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Harmonic Oscillator Equations
Learning Goal: To derive the formulas for the major characteristics of motion as functions of time for a horizontal spring oscillator and to practice using the obtained formulas by answering some basic questions.

A block of mass 
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is attached to a spring whose spring constant is . The other end of the spring is fixed so that when the spring is unstretched, the mass is located at [image: image2.png]
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. Assume that the +x direction is to the right.

The mass is now pulled to the right a distance [image: image4.png]beyond the equilibrium position and released, at time [image: image5.png]


, with zero initial velocity.

Assume that the vertical forces acting on the block balance each other and that the tension of the spring is, in effect, the only force affecting the motion of the block. Therefore, the system will undergo simple harmonic motion. For such a system, the equation of motion is

[image: image6.png]alt) = —%z(t}



,

and its solution, which provides the equation for [image: image7.png]z(t)



, is

[image: image8.png].

A. At what time [image: image9.png]h



does the block come back to its original position for the first time?

Express your answer in terms of [image: image10.png]


and [image: image11.png]


. 
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B. Find the velocity [image: image13.png]


of the block as a function of time.

Express your answer in terms of [image: image14.png]


, [image: image15.png]


, [image: image16.png], and [image: image17.png]
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C. [image: image19.png]Tz
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D. Find the acceleration [image: image20.png]


of the block as a function of time. 

Express your answer in terms of [image: image21.png]


, [image: image22.png]


, [image: image23.png], and [image: image24.png]


. 
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E. Specify when the magnitude of the acceleration of the block reaches its maximum value. Consider the following options: 

a. only once during one period of motion,

b. when the block's speed is zero,

c. when the block is in the equilibrium position,

d. when the block's displacement equals either [image: image26.png]or -[image: image27.png],

e. when the block's speed is at a maximum.



Choose the most complete answer. 

	Answer not displayed
	
	


F. Find the kinetic energy [image: image28.png]


of the block as a function of time.

Express your answer in terms of [image: image29.png]


, [image: image30.png]


, [image: image31.png], and [image: image32.png]
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G. Find [image: image34.png]


, the maximum kinetic energy of the block.

Express your answer in terms of [image: image35.png]


, [image: image36.png]


, and [image: image37.png]. 
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H. The kinetic energy of the block reaches its maximum when which of the following occurs? 
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