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1. Solve the following problem (25%)

2
dy ;9
dt

+2y= 2+8(t—5)
ot?

d
with E{—(O)=0 and  y(0)=0

where 8(t—5) is known as the Dirac delta function.

2. Fihd' a normal vector 11 and the equation of the tangent plane for a given

surface §: Z = X+ Yy’ andapointP (2, 1, 5). (25%)
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3. What is the COP (coefficient of performance) of a refrigerator? Calculate the
value of COP for a Camot cycle refrigerator operating between temperatures of
~20°C and 25°C. Explain the difference in the viewpoints taken for heat
pumps and refrigerators. (25%) _

4. Abody of air is heated at constant pressure. What fraction of the entropy added
remains in the body? Assume that the heat capacities of air are constant. Then,
what fraction of the energy added as a result of heating remains there? (25%)
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5. (a) What is the criteria to distinguish the long column, and short
column (10%).
- (b) What are the best theories to predict critical loads for long
columns and short columns? (15%)

é. (a) Draw a Modified Goodman Diagram and explain what is the safe
region to predict fatigue failure. (15%)
(b) Explain the Miner’s cumulative rule for fatigue damage. (10%)
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7. As shown in the figure, a strain gage rosette is bonded to a free surface for
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measuring relative elongation along three different directions, 30°, 90°, and 150°.
If the measured elongation along the three directions are, L30°=0.003, Loy’ =
-0.003, and Li2¢"=0.006, please determine the strain components &, €y, and Yy.
(25%)

& . Abeamis subjected to a loadihg P as shown in figure. Please determine all the

reactions in this problem. (25%)
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(25%)il. a) Sketch the Nyquist-locus of G(s)=Kk/(1+s) where k isa positive gain. (15%)
b) Apply the Nyquist theorem for the positive feedback system as shown, and determine
the stability condition for k. (10%)
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(25%)2. Consider the closed-loop system shown below.
a) Draw a root locus diagram. (10%)

b) What value of gain K will give the damping ratio of the closed-loop poles equal to 0.6 ?

Locate these closed-loop poles on the root locus diagram. (1 5%)
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