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(10 pts) Find the general solution of the differential equation: eX sin y - 2x + (eXcos y + I)y' =O. 

(Hint: find the exact differential equation first) 

2 (10 pts) Find the general solution of the differential equation for x> 0: y" - 2. y' + ~ 2 y =x + 1. 
X x 

(Hint: the second order differential equation is an Euler's equation) 
3 (10 pts) Solve the initial value problem: y" - y' - 2y =2 cos 2 x; y(l) = I, y'(l) =O. 

4 (10 pts) Use the Laplace transform to solve the equation: 	l(t) =-1 + f - 2 f~ I(a) sin(t - a )da. 

2t1 0 ~ t < 3 
5 (10 pts) Find the Laplace transform of l(t) = ' 2{ I - 21 - 3t, f ~ 3 

6 (10 pts) Find the Fourier series of I (t) =1+ t on the interval -J[ ~ t ~ .J[ 

. 	 [-2 1 1 j
7 (10 pts) Find the determinant and inverse matrix of A = 	0 1 1 

-3 0 6 

4 -2 3 10j [lj [Xlj
8 (l5pts)Let A= 1 0 0 -3 ; B= 8 ; X= : 	 , (a) find the reduced form of [A:B],(b)

[2 - 3 0 1 16 x~ 

find a basis for the row space of A, the rank. of A , and the rank. of augmented matrix [A: B] , (c) 

find the general solution of AX =B. [Note: please show the general solution by matrix form] 

9(15 pts) Let A ~ [~ ~98l X (I) ~ [:: \:\l (a) find eigenvalues and eigenvectors of A, (b) find 

I 
the fundamental matrix D(f) for the system of differential equations X = AX, (c) find the 

I 

general solution of X = A.X 
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I. Find the dimension and a basis of the solution space 1·11 of the system of linear 

equations (15%) 

x+2y-4z+3r-s=O 

x+2y-2z+2r+s=O 

2x + 4y - 2z + 3r + 4s = 0 

" Let 4 =l~ ~} 
(8) 	Find all eigenvalues of A and corresponding eigenvectors. ( 10%) 

(b) Find an invertible matrix P such that P-'AP is diagonal. (10%) 

RJ3. Let 1~ be the linear operator on vvhich is represented in the standard 

ordered basis by the malrix (15%) 

Prove tha t Tis diagonalizab le by exhibiting a basis for R J
, each vector of which is 

a ci1()racleristic '·ector ofT. 

4. Let T be the linear transformation whose standard matrix is 

A= 0 2 

I 	 -4 

-~ ~ j 
o 	0 o 5r 

(3) 	DoesTmap R4 onto R 3 ?(I0%) 

(b) Is T a one-to-one mapping? (10%) 


Explain your reasons for both answers . 


5. 	Determine jf the columns of the following matrix form a linearly independent set. 

You must show the process of your reasoning. (15%) 

1 1 0 4 

-I 0 " .) -I 

0 -2 1 1 

0 - 1 3 



6. SI10W the process to find an LU factorization for the following matrix (\5%) 

3 -5 -3 

-1 -5 8 4 

4 2 -5 -7 

-2 -4 7 5 
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l. 	 A sinusoidal voltage source vet) = 240.J2 sin(377t + 0.687) V is applied to a series R-L circuit 

with R = 9.69 n, L = 6.63 mH , at t = O. Assume that the inductor has no initial current. Please 

determine the circuit cunent i(t) for I 2: O. (20%) 

2. 	 The ABC D transm i ssion pa ramete rs 0 f the two-port net wo rk in Fig. 2 are [T 1~ [~ I~] . 

10 

[T] 


Fig.2 

The output port is connected to a variable load for maximum power transfer. Find RL and the 
maximum power transferred. (15 %) 

3. 	 Calculate the mesh currents lJ and b in the circuit of Fig. 3. (Note: II and b are the phasor 

representation of the sinusoid i](t) and i2(t ).) (15% ) 

10 0 lI4 F 

v(t) = 10 cos(21) Y "v 20 

Fig.3 

4. 	 Two balanced Y -connected loads, one drawing 10 kY A at 0.6 power factor lagging and the 

other 4 kW at 0.8 power factor leading, are connected in parallel and supplied by a balanced 

three-phase Y -connected, 480-V source. (a) Draw the power triangle for each load and for the 

combined load. (b) Determine the power factor of the combined load and state whether lagging 

or leading. (c) Determine the magnitude of the source cunent. (d) If the load neutrals are 

connected to the source neutral by a zero-ohm neutral wire through an ammeter, what will the 

ammeter read ? (20%) 



5 
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Consider a source of voltage v(t) = 11 0.J2sin(377t) V, with an internal resistance of 800 .0. A 

transfonner that can be considered as ideal is uscd to couple a 50-.0 resistive load to the source. 
(a) Determine the transformer primary-to-secondary turns ratio required to ensure maximum 
power transfer by matching the load and source resistances. (b) Find the average power 
delivered to the load. assuming maximum power transfer. (15%) 

6. The operating cost of two thennal units of a power system are 

CI = 7. OPI + 0.008P1
2 $/hr 

=8.0P2 + 0.oo9pl $/hrC2 


where PI and P2 are in MW. The units are subject to the following limits: 

100:S PI :s 600 MW 

400:S P-, :S 1000 MW 

Determine the power output of each unit, the incremental operating cost, and the total operating 

cost CT=C I C2 that minimizes Cr when the total system load is 1000 MW . Transmission losses 

are neglected. (15%) 



~pff: m~~ 
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J. For each system of Figure 1 evaluate the static error constants and find the 

expected error for the standard step, ramp, and parabolic inputs. (15%) 

R( .I ) I 

-

£(.\ ) 

R(s) f 

-

£(.1) 

500(s + 2)(.1 + 5) 

(s + 8)(s -t 10)(s+ 12) 

O s ) 

(0) 

SOO(s + 2)(.1" + 5)(.1 + 6) 
- 

.1"(.\+8 )(.\+ 10)(.\+ 12) 

C(s) 

(b) 

500(s + 2)(s + 4)(.1 + 5)(s + 6)(05 + 7) C(s)Re\) + 
I---"'--:"~ 

s~(s + R)(s + 10)(.1 + 12) 

(c) 

Figure 1 

2. 	 Using Mason 's rule , find the transfer function , r(s) = C(s) / R(.s} for the system 

represented in Figure 2. (20%) 

Figure 2 

3. 	 Find the transfer function , r(s) = Y(s) /U(s), where U(s) is the input and Y(s) 
is the output (15 %) 

1 	 0 j [10j/Y" = 00 0 1 X + 0 u(t), y(t) = [1 0 0]X 

[ 

-1 	 -2 -3 0 



----
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4. The forward path transfer function of a unity-feedback control is given: (25%) 

K
G(s)=----

s(s + 1O)(s + 20) 


R(s) --"  G(s) Y(s)
""+ 

j -

(a) Construct the root locus diagram for K ~ 0 

(b) Find the value of gain K that the system is marginally stable . 

(c) Find the value of gain K at all the breakaway point. 

(d) Sketch the Nyquist plot with K=100. 

(e) Find the phase-crossover frequency UJ
p 

(rad/sec) and gain margin (dB) with 

K=100 . 

5. The transfer function of a system is given by (25%) 

G(s) = 20 

(s + l)(s + 2)(s + 4) 


(a) Transform the transfer function into the controllability canonical form. 

X(/) = AX(t) + EU(/) 

Y(I) =CX(/) 

(b) Is the system controllable? 

(c) Is the system observable? 

(d) Design a state control feedback U(/) = -KX(t) = -[KI K2 KJ¥(/) so that the 

closed-loop poles are located at s =-2 + j2J2, s =-2 - j2J2, and s =10 . 



1. 	 (1 0%)3~ili8Jl MlA~~&jB'Jlfflfjli~ff (power on procedure)' t2J3 CPU, ROM , RAM, Hard Disk 

Is'B'J E:f}] JII~ff 0 

2. 	 (a) (3%)~N;Hj DVD B'J9tX::i:.:g ? 

(b) (4%)~~~~BA DVD ~*4~~~i;B'JjJA? 

(c) 	(4%)~Fi~Ji EJJJ DVD j!*4~'Ef5( B'JjJA ? 

3. 	 (a) (3 %H~M;tH ADSL BJ1~X: ;g? 
(b) (4%)fDJ §~ ADSL ? 

(a) (5%)~Jt rc$~- ~g~1I }lW...t ' tJ,&~~~Q:H...t~foFF roJ ? 

(b) (5%)~' x fHnHlI)'j~ 0 Hi- ' ~JtrblPl=~A1I }i~...tB'J$ tri Jjf 0 

5. 	 §l=1 tC~~ft IJjJAEH=r~)'IJ }I~ 

(a) (6%) (AD)l o x (B)1 6 = ( ? )16 

(b) (6%) (9B4)1 6';' (2E)1 6 = ( ? )J 6 

6. 	 (IO%)What is the "MIPS" and "DMIPS", Please define it. 

7. (1 O%)ln C language, what is the "stack memory"? When and How to use it in program? 

8. (10%) In C language, what is the "heap memory"? When and How to use it in program? 

9. 	 ~a) (l5%)Design a C function to perform the "bubble sort" from lowest number to greatest 

number? 

The function definition is : 

void bubblesort(int n, int Xarray[]) 

Note: n is the Element Number and Xarray is used to store numbers. 

(b) (5%)]n (a) , how many swap operation will happen in worst case? Please explain. 
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1. 	 A typical transconductance characteristic of an NMOS transistor biased at 

saturation region is depicted in Figure 1. Choose two operating points (~, QB). 

(a) Please compare the magnitude of the transconductance (gmA vs. gmB) for the 

two operating points (~ and QB) and discuss the reason. (5%) 

(b) Please compare the magnitude of output resistance (ro.4 vs . rOB) for the two 

operating points (QA and QB) and discuss the reason. (5%) 

'--~---- Vcs 

Figure 1 	 Figure 2 

2. 	 The two diodes in Fig. 2, DI and Dz, are identical except having different reverse 

saturation currents, l SI and Is2, respectively. For lin is large enough to tum on both 

diodes, determine the current flow through each diode using the exponentiai 

model. (10%) 

3. 	 Determine the impedance (Rx) seen at the emitter of Q2 in Fig. 3. Ignore the Early 

effect. (] 0%) 

.--+---0 V	

Vee 

out 

Figure 3 	 Figure 4 Figure 5 

4. 	 Draw the small signal model of the circuit shown in Fig. 4. Assume that both 

transistors operate at saturation and also consider the phenomenon of channel 

length modulation. (10%) 

5. 	 Assume VA < 00 and using Miller's theorem, determine the input and output poles 

and hence the transfer function of the common-emitter stage with ideal current 

source load in Fig. 5. (10%) 



6. 	 (a) For the MOS transistor circuit depicted in Fig. 6(a), calculate the voltage gain 
using the aspect ratios - (WIL) I and (WIL)2. Assume A=O for both transistors. 
Design this amplifier if the magnitude of the voltage gain is targeted to be 2. 
Choose equal length for both transistors . (10%) 
(b) Calculate the voltage gain for the bipolar counterpart in Fig. 6(b). (5%) 

VoutVout 

Figure 6 (a) 	 Figure 6 (b) 
7. 	 Calculate the closed-loop transfer function of the non-inverting amplifier in Fig. 7 

with the transfer function of the op-amp given below. Draw the bode plot of this 
circuit and also derive the closed-loop pole. (15%) 

V 
0111 ()----=~ S = 

V 	I - V 2III 111 

Figure 7 
8. 	 For the MOS cascode amplifier with a casco de current source load in Fig. 8, 

(a) Write 	 down the output resistance, R op and Km in both of the exact and 

simplified forms . (10%) 
(b) What is the Gm of this amplifier? (5 %) 
(c) Derive the amplifier gain, Av , in the simplified form . (5 %) 

VDD 

Vin <>1 

Vb2-1 M 2 . Ruf' 

Vout 
M3 tRollVb3-1 

Vb4-1 

--
Figure 8 



1. 	 tt ~ T 91JIt ~t':<"14 SL 1t **i~(Fourier transform): 
a11i(a) (5%) x(t)=e- , (/>0; 

(b) (5%) g(t)=sin(2 Jr f+ Jr/4); 


L II 1<3 . ' / .

(c)(lO% )y(t)= , lihL* Y(;w)J-:.J. SInC ~tt1f/i(fzJJt 0{ O. 	 I II> 3 

2. -,!)t'ri1FBi- !f ~ ,M,(LTI system)1-.M ill y(t)~.tj;JA x(t)n~l~ or J-A mT 91Ji;tUi-~*£i(1H'IILi! : 
2 

d	 y (t) 4 dy(t) 3 () dx(t) 2 ( ) 
---'--::-1- + -- + Y I =-- + x I 
~- ~ ~ 

(a) (10%) Jec ~ tUn Jiltd*t!f fit h(t) ~ lar ? 
(b) (1 0%) ;¥-.M A 	It ~t x(t)=e -Iu(t) , ~IJ ~ M,.M ill y(t) P.; lar ? 

3. FM ~;ft~ ,fJt.enj!U,t~~+.te.IIJ~ 88-108 MHz' .4ij:.~.lllt~ten~~Jt~ 200kHz' ~7r!:.ii~t 

E 	 (superheterodyne receiver) 4'plT1R.men4'~Ji~JiJt j;F =10.7MHz, 

(a) (4%) :g; illii~tAA;*-!t!?;t!l ~ (LO) ortftl~Ji+.:<..je.fIl 0 

(b) (6%) 	 ~o ;'d~, t- ~t!t iX itt ~~ + ~ J02 MHz en Jft;ft uut ' *-!t!?;t!l ~ .:<...M ill ~~ + fit P.; } 
),' ? JecB;t , i)t1;~Ji+ (image frequency) P.;})" ? 

(c) (10%) tk t: ill ii ~t E ~!.t, ~ 1E tJi.,Bjj ~djdolar ~-i-itl~ tfl ~t (image signal). 

- A 0 < f < T 12 

4. G9;o£~Ji (baseband) -m%t s(l)= A. TI2 < f < T 
{ 

0, 1< 0 or I > T 

1-4' A ~ T !~P.;A~ 0 fr!]#tt otk:t'J,~~I)j[.;J,L,tE (matched filter) 1~tt- ,~.ll:tTtl1ii~t 

E (optimal receiver) J-A l~ iM JeUfl %t 0 

(a)(4%) tilltfl~ s(t) .:<..ittM ; s(t) kt,fHtt(band-limited)~S+M.(time-limited)m~~~? 

(b) (3%) 'm~t s(t) enll.tj;J~tl:k~)"? 

(c) (6%) t: ill ii ~t ~ .:<.. 1(. -!l ~ !.t, @] , 1E:g; ill ~ I)jUJ.!j £ ~ .:<.. Jiltd*t ~ J.@. 0 

(d) (7%) lrH~ 7r /;0 #.f! iTt or ~). ,~, ~ , tt J}.1E t: ill ~ I)jul!. 5£ ~ .:<..~ ill i£ 1tj 0 

1-4' rPl(t) &. rP2 (t) k-~JiiE.X£M.~:tt; (ai, b,) enr.9~Jior~E.1i7t)]IJ~ (0,0), (O,a) , 

(a,O) &. (a,a) '1-4' a > O ~,*-:tt 0 1~H~:i!ill~1t~t.:<..~t-!~zt: 0 

(a) (4%) ~ It ~ 1: MJ:.. till It ~t Jt~ , J-A&'~,~.51t;!, en iR *- ~ M (decision regions), 

(b) (4%) ttJ}.+J~ 1l~~t;' (energypersymbol),Es . 

(c) (6%) tt X-1'f ic+J~i{l-*;f~+ (average probability of symbol error), Ps . 

(d) (6%) 1t1t~tltH%'i"jtijh.~ (Gray encoding) , 1Ett$.~ AWGN i@.~ 4'll~':<"liLicj~* 

+ 	 (bit error rate, BER) . 

http:ortftl~Ji+.:<..je

