfway to its end point? [Neglect gravitational P.E.]

NP#11. A particle performing S.H.M. has a period of 6 s and amplitude of 8 cm. The particle starts from the mean position
and moves towards the positive extremity. Find its displacement, velocity, and acceleration 0.5 s after the start.

NP#12. A linear harmonic oscillator of force constant 2 X 10® N/m and amplitude 0.01 m has a total mechanical energy
of 160 J. Show that its (a) maximum potential energy is 160 J (b) maximum kinetic energy is 100 J.

NP#13. The 100 g mass shown in Fig. 1.5 is pushed to the left against a light spring of spring constant k = 500 N/m and
compresses the spring 10 cm from its relaxed position. The system is then released and the mass shoots to the right. If the
friction is ignored how fast will the mass be moving as it shoots away?

NP#14. A mass-spring system has a spring constant of 100 N/m and a mass of 1 kg. The system is set in motion with an
initial displacement of 0.2 meters and a velocity of 0.1 m/s. Determine the amplitude, frequency, and phase angle of the
resulting motion.

NP#15. An LC circuit consists of a 50 mH inductor and a 1 uF capacitor. If the circuit is initially charged to a voltage of 10
V, calculate the frequency of the resulting oscillations.




