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1. (10%) Answer the following questions (2% each):
(a} Is this Ordinary Differential Equation (ODE): %% + (sinz) % 4+ zy = ¢ linear, or non-linear?
. (b) Ts this ODE: § = f(z,4?) linear, or non-linear?
s .
{c) Is this ODE: (j—i@) + 3%@ + m% — 2y = 0 linear, or non-linear?

{d) Write down the most general form of the nth-order nonhomogeneous ODE with constant coefficients.
(e) Write down the Bessel differential equation.

2. (156%) Solve the following ODE:
dy 2y—z+44

dr m
3. (15%) Solve the following initial value problem (IVP):
¥ — 2y — 3y = hte?
y(0) =1, y(0)=0
4. (20%) Consider the Dirac delta function é{x — z) defined as:

0, z#m
Ola — zo} = { o 6(:::—0 zp)dz =1 ’

{a) Show that % f(#)8(z — mo)dz = f(zg). (10%)
(b) Selve the IVP:
¥+ 4y = 8t - 3m)
with the initial conditions:
(0) =0, /(0)=0. (10%)

5. (20%) Consider the boundary value problem (BVP):

; ¥+ 2y =0

y v(0)=0, y'(1)+y(1)=0

W where A is the eigenvalue.

':ﬂ‘ (a) Determine the eignevalues and eigenfunctions of the problem. (10%)

:'3" (b) Expand the function: f(z) =2, 0<z <1, in terms of the normalized functions. (10%)
&

ﬂl 6. {20%) Solve the following wave equation subject to the boundary and initial conditions:
Pu_ o

A4 82~ " Ba?

] u(0,t) =0, u(l,8)=0

jl u(z,0) = z, %(E,O) =1
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Term Explanation (5% each)
(a). Newtonian fluid

(b). Isothermal process

{c). Archimedes’ principle
{d). Stagnation point

(e). Mach cone

A gas flows along the x-axis with a speed of ¥ = 5x m/s and a pressure of p = 10 x* N/m?,
where x is in meters. (a) Determine the time rate of change of pressure at the fixed location

x = 1. (b) Determine the time rate of change of pressure for a fluid particle flowing pastx =
1. (20%)

Alr steadily expands adiabatically and without friction from stagnation conditions of 650
kPa and 290 K to a static pressure of 101 kPa. Determine the velocity of the expanded air
assuming incompressible flow. (15%) '

An airplane flies at Mach 0.82 at an altitude of 10 ki in a standard atmosphere,
Determine the stagnation pressure on the leading edge of its wing if the flow is
incompressible; if the flow is incompressible isentropic. {20%)

A viscous liquid (p = 1.18 x 10* kg/m’; 1 = 0.0045 N-s/m?) flows at a rate of 12 ml/s
through a horizontal, 4-mm-diameter tube, determine the pressure drop along a 1-m length
of the tube which is far from the fube entrance so that he only component of velocity is
parallel to the tube axis. (20%)
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(1) Conservative force

(2) Principle of virtual work
(3) Momentum

(4) Damping

{(5) Coefficient of restitution

2. (25%)
(1) ZMESLORR RS - HESIE 2() FiT - TFIGRET » sindBRED 7 (15%)
() —HEZZIIRAELE 20)FTR » EEHER BC BFTRIRAE T BRI R TH7ES -

. (10%)
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3. (15%) WL R EAES) - SRR 3 B -
(1) FASILYIE R v G55SR ¢ ZHEES - (10%)
(2) FAPSMESILMY HERS © (5%)

a (m/s%)
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= 1(s)
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4. (20%) —HERIEEEATE R A 20 ke HOMSE | FE A BN IRANCE &y =04 m > A1 4 R -
s — 1 2 ke BY/RRIARIR AR - i AAERRIDIRIEEIEI9E T -
(1) FHEHBEmEE - (6%)
(@) REAIEHE I = (14%)
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5. (20%) EEMRZVMERR A B HEER mn- BN G WELGZEELRE kb 418 5
BT « LS B T AR B/ 0 IR ’
(1) REtiEHEs A ZBMWE - (%)
(2) FHEHHET - (10%)
(3) rsin@=0  KULWHEZIRENEE - (5%)
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. For the circuit in Fig. 1, determine the values of vy, i1, &, Vo, i, and . Also

determine the voltage gain vo/v; (here, vy=1V), current gain i /i (here, ii= iy), and
power gain Py/Py.  (16%)

. Consider the half-wave rectifier circuit of Fig. 2. Let v; be a sinusoid with 15-V

peak amplitude, and let R=1.5 kQ. Use the constant-voltage-drop dicde model
with Vp= 0.7 V. (a) Sketch the transfer characteristic. (b) Sketch the waveform
of v,. () Find the average value of v,. {d) Find the PIV of the diode.  (16%)

. An NMOS transistor has p,Cox= 60 pA/V>, W/L =40, V,=1 V, and V4= 15 V.

Find the transconductance g, and output resistance 1, when (a) the bias voltage
Vgs= 1.5 V, and when (b) the bias current [p= 0.5 mA.  (12%)

. For the common-emitter amplifier shown in Fig. 3, let Vo= 9 V, R; = 27 kQ,

Ry = 15 kQ, Rg = 1.2 kQ, and Rc = 2.2 kQ. The transistor has § = 100 and
V,= 100 V (Barly voltage). Calculate the dc bias current Ig. If the amplifier
operates between a source for which Ry, = 10 k(2 and a load of 2 k£, replace the
transistor with its hybrid-n model, and find the values of Ry, the voltage gain
Vo/Veig, and the current gain i/i;.  (20%)

. The equivalent circuit of a quartz crystal is shown in Fig. 4. A 2-MHz quartz

crystal is specified to have L = 0.52 H, C,= 0.012 pF, C,= 4 pF, and r = 120 Q.
Find the series resonance frequency f;, parallel resonance frequency f,, and Q
factor. (10%)

. For the circuit in Fig. 5, let the op-amp saturation voltages be £10 V, Ry = 100 k£,

R,=R=1MQ, and C = 0.01 pF. Find the frequency of oscillation. (10%)

. (a) Analyze the circuit in Fig. 6 to determine its transfer function V,(8)/Vi(s).

(b) Design the circuit to realize a low-pass filter with f,=4 kHz and Q = W2
Use 10-kQ2 resistors.  (16%)

£ 2B B [ 8
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1. (30%) Answer the following questions as precisely as possible: (3% each)

(a) State the definition for the existence of kmit of f(z) at zg.

(b} State the definition for f(z) continuous at zqg.

(c) State the definition for f{z) diffenentiable at xp.

{d) Is it true that if f(z) is diffenentiable at zp, then the limit of f{2) at zq must exist? Why?
{e) QGive an example of a function that is continuous everywhere, but differentiable nowhere.

() If f(x} is continuous between o and b except at zy (e.g. f{z) is not continucus at zg, or even doesn’t exist
at xo), where a < mg < b, then

[ rats # [* staaa+ [ siajas

Is the above statement true or false? Why?

(g) The L'Hopital’s Rule says: lima g (*2F) = limy_.o ("Si‘”’) = (, state its significance.

T

(h) It is a general pratice that sinz be linegrlized as ¢ when  is small, explain why and state its significance.

(i) Give an exampie of an infinite series that is conditionally convergent. Ts it true that if an infinite series is
absolutely convergent, then it must be convergent?

(J) If you drive a car without stops from Kaohsiung to Taipei with an average speed 90 km/h, then at some
instant, you must travel exactly with that speed. Is this statement true or false? Quote some theorem from
calculus to justify your answer.

2. (20%) Find the following limits. (5% each)
(a) 1imm~ﬂ Lo -s
2
(5) limg—1(z? — 1)¥sin (;1—1)

(¢) impouve*+a—~x
. 22{14sin? 2

421 /.,
3. (15%) Consider the function: f(z) = { g sin’(1/2), zfg

{a) Show that 0 is the local minimum point of f{x). (5%)
(b) Determine f'(0) =0, f"(0) = 0. (10%)

4, (20%) Conduct the following problem as stated:

(a} Perform the integration: fz(logz)? dz (5%)

{b) Perform the integration: f\/%fg dz (10%)

(c) Determine whether the improper integral exist: [5° ;ﬂ—\r}_ﬂdm (5%)
5. (15%) This problem concerns infinite series:

{2) Determine the value of the infinite series: 322, L_—ll(f;—f;”l (5%)
(b) Show that the infinite series Y o g ATty converges uniformly on R. (10%)
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1. Fluid Knematics (20% )

(a) THEHR—HHEERNVEZE - T5HH E 097840 Pathlines or
Trajectorles) @%&(Streaklmes)Eﬁiﬁﬁ(Streamhnes)‘? (10 % >
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2. (30% )
(a) FETEKEFTSZRSEI BT BBATRE  E L - 83 v ENEEE
g AKEYEE p > B F=f (Lung,p) « FI| EEE AT 5 i g E APl -
( Hint: Use Buckingham’s Pi method, 15% )
(b) #15 40m AR5 10m/sec » BIMEKFEE TIIIEEE 10m/sec® > JKAYH
HE 1000kg/m’ » BEAVANER 1m0 AURIATOKERT AR > SR
FER%D 7 B R RS KM SNEA L ES 25 2 (i
REFEEERNT > 15% )
3. BIEL (20% )
(a) B EAIEEE « I 1/100 > n=0.01 » 7k 1000m - F5LL BEAR
REGRIE - (HERfEERIR] » 10% )
(b) BEHD LWHEAE » EARH B —E0SE MaygH
[ TR OB % Ak H22 (10 % )

4. ERETFIIHESR (30% )
(a) TIHRENEREHM ? HEAGHERBL?  (10% )

u Lo v ()w _

dx | By 3"

(b TWﬁEﬂZ%%%@?ﬁ¢ﬁEﬂE%%I~%3~%QEZ%§“
SBIEA ? BRI e A B BB S TR © (15
%)
ow 8-15 Ju . Ju 1y

Y —=_ 22 90 _
it “ + (){/+ R pd*+ weosp — g+ F,

(¢ L3UH local and advective accelerations ZE{a 2 (5% )
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