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There are 4 question sheets and 4 answer sheets 1nclud1ng a front sheet :

Fill in your examinee’s number in the specified positions in this cover and each ques‘uon and answer sheet.

This examination booklet con51sts of only question sheets. Use other separate sheets for answers.

Ifthe: space is exhausted, use the reverse side of the sheet and write down “to be continued”” on the last line of the sheet
Solve 3 questions A-1, A-2 and A-3 in any order. Never fail to fill in question number in each answer sheet .

Return these question sheets together with the answer sheets,

If given the instruction to draw a diagram, draw it on the ariswer sheet.

Raise your hand if you have any questlons :
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: , (1. -1 -1
Consider the matrix A= ( 1 —-a-1 —2a -1

Where a is a real number.
-1 -a+ 1 ~ 2a+ 1 ’

(1) Find the value of the determinant of A
. (2) Find all the elgenvalues of A.

~ (3) Find the condltlon of a such that Alis dlagonallzable
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8 B () = e

(1) 9(z,y) = ——(m,y)+—-—(m y) e:%a%f . y%m% g(w,y) ERDE.

(2) z(t) = cost—smt, y(t) = 2(cost+smt) e, | u(t) (m(t) y(t)) rB<, WBE llm —(t) ’5:2?&) . E

EEAD. EEL, (x,y);é(O 0) L¥5.
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Answer the following questions. Here, logz denotes the natural lloga,rithrvn of .

9o —zlo !
1 Pind hm (2°-1) coszz mlogZI ;
z—0 T

.

o z o o , ,
o2 Evaluate the integral / cos z log(1 | sin? 7). da.
‘ - Jo e T

2

3. Cdnsidér the function f (:c,y) = L, where (z,y) # (0,0).
| i Vai+22 o
(1)‘ALet 9(z,y) = f( ,y) + (w,y) Find = lim g(z,y)-

A=zyy )—+(0 0)

(2) Let z(t) = cost —sint, y(t) = 2(cost + sin t) and set u(t) (m(t),y(t)) Find ‘lim d—u(t) ; |

4. Evaluate the double 1ntegra1 / / sin®z + |y|) dar;dy, Where D {(w,y) E] + ]y[ < 7r}
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10 (z <0). ,

«1))(@%555& P(X <z) #RDE.
(2)Z—1—2X®t§' e P(—3< 7 <7) BRD L.
(3) W=X+Y @R@K%EE@&%*@&

(4) T = X(X - Y) OREE B(T) 2Rk,

.Letv'X and Y be independent‘ rgm'doin variables which obey the e@oﬁential distribution with ngﬁé paramc'et‘er’&.
K That AisA, their common probabiiity ‘density fmction is f(z) = 36.—% (z20)
» 0 . (z<0)
‘ (1) Fmd the distribution function P(X < 1) of X. .
(2) Calculate the probability. P(—3 < Z <), Where Z—1-2X.
i (3) Find the probgblllty den81ty fur}ctlon of W=X+Y.

(4)'Find the expectation E(T) of T =X (X -Y).
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There are 7 question sheets and 4 answer shee’rs including a front sheet.

Fill in your examinee’s number in the specified positions in this cover and eaeh questxon and answer sheet.

This examination booklet consists of only question sheets. Use other separate sheets for answers.

Ifthe space is exhausted, use the reverse side of the sheet and write down “to be con‘unued” on the last line of the sheet.

Se]ect 3 specialized subjects among the following 6 spe(:lahzed subjects (B-1, B -2, B-3, B-4, B-5 and B-6) and answer these
questlons Solve the questions that you selected, but never fail to fill in the specialized subject and question number in each

! ‘answer sheet. Moreover mark specxahzed subjects that you have selected with mrcles in the Mark column in the Table given

" below.

©
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Return these question sheets together w1th the answer sheets.
If given the instruction to drawa diagram, draw it on the answer sheet.
Raise your hand if you have any questions. -
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In the circuit shown in the ﬁgufe V is a sinusoidal ac sou‘r‘ce‘voltage with angular freqﬁency w, E isadc source voltage,
R is aresistance, L is an mductance and C isa varlable capacitance. For this circuit, answer the following questlons
(1) Find the condition on capacitance C . o maximize the power consumed in resistance R.
2) Obtain the power consumed in res1st§1nce R under the condition obtained in (1).
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| Answer the fo]lowmg questlons for the electmcal circuit mcludmg aregister R,aninductor L and a capacfcor C shovvn v

in the figure. The input and output Voltages are denobed by u(t) and y(t), respectively. The current flowing through

© the circuit and the charge stored in the capacroor are respectlvely x1 () and x,(t). ‘ , ‘

(1) Let *y (t) and x,(t) be stabe variables and descrlbe the mput output relatlonshlp of this electric cnrcult ma state :
space model.

()] Shovv that the transfér funcmon of this electnc circuit is glven by the fo]lomng equation:
1
(3) Iet R=0,1L =1 and C =1,and derive the sfép response for zl(t) = 1. ‘

G(s) =

@ Sketch the step response derived in 3. ‘ ,
(B)letR=1,L= 0 and C'=1,and denve the gain and the phase angle of the frequency characbenstlcs of this

electric c1rcu1t

(6) Based on the ﬁ‘equency characbenstlcs denved in (5) sketch the out]me of the Bode dlagram
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@Eﬁ (a) 1, =3 /&ﬁiﬂﬂi%rbm@&ﬂ (b) ﬁbﬁé%ﬁﬂ%ﬁ%vﬁx@&%@ﬁ%ﬁjw:zb@'cfzb;'o, Ve =13 [V],
Vg =070 [V], Vg = 1.3 [V], Vg = Vg, Tc =g = 2.0 [mA], I = 101, LB, EREE (¢) IXhT L URASOEE
Bl THY, BRSEEE hy, = 200 AN /1:»«57 VA Ry = 2.0 [RQ)ET D ZOLE, ROM /ﬁxgt
1. Ry Ry, Re, Ry ER®E. .

2. FIUURAZOHER (c) %:{aior T3 ﬁ%ﬂdﬁ%mm@% (b) @Etﬂﬂz)‘l«&éﬁﬁﬁﬂ?/b{nv#{ﬁ@&&fgﬁﬁ
3. R,=Rg U)J:% T3 /&#ﬁi&t@h‘@%@%‘ iéﬂd@)#‘ A, ""%‘szabct ‘
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Circuit (a) shows the current feedback bxas cm:wtmagromlded emitter amplifier circuit (b), where V.= 13 [v], VB g =070 [V]
Vg =131[V], Ve=Vep I =1 [ = =2. 0 [mA], Iz = 101, Circuit (c) is the equivalent circuit of a transistor with the current
_amplification factor hs, = 200 andthe 1nput 1mpedance hie = 2.0 [kQ]. Answer the following questlons
1. Fmd R4, Rp, R, and Rg. : - _
2. Drawthe small-signal equivalent circuit in fhie mid- -frequency range of the grounded emitter amphﬁel c1rcu1t (b) using the equlvalent .
Lo circuit ofa trans13tor (©).

E 3. Find the voltage gam A, = == ofthe grounded emitter amphﬁer circuit, where R, = RC

4, Find the phase dlﬂ'"erence between the input voltage vy and the output voltage ¥,

L
iy (Ip) e )
s _ C—
o Y
E hfeib
| e (yeln)
o )

(c)
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~ TFigure 1 shows a 3-input odd parity checker; it has three 1-bit inputs A, B and C, and one 1bit output Y. Here an
“odd parity checker is a circuit whose output is 1 only when the number of Isin the} inputs is an odd number.

(1) Desciibe the truth table for 4, B, C and Y. '

(2) Describe the minimum sum of products form of the logic function as for Y usmg A, B and C.

(3) Write the logic C]I'Clllt of the 8- mput odd parity checker using eight 2- mput NAND gates.

Cons1der an n- mput odd parlty checker, it has n 1-bit mputs and one 1- b1t output Here n isanodd number of three
or more.
(4) Let AI,AZ, -+, and An+2 be the mputsvof the (n + 2)-input odd parity checker, and S be the output of it. Prove
that the output of the 3-input odd parity checker for the mputs S,Apy1 and An+2 is equal to the output of the n-
" input odd parity checker for the inputs A4, 4,, -+, and A4,,.
NG Prove that the n -input odd parity checker can be composed of ; (n— 1) 3-input odd parity checkers.

A . R : .
3-input odd %
parity checker -

. B1, Figurel
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. (1) %*iAbi3oo;§<nnP1 P2, P3 RBELELTW5. Pl

% 1 BATBIES 5 0, EIFRL 4550 Hify, HHER2

%5 800 Bz, EIFR3 29350 BAIRETHB. P2 %

1 BAIALES 2 oz, BIRRL 370 BbL, EIRR2 D

1000 BiAE, ZJE R3 25400 BN ETH S, P3 % 1

BATBGET 5 0ic, BIRR1 25 80 BifiT, BRR2 H5
1200 Bfir, EIRR3 53500 BALKETH 5. EIRRI,

R2, R3 OfEAAIAERIEZHZH 600, 10000, 4000
BArCHS. P, P2, P30 1 BTN D ORI

AN 1200 [, 1400 3, 1800 FICH 5. HELK -

BFMRTRTHRNS LR LGS, R A ORFA

CWERAMLT 2 p ol ErEREy e X, &
7L, P1, P2, P3 @ﬁéz_ifz%&%%:h%ﬂxl, x2,
T h.

@ ’Ci‘ﬁﬂ:btﬁ%‘f Fﬁ%%//?“l//?%‘f%
FAWNTHRT.

3) (1) tERL U7 EHE PR3 2 N %
RE ,
(@) (1) TERC L 5YHERED 3 BEORND 55,
‘ b&(t%lo@ﬂ%tﬁﬁtﬁ@;m% D
KERE. (PY M +ﬁz\j<%73tIEﬁM ¥ 2 fEER
Z1, 227123 & {0, 1} %Fﬁb‘é )

) 2 ﬁxﬂwwiﬁmﬁﬁfﬂ®ﬁﬁﬁﬁ®&mﬁ
MRS LT, x° BSRFTHIRER TS 57200
B V(x0) =
, %ﬁk?‘\_tfa‘éé

2 REEIEK (%) = (%1 = ,\) 422 R LT, & (2,07
P EROBELRER

0 D ATV2f(x%)d > 0,Yd R

LCWahY ShERD .

(1) Company A manufactires tt.uje‘e‘kinds of products P1,
P2, and P3. To produce one unit of P1, 50 units of re-
source’'R1, 800 units of réso'urqe R2, and 350 units -of
respuxée R3 are required. To produce one unit.of P2, 70
units of résource RI, 1000 units of resource R2, and 400
units of resource R3 are required. To produce one unit of
P3, 80 units of resource R1, 1200 units of resource R2
and 500 units of resource R3 are requlred The available
amounts of resources R1, R2 and R3 are 600, 10000,
~and 4000 units, respectively. The profits per unit 6f P1,
P2, and P3 are 1200 yen, 1400 yen, and 1800 yen, re-
spcctivély. Assume that all produced products are sold
as much as produced. Formulate a lineat programming
prcb)blem'to maximize the total profit of 'Cqmpany A.Let
the production velumes of P1, P2, and P3 be denoted by
‘ X1, X2, and x3, respéctively.

(2) Solve fhe.ﬁnear pro grammiﬁg problem formuiated-in 1
using the simplex method. ' '

| (3) Show the ‘dual_ problem for the linear programming prob-

. lem formulated in (1).

' (4) Show how to express the qonétraints when at least one

of the three constraints of the linear programming prob-
lem formulated in (1) requires to be satisfied. (Hint: Use
a sufficiently large positive number M and binary vari<
ables 422,23 €{0,1})

(5) Fora ‘minirhization problem of the real-valued function

. f(x) of the variables x € R" without any constraint, the
necessary condition for x? to be a locally pptlmal solu-
tion is that V£(x°) = 0 and d7 V2f(x°)d > 0, Vd € R"

are satisfied. »
- For the quadratic function f(x) = (x; —2)* —l— 2x92, ver-
ify if point (2,0)7 satisfies the above hecessary condi-
tion. ' ' o ’
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Consider the dlfferentlal equation ‘
2 ”+3:vy FAy=0, x>0 ()

- for y(:n) Here, /\ is a real number.

(1) Find the value of A for wh1ch y_l(:v) =z solves the differehtial equation (*).
© (2) Letabea real number and assume that y,,(z) = z° solves (*) B
Then, express a by using X. Moreover, find the range of A.
(3) Let A =% Find the solution y(z) of (x) satisfying y(1) =1, li_i)r(l) zy(z) =0.
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(4) For the case A =1, find the general solution y(z) of (*).
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