XI. Simple Harmonic motion

1. Object: To study the simple Harmonic motion of an oscillating spring and a torsional pendulum.

2. Apparatus: Spring, masses, torsion wire, Wheel with ball bearing, metal disk, metal ring, meter-stick, and stopwatch.

3. Experiment: When metals are subjected to a external stress, that is not too large so that the body is deformed completely, the deformation or strain is generally proportional to the stress. The metal body, in its attempt to return to its original shape exerts a restoring stress. Systems where restoring stress is proportional to the strain are said to obey Hooke’s law.

A. Oscillating spring: When a mass m is hung from a massless spring, the gravitational force (stress) stretches the spring (strain) from its unloaded length L0 to a new length L1. If the spring obeys Hooke’s law then,






F = - k(L1-L0) = -mg



(1)

Where F is the restoring force that is equal and opposite to the gravitational force mg, when the system is in equilibrium, and k is the spring constant in N/m.


If the spring is stretched further and released, then at any length L the spring exerts a force –k(L -L0) on the mass and the net force on m is:






F = -k (L-L1) = -kx



(2)

Where x represents the displacement of the mass from its equilibrium position at a spring length L1.


The Equation of motion of m subject to this force is:
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(3)

Equation (3) predicts that m will undergo simple harmonique motion according to:






x = A sin(t +)



(4)

where A is the amplitude of the motion and w is the angular frequency. The period of the motion T is given by:
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(5)

and is independent of the amplitude.

B. Torsional pendulum: When a torque (stress) is applied to the torsion wire is twisted through an angle  (strain). In its attempt to return to its undistorted condition the wire exerts a restoring torque  that is proportional to the angular displacement from equilibrium . If the wire obey Hooke’s law, then 






 = -C




(6)

where C is the torsional constant of the wire in N.m/rad. If a rigid body is attached to this wire and the wire is twisted and released, the body undergoes simple harmonic rotational motion. The motion is purely rotational about a fixed axis, namely the wire, and the equation of motion of the body is:
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(7)

where I is the rotational momentum of inertia of the body about the axis of rotation. The period of the motion that is again independent of the amplitude is given by:
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(8)

4. Procedures: 

A. Oscillating spring:

1. Hang different masses (up to 1000 g) on the spring and measure (L1 – L0). Plot a graph of mg against (L1 – L0) and find k using Eq. (1). Comment.

2. Hang masses (up to 1000 g in steps of 200 g) on the spring and set them into oscillation. Measure the period T by timing a few oscillations using the stopwatch. Plot T2 versus m.

3. Find k from the slope of the second graph and compare with the value obtained in   part 1.

4. If the mass of the spring ms is not negligible then the Equation of motion is modified and Eq. (5) becomes (without proof):
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(9)

the system behaves as if a larger effective mass (m + ms/3) is attached to a massless spring. When ms << m Eq. (5) can be used safely. From the intercepts of the second graph evaluate ms. Measure ms and compare.

B. Torsional pendulum:

1. Mount the wire on the hub of the wheel and clamp the other end. Using a set of weights, apply torques to the wire and measure the angular displacement . Plot  versus and find C. 

2. Mount the metal disk on the wire and hang it vertically using the provided clamps. Twist the wire and release it. Measure the period of the resulting motion.

3. Measure the mass and radius of the disk and find its moment of inertia. Calculate T using Equation (8). Compare with part 2.

4. Add the metal ring to the disk and repeat steps 2 and 3. Comment. 
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