Physics-507

Homework Set (4)
This set is due by Thursday, 26th of Dhul-Hijjah, 1434 (31st of October 2013) at 10.00 p.m.

In all homeworks, please solve fully and clearly, state assumptions, and comment wisely (when applicable).

Please circle your final answer, and identify which of the multiple choices is the correct answer.

You should feel free to interact liberally with your fellow colleagues; yet, make sure that your submission reflects your understanding of the solution to the problem.

I wish you well, wa assalam alaikum!!

Zain Yamani

Phys-507 Instructor
Question-1:

Solve for the inverse of “M” matrix using:

a- Method of Cofactors, by hand.
b- Method of Row Reduction, by hand.
c- A computer code
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Question-2:

A periodic function, period = 2, is defined in the interval [-1,1] to be: f(t) = t3 (1-t2).

a- Plot the function during the interval [-3,3].

b- Decompose the function into its Fourier components.

c- Synthesize a function g(t) to be the sum of components found in part-b.

d- Plot the functions g(t) and f(t), and point out where you see the Gibbs phenomenon.

e- Assume a block-spring oscillator is damped such that the damping force is linearly proportional to the speed. Assume the block mass is exactly 1 kg, and the damping factor b is exactly 10 s-1, and that the spring constant is exactly 169 N/m. Assume, at time t=0, this oscillator block is at position xo = 0.000325511 m with a velocity vo = -0.00122095 m/s. Set up the equation, and show the full solution for the position of the under-damped oscillator block for t > 0.

f- Now, repeat part-e for when the force function f(t) is driving the oscillator.

Question-3:

A flexible cord of uniform density () and length () is suspended from two points of equal height. The gravitation field is constant g = 9.8 (-j).

a- Write expressions for the gravitational potential energy (U) and length for a given curve y(x), where (x) is in the horizontal direction and (y) in the vertical.

b-  Formulate the Euler equation for the curve with minimal potential energy, subject to the condition of fixed length.

c- Show that the solution to Euler’s equation is: y = A cosh(x/A) + B, where A and B are constants.

d- Calculate U and  for this minimal solution.

Hint: I have posted some notes on my web-site which you might find useful in solving variational problems when and the constraint is in integral form.
Question-4:

A uniform hoop is rolling, without slipping, down an inclined plane (angle  with the horizontal) while maintaining a vertical plane.

a- Solve the problem once using a proper set of generalized coordinates to find the acceleration of the center of mass down the incline.
b- Solve the problem again; however, this time, use an improper set of generalized coordinates. Relate the undetermined multiplier(s) to the torque and to the force of friction. Argue that the frictional force is just right to have the acceleration of the center of mass down the incline reduced by the “correct” amount from that of similar hoop slipping on a frictionless plane.
Question-5:

Give an example, not discussed in class, where “symmetry” reduces the amount of rigorous mathematics needed to solve a physical problem.

