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1. Evaluate LF-dR 'if F=xi-yj+zk and C is the straight line segment from

(L, 1, 1) to (-2, 1, 3). Which of the following is the value of the line integral? (A) 0,
(B) 1/2, (C)1,{D) 2, (E)none of the above,

2. Inthe complex plane, evaluate —zl—fi[z -Re(z)] on the circle C: |z =2|. The closed
¥l

curve C is oriented counterclockwise. Which of the following is the value of the
integral? (A) -2, (B) -1, (C) 1, (D) 2, (E) none of the above.

3. The residue at the singular point of the complex function f{z)= 1= C?SZ is  (A)1,
Z

(B} 1/2, (C) -1/24, (D) 1/720, (E) none of the above.

Problems {4) — (6): The 1erm P(X) represents the probability of event X. The conditional

probability of 4 under the condition that an event B occurs is denoted by

P(4| B)= P(ANB)

P(B)

4. If P(4) = 0.80, P(B)=0.70 and P(4 or B) =0.90, then P(4 and B) is (A) 0.10, (B) 0.14,
(C) 0.60, (D) 0.72

5. Suppose 4 and B are events of a sample space S with P(4) = 0.22, P(B) = 0.40, and
P(4 and B) = 0.04, then P(4| B)is (A) 0.462, (B) 0.300, (C) 0.182, (D) 0.100

6. If P(4) = 0.45, P(B) = 0.35 and P(4 and B) =0.25, then P(4 | B) is (A) 1.4, (B) 1.8,
(C) 0.714, (D) 0.556.

Problems (7} — (12): For the 3%3 matrix

. The probability of the complement 4 is P(4)=1-P(A).

20 0
A=|0 4 3
0 3 -4

7. The smallest eigenvalue is (A) -6, (B) -5, (C) -2, (D) 2, (E) 4.

8. The sum of all the eigenvalues is (A) 0, (B) 1, {C) 2, (D) 3, (E) 4.

9. The product of all the eigenvalues is (A) 24, (B) -50, (C) -36, (D) 60, (E) 48.

10. Determinant of A is (A) 24 (B) -50 (C) -36 (D) 60 (E) 48.

11. Which of the following statements is tue? (A) A is positively definite.
(B) Eigenvectors of A can be mutual orthogonal. (C) Only two of the eigenvectors are
orthogonal. (D) Ax = b for arbitrary b, then there is no unique solution. (E) A is not
invertible.

i2. Which of the following statements is true? (A) AB = BA for arbitrary matrix B.
(B) There can be a nonzero matrix B such that AB = [0]. (C)If AB=AC, thenB=C
for arbitrary matrices B and C. (D) Eigenvectors of A are not linearly independemnt.
{E) A is not a Hermitian matrix.
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13. (3%) The condition for the exactness of the first-order ordinary differential equation
Mdx +Ndy =0 is (A)8M/5x =N /ay, (B)8M/dx = M /dy ,
(CyoM /8y = aN/ox , (D) 0*N/6xdy = 5° M/ dydx .

14. (3%) Two solutions of a second-order linear ordinary differential equation are
independent if the Wronskian (A) W = 0, BYW>0,Cyw=0,(D)W<0.

15. (3%) The general solution of a nonhomogeneous linear differential equation is

(A)y=yh,(B)y=yp=(C)y=yh+yp,(D)y=yhyp,where ¥y and y, are,

respectively, the homogeneous and particular solutions.

16. (3%) A curve in a space cannot be described by (A) r=x(Di+y®)j+z(t)k,
(B) F(x,y,2)=0 and G{x,y,2)=0, (C) F(x(t),y(t),z(t))=0, (D) z = f(x), y = g(x).

17. (3%) The directional derivative df/ds, where ds=||dr|, is (A)&f /s, (B)dr/dsx V£,
(C)Vfedr/ds, (D)Veir.

18. (5%) The general solution of y'+p(x)y = r(x) is

(A)y = exp(- [pd)f fexp(~ fpdirdx +c1, (B) y = exp [pd) fexp(~ [pdondx +c,

(©) y=exp(~ [pdx)] fexp( [pdxrdx +c], (D) None.

19. (5%) Find the arc length of a helix r = costi +sintj+ctk, where ¢ is a constant,

(A)s=Txct, B)s=t21+c? , (C)s=tyl+c2 , (D) None.

I BRI (AR 27 5)
1. (14%) The complex exponential Fourier representation of a signal f{r) over the

interval (0, 1) is

@ -
_ 2 Jnmt
76 ,,;m 4+ (n:'r)2 )

A,  What is the numerical value of 79

B.  One of the components f{7) is 4cos3nr. Determine the value of 4.
2. (7%} Find the tangent plane and normal line to the surface z = x? + ¥ oat(2,-2, 8).
3. (6%) Determine the Laplace transform of the function F®)=tcosar.
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5%. What Is the cotresponding cycle for an idealized steam power plant? What are the processes in tms
power cycle? Draw the p-v and T-s diagrams for the cycle and indicate all the processes.

10%. Compare the vapor-compression refrigeration cycle with an absorption refrigeration cycle by
drawing the schematics for the two cycles and explaining the differences. Individually explain how you
could use solar energy to drive these two refrigeration systems.

10%. Please discuss the four basic laws of thermodynamics and discuss their contributions of these four
laws, respectively.

5%. Air is compressed from room conditions to a specified pressure in a reversible manner by two
compressors: one isothermal and the other adiabatic. If the entropy change of air Asiq during the

reversible isothermal compression, and As,g, during the reversible adiabatic compression, the correct
statement regarding entropy change of air per unit mass is

(a) ASisor=ASggia= 0 (D) Asisgr=Asegia > 0 (c) Asagin > 0 (d) Asjse; <0 (e) Asisor =0
10%. What are the differences in the ignition methods of the gasoline engine and the diese] engine? What
kinds of the cycle analysis are used in these two types of the engines, respectively? Explain also the
meanings of compression ratio, cutoff ratio, and pressure ratio.
$%. How do we judge if a general thermodynamic system has reached its thermodynamic equilibrinm?
5%. 1If two different liquids of known volumes are mixed, is the final volume necessarily equal to the sum
of the original volumes? Why?
15%. Derive expressions for (a) Au, (b} Ah, and (¢} As for a gas that obeys the van der Waals equation of
state for an isothermal process.
Note: the van der Waals equation of state is P=RT/(v-b) - aiv?.

6%. How to measure the thermal conductivity of a solid?

15%. A thin silicon chip and an 8-mm-thick

aluminum substrate (k = 238 W/m K) are pir - —a T.=257C ,
separated by a 0.02-mm-thick epoxy joint (joint - ey =100 WimSK
thermal resistance is 0.9x10* m’K/m). The Silicon ch . Insutation
chip and substrate are each 10 mm on a side, and Hieon chip [
their exposed surfaces are cooled by air, which is . @
at a temperatore of 25 °C anc:i2 provides a ::g ‘3‘23' ]nc::_g “T‘
convection coefficient of 100 W/m” K. Under R L =8mm
normal conditions, the chip dissipates 10* W/m®. Aluminum—
The maximum allowable {emperature for the substrate
chip is 85°C? Will this chip work properly? s
(State all assumptions when solving the Air - —p J==25C 2
o b= 100 Wim%K
problem.)

5% Define the fin effectiveness g Define the fin efficiency 1

9% Write down the heat conduction equation for a 2-D steady uniform-conductivity problem. What are
the methods for solving the problem?
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1. (10%)Three velocity components of a flow field are given by
u= x>+ yz +7’
v=xy+yz+ z2
w=-3xz-72/2+8

(a) Determine the volumetric dilatation rate and interpret the results.
(b) Determine the vorticity of the flow filed. Is this an irrotational flow?

2. (10%}) A two-dimensional potential flow is described by the velocity potential

2
0=2xy -y’
where ¢ has the units of m%s when x and y are in meters.

(a) Determine the pressure at the point x=2m, y=2m if the pressure at x=1m, y=Im is

200 kpa. Elevation changes can be neglected and the fluid is water with density
1000kg/m’.

(b} Find the stream function for the flow field and sketch streamlines

3. (5%) Given the Eulerian velocity vector field
V=3 +x +02k (m/s)

Find the total acceleration of a particle when it passes the location 0Ocy,z)=(1,2,3)in
melers, at time t=1sec.

4. (10%) A nozzle is attached to a vertical pipe and discharges water into the

atmosphere as shown in Figure 4. When the discharge is O.ImZ , the gage pressure at

the flange is 40 kPa. Determine the vertical component of the anchoring force
required to hold the nozzle in place. The nozzle has a weight of 200 N, and the
volume of water in the nozzle is 0.012m>. Is
the anchoring force directed upward or
downward? .
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5. (20%) Consider a steady flow of newtonian fluid between fixed pa.rallél plates
. . P . .
with pressure grad1ent—aa~ along the x- direction. We want to find the velocity
x

distribution between the plates as shown in Figure 5.

Figure: &

(a) Write the governing equations for the fluid flow.
{b) Boundary condifions?
(c) Solve for the velocity distribution u(y)="?

(d) Calculate the volume rate of flow q per units width in the z-direction, in terms

of’ a—P hand # (viscosity)
dx

6. (10%) A long structural component of a bridge has the cross section shown in the
figure, The cross section has length D and width H. The wind approaching the
structure has velocity V, density p and viscosity y. Vortex shedding is found in the
wake of the structure. We expect shedding frequency w= f (D, H, V, p, u). Rewrite the
functional refation in dimensionless form by applying pi-theorem.

S
p

Figure 6

7. {10%} A hot fluid, with temperature To at X=0, flows into a tube with uniform

surface temperature Ts. (T'o>Ts). The fluid flow in the tube is laminar, and the
entrance region is shown in the figure.

{a) Sketch the distribution of local heat transfer coefficient along the tube, i.e. hy
versus X

(b) Sketch the bulk temperature of the fluid as a function of X

flow

To

AR

X.

entrance region

¥
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8. (10%) Consider convective heat transfer of a vertical heated cylinder in a fluid, as
shown in the figure. The cylinder with diameter D and length L. has uniform surface
temperature Ts. The major properties of the fluid in the problem include density p,
kinematic viscosity v, thermal diffusivity o, volumetric coefficient of thermal
expansion P. The fluid approaches the cylinder horizontally with velocity Vo and
temperature To. Gravitational acceleration is g. ( T>T)

() In case that the free stream velocity is zero Vo=0, there is only natural convection.
What are the two major dimensionless parameters (grouped from the above
dimensional quantities) that the Nusselt number, averaged over the cylinder, depends?
{b) In case that the free stream velocity is not zero, forced convection is expected.
What are the two major dimensionless parameters (grouped from the above
dimnensional quantities) that the Nusselt number of the forced convection depends?

luaack

Vo

an N e

9. (15%) Water in a circular pipe has velocity distribution W Upaxe={ 1-(t/R)?} and
temperature distribution (T-To)/(Tmaw -To y={1-(r/R)’}, at the section X=X,

where R=10cm is the radius of the pipe, Upg=0.2cm/s is the water velocity at the
centerline(r=0), Tuau=20°C is water temperature at r=0, and T=100°C is the
temperature of the pipe surface (1=R) at x=x,,

Assume p=10° kg/m°, Cp=4200 I/kg-K for water, answer the following guestions
{a) What is the mass flow rate at the section at X=Xg?

(b) What is the bulk ternperature at x=x,7?

(@) Under a constant heating with heat flux q=50w/m’, what is the bulk temperature at

X=Xo+AX? (Ax=1m) p r=F

water
e .

X=%s & X=X +aY
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To select the proper answer for following questions (5% for each)

(—) . The diameter of the solid round shaft is 1.25 inch, as shown in following figure. The

shaft is supported by self-aligning bearings at the ends. Mounted upon the shaft are a
V-belt sheave, which contributes a radial load of 400 Ibf to the shaft, and a gear, which
‘ contributes a radial load of 150 Ibf. The two loads are in the same plane and have the

ii _ same directions.

: X 18in »]

\‘ 6 in —} 8in >

L i

f‘

| C.h s

i — - - - . -—X
F T 7 =

ﬁ .

p‘ | JPutiey 400 1br Gear 150 Ibf

(e

lﬁ,oo 1bf vlr] 50 thf
0 .
T A B C f

1. () 'Thereaction forces at both bearings are (A) R, =2501bf; R,=300Ibf

k]
)
)

(B) R,=3001bf; R,=2501bf (C) R,=350Ibf; R,=200Ibf
(D) R, =2001pf; R,=3501bf (E)None
2. () The shear force at the midpoint of the shaftis (A) ¥ =-4001bf (B) V =-550 Ipf
(C) V==1001bf (D) V=-250Ibf (E)None
3. () The maximum bending moment on the shaft is (A) M = 18001bf —in

(B) M =10001bf —in (C) M=13001bf —in (D) M =9001Ibf ~in (E)None

4. () The maximum bending stress on the shaft is (A) o, =3825 psi (B) o, =4736 psi

(C) 0,=6513 psi (D) 0,=9387 psi (E)None




|
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(=) . Acrankis loaded by a force F=3001bf that causes twisting and bending of a 3/4

inch diameter shaft fixed to a support at the origin of the reference system.

¥y

The bending stress at a stress element Ais  (A) o, = 19400 psi (B) o, =47100 psi
(C) o,=68900 psi (D) o,=94700 psi (E) None
The torsional stress at a stress element Ais  (A) 7 =—14500 psi

(B) 7. =—44500 psi (C) 7, =14500 psi (D) r, =44500 psi (E)None

Point A is in a state of (A) Plane strain state in the xz plane
(B) Plane stress state in the xz plane  (C) Plane strain state in the xy plane
(D) Plane stress state in the xy plane (E) None

The maximum principal stress at the point Ais (A) o, =3.82kpsi (B) o, =47.1kpsi
(C) o,=51.2kpsi (D) o,=93.87 kpsi (E) None
The maximum shear stress at the point A is (A) 7, = 2.56 kpsi (B) ¢, =4.76 kpsi

(C) 7t =11.2kpsi (D) 7 =27.7kpsi - (E)None
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( =) . A hot-rolled steel has a yield strength of S, =S, =100 kpsi. Estimate the factor of
safety for the principal stress states of o, =70 kpsi, o,=30kpsi, and o, =-30 kpsi.

10.( ) The factor of safety based on the maximum shear stress theory is (A) SF=1.13
(B) SF=1.43 (C) SF=1.64 (D) SF=« (E)None

11.{ ) The factor of safety based on the maximum distorticn energy theory is (A) SF=1.13
(B) SF=1.43 (C) SF=1.64 (D) SF= (E)None

12.( ) The factor of safety based on the maximum normal stress theory is (A) SF =1.13
(B) SF=1.43 (C) SF=1.64 (D) SF=x (E)None

( F9) . A specimen of medium-carbon steel having an initial diameter of d,=0.503 inch was
tested in tension using a gauge length of [, =2.000 inch. The measured cross section

area of the tested specimen at a load of P=170001bf is A=0.1563 in’.

13.{ ) The engineering stress of the specimen at this load is (A) o =45.8 kpsi

(B) o=65.5kpsi (C) o=855kpsi (D) o=1088kpsi (E)None

14 ) The true stress of the specimen at this load is (A) ¢ =45.8 kpsi

(B) o=65.5kpsi (C) o =855kpsi (D) o=108.8kpsi (E)None

15.{ ) The engineering strain of the specimen at this load is (A) £=0.0027
B) ¢=0.059 (C) ¢=024 (D) £=0.27 (E)None

16.( ) The true strain of the specimen at this load is (A) &=0.0027
(B) £=0.059 (C) ¢=024 (D) =027 (E)None
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(FL) . Assume the stress tensor at a point is

-2 4 0

\

[o,]1=| 4 —& 0| (MPa)
| 0 0 0
‘.

l

\

17.( )} The principal stresses -at this point gre:

(A) o0,=0;0,=0and o,=-10 MPa

(B) o,=12.36;0,=0and c,=-32.36 MPa
©) o,=0,0,=-23.0and 0,=-32.356 MPa

D) o,=0,0,=0and 6,=—32.36 MPa
(E) None
18.( ) The maximum shear stress at this pointis (A) 7, =35.0 MPa
(B) 7, =22.36 MPa (C) 7, =16.18 MPa (D) 7, =32.36 MPa (E)None
19.( )} The stress state at this pointis (A) a pure bending stress state
| (B) a pure torsion stress state (C) a pure transverse shear stress state
| (D) a plane stress state (E) None

i" 20.( ) The von-Mises stress at this pointis (A) o'=5 MPa
l

| - (B) 0'=10MPa (C) ¢'=16.18 MPa (D) o'=32.36 MPa (E) None

R ] ' S ey [
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[i] Choose the correct answers (Multiple Choices} (35%)
(1) Consider the kinematics of particles, which statements are correct?
{(A) The displacement of a particie and the distance it travels on its path are the same thing.
{B) Mean acceleration of a particle is the time derivative of its velocity.
(C) The velocity vector of a particle is perpendicular to the path of the particle.
{D) The finite angular displacement is not a vector quantity,
(E) None of the previous statements is correct.

(2) Consider the kinetics of particles, which statements are correct?
{A) A particle that moves with zero acceleration is in equilibrium.
(B) Any reference frame that translates with constant velocity relative to a Newtonian reference frame is itself
a Newtonian reference frame.
{C) In Newton’s second law, F = ma, If a represents a relative acceleration measured with respect 1o a rotating
coordinate system, the equation, F = ma , still holds.

(D) Consider a planetary mofion, as its eccentricity becomes larger, an elliptical orbit becomes more circular.
(E) None of the previous statements is correct.

(3) Which statements are correct?
(A) Consider a body attached to a fixed point by a spring. When the spring is returning to its undeformed
position, the work of the force exerted by the spring is negative.
(B) Both the spring force and frictional force are conservative forces.
(C) The time rate of change of work is equal to the titne rate of change of kinetic energy.

(D) The total work performed by a conservative force is zero when the system moves around a closed path
and return fo its initial position .

(E) None of the previous statements is correct.

(4) Which statements are correct?
(A) Both momentumn and impulse are vector quantities.
(B) A larger force always produces a larger impulse on a body than does a smaller force.

(C) If the moment of momentum of a particle with respect to an arbitrary point Q is conserved, the net force on
the particle must be zero.

{D) The acceleration of the center of mass of an isolated system of particles is zero.
(E) None of the previous statements is correct.

(5) Which statements are incorrect?
{A)For a rectilinear translation of a rigid body, one only needs to know the motion of one particle of the body
to determine the motion of the body.

{B)The angular velecity of a rigid body that undergoes pian motion depends on the reference line from which
its angle of rotation is measured.

(C) The instantancous center of velocity need not lie in the plane of motion of a rigid-body slice.

(D) The instantaneous center of velocity of a rigid body subjected to plane motion need not be a point in the
body. )

(E) All of the previous statements are correct.




cEARIPR PR EN T ES P et

B ERANZ [#TrELH -~ Ha) AR EZ R

(6) Consider the rolling motion of a balanced disk with angular speed o & angular acceleration o.
Let r be the radius of the disk, which statements are correct?
{A) When the disk rolls without sliding, the acceleration of the mass center of the disk is equal to ro.
{B) When sliding of the disk is impending, the acceleration of the mass center of the disk is eqgual to ro.
{C) When the disk rotates & slides at the same time, the acceleration of the mass center of the disk is equal to
ra.
(D) For all three cases, speed of the mass center of the disk is equal to re .
(E) None of the previous statements is correct.

(7) Consider the vibrations of a SDOF (single-degree-of-freedom) system, which statements are correct?
(A) The free vibrations of a damped SDOF system die out as time increases.
(B) The steady-state solution for forced vibration of a SDOF system is independent of the transient solution.
(C) The angular frequency of a freely vibrating undamped SDOF system is called the natural angular frequency
of the system..
(D) The total mechanical energy of a freely vibrating undamped SDOF system is constant.
(E) None of the previous statements is correct.

[ii] Determine the moment of the force F about an axis extending between A and C. Express the resultas a
Cartesian vector. (15%) -

z

Figure [ii]

F = {ai + 12j — 3k} kN

[iii] The two-bar mechanism consists of a lever arm AB and smooth link CD, which has a fixed collar at its end C
’ and a roller at the other end D. Determine the force P needed to hold the lever in the position &. The spring has
a stiffness & and unstretched length 21. The rolier contacts either the top or bottom portion of the horizontal
guide. (15%)

Figure [iii]
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[iv] Consider a system composed of particles P, where 1<i<n. Letm;be the mass of P; and a; be the
acceleration with respect to the newtonian frame of reference OXYZ. Assume there is internal force f;;
exerted on P; by another particle Pj, with 1<i, i<n. Inaddition, all the external forces acting on P; is

denoted as FI Denote r; the position vector from reference point O to P;.  Please show that  (20%)

(a) %Fi = %miai s
i=l i=1

(b) _);(ri ij)=§(l'i xmiai).

[v] Consider a linkage as shown below. Let the mass of rod AB or BC be negligible. The lengths of AB and BC
are Lj and [, respectively. The block has a mass m and is subjected to an external force F.  If the rod AB is

asked to rotate at a constant angular speed o counterclockwise, what is the torque needed to apply at joint A?
(15%)

=

Li L,

C

F
7 O——

< e
frictionless m

Figure [v]
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1. Electronic circuits with feedback can be considered as control systems so that the contro] theory can be

directly applied for the purpose of analysis. Fig. 1 illustrates two standard circuits with operational

amplifiers: the inverting amplifier and the non-inverting amplifier.

MV

Fig. 1

Assume the operational amplifiers have extremely large input impedance. Therefore, no electric current
flows in and out at both input terminals. A is a positive parameter and denotes the gain of the operational

amplifier.

(1

@
3

Establish the feedback block diagrams for the above two operational amplifier circuits with Vi, as the
input and Vg as the output. (20%)

Derive the corresponding transfer functions between Vi, and Vy in terms of R, Ry, and A. (20%)

Determine the ranges for A to maintain stability of the circuits. (10%)

2. A simplified diagram of a PM-DC motor is shown in Fig.2. Equivalent moment of inertia and

viscous-friction coefficient of the motor are J and b.

(1) Derive and plot the block diagram of the motor. (20%)

(2) Find %))— and plot the steady-state characteristics (T/@ ) of the motor. (20%)
s

(3)  Explain why in the motor equation T(motor torque) = K*1 {(constant*current), (10%)

Fig. 2
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(1) When a system vibrates in a fluid medium, the damping is

(a) Coulomb  (b) dry (c) hysteresis {d) sotid {e) vizcous. (4 %)
(2) The equivalent spring constant of two parallel springs with %, and £, is
1 1 1
(@ kL+k,  (b) —£+—i (© 76:+E (@) s (€ kik,.(4%)
bk

|

|

‘[' (3) The natural frequency @, of a I-DOF system with mass m and stiffness kis given by
k .

@ O @ Vm @%@ Taw
m k m k

(4) The initial conditions for a lumped, damped system are to be applied to a
(a) stead-state solution {b) total sclution (c) transient solufion
(d) periodic solution (e) eigen-solution. (4 %)

(5) In torsional vibration, the displacement is measured in terms of a

(a) angular coordinate (b) force coordinate (c) frequency ceordinate
(d) linear coordinate {€) moving coordinate. (4 %)

(6) The equivalent mass for a modeled 1-DOF system can be determined using the equivalence of the
0 . q
(8) internal energies (b) kinetic energies (c) potential energies
(d) internal and potential energies (e) kinetic and potential energies. (4 %)

(7) The particular solution of the linear system m¥ +ci + kx = F, coswt is given by x,(f)=Xcos (wt—¢). The
- amplitude X of the particular solution can be written as
(@ Fk-ma®)y +(ca)?]"? by V[F  (k—ma’*y +(car)’]"?
© [(k-ma®) +(ca)]*/F, (&) Fo/(k~ma®y +(co)’1” (&) F/k—mo*) +(ca)’] (4 %)

(8) The phase angle ¢ ofthe 'pa.tticular solution in Prob. (7) can be given by
(@) 1/tan"[me (k- co™)] () tan ' [mo/(k-cw)] (© tan[cw /(k —mo*))
(@ 1/tan ' [ca /[(k - ma*)) (e) tan'[kew/(m~ca®)]. (4 %)

(9) InProb. (7),1et 8, = F,/k and damping ratio ¢ , the maximum value for (i) can be given by

(@) 2Z1-¢* (b) 20/1-8F (@) 1=-¢%72¢ (d) 1/2L\1-¢F (&) 26\1-287 (4 %)

(10) The damped natural frequency @, for the transient response in Prob. (7) can be given by

@ o 1I-¢ O) o 1-¢ © 0,/ 1-247 @ 01-28" @ o,/ 1. 4%

(11) The equation of motion of a machine rotating at frequency @ with an unbalanced mass m, at radius e,
modeled as a 1-DOF system can be given by

(@) mE+ck+kx = mew” sin ¢ (b) Mi+ci+hkx=mew’sinat (c) (M -m¥+cx+ k= Mew’ sinmf
(dy Mi+cithx=(M-mea’sinwr () (M —m)¥+ci+hc=men*sinor. (4 %)
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(12) The force transmissibility of a 1-DOF system, subjected to base excitation (with amplitde ¥) resulting in
transmitted force F;, is defined as (4 %)

B -2} 24 EY R
(@) 7 (b) YT (©) = (d) }; (e) o %)

T T

(13} The frequency equation of 2 continuous system js a
(a) ordinary differential equation (b) partial differential equation (c) polynomial equation
(d) transcendental equation. (2 %) :

{14) -Propose a solution for each of the following problems: (a) How to locate a point having a specified acceleration
A in a moving rigid-body (for example, the coupler of a 4-bar linkage), and (b) How to balance the shaking
forces and moments due to d’ Alembert’s accerlations of a mechanism such as a rotating 4-bar linkage? {20 %)

(15) Imagine a planetary gear train, which consists of a sun gear, a planet gear, a carrier joining the two axes of the
gears, and a ring gear. The sun gear and the planet gear are of the same size. The carrier rotates clockwise at a
speed of 90 rev/min. Now determine the speed of the sun gear if (a) th= ring gear is fixed and (b) the ring gear
rotates counterclockwise with an angular velocity of 80 rev/min. (15 %)

‘. (16) Define a simple multiple-degree-of-freedom problem in dynamics and use Lagrange’s equation to obtain the
| solution. (15 %)
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1. (a7 38 A & 32 % 2 (free-body principle) * ¥ 4m 3R - (5%)
(M =43k £ -7 @ 5 65 T 5154 B FT25%)
()T 28 43 = /1 (conservative force)?(5%)
() &A% 5F J1 35 7,3 A force ~ potential energy $2 kinetic energy = # 2 M4 2
FT(5%)
(e} 3% B & B (Degree of freedom)?(5%)
(D735 K& & JE 4% (Generalized coordinate)?(5%)

2. wE P2AIARZEREEE kg ZHABSGOSEEAHL 02 B
PR EAROME o (10%)

B P2

3. WEP3IAMTZEER.EEAW OBARK  WEBBARE—RKEAHAP - &
MBESRELELHZALSG - (10%)
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4. As shown in Fig. P4, a man weighing 75-kg sits on a sling and supports himself by
a rope wound 1.5 turns around a fixed pulley. Given that the coefficient of friction
between the rope and pulley is ¢z = 0.3, what is the minimum force he can exert to
maintain his position? (15%)

Fig. P4

5. As shown in Fig. P5, the bearings A, B, and C do not exert couples on the bar and
do not exert forces in the direction of the axis of the bar. Determine the reactions
at the bearings due to two forces on the bar. (15%)

6. As shown in Fig. P6, the structure supports a conveyor belt used in a lignite mining
operation.  The cables connected to the belt exert the force Fat J.  As a result of
the counterweight W = 8 kip, the reaction at E and the vertical reaction at D are
equal. Determine the force F and the axial forces in member BG and EF. (20%)

1 16 ft—r]
=10 f im0 fteste (3 41— 2 ft -
Fig. P6
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1. Jodine has an ortho_rhombic unit cell for which the a, b, and c lattice parameters are 0.479, 0.725, and 0.978 nm,
respectively. If the atomic packing factor and atomic radius are 0.547 and 0.177 nm, respectively, determine the

number of atoms in each unit cetl. (15%)

¢

2. Cite the primary differences between elastic, anelastic, and plastic deformation behaviors. (20%
3. Briefly explain why HCP metals are typically more brittle than FCC and BCC metals. (15%)

4. For a 99.65 wt% Fe-0.35 wi % C alloy at a temperature just below the entectoid, determine the following:
(a) The fractions of total ferrite and cementite phases. (10%)

{b) The fractions of the proentectoid ferrite and pearlite. (10%)

{c) The fraction of eutectoid ferrite. (10%)

5. Compute the volume percent of graphite Vg in a 3.5 wt%  cast iron, assuming that all the carbon exists as the
graphite phase. Assume densities of 7.9 and 2.3 g/cm’ for ferrite and graphite, respectively. (10%)

6. Compute the percent cold work (% CW) of a cylindrical copper rod if it is cold worked such that the diameter is
reduced from 15.2 mm to 12.2 mm 7(10%)
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10.

HEDRAARMADT(SI0;) BalbhB8 T §— S AR T aptE » &
;i%ﬂ%ﬁﬁﬁizﬁ%;ﬁz%ﬁm@ CBEBF-FRAREZ AN RBZHETH AL

CERBEFALL RESBRBHARAK GBI Y ERERBLEY LT
+%M%ﬁz$ HFERLEH =SBz LLERERX - (10%)

BARESCE R HARE  REMmEFE - (10%)

FRULE R BRSO o8 CHZEXLE LR BRHEBRLS
Mo (10%)

R AF A Infrared spectroscopy B Rk ey A F 22 LR IR spectroscopy i#14-F &
FRMTHEAR & - (10%)

TIAA RN B R ERER R A BB S 3 1 1 8 piranha solution 2
SEBREEZEEZFIE - (10%)

Determine the time required to electroplate a 0.1-cm-thick layer of copper onto a 1 cm x 1
cm cathode surface. The applied current is 1 A. (density of Cu = 8.96 g/cm®, Molecular
weight of Cu = 63.54 g/mole, 1 Faraday = 96500 coul.) (10%)

Calculate the standard emf of the following voltaic cell at 25°C using standard electrode
potentials. AZylAP" ,p||Fe’* uylFey, where E % =-1.66 V, E %, = -0.41 V at 25°C. (109%)

The following process 2CH. 3COOH  + Oypy = 2HC,H 0y, is reacted under pressure at

60°C: In lab., 20.0 g CH3;COOH and 10.0 g O, were put into a reaction vessel.

a. How many grams of acetic acid can be produced by this reaction from these amounts of
reactants? (5%)

b.How many grams of the excess reactant remain afier the reaction is complete? (5%)

Thereaction CO\q +H,0,, < COy,y + H,y,, is used to increase the ratio of hydrogen in

synthesis gas (mixtures of CO and H,). Suppose you start with 1.00 mol of carbon
monoxide and 1.00 mol of water in a 50.0 L vessel. How many moles of each substance

are in the equilibrium mixture at 1000°C? The equilibrium constant K, at this temperature
is 0.58. (10%)

Describe how to prepare 1N of NaOH\,, from solid sodium hydroxide and how to prepare
1M of HCI (3 from 12M of HCL . (10%)
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1. The frame shown below is supported by three cables and a ball-and-soclet joint at
A. Determine the lension in each cable and the reaction at A.
For (1) P=0 (2)Pisnotd.

Y 440 1mm g J

420 inm

650 m

450 mmn
360N

The pin at C is attached to member BCD and can slide along
a slot cut in the fixed plate shown, Neglecting the effect of friction, derive
an expression for the magnitude of the couple M required to maintain equi-
libriumn when the foree P which acts at D is directed (g) as shown, (b) verii-
cally downward, (c) horizontally to the right.

N

The circular disk has a weight of 15 1b and is
mounted on the shaft AB at an angle of 45° with the
horizontal. Determine the angular velocity of the shaft
when 1 = 3 5 if a constant torque M = 2 [b- ft is applied
to the shaft. The shaft is originally spinning at
w; = Brad/s when the torque is applied.

0sf ¢

o @, =8 radls

AE}_‘€>JU2‘J:?QB
M
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The particle has a mass of 0.5 kg and is confined
to move along the smooth horizontal slot due to the
rotation of the arm OA. Determine the force of the rod
on the particle and the normal force of the slot on the
particle when § = 30°. The rod is rofating with a constant
angular velocity § = 2rad/s. Assume the particle
contacts only one side of the slot at any instant.

During the instant shown the f'rame_ of the X-
Tay camera is rotating about the vertieal axis at w. =
5 radfs and ¢, = 2 rad/s%. Relative to the frame the ann is
Tolating at ey = 2 rad/s and @y = 1 rad/s?. Determine
the velocity and acceleration of the center of the camera
C at this instant,

r—— 1 - 7 r
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1. The beam is subjected to the load at its end, as shown in Fig. (1). Determine the maximum

principal stress at point
B. (25%)

Fig. (1).

2, Determine the shear stress in the beam at point A, which is located at the top of the web, as shown in Fig. (2).
(25%)

Fig. (2).

3..The three-bar truss is subjected to a horizontal force of § kip, as shown in Fig. (3). If the cross-sectional area of
each member is 0.2 in’, determine the horizontal displacement at point B. E = 29x10° ksi. (25%)

Fig. (3).
4. The state of stress at a point is shown on the element, as shown in Fig. (4). Determine (a) the principal stresses
and {15%) (b} the maximum in-plane shear stress(10%). Specify the orientation of the element in each case.

$ 50 ksi

Fig. (4).
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— BBEER B ERAT - ARYE 0
R @ﬁ%ﬁﬁ&ﬁﬁ@ﬁéﬁ—-&ﬁ%ﬁx . S SN
B mEth  MANZATH \* i
Ryl [ T
B ABEE 0,04 0 ZABREEL -
o R(1)3 % force constant k- () Bz EHMsFEX > (DK

2B (DRGHAEODRRGFZIRARBECIHERGFIHRK
iR o (30%)

- — e Rz &Es— 20 cn Rz BRBFAEIBEE2 con 2
BE e (1) 4% TFERBFE & 82 F— KM ARAR 100C
B MARZI B RBEARITCES - RARRBFHREEZRE
R R - (S E4AE k=50.2 Js'n'C” #8448 k=385 Js'n’
T () RFE = F A0 FlERE T2 — K3 EA 100°CHE
B mB—RKMBRAKCCHEAE - RERRBTHIMER - (20%)

I EHRERA D PEAERATHRBREERne S
1715« 23| BT HEZABRA S 1.0-10° Pa REWBBES 2TC
(=300K) REBEHLBERXEBNREBE-(ZARERAMRESRy=1.40)
(209%)

M- FIASIRERKRTICES : (-2 EHqESrEAxEH- (2) —
EHHUOFTHERAENEREp FE8ARZHYE kg Por AT
FB(r<R)e (3) — 8RRk BAKLTHFRE Az REE - L8
HESLTrE2EYR -4 —ERAZ2BER EABDERERE o RE
ixmd OOEBEE) BERZEH -(5) X—FEMRAZLEFR > &
FEREHFEEc RAERSE LA AN MR LEIR (K EFE2RK
ZBE)ZEH - (6) —FiiReLBEHA - EHEd RALE - AEHEE
CHEAE  AETRAEZEN - (30%)




