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3. Consider a ceramic composed if 30mol% MgO and 70mol% FeO. Calculate the
composition of the ceramic in wt%.( atomic weight: Mg = 24.312 g/mol »  Fe = 55.847 g/mol
and O = 16 g/mol)(10%)

4.. What are the Miller indices of the slip directions on the (111) plane in an FCC unit cell
and on the (011) plane in the BCC unit cell?(10%)
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(1) Eutectic reaction (2) Bonding energy (3) Solid Solution (4) Tempered martensite (20%)
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1. A nonlinear system is described by the following equations with input variables

u;, u,,and output y:
205 dv

——+sin(y) -E-# wv=u +u,,, y=cos(v)-u,.

(1) Is the system described above by these equations time-varying or
time-invariant? Explain.

(2) Find state-space matrices A, B,C, D for the system linearized at the
constant operating point defined by u, =0, u, =1(State-space model is
X=Ax+Bu, y=Cx+Du).

2. Tor the system with matrices and initial state given as

A{_I 0} ”’:H’ e-[idEn=0. x(0)=m

0 -2 1
Let the input be cos(¢) . Find the system output response.

=3
3. For A= ,find sin(4).
0 -2

4. Find formulas for e for arbitrary 1, and

[0 0 -8
A=[1 0 -12
(055 SR &

S. For the discrete-time single-input, single-output LTI system

A{—lo/z 731/2} B:m’ e

1
with initial state x(0) = LJ and input sequence {u(r)}; ={1,1,1,---}. Find the

transform of the system output.
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1.. Consider the saturated state (for example, a saturated liquid or a saturated vapor)
of a pure substance; how does the pressure depend on the temperature?

2. If the inlet pressure and temperature for a air compressor are 1 bar and 27°C,
respectively. The outlet air pressure is 9 bar. Assume that the total air mass is 1 kg,
find the final temperature for (a) adiabatic process and (b) isothermal process.

3. The inlet velocity and enthalpy of a nozzle are v; = 80 m/s and h; = 1200 kJ/kg. If
the outlet enthalpy h, = 883.2 kJ/kg. Find the outlet velocity.

4. There are two classical statements of the second law, i.e., Kelvin-Planck and
Clausius statement. It is also found that the two statements are equivalent. Describe
an observation to support the two statements (e.g., a violation of the Clausius

statement implies a violation of the Kelvin-Planck statement).

5. The second law of thermodynamics leads to a property we call entropy S, and is

defined as dS =(%) . Show that the entropy is a property, i.e., its change

between any two states 1 and 2 is independent of the path.
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1. Find a general solution of the differential equation.

y' =y —2y=10cosx+10
2. Find a general solution of the differential equation.
y' =3y +2y=4x+e”
3. Solve the initial value problem by the Laplace transform.

¥ +3y+2{ yde=3
»(0)=0

4. Solve the system of differential equations by means of Laplace transforms.

Won=y +4n, nO=1 3 O=1
3+, =cost+2cost y,(0)=0, ¥, (0)=2

5. Apply the power series method to the differential equation.
ey =l

6. Find the Fourier scries of the function f(x).
=% (@<x<2n)

7. Find the Fourier series of the periodic function f(x).

0 -5<t<0
f(x)={1

O=t=3

8. Find the cigen values and eigenvectors of the matrix.
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9. Find a unit vector perpendicular to the plane

3x+5y+7z=35

10. Find the directional derivative of fat P in the direction of @

f=x*+y*+2, P:(L1,2),a=4i +4] -2k
Hint:
el
L(J; -uj:f(t)(dr) )= - L(f (1)
L) =5"L(f)=5" 7(0) s (0.~ [T(0)
1

L(sinot) =——— L(cosar) = Zs > L(e")=—o
STt S +o s—a

g 1 ¢ 1
y= Zcmx ug—;";f(x)dx a"—;fxf(x)coxnxdx

b,=— [ f(x)sinnxdx

2




