PHYS3000 Homework 1 Fall 2007
1. A mass of 0.5 kg is attached to a spring. When pulled 5 cm away from equilibrium and released, the mass oscillates in simple harmonic motion. The mass makes 125 complete oscillations every minute. 

(a) What is the period of the simple harmonic oscillator?

(b) What is the amplitude of the oscillation?

(c) What is the maximum speed of the moving mass during one oscillation?

(d) What is the maximum acceleration of the mass during one oscillation?

(e) What is the spring constant of the spring?

2. I described that simple harmonic motion was equivalent to uniform circular motion looked at edge on.  Imagine you are asked to build a Ferris wheel that gives riders a real ride for their money by spinning them so fast that they just lose contact with their seats at the top of the ride. (Such a ride would probably also make them lose contact with their lunch, but I digress). If the radius of the Ferris wheel is 12 m, what angular velocity would make the ride such that the acceleration at the top was equal to g=9.81 m/s2? What would be the period for this motion? (i.e. how long would it take for the Ferris wheel to make one rotation?)

3. A pendulum consists of a small dense mass attached to a long light string.  When pulled to one side the mass swings back and forth in simple harmonic motion—hey you know what a pendulum does! The differential equation for the motion of a pendulum is given by
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Where x is the horizontal distance of the pendulum bob from the center position, l is the length of the string of the pendulum in meters, and g is the acceleration due to gravity (= 9.81 m/s2)

(a) By comparing this equation to the general differential equation for simple harmonic motion determine an expression for the angular frequency, , of the pendulum. (i.e write the angular frequency in terms of the algebraic parameters of the problem g and l).

(b) Using your expression for write an algebraic expression for the period, T, of the pendulum.

(c) Find the units of the expression for T—are they correct?

(d) If the pendulum string length l is 2 m what is the period of the pendulum oscillations and what is the angular frequency? (Now we want numbers!)

(e) You measure the total side-to-side movement of the pendulum and find that it is equal to 6 cm.  What is the amplitude of the motion? 

(f) Using the information from parts (e) and (d) what is the maximum speed of the pendulum and where in the oscillation does the maximum speed occur?

(g)  Using the information from parts (e) and (d) what is the maximum acceleration of the pendulum and where in the oscillation does the maximum acceleration occur?

4. [Calculus alert! Seek help if needed] A car accelerates away from a stop light along a straight level road. The distance along the road is given by x (x=0 is at the stop light). The mathematical relation between the cars position x and time t (light changes at t=0) is given by x = 1.2 t2. 


(a) How far has the car moved at t=2 seconds?



(b) How fast is the car moving at t=2 seconds?



(c) What is the car’s acceleration at t=2 seconds?



(d) Is the acceleration of the car constant or does it change with time?

5. The ancient Greeks used urns on stage during plays and poetry readings to act as acoustic filters for particular low frequencies (what we would call a bass trap). A particular urn has an internal volume of 0.45 m3. The cylindrical neck has a length of 15 cm and the cylinder neck diameter is 8 cm. What is the Helmholtz resonant frequency of this urn? If the neck is made longer than 15 cm but with the same diameter, does the resonant frequency go up, go down, or stay the same?

6. This question concerns complex numbers and phase. There are 3 ways to express represent complex numbers.  First, one can specify the real and complex parts such as 5+6i.  The real part is 5 and the imaginary part is 6.  We can represent this number on an Argand diagram as shown below:
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Lastly, we can express the number rei( =r[cos()+isin()] where r and ( are defined in the Argand diagram.  From your finely tuned memories of trigonometry you should be able to see that r=((52 + 62) and tan ( =6/5.  Express the following numbers in the form rei( and plot them on an Argand diagram marking the appropriate angle (. Note ( is measured anti-clockwise from the positive x-axis.

(a) 3+4i (b) 3-4i (c) –3-4i (d) –3+4i.

7. In class we wrote down series expressions for sin(x) and cos(x).  Verify that these series solutions work using x=(/4. How many terms of the series do you need to get an answer that agrees with the exact value in the third decimal place?

8. What is the value of ei(? (The answer is surprisingly simple given that e and  are numbers with an infinite number of non-repeating decimals and i is a number that does not exist in the “real” world).
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