Pick the appropriate circuit from Table 13.4-2.

P13.4-16
R
Rl Cl 2 Hw) = - k
VN SO
+j— || 1+)—
A VAVAYE ) Y
” where
C k =CR,
2 1
— p =
" ' CiRy
— + 1
p =
- + 2T GR,
Vu
- Y RL A
We require
200 = p, = !
CZLRl
500 = p, = !
C2R;
34dB = 50 =k = C,R,
Pick C; = 1uF. Then R; = 5kQ, R, =50kQ and C, = 0.04puF.
P13.4-17 H(jw) = 10(jwy/50+1)
(jo/2+1)(j wy/50+1)(j w/80+1)
A
o - - 2098/,
| A
:
[HGw)  © 1 :
d8 ;
-20 ! ; ] ' - 40etdfdy
i ! ]
! ! o
-1 . i J ] i
' ! : :
' ! 1 '
' ) ' '
! i 5 io b2 50 o jpp W
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¢ = tanlw/50-tan " wy2 —tan! /20 ~tan? J8O

’ z A od o 5“ to ""' LW
-45° |
-%° |

-138*

- [0* l

P13.4-18

H - - RZ/Rl
12 .
1+jwR,C

2
1
U Hroq Hiz_' (RZ/Rl)z(lﬂuR C]
2

(@  Atlow frequency,
Hy = (Ry/R;)” OforHz 1 needRz R,
Now also w,;= 1000 = R,C, soletC =1uF
0 RE Ry 1/(1000) (107%)= 1kQ

(b) Atw = 10,000
H= > = L =107
1+(wR,C) 1+[(1o4)(1o3)(10 6)]

O 20log [HE 20logl07>= —_40dB

P13.4-19
Vo(@) _ _ Ry/Ry _ 10

\JHfmﬂ]dﬁ L Ve  HjaR,C g, @
10,000

(b) 10=20dB

(c) 10,000 rad/sec

! > W rad/s
19,000 (1o scafe )
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P13.4-20

1 Ve AssumeV, =0, thenV, = V_ =V,
m & " Use s = jw
i N~V t

Voltage divider yields: V, = Vll/;ic 0 VE @ sROV,

KCL at Vp: (V3=Vg)/mR +(V,=V,)/R +(V;-V,)snC =0

Plugging V; into above yields

Vo[i+sc+£+sanC2} = Vs
mR m mR
Y. :
Vs 1+s(m+1)RC +nmR*C%s’
O H(jwkF / where w, S
Vs - (0/ 0,) +J(on w) " JmnRC

)|

O

Hi3
| (3 B)

P13.4-21
=
W y
+
V () V(W)
s
]
e,
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1
Vo(@) = %2 v, ()
R+ 0 Vot JOCRE JGCoR)= [eERVs Ve
JuC,
\Y -V .
0 = Vel 4o, (v, (@ V()

1

_ Vo(w) _ 1 _ 1
T(w) = Vi)  1+C,R,jw-w?C,C,RR,  —uf+8j wrl
s 2R JW=wW LR R, 0] wt

Second order poleswithw, = Oand 6 = 4

A [Tt |
0dB 4"‘"‘\‘\
- 40 48
/decrzdc.
:!L > W rad/s
(1066 scile)

Section 13-5: Resonant Circuits

P13.5-1 o1 1 - 60K raser

O
I

R‘/E =10000 |30 =20
L 1

2
w, = — 204 | % | 4?2 = 5852k rad/s
2Q || 20

(A)Z = E
R—lcz 11 =3k rad/s
(10000)(30x10‘6j

Noticethat BW = ), -y = %

2
“o (‘*’Oj +0,2 = 6152 k rad/s
2Q

BW =
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P13.5-2

8
R = k = [H(wy)| = ———— = 400Q
[H(e2o) 201073
W, = 1000 rad/s
k

H) = :
2[ W _Wo
\/1+Q (‘*)o ‘*’J

Atw= 8976 rad/s, |H(@)| = - =200, %0
2010
200 = 400 -0 Q& 8
1+02[ 8976 _ 1000
1000 8976
Now
1 =, =1000
2 =y =
JLC g C=20uF
c L =50 mH
400,/~ =Q=8
L
P13.5-3
W = ST 10°rad/s, Q = i\/E =10BW = R = 10" rad/s
LC RVC L
P13.5-4
_ 1 e 1L _ — 107
Wy = 10" rad/s, Q = — |— =10, BW = 10° rad/s
L C L
P13.5-5 R = Z(w,) = 100Q
1 -Bw=s00c 204F
100C
- Wy = 2500 O L= 8mH
(20107 )L
P13.5-6 1
R = = 100Q
Y (03)
1000 _ gy =500 0 L= 02H
1
——— =W, = 2500 0 CG= 08uF
(02)C
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P13.5-7

a;u:}L_
Yew) > =F 4 oy
Jul(.
A
Y(w) = joC + 1. + 1
Ri+jwL R,

(Ri+R; ~w?CLR, ) +j oL +CRR,) Rijol

Ry(Ry+R, ~w’CLR, | =’L(L +CR;R; ) ] GRy (LCRR,) b (R, +R, ~BCLR, )

R,(R;—w?L?)

w = wy isthe frequency at which theimaginary part of Y( o) is zero:
Ry(LCR;R,)-L(R; +R, ~wiCLR,) =0

2
Wy = w = 129 M rad/sec
CL?R,

P13.5-8

J lee
Lide s I +
|m£é _J'um-l—- A
Ly =00
(a) Using voltage divider
(100)(-j100)
. 7_. . o 5 o o
v = (100050) 100-j100 _ (100@1 0) 100/23 135 _ 10 /B 5. om0
° (100)(-j100) 5, 100/v2 135+ j100  50V& 135
100~ {100
0Nk 1000V
(b) Do a source transformation to obtain lI.

Ig= IG@'(:@ L% L'—% Ro +¥,
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So have an RLC resonant circuit with wg = ]/\/E:4OO

Therefore the circuit is operated at resonance. This meansthat the L - C parallel combination has an overal Z =
and hencelg = |,. When R issuddenly changed from 100Q to 1 kQ, due to the resonance condition, V, =R, |,
suddenly increases by afactor of 10. Thisin turn causes very large (equal & opposite) currentsinthe L& C asthe
capacitor voltage is forced to abruptly change. Thus very large currents radiate el ectromagnetic radition and

thus see sparks. Clearly we need a variable capacitor that variesas R, varies such that when R, # 100 Q,

Q # Q,andthushaveV, = R, I, constant while both R, and |, change abruptly.

P13.5-9
o Z = Ry +jwL +;.; G, = 1R,
- G, +juC
cp 2 J
R, Re T (R, +1-wLC) +j(WLG; + oCR,)
r’a-——m-, G, +juC
=
at resonanceZ = Z0O
or tan"t WLC2TWLRy 0O
(R.G, +1-wLC) G,
1 ~2
thus - WLG2*WCRy &€ 5 C LSZ & C>G5L
(RiG;+1-0’LC) G LC
withR; = R, = 1Q and w, = 100 rad/s
w2 =10* = <= ifc=10mF D = 5mH
LC
and C>G3L  checks
P13.5-10 R
. R/jwC
V.V PR o _RljwC
L @  Lin Tlob+o Jmc
— & +/j
P b (R-w’RLC)+jol
- Z. =
. " 1+jwRC

(R—wZRLC)Z +od)?
1+(wRC)?

v
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(b)

R
[Zin]
|
[}
I
' 3
|
Y v W
© aw=IJIC, [Z,l= !
\/(C/L)(1+R2C/L)
P13.5-11

V() - Vo(w)
Y(w) = I(w) _ R _ A-BMB
V(w) V(w) AR
A —Bcosb - j Bsinf
- AR J

_ (A -BoosB)? +(Bsin6)?
V(@) = >
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PSpice Problems

SP 13-1
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shows that the gain is

issimulation

Th

6

= 600x10° = 0

g

at the frequency

2mx3.1823 = 20rad/sec

w =
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t when R = 50kQ

ircui

isasimulation of the ci

Here

SP 13-2

1 {currentt |

p.

b

L
i

AT

e e = o s Y e
e e e L N
e e A K AR ML B S A e e el

R T i

e R i

e R L
O Ok

5
e Ay

s

b
e
ks

4
n
.
-
5

DR RSt

o

The phase shiftis — 45 at the frequency

27 % 3.1831= 20rad,/sec

w =

asrequired.
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SP 13-3

pE

: :.m ;.,m,?f

e

i AR R
e PRt b B

This simulation shows that the gain of the circuit is 0.1 at 10Hz and 0.995 at 10,000 Hz.

> 7.07 at 2000 Hz.

414 at 200 Hz and

To satisfy the specifications on the corner frequencies, the gain must be < 1.

Both conditions are met.

The circuit satisfies the specifications.
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SP 13-4

e e e
R
.s.:..u!.:.

ST

Er

R

St
S
St

ik

Fiequency

:00T)

Ak

A o s
Erdaien iR, £
R LR e b i

SR e

B

s

e
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928 034dB

33
20dB/decade

anis

-4dB)

decade

16dB — (

igh-frequency g

The dope of the low-frequency asymptoteis

This ssimulation shows
Theh



SP 13-5

E‘:r t::.i‘.l(':!’!!ﬁtiﬁ""* -1 Feh b luweenl

. I ‘ﬂ'ﬂ_;.;, .....'._.;;-.,5,,__d_;_;:.,-,,.H,_,_,.u;u;..;u.“w..;;:_:__-.-_-..,__:__ i
g e
s (2,2500K; 72.041) :;-:
' L
5 : i /52 332469 ¢ r_}m i
-r - = a E k .r_ e :E-: H
S :
e an : : i '
'Eﬁ%ﬁﬁfﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁg?ﬁﬁi * gt
o ot
T H

(217215069 DOD)

+—‘""---""'""*r—‘-'--"'r'———_*——'--r'-"rx—n——r-"rvf i
1.BKHZ L 2L BEHZ 4.0KHZ  T.0KHZ
o Yabdlis}

Frequancy

The peak of the frequency responseis 72dB = 4000 at 2.25Hz = 14130rad/sec. Sok = 4000 and w, = 14130
w; and w, areidentified as the frequencies where the gain is 72—-3 = 69dB

Q-= - fo 2250 - 14
W, — Wy f,—f; 23324-21721
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SP 13-6

P s i
¥ T 1

-1 nm-‘f.*"'-".“-"-'--"‘.""7"_'--*--*---_--_-.---......__,_,_.__________-__,_,.___?______-T_ i
B EETe, oo 2ms ngns
& UCRB1)Y < URT) o WU+ ) i
- : ' Tise

R3 and the dependent source E1 model an ideal op amp. V(R4:1) isv(t). V(R7:1) isv,(t). V(V6t) isthe answer
given in this solution manual. After the transient part dies out, V(R7:1) isidentical to V(V6:t). The answer is
correct.
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SP 13-7

I's 1 0 ac 1
R1 2 0 600

Cl 1 0 114n

C2 2 0 37.9n
L1 1 2 36.37m
.ac dec 50 100 10k

. probe

. end

T FEMEEPRTRRRRE e
=_ DN
i _ /?HHRR:
[9.4980K 62,520 !
:- WD Skke :
_ IL_-.E__...-""_J:::T __________ e o
10087 1,812 10z

\ = wob(2)

Freguency
R,z |
Ay .
@ 1V B EﬁinF.
xl !, q
oV © o

5.'55:1!’? Ce

V1 1 0 ac 1
R2 1 2 1. 35k
L3 2 3 500m
R4 3 0 47k
E5 4 0 3 0 10
R6 4 6 1
R7 4 5 213m
c8 5 6 353u
G 6 0 3.53m
.ac dec 50 20 20k

. probe

. End

| O Udb(6)

- ——rwrmmEs

Frequency
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SP 13-9

E} £p '_;J ﬁ:m@ R‘i--iﬂ@
i | i———
LatL
(YT WO CseL
=AM T
) Alummy ()
I's 1 5 ac im = ]
C1 1 5 2.53n
R1 1 2 1 TR
L1 2 5 10u : - (1.8333M,1.T87 |
2 3 0 10u 75 594K, 1.9887) | , !
R2 3 4 1 . '\ P T
2 4 0 2.53n : SN S |
K1 L1 L2 0.06 ! oy :
Rdunmy 50 1000k : / | :
: A 1.0, 18113, !
_ac dec 200 900k 1100k : S N
. probe e =" e
.end [ R LR e i _-‘:‘_:
SIMH= 1. 004H2 1.1MHz
ITTEN!
Freguemcy

Verification Problems

VP 13-1

When w < 630 rad / sec, T(w) =1 which agrees with the tabulated values of |T( )| corresponding to
10

® = 200 and 400 rad/sec.

When w > 6300 rad / sec, T(w) =1 which agrees with the tabulated values of |T( )| corresponding to
« = 12600, 25000, 50000 and 100000 rad/sec.
At w =630 we expect [T(w)| = -3dB = 0.707. This agrees with the tabulated value of [T(w)| corresponding

to w=6310.

At w=630 we expect [T(w)| = -20 + 3=-17dB = 0.14 which agrees with the tabulated values of |T(w)|

corresponding to w =400 and 795 rad/s.
This data does seem reasonable.

Wy _ 10,000
70

VP 13-2 BW= =143 # 714 rad/s This report is not correct.
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VP 13-3 1

= —— = 10k rad/s = 159 kHz
07 /
1 } L
==, |- =20
Q RYC
BW = % =500 rad/s=79.6 Hz
The reported results are correct.
VP 13-4
The network function indicates a zero at 200 rad/s and a pole at 800 rad/s. In contrast, the Bode plot indicates a
pole at 200 rad/s and a zero at 800 rad/s.

The Bode plot and network function don’t correspond to each other.

where

p= ——
Design Problems

DP 13-1

Pick an appropriate circuit from Table 13.4-2.

386



The specifications indicate that

R z C

2rI000<z = 1 and 27D,000>p =
GR

2=k=P 5P -G

1
2Ry

Try z = 2712000 rad/s. Pick C; = 0.05uF. Then

1

o 1592kQ, R,=2R =3183kQ, C, =—L =0.01uF
z

x~

Check : p = =31.42k rad/s < 27 110,000

1
GR

DP 13-2 ] wbL

Vo (w)

H(w) =
I

e

i"R
Vo(w) _ jwC _  jwCR  _ LC

H(w) =

, . 1 1
1+jwCR RC LC

jwC
1

JLc

Pick =w, =27T(10000%) rad/s When w= oy

1

— LC
R S N Y

LC +LCRC LC

‘H(wo)‘ = R\/f

We require
~3dB = 0707 = ‘H(wo)‘ - R\/E =1ooo\/f

Finally
=2m(10010%)

1

JLC C=113nF

C L=2.26mH
0707=1000, ~
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DP 13-3

.-I---—--._.‘."-------"'.ll-‘ch*a R]_:lOkQ
- Ry . | - lc' ' R, = 866kQ
;- YWy ' : v R, = 806kQ
' \ -L-—-M——u I
' R R, = IMQ
' By 3 ' R. = 237MQ
V. . =2
] Rg = 499kQ
vﬁ‘
C, = 047yF
C, = OIpF

z R 1
T 0 Vv= - V. Zf= 5
ckt B isfirst order LPF g sz R, {C1R5s+1} C)
1
. . 0O V=- —V 3
ckt Cisan integrator T CRes ° (3) Continued

Solving (1) - (3) for V%/‘ yields
n

in SZ+ 1 St R3
R:C, R,R,R4C,C,

plugging in the values for the resistors & capacitors, can draw

VO
Vi
(dB)
: : : —
ot e l 1o (i)
ml
p o
...50' +*
; 4 4 — + ¥ (Hl)
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DP 13-4

Let R, = 500kQ and R5 =1kQ

El C; fz Eg
[ ] 1l o
l I
C2
[- t
n_
- 9
pA
jw K
Hy(@) =K, Ha(@)=—2%
1+j— 1+j—
P1 P
where where
1 __Ry _ 1
= K,=—-—4,
K, =R,Cy, p; CR, 2 R, P2 C,R,
Werequire
R3
1
200 = p, =
! 1C1
1
500 = p, =
P2 C,R,
. 1
Pick C, = IuF. ThenR, = = 5kQ
P:Cy
Pick C,=01yF. ThenR, = 1 . 20kQ
P.C,
Next 10 = R2(107)(20m0%) 0 R= 500
RS RB

389



DP 13-5

g C 22 R3
| 1 Il —0
\ i
G
,— -
o- o —o
-
jo K
Hy(o) = =K, 12 Ha(@) = —2
1+j 1+j
P1 P2
where where
1 R 1
K, =R,C,, K,=—% p, =——
1 2L, P CR, 2 R, ) C,R,

Werequire

20dB = 10 = -K K, = chl%
3

1
0l=p,=—"—
P1 R,C,
1
100=p, =———
P2 R,C,
Pick C; = 20pF. ThenR; = =500kQ
P1Cy
Pick C,= 1uF. ThenR, = =10kQ
P.C,

Next

10="2 (20m0%y(10m0% 0 "2 50
R3 R3

Let R, = 200kQ and R = 4kQ
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DP 13-6 R

The network function of this circuit is T(w) - Rs
1+jwR,C

The phase shift of this network functionis 6 = —tan™ wR,C

1+& 1+&

— 2 — 2
The gain of this network function is G= -
9 JEH@R,C)?  |[1+(tan6)?

Design of this circuit proceeds as follows. Since the frequency and capacitance are known, R; is
calculated from

_tan(-6)
wC

Ry

Next pick R, = 10kQ (a convenient value) and calculated R3 using

R, = (G {1+(tand)? -1) R,

6=-45 deg, G=2, w=1000 rad/s0R; 10kQ, Rz 10kQ, Rz 18284 kQ, & O1uF

DP 13-7 From Table 13.4-2 and the Bode plot:

80=z=_— T  [OR: 25kQ

R,(05x 107%)

32dB =40= R O Rz 100kQ

R1
200 = p= !l ge o 0.050F
R,C (200)(100kQ)
20dB = 10 = kP = OSMF _ OS5uF
z C 0.05uF
DP 13-8
H(w) = _Rf = - JO.OCRZ
14 1+ jwCR,
joC
195 = 180+90-tan  wCR,
Rg 270719 _ 37540

(1000)(01x 107%)

10 = fim |[H()| = %D Rz 10Ry 373kQ
1

W -
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