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TUTORIAL SOLUTIONS

F.1 KCL, KVL, Power and Energy

Q.1

All units in
V, A Q
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Applying KCL to the dotted surface:

1+2=3+4 = i=5

Q.2

All units in
V, A Q

Network

Applying KCL to the dotted surface:
5+i=0 = i=-5A

regardless of the value of R. For R=2Q,
V=IR=-5x2=-10V

For R=50KQQ,
v =iR =-5x50000=-250KV
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Q.3

4 All units in
L . 2
? : V,A,Q

<~

¢

AT APPA
11"
é i3

v=8+4=12V; i=1,; voltage across 3Q resistor = 3i =3V

4
4

|
|
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Q.4

(a) Both meters give positive readings

I I A B
AM VM

Since the arrows for v and i are in opposite directions
Power consumed =vi

Also, AM will give a positive reading if i is positive, while VM will give a positive
readings if v is positive.

Since both i and v are positive in this case, vi is positive and power is
consumed.
(b) Both meters give negative readings

Both i and v are negative, vi is positive and power is consumed.

(c) One meter gives a positive reading and the other gives a negative reading
I and v have opposite signs, vi is negative and power is supplied by the device.
(d) One meter or both meter give zero readings

Power neither is consumed nor supplied by the device.
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Q.5

Current in circuit

_
! All units in

15@ AN—AN @5

Applying KVL:

15=4i+i+5 = i=2

Power consumed/supplied

If the voltage and current arrows are in opposite directions,

Power consumed = (voltage)(current)
Thus:
Power consumed by 4Q resistor =i(4i) =16 W
Power consumed by 1Q resistor =i(i) =4W
Power consumed by 5V source =i(5) =10W
Power consumed by 15V source = —i(15) = -30W
or

Power supplied by 15V source=30W

227



Appendix F Tutorial Solutions

Q.6
<
’\/‘ * All units in
4 V, A Q

oI No!

10 4 5
/\/\ °
b
40

10 4

/\/\

40

10 CD T 90T

6 CD 5

The 10A current source is supplying a power of (130)(10) = 1300W .

228
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Q.7
Efficiency
Electrical power supplied =(100)(20) = 2000W
Mechanical power delivered = (2.5 h.p.)(746W/h.p.) =1865W
Efficiency = 1865 =93.25%
2000
Torque
|27 rad/rev| 207
Motor speed = (100 rev/mln)( 60 s/min J_ 5 rad/s
Mechanical power delivered 1865
Torque = = =1781Nm
motor speed 207/6
Energy lost
Power lost = 2000 —1865=135W
Energy lost per min =(135)(60) = 8100J
Q.8

Generator output power = (100)(10) =1000W
. 1000
Generator input power = 09 - 11111wW

11000 rev/min 27 rad/rev
5 60 s/min

Generator shaft speed :( J: 230.4rad/s

Tor e—%—482Nm
AU€ =304 =™

229
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Q.9
Voltage, current and power gains for system
Vo| [5V
Voltage gain= g, = |-%|=|—
ge gain=g, = 1=,

=5=20log(5)dB=14dB

_ i Vv,/8
Current gain=g; = ,_2 B \//12%‘
1 1
5v,/8
=|—=——=6250=201l0g(6250) dB =
v, /10000‘ o620 08 = TodR
_ Vol
Power gain=g, =" -*= 0,0,
11

=(5)(6250) = 10log|[(5)(6250)] dB

14 +76
2

1
=~[20log(5) + 201og(6250)] dB = dB=45dB

2

Relationship between these gains
gp = gvgi

(g, d8) - (gvdB)Z(gidB)

g, =9, = g, if load resistance equals amplifier's input resistance

Audio amplifier

Most loudspeakers have resistances in the order of a few Q. However, in order
not to load the CD player or other audio input equipment, the input resistance of
the amplifier will have to be large and is usually greater than many kQ.
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F.2 KCL, KVL and Grounding

Q.1
Currents
R /8\ All units in
® —> 1 V, A Q
MN—)
—
Vv
It ,
16T C) k)
4§ 2 8 6 S4s S llZ
. |
8
8 R —~ 8
® M Y
—
Vv
[ 4 .
16T<) 4 8 2 A2 3 4
4§ 2 8§ 6 S4S3 l]_z
@ L l
Value for R
8
R —~ 8
P ’v\ —_—
N
~16

10444 4l b

Applying KVL to the loop with the sources and R:

16-8R-16+12=0 = R=15

231
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Q.2

(@) R =00 (0open circuit or no load situation)

All units in
1000 V.AQ

1OOT C

100T C

(b) R =8000Q

1OOT C

Iy
&
4000 g é/r v = 8000i

SOOOJ

. . o1
100= 30001 + 80001 = I_llOA

232
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v =28000i =72.73V

(c) R =200Q

1OOT C

1OOT C

2
100=1050i +200i = 100=1250i = i= 2—5A

v=200i =16V
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(d) R=0 (short circuit)

1OOT C

1OOT C

100=1000i = i=01A

It may be slightly faster to derive two general formulas for v and i and then
substitute the values for R.
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Q.3

Equivalence of circuits
The two circuits are equivalent because the connections (topology), elements
and currents between the various nodes are identical:

N i All units in
\ V. A,Q

10
g
i
Rl
X o—
RZ
-2
|
El|
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Current and voltage

lOC

— Ground I

Applying KCL to node X and then KVL:
ii=i+3-2-5=i-4
v, =10-2i, =10 2(i—4) =18-2i
Wheni=2,i,=—-2A and v, =14V
Wheni=-3,i,=—7A and v, =24V
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KCL for ground node
Since there may be other components connected to ground, the application of
KCL must include all the other connections not shown in the original diagram.
The implication is that all these other components must be delivering a combined
current of i, to ground:

Other
components

All these are actually connected together

Q.4

(a) Point C grounded and Point B connected to Point D

A L
* All units in

? V, A Q
vl () Sy

2
\Y
B [0 <—

iy

S3

C

M

Applying KCL to node B:
i,=i—-0=i

Applying KVL to loop with voltage source, A, B and C:
10=2i+3i, =51 = i=2A
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Applying KVL to loop with B, C and VM:
v=3i,=3I=6V

(b) No connection for Point C and Point B connected to Point D

¢ All units in
V, A Q
2iT 2 '
10 B 0 < ——
C) §5 5 D
+ —
3
VM
sl

Applying KCL to node C and then to node B:
i,=0A
i=i,+0=0A

Applying KVL to loop with voltage source, A, B and VM:
10=2i+v = v=10V

(c) Point B grounded and Point C connected to Point D

* All units in
V, A Q
5? 2
(gt
iy
0|23 v
b
D
c 0
+ —
VM

238
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Applying KVL to loop with voltage source, A and B:
10=2i = i=5A
Applying KVL to loop with B, C, D and VM:

v+3i,=0 = v=0V

Q.5

Original circuit

/\/\ All units in
: | ‘. VA
o1 1

; 'S Ok

4] i

R i 2

Applying KCL to the dotted surface:
i=0

/\/\ All units in
4 V, A Q
1
3
R
X
[0]

Thus:

/ SRk
Q1o loo

Potential of node X wrt ground =12V
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When the circuit is not grounded

/\/\ All units in

3§ Cl 6

R @ |@ 2 '
—\N [Undetermined| I
X o «—
[0]

The potential of node X wrt ground cannot be determined. In practice, its value
will depend on factors such as the existence of static charges and other
electrical and magnetic effects.

When Point X is grounded

/\/\ All units in

b O

il

The potential of node X wrt ground is now 0.

I

Q.6

First circuit

2 All units in
3 V,A,Q

b

/\/\ —_—
2

3

d

wlno
—

Applying KVL:
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1 i
' — —
2
V5
1 2
CD 3 § VT
‘ — —
Applying KCL:
T3 T 3TV
Third circuit

lo i -
21 VT

241
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1O

From KVL:
5=%+4+i+v=?’2—v+4+i
S -
2 33
Equivalence

The three circuits are different in circuit topology and the components used.
However, they have the same voltage-current relationship and are electrically
equivalent from a voltage-current point of view. It is impossible for an external
circuit connected to the outputs of these circuits to tell which circuit has actually
been used:

| External circuit

Circuit 1, 2 or 3

Impossible to tell
whether circuit 1, 2 or 3
has been used

T [Only sees v-i relationship|
v
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Source current

F.3 DC Circuit Analysis |

Appendix F Tutorial Solutions

Q.1

All units in
V, A Q
All units in

V, A Q

8

S

““““““““““““ _ S

I
A —A—t 1l t——A—
| o0 | + L(
e | 6 __ 8

o

N |
| Lol o I ,
e U N | — e

I |
A AY ? /T = AY *
” S L+ —l|™ ~ =
E S A , Lo 1 1
S e B L, ™ I N Y
™

noe AY ? AT Y ='s *
| ™ ! N 6_5 [ ™

60 T C)
Source current

Value for i

-->10
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Q.2

Original circuit

S

* >

2

All units in
V, A Q

244
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2+(32) =2 1 =2 E—32
+(32) = +1+£— tp=3
3 2
Equivalent resistance =21|3.2||3.2=2]||1.6= 1 =0.889Q2
0.5+0.625

When outer two resistors are short-circuited

A
2
2
2
B

<~

A

2

Equivalent resistance =2|| 2|2 = 3= 0.666Q
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Q.3

Mesh analysis

—
AN ( ) All units in
U V.A,Q

Applying KVL for the three loops shown:
8-3, -3(1,—1;)-6+(, —1,)-4-3i;, =0
14-3i, +4—-(i, —1,) -4, —-1,)-10-2i, =0
15+10-4(i, —1,)+6-3(;—1,)—7i; =0
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Simplifying:
~2 =10i, — i, - 3i,
8=—i, +10i, —4i,
31=-3i, - 4i, + 14i,
In matrix form:
10 -1 -3]i,| [-2
-1 10 -4|i,|=| 8
-3 -4 14|i,| |31
Solving (actually not required in this question):
—2+10(8) = 10i, —i, — 3i, +10(~i, +10i, —4i,) = 78=099i, —43i,
31— 3(8) = —3i, — 4i, + 14i; — 3 —i, + 10i, — 4i;) = 7=—34i, + 26i,

- o . 26(78) +437) 2329
26(78) + 43(7) = 26(99i, — 43i,) + 43 ~34i, + 26i,) = i, = 26(99) —43534) = 1112

: . : : _ 34(78)+99(7) 3345
34(78) + 99(7) = 34(99i, —43i5) + 99(-34i, + 26i,) = iy = 5123+ 99(26) = 1112

+23290 4(3345) 1014
1112 1112 1112

Voltages of nodes A, B and C with respect to ground:

15
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Vg =4+1, —1,

Ve =—14 + 5i,

Nodal analysis

Applying KCL to nodes A, B, C, D and E:

Vo, +8-Vv 6+Vv,—V V.-V, -15
D Ay B 'A , Tc A -0

3 3
4—v, N V,—V;—6 N Ve —Vg +10 0
1 3 4
Ve —14-v, L Va~Ve +15 L Ve Ve -10 0
2 7 4 -
Vo +8-V, +v_D _0
3 3
Ve —14-v, +V—E 0
2 3
In matrix form:
grlpl -l - Koo
—% 1+%’+%1r —% 0 0
-4 U svs av/ S
A 0 0 -1-12 0
0 0 oo -kl

1)-2+410,

8540515 |

248

14
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Q.4

AN All units in
2

V, A Q

L4
Applying KCL:
Vo V=V, V-V
|_4+ g T3

\" Va—V V,—V
Ya Ya7V Ya~Vs
2 8 4

=0 = 4Vp+V, —V+2Vy —2Vg =7V, =2V —V=0

Vv Vg —V Vg —V
Y Ys~Va Vs
4 4 2

=0 = vg+Vg—Va+2vg —2v=—V, +4v; - 2v=0
Eliminating v, and vg:

- - _15

(7va —2vg = V) + 7(—vy +4vg —2v) =0 = 26v5 —15v=0 = vy =52V

2(7vp —2vg — V) +(—Vp +4vg —2v) =0 = 13v, —4v=0 = v, =

i_X+V—VA+ﬂ_(1+E+1)V i(ijv EKE)V_ﬂV
4 8 2 4 8 2 8\13 2\26/) 104

4
13V

The equivalent resistance without the 13Q resistor is therefore
v 104

—=——=182Q
i 57

and the equivalent resistance with the 13Q series resistor is
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Equivalent resistance =14.82Q

Q.5

Equivalent resistance

Since the resistors are in parallel, the equivalent resistance R is

11 1
R R, R,

Short circuit current

AN ﬁ AN
R1 R 1 RZ
VlT VzT

Applying KCL.:
Lo
Rl n

Norton's equivalent circuit

|Sc#> §R

1 1
— = e —
R R R,

250



Appendix F Tutorial Solutions

R
VOC/I\
1 1
= e —
R R R,
Vi,
—_ 1 _Rl
Voc_Rlsc_ 1
7+.
Rl

251
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Q.6

Re-drawing original circuit
2 All units in

'\1;‘ ’ —V—— V,A,Q
10 @ -2 3

Equivalent resistance without 3Q resistor

12
NN\—s —\NN\— -

Equivalent resistance R:2+(6||12):2+ 1 [ —2+4=6Q
6" 12

Using Norton's equivalent circuit

L) =% 3

Since AM reads 1A
i =1A

Thus, when the switch is open
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3@ % 3 %7
I
23]

@ = == QO
VS VA
[RI Ry
(@ Ol
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F.4 DC Circuit Analysis Il

254

Q.1
Load current due to Battery 1
¢ All units in
V,A,Q
0.2 0.1 0.05
A A 10 §
GT L e
L 2
Current from source = 0 = 0 = =25.75
~ 02+01/[0.05|[10 024 1 ©02+0033
T 10+20+01
(o |
. 01/|0.05 J 10+20 20 ( o.o33j
=2575x| —————|=257 25.7 =0.0847A
h =2 5><(10+ 01]j0.05) = 2> | |=2575%( 7 93/ = 008
T10+20 J
Load current due to Battery 2
L 4
0.2 § 0.1 0.05
| | 0
] 5 T Ny
L
Current from source = > = > = =3571
~ 01+0.2]|0.05/]10 01 1  01+004
~ 7 5420+01
(5 |
0.2/|0.05 J 5+20 ( 0.04 )
=3571x| —————|=3571 =3571 =01423A
2 ><(10+ 0.2][0.05 g T | (1004
LlO + J
5+20
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Load current due to Battery 3

4 4
=34.48

4
1 ~005+0066

tf - )
Current from source 0.05+02[01]120 .

(0'067j =0.2294 A
1007/

0.2]|01
iy =34.48 X(LJ =3448x| ———
10+0.2]|01 1

Actual load current
=i, +1, +i3=00847 + 01423+ 0.2294 = 0.4564 A

Q.2
Current due to 25V voltage source
N o All units in
5 R V,A,Q
® AN . AN °
6 ; 2
25T Ch 5 §
.
Current from source = 25 B B 3.09
5+5f(612) g, 1 5+308 7
1
58

_ 5
i, = 3.09(5 " 8] =119A
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Current due to 20V voltage source

/\/\ ( \
5 U/
20
[12]
® /v\ . /v\ °
6 ; 2
i\'\// \/) '\/ i \} 5?
o
20 20 20
Current from source = = 1 = =248
5+5|(6+2) ¢, 1 ~5+308
1
578
i,=24 i]—0954A
27" 5+8)
Current due to current source
W —
5 SR
I3
AN AN A—1— W
6 2 6

1
2+
o3 27@8 | 1°702402|_ s
6+2+(5[5)

o, 1
02402

Actual current

i =i, +i, +i, =119 +0.954 —1.286 = 0.858 A
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Q.3

Open circuit voltage

1 i 2 All units in
/\/\ I /\/\ VA Q
14\ T T6 § 4
12-6
i= =2
T2
v=12-i=10V
Equivalent resistance
1 2
1 o
Resistance across terminals =1||2= —1= 0.667Q
1+ E

Thevenin's equivalent circuit and maximum power

0.667
IOT

10 Y
Maximum power transferable (with a 0.667Q load) :(mj 0.667 =375W
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Q.4

O_/\/\_. All units in
VAQ

S 4
100 10
20 10 10
L J
100
Combined current of current sources =10 — 2—0 =
) . 1 20
Equivalent parallel resistance =20||10= 1 1-3
20 710
:; 4
%) 10
! .
/\/\ ( \ /\/\ °
200 —— 4
100 3 10
3
L
/\/\ °
32
70 3
3
L J
Resistor that draws 2A = 0 32 _ 10
3x2 3
Resistor that absorbs the maximum power =3—32£2

. 70 /32x2Y 32 1225
Maximum power that can be transferred = ?/ 3 ?=EW
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Q.5
Thevenin's equivalent circuit
All units in
AN V. A Q AN
0.6 'a 16 'a

O )10 @

Device current given i =16 A
Applying KVL:

v, and iy can be found from solving this (which gives rise to the load line) and
the relationship iy = f(vd) given by the characteristic curve. Specifically, when
iy =0, vy =16. Also, when v, =0, iy =1.

1 = All units in
| . - - V’ A, Q
Device characteristic
I ig = f(vy)
ig 0.5
- Load line
from circuit
1.6 =1.6i4 + vy
0
0 1 2

The point of intersection gives

i, =06A

Source current for power dissipated in D to be 0.6W

4A : All units in

1.6 'a V. A, Q

10 [

Power dissipated in D=i4v, =0.6
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The device voltage and current can be found from solving this and the
relationship iy = f(vd) given by the characteristic curve:

1 All units in
V, A, Q
Device characteristic
I ig = f(v)
ig 0.5
i Power requirement
0.6= I1gVy
0
0 1 2

The point of intersection gives
vy ~08V
iy ~0.75A
From KVL:
i = 16i, + Vv, ~16(0.75) + 08=2A

Q.6

Voltage gain
Applying KCL to the second half of the circuit:
v, =—20(50i,) = —1000i,

Applying KVL to the first half of the circuit:

. Vv
v, = 2i, + —2
LT 5000
Eliminating i,:
v - 2( v, j+ v, —18v, v - 1000V
1= 721000/ "5000 ~ 1000 — Y277 18 ™

The voltage gain is

v, 1000

A 18

The gain in voltage magnitudes is
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1000 1000
= g[wde =55dB

Equivalent resistance

To determine the equivalent resistance as seen from the output terminals, all
independent sources have to be replaced by their internal resistances and a
voltage source has to be applied to these two terminals:

| All units in
iy | V. mA, kQ

T
T %T#} #}5% %0 C)T

Transistor amplifier

i, =2
5000
Vv v v Qv
i, = 50i —2:_50(_2j 2 772
2 =5 o0 10000/ " 20 ~ 200
Equivalent resistance = V—2 = 200 kQ

IZ
Note that in calculating this resistance or in using superposition, dependent
sources must not be replaced by their internal resistances.

Thevenin's equivalent circuit

200 All units in
9 V. mA, kQ

AN

=IO

-0
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F.5 AC Circuit Analysis |

Q.1

(a) (b)
AC waveform [ 52 sin(wt) 572 cod wt)
= 5\/§C05(a)t—%) = Re[(sejo)(*@ejwt)]
= Re[(5e717/2)(V2e !
Peak value |52 5.2
Frequency corad/s:ﬂHz a)rad/s:ﬁHz
2 2
RMS value 5 5
Phase T _90° 0
2
Phasor 5 e - 5 /_90° 5e°=5/0° =
(c) (d)

AC waveform

10+/2 sin(20t+30°)
=10+/2 cog( 20t -60°)

= Re|(10e7177%)( v2e 2|

120+/2 cog( 314t - 45°)

= Re[(lZOe‘j”/4)(\/§ej3l“)]

Peak value | 10v2 12042
Frequency 20rad/s=3.18Hz 314rad/s=50Hz
RMS value 10 120
Phase T 60" YT
3 4
Phasor 106 =10/-60° 1206 =120/-45°

262
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263

(e) (f)
AC f 0
waveform | Sin( 4t_%j 0.25cos(2t+100°)
= 0177+/2 cos( 2t +175)
T T
= 35442 s(4t———— ) . .
\/_CO 37 +7 _ Re[(O.l??eJ”S)(\/EeJZt)]
= Re[(354e/7/°)(v/2e )]
Peak value 50 0.25
Frequency 4rad/s= 0637 Hz 2rad/s=0.318Hz
RMS value 35.4 0.177
Phase g = 30° 1.75=100°
Phasor 35.4e'"° =35.4/30° 0.177e*7°= 0.177/100°
Q.2
@ 100 j30° F(loo - } : | { ﬂj
—e \VJ YV in/6 j100z t) | _ -
72 Re | 77 ¢ Ve )J—looco 314t+5 |V
b jx/3 . .
(b) |15V Re[(115¢17°)(y/2e1°7t)| = 11512 cos(314t+%jv
(c) _012e- 174 A Re[(_o.lze—jﬁﬂ)(\/iejlooﬂt)] _ Re[(ejﬂ Ollze—jn/4)(\/§ej1007rt)]
= 01242 Cos(314t+37ﬁjA
(d) | -0.69/60° A | Re[(-069e!"/°)(/2e/%7!)] = Re[(eI” 0.69¢7/°)( /217!
4
= 0692 cos(3l4t +?j
2r
= 0692 cos(314t —?jA
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Q.3

From v (t) =124/2 cos(2t) v

Frequency = w=2rad/s

Impedance of inductor = jw2=4jQ

Vp=12e/0=12

| L
_ - All units in

V,A,Q
v, §
Iz JE— TVC

] &3

_—— Y

Vv
lp="3=4= in(t) = 442 cog2t) A

V. =(4j)l=16jV = vL(t):16\/§cos(2t+%jV

V, 12+16]j
C _g_ J

I:IR+_5j: 5]

—4+24j-32=08+24]

Imag

2.4}-----

\Arg [1]=tant (3)
0.8

Real

1| =[08+24j|=082 + 2.42 =253
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24
_ il — ! i
Arg[1]=Arg[08+24 ]| = tan ( 0.8)_ 1.25

| =08+24j=253"% = 2532 cos2t+125)A

Q.4
Impedances and phasors
v(t) = 5042 cos(1250t +30°) V = V =50e1%" v,

Impedance of inductor = j(1250)(0.02) = j25Q

1
Impedance of capacitor = - =—j40Q

j(1250)(0.00002)

All units in
V, A Q

2SIy

7

4

LY p—

(15
tan™| —— 0
Total impedance =20+ j25— j40=20— j15=/20% +15%¢ EZO)=25e—36-9 Q

Y 50e*" _ 205" A

| = =
20+ j25— j40 25ei-%9

Vg =201 =(20)(2¢7") = 40¢1%%" v
V, = j251 = (251" |( 261" ) = 50¢ 156" v/

Ve = j401 = (40819 ) 2¢1%69") — goe 127’ v
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Phasor diagram

Imag

All units in
V, A Q

VAERVARVEAVA

Real

\ in phase with |

V. (1lags V, by 90°)

V. (1 leads\ by 90°)

Q.5

Components
The impedances of series RL, RC and LC circuits are

1 i
Z=R+——=R-
Re =T LC 1007C

. 1 :

joC

20+ j30 must correspond to a series RL circuit with components:

266
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30
R, +J1007 L, =20+ j30 = Ry=20Qand L, =7 —=00955H

10— j15 must correspond to a series RC circuit with components:

j .
R, — =10-j1 R, =10Q =——7——=2123 uF
27 1007C, - 0715 = Ry =100 and €, =357 g = 21234
Circuit admittance
1
Circuit impedance = Z =(20+ j30)[|(10- j15) = —— 1

20+ 30 " 10— j15

Circuitadmittance—i— 1 + 1 _20_j30+10+j15
T Z 20+j30 10-j15 20%+30% ' 107 +15°

267

— 00154 j0.0231+ 0.0308+ j0.0462 = (0.0462 + j0.0231) Q"

Power factor
value = cog Arg(1) — Arg(V))]

Power factor = leading, Arg(1) — Arg(V) >

- - 0
|ead|ng / Iagglng - {lagglng, Arg( |) — Arg(V) <0

Arg(1) - Arg(V) = Arg(vlj = Arg(%j =—Arg(2)

. 0.0231j
_ _ 2 Bttt
= Arg(0.0462 + j0.0231) = tan ( D046z )= 0464
value = c0s(0.464) = 0.894 0894
Power factor =
Ieading, 0.464 >0 |eading

leading / lagging = {|agging 0.464<0

[Value of p.f.= cos 0|

Imag

[leading p.f. as | lags V|

N~

0.0231

V<

0.0462 Real
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F.6 AC Circuit Analysis Il

Q.1

Circuit diagram

—— AN All units in
4 T VAQ
3 § j1007L]

20 i o .
| '~ Equivalent circuit
| § [R] ~ for coil

S50Hz o i
Main equations
9
‘Voltage across 4Q‘=|4||:9 = |I|:Z
Voltage across coil = ‘I(R + j1007z L)‘ =14
) 14 4 2 2
\R+J314L\=m=14§ =6222 = R?+(314L)* =3872

[Supply| = |I(4+R + j1007 L) = 20
4+R+ j314L\=%=2o(g):8.889 = (R+4)" +(314L)* =79.01

Component values

[(R+4)" +(3141)°] - [R? +(3141)°] = 79.01- 38.72

4029 — 16
8R+16=4029 = R=T=3.O4Q

J29.48
R? +(314L)° =3872 = (314L)°>=3872-304°=2948 = L= —=00173H

314



Appendix F Tutorial Solutions 269

Power and power factor

9 2
Power absorbed by coil =|I°R :(Zj (3.04) =154W

value = cog Arg(current) — Arg(voltage)]

Power factor = leading, Arg(current) — Arg(voltage) > 0

leading / lagging =
eading / lagging {lagging,Arg(current)—Arg(voltage)<O

currentj

Arg(current) — Arg(voltage) = Arg(Voltage

= Arg(lmpemj = — Arg(Impedance)
value = cos[Arg(impedance)]
Power factor = leading, Arg(impedance) < 0

leading / lagging =
9/1a0ging {Iagging,Arg(impedance)>O

Arg(impedance) = Arg(R+4 + j314L) = Arg(304+4 + j314x00173)

543
= Arg(7.04 + j5.43) = tan'l(mj — 0657

value = c0s(0.657) = 0.792

leading, 0.657 <0 )= <
lagging, 0.657 > 0

0.792
Power factor =

leading / lagging ={ lagging
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Q.2

Load current

All units in
V, A Q
2000
50 Hz Load
actual power 10000
Load power factor = = 05=—>7—7 = ‘Iz‘zloA
apparent power 2000‘ | Z‘

V =2000 All units in

\ i o
I Lagging power factor
z

I, lagsV

=

0.5lagging cos[Arg - Arg(V ] 05
load p.f. Arg —Arg(V)<0

<Arg( I,)=+cos™(05) =+ 1.05>
—
Arg( IZ) <

= Arg(l,)=-105
1, =1, el — 10671295 A

Power factor improvement

lc
2000 T J— j314C Z

I =( j314C)(2000) = j628000C

I =1, + 1. =10e71% 4 j628000C =5+ j(62800C—8.66)
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0.9 lagging cog Arg(1) — Arg(V)] = 09 <Arg( )=+ 0.451>
overall p.f. - Arg(1) - Arg(V) <0 - Arg(1)<0

628000C —8.66
5

— Arg(l1)=-0451 = tan'l( ): —0451

_ 866- 5tan(—0.451)

= 00000176 F=17.6 4 F

628000
unit - =
y N cog Arg(1) — Arg(V)] =1 = Arg(1)=0
overall p.f. Arg(1) - Arg(V) =0
628000C — 8.66) 8.66
-1 _ _ _ =
= tan ( c =0 = C—628000—O.0000138F 138u F

08leading cog Arg(1) — Arg(V)] =08 <Arg( 1) = +0.644
overall p.f. Arg(1) — Arg(V) >0 - Arg(1)>0

628000C -8.66
5

= Arg(1)=0644 = tan'l( )=0.644

866+ 5tan(0.644)

628000 =0.0000078F=7.8u F
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Q.3
Power
””””””” All units in
a+jb V.A Q
) 1
I

,,,,,,,,,,,,,,,,,,

Electrical system

- Y - Y
z _(a+jb)+(R+jX) - (a+ R)+ j(b+ X)

V, = I, (R+ jX)
Power absorbed = p=Re[l,"V,] = Re“lz‘z(R+ jx)]
=1, Re[R+ jx] = Rl1,[
v [ R
‘a+R + j(b+ X ‘ (a+R)2+(b+X)2

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==Db
so that

VPR
(a+ R)

p=

Differentiating:

Thus, maximum p occurs when

R=a

272
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and the maximum power transferable is

VER VB _NE

(R+R)2_4R_4a

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 A
— * Maximum power transfer
10O "G
v =(a+jp)"
@

Q.4
Norton's and Thevenin's equivalent circuit
All units in
| 10 J15 V,A,Q
| AN—MMN ; .
1 100/=30° TC) #)4(450 30 —_—-i25 z
i : :

———————————————————————————————

1 | .
CD #)4@ i I I

~100e 7" 100e 1’
' 10+ j15  18ei¥

= 5.55¢ /%% = 0.358 — j5.54
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50 ]] ) =10 z

1
1 1 1 71 L1, 10-ji5
—j25730 T10+j15 —j25 " 30 ' 107 +15°

=—]25(|30]| 10+115

1
© 00641 j0.00615  0,0644 15

— 155¢ /54

|, =0.359 — j5.55—4e*’ = —2.47 - j8.36 =8.72¢ ™

Maximum power transfer

From the previous problem, this occurs when

6

=2, (1559‘548 — 155154

Total impedance =Z +Z, =Z," + Z, =155 ™" +155¢**" = 2[155c05(548’ |

1,2, 872071556 g72e "
(z+z,) 2[15.5003(5.480)] ~ 2c05(548°)

Thus, the maximum power transferable is

Re[1"(12)] =[1]* Re[Z,"]

g72e 10 [
- 2c0(548°)
8722 x155
~ 4cos(548°)

8.72

—j5.48° | _
Re[15.5e | ]_ 2c05(548°)

155c05(5.48° )

=297TW
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Q5
100 1004H | Coil
—___100pF
1
Resonant frequency = =159 MHz
277+(100x10°°)(100x 10 %2)
277(159x10°)(100x107)
Q factor = =100
10
Since the Q factor is large, the circuit is bandpass in nature with
. 1
3dB cutoff frequencies = 1.59(145 ﬁj MHz
6
Bandwidth ~ 22210 _ 15 9z
100
Q.6
R L | Coil
_ AN Y\

1 1

C=20---500pF resonant frequency =
= e 27L(500x10%2)  27,/L(20x1072)

712 356
N
For the lowest tunable frequency to be 666 kHz:
712 712Y
666 =—— L:[—j =0114mH
JL = F=Uees) =0H4M
35.6

356
The highest tunable frequency is then N = =342 MHz

L J0114x103
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F.7 Periodic Signals

Q.1

(a) Period of voltage and current waveforms
Since the shortest time needed for the waveforms to repeat themselves is 65,
the period is 6s.

(b) Average or mean value of voltage and current waveforms

The average values of both v(t) and i(t) are obviously 0.

(c) Time when the device is consuming power and when it is supplying power

Since the voltage and current arrows are in opposite directions, the
instantaneous power consumed by the device is

p(t) = v()i(t)
Graphically:
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v(t)
2 p—
0 3 6 t
P
i(t)
5 S
0 2 5 t
5} -

p() =v(t)i(t)

Consume power

10 —

S e e S e Y e
Supply power

(d) Period of instantaneous power curve

From the above curve, the period of p(t) is 3s.

(e) Average power consumed by device

In 1 period of 3s, the device consumes 10W of power for 2s and supplies 10W of
power for 1s. Thus:

Net energy consumed in 3s =(10)(2) —(10)(1) = 10J

Average power consumed :%W
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Q.2

(a) Period and mean value of v(t)

From the waveform itself:

Period of v(t) =T =65

5
Mean value of v(t) = EV

(b) RMS value

vA(t)
25[------
— — —\— — — Mean value
N
0 G t
Quadratic
V2(t) = &gtz, 0<t<3

Period of v?(t) =T =6s
Mean value of v2(t) = mean value of v*(t) fromt=0to t=3

area under v*(t) fromt=0tot=3

3
1325t>  1[25t3 ] 25,
= = :_V
3% 9 3| 27 3
5 5
RMS value of v(t) = v, . = Jmean value of v2(t) :—3V

(c) Average power

vZ(t)
R

Instantaneous power consumed = p(t) =

vZ(t) mean value of v3(t)
Average power consumed = mean value of R = R

[Jmean value ofvz(t)]2 v 2
- R R

278
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0.3
(a) v,(t) = 10\/5005(27zt +2°) and v, (t) = 2042 cos(27rt + 230)

To an observer with a time origin of t =0:
v,(t) =10v2 cos(27t +2°) = V, =10e'” and frequency =1
v, (t) = 20v2 cos(27t +23°) = V, =20e'*" and frequency =1
Phase difference = 23° — 2° = 21°,V, leading

To an observer with a time origin of t =0.5:
v,(t+05)=10v2 cos(27t + 7 +2°) = V, =100’ and frequency =1
v, (t+05) = 20v2 cos(2nt + 7 +23°) = V, =20e®" and frequency =1

Phase difference = 203" - 182° = 21°,V2' leading
Since the time origin has changed, the voltages observed are time shifted and
the phasors change in phase. However, since the frequencies are the same, the
relative phase difference remains constant.
(b) v,(t) =10v2 cos(22t +2°) and v,(t) = 20v2 cos(ﬁfzt + 23°)
To an observer with a time origin of t =0:

v, (t) = 10\/§cos(27zt +2°) = V, =10e’?" and frequency =1

v, (t) = Zoﬁcos(ﬁzrt +23°) = V, =20e'*" and frequency = —

%“—\

To an observer with a time origin of t =0.5:

vl(t +0.5) = 10\/5003(27zt o 2°) = Vl' =10e/#? and frequency =1
v, (t+05) = 2042 cos(ﬁnt+0.5\/§7z+23°) — V, =206 and frequency = %

Since the frequencies are not the same, the phase difference between v,(t) and
v,(t) is not constant and depends on the time origin. In fact, it is neither
meaningful nor useful to compare the phases of v,(t) and v,(t), as these signals
have different frequencies.

Phasor analysis can only be used when all the sources are sinusoidal and have
the same frequencies. In situations where this is not the case but the sources
are still sinusoidal, superposition has to be used together with phasor analysis.
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Q.4

In general, for a signal v(t) with period T:

v(t) =a, + {al cos(zTﬂt) +b, sin(zTﬂtﬂ + [az cos(%zt) +D, sin(%ﬁﬂ TR

a, % IOT v(t)dt Average value of v(t)
Twice the average value of
a,n>1 —j cos( )dt v(t)cos(@)
.
Twice the average value of
ot | 2% | o

280
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For the periodic waveform above:

T=12s

a, = mean of v(t) o
1 L[
2 0 2 1

[N

27t v
a, = 2| mean of v(t)cos EE} _I

2 2t 1[ 12 o\ | ° t ]V cosant/12)
3 -
= E o COS[E) dt = §|:Z SIH(E):L l cos(2mt/12) $ /
2 \ / 0| 12 1
= ; 0 U 12

"

v(b)

4t 1
a, = Z[mean of v(t)cos(ﬁﬂ _I I_ lT\V (0 c0s(4mt /12
=0 0 12 [
:> \I Ulz t

cos(4nt/12)

\WAN
VAVES

0

o

B f (t) (6_7th ; v(t)
a; = <l mean o1 vV{t) Cos 12 _| |_ er(t) cos(6mt/12)
12

:%joscos(%tjdt=%{%sin(i—?ﬂs jcos(ﬁnt/lZ) | 0 / t
-’ EITRAN
VAVAVAR

o

3

8t 1 Yo
a, = Z[mean of V(t)COS(Eﬂ _I I_ }\v(t) cos(8nt/12)
1
12

AR |
e )




Appendix F Tutorial Solutions 282

Mathematically, for n > 0:

2nzxt 2 2nzxt 2nzt
a, = 2| mean of v(t)cos(—”j == Iscos(_ﬁj dt + [ cos(—”]dt
12 12| 7o 1 9 12

2
112 . (2nm) * T2 . (Znﬂtj 21 (. (nn) _ (Snnj
=3l ——sin| —— || +|=——sin|——— = ——<sin| — | —sin| ——
6|l 2nx 12 o A V4 12 o nz 2 2

2 2 2
al,az,a3,a4,a5,a6,~--:;,O,—§T,O,§,O,--~

b, = Z[mean of v(t )sm(zzgtﬂ = %D sin (ZM )dt +J. sm( ngtjdt}
2 ol 2] 2 o 2] | feod ) o)

b,,b,,b,,b,,b,b,---=0,0,0,0,0,0, -

The Fourier series representation for v(t) is thus:

V(t) _1 ECOS(ZMJ ic S(Gﬂtj ic (107rt)
2" 12) 3712 ) "5, 12 T

Q.5
Frequency response
All units in
W V,A,QH,F ‘W
9 9
1 1
Vi(t) Vo(t) El
1
1T 12 xf T
1+ L

requency response = =V = T ~15 j20nt
10+
27t

Magnitude response

. |1+127zf | 1+ 472%f?
Magnitude response=‘H(f ‘ ‘1+ Jzoﬁf‘ 1+ 4007° f?
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1+0
R0 =175 =1
o) [ [
N7\ 20072 £% ~ V400 " 10
H(f)
1

ol S~
0 f

The response is obviously lowpass in nature. This can also be deduced from the
low and high frequency characteristics of the capacitors:

[Low frequency approximation|

[EEN
[
AN
<

Vi VO Vi V0 = L
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Non-periodic excitation with 2 sinusoidal components

The output due to a general sinusoidal excitation can be found as follows:

re’’
v,(t) =reos(2zft+6) = V, =

V2

o jArg[H(f)] re’ _ ‘H(f)‘r i{o+Arg[H(1)]]
H(f )V, =|H(f)e 5 5 "

H(f)z\\i—‘_’z =V,

v,(t) = r|H(f) cos{2;:ft+0+Arg[H(f)]}
1+ 271
COS{Z?IﬁI +49+Arg{—lJr 1207t }
=r R cos[2n ft+6+tan*(27f)—tan (207 f )]
1+ j4007° f
Thus, from superposition, the output due to v, (t) = cos(27zt) + sin(ﬁnt) is given
by
1+ )27
27t +Arg(1+ j207rﬂ

1+47°
= /1;;% cos[27rt +tan™(27) - tan ‘1(207z)]
T

= 0101cos(27t —0142)

i 1+j\/§72 j
sin \/E t+Argl ———————
{ " g(1+ j10v27 }

= | 1123;[; sin[ﬁfzt +tan(v2r)- tan‘l(loﬁfz)]

= 0102sin(+/27t-0199)

1+ j2rxf

= fl———
11 j20x f

1+j2x
1+ j207

COS

v;(t) = cos(27t) = v, (t)=

1+ j\/Eﬂ'

Vi(t)=sin(x/§7ﬂ) = Vo(t) = 1+ j10v27

v,(t) = cos(2t) + sin(v/2zt) = v,(t) = 0101cos(2t ~0142) + 0102sin(277t—0199)
Periodic square excitation

v, (t) = sin(27t) + Sin(sm) N Sin(l507rt) fes Y sin(znzrnt)

n=1,3,

v, (t) = i .%‘H(f = n)‘sin{Z;rntJrArg[H(f = n)]}

© 2.2
= n_;..'%\/%sin{bmt +tan‘1(27zn)—tan‘1(207zn)}

o
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F.8 Transients |

Q.1

Voltages across inductor

i(t)
v (1) = 541 T§5H

i(t) (mA)

Gradient 2

Gradient 0

t (ms)

t (ms)

2 ]
Gradient 0

0 1 2 3 4 5

v (1) (V)

10 |---

0 1 2 3 4 5

Voltages across capacitor
. dv(t)
it)=C It
vl ==¢c

dve

[ttt = I;c#dt = [{ cave(t) =[eve (0]} = Clve () - ve (0]

d

285
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1

velt) =ve(0) + = ittt

C

1
= [initial voltage at t=0] +E[area under i(t) from 0 to t]

For this problem:

Vo(t)=————|area under i(t) from 0 to t
(=5 151 (v |
i(t) (mA)
6 | |
4 -
2 | | |
0 1 2 3 4 5 t (ms)
<> .
Area =2x10
Integral increases linearly
Area = 8 x10°
P Integral increases quadratically
Area=12x10"°
ve(t) (V) Integral increases linearly

4.4

2.0

1 2 3 4 5 t (ms)

286
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Q.2

(a) Voltages and currents for t <0

With the source being a dc one and taking the switches to be in the positions
shown starting from t = — «, all the voltages and currents will have settled down
to constant values for practically all t < 0:

200 6

/v\ )\c ’v\ o/%
SO wolz=1 wol==>
< b
200 it)=0 6
/x ° /v\ 0/0
[0] 0 0

5TC> MT_T [v2(t) = 0|T J—

(b) Voltages and currents at t =0 (just after the switches are thrown)

Since the voltages across capacitors must be continuous, v,(0) and v,(0) must
have the same values before the switches are thrown:
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200 i 6

AN—s f AN s

O ko= —= Ro=9]—

2
200 0=8]
A A
5TC> vl(o):5T::1 vz(o):oT::2
(c) Voltages and currentfort >0
200 6
AN—e /*-’\/‘ NG
dv,(t) 2dV2(t)
dt dt
1O ol ol

From KCL and KVL:

dvy(t)  dvy(t)

i(t) =2 dt  dt

vy(t) —6i(t) —v,(t) =0
Eliminating v,(t) and v,(t):

dv,(t) 6di(t)—dvz(t)—(—1—1ji(t) di(t) di(t)

2

dt dt dt dt dt

—6— =0 = ——+

i(t)

4

=0

288
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Solving this homogeneous equation:

i(t)=ke 4,t>0
Applying initial condition:
5 t

5 _t
i(0)=k=g = i(t)=ge 4.1>0

t) and v,(t):

—

Solving for v,

dvy(t) 5 1 10 -
cllt =—|(t)=—ge 4 = vl(t)=k1+?e 4
10 5 5 10 -
V1(0)=k1+?:5 = klzé = vl(t)=§+?e 4 t>0
5 10+ Y 5 5%
= —6i = — —_— 4 _ 4 = — 4 >
V,(t) = v,(t) - 6i(t) 3T 3¢ 5e 3 3¢ t>0
(d) Voltages and current waveforms
i (t)
5
6
0 t
v, (t)
5)
200 —
v,(t) 3 P
0 t
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Q.3

(a) Voltages and current and energy stored for t <0

With the source being a dc one and taking the switches to be in the positions
shown starting from t = — «, all the voltages and currents will have settled down
to constant values for practically all t < 0:

L4 -
<
—e— " @ ® NY\
v L o)
10 ern =2

i(t):%2

10 sn wble

Li%(t)  Lv?
2 2R}’

Energy stored in inductor =

(b) Current at t =0 (just after the switches is opened)

Since the current in the inductor must be continuous, i(0) must have the same
value before the switch is opened:

u@:%;

10 v =2
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(c) Current fort >0

1O wé|Em v fem

<
di(t) . . di(t) (Rl"‘Rz)-
L ot +Rii(t) + Ryi(t) =0 = i i(t)=0
(lez)t
i(t)=ke * - 7,t>0
R +R,
v LRSS
i(0)=k=— = i(t):—e( L J,t>0
RZ 2
(d) Energy lost for t >0
2 R, +R
VAR + Ry 2=
Instantaneous power lost in resistors= (R, + R, )i(t) :%e ( : ) 120
2
( ) ( j ( )Ir 2[R1+R2jt —|
SV R +R,) 2%k VYR +R,)) e L Lv?
Total energy lost=| ————2¢ * L /dt=——>—2 =
gy J.O R22 R22 L_Z( R1+ RZ)J 2R22
L

From the conservation of energy, this must also be equal to the decrease in
energy stored by the inductor:

Li%(0) Li? Lv?
Decrease in energy stored by inductor = (0 — (<o) =—
2 2 2R,
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Q.4

Timet<0

N
35 S &

Time t = 0 just after the first switch is activated

Since the current in the inductor must be continuous, the inductor must be
carrying the same 16 A of current just after the first switch is activated:

4[ * -/
35 oofmmEm ¢

Time t >0 and t < 3 after activating 1st switch but before closing 2nd switch

416 ° -/
i(t)
sG] 31 s S R=E) S

dit) di(t) it) . 5
15 o +5i(t)=0 = m + 3 =0 = i(t)=ke 3,0<t<3

t

i(0)=k=32 = i(t)=32¢ 3,0<t<3

t

v(t) =5i(t) =160e 3,0<t<3
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Time t = 3 just after closing second switch

Since the current in the inductor must be continuous, i(t) must be the same as
32e73% =32e 1 A just before closing this switch:

4[ * \
i(3)=3¢

35 sSlmmmme:

Time t > 3 after closing second switch

4[ P \
i(t)
15L“)l§15 s S pmzsm S

dt
. 4 L 4
di(t) _ di(t) i(t) _ _g
— = — —_— = = <
15 o +25i(t)=0 = pr s 0 = i(t)=he 8,3<t
3 1 (-3
i(3)=he 6=32e! = h=32e 2 = i(t)=32e% 6 , 3<t

(t-3)

v(t) = 25i(t)=80e7%e & 3<t

Voltage and current waveforms
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i(t)

32

294
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F.9 Transients Il

Q.1

Voltages and currents for t <0

Taking the switches to be in the positions shown starting from t = — o, all the
voltages and currents will have settled down to constant values for practically all

t <O0.
Cdvg(t) -0
i (t) / - dt
[ *— L 3 iL(t) i3(t)

10 >

vc(t)T__ C L§T L%t(t):o

O .

; § i(t)
Ry RSER] |
10 _ LOR]| <& R

=3,

—— @

i(t) /

R1§0To R2§TiL:t):0 0 ,
v 0 ?Rs
Oyl g

4 @
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Voltages and currents just after closing switch at t =0

Since the voltage across a capacitor and the current through an inductor must be
continuous, the initial conditions are

"1C

%

WS

ve(0)=0 T C L §Tv
\ 4 @
Voltages and currents for t >0
c dv.(t)
i (t) — dt
%

% 0 '

Rs
xS rS|
S

10

= ST
v=Ve(t) +CR, OIVcit(t) dv;t(t) Vcc:éetl) B c\;el
V=R, (t)+ Ldiait) di;it) +R—L2iL(t):%

The general solutions are
Ve (t) = v (t) + v, (1)
i (t) =ig(t) +i,(t)

The steady state responses are
Vi (t) =k,,t>0

dv(t)
dt

Velt) kv
CR, CR, CR,

= k, =V = v,(t)=v,t>0

i (t)=k,t>0
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dig(t) R,.

dt LS

The transient responses are given by

dv,, (t t CR,
Vtr()+\/tr_():0 = v, (t)=he R t>0

dig(t) Ry, .. . Rl

gt L
Combining and applying initial conditions:

t

vC(t):vss(t)+vtr(t)=v+hve7C7Rl,t20 t

Ve(0)=v+h =0 = h =-v = vs(t)=v—ve % t>0

y Rt

i (t)=ig(t) +i,(t) = =t he L
2

_L Vv \ vV —=

iL(0)= R, +h=0= hi:_R_2 = i ()=—-—-e L ,t>0

, >0

Source current: fort >0

t
dv.(t v Cv % Vv Vv =2 v v V
i(t)ch()+iL(t)+—=—e R, —  —¢ L +———+—+vk - J

dt

For this to be time independent:

R =R,

CR, =

.EU||—
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Q.2

Voltages and currents for t < 0 before the switch is opened

All units in

1OOTC

)

5
* /v\ *

S

\/1A)Q’F

T V(D) = 100]

10
——
—e
[0

v(t) at t =0 just after the switch is opened

Since the voltage across the capacitor must be continuous, v(0) must be

v(0) =100

v(t) for t >0 after the switch is opened

v, v
4dt +5 10

5
® /v\ * *

10 10 v(t)

._@_. 5 ML
100TC> G 5§ 4::TV(t)

100= 5{4d\é—(tt)+@—1o}+ v(t) = 20 d‘é(tt)

+2v(t) =150

The general solution of this is given by
V() = v (t) + v, (1)
v (t) is the steady state response and can be found by trying

Vi (t) =k, t>0

298



Appendix F Tutorial Solutions

dv.(t
20%+2vss(t):0+2k:150 = k=75 = v(t)=751t>0

v, () is the transient response and is equal to the general solution of

dv, (t L
20\’#()+2vtr(t)=o — v, (1) =he 19,t>0
Combining:

t
V(t) = v (1) + v, (t) =75+ he 10,t>0

_t
V(0)=75+h=100 = h=25 = v(t)=75+25¢ 10 ,t>0

Q.3

(a) Voltage and current before closing switch

Ve (t) = 10|T__ C L §

(b) Voltages and current just after closing switch att =0

299

Since the voltage across a capacitor and the current through an inductor must be

continuous, the initial conditions are

2 =0
—F— /\/\—<—
R

5

o= | —=¢ 3]

(c) Governing differential equation for current for t >0

- : dv.(t)
QQ i(t)=C—

—— AN
R

v ==c L§lL%9
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di(t) . d?i(t) Rdi(t) 1 dv.(t)
L= +Ri(t) +ve(t)=0 = s "L gt "L =0

dZ%i(t) Rdi(t) 1 .
— =0,t>
a2 L dt +LCI(t) 0,20

with initial conditions

i(0)=0
di(t di(t 10
ve(0)=10 = LL =-10 = dit) -
dt | _, dt | _, L
Substituting
Resonant frequency = o = 1
vV LC
ol L
°~R “Vrc
the governing differential equation is
d%(t) edi(t) .
— t)=0,t>
e +Q m +%i(t)=0,t>0
(d) Overdamped situation when Q <+
The roots of the polynomial
dZi(t di(t
dI(Z)Jr2 ;(t)+a)2i(t) _ — 224250 07
t Q % replaced by z Q
are
o w* 402
— < I. 54w
Q

Q’ o :
2,2, = > =5(1i1/1—4Q )

When Q <1, both roots are real, negative and distinct. Thus:

i(t) = kleth + kzezzt, tZO

21:%(1—1/1—4@) <0
2, :%(1%/1—4(32)«1

Using initial conditions:

i(00=0 = k, +k,=0 = k, =k,
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di(t) 10 K, 5 10
at |, L Q L
10Q
i(t) =k, (e —e%') = ————=(e%' —e%'),t>0
2( ) me( )
(e) Underdamped situation when Q > 1
When Q > £, the two roots form a complex pair:
_ Y1 2 __ Y /
2, = ZQ( J44Q°-1| = + jo.|1
Z, = (1+ jw/4Q —1 —— jo /
i(t) =hex + he?, t>0
Using initial conditions:
di(t) 10 ) 1 10
— =-7 = hz+hz,=- hz(zl—zz):—JhZZa) /1——2:——
dt |_, L 4Q L
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i(t)

AWa
o\} UU t

(e) Undamped situation when R=0

When R =0, the Q factor and current is

ol
= — =00
Q R

. 106 ([T 1) .
l(t)—ﬁsmkw 1—WtJ=L—wSIn(a)t),IZO
La) 1—@
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Q.4

Voltages and current for t < 0 before the switch is closed

O ET

Voltages and current at t =0 just after the switch is closed

As the voltage across the capacitor and the current through the inductor must be

continuous:
R li(0=0
3o
EnzEl(@)
c ——|m
Current for t > 0 after the switch is closed
R i(1)
AN
di(t)
L T L Tqt
vsin (wt)
10 o
C 6 | (t) dt
L%(tt) + Ri(t) + éj i(t)dt = vsin(a)t) = Re[— jvej”t]

d?i(t) R di(t)
dt? dt

+éi(t) = Re[wve "]

with initial conditions

i(0)=0
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di(t
Initial voltage across inductor =0 = L# =0
t=0

Steady state current

The steady state response ig(t) is given by

is(t) = Re[ 1,e/"],t>0

d? Re[ I e/ dRe[l el 1 : :
L (Etgs ]+R [df ]+ERe[ISSeJ“’t]:Re[a)ve’“’t]

r( d2 joot d jot ja)t\ —I r . . 1 ) —| )
Re“L diz +R Zt +ec JISSJ:ReL(szZL+Ja)R+EjISSe“"tJ:Re[a)ve""t]
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F.10 Magnetic Circuits

Q.1

Total flux = 1.8 mWb

Ni

S

Area = 1000 mm?
Length = 500 mm
— < — Relative permeability = 600

500x107
600x 47 x107)(1000x107°)

Reluctance of iron core = %, = (

=0.6635x10° At/Wb

25%x107°
47 x107)(1000x1079)

Reluctance of air gap = %,, = (

=199x10° At/Wb

+R

core

MMF = Ni =(18x107%)(R )

= (18x107%)(0.6635x10° + 199x 10°) = 4776 At( Amp. turns)

Q.2

Force of attraction

, 2
MMF for 2 air gaps =§(4)(300) =800 At

_ 2(15x107) .
Reluctance of air gaps = %,, = (4 10_7)(005) =4.77x10" At/Whb
T X A
Flux in circuit = &= —o20___ _ 0,0168Wb

4.77 x10*
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To determine the force, suppose the gap length is decreased by 6x and the
current is changed by i while the flux remains the same. Since there is no back
emf induced and no power is supplied by the electrical circuit:

25x)  10°sx
47x107)(005) 7

Decrease in reluctance = O o = (

SPiyap®”  0.0168%10°5 x

Decrease in energy stored = > = o =4.49%x10%65 x

Work done by movement of armature = (attraction force)s x

From energy conservation:

3
Attraction force = 4492& = 4.49x10°N
X

Doubling of current

If the current is doubled, the flux @ will be doubled. Since the energy stored and
the force are proportional to @7, they will increase by 4 times to 4(4.49) = 18kN
theoretically.

However, in a practical device, the iron may get saturated as the current is
increased. The flux may therefore not increase by a factor of 2 and the actual

force will be smaller.

Q.3
n 21/n

| 2:1 21 1
/\/\
[ ] [ }
1000 o ®
50V T VT TO.SV To,5nv g 2250

For maximum power transfer, the source must be seeing a load resistance of
100Q:

|
50 VT vT %100@

V =25V
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50
|=—=025A
(100 +100)
050V n?% 225
2in ~ 4 RPN =g =9 = n=3
Q4
1
I 1:n n
° °
GGOOT ‘ ‘ T 230 Z
230
n= @ =0.0348
rated current  100000/6600
1= = =758A
2 2
cog/Arg(1)]=08\ /Arg(1)=+36.9°
08lagging p.f. = Arg(1)] = (1) = Arg(l)=-369°
Arg(1)<0 Arg(1)<0
230 230 (26 Q0
Z="—=—""0 =106e'* O
I/n "~ 75807139 j0.0348
Load impedance referred to primary = load impedance seen by source
6600 6600 (a6 g0
= = ——-=870.7¢/%9 O
| 758¢71%9
Q.5
50 Hz 4 )
i) @ p N ® (1)
X D
vy (t) - v, (1)
44OVT D N;=1320 N, ( TZZOV
D C
. y,
Primary 0 Secondary
winding <: Flux a(t winding
\. /

307
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N, V, 220 1 1820
2

Since the currents are sinusoidal at 50Hz, the flux @(t) will also be sinusoidal:
&t) =, c0g 1007t + 6)
Thus, the primary voltage will be

dat
v =N 92U 002N

" Doy (1007t + 0)

The rms value of this is

1007 N, 44042
00eN Do _ g0y gy = HN2
V2

= =0.0015Wb
max — 1007(1320)
Cross sectional area of core =

@nax _ @nax

. — = 1% _ 25¢m’?
maximum flux density 0.6 om

Q.6

Efficiencies under different operating conditions

Full load, unity pf 2 full load, unity pf

Apparent power

Actual power _ _
delivered (W) 50000 x 1=50000 37500 x 1= 37500
Copper loss (W) 630 630 x 0.75% = 354
Iron loss (W) 350 350

Total loss (W) 630 + 350 = 980 354 + 350 = 704

Power supplied (W) | 50000 + 980 = 50980 | 37500 + 704 = 38204

Efficiency % =098.1% % =98.2%
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Full load, 0.8 pf

2 full load, 0.8 pf

Apparent power
delivered (VA)

50000

50000 x 0.75= 37500

Actual power
delivered (W)

50000 x 0.8 =40000

37500 x 0.8 = 30000

Copper loss (W)

630

630 x 0.752 = 354

Iron loss (W)

350

350

Total loss (W)

630 + 350 =980

354 +350="704

Power supplied (W)

40000 + 980 = 40980

30000 + 704 = 30704

Efficiency

299 _97.6%
40980

30000 97.7%
30704

All-day efficiency

309

Energy loss (kW hr)

Energy delivered (kW hr)

0000 — 0600 hr
no load

6x(0.35) =21

0

0600 — 1200 hr
full load, unity pf

6x(0.35+0.63) =588

6 x50 =300

1200 - 1400 hr.
2 full load, unity pf

2x(0.35+063x0.75? )

=141

2x50x0.75=75

1400 — 1800 hr

4x(0.35+0.63) = 392

4 x50x0.8=160

All-day efficiency =

full load, 0.8 pf
ég?.ﬁﬁféé’f’(?_ 8 pf ‘LX2§3§’5 +083x075°) | 4 50, 0.75x0.8=120
cotod O 2x(0.35) =07 0
Total 16.83 655
655

655+ 16.83

=97.5%



