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1. Solve the following ODEs.

(a) 2coshxcosydx = sinhxsiny dy (10%)

(b) x%y" —3xy"+3y=3Inx—4 (10%)

2. Solve the following ODE by using the Laplace transform.
y'+2y" + 2y =[1—-u(t —2)]et — e?6(t — 2),y(0) = 0,y'(0) = 1. (15%)

3. A mixing problem. Each of two tanks contains 200 gal of water, where initially 150 1b (tank T;) and 100
Ib (tank T5) of salt are dissolved. The inflow into T; is 4 gal/min from T, and 12 gal/min containing 12
Ib of salt from the outside. The inflow into T, is 16 gal/min from T;. The outflow from T, is 4 + 12 =
16 gal/min. The mixtures are kept uniform by stirring. Find the salt contents y;(¢) and y,(t) in T; and
T, , respectively.

(a) Set up the model. (5%)
(b) Solve the system. (10%)

4. (a) A line integral with continuous Fj, F2, F3 in a domain D in space. Show that the line integral

is path independent if F « dr is exact in D. (5%)
(b) If the differential form (a) is exact in D, show that curl F=0. (5%)

5. Is the given function even or odd or neither even nor odd? Find its Fourier series. Show details of
your work. (10%)
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Figure 1.

6. A force p = [4, 2, 0] is acting in a line through (2, 3, 0). Find its moment vector about the center
(5, 1, 0) of a wheel. (5%)

7. The state of stress in the cube is as follows:

[20 40 0]
g;j =140 —40 0]

0 q = (in MPa)

where i =1, 2, 3
(a) Determine the principal stresses for the cube. (10%)
(b) Determine the directions where the principal stresses ocurr. (10%)
(c) Suppose the compressive/tensile strength of the body are 50 MPa. Does the body fail in the

stress state? Explain the reason. (5%)

[Note: Since the stress ¢ is a symmetric tensor, it has three real eigenvalues o1, 02, o3 called principal
stresses, and three corresponding orthonormal eigenvectors called principal directions. The eigenvalue
problem can be written as t™ = 6n =¢ n, where n is a principal direction and ¢ is a scalar principal stress.
Since the traction vector is a multiple of the unit normal, ¢ is a normal stress component. Thus a principal
stress is a stress which acts on a plane of zero shear stress.]
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