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o t<0
109N ADANN NN x(z‘) =<1 0<r<1 o amyen nannonn 2 Py 10)
0 1<t

1939 1 ann youv
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Solution Q1 Moed A 2004 PRI

(a)  w, =2cQ = \/g
Therefore P(s)=s" +2s+5

(by  The two cigen values are §,, =—-1£27
The ZIR response is of the form y,,{t)= ¢ (Adcos2 + Bsin2r)

The two initial conditions imply that A=1, B=0
Thus. the impulse response is (assuming no delta function or its derivatives at
=0) h(r)=—¢ 'cos2s- u(r)

(¢) The left hand side of the ODE is 3''(r)+23'(r)+ 5y(r). Substituting y(t) with
h(t) which was previously found yields - (l) (5'(/) as the right hand side. This
suggests that the ODE is v''(1)+ 23" (1) + 5y(r) = =x{1) - x'(¢)

(d) r<0=3(1)=0

! !

0sr<i= ()= [eeli-e Mr=c" [l ~thir =" ~1] =1-(+1)”

Q 0

1<r= I( —])c/r+e"f<’ (-1 dr=(c-2)" +e ' (e—1)-1)
:[(e—l)t—llv*’

-1
1-2¢7 - p------




Solution Q2 Moed A 2004

A) at DC

5

Using the relation /, =1, —1 .as wellas the relation V'~ = ] ~ we get

o

] hl bl il M .
1, =1,-7, - S J;or 1 +4] -5=0 whose only relevant solutionis / =14,

implying V' =1".

B)v /R <<I,.1" =14

o
v At the working point. the derivative of Vy w.r.t. I is 2 Ohm. This is the appropriate
resistor.

D)y J =-22_KVLon the right loop gives I, +V

cf o onf

(R,/R,)—r, I, = jolLl, andit
/.
imphesthat /, =} [1+R,/R,|/{r, + joL]. From KVL on the center loop we also

have that [ = (joC) joll,)=-o LCV, [+ R, /R, /[r, + jol]. Finally. from

KCL wehave /=1 +1, +1 =V (I ~’ LOYV+ R, /R Vr, + jol]+V,, /R,
and therefore
R, (r, + jowl)

"

Lr
ll _ ol
+ R, +R)+ jol—(R, + R)&’LC

I, (r

1

I1) The filter is a LPE. It passes low frequencies as can be seen directly trom the
circuit by setting the frequency to 0 (similar 1o the solution in part a). High
frequencies are blocked by the parallel capacitor.

12



Solution Q3 Moed A 2004

A. (5pt) KVL and KCL hold at all times. regardless of components.
I,ahcling_é_ meshes as shown below:

(1} (2]
>— 3
A > v A

KVLT: V) + V=01 V=35V
KVL2: - Vo +V3+Vy=0; - Vi=V-Vy=(-5-2) V=-7V

AVE= 15250272, 21V

KCL at the designated nodes:

KCL1: -] #+03=00 o0 Ji=lh+lh=(-3+42) A=-1 A
KOL2: -Jat)-J5=0. o L=l t)s=(241) A=3 A
And g = [-1.-3. 2.3 1] A

PsmVeds= (2 V(L A)

=2 W

B. (3pt) Negative value of ps indicates that at time t power is flowing out of element
3. This 1s possible for all LTI elements in the list — IVoltage Source, Current Source,
flnduﬁon and Capacitox{. except for the Resistor. wherein p,= > R > 0.

C. (5pt) Standard branch may not contain only a source. Therefore combine I, with Y;
into a new branch 2 as shown below:

Il[ :‘_,:I 1')/;5—.\,»’!
2 J3 —
-------------------- ‘ - 3 v A
Ly >
Wt 2] 12 4 a5
L7

___________________________

13



D. (5 ) We construct a matrix with columns for branches 2-5. and rows for nodes 1
and 2

E A7

KCL.  alnodes 1 and 2:

Sl &(Yo) F (eg-e2)Y3=0
(¢r-€y yYaterYy+erYs=0

el(YrrYs) +ex-Y3) =1
ci(-Ys) TeAY5+HYtYs)=0

Alter matively. the above two equations may be obtained from Y-e=I
wheres Y=AGA'

o0 o0
oY, 0

G = o
0 0 ¥, o0
0 0 0 Y.

and s ence

Y =

L +Y ~Y, ]
- )g+);+)gJ

/
and ¥ <=AGv-AlL~ ( 0' }

lead1 £g to the same result

F S

Solvi ng the first of the above equations for ¢). and substituting into the second, we
obtai =n 02:Y3 | [/(4\73Y3+Y3Y4+Y2 Y5+\r}Y4+Y3Y5)

We 1r ole that Vy=ea. and the complex power to element 4 is given by

Pi= 1 leal Y, .

and = py(1)>=Re(Py) B
Cpat 2 = ALY Y Y Y Yo Vet VYt YY) L] Re(Ya)

14
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(7793 35) 1 9901m DYNY

Fe(®) 5apn 5y nnnn X0 KoM V@) nnnn 1pn X0 1771970 1™May Kan 5Hynn 1im

R L

L)

V(1) D

ExVel®)

-3 C,L R ¥ mapnad nrding nownn NOMd P MVPNHN vHTnn NR vRen K (P 10)
Em

)

-1
V{f) = Ate”ulr) mom DN NSNMA SN2 TON TPYS NOWHN RN I M .3 (P S

NOWAN AN NN IYIIND D8N IO/ . T =1{s] -1 4 =2 [V/is] W
2avnn va7a wviw 1O

C-1L ,RYv omwnnonvp, g, =2[Q7'] My a (p110)

-4

MWNINTY OYA WP Ao Nannnw 19 JLy(0) — Y Ve(0) nibnnnn seon onn .
>0 535 DaR PN NPRNNN

('P1 10)

\l\lonti"
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(D723 35) 2 190N NONY

: NI 280 1

Z,(@) Z,(@) |

R, :}_ ; :E
AM— — nil

+ L ® w

LTRY sOMD ANHY DOONNND NN DIPOYD

Vi(o)
V. ()

I

2wnn oy mysnNa H (jo) = MIOHNN NPAPNS X VNV X (1P 10)

V,(@)

Swnn o mysoxa H, (o) = VZ

s

MNUDNN MYPNI NN Y/NUI 3 (P91 9)

WIn D) IMPNPHN MIDNRI 9P0R Yavn Pon Y npwn faoyn hn . P 7)
AV /1 oron

oY ITIRA PORA ONN NV 3P Mrn Z, (@) Mopramipn Naoynv nmna .1 P15}

YN KON 107910 VIR Yy H, (jo) nysnNa ANNLBD nowan
10T 0NN

R, oo DYPPA wanwnb v 1o g, >>1 v R >> R, 2y ooNan ©'9%o1
- F®

Nox oNona ¥, nmonmman . ;e

¥IT 1192 L mxwn 5ya no »Oon naomp Z; nopiompn nasynconm 3 (P 5)

PATIA N9INN NOMIT 131 DIOOIND YWNAI OINNNMT NN 9D ¢ =07 yora D
AN /RO .(AIVTD IEPND NN u(f) WD) v, (1) = Al —exp(~t/ T)u(t) T
v, () iy v (0)

17



(MNP 30) 3 9991 NINY

L TAY YOIPD 2NN SYMINN NIN Taynn Nm

20 .ANNNa Y., Y 0nDY D010 TRD HIWSEKI OV 5-1 DYVIIRN LK (1) 5)
(T273 PN 00230 OPXNY) TaJa DMYOITIOD DP9y 22100 71PY 20

MM NYMIVH NN WRYM 'R PONI ADDPY Synd OB 9N 0w 3 (' S)
JMR MBI NANDINDT

N3N 5Y DR YYRNYn . IMNIPNN NOP)Y AN NN NAKD JYIVE DN YRYD ) ) 10)
SMNPRA SWRAY RN NN YT NINNIYHD YIDY DY 0D DD

:IKAN NY30N M Y2 w3 LV (£) = V3 cos(2A) T (P S)

T | vmdNA N | # VbN

R, ™ 1

R, T3 2

Rs T 3

C, Dap 4

(37 N Cs Sap 5

10AN T #1 VININ TIT O DAY 13 Cs YW 19 1N

N2N ADA0N N )2 . f =10 [KHz] ¥V, =10[V]>opm .n [pr5)

MTN? 1% | Dnabun 1o # 3N
kQ 100 TR 1
kQ 1 TN 2
KQ 2 T2 3
uF 0.1 Yap 4
uF | (TR Ce vap 5

NI #1 DO TYT DNV RRM D)IYN 0YOIRDRD 1IN NOND DNNN NNN
YYININN PAUNN TW1 NN ASONIIN YT PTVYINKNI PRY DD MY DN
MPRn PavnYy
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Moed B — 2004 Solution
(597993 35) 1 9901 NYNY

NN 1PN 10 170N 112D K20 22010 M Vs() 22p0 90 nona 10 k310 V().
R L

EEVAVAVAVANSIE G AVAYAVA .

—

I //)6) 1 Vo) C
T nVetl) -

LR S MNP INSIND NOIYHRT N0 VA NIV VTN NN O/NSD N (1P 10)
R RO

N DAN NYNNA NN2 DYDY NDawHn NaRR D W A (' 5)

1,
DN NNO/NND .7 =1[s] =) A =2 [V/s] 7wNd V(.(/)z Ate u(/)
Daunn 1295712 Y MDY NOVNN DN NN IININD

OV L, ROV DY INOvAp g, =2[Q7 ] may a2 (P 10)

m

DY NYYY YD PannnY 13 L, (07) =) Ve(0)) abnnnn »aon onn LT (P 10)
11>0 539 DAN IR NYNNNN ONINN

@ ()= R ()45 L[ (S)+ 2,4 (9] 5 (9)
/l (‘V) - AS‘ . ( VI; (AS‘)_ (Ql”’ ; (‘SY)
FAS)=RC-SEA(S)= R, Vo (S)+ STLCE (S)+V,.(S)
1

) R 1-Rg
W)+ ‘["1“ 1)+ *TL* v ()= T (1)

(by  Pls)=sT+25+1

/\) - ]—RL’ 2 () " 1 )
o} yo=2mho | - =2scc, ——-=1lsec , v {1 =0")=—=2sec
s L LC M=o
1 1 . ‘
R==Q, L==1I C=4F
4 8
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Z (o) f Zy(@) :’
R [::l ‘ i A 1:
; ’ Vo oo ‘ ;
\ Gy > nl e :
L BN
' @ ® 1
g T h T : :
G)V Rf} gm"ﬂ - R/ E z R2 v2 E
’ ! s ‘j :
- - | :
TD "0NT0 2NN 00NN Ci1-'R 079°U0
V(@
2nnoronymysnNa H (Jo) = ;i%—l TNONNN MIPNI NN /NUL X (') 10)
" Aw)
X V()
Dwnno oy mysoNa L, (jo) = ——(~—) TORNN TAPNI NNV 2 (' 4)
(@

IDIDI) ITANPNPHRN NNDNL 4PN 2H3YNN PN SY NPYN NAdYN NN D ' 7)
AV /1 omnnn

PORN DX NV 232p MX»n Z (@) HOPYImPN N1dyNY nnn2 T ('Py 5)

DTN A L, (o) MYSNXI MINXINNN NOIWNN T DY 3TN
1D DTN PN XIN DND 1D22IN)

R —>m , >>
- ¢ DXAVPA WHRNYND (MY 1o Ly >>1 k) R, R, D M DONAN DY
«gm —> o0
MON DNV nnpn o n .0 ) 4)
12 V20 L MNIYA 5y NNV D501 NAdIN Zy MOPIIMPN NAIYN 2D P J 5)

TIND PN NN NI 291 DDA 9yNna oonnnm onnn 53 L =07 yaass

20 100 YO ro/moa s mospas ron 1) quxsy O = Aft = exp(=1/ D))

g, R.Z,

a. H, =-- —
R\Z“ -+ R(;Z“ + le(‘]R\ - R()R\gm
b M.=H /n
I n'R.,Z,
c. — .

I (=W R, +Z,

d. LPF

20



i L 0
f. H —>-Z,/R =—jol/R = N —; hence v, = ~(L/ R )(A/7)exp(~t/t) and
Lo

v, =—(L/aR WA/ Ttyexp(—1/1)

21
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{'m5)

1%

VNS MD

# 0ININ

R;

™

1

R:

)

Rs
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mne
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s
\ 4
2 1 S
3 7“ 5
a) =
b) .
N 4
2 7 2
P
1 - o
v |
3 b 5
!
= -1 -1 0 1 0
A:
I 0 1 0 -1
c)

o0 0 0 0

O 0 0 ¥ 0

5o (b +1+1) -}
o -¥ (Y 4+ Y, + 1)
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~ot
i
\}

(h+ 0, + 1) -1 o] [-W¥
~¥; (Y + Y+ 1) PN I e

Jram  above:

O Yo+ Y0 - e, ==Y
S E .
plu rivial  equation
o =V

5

d) ¢ Inorder that I1=0, necessary that e;=e,.
if 14=0, we can determine e, and e;.using voltage divider law for the series circuits (2,4) and

(3,5) Thus:
1 ]
oy o
o 1

. *R, o

JaC, T Jw(

Let k=R4/R,, i.e. R3=k R,. We maintain the above equality if each term on the RHS is equal to
the corresponding term on the LHS, but multiplied by k, i.e.

I 1 k
o, joCs o,
+ R, ! + R, k + kR,
jeol, S JeC, T JoC, "

To obtain the above, we need 1/Cs= k/C,.and thus [Cs=C4/ k=C4 R, /R4

e) Average power supplied by power source is equal to power dissipated in the circuit, which
is equal to the power dissipated in R, and Rj, since there is no current in Ry.

i.e. <p>=Y|iz| "R, + %lia’Rs

i,=V(Z2+Z4)

Lol = Vo PHZ o+ Za = VIR 2 +(1127FC,4)° 1= 100 V{108 [VIAF + (11 2710% 107 [sV/ICI =107 A
(n.b. ~2nd term in denominator can be neglected in comparison to first, i.e. 10°>>2.54x10%)
[iol=107 A

<p2™ ~ Wizl 'R;=0.5 x 10" A% « 107 [VIA] = 50 mW

Similar calculation for <ps;>, but series impedance is twice as big, therefore |iz]=%%|i,}, and
<p;> = 25 mW. [_~.<p>=<p2>+<p3>: 75 mM

24



Moed B — 2004 Solution
(97193 35) 1 9991 nNYINY

NNNN 1PN ®I0 17700 17120 RN 22000 TNIVs() 2207 20 NIn &10 k31mim Vedd).

R L

AVAVAVA L N\ /\ /N
+
o(* Ve ——C
e <> <T> gVt )

Zn - VC L R 5% 1870190 NIRSIDT NIWHN NONI P2 RIWWPHN P00 NN /RSN N (') 10)

_
V. (c) = Ate 7 u(f) ™n DAN NYANN NN BYN NPYY NIWHN NINN D MNP 2 (P 5)

NIIWHNN NN INNND IONRD DN NN /RSN .7 =1[s] —1 A=2[V/s] MWND
2290 Y392 VI NOY

C—1L,R5v omaw nxovap, g, =2[Q7' ] My 2 P 10)

MNINTY OON NPYS nYYdN NAnnY 10 L1(0) — 1 V() nonnnn xon onn LT (') 10)
11>0 595 vax AN NONNNN

@ VS)=R-1(5)+ 8- L1(S)+ g,V (S)]+V(S)
1,(S)=5-CV.(S)-g,V(S)
Vo(S)=RC-SV,.(S)-Rg,V,.(S)+ S’ LCV,(S)+V,(S)

R 1-R 1
V() + —L-v((’)(l)+”“L—CgL’V(‘(f) = E"s(’)

(b) P(S) =s> +25+1

R —1 I—Rg
c =2mho, —=2sec”, z
€ g, 7 =28 7

R:lQ, L:lH, C =4F
4 8

d)  v()=-2e”
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DTN P2V XN DN 10210 DTN VYN A, (jo) MysnNa nIaNInmnn nvnn
10772

Ry = o g >>1 ™ Ry >R, NN DXNAN DYYDI

&y D

-9 DXNPPI YHRNYNY \IIVY D

MONDNM Y, napn e nan n (P 4)

1P 1195 .L mNIWN H¥a Mnv 5500 naomn Zo MOPYAMIPN NAYN O NI A '™ 5)
MNA IV NIIWHN RO 2 DIONNN LN oM DNy [ = 0"y

v (1) = Al — exp(~t / D) u(t)

V20 50 VO om0 TINPN NN () qyno)
gm ROZO

a H =
RZ,+R,Z,+R,R,~R,R g,

b. H,=H,/n

c h n’R,Z,

I, (n-1)’R,+2,

d. LPF
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f. H —>~-Z,/R, =-joL/R = ~7€L—§ hence v, = —(L/R ) A/t)exp(-t/7) and
ot

R

vy, =—(L/nR ) A/r)exp(—t/T)
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ad L+ X +X) e, |=| -1V,

3V

from above:

(Y; + Hh+Ye—TYe, ==LV,
— Y, -+, + 1), =YV,
plus trivial equation:
e, =V

d) e) Inorderthat |,=0, necessary that e;=e,.
{f 1,=0, we can determine e; and e;.using voltage divider law for the series circuits (2,4) and
(3,5). Thus:

1 1

JjaC, JjaCs
1
] aC 4 j(()CS
Let k=Ry/R>, i.e. Rs=k R,. We maintain the above equality if each term on the RHS is equal to
the corresponding term on the LHS, but multiplied by k, i.e.

L 1 ko
j a)C4 - ja)C 5 _ ja)C4
‘”LT*Rz"Jt+& K +kR,
J.a)C, 4 /a)CS Ja)C4

To obtain the above, we need 1/Cs= k/Cy.and thus [Cs=C4/ k=C4 R, /R4

e) Average power supplied by power source is equal to power dissipated in the circuit, which
is equal to the power dissipated in R; and Rs, since there is no current in R;.

ie. <p>=Y4lizl"Re + %lial Ry

i2=Vs/(ZZ+Z4) ) 5 , )

lio12= VS NZ2+ Za = Vo R, ™ +(1727fC4) 12100 VEA10° [VIAT' + (1/2210° 107)° [s(\!/C]z}z 10 A2
(n.b. --22nd term in denominator can be neglected in comparison to first, i.e. 10°>>2.54x10%)
irj=1 0O°A

gfz%wﬁﬁwxmﬂﬁuﬁwm=mmw

similar calculation for <p;>, but series impedance is twice as big, therefore |is|="4li;[, and
<ps> =25 mw. |, <p>=<p,>+<ps>~ 75 mW|
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