Question No. 1: Electrical engineering (1/2)
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G(s) =

Consider the control system shown in Fig.1. The transfer function G(s) included in Fig.1(a)

and Fig.1(b) is the same and given by

5443 i
(s+1)2

where L >0. Fig.1(b) is the system in which a gain element K >0 is inserted in front of G(s)

G(s) =

in Fig.1(a). Answer the following questions. If necessary, use the following approximation:

log,,2 =~0.3, log,,3=0.5.

(1) Find the absolute value |G( ]a))l and the phase angle ZG(jw)[rad] of the frequency transfer
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function G(jw).

In Fig.1(a), let w,[rad/s] denote the gain crossover frequency defined as the frequency at which
|G(jw)=1. Find w,.

In Fig.1(a), express the phase margin PAM [rad] in terms of L.

In Fig.1(a), let @_[rad/s] denote the phase crossover frequency defined as the frequency at which
LG(jw) = —m[rad]. Find the value of the dead time L [s] so that @_= NET

InFig.1(a), let @, = \/g . Find the gain margin GM [dB].

In Fig.1(b), let @_=+/3,and £ denote the steady state error in the case where the reference input
is a unit step function. Express & interms of K.

In Fig.1(b), let w, = J§ . In this control system, increasing in K decreases € given in question
(6) but makes the system unstable. Find the lower limit of £ under the condition that the system is

stable.
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Fig.1



Question No. 2: Communication engineering (1/3)

2014 &£ 8 A%EH
8 2 BEIF
( TEB73E%H)

R 253 A R T IRIBE AR (DSB-SC) % AV 7= Fig. 2@ R T BEREE 2D . Bk
TEBHTHERIIZWVWLD T35, ZEBFORFEEE T V¥ (BPF) X, ®RATEZL
NBA NNV AREERF>LDOETS.

h(t) = exp{— (t/T)? }cos(2yrf,;t) (-0 <t < ™)

7ei2L, TIXERK, fmIXBPF OFLEEETH S, EEHEICIE, Fig 2007 T X 92 AX
7 MV (8(f+H/m) E8(f-tm)ERTDEE sOBANINTWD., EEHOMXRE %
A cos2rft), XERORERERSBE ST L cosQaf)&T5. ZIT, ABLOLITENE
TER DFERRS L OVERKTHY, UT<<flL=f,<<f,Thd. UTOMEZ L.

(1) Fig. 2(a)? A /R8T 5 DSB-SC ZffE B x(E KD XL.

(2) BPF OEZRIE H( /) B RD, TDART MEHIT. SERBIE fwexp(—tz)dt=\/; %
Ak,

(3) Fig. 2@® B RIZBIT H%Z/E# BPF ) yODPEFHRSEZRO L. LERL T
jiexp(— 2 fi)df =0(t), exp(~t2) =0(l]>>1) ZAWVE.

(4) 3Z12#% BPF 1 yo)DE B-xt#ZE L (SN) 2R K. 72721, ZEBICATENS
HEMEE nODOWBIE N AT MEBEIINL2 THHLDETS.
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Consider a transmission system using double side-band amplitude modulation with suppressed
carrier (DSB-SC) as shown in Fig. 2(a). The transmission line is assumed to be ideal and lossless. The

band pass filter (BPF) in the receiver has an impulse response A(f) expressed as follows,
h(t) = exp{— (t/T)? }cos(Zﬂf”’,t) (-0 <t < ™).

Here, T is a constant, /', is the center frequency of the BPF. A signal s(#), which has spectrum
components (8(f+f,) and (f-f»)) as shown in Fig. 2(b), is fed to the input of the transmitter. The
carrier wave at the transmitter is 4 cos(277f,¢), and the local oscillator signal at the receiver is

cos(2rft). Here, A.and f; are the amplitude and the frequency of the carrier, respectively, and 1/T

<< f'n= fm << f.. Answer the following questions.

(1) Derive the DSB-SC signal x(¢) at the point A in Fig. 2(a).

(2) Derive the BPF transfer function H(f), and draw its spectrum. Use fw exp(-t*)dt = Vo if
necessary.

o0

(3) Derive the receiver BPF output y(¢) at the point B in Fig. 2(a). Use f exp(—j2z f)df = o(t),
exp(—t>) = 0 (]| >> 1) if necessary.

(4) Derive the signal-to-noise power ratio (S/N) of the receiver BPF output y(¢). The double-sided

power spectrum density of the white noise »n(f) input into the receiver is assumed to be Ny/2.
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FUVAFDBEEALLT-ET AL LT, Fig.3(@E2HWAZ L.

(1) Fig. 3(b) IZ7R 9 B DUIME S 513 2 7~ .

QMO OEEDOANA v E—F A Zy, WA v E—F VR 7, 2RDE. ATEFDORE
BEIIHDIcEmL, aryTFry e, GOA VY E—F U ARERTEHLE LT,

B) mar T oY GEERL & Fig. 3(b) DEIEOEMEILZE D X 5 ICE{bT 55, B OEBEFE K
(=V,/V) ZRDTHFR L.

(4) Fig. 3(b) ODEIITEBIRIFENA 7 AEK TH 5. BELL EOAELICK L CEIEOEE
DEEEL2HEHLTHAE L.

(5) Fig. 3 (e) {Z7- 3 BB OHWUIME Bl B3 & R

6) B DEEDODANA v E—F R Z,, HAOAVE—F VR Z,, 2RO, AEBEDE
BEI+micEL, aryr T GOA Vv E—F U ARBHETEDL L LTHV.

(7) Fig. 3(c) DEIRIIEBERIENA 7 AR TH 5. BEL( EOAELICK L CEIEOBE
WEE &7 HERZ P L.
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Answer the following questions on the amplifier circuit using an npn bipolar transistor.

As a simplified model of the npn transistor, use Fig. 3(a).

(1) Show the small-signal equivalent circuit of Fig. 3(b).

(2) Derive the input impedance (Z») and the output impedance (Zut) of the circuit of
question (1). Here, assume the frequency of the input signal is high and the
impedance of the capacitors (Ci, C2) can be ignored.

(3) When the capacitor C: is removed, derive the voltage gain K (=V, / V) and explain the
change of the behavior of the circuit shown in Fig. 3(b).

(4) The circuit in Fig. 3(b) is a biasing circuit based on current feedback. Explain the
reason why the behavior of the circuit becomes stable against disturbances such as a
change of temperature.

(5) Show the small-signal equivalent circuit of Fig. 3(c).

(6) Derive the input impedance (Zn) and the output impedance (Zu) of the circuit of
question (5). Here, assume the frequency of the input signal is high and the
impedance of the capacitor Cs can be ignored.

(7) The circuit in Fig. 3(c) is a biasing circuit based on voltage feedback. Explain the
reason why the behavior of the circuit becomes stable against disturbances such as a

change of temperature.
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say ZIZRAPMLT, HEA 12,0220 1y MEB a, bE{0,1}2ZITRY, 1 EY
MEB zE€{0,1} N T AIRFEIEEZE 2 5. RIEFERIL, (aa....aa)rZ(bbe...bb1), D
EE1EHEAL, ENUATIZOZEANTS. 2720, (hiX2EHKOEEZERT.

(1) ABFRF aa;a,a:=1100, bbsbyb; =1001 (2% 25 H IR 5 2,2322) B 7H.

(2) RIBFFEIEEOIREEBRX 2 R, 72720, (@an...a0a01):2(bbey...bab), DIREEER S, Fh
DS OREEE Sy LT 5.

(3) AEFEFEOREN (REX) ROH /X%, AND, OR, NOT % AW = &K TR
. 2720, BIEOREZEZETREES % y€{0,1}, ROREEZEZTREESE re{0,1}
ET5. Fio, REEIY YT S©y=0, Si©y=1 L7 5.

WOD7VyTFruyF—2b@EYmE s — AW TARIBEFERORKXZRE. D 7Y
vy 77 ay TOYHEREGRTZ &

Consider a sequential circuit which receives two 1-bit signals a;, 5, < {0,1} and outputs one 1-bit
signal z,< {0,1} at each time #=1,2,... in synchronization with a clock. The sequential circuit outputs
1 when (a@.1...a201)2 = (bibr...bab1)s, and outputs 0 otherwise. Here ( ), denotes the value of a

binary number.

(1) Show the output sequence z,z3zyz; corresponding to the input sequences ajaza;a;=1100 and
b4b3b,61=1001.

(2) Draw a state-transition diagram of the sequential circuit. Suppose that the state is S; when
(aary...ara1 )2 = (bibyy...byb1 ), and the state is Sy otherwise.

(3) Show the excitation equation (state equation) and output equation of the sequential circuit with the
minimum sum-of-products form composed of AND, OR, and NOT. Suppose that y< {0,1} and
Y= {0,1} are the current and next state signals, respectively. Suppose also that the state
assignment is given by S;<y=0 and S;y=1.

(4) Draw a circuit diagram of the sequential circuit using a D flip-flop and adequate logic gates.
Specify the initial state of the D flip-flop.
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Fig. 5 AT HRBER £ 2E 25, 22T, Bfinod(x,y) 3B x 2By CHl-72KRD %
R L, K “if e;=ey then e3 else ey” DHIZX, e DIEDS eg DEHIZZFE L T 1L e3 DfEIZ, F9 T
Bt e, DEICE L, £7%, AHplq(p>q) 3FFEDEETHS LIRETS. £I1BT5
UToRMIcEZ X,

(1) £(901,255) ZzatHER X, FHHEOBELRTI L,
(2) FEDIHADER p L q(p>q) IKNLT, £(p,q) PAEMEILT S Z LE2RE,
(3) £(p,q) ZFtHET 28, nEHOHREBIFOHLIZEIT S qDfER g, TET. nEHH (n > 3)

DERBIEOE O L2 Tb B8, qn < q’;? BIRD D T & BT

(4) f(3) DEAGRZ AT, £(p,q) (@ > 0) ZFHET 2 7- D OFREIBIFOH L DEIEUZ O(log q)
TH5H I Lz,

Consider the recursive function f shown in Fig. 5. Here, the function mod(x, y) returns the re-
mainder of integer x divided by integer y, and the value of the expression “if e;=eg then eg else e4”
equals the value of eg if the value of e; is equivalent to the value of es, and equals the value of
e4 otherwise. Furthermore, assume that the inputs p and q (p > q) are non-negative integers.
Answer the following questions about f.

(1) Calculate £(901,255). Show your working.
(2) Show that the calculation of £(p, q) terminates for any non-negative integers p and q (p > q).

(3) Let qn represent the value of q at the n-th recursive function call to calculate £(p,q). Show
that q, < Gn—2 holds when the n-th (n > 3) recursive function call takes place.

(4) Using the relation in question (3), show that the number of the recursive function calls
required to calculate £(p,q) (q > 0) is O(log q).

f(p,q) =
if gq=0 then p

else f(q7 mOd(paq))

Fig. 5
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—RIERT X VFHFF
0 (x<0)
Vix)=4-V,(0=x=<a) (6A)
0 (x>a)

&2 % (Fig. 6(a)). BEm, TRLVF—E(>0)DRFHNx<0 DEEND ZDOHFICASH
5. UTORMICEZ L. MTFORBEEE px) E 8L, BESCTh=h/Qr) 2RV
K. ZZIhE T EETHA.

(1) fElix<0icBIT D, FEIKTFELRW Y 2 b—TF 4 VT —FERE2ET.
(2) HEEO=sx=allBTD, FRIKFELREWY 2 Lb—F 4 Vv H—FEXEEIT.
(3) X >allBIF 3, IR L2V 2 L—F 1 v I —FHEXEET.
(4) #EEx<0, Osx=<a, x>allBIDpx)2ThEh

Ae™ + Be™  (x<0)
@(x)=1De™™ + Fe™* (0sx=a) (6B)

Ce™ (x>a)
EBL. ke RERD L.

(6) KEBICEZBND p(x) DEREZAV, x=0BLVx =a BT 2 p(x) BLOZDZER
W @'(x) DEARMEEZETRD K.

©) FH6)TE BN BERAEND, AR TAEFO E2iE 05K 5 BBER 713
2 V. sin>kal

g - (6C)
4E(E +V,)

EEHEZBND. TIZFZRLEX—EZX LT Fig. 6(ICREND X 5 RIEBHNARESEV 2 R
5. TBBRERDL—HDEDEEZRD, ZOREOHENEREZHE L.
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Consider a one-dimensional potential well

0 (x<0)
V(x)=1-V,(0<sx=<aqa) (6A)
0 (x>a)

A particle with mass m and energy E ( > 0 ) is incident to this well from the x < 0 region (Fig.

6(a)). Answer the following questions. Let the wave function of the particle be ¢(x). Use

h = h/(2x) if necessary. Here, h is the Planck’s constant.

(1)
)
()
4)

)

(©6)

Write the time-independent Schrédinger equation for the region x < 0.
Write the time-independent Schrédinger equation for the region O<x<a.
Write the time-independent Schrédinger equation for the region x > a.
Let ¢(x) inregions x<0, Osx=<a,and x>a be

Ae™ + Be™  (x<0)
@(x) = | De™™ + Fe™* (0=x=<a) (6B)

Ce™ (x>a)
Obtain £ and %°.

Using the expressions for ¢(x) given in (6B), obtain all the boundary conditions for

@(x) and its spatial derivative ¢'(x) at x=0 and x=a.

Using the boundary conditions obtained in question (5), the transmission probability 7,
with which the incident particle passes over the well, is given by

-1
2 2 .
V, sin’ k'a

4+
4E(E+V,)

TE’g
A

. (6C)

T shows an oscillatory behavior as a function of the energy F, as shown in Fig. 6(b).
Obtain the series of energy values £ at which T’ shows maxima, and discuss the physical

meaning of this result.
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V(x)

Fig. 6(a)

E (arbitrary unit)

Fig. 6(b)

» X
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X — 0 < x <40 28125 EH x D%

/1 (|x| <1)
f(x)={o (hd>1)

BEZD. Fir, Eff-0<x <40 2B W THROMA FER
d2
Ex—z“g(x)—g(x)=f(x)
2
R T 5B g(x)EEx25. g(x), ig(x)iocl:()\;zg(x)&;t[if'm'ﬁ © <X <+0 THR,

i O TES ARERERTH L L35, C, C,, C;, CiE, UTOXSICERINIHE
S8 THDH (Fig. 7).

C:z=t (r=t=R),
C,:z=Re" (0O=t=um),
C,iz=t (-Rst=-r),
C,:z=re'"™™ (0<t=m).

72770, zZITERLE, tITENEHETHE. -, r E RIZFNFnNO<r<l, 1<R%*WE~
TEHTHD. WIEHBEMTHD. LTOMCEZ L.

uz

—-e
CI+C2 +C3 +C4 Z(Z + )

(1) uEOEHLTHLE, BHEBEY dz &R X.

(2) B f(x)n7— JIEE&F J—f f e dx R X
(3) BB¥ g(x) P 7 — Y =24 Gl J__f_mg i kb X
@ B o BLU xOB% Ho, x)=%a»%m.

w(w” +1)

g(X)=i.(fw H(w, x+1)do-["" Ho, x-1)dw)efm:9:m—<ﬁ.
21\~ -0

(5) E¥ x 1Zx LTBEH g(x) 2k k. 1oazHoBEREE k(z) XL T,

lim [ k(z)dz=1i(6, -6 JResk(z) £ 25 = L &fAvT XV, 727221, CH

g—0

Ciz=a+qe” (s0s6, 0<6,-6 27, 0<q)L ERENDENHTHS.
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Consider a function
x (lxl <1)
fx)=
0 (| >1)
of a real number Xin the interval —o <X < +%. Also, consider a function g(x) satisfying

the following differential equation:

d2
& 9)-9()- 00 |

in the interval - < X < +00. Assume that g(x), dig(x) and ; ~g(x) are bounded,
X

continuous and absolutely integrable functions in the interval — <Xx <+ . Cl, Cz,

C,and C, are integral paths defined as follows (Fig. 7),

C:z=t (r=<t<R),
C,:z=Re" (0=t=mx),
C,:z=t (-Rst=-r),
C,:z=re™ (O=t=um).

Here z is a complex variable, and t is a parameter. Also,  and R are real numbers
satisfying 0 <r <1 and 1< R, respectively. Let i denote the imaginary unit. Answer the

following questions.

(1) Whenuis a positive real number, find the value of the complex integral

iuz

—-e

f 5T dZ .
C+C,+C5+C, Z(Z + 1)

(2) Find the Fourier transformation F e ™ dx of the function f(x).

rff

J_ o

(4) Consider a function H (a), x) = e—2 of real numbers w and Xx.Prove
w(w” +1)

g(x)=%(f_+: H(w, x+1)dw—f:o H(w, x—l)da)).

(3) Find the Fourier transformation G(w) = ( )e “dx of the function g(x).

iwx

(5) Find the function ¢g(x) for a real number x. You may use

lim k( )dz =1(6, - 6,)Resk(z) that holds for a complex function k(z) having a simple

q—0
pole o. Here, C is an integral path defined as C:z=a+ qe”
(6,=0<6,,0<0,-6, <27, 0<q).
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z-plane

Fig. 7



