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- 1 Usmg mesh analysm ﬁnd the voltage v’ in: the 01rou1t of F1g 1 (Use the - .
' mesh currents shown) ~ C
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2 For the crrcult shown in Frg 2 4 Lo S SR
(a) Obtain the Thevemn equ1valent 01rcu1t across a—b aftor dlsconnoctmg
Ry (Hmt use Superposition theorem).. - :

(b) Find the Value of the. Ioad remstanco RL such that maxrmum power 1s po -
- delivered to it. - | : - o

(c) What is the maxrmurn power dehvered ‘? i " e e
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e _3 An operat1onal amphﬁer 01rcu1t s, shown n F1g 3 Flnd
- (a) Vout> ‘ o e
e (b) the currents 11, 1p and 13, '
- and (c) the voltage ‘v’ across Rs.. - S
. The various component ‘values are: R, = Rgf , OOO ohms R3 350 ohms )
' R4 650 ohms R5— 1000 ohms andvS

- marks) |

R o L 4. The sw1tch S of Fig.4 has been in posmon B for a long tlme The sw1tch
o is placed n: posmon A at t 0.. Fmd 1(t) for t > O e
. o | (8 marks){i" i
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1 Usmg mesh analysm ﬁnd the Voltage v’ in: the crrcult of Flg 1 (Use the - .
‘ mesh currents shown) : o '
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2 For the crrourt shown in' Frg 2 ‘ . R SR
(a) Obtain the Thevenin equrvalent circuit : across a-b after dlsconneotmg
Ry (Hint: use Superposition theorem). :

o "; ‘(b) Find the Value of the. Ioad resmtanoe RL Such that maxrmum power 1s
i dehvered to if.. ' :

S (c) What is the max1mum power delrvered ‘7 E "
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3 An operat1ona1 amphﬁer 01rcu1t is. shown n Flg 3 Fmd
' (a) Vo : L '
) (b) the currents i, 1z and 13,
- and (c) the voltage ‘v’ across Ry S ‘ _
. The various component ‘values are: R, = Rz j , OOO ohms R3 = 350 ohms -
L 'R4 650 ohms R5 = 1000 ohms andvs ‘ "

- marks) |

B 4 The sw1tch S of Flg 4 has been in posmon B for a long t1me The sw1tch
S plaoed n. posmon A at t 0.. Fmd 1(t) for t > O L
s e . (8 marks)
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- 5 The c1rcu1t shown 1n Fig. 5 has zero stored energy at t=0. Determlne 1L(t)‘

“fort > 0. The various. component values are V=6 Volts

L= 3HC—%FR 6Iohms

G

=

6 For the c1rcu1t shown in F1g6 - e PRI
B R (a) Find the value of C that W1ll make the- 1mpedance seen by the Voltage SRR
T source putely resistive. © - SR
« ‘(b) Find the phasor currerit I, if C= 12 ,uF | -
(o) Find the rms real power dehvered by the source under condltion (b) SR
BRI The voltage source is 64 5 v (rms) ata frequency of 4000 radlans/second B
PR P : S T (8 marks):;{';s",,
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T The c1rcu1t of Frg 7 shows an 1mpedance rnatchmg umt ‘ :
k (a) Determine the Values of ‘n’ and L so that maximum power transfer to L
"R, isensured. - T : :
o (b) Hence determine the maxmrum power absorbed by R,.
. 'The various component values are: Ry = 600 ohms, C = 10'7 F RZ 2400
U _ohms and v¢=10 v (rms) at a frequency of lOOO Hz. . AUR
s g o = _(8 ma_rlgs) S

. ‘,'1:.11_‘.' |

3 ) Co
AT e

o : : F1g7 : ' R
L 8 F1g 8 shows a three—phase power supply urnt Three loads A, B and C are . , :
"l being supphed power as indicated by-a balanced 3-phase sourée with aline - =+~ 7
~ “yoltage of 208 volts (RMS) at 60 Hz The various specrﬁcatrons of the. loads R
o are as follows: - ; B EE
- -Load Ar Py = =725 kW at 0. 65 laggmg power factor
" Load B; Pr .'— 15 kw at unity power factor, - -
Load C: Papp 110 kVA at 0.8 leading power factor. : . 3
(a) Determme the complex powers in-each load in the form S P + ]Q. P
watts U
(b) The sum i of the complex powers determmes the magmtude of the total-’ii o
- line ciirrent magnitude Iy, Find T~ - . |
(c) Determme the power factor of the combined load B A
- SRR  (12marks) 0 T

soufce [
60Hz T

'f;trri_ o

o .

\

Toada |- |LoadB| *|LeadC| -

" Fig8
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&

FINAL Dec 2005 SOLUTIONS

Q1: Voltage V By Mesh Analy'sis

‘vSolﬁtio‘n:‘

Mesh Eqns : ' ' , . o
21 +6(L—I;) +5(L+L,)+15=0 or 13 I+ 5L, - 61, =15
8(L+L)+5(L+1,)-3=0 or Sh+13L+81,=3
8(I3+1)+6(I3~1)~20 =0 . or -6l + 8L, + 141, = 20

13 -15 -6
5 "3 8 o ‘
-6 20 14 —1534 41770 708 -
L= ' =- ' — = —472/236 .= -2 A
13 5 6|  1534-590-708
5 13 8
-6 8 14

3068 —590-1770 _
I;= — ——=T708/236 =3A
236

V=-8(243) ==8 volts
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Q2 : Determine Thev Eq Cet across ab, Ry for max powér traﬁsfer., and Pp (max)

-Solution: Superposition yields Vg (oc) Va1 + Vab2 0+20=20volts
: “ V=V (00)=20 volts .
© Also, Superposition yields Iy (sc) =1Ly + Iab2 0+2020 =1 A
: R, = Vi, (02)/ Ty, (sc) = 20/1 =200 volts .

—AAANS

() For MPT Ry = Ry, =200

20Q a
20 volts % Ry, (C) PL (maX) (VTh )2 /4 RTh 400/80
C = 5 Watts
4

Q3: * Deteymine voltage V,, currents I, , 1, ,T; and yob

(——I.l

Voltage V=350 L/=350 (2) mV = 0,7 volts ie (700 mV)
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Q4 : Determine i(t), t>0

Solution:

(09 = 10/5=2 A =i(0+).

For t>0 , the circuit is ' AN AAA
12Q 2Q

18v] 6@; 3H§ l i(tj

Reducmg the circuit connected to L to a Thevenin Eq Cct ,-we have
Vm 18) (6/ 18) 6 volts and Ry =2 + 12P6 2+4=6Q

o , By differential eqn —6 +61+3 di/dt = 0
Lo or 0.5dvdt+i="1 - DR
*1@ - from which, i(f)=Ae-2t+1
and A=i(0H)—1=2-1=1

~ . Hence

i(t) =1e2t+1 Amp
{If a 'circuit approach' is used , the time- constant T= L/R =3/6=10.5 sec

and i, (H=6/6=1A . Hence i(t)= Ae2t+ 1 and A—1(0+) 1=2-1=1
and the resultis "i(t) =1e-2t+1 ,Amp }

- Q5:  Determine. ?iL(t) , 0

Solutlon The circuitis a "series RLC" with a=R/2L, = 6\/3 /6=13
. and.- o —I/V(LC) =1/Y(3/9)=V3= o *Hence the circuit is
cntlcally- damped and i (t) [A tA,t Je 3t +ip (D
In the steadystate , L — oc and i; ((t)= 0, hence 1L(t) ={A, +A,t ]e—‘/?”£
and di(t)/dt = A +A t VBBt + et A, .
Now , i(0-) =0=1i(0+) S~[A;+0]1=0 or A =0

GODMA=V (0L =63=2Afs, -3 A +A, =2 or A,=2

Therefore i (1)=21t e 3t . Amp
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Q6 (@) Determme C which will make Z purely resistive GJ) the phasor current Iif C=12pF, .
- (c)rms power delivered by the source under condltmns of (b).

C a .
+
64.5 _> ,
D B
Volts RM . 206}
j24Q .
Solution: o =4000 rad/s

(@) Z =—1[C+ {20(G24)}/ (20+24)= — 1/jwC+ j480 (20 —j24)/ (400 +576)
= —1/4000C + (j9.836 + 11.8) = 11.8 +j(9.836— 1/4000C)
Setting Im'Z =0, (9:836—1/4000C)y=0and C~25.4 pF
-~ (b)If C=12yF,. Z— 11.8 +3(9.836—1/4000C)= . 11 8- 310 997= 16. 134—43°
[=64.52£0°/16.133/-43°=4 /43° A ’
(c) ‘Power P =VIcos O where 0 isthe total lmpedance—angle =0-43 —/43°
_ Thus P =645 (116.1-3)(:03 (—43°)=1258(0.731)= 188.6 Watts
Q7 (a) Determine (2) n and L. for maximum power transfer to R,., (b) the maximum power
absorbed by R,. '
Solution:  =2x. 1000 = 6280 rad/s: :
Referring R,.and L to the primary side we have

6000 ] I
" CD Zc§ EASE ‘. 2400 ¢

10 vrms]

de YYo=V Zs = j(6280)10-7
- Z,=j(6280)L/n2 or Y,=-jn2 /(6280)L
() For MPT , the two requirements are ,
Y, =— Y or n2 /(6280)L= (6280)10-7
and 2400/ n2 = 600. Thus, n=+(2400/600)=\4=2
| " and L=4/(6280)210-7 =4/3.944~1.01 H
(b) With the MPT conditions satified, Pp,(max)=(10)2/4(600) =4L7 mW
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Q8 Power is bemg supplied to three 3-phase loads A: P =25kW @ 0. 65pf lagging,
B:P =15 kW @ unitypf, and C: P p=10 KVA @ 0.8 leadmg pf. The line voltage is
- 208 Vims at 60 Hz. (a) Determine the complex power in each load in the form S—rﬂQ Waits
(b) The total line current I; . is determined by the sum of the complex powers. Find I
(c) Determine pf of'the combmed Ioad '

Solution: S=Pp [ 1+jtan 0] where 8= cos-Ipf

Thus for loads A and B , we have
S A= 25000 (1 + j tan 49.6°) = (25000 + j29228.24) Watts

., and Sp =15000 (1 +j tan. 0°) = (15660 + j ) Watts

- For foad C, Sg= VIcos8+jVIsin0= VIiZe Where 6= cos—lpf is the nnpedance angle :

Thus for load C; Sc= 10000£ cos-10.8 = 10000/—36.87° where the — sign is used
‘ , since a 'leading pf' is specified.

. o ie Sq= IOOOOL— 36.9° ‘“_(7996 85— j6804.2) Watts

(b) Siota1= Sp + Sp TS0 =47996:8 +j 23224.04 =53320. 25/25.8° Watts
Since | Sy [= V3V I, I =53320.25/3(208) = 148 A
and the combined pf is PFtotal cos (angle of Stot 1) =cos 25 8°=0.9lagging -
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1. For the network shown in Fig.1, using mesh analysis, with the indicated
mesh currénts, : '

. (a) determine the power dissipated in the 10 QO remstor
and (b) determme the voltage vs.

(8 marks).
20.Q)
n
SAy
(-
+ Vg
0es . 2300

Solution: _
Constraints are i;—1i3=5 and i,=-1

- KVL around the path not containing .current Sour‘ées is :»
30 +10i; +20 is+ 40 (i3—i2)— 200 + 30 (i1—i2) =0
Or 40i; +60 i3+ (30 +40-200 + 30) —0  or 4ip+6is=10
fo: 43y 60 -5) =10 or 10 = 40
Therefore i3 = 4 A, i§=4-5=-1A |
«(a;) ‘The power dissipated inthe 10Q resistanceis = () (10)¥ 16(1 0) =160 Watts

(b) KVL : 10i; + Vi+ 30 (1— 1) +30=0 or Vy= -30—30(4+1)—40 = 220 Volts
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3. In the circuit shown in Fig.3,

(a) use Thevenin’s theorem to determine the cuirent 1ab which wﬂl uoW
through the switch after it is closed,

~ (b) determine the powe1 dehvered by the Thevenin source under the
condition of (a).

Fig.3
Solutién: Remdving the switch, wev have
V= Va(oc) = V;- Vo= 42 12/18) = 42 (6/12) = 28-21 = 7 volts
The Thevenin resistance Ry - Ra(dead) =(12P6) + (626) = 4+3=70
(a) Therefore with ' the switeh closéd (after re-insertion), i, = VTh/RTh = 77=1A

(c) The power delivered by the Thevenin source is (N1 =7 Watts

(6 marks) -




4. The circuit shown in Fig.4 is in the Steady state at t = 0_ with the switch in
position ‘a’. The switch is moved to position ‘b’ at time t = 0. Determine
v(t) for t> 0. : '

: ) ‘ (8 marks)
o ° b 15k 0 |
d JO» e,
Kg=0
A : + +
60 volts ok O VCT 2508 SI;Q?LVI
Fig.4

| Solutmn In ‘t‘Ivle;’.c.eady s;éte at ‘t =0—, ClS én oé and
Vc(o-j‘ =V (0+) = 60 (2/6) =20 .vols,
- For i 0, v=(520)Ve and KCL yields (2.5)10° dV/dt + V,/20000 = 0
e 0.05dVydt+ V=0 | |
or Vt)=Ae?™ +0 where A ———"vc(o )=20

Therefore  Vi(t)=20e”" volts and  v(t) =52 volts



5. In the circuit of Fig. 5 the initial conditions are known to be
+i(0) = 666 pA and v,(0) = 0. Determine ig(t) for t > 0.” The values of the
various components are: R =.60Q2, C=333 uF andL=5.1 H.

+
R—é— Crve
Flg '

“ Solution: First note that  ix(t) = V.(t) /R = V.(t) /60

For aparallel RLC circuit, or=1/2CR and 0, =1/ x/LC :With: the glven Values
o =25.025 (030) 589, wy ~ 2427 and x>, and

~ the roots of the CE are o
' Si2= - 25.025 *+ 6.1= -18.925,-31.125
: Since the circuit is source-less for t>0.
Vo(t) = Ae™@ + Ayetist + 0'
Now V(0)=0= A;+ A5 and |
dVc(0) /dt = - 18.925 A;—31.125A,
But, dV(0) jat = i(0) /C and since VC(O) =0, iR(O) =0 |
and  i(0) =- iL(0)=- 0.666 mA . Hence dV(0)/dt = i(0) /C = -2 volts/sec
ie Wehave : Ayt A =0 and -18.925A1-31125A; —-2
Solving 122A1=-2 or : Ar=- A ~ -0.164 |
Hence Vi(t)= 0.164 [0 oo ]

and  ix(t) = V(1) /60 = 2.73 [e3W2%  gl895t A

(8 marks)




6. A variable-frequency sinusoidal source of voltage v,(t) =212 cos(ot)
volts and internal impedance Ry = 40 Q is connected to an RLC network as .
shown. Itis requ1red that the n:npedanee seen’ at the output tetminals c—d of
the network be 60 Q resistive, that is, ch = (60 + j 0) Q.

99m_H

25 oF
KA
R
a - . :
'vf% o e oC
‘ 140 Q N
Vg A R . Ved
% —~d
Fig.6

, Determme o

(a) the frequency f, = (—) at Whlch the 1mpedance ch Wﬂl be re51st1ve

- (b) the required value of R which w111 result inZeg =Rea = 60 Q at the
frequency £,

(c) the voltage v 4(t) in the form V cos(ot + 0), if the frequency of the
source is 10 kHz and R = 80 Q.

(11 marks)

Solution: (a) The 1mpedance Zoq will be resistive when the parallel RLC section of
the network is in resonance , ie - When the frequency fo= 1/ 2 7Z"\/LC ]

e f,=1/[6.28 (4.975x10%)] ~ 3.2 kHz
(b) At 3200 Hz, Zeg =Req = R (parallel) (140 +40) = 180R/ (180+R)
If R~ 60, 180R=10800+60R or R=10800/120=90 O
(c) At10kHz, ©=62800rad/s and the total impedance in series with R is

Z= 40+ 1/[0.00714 +j (@C — 1/0)L)]-— 40 + 1/ 0.00714 +jo0. 00141]
= 40+ 134799 -7 26.619= 174.8 ] 26.6

V= 212[80/(80+174.8 -] 26.6)] = 212 [80/(254.8 — _]26 6)==66.2 £6°
or vea()= 66.2 cos (62800t +6 )




©
voltage of V=85 £0° volts (rms) to an inductive load (R -and L in series) as |
shownin Fig.7. Ata frequency of 60 Hz, ‘the load power factor s 0. 79
- (lagging). Determine : .
(2) the values of R and L,

(b) the impedance Z; ‘seen’ at the primary termmals a—b
(c) the complex power delivered.

7. A 4:1 ideal single-phase transformer delivers 30 Amperes (rms) at a

(8 inarks)

Fig.7

Solutlon (a)V V 85.£0° and I = 304 - cos (0 79) ,since the pfis laggmg
ie Iy= 304 - cos™ (0.79) =30£-37.8°

Therefore , the impedan’ce angle & = cos™(0.79) = 37.8°

Thus , the impedance ‘ZS on the secondary side is =85/30 £ 3758°
or Zs —2 833437 80 = 224+J 1 74 R+joL

Hence R = 224 Q and L= 1.74/377= 4.62mH

(b =n’Z —1625"453343780—358—1- 27.8 ohms
22077 ] 4/0

(©)S =V * = 85.20°(30 £+37.8°) = 2550 /+37.8°= 2014.9 + § 1562.9 Watts




8. For the unbalanced 3-phasé éircuit shown in Fig.8, determine |
(a) the current I, in the neutral line;
(Hint: Use Superposition theoreri)

(b) the total average power P and the total reactive power Q
The various voltages are: V, =110 400 volts, Vy, = 1104 1200 Volts and

Va=110 £120° volts,’ |
' (10 marks)

Fig.8
Solution: (a) The current in the neutral line is easily obtained by superposition noting
that in each of the three sub-circuits the impedance associated with the ‘killed” sources
will.be short-circuited by the neutral line !
' Thus the neutral current L= Ia+ Ib + 1.
ie I, = 110£0%(3+5+j10)+110Z 120°/(3+10) + 110 £ 120°/(3+10+]5)
= 859/-51.3°+ 846.£-120° + 7.9.£99°
=537-j6.7 -4.23-j7.33 -1.24+j78=-01+j6.23=623 ~ 91° A
(b) The total complex power S =S,+ Sp+ S, where |
Sa=Vaila* = 110 £0° 8.59 £ +51.3° = 944.9 £ 51.3°= 590.8 +7737.43 watts
b = Volp* = 110 .£-120° 8.46 £ +120° = 930.6 £0°= 930 +j 0 watts
Se=Vclc* = 110 £ 120°.7.9 £-99° = 869 £21°= 811.28 +3j311.42 watts
Summing S = Sa+ Sp+ S, =2332.08 +j 1048.85 watts =P +j Q watts

ie Total Average Power P= 2332.08 W ~2.33 kW
Total Reactive Power Q= 1048.85 W =~ 1.0S kVAR



il Zook W&am

Elec275 - Pnnc1pies of Electrical Engineering —Final - Fall 2006

1. For the network of Fig.1, determine the node Voltages Var Vb, Ve and vy,
using nodal analysis.’ The various component values are:
R;=20 ohms, R, = 8 ohms, R; =40 ohms, R, = 10 ohms,
Vs = 15 Volts Vs = :5.5 volts and 1S = 1.25 amperes.

A * (10 marks)
. T
S2 R
. b 1
(= - —
R
2 R
a ¢ Y Wﬁ d

rlgl

. R R M L= S . T SRR ES et rmlesman PLL sl lans okt LT m

Solution: Node voltage bonstraints: Va=15, V-V, =55
Thenode equationfor Vi is: (Ve— ViR, + VyRs +(Vo—Va)Rs =0
i (Vo—V/8 + V40 +(Ve—15)/10 =0

: : or -5V, + 10V, =60
The supernode node equation for “V, ,V,” is

(Va'“Vc)/ Ry + (Vo—Vy4 )/Rl =1,
ie ' (Va—V(;)/8 +(Vp—15 Y20=1.25

e (Va—Vo)/8 +(5.5+V,—15)20=1.25 . o
) - or . TVa—5V,=69

Solving V, = [(60)(-5)-(69) 1OV L(-5)(-5)-(T)(10)]= -990/:45=,22 volts

and 4 V= V?‘+5'5 =27.5 volts
Solving Ve =[(-5)(69)-(T)(60)}= ~765/-45= 17 yolts -

Va4 is given, V4= 15 volts
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T

3. In the network of Fig.3, the switch is open for a long period of time
- and is closed-at t = 0. Determine v(t) and i,(t) for t > 0. The Vvarious-
component values are: R; =R, =Rj =15k ohms, i;=1 mA, v,= 20
volts, C = 10pF. :

(10 marks)
R =0
Y ?§Z .
| ot
Vs — RZ% 15 * R3% C7L Ve

Fig.3.

'Solution: At t=0—,the lswitch was opén and C was an oc (steadystate) and hencev
V(0 =V(0+) = isR3=1(15)=15 volts | |
Fort>0, the circuit is an RC circuit with two sources
Nodal analysis (KCL inmA) yields-
VJ 7500 F (Ve—20)/ 15000 + 10(10) (dVe /dt) -0.001= 0
- 3Ve + 0.15(C ch [dt) = 15 +20=35

or  0.05dVt)/dt+ V() =35/3 =11.667

Hence V((f)=Ac”+353 and A= V(0+) 35/3 = 15 -35/3 = 10/3

Vo) =35/3 + (1073) ¢ = [35+106/3 wolts

io() = C dVe/dt= 10" (:2003) ™" A= (23)6%" A or -0.6667 2 mA



Elec275 — Principles of Electrical Engineering —Final ‘ Fal.l 2006 0

4. Fig.4 shows a RLC network. RN
-(a) Determine the Norton’s equivalent current source to the left of the
terminals a-d. (Hint: Use Superposition Theorem) o
- (b) Hence, obtain the Norton’s equivalent circuit to the left of a-d. .
- (c) The switch is closed at t = 0. Determine v,(t) for t > 0, assuming zero .
initial conditions. - o ' .
The various component values are: R; =R, = R3 =Ry =10 ohms, v;=20
volts,ig =5 Aandiyz=10A,C= 1F,and L= 4 H. |

(10 marks)
R R o R =0
1 2 '
» N i a}'(g:_

{;—C = C lLl L,

AN T R+

Fig.4

Solution: (2)Iy=1I4(SC) :
By superposition, In=0 + {V/[(Ro+ RsRe/(Rs+R )]} [Ra/(R5+R)H iz
ie hi=0 + {Vy/ [Ro+ RsRa/RsR)]} [Re/Rs R+ icp

I=0 + {20/15}[10/20}+ 10 = 10/15 + 10 =160/15=32/3= 10.667 A
() Ry=Rug(dead)=R4+R3 PRy =10+ 5= 150 ,

o

(c) Fort>0,the circuit is a Parallel RLC circuit comnnected to the current
" source Iy, o= 1/2RC=%(15)(1)= 1/30 and 0= 1/JLC =%. . a<wo, and

the circuit is underdamped. wg=+/@? —a? = 0.498 ~ 0.5
(D ' '
V()= [Arcos 0.5t + Aysin 0.5t 1™+ 0 since V(o0)=0asL—>sc |
At =0+, V(t)= 0 and hence, A; +0=0or Ar=0
dVe(0)/dt= Ay (-1/30) + 0.5 Ay = (32/3)/1, since , at t=0+, AV (0)/dt= Ty /C
Hence A; = (32/3)/0.5 = 64/3 =21.33 and , V(t)= (64/3)e™  sin 0.5 t , volts
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. 5. A RLC network is shown in Fig.5. -

‘Fig.5.

(2) Draw the equivalent circuit in the frequency domain.

(b) The various component values are given as: vy =100 cos (5000 t) Volts
R1 RZ—DOhInS L1 ZmH Lz ].II]H L4—4II]H C2—40[JF
and C, =10 pF.

Usmg the meshes shown, determine thevoltages vi, and Ve expressing

‘them in the form v =V, cos(wt + 0,) volts. |

(1 0 marks) 4‘

Solutlon. (a) The equlvalent circuit in the frequency domain is as below
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Rr=Ry=5 ohms Since and ® = 5000 radians/sec, 7y, = 713 =jo 2 mH= ]10 Q
: Sumlarly Ziy=jo4mH=j20Q,Zcs= -j /0Cyq=-3j20 ,and
' ZLgcz j(coLz-l/ng) =j (5 5)—0 and V=100 £0°

(c) The mesh equa’uons are
. _.-1oo+51m1+J10[1m1-1m4]+(0)[1m1+1m2]:o or  (5+10) Ty j105,4=100
5Tmy + 100+ Tna] + (0) Ly - 1@]. -0 ~or (5410) Iy + 1010
-§20[ s+ Topa] +j20T3= 0 | o or j(20-20) T — j20Tns=0
200 Tus] + 100t Tz] +510 [T Tn] =0
i j(20-20) I~ j20Lust 10y - “j10Tn =0 or Tn3=-(0.5) Iy

.From. the third equatxon I.4=0. WlthI 4= 0, the second equatlon gwes Imz— O

The first equatlon gives. Iml =100-/(5+10)= 100/11.18 £63°4=8944 634 A .

and from the fourth equation I = ~(0.5) I =4.47 Z180° —63°4 =\4.4’7 Z116°.6 A
Th_e. phasor voltages Vi, and Vi, are,-effectively, -

Vi =jol; Iy —JS [8.94 £ —-63° 4] 44. 7L90° 63°.4=44.7 £26".6 volts
and :

ch-—[-_]/OJCz]Iml =-j5[8.94£-634]=44.7 £/ —90° —63° 4= 4474 1534 volts

The corresponding tlme domam expressmns are

Vo ()= 44.7 cos [5000 £+26°.6] volts
and

Ve ()= 4.7 cos [5000 t —153°4 ] volts
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6. Fig.6 shows an impedance-matching circuit in which the RC network to-
‘the right of terminals a-b is matched to the source composed of v; and R;,
such that maximum power i§ delivered to the RC-network. An ideal
transformer of ratio 1 : n and the inductance L are used to obtain the
" matching conditions. The values in the circuit are: Ry =402 ohms, R,=10k

ohms, C = (22) x 107 F, vs= 4.8 v (rms), R 60 ohms and the operatmg
frequency is 1000 Hz.

Fig.6
(a) Find the impedance Z,, connected to the secondary of the transformer.
(b) Determine the values of n and L required in order to obtam the
maximum power transfer.
(c) Determme the power P delivered under the ‘matched’ condition.

(12 marks)

Solution: (a) £=1000 Hzcomresporids to o =2n(1000) = 6280 radians/sec

zab~ Ry + RofjoC)[Rs + 1fjoC] = 402+ [-7. 238(10)7/(10* — j7237.98)]
| =402+ 7.238(10)" £~90°/ 12344.57 £35°9]
=402+ 5863.3 L—54".1 =402 +3438 —j4T49.5
= 3840-j4749.5 Ohms=6107.65 £—51" Ohms

®) Primary—réﬂected impedance Zab = Za /> = [3840 —j4749.5 ]/n

For maximum power transfer , we must have Re Z,* ARS 60 and ImZ,,= - coL
ie 3840/n°= 60 or n = (3840/60)*°= 8 Hence n=3§

Equating Im Z,,= - 4749.5/64=- oL =- 6280 L , we'obtain L= 11.8 mH

© P=(V)/4Rs= (4.8)/240 = 96 mW
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7. Fig.7 shows a 3—phase source operatmg at 60 Hz connected to a Y-
. 'connected load impedance Z =R + joL through lines of impedance

E =(0.2 +j 0.6) ohms. The resistive component of the load R = 5 ohms

~ and the load power factor is 0.64 lagging. The other components are:
Va.=208 /20° volts, Vy=208 £-100° volts and V, =208 £-220° volts

(all the Voltages bemg in rms).

Fig.7
(a) Determine the value of the inductance L in the load.
(b) Determine the line-current I and hence the total real and-reactive
powers PL and Qy, 1cspectlvely in the‘load.

(8 marks)
SOlutlon' () The load pf is 0.64 lagging, hence the load impedance angle ¥
6 = cos™'(0.64) =250 2 = tan™ (coL/R) h
Therefore (coL/R)~ tan £50°.2 =12 and
=12R/o= (1.2) (5)/377=15.9 mH (~16mH)

(b) The system is balanced Each phase of the load 1mpedance is

Z1=54j (377)(0.016) = (5 +j6) Q and each total unpedance seen by each source is

Zia= (5.2+j6.6) @
Eg The line current I VolZiota1 = 208 £20°/ (5.2+6. 6) 208 £20° / 8.4 451°.77

~ 24.76 £—32°

The total average power in the load , P 3P ReZ
=3 (24.76Y(5) = 9195. 8 W or ~ 9.2kW

The total reactlve power in the load ,Q =3 PImZ =3 (24.76)*( 6)
= 11035 var or ~ 11.03 kvar -







