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Examination questions

IREE

Directions

1 ZOBBERTE, RBEAROEENSH D ETHRWTIRZ LN,
Do not open this sheet before the examination starts.
2 MM, BREFDTEHTE—VH B,
There are five pages including this cover sheet.
3 42 MERIRUTIRET S 2 b, R, S URERROREE S A7z BT
FATH &,
Select two from four examination gquestions an& answer to them. All answers

must be filled in the designated place on the answer sheet.

4 ZBRESwHRERROEE SN2 TOBIMCBTRmATL I,

Be sure to write the examinee number into ALL necessary parts in the answer

sheet.
5 AEENSHEINL, 1205Tha,
Allotted time is 120 minutes.
6 TEXL, MEMrogEEEHTLIZE,

Use blank space of this booklet for draft, if necessary.
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fRZVE, BIARNIAR S SRS ARIZAT 5 &
[1] BRABICET IROMEICER &L

Answer the following questions about linear algebra.

(1) UToRy bAKoBofEradlZRD L, 2L, 00sn& T2,
Find the angle 0 (0 < @ < =) in radians between the following pairs of vectors.

@ [g} and [‘{’;], (b) [ﬂ ‘and [:ﬂ ) [‘ﬂ and [E] (d) [g] and [?_rg

(2) LLFOFF5AL 27 Mbx2RET B, L, 2, %, 02 ERORE LT 5,

Suppose the following matrices A,1 and vectors b, x, where Xxq,%;,%3 are arbitrary real '

values. .
1 0 0 5 X1
A:I \/§ '\/g JNB.?I}I:[O 1 Ojl’b:‘[g}’leile
vZ 0 V2 0 0 1 1 %3

(2 —1) F7FIRAATRZ RS X, 72720, hft& “T" WEELZERT S,

Find the matrix product AAT, where the superscript “T” means “transpose.”

(2—2) AATOFTATOBEEERD &,
Find all of the eigenvalues of AAT.

(2—3) TTFIFEATAZ R D I,
Find the matrix product A™A.

(2—4) ATADT_TOEAEEZRD I,
Find all of the eigenvalues of ATA.,

(2—5) ATAOITHIR &R L,
Find the determinant of ATA.

(2—-6) ATA+DOTATOEFEZRD L,
Find all of the eigenvalues of (ATA +1).

(2—7) (ATA+DOFHRERD X,
Find the determinant of (ATA +1).

(2—8) AATOFTHIZ KD L,
Find the inverse matrix of AAT.

(2-9) BTFOFEREMNT, yERD L,
Solve the following equation to find .
AATy = Ab.

(2—10) 1TFIAOFEZER, T72bt, UFOFRAOTEMEZRD L,

Find the null space of the matrix A, i.e. the complete solution to
Ax=0.
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R, WIRREIAT S 2R RAUCAT D Z L.
[2] EERRBICBTIROBAICEZ K.

Answer the following questions about signal processing. |

(1) UFOELAF M LT, VAT ABOEFAD, G, QRN EH
sk L, TR L, naEER, x[n), yinlEENERADESx(n]} H 7133 {y[n]}OnEH
D& T 5, '

For each of the following systems, determine whether the system is (i) causal, Gi)
linear and (iii) time invariant:

(a) yln} = x[1-nl, () ylnl=x[nl-1, @© ylal=&RD™ (@ ylnl=xn+ 1],

where n is an integer and x[n] and y[n] are the nth numbers in an input sequence
{x[n]} and the output sequence {y[n]}, respectively.

(2) ® 103 ANESI(x[n)} O 2B MX(2) &g, 7L, n<0 b LI n> 2iT
Lx[n]l=0TH 5,

Find the z-transform X(z) of the input sequence {x[n]} shown in Fig.1, where x[n] = 0 for
n<0orn>2 ‘

(3) [ 110R AT ATHRIBERETH D HET 5, ANES{x(n]} & HAES
YInOBED B v AT ATOEEBREH@Z RO &, 2720, n<0 LR n> 4l
5t Lyln] = 0T 5, ' '

Suppose that the system T shown in Fig.1 is linear and time-invariant. Find the transfer function
H(z) of the system T from the relation between the input sequence {x[n]} and the output
sequence {y[n]}, where y[n] =0 for n <0 or n > 4.

(4) B 1icmt A7 LATOA w3V ARER]ERD, BRE X,
Find and sketch the impulse response {h{n]} of the system T shown in Fig.1.

(5) [ 1R AT LhTOE KRR S| H(e )| 2K, 0< o <w rad OFEFITH
T 7 BRI L,

Find the frequency magnitude response |H(e™®)| of the system T shown in Fig.1 and draw the
graph in the range 0 < w < 1 rad.

(6) B1IART VAT ATO 0= O,E,n rad {263 5 EHBAARIGE H(e @) & £
FHRD L.

Determine the frequency phase response LH(ef“’) of the system T shown in Fig.1 at @ =
0, 3‘5 , 7 rad, respectively.

x[n] T4 _4 | yinl ]
22 2
1 ® 1
0 —» T > ‘TT i
& =, ] ~
0],12 n ‘ ol 1234 n

L ABEGRD, YATAT, HAESIGN)
Figure 1: Input sequence {x[n]}, system T and output sequence {y[nl}.
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[3] BREKICETHLUTOMIZEZ &,
Answer the following questions about electric circuit.

(1) wOEEOBKERICET HRICE X X

Answer the questions related to DC electrical circuits shown in Figs. 2 and 3.

@ WEHELRE KR, Ry, RPLRDHIEZOLSRERRDS, ZOEEH, R
OIEFUITFEAL DB/ L 2R L,

See circuit shown in Fig. 2 consisting of DC power source E, resisters Ri, R, and Rs. Find
I flowing to Rs in Fig. 2.

@ EYEEE B, E, BIU3-o0E 2R N5 RIR3D LI REREHD, Z0O
EEE P duizdh D 2R OEFUCTHEN DB L ERD X,

See circuit shown in Fig. 3 consisting of DC power sources E\, E», and three 2R resisters. Find
b flowing to the central register of 2R in Fig. 3. '

2'AA% SR 2R 2R
E llz
T RZ R3 El ' E2
B2 (Fig2) B3 (Fig.3)

(2) ML R, Ry, IANL, 2rFr¥ Chbiril40X 5 RBERER’ DD, W
F a—b BICET E, AEERoD S RER A Uiz & 25, B LB I Hiiitie,
FHEE R & RICIE, FRENSR LB L LN,
See circuit shown in Fig. 4 consisting of resisters R, Rz, inductance L, and capacitance C. Current
I flowed to the circuit when AC power source was connected to terminal a—b. Also currents /i and
b flowed to resisters R; and R», respectively. Voltage and angular frequency of the power source
were F and o, respectively. ]

D Wik b AERD &, 40—
Find current .
@ B/ LERD L, . ‘l'II l]z
Find current /. E
@ T a—bhbRAAR
BHT R4 VA VERD L, L C
Find combined admittance ¥, ' T
measured at terminal a—b. bo .

—

@ MBFEIEE LERIERBIZTS X4 (Fig. 4)
e DA R oo 2RO I,
Find angular frequency @y that makes
voltage E and current / in phase.
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[4] $ATHIZET HUTOMICER L,
Answer the following questions about control theory.

(1) @5 RT 1 KB AT LDA VT 4 vy VEEERD L
Find indicial response y(f) of the first order system shown in Fig. 5.

U(s) 1Y)
G(s) —

(ﬂﬂ:ljﬁ,T=&55

5 1%kEBHhI A7, (Fig. 5: First order system)
C(2) IO PR AT ARE 6 D LS ITERET 4 — My I BIEL, YATAAE
B L, VAT HADA VT 4% VIBERRD &, '
System A shown in Fig. 6 is configured by making unity feedback on the first order system. Find
indicial response y(f) of system A.

U+ ~Bls) Hs)

e

K6 257 A  (Fig 6: System A)

(3) v AFAARBNT, ®70L51G(s) ORICHEBEG, (s)= K #FA LT
25 B R LT, VAT LB O T A4 YR NVEEERD L,
System B shown in Fig. 7 is configured by inserting controller G, (S) = K into System A. Find
indicial response 3(f) of System B,

U(s)+ E(s) Y(s)

—-»?——) G() | G(s) —T—)

7 +A5 5B (Fig 7: System B)

(4) FRRME (3) ORRZHAV, VAT LB OEEMEREL KD L.
Find steady-state position error e; of System B by using the result in question (3).

(5)975X£ﬁ®%%ﬁﬁﬂq=Myﬂ®%%w,VR?ABWEﬁﬁﬁﬁ%%
jp_{bbcto S T

Find steady-state position etror e; of System B by using final value theorem ¢, = lim sE(s) .
. §—0
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