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Chapter 12 – Simple Harmonic Motion

1. An ideal spring hanging vertically stretches an additional 4.0 cm when a 2.0 kg mass is attached to the bottom of the spring and gently lowered to the new equilibrium position.

a. Determine the spring constant for the spring.

The spring is now placed on a horizontal frictionless surface with one end of the spring fixed to the wall and the other end fastened to the 2.0 kg mass.  

b. The 2.0 kg mass is pulled parallel to the spring stretching the spring 0.10 m.  Calculate the amount of work required.

The mass is released.

c. Calculate the maximum speed of the mass.

d. The frequency of the resulting oscillations.

The amplitude of the oscillation is now increased:

e. State whether the frequency of the oscillation increases, decreases, or remains the same. Justify your answer.
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2. A massless spring with force constant k = 400 newtons per meter is fastened at its left end to a vertical wall, as shown in Figure I.   Initially, block C (mass mc = 4.0 kilograms) and block D (mass mD = 2.0 kilograms) rest on a horizontal frictionless surface with block C in contact with the spring (but not compressing it) and with block D in contact with block C.   Block C is then moved to the left, compressing the spring a distance of 0.50 meter, and held in place while block D remains at rest as shown in Figure II. (Use g = 10 m/s2.)

a. Determine the amount of work required to compress the spring.

Block C is then released and accelerates to the right, toward block D. The two blocks collide instantaneously, stick together, and move to the right. Remember that the spring is not attached to block C. Determine each of the following.

b. The speed vc of block C just before it collides with block D.

c. The speed vf blocks C and D just after they collide.

The two blocks slide off the table and fall without rotating a vertical distance of 1.20 meters before hitting the floor.

d. Determine the horizontal distance the blocks land from the edge of the table.
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3. An ideal spring of unstretched length 0.20 m is placed horizontally on a frictionless table as shown above. One end of the spring is fixed and the other end is attached to a block of mass M = 8.0 kg. The 8.0 kg block is also attached to a massless string that passes over a small frictionless pulley. A block of mass m = 4.0 kg hangs from the other end of the string. When this spring-and-blocks system is in equilibrium, the length of the spring is 0.25 m and the 4.0 kg block is 0.70 m above the floor.

(a) On the figures below, draw free-body diagrams showing and labeling the forces on each block when the system is in equilibrium.
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(b) Calculate the tension in the string.

(c) Calculate the force constant of the spring.

The string is now cut at point P.
(d) Calculate the time taken by the 4.0 kg block to hit the floor.

(e) Calculate the frequency of oscillation of the 8.0 kg block.

(f) Calculate the maximum speed attained by the 8.0 kg block.

4. A simple pendulum consists of a bob of mass 1.50 kg attached to a string of length 1.25 m.  The pendulum is held at an angle of 15.0o from the vertical by a light horizontal string attached to a wall, as shown below.
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a. On the figure below, draw a free-body diagram showing and labeling the forces on the bob in the position shown above.  The lengths of the arrows should be consistent with the relative magnitudes of the forces.


b. Calculate the tension in the horizontal string.

The horizontal string is now cut close to the bob, and the pendulum swings down.

c.   Calculate the speed of the bob at its lowest position.

d. Calculate the tension in the string when the bob is at its lowest position.

e. Calculate the period of the resulting oscillations.

f. If the bob’s mass were doubled, how would the time calculated in (e) change?  Justify your answer.

