EE2301 Basic Electronic Circuit [N CF] Solutions for Block D Problem Set 2

Op-ampswith resistive components
Q1. [Problem 8.53]

Copyright @ The McGraw-Hill Companies, Ine. Permission required far reproduction or display.

Solution:

e Known quantities:
For the circuit shown in Figure P8.53:

C=1pyF R =18kQ R,=82kQ R =3330.

. Find: Figure P8.53
a) Whether the circuit isalow- or high-pass filter.

b) Thegain V,/Vsin decibel in the passhand.

¢) The cutoff frequency.

e Andysis
a) From Figure 8.25, it resultsthat the amplifier in Figure P8.53 is a high-pass filter.
In fact, the output voltageis Vp(jw) = ———=—Vs(jw)

p ag o(jw) 1+ jwCR, s(jw)
) lim U _ o0 062 = 2010922 131708

w- o Vg(jw) B R 18
C) %ZLZ%ZSSSSrad/S
CR 110°[.8010

Q2. [Problem 8.57] o & e e o . oo
Solution: ',‘?

e Known quantities:
For the circuit shown in Figure P8.57:
C=0471F R=91kQ R, =22&kQ R =22kQ.

« Find: Figure P8.57

a) Whether thecircuit isalow- or high-passfilter.

b) Anexpressionin standard form for the voltage transfer function.

¢) Theganindecibesin the passband, that is, at the frequencies being passed by the filter, and the cutoff frequency.

e Andysis
a) From Figure 8.22, it results that the amplifier in Figure P8.57 is alow-pass filter. In fact, the output voltage is
. R, 1 .
V. =-2___ - vV
o) =~ T wmar, Vs
b H, (i = VO(J&)) :—& 1
) 9= G T R T jecR
¢) Thegainin decibel is obtained by evaluating |H,(j)|at w=0, [H,(j0)|, = 20Log% = ZOLOQ% =7.66dB.
. 1 1
The cutoff frequency is a}, = = =96.71rad/s

CR, 047010 @200°
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QS [Pr Obl em 861] Copynght @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Solution:

~ i
|-‘r“‘-|.k

e Known quantities:
For the circuit shown in Figure P8.61.:

C =22/F Cy=1nF R =22kQ R,=100kQ.

 Find:
Determine the passband gain. Figure P8.61
 Anadysis:
The voltage frequency responseis
N Zo jaCRy L «CiR,
Agp(jw)=-Z2=-7— . = |Agp(ja)| =
2 Z; [+ jwCR )1+ jwCoR,) [fertic) \/1+wz(clR1)2\/1+wz (CR,

The cutoff frequencies

arew =

1 1 1

= =206.6 rad/s w, = =
CR  2210°m@2200 C2R  1107°moomo®
The passband gain can be ca culated approximately by evaluating the magnitude of the frequency response at frequencies
greater than w, and smaller than wy, i.e.

=10000 rad/s

@ <w<<wy 51+ (GR = CRY, 1+aP (CoR,)2 =1 |Agp| 01 =Re 1004545

> (C1R1)2 R 22

Q4 [Pr Obl em 859] Copyrght @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
MW
. Ry
Solution: I
G

e Known quantities:

For the circuit shown in Figure P8.59: v
C=C=01/F R =R, =10kQ. Riz¥io
« Find: Figure P8.59

a) The passband gain.

b) The resonant frequency.
¢) The cutoff frequencies.
d) Thecircuit Q.

e) TheBodeplot.

 Andysis:
a) From Figure 8.27, we have
nep(jay =22 o 14CR o JeGR iaCiRy
z; (+jwCRJI+iwCR) 1+ jwCRP  (j)?(CR)? +2jwCiR +1
The magnitude of the frequency responseis |Agp(ja)| = _WeR
1+ & (CRy)?

1
GR

The passband gain is the maximum over w of the magnitude of the frequency responsg, i.e.

Aep(i=75)

=1
2

b) Theresonant frequency is a, = Rl—]é,l =1000rad/s

¢) The cutoff frequencies are obtained by solving with respect to w the equation
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) =— R L 2 o mwta? =0 = @, (W2 £1
|Agp (i) PR 2 W+ =0= @ p = ap(V2£])
w =2414radls  w, =414rad/s
d) Inthiscase =1, whichimplies Q=— ==
€) TheBode plot of the frequency responseis as shown.

Bede Magnitude Diagram
T T T

Magnitude (dB)

Frequency (radfssc)

Q5 [PI’ Obl em 855] Copyright © The MoGraw-Hill Companies, Inc. Permission required for reproduction or display.

+
R Z Vo jo)

e Find: Figure P8.55
Determine the cutoff frequencies and the magnitude of the voltage frequency response function at very low and at very high
frequencies.

Solution:

¢ Known quantities:
For the circuit shown in Figure P8.55:
C=100pF R =47kQ R,=68kQ R =220kQ.

¢ Anadlysis:
The output voltage in the frequency domain is

R
1
+
jwC R
The circuit passes al frequencies, with a higher gain at higher than at lower frequencies. The cutoff frequencies are

@ = S —12 = =212700%radls
CR 1000102 [2.7010

1 1
C(R+Ry) 100m0 2 72.710°

1+ jwC(R +Ry)

Vo(jw) =1+
o(jw) 1+ jwCR,

Vi(jw) = Vi(jw)

=1.37500°rad/s

a)z =
For high frequencies we have

Vola@)| 1, R 1,68 _4c4e

= |
A= viio T R

W —

At low frequencies
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Ay = |imO‘—V°(,J“’) =1
w-0 Vi(jw)

Q6. [Problem 8.56]
Solution:
¢ Known quantities:

For the circuit shown in Figure P8.56:
C=20nF R =1kQ R, =4.7kQ R;=80kQ .

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

+ &
RiZV,(jw)

L
=R,
3

= Vil janV,( jm)
e Find:
Figure P8.56
a) Anexpressionfor H,(jw) :M.
Vi(jw)
b) The cutoff frequencies.
¢) The passband gain.
d) TheBodeplot.
e Anaysis
a) Thefreguency responseis
1 . RR
: Rell -~~~ . 1+ jaC 273
H (jw):VO(J“’):1+ joC _Ro+Re+ jaCRRs [, R Ro+Rs
Y Vi(jo) Ry Ry + jaCRyRs Ry) 1+jaCRy
b) The cutoff frequencies are
W = 1 = _91 3 =625rad/s
CRs 20110”8000
3
-RerR)_ BATA o isesrads
CRR; 201107 8010°[4.7(10
¢) The passband gain is obtained by evaluating the frequency response at low freguencies,
. . Rs 80
=limH,(jw)|=1+—==1+—=18
fo o.)-»0| o(j) Ry 4.7
d) The magnitude Bode plot for the given amplifier is as shown.

Bede Magnitude Diagram for H_ (o)

25

"
2opE-14

Magnitude (dB)

10° 10°
Frequency (radfzec)

10!
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Q7. [Problem 8.11]
Solution:

¢ Known quantities:
Thecircuit of Figure 8.11.

* Find:
Theimpedance of Z;,, =V;/141

e Assumptions

Ideal op-amp open-loop voltage gain Aisvery big.

* Analysis

Applying KVL to node 1,
VO :Vl - Rll (1)
Applying KVL to node 2,
Yo YoTV2 g
Z R

Atthesametime, V" =V~ = V, =V, (3

From (2) and (3), we have:
M Vo=V

4
2SR @
From (1) and (4), we have:

V. V.

2—1:‘|1 Zin —I—l:‘ZL ©)
L 1

S0,

b.when Z, =1/ jaC, =Z,=-1jaC
Q8. [Problem 8.12]
Solution:

¢ Known quantities:

The circuit of Figure P8.12. C,=2Q, C,=1/2Q.

* Find:
Determine the gain function Vg /Vip

e Anaysis

Applying KVL at node 1:
Vin=V1 +Vout -V - Vi-V,

- 2 1 D

Again, at node 2:

UV V2 Lv=aryzom @
1 Zy

And easy to get:
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Vout =V2 3

Substituting (3) and (3) into (1):
Vouu - 412y
Vi 2125 +2Z1+1 compie

Notethat Z; =1/ jaPQ, Z, = 2Q/ jw :

We have Vout 5 1
Vin  (jo)”+jw/Q+1 —

Q9. [Problem 8.14]

Solution:

¢ Known quantities:
Thecircuit of P8.14. %

Figure P8.14

e Anaysis

We know that the voltage at point 2 isequal to V;. Thus, the current through from point 2 to ground is Vo/R. Hence the
current from O2 to point 2 isaso Vi/R. Hencethe voltage at O2 isV; + Vi/(j aRC).

Since the voltage at point 3is Vy, the current from O2 to point 3is (V; + V4/(j aRC) -V;) = V4/(j R2C). Bu this must aso be
the current from point 3 to O1; hence the voltage at O1 is V; + (1/j aC)V4/(j fRC) = V; + Vy/(-afRPC?) The voltage from
O1 to point 1 istherefore Vi/(-o/R*C?), The current through the top resistor Ris therefore V,/(-o/R°C?). Thus, the current I,
must be equal and opposite:

I, = Vi/(FRCP).
And the impedanceis
Zin :\I/— = o’C?R®
1

Hence, this circuit behaves as a frequency-dependent resistor!

Q10. [Problem 8.22] lJiﬁ‘ﬂF
Solution: AW
10 k2

12

*  Known quantities: - .
Thecircuit of Figure P8.22. n -

\rl+ +[ 1k §
* Find: “':‘ 1003 TE'.SuF

The peak amplitude and phase shift of v (t) .

e Analysis: Figure P8. 22
Replacing the components with impedances Zf and Zg yields the circuit shown below.
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Recognizing that the circuit is adifferential amplifier we can directly write:

Z :
Vout (t) = —— (V1 =V7) £,
S
.
Z=1000Q 7 =00 !
10
V. = -V. 1".-\.
o B0 V1 -V2) \

(@) Evaluating this voltage at w=1,000, we have
Vout (t) =1.961cos(1000t - 78.7°)

Thus, the peak valueis 1.961 V.

-3
(b) The phase shift of vout(t) is @= ~tan 1A00CH0 )y 757
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