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2nd Major Exam

Semester (072)

(1) The plate is assumed to have negligible thickness and the mass per unit area is 
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 = M/a2 . Then, the inertia tensor elements are
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Defining A and B as above, 
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Also,
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Therefore, the inertia tensor has the form
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b) To find the principal moments about a corner of the plate we solve the secular equation:
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Which gives 
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as the three principal moments.

To find the directions of the principal axes:



The principal axis corresponding to Ii has the direction cosines (αi, βi, γi)
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The principal axis corresponding to  
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 has the direction cosines:
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The principal axis corresponding to  
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The principal axis corresponding to  
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c) The angular velocity ω makes 45◦ with x and y axes. Then
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Substituting into Euler’s equations: The required torque (Λ) about the corner of the plate has the following components:
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We get
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The angular momentum is
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The rotational kinetic energy is
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(2) The coordinates of the system are given in the figure:


L1=L2=L and m1=m2=m
[image: image33.wmf]
Kinetic energy:
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Potential energy:
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Proper oscillation frequencies are solutions of the equation
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The eigen-state corresponding to 
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The eigen-state corresponding to 
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Note that 
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The relationship between coordinates
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To visualize the normal coordinate
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, let
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. Then to visualize the normal coordinate
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, we see that these normal coordinates describe two oscillation modes. In the first one, the two bobs move in opposite directions and in the second, the two bobs move in the same direction.

(3)  (a) We divide the string into two zones:
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Then,




[image: image62.wmf](

)

(

)

(

)

I11

II2

itkxitkx

itkx

AeBe

Ae

-+

-

ù

=+

ú

ú

=

û

ww

w

y

y


(1)

The boundary conditions are: (i) the string is continuous at x = 0. That is
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(ii) The derivative of the wave function will not be continuous at x = 0 since the mass M is attached at x = 0. The condition on the derivative is obtained by integrating the wave equation from x = –( to x = +( and then taking the limit ( ( 0 that is
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Thus, the condition on the derivative becomes:
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(3)

(b) To find the coefficients of reflection and transmission we substitute the wave functions from (1) in Eqs (2) and (3), we find
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which can be rewritten as
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From (4) and (6) we obtain
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from which we write
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Define
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Then, we can rewrite (8) as
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And if we substitute this result in (4), we obtain a relation between 
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The reflection coefficient, 
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or,
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and the transmission coefficient, 
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or,
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The phase changes for the reflected and transmitted waves can be calculated directly from (10) and (11) if we substitute
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Then,




[image: image84.wmf](

)

(

)

1

11

tan1

1

1

2

11

1

A

i

iP

B

B

P

ee

AA

P

ff

-

-

==

+

B


(17)

and
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Hence, the phase changes are
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