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Questions.

Please describe the race-around condition of a J-K FLIP-FLOP. Can you avoid {he
condition? Please propose your tdea. (10 %

Please explain why an active load (current mirror) is used in place of (he collector

resistance in the interjor stage ol an Op-Amp? (8 %)

Please draw the DC and dynamic load lines of the
following? (7 %)

v

amplifier stage given in the

1 R, :
R | [ ‘l] - &
: — - ——
V.\' O_(:'”‘ - . ?
-t
R; ——
R, ly increase

Vi,

Please design an encoder, using muliiple-emitter transistors, to satisfy the given
truth table (8 9%)

[nputs uipuis
Wi owy Wi Y, Y Y, Y, Yo
0 0 I | 0 I !
0 ] 0 | [ I 0
0 0 0 1 0 ! |

Please draw tlie two-port amplifier configuration of a shunt-shunt amplifier. Why
the impedance levels (both the input and the output impedance) is low i this
configuration? (10 %)

What is the Nyquist*s criterion? Please draw the locus’s on the Nyquist’s plane for

both a stable and a unstable systems. (7 %)
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Consider a step-graded pn junction shown in Fig. 1. Please draw the charge density

P, field intensity £ potential variation }; and minority carrier density as a function
of distance x from the junction for both forward and reverse bias. Note that the

depletion width must be indicated in your drawings. (10 %)
( i [ p n {
X ‘“ |

V¥

Fig. t,

The circuit shown in Fig. 2 is a tommon-source amplifier with source resistance.
The transconductance of the amplifier is g, and the drain and the source resislance
of the FET are negligible. (a) Please draw the equivalent circuit of the amplifier
without feedback. Nole that we only need to consider the internal capacttor C,
belween gate (G) and source (S). (b) What is the refurn ratio T of the amplitier? (c)
Please draw the normalized Bode plot (iucluding the relative magnitude and phase
to the relative frequency)of the transfes function of the circuit. What is the 3-dB3

frequency of the circuit? {20 %)

Consider the circuit shown in Fig. 3. (a) Please find the outpul vollages, v, and v,,,
when v, = v, =0, (b) Please evaluate the Apng, Ay and CMRRR of the circuit. The

transconductance of the transistor is 20 mS. (20 %)
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Institute of Electro-Optical Engincering -
1996 Eatrance Examination of Engineering Mathematics
50 Part 1: Fillin the nu mbered blanks sequentially (60%).
i b this session, each blank is worth 4%. You are ol required to fill in any detail colenlation, Just
give the flnal resuls sequentially in the correspoitding blunk spaces in your answer sheet,
- A, Under what condition: (1) , the equation fix)efylelr + af vy =0 is exaer,
i B. Find the general solution of the following differential equations,
100 (i). when (xD* . 3D)j; =0, where D is an differential operator, then y = (2) .
(). when [D* - (&, + 20D + Ah, ]y = ke o then y = 3) TR =4,
dw  dw
e C. Solve the problem, — 4+ x-—_ =0 »W(00) =0, w0, 1} =1, for s> 0, then wix, 1} = {4}
ox ot
- . . . - (_l)m k{7 .
D. Find the radius of convergence, R, of the power series Z‘ P X" R= (5)
=)
16]
E. The Sturm-Liouville problem described in the following: y*+ Ay = ¢, Y (0) =0, y{#) =0, find the
3 eigenvalues ), = {6) , and the eigenfunctions y, = )] vwheren=0,1,2,....
[~ L. 2iz -1 g
F. One mapping is w = ~ » find the fixed points: (%)
z+2i
N G. Find the directional derivative, A /O5, o f(x, y, 2) =2 + ¥+ 2t atthe point P (2, 2, 2) in the
dircetion of the vector p = j + 2j - 3k, then af/(?s = (9
20
. H. If the eigenvalues of 2 square matrix A are 4, A, ey, then the matrix A < kD" (where A, &,
and # are non-negalive integers, and / is the unitary matrix) has the eigenvalues: (10) (in
- terms of A,, A,, .....A, ). :
i 1. Find the volume, V, of the tetrahedron with vectors a, b, ¢ as adjacent edges where a = j + 2k, b = 4j
L +6j+2k,c=3i+3j-6k,thenv= (n
’h : ¢
J. Find the inverse Laplace transform of ] = L'(¥5)) = (12) s if ¥(s) = m .
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- K. Find the solution of the Laplace equation in the disk of radius | with boundary vajues -
A = 10 cos’0. Solution = (13)
50 L. Apply the divergence theorem to evaluate the inlcgral He-"dzdx = (14) . where S: (he
5

R surface of the parallelpiped 0<x<3, 0 sps2,0<5:z251,

M. Apply Newton's iteration method (o the equation x* - Sx + 3 =0, starting from £, =2 and

performing 3 steps, then (15) & =7x=71x=7

0L

Part I1: 40%

| iz this session, each problem Is worth 10%. You are reqitired to provide the necessary details in
order fo get the Juit credlt, and you shoutd answer the prablems in numper sequendially in your
B answer sheet.

151,
I. Explain the convolution theorem, then apply the theoremn to solve the following initial valye
B problem: p” + 2 = p(n), HO=1if0<r<land0if¢> L0)=0,y10) =0,
3 2. Find the Fourier series of the periodic (21) function Ax)=x"M (m<x< n) and show that
i 11 n?
l-——+—--—-——+...—‘...=—-.
4 9 16 12
20 : 3 Explain the “Residpe theorem”, and apply the theorem to evalunte the following integral
[~ cosh 2z , _ . o .
A, 1 92 where zis a complex variable and C is e unit circle {(counterclockwise),
I"IGdt pl ble and C is the unit circle (counterclockwise)
.2+
- [4

4. Describe the “Green‘s Theorem”, and apply the theorem 10 evaluate the line integral

i I?.xy“dx +3xyldy counterciockwise around the contour C: x? + y=1
r .

25
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- LI a photoelectric experiment in whicl monochromatic light and o
sodium photo cathode are used. Stopping potentials of .85V for
i A=03umand 082 v for A = 0.4 um are found, From these duta
5L determine
(i) a value [or Plank's constant, 7%
- (1) the work function of sodium in electron volts, and 7%
] (11i) the threshold wavelength for sodium, Ok
- 2. Consider a X-ray beam, with A = 2.00 A and also a y-ray bewm with
A=0.024. If the radiation scattered from [ree clectrons is viewed at
i 90 degrees to the incident beam,
100 (i) What is the Compton wavelength shift in each cage 7 6%
(11) What kinetic energy is given to a recoiling electron in each case 2
" 7%
i {(11) What betcentage of the incident photon energy ts lost in the
collision in each case 7 7%
3. What is the maximum speed for which the classical expression %mv]
15 _ will yield an error in the kinetic energy no greater than 5 % 9 10%
4. Write down e Schroedinger's equation for g simple harmonic
uscillator. 15%
5. Consider a potential burrier (V) shown below, a particle witl (1]
cnergy E incident from the lefy with E < V. Qualitatively draw iy
- wave funtions in regions I, [I, and 1. 15%
20

0. Explain the t'oilowing terms,
- (1) Zeeman elfect 1%
25 -~ (1) Fermi probability distribution 1%
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Institute of Blectro-Optical Fngineering " -
1996 Entrance Exan, Electromagnelism
Part L Il i the Blanks (6U%) 7
. . . . 45
I thas session, coch blank is worth 5%, Please do your calcululion on the seraleh
paper wnd copy the final 1osult i the corresponding blank SPUCC WL YOur ansuer
sheet. Lor these problems thal reqtiare nuwnerical values, try Lo give your best - T
tnates. You shall get full credut Y your answer v within 0% necuraey. Pariial
credil s also wiparded if your unswer is nol oo for ofl. For probles e, b and 1, ]
you gel full credit only if you write wour answer e less han 25 words in English
or Chinese, -
a Lhe lour fundamentad clectromagetic field quaudities are L, D, 1, 11 ticlds. T
Please give their nanes (1) and uniig (2)
. e 410
(in MKS systenm),
b Stale the necessary and snflicient condilion {or a conservative elecliice lield -
() )]
¢ Simplify the [ollowing vector inentities: 1) @x (bx @) = (1) where
i, b e veclars and V- («,f;/i} = (5) where o is a scalar funetion

ad A s a vector Tunction.,

4 Write down the two interface conditions for the Lime-varying electromagnetic

{iclds 6 as required by Farady's Law, and Am wre's Law,
l Yy ¥ '

* Why the sky s blue in a cloudless daylime? A (7)

—

Give Lhe operaling [requencies of the [ollowing wavepuides 1) coaxial cable
used it thie CATV sysbom, 2} optical fiber used in the long distance telephone
cotnunicalion system. A: (8) - (Units are reguived for your
auswer)

ko Determine the Jowest cul-off {requency for the coaxial cable cirrying TIEM
(transverse 15M) wives: (9) assiining thad Lhe inner/outer radii
re= 008 ey and vy = 0.5 ¢ and Lo characteristic impedance is 50 §2.

b State the guiding principle and the wha type ol waves (g, TEM, TE, TM,
ele.} exist in the optical iber: A: {1

1 Give the typical values of condutivities o of 1) aninsulator (pure sitica), 2)
Lhe silver metal, A: (1)

Desceribe the 15M wave charvacleristios ol a Gaussian beam generated by a lascer
source. A: (12)
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Part, 11 404,

P Devive the tar liek! 15 field formular of an clectrical dipale (paiv of equal hut
appositely charged particles) located on 2 axis. The dipole invinent. is assnme|
Lo be QQdz. Please express your solution in the spherical coordivate syslen,

(NJ(}{))

>
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2 Derive one-dimensional Hetmbolz! equation from Maxwell's equations for the
Lzuonpouent, 15 field propagalbing in the 2 direction. (15%)

2 Derive the transimission cocllicient of the normally incident, plane wave upor
A slab of thickness o and index of relraction n. Assuiie that (e wave iy
propagating in the z dircction and both sides of the slab are vacunm, (| o%)

3




