Solution Set 9 (Fall 2011)

9.1 Given the network below findo, |V, (mg)] and Q.
10Q 20mH

— ANN—YYY

(Y
60cosawt () 1uF

Solution:

1 1
Resonance occurs Wheﬂ. = 5 =
o~ P

1

“ = 2omh *1aF

During the resonance:
60000
10

V(w) =1 (w)* Z. :6DO°*(%) =600"*141.4261- 90=
J

=707%ad /s

(@) = 600

=848.546]1 - 90V )

_IVel_[Vo(er)|_ 848.54

Q =14.14

Vs|© Mol 60
Note: in this cas¢V, |=|VS el Ne :_1;
R aC |V «CR

9.2 Repeat the problem 9.1 if the value of R is chdrigelQ.

Solution:
w, =707%ad /s (as L and C are uncharged)

(@) =200

V() = | () * Z. =6000° *141.421 - 90 =

— 84853601 90 (V)
IV, (@) [=848536(V)

=600
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o= Vo ()] _ 848536
[Vs| 60

Note that since Q@ 1/R (in this case)

R1x10 Q1x10

=14142

9.3 Determine the resonant frequency, Q, BW and tleeamye power dissipated by the
network at resonance.

20 50mH
—- \, f‘\\[ ,f—‘ 1qnl —‘
vs=10cosw! r: j BpuF ——
|
Solution:
w, = ! - L =200Cad/s
VLC  /50mH *5uF
Vel tsma s L =Dl
Q-M Ve, L/|V, |F @ L/R=2000*50mH /2Q =50
= A R * =
Bandwidth BW=Aw= =% _ @L 40rad/s
Q 50
Power resonance:
20
— I\ f‘ :"F"\.
\UF '\\f‘ \

vs=10coswt ()

V. =RM S(0cosat) =10/~/2

2
Puo =V /R= Ej B;—=25Natt

avg rms - (\/E
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9.4 In the circuit below, if magnitude of the currebtr@sonance is 10A,

w, =1000ad/s, find ,Q and the bandwidth of the circuit.

=] c

\Wa |
mmmdVAVAY, |

Vs=20cos(wit+135%) V() 10mH

>4

TOALAALT

Solution:

Given w, =1000ad/s |, =10A
:i =C-= 1 = 1

“ JLC Lef 10mH *(1000°

Resonancefl, F10A= R= ¥ =20\10=2Q
0

|V, = 1,4 =10*1000*10mH =100/

Q=|V—L::100/2025

=100uF

S

BW = % =1000/5=200rad /s

9.5 Find b in the circuit below using nodal analysis.
3kQ

AL

.'lﬁ'\. .’n\ .'lﬁ'\.
L N AR
LYARYERY) AYARYARY
W W W j‘ W W W
v ig
= = 2kQ
r""-\.

g e {:'"'_:,
20mA(t) 4 - 2kQ

= =
< <

1

Y

Y

Solution:
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At the node#1:
20m+(0—vlj+(vz —Vlj —0

4kQ 3kQ
240+ (_3\/1) + 4V2 + (_4\/1) =0
A, =V, - 240

V, =7V, /4-60 ;[1]

At the node#2:

0 -10) )
3kQ 2kQ 2kQ

2, -2V/,-3/,-3V,=0

2V, =8V,
V1=4v2;[2]

Let’s substitute eq.[2] into eq.[1]:
V, =7 (4V,)-60

V, =10v
I, =10V /2kQ = 5mA

9.6 Find | in the circuit below using nodal analysis

Iy
— NNV
BkQ 2k
+ = i
24v(O) % wa V0O
Solution:
l"l\\ -"ﬂ\'. l"‘l\\ - — "l.\\. "l"'\ "ﬂ'\. iﬂ;
VoV \g—.:r* VoV
6kQ < 2k
+ —~ N
24V '\_j ::;} 3ka 12V(, )
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(24\/ _Vlj+(o_Vlj_(Vl_(_12\/)j 0
6kQ 3Q 2kQ
24/ -V, - 2V, -3V, ~36=0
V, = -2V
V- (-1V) _ -+

. 5mA
2kQ 2kQ

9.7 Find b in the circuit below using nodal analysis

3ov () < 2Q ~ 2kQ
|
Solution:
,.'\\ .-"'\\- .-"'\\- @ M ,.'""'\. ,.'""'\. ﬁb@“:D_
e T T

At the node#1:
—30V -Vi ), (0-Vi ), (V2 Va ) g
2kQ 2kQ 2kQ
-30v -V, -V, +V, -V, =0;
V, =3V, +30 ; [3]

At the node#2:

o
2kQ 2kQ

V, -V, -V, +20V =0

V=2V, =20V ; [4]

Let's substitute [4] into [3]:

V, =3(2V, -20V) +30v

V, =6V

Let’s substitute V2 into eq. [4]:
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V, = 2(6V) - 20V = -8V
L 2VimY
°  2kQ

=-7mA

9.8 Find | in the circuit below using nodal analysis

BV
‘ -L-, R Lﬁ
4mA (1) = 30 > BkQ)
L ]
Solution:
ORI
. - V2 =V1-6V
— - L
T,} =
4mA (1) : 3kQ 6kQ
ot |

It can be noted that node#2 is just&V)
Node#1:

O—Vlj_[o—(\/l—fi\/)jzo.
3kQ 6kQ ’
24V -, -V, +6V =0

V, =10v
 =V-0
to3kQ

4mA+[

=10V /3kQ = 333mA
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9.9 Use loop analysis to findoMn the circuit below:

T v SV O

2kQ > 2kQ t

A # #
.-"-. .-"-. .-".

~1kQ Vo

A A #
A A WA
N N

Solution:
Loop 1:

1KQI, +2KQI, +3kQ(I, — 1,) +1 =0;
6kQI, —3kQI, +12V =0
|, - 051, +2mA=0; [5]

Loop 2:
-1V +3kQ(1, - 1,) + 2kQl, +1kQl, =0;
6kQl, -3kQl, -12/ =0;
|, = 05l, +2mA; [6]
Let’s substitute eq.[6] into eq.[5]:
|, — 05(05I, +2mA) + 2mA=0;
I, =—133mA
, = 05(4/3)mA+2mA = 13331A
V, = 1333nA*1kQ = 1333/

9.10 Use loop analysis to findovn the circuit below:

A f\\ ,."\__ -"n‘\\ f.f"'\\ f.a"'\\ o
WO W
kQ o 2kQ +
‘-:""--\,_ o~
24V (1) — 6kQ ()ama | v,
‘ @ ‘:_;:- @ —
| :
Solution:
Loop 1:

—24V +3kQI, +6kQ(1, - 1,) =0;
9kQI, —6kQI, — 24V =0,
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2 8
[, ==1,+—=mA
373
Butl, is known to be 4maA:
Il=g4mA+§mA=EmA

3 3 3
Loop 2:
6kQ(l, - 1,)+2kQl, +V, =0
6kQ(4mA—%5mA)+2kQ4mA+VO -0
6kQ(-1333MA) + 2kQ4mA+V, =0
V, =0v

9.11 Use loop analysis to findovn the circuit below:

4kQ
A M i
J -."'I?;,.' l"\_“ll.."ll l""-.‘,-'r
4mA
AN T
I“x / x‘\ / x‘\ / \*—)
VoW — A +
kQ & Vs =
24v () ~ BkQ (\ < 2kQ
i |

Solution:

Loop 1: —24V +3kQ(l, —1,)+6kQ(l,-1,)= 0 [1]
Loop 2:  6kQ(l,—1,)-Vs+2kQl, = 0; [2]

Loop 3: 3kQ(l,—1,)+4kQl, +V; [3]
l,—1,=4mA - I, =1, +4mA [4]

Let's insert eq. [4] into eq. [3]:

3kQ((I, +4mA) —1,) +4kQ(l, +4mA) +V, =0
3kQI, +12V - 3kQI, +4kQl, +16V +V_ =0

7kQl, —=3kQl, + 28V +V, =0; [5]

Let's substitute [4] into [1]:
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— 24V +3kQ(1, — (1, + 4mA)) +6kQ(I, —1,) =0
— 24V +3kQI, - 3KQl,, 12V +6kQI, —6kQI, =0

9kQI, —9kQI, -36V =0; [6]

When eq. [2]:
6kQ(l, —1,) -V +2kQl, =0;
8kQl, -6kQl, -V, =0

Eq. [5] and [2] together:
15kQl, —9kQl, +28/ =0; [7]

Eq. [6] and [7] together:

6kQl, -8V =0

|, =8/6mA=1333mA; [8]

Let’s substitute eq. [8] into eq. [6]:
9kQl, —9kQ (1333mA) —-36V =0;

okQI, =12V +36V
|, = 5333MA
I, =1,~1, = 5333MA- 1333nA=4mA
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