EE/TE2008 Circuits — Part 1 — Tutorial Solutions (Prepared by Ben M. Chen)

Solution to Tutorial Set 1

Q.1

(a) (b)

AC waveform | 5,2 sin(a)t) 5v2 cos(a)t)
=52 cos(a)t—%) = Re[(sejo)(\/zejm)]
= Re[(Se_j”/z)(\/zejm)]

Peak value | 5.2 52

Frequency a)rad/s:ﬂHz a)rad/s:ﬁHz

2 27

RMS value 5 5

Phase S— 0

2
Phasor 57 =5 /—90° 5¢°=5/0°=5

(c)

AC waveform

1042 sin(207+30°)

= 10+/2 cos( 207 -60°)

12042 cos( 3141 - 45°)

- Re[(l20e‘j”/4)(\/§ej3l4’)]

= Re[(lOeij”ﬁ)(\/Eeijt)]
Peak value 1072 1202
Frequency 20rad/s=3.18Hz 314rad/s=50Hz
RMS value 10 120
Phase _Z__60° LT 45
3 4
Phasor 10e”™* =10/=60° 1207 =120/=45°
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Q.2

(e) (f)
AC waveform | n( 4f—%j 0.25cos(2£+100°)
= 017742 cos(2£+1.75)
=35442 005(4 (-2 n) s =
372 = Re[(0.177¢77°)( V2" ]
= Re[(35.4e-j”/6)(\/§e'i4l)]

Peak value 50

0.25

Frequency 4rad/s=0.637Hz 2rad/s=0.318Hz
RMS value 35.4 0.177
T 0 0
Phase g=30 1.75=100
Phasor 35.4¢’°=35.4/30° 0.177¢’""=0.177/100°

(a) @eﬁo(’

2

R{(%ef”/ﬁj(ﬁe-"““)}: 100003(314t+%)V

(b) 115¢/73 v

Re|(115¢773)(v2e17 )] = 115\/5005(314t+%j\/

(c) —0.12e7 /74 A

Ref (01207207 - el 012647} 20|

3
- 0.12\/§cos(314t+TﬁjA

(d) -0.69/60° A

Re-0090 )20 R 0aper | )

4
0,692 005(3 14+ +Tﬂj

2
= 0.69v2 cos(314t——ﬂjA

3

10
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Q.3

From v,(#) = 1242 cos(2¢) V

Frequency = @ =2rad/s

Impedance of inductor = jw2=4,;Q

Ve=12¢"" =12
I
_ - All units in
V,A,Q
v 3@
I, ::TVC
APIHET

—_— '

Tk
3

I[p="2=4 = iR(t):4ﬁcos(2t)A

VL :(4J)IR:16JV = VL(t):16\/§COS(2Z+%jV
Ve=Vy+V, =12+16)

Ve 12+16j . .
=4 — —=4+24;-32=08+24;
=5j 5

=1+

Imag

24 -~

\Arg [I]=tan"! (3)
0.8

Real

1] =[08+2.4/=/08% + 24> =253

11
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24
Arg[]] = Arg[08+24/] = tanl(ﬁj =125

[=08+24j=253¢" = 2532 cos(2:+125) A

Q4
Power
e o All units in
| a+jp V,A,Q
‘ | e T PY |
| —
1Q wll]een
1 —
Electrical system
% V

" {ar )+ (R X)) (a+ R)+ b+ )

V, =1,(R+jX)

Power absorbed = p=Re[1,V,] = RC[‘IZ‘z(R+jX)]

=|1,|" Re[ R+ jx] = R|1,[
_ R| 14 |2 _ RV

(a+R)+jb+X)|  (a+R) +(b+x)

Maximum power transfer

For maximum p, the denominator should be as small as possible. As the
numerator does not depend on X and the smallest value for (b+ X) is 0,
maximum power will be absorbed if

X=-b
so that
_ PR
_(a+R)2

Differentiating:

12
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Thus, maximum p occurs when
R=a

and the maximum power transferable is

PR WP P
p_(R+R)2_4R_4a

Y

In general, maximum power transfer occurs when the load impedance is equal to
the conjugate of the Thevenin's or Norton's impedance. When this occurs, the
total impedance is purely resistive and the current and voltage in the circuit are

in phase:

a+jb
I ] ®

VTC) ’ - (a a_fjéb)*

Q.5

Norton's and Thevenin's equivalent circuit

— Maximum power transfer

All units in
10 J15 V,A,Q
/V\ [YY\‘ ®
100/=30° TC) | 4/45° 30 —_—__-Jj25 A
] o
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
30 _—_—__-Jj25 4

@ [um Qs
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100" 1007
: 10+j15 18¢7%6%"

5 ho 6"

Z, =~ j25)30 | (10+ 15) = 1 1 1 1 1 10— /15

=5.55¢7% =0.358 — j5.54

~ 25730 T 10415 —j25 30 T 10° 415

1

= — — = 155 j5.48°
0.0641 — j0.00615 ~ 0.0644¢ /> ‘

I, =0.359 - j5.55 - 4¢/ = -2.47 - j8.36 =8.72¢ /"™

Maximum power transfer

From the previous problem, this occurs when

%

Z=27" (155ef548 = 155054

Total impedance =Z + Z, = 2, + Z, =155¢”**" +155¢7**" = 2[155¢c05(548" ]

LZ, 87271550 g72e7""
(z+z,) 2[15.5cos(5.48°)] ~ 2cos(548")

I =

Thus, the maximum power transferable is

Re[7°(12)] = |1’ Re[Z,"]

2

2
= M —j5.48° | _ L o
= 2c05(5-480> Re[lS.Se / ]_ 2005(5.480) 15.5005(5.48 )
_BTZxISS
4cos(548 )
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