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1. Solve the following ordinary differential equation.
x2y"-4xy' +6y =x4e*,
y2)=2, y(2)=7 (25%)

2. Show the following Laplace transforms of functions.

(@ Lie"]=—— (10%)
(5—a)

b) L[sinbt]= 15%
) Usinbl= 55 (15%)
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Prob. 3 (15%)

-1 J SRR
A vector ﬁz[QJ with respected to the basis {—1}, 1},{0} )

-1 (fO%

Please find the components of the vector with respected to the basis
1110710
O 11!
011071

Prob. 4 (35%)
Forthe system Y =AY+ H

where Ym{y‘} ’ Am[s 8} ’ Hm{l]
J"’z "‘6 ""'9 f

(1)Evaluate the eigenvalues of A -

(2)Evaluate the eigenvactors X, X; of A -

(3)Evaluate D=X"AX where X=[ X, X3]
(4)Let ¥ =XZ and substituting into the system, please find the
equation for Z.

(5)Let Y(O):[jj » please solve ¥()
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1. For the translational mechanical system with a nonlinear spring shown
below. The spring constant is defined by x(1)=1-e #® where x(t) is the
spring displacement and f5(z) is the spring force.

(a) Write the nonlinear differential equation of motion for the system.
(10%)
(b)Find the linearized transfer function, G(s)=X{(s5)/F(s), for small
excursions around f{7)=1. (15%)
[Hint: (Dy =e*->Iny=x; Q)d{ny/dy=1/y]

Nonlinear —t—e x(f)
Spring .
= HKe e ()
‘ s

1 N-s/m

2. A unity negative feedback system has the plant transfer function

K
G —
) s(swh/ﬁ)‘

Y(s)
A

R(x}+
o > G(S) -

o

{(a) Determine the %50S and 7, (settling time) due to a unit step input.

(10%}).
(b) For what range of X is the settling time less than | second?
(15%)
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3. e FE MENALGESRESAMET K AFRYOFEMH 0 BKTRE
FA =1 % controller #9335t Hi& « 25%

Kis) Eix). j
——"%—i‘ G b—m

eontroller System

a RUATLHHH

PI controller ;~" Lag Compensator ;% =% controller »

RN S R M AR 45487 Z A controller 83T fEH T 2 B7
b, %% T4 % - PDcontroller ; - " Lead Compensator | ¥ =%

controller = 44 A # 2k
ER?

4. AT G A e T B AR

£ R ey #6535 427 =4 controller 89 h RS H AT

WA S o AR & S HHN0S BLA 1R AT A8 ] 4

B 15% Mgk ass Ty KNe 173 #4074 % 44 steady state
error % B ATe 1710 3 PR Bkt sz - 20%

controfler System - K

Risy + s ) Cia}
Gzt | Gis - G 5=
@ (%) S{s+5)(s+12)

Fid T 7 Jo—
I e %0s = e TN 0w
~ 4 4 =
Ty & For = o, o= cos

(ThFSRALK  WEE)
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1. (a) Explain briefly what is meant by a dislocation.
(5%)
(b) Show how dislocations can account for the following observations:
(i) cold working makes aluminum harder;
(i) an alloy of 20% Zn, 80% Cu is harder than pure copper;
(iii) the hardness of nickel is increased by adding particles of thorium oxide.
(15%)

2. BRRUGRRE LT ARSI EON R TERim R R ) TR EEE, TE

SFIEYIEE 1 TEEHAEE -
(15%)

3. SHEHESETELEII T FROR S bhenRIE R B T R B A SR ST
SR A4 R IHRAERT RS RETERN BTERER A F OISR T ik
{15%)
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(1) Brinell Test
{2) Rockwell Test
{3} Vickers Test (20%)

A ML FER EEIRZ - KRR B - 30 M Es T
FiE:
(1) Glass-transition Temperature
(2) Thermoplastics
(3) Thermosetting Plastics {15%)

6. HUBERRORREE 4 BEE A Ses = als RiRE - S5 SR Ak
HE TR AR - (15%)


http:7t~rt<rt4z.mm

5 [ rx 3 o®

BRI EHREHRRER 102 245 TR R
EIHEECAREHBEEEEE e - e hs

A rod AB has two different cross-sectional areas as shown in Figure 1. The rod is
rigidly attached to immovable supports at the ends and is loaded by equal and
opposite forces P at the locations shown. Determine the axial stress o at the
middle of the rod, assuming A, is the cross-sectional area near the ends, and A4, is
the cross-sectional area in the middle region. (Use numerical data as follows:
P=5400 ib, 4,=0.6 in.”, 4;=0.9 in.’, and b=1.5a.)

(25%)

oy
e
sighip iy

ey 15

S

Figure |
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2. A solid shafi is formed of two materials, an outer sleeve of stee! {shear modulus
G.=80 GPa) and an inner rod of brass {shear modulus G,=36 GPa), as shown in
Figure 2. The outside diameters of the two parts are 75 mm and 60 mm.
Assuming that the allowable shear stresses are 1,=80 MPa and 1,=48 MPa in the
steel and brass, respectively. Determine the maximum permissible torque T that

may be applied to the shalft.
(25%)

Sieel sleeve

Figure 2
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3. The drill is jammed in the wall and 1s subjected to the torque and force shown.
Determine the state of stress at point B on the cross section of drill bit at section

a-a. The distance from the centroid of a semi-circle to its boundary diameter is
4ridx. [25%)

400 mm

Sectiona—-a

4. The beam is subjected to the linearly varying distributed load, and EI is constant. (a)

Determine the maximum deflection of the beam. (b) Determine the maximum
slope of the beam.  [25%)
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I. Three containers connected at the base are filled with a liquid. The top of cach
container is opén to the fii}nosphere and surface tension is negligible. ‘The
container shapes are all different. (a) Is the fluid level in the containers at
equilibrium conditions shown in the figure correct? [fnot, what should it look
like? (b) A, B and C represent the locations at the base of each container as shown.
Based on your answer in (a), which point has the highest pressure? Why? {25%)

2. Water flows steadily through a horizontal circular pipe from a reservoir. (a)
Compare the Energy Grade Line (EGL) for different pipe diameters with same
water level in the reservoir under the ideal and real situations; (b) Under which
flow situation, the wall shear stress will be lower? Laminar or turbulent? Why? (c)
How does the wall shear stress vary alémg the ;}épé in the entrance region
(developing flow)? (25%)

‘‘‘‘‘
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3. A water siphon (#10% %) has a constant inside diameter of 3 inches. If the {i riction
loss between A and B is 0.6V¥/2, where V is the velocu of flow in the siphon,
determine the flow rate involved. 25%

i

44, Assume the flow around the long circular cylinder is non viscous and
incompressible. Two pressures, P; and P, are measured on the cylinder surface.
It is propose that the free stream veloeity, U, can be related the the pressure
difference, AP = P, - Py, by the equation

A
U=Cq-2E
P
Where p is the fluid density. Determine the value of constant C. Neglect the
body force. 25%

P bbb s
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