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(1) Answer the following questions about a 30 kVA, 6000 V/150 V, 50 Hz single-phase transformer,
where the number of turns of the primary winding is 4000.
(a) Find the turn ratio a and the maximum flux ¢, [mWb)], respectively.
(b) Find the percent resistance drop p [%] and the percent reactance drop g [%], respectively,
when the equivalent resistance and the equivalent reactance seen from the secondary are 0.04
Q and 0.06 Q, respectively. Furthermore, find the voltage regulation £[%] while supplying a
full load at 0.8 lagging power factor.

(2) Answer the following questions about a 50 kVA single-phase transformer, which has a maximum
efficiency of 98% while supplying a load of 50% at 1.0 power factor.
(a) Find the copper loss P [W].
(b) Find the copper loss P, [W] and the efficiency 77 [%], when the load is changed from 50% to
80% while keeping the voltage and the power factor constant.

(3) Answer the following questions about the feedback control system shown in Fig. 1, where the
gain X is positive.
(a) Find the characteristic equation of the control system.
(b) Sketch the root locus of the control system and describe the stability in terms of the gain X.
(c) Find the natural frequency @» and the damping factor  of the control system, respectively.
(d) Sketch the waveforms of the unit step response of the control system when the gain X is 0.01,
0.25, and 100, respectively.
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An input signal g(t), whose band width is limited to the frequency range [—f, fm], is modulated

by a periodic signal

+00
p()= Y p(t—nT)
n=—000
which has a period of T, and an output signal gs(t) = g(t)ps(t) is obtained. Here, the signal p(t)
is given by

_(1/t, whenlt|<T
p(®) _{ 0, otherwise

where T is a constant and satisfies 7 < T/2. Answer the following questions.

(1) Derive the Fourier transform P(f) of the signal p(t), and sketch the outline of P(f).

(2) Derive the Fourier series of the signal ps(t) using exponential functions.

(3) Derive the Fourier transform Gg(f) of the signal gg(t) using the Fourier transform G(f) of
g().

(4) Calculate

lim G5()

for Gg(f), and explain instantaneous sampling in the frequency domain using a figure. Here, G(f)
has a frequency response shown in Fig. 2.

(5) Consider the process that the signal g¢(t) is input to an ideal low pass filter having a transfer
function

_ _ (1, when|f|<B
H(f) = {0. otherwise

and is demodulated to the original signal g(t). Derive the conditions to be satisfied for the period
T and the band width B.
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Fig. 3(a) shows a common emitter AC amplifier circuit. The bipolar junction transistor is operated
in the active region with the common emitter current gain § being 100. The values of Ry, R, and
Rp are 3 kQ, 2.7 kQ, and 200 Q, respectively, the bias voltage of the base Vg is 2.7 V and the bias

current entering the collector I is 10 mA. Answer the following questions.
(1) Explain the roles of Rg and Cg.

(2) Calculate the power supply voltage V.

(3) Calculate the base—emitter bias voltage Vgg.

Operation of the bipolar junction transistor for an AC signal is represented by a simplified h-
parameter model shown in Fig. 3(b). The values of hj, and hg are 4.5 kQ and 100, respectively. The
capacitors Cj,, Cou, and Cg can be considered as shorted for an AC signal.

(4) Show an equivalent circuit of the common emitter AC amplifier circuit for a small signal and

calculate the input resistance.

(5) Calculate the value of R, for which the amplitude of the voltage gain vo/v; will be 2.
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Table 4 shows a truth table for logical functions fy and fy. fx gives a 2-bit non-negative binary

integer number X = (x1,x;)2, and fy gives a 1-bit binary number Y = (y;);, respectively, when 2-

bit non-negative binary integer numbers A = (a;,ag); and B = (by, bg), are given as inputs. Here,

ay,ag, by, by, x1,%9, ¥ € {0,1}, and ( ), denotes the value of a binary number. Answer the following

questions using *, +, ~—,and @ operators for the logical conjunction (AND), disjunction (OR),
negation (NOT), and exclusive OR (EXOR), respectively.

)

(2)
(3)

(4)

(5)

(6)

M

(8)

Show a logical formula for fi in the minimum sum-of-products form using AND, OR, and NOT

operators,
Draw a logic circuit for fy using 3-input NOR gates only.

The following sentence should explain the function of fi. Give a brief description suitable for

filling the box E:l using A and B.

“The logical function fy gives Y =1 when :], otherwise Y = 0.”

Fig. 4(a) shows a circuit symbol for a half adder HA, whose inputs are Py and Qy € {0,1}, and
outputs are asum Sy € {0,1} and a carry to the next stage C € {0, 1}. Draw a logic circuit for the
half adder HA using 2-input EXOR and 2-input AND gates only.

Draw a circuit diagram for fy using half adders HA and 2-input AND gates only. Here, minimize
the total number of half adders and AND gates.

Let Z=A X B = (23,2;,21,29), Where X denotes arithmetic multiplication, and zs, 25,2, 2,
€ {0,1}. Draw a circuit diagram which outputs z, using half adders HA and 2-input AND gates

only. Here, minimize the total number of half adders and AND gates.

Fig. 4(b) shows a circuit symbol for a full adder FA whose inputs are Pr, Qf € {0,1}, and a carry
from the former stage Cg € {0, 1}, and outputs are asum S¢ € {0,1} and a carry to the next stage
Cy € {0,1}. Draw a circuit diagram for the full adder FA using half adders HA and 2-input OR

gates only. Here, minimize the total number of half adders and OR gates.

Let W =A4—B = (wy,wy), for inputs A and B which satisfy ¥ =1. Here, — denotes
arithmetic subtraction, and w;,wy € {0, 1}. Draw a circuit diagram for W using full adders FA
and 2-input EXOR gates only. Ignore the inputs A and B which give Y = 0, and minimize the
total number full adders and EXOR gates.



Question No. 4: Computer science 1 (4/4)

atE 1
(4AHB/48%)

2020 4F 8 A =EHE

EIRE 4

|

|

Qn

Py

<«—{C HA

Fig. 4(a)

e

84]
—l& S
T
kx,
—>
RS

Y
Yo
1

X1
0

Table 4

bo
0

b,
0

a
0

Fig. 4(b)



Question No. 5: Computer science 2 (1/4)

2020 &£ 8 A RfE
RIRE5 EHEHE2
(lLHEH./4E")

Fig. 5(a) DX 2RO BEB 70/ IV EB%2EX5. f(z1,....,5k) = EWE->TEHIN
TWBBERETHL f(E,...,Ey) OF@AELLT, UTD220MKIBEEZ 5.

o [EIU: Ey,... E 288 n,, ... ,np iCRB3XTHWL, EDQxq,..., 2 2TNE N0y, ... 0k
TEEBMIATEOSNAATHEFUHL2AEZEEHR 5.

o B EDxy,...,0p EFNFNE,,... B, CRAERXTHBONIZATHERTHLE
HEBEMRZ 3.

WEFNOBRIZEWTE, BRTFUHUUAORIZRO LS Icflishs.
L J E1 -i-Eg: E1 & E2 %E&nlﬂu Ktéi'éﬁﬁ@b, iﬁ%ﬁ:% ni &'. N9 @%ﬂ'&ﬁ%}ﬁié
o EyxEy: F1 & Ep 88 ny,np (T3 ETHNL, RelbEn & ny DMTEEMZ 3.

® IFEQ(E],EQ,E3,E4): El b E2 ’E’g& ny, n2 ‘:7&6 i'@ﬁ%’ﬂb, n =ng tiétf:‘&ﬁﬁk’&
E3T, 5 TR E, CEEH]X 3.

B £, A Fig. 5(b) DBBEBTEX SN TWB L &, THEhOFMKREDOT TD f1(1,2) O
¥PNX Fig. 5(c) TREN3. UTORIZEZ L.

(1) EFFTEREE B & U BRI IR T D £1(2,4) OBKN 2 & T,

2) mn EEQBHEL, m<n T3, fi(mn) 2FHET 5 & NEOEKS X CREO
EfE kD k. HFY, LHRTOZNEFROHEIIDOVT, m,n THY,

(3) H2BRE U 5IVI/EBFER SN &, ZTOEEHMET VRS & & J10F U HRER
DELSERALTWALRHET 272D EDEI 2T I 0L TTHIEI VWA
Fig. 5(d) TE X o BB dummy B X U recur EBAWVWTER &, %L, 70 7LD
THLERTELZDEX, Tul5L3BILTE302EL, BLUBLLABEORKEDAL
T5.



Question No. 5: Computer science 2 (2/4)

2020 & 8 B E£E
IRES ETEH2
QEB/48H)

P 2:=Dy;...;Dn: E 712" A program
D := f(z1,...,zx) =FE B%E & function definition
E z=n B integer
| = B variable
| Ev1+E2 BN addition
| Ey*E; FH multiplication
| IFEQ(E), E; E3,E;) % {41 conditional branch
| f(Er,---, Ek) BESME 'S U function call
Fig. 5(a)

fl(zs y) = IFEQ(:B’ Y, lay * fl(:c + l,y))

Fig. 5(b)

EL Y OR

call-by-value:

" f1(1,2) — IFEQ(1,2,1,2x f1(1+1,2)) — 2 f1(1+1,2)
— 2% f1(2,2) — 2+IFEQ(2,2,1,2% f1(2+1,2)) — 2x1 — 2

BRI

call-by-name:

fi(1,2) — IFEQ(1,2,1,2% f1(1+1,2)) — 2 fi(1+1,2)
— 2+xIFEQ(1 +1,2,1,2x fi((1 + 1) + 1,2))
— 2*IFEQ(2,2,1,2 % fi(1 + 1) +1,2)) — 2x1 — 2

Fig. 5(c)

dummy(z) = 0
recur(z) = recur(x)

Fig. 5(d)
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Consider the functional programming language whose syntax is shown in Fig. 5(a). Given a
function definition f(z1,...,zx) = E, consider the following two strategies to evaluate a function
call f(E,..., Ex).

e call-by-value: Reduce E\, ..., Ej until they become integers n,, ..., ng, respectively, and
then replace the function call with the expression obtained by replacing z1,...,T in E
with ny,...,ng, respectively.

e call-by-name: Replace the function call with the expression obtained by replacing x, ...,z
in E with E,,..., E}, respectively.

Under both strategies, expressions other than function calls are reduced as follows.

e E; + E5: Reduce E; and E; until they become integers n; and no, respectively, and then
replace the whole expression with the sum of n; and na.

e E) x E5: Reduce E; and E3 until they become integers n; and no, respectively, and then
replace the whole expression with the product of n; and n,.

e IFEQ(E), E2, F3, E4): Reduce E) and E; until they become integers n; and ng, respec-
tively, and replace the whole expression with E3 if nj = ng, and with E4 otherwise.

When the function f; is given by the function definition in Fig. 5(b), the reduction sequence of
f1(1,2) under each strategy is shown in Fig. 5(c). Answer the following questions.

(1) Write reduction sequences of f1(2,4) under the call-by-value and the call-by-name evalu-

ation strategies.

(2) Let m and n be positive integers and m < n. Find the number of additions and the number
of multiplications executed during the evaluation of f(m, n). Express your answer in terms
of m and n for each of the call-by-value and the call-by-name strategies.

(3) What program should be executed to determine which of the call-by-value and the call-by-
name strategies is used by a given functional programming language? Answer using the
dummy and recur functions given in Fig. 5(d). Assume that from a program execution,
you can only observe whether the program terminates or not, and the final value if the

program terminates.
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P u:=Dy;...;D;E 712" L program
D == f(z1,...,2x) = E BE¥E % function definition
E :=n B3 integer
| z 23 variable
| Ev+E INE addition
| Ey*E; FEH multiplication
| IFEQ(E:, Es, E3,Ey) %2 conditional branch
| f(Er,..., Ex) FABIE ' U function call
Fig. 5(a)

filz,y) = IFEQ(z,y,1,y * fi(z + 1,y))

Fig. 5 (b)

EL AR

call-by-value:

f(1,2) — IFEQ(1,2,1,2x fi(1+1,2)) — 2% fi(1+1,2)
— 2% f1(2,2) — 2+IFEQ(2,2,1,2% fi(2+1,2)) — 2x1 — 2

RHTEY:

call-by-name:

£(1,2) — IFEQ(1,2,1,2* fi(1+1,2)) — 2x f1(1+1,2)
— 2+IFEQ(1+1,2,1,2 fi((1+ 1) + 1,2))
— 2xIFEQ(2,2,1,2 % fi(1 +1)+1,2)) — 2x1 —» 2

Fig. 5(c)

dummy(z) = 0
recur(z) = recur(z)

Fig. 5(d)
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Consider the state of a particle of mass m bound in the one-dimensional harmonic oscillator

1
potential V(x) = 3 mwy2x? along the x-axis, as shown in Fig. 6. Let the wave function in a

h
stationary state be ¥(x). In the following, E is the total energy and i = o (h: Plank’s

constant), and wy > 0. Answer the following questions.

(1) Write the Hamiltonian operator A of the particle.

. . . o . mwg 2E
(2) Write the Schrédinger equation by normalization with q = 5 X and 1= Y
0

(3) Theeigenfunction y,,(g) ofthe harmonic oscillator is expressed with Hermite polynomials
H,(q) as

Ya(g) = Ane™ 7 Hn(q),

where n=0,1,2,-.
(a) Find the normalization constant |A,| based on the normalization condition for ¥, (q).
The following equation of Hermite polynomial orthogonality can be used, where &,,

is the Kronecker delta.
[ H(@Hn@)e ' dq = um27ni v

(b) Find the eigenfunction ,(q) . Find the expectation value (q,) of g and the
expectation value (V,) of the potential energy V(q) for ¥,(q), where Ho(q) = 1. The

following integral equation can be used.

it T
e
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V(x) 4

Fig. 6



