Problem Set 8 (Fall 2011)

8.1 Using voltage divider :

Vo = 7045° . A

Z +Z.+Z,

— e 15
10-5+15

= 7045° . 15590
10+ j10

- T4 | 190907
10/2045°

= 5.25/2 090° v

8.2 Using current divider:

|, =12060° . 1—2
12+3-j15
—1xe0° .2
15J20 - 45°
= £D105" A
Vo = Io ('J].SQ)
2442

= —D105° 150 -90°

= 722015 Vv
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-2j _ -2j@+2))

8.Zo=-2j//1=1 2 1 2i(1+2))
| o w - TTT
:4_—52J =0.8-0.400 I/ Vo
(") 100090°V \-20 ——
Using voltage divider: N
(o] ZO T
Vo,=100090° . —— Ly
Zo+2+ |
— 100190° . 0.8—.0.41 = 100090° . 0894 - 266
08-04]+2+] 2.860112.1°
=31.261513° V

<

lo= -2 =31.260513° A
1Q

8.4 Power is absorbed only by the resistor. Induchows capacitors only store energy.
They do not consume.

Using current divider:

. |
Ir = 10045° . 214 R 20
2]-4)+4
10045° ACD 40
_21
- 10045° . —<L B
4-2j - 10
—1as  _2H 90"
4470 - 26.6°
= 4,470 -184°

Average power R= % |k]?R =% (4.477% .4=40W

~
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8.5

0.01pF 9kQ
||
’ ||
C R
R2
Vin 1KQ Vour
O
-1
¢ jwC
Using Voltage Divider
R
Vou= : 1 Vin
+R +———
R*+R+
. R,
. L
Vout - JaERZ — R2+R1
V., 1+jaCR,+R,) ja)+¥
CR,*+R,)
Examine the denominator:
D(o)= jwr+ =+
C(R+Ry)
At very low frequencja] << ;, D(m):;
C(R +Ry) C(R+R,)
. : 1 .
At very high frequencyja > —————, D(0)= ja
ie C(R+Ry)
. . 1 . .
Somewhere in between wh =————— we call this cut off frequenayp. In this
it C(R +Ry)
examplemo= 1 =10k rad/s
C(R+R)

Therefore
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1

R,

- jw
Whenamg<< (R +Re) ;\\//out - Rll"' R, _ jaR,C
C(R+R,
1 jw R,
When(,()0>> C(Rl + RZ) : VOUt — R:]_ + R2 ~ R2
Vin jw R+R,
20log(Vout/Vin)
Rz 7777777777777777777777777777777777
R+R,
0 @ Log(e)
High pass filter
8.6
O
Ro
Vin 100Q 1mH Vour
100Q L
e
R
V&=(1/2)Vin
Rs=100//100=5
Using Voltage Divider
_jwamH) v,
Vout— . —
50Q + jw@mH) 2
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Vo _1 jwo _  05jw

Vo 2 50, j@+50000
1m

[ e, =50000ad /s

Whenw<< 50000ad/s ; veu = 021
V,, 50000
Whenw>> 50000ad/s ; - = 921% _ g5
Vio @
20log(Vout/Vin)
o5 ————
0 o Log(m)
High pass filter
8.7
10mH
oYY YN
L
R
V V
IN 10 kQ ouT
21.6 kQ
O
R1
Using Voltage Divider
10k
Voue= Vi
10k + 216k +10me jw
VOU'[ - la(
V. 316k +10me jw

n
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1M
316M + jw

0w, = 316x10°rad /s

Whenw<< 316x10°rad/s :

Ve _ 1x10° 1
V,, 316x10° 316
6
Wheno>> 316x10°rad /s ;VOUt :1X_10 Dl
Vi, Jw w
It's a low pass filter
20log(Vout/Vin)
constant Di
w
0 w, ®
V
8.8 V°L":1 120, = 11 Da)o:i:O.]rad/s
in +10 jo 1 | jw 10
10
Y/
Wheneo>> w ; ﬂ:i:ED—QO
Vi o w
V,
Wheno= @, ; 2t = ! = 10, =1—OD—45
\/in i + ]i 1+ J \/E
10 10
V, 1
<< Lo_out T —
Wheno<< @) ; v, 1 1000
10

Magnitude plot:
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20log(Vout/Vin)

20log(10/\2)=20dB

constant .
0=
w
0 2
Phase plot:
degree
0
45 ~_constant
90
0.lo, ®; 10w
8.9 Vour = 100 0 ey = 1aradl /s
Vin jw—10
Whenw>> «) ; Vou - 1_00: 100D _90
\/in Jw w
Wheno<< @, ; Vou _ 100 - 100-180
Vi, -10

n

Magnitude plot:
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20log(10/42)=20dB-3dB

log(o)

Page 7| 11



20log(Vout/Vin)

20dB
0 =10 rad/
Q) rad/s lOg((D)
Phase plot:
degree
290 |
135 |
-180 |
0.1og o 10mg log(w)
8.10 VOUT = 1 - ja‘ — ja
N Q4L et Jw+0l
J10w 10
0w, =0lrad/s
Wheno>> «, ; ﬂzl__wzl
in ]CL)
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Y/

Wheno= w, ; v

Wheno<< @), ; Vou  J@_ 10.jw=10a1190
VvV, 01
Magnitude plot:

20log(Vout/Vin)

0dB

0 ®o=0.1rad/s

Phase plot:

degree

45 ~__constant

e —

0.01 0.1 1

811 Vour _ 200jw _ 10ja
Vv 1+20jw 005+ jw
0w, = 005rad/s

\%
Wheno>> @, ; —2*

in

_10jw
jw

=100
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w_ 01j _ 1090 _ 1
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)
V2

Wheno= @, ; Vou __10] (005) _ lOJ. _
V,, 005+j(005 1+ ]
Wheno<< e, ; vet = 2% - 500)¢)= 2001790
V 005

n

Magnitude plot:

V
20 Log |-t
gIV |

20dB | ~

Log (w)

Phase plot:

degree

45 ~_constant

0.005 0.05 0.5

8.12
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10 _ 1000135
1+j10 1005084

89 V., =107135 00 - 1000135
j-10 100501743

8.8 V,, =100135 = 995151

= 9950] - 393

810 V. =100135— ) =107135 220 - go51141
j+010 1004084

811 V,, =101135— _ =10m135. 1% _ 999138
005+ 10012187
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