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1 Design a first order Low pass Butterworth filter with cut off frequency 1.2kHz and 10 co6 L3
second order Low pass Butterworth filter with cut off frequency12 kHz.
2 Explain the working of notch filter. Draw its frequency response. 10 Co6 L2
3 What are the advantages of active filters over passive filters? 10 Co6 L3
Design a two stage wide band pass filter and band reject filter having f;=200Hz
and fy=1KHz and pass band gain of 4.Calculate Q value and center frequency.
Assume capacitor values for high pass section=0.05uF and for the low pass
section=0.01uF.Draw the circuit diagram.
4 Explain the performance parameters of voltage regulators. 10 CO6 L3
An unregulated dc power supply output changes from 20v to 19.7v when the load
increases from zero to maximum. The voltage also increases to 20.2v when the ac
supply increases by 10%.Calculate the load and source effects and the load and line
regulation.
5 Design an adjustable voltage regulator to satisfy the following specifications: 10 CO6 L3
Output voltage Vo=5to 12 v, output current lo=1 A. Voltage regulator is LM317.
6 Explain the circuit of zero crossing detector and basic comparator. 10 COo6 L2
7 Demonstrate the operation of inverting Schmitt trigger with a neat circuit diagram, 10 COo6 L3
output waveforms and input output characteristics. For inverting Schmitt trigger
circuit R1=100Q,R2=56kQ,Vin=+/-15v
Determine the threshold voltages Vut and VIt .
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Solution for IAT-II

Q.1
Example 12-1 s

i i irst-order
Using a 741 op-amp, design the firs &-]—;\(4\‘/(\:,2—1
active low-pass filter in Fig. 12-5 to have a _L

1.2 kHz cutoff frequency.
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Solution

1200
From Eq. 3-1 Figure 12-5 First-order active
low-pass filter circuit for
Example 12-1.

70mV _ 70 mV
IB(rnax) 500 nA

Rjz

= 140 k) (use 120 k)
Rz = R; =120 k)
From Eq. 12-1

Cy 1 _ 1
27R i fc 27 X120k X 1.2 kH=z

= 1105 pF (use 1100 pF standard value)

Second order low pass butterworth filter:




The frequency response of the 741 op-amp extends to almost 800 kHz £
unity gain (see Fig. 5-9)- The 741 should be suitable. Select N

C, = 1000 pF
From Eqg. 12-5

1 1
. R ———— —3
27T 2a feCiJ2 27 < 12 KH=z X< 1000 pE X /2

= 9.38 kO (use 4.7 kO + 4.7 kKO)
R; = R> =94 k)
Cs = 2 C7 = 2000 pF
R3 =

R, + R> = 18.8 kQ (use 18 kQ standard value)
From Eq. 12-5

f
C
2 i JR] RZC] C2

1
pF
27r/9.4 KO < 9.4 kQ <1000 pF % 2000

= 11 97 kKH= BT

Q.2



The narrow band-reject filter, often called the notch filter, is commonly Us€a ror
the rejecuon of a single frequency such as 60- Hz power line freque_ncy hum. The
most commonly used notch filter is the twm -T network shown in Figure e 7—15(a).

is is a passive filter composed of two T—shaped networks. One T network is

made up of two resistors and a capacntor ‘while the ¢ other uses. two_capacitors and

a resnstor The notch-out frequency is the frequency at ‘which maximum attenua-
tlon occurs it is given by

1
R o = (7-16)
27TRC
R
o AAAA~— —AAMA- —o0
[
L
Via — |
Rs
23
O
(a)
ot A
c c
+ _I |_' Vo
Vin g _L 2c .
- | 8
' 10 k2
(b v
Gain, | 2 |‘
: 12
Bandwidth
Ar=1
0.707

FIGURE 7-15 (a) Twin-T notch filter
active notch filter.



Unfortunately, the passive twin-T network has a relatively low figure of merit Q.
The Q of the network can be increased significantly if it is used with the voltage
follower as shown in Figure 7-15(b). The frequency response of the active notch
filter of Figure 7-15(b) is shown in Figure 7-15(c). The most common use of
notch filters is in communications and biomedical instruments for eliminating un-
desired frequencies. To design an active notch filter for a specific ngtch-out fre-
quency fy, choose the value of C = 1 uF and then ca}cul_ate the required value of
R from Equation (7-16). For the best response, the circuit components should be
very close to their indicated values.

Q.3
| Sr. No. Active filter ~ Passive filter
1. It consists basic passive elements like -~ It consists only basic passive elemens i
resistors and capacitors along with active  resistors, capacitors and inductors.
‘element like op-amp. : i . .
2. It provides gain greater than unity. : It ﬁoes not provide gain.
3. It can be fabricated into integrated circuit  As it is not possible to fabricate indu
being inductor less. _ the passive filter is designed using disss
: .~ components. e o 5
4. As it can be obtained in IC form, the mass A;. onl 7' disi ’ used 8
5 el < 3 4 3 SRS crete components are
production is possible which makes it ' the cirZ\nt it is compimﬁvdy cheapet.
cheaper. : : g -
5. Being inductor less, mutual coup 3 : : “ .'-; = ; . . e ““" y
S, At roblems
problems_ are not observed. The ideal filter ,‘mﬁmﬁ,mamﬁmdmt tis
Charagi mge con bo dhisined emily, difficult to obtain ideal filter charsc™
6. - LT PP P = arae A

The parasitic effects are observed.

. No parasitic effects are observed:
Follow the preceding design steps.
L fH =1 kHZ.
2. Let C = 0.01 yF.
3. Then R = 1/Q2m) (103 - ; )
. 10°)(1078) = § | ' tentiometer
4. Since the pasgh ) = 15.9kQ. (Use a 20-k(2 po

d gainis 2, R ' e, letRi =
Rr =10k » &y and Ry must be equal. Therefore, ' T,
e 7-2(g), The complete circuit with component values is show? in F18



(a) A low-pass filter with f; = 1 kHz was designed in Example 7-1; there-
fore, the same values of resistors and capac1tors can be used here, that is,
R' = 159kQ and C' = 0.01 uF. As in the case of the high-pass filter, it
can be designed by following the steps of section 7-3-1:

1. f, = 200 Hz.
2. Let C = 0.05 uF.
3. Then
_ I 1
2mfi,C (2)(200)(5)(1078)
= 15.9kQ

_ 4472  _ 0.56

100 — 200
Thus Q s less than 10, as expected for the wide band
Q.4

-pass filter.

R’Wk REJect]on

“E"F?k’ rejection is a measure of how much a voltage regulator attenuates

e"ﬁpph' voltage ripple from the unregulated power supply. It is usually
“Messed i dedbels With a supply ripple of Vs and an output ripple of Vro

'Pplem’ecﬁ(m: ngo(ﬁ] (13-5)
B i\



- Source Effect

The ac supply to the input of a transformer in a dc power supply does not al-
Ways remaimn Sonstant. A =10% variation in the ac source voltage is not un-
usual. and this causes some variation in the dc output voltage from a regu-
tated PORVEL supply: This output voltage change (AV,) due to a supply voltage
change is termed the sournce effect. If the output varies by 100 mV when the
source "Oltj’ge Changes by =102, the source effect is 100 mV. An alternative
way of stating thfs output change is to express AV, as a percentage of the dc
output voltage (5). In this case, the term line regulation is used.

Source effect = AV, for a 10% change in supply 13-1)
Line regulation = (Vo fora10% d\{a,ngehvs) = 100% 13-2)
o
Load Effect

power supply output voltage is also affected by changes in load current (I1).
The output voltage decreases when I; is increased and rises when I; is re-
duced. The load effect defines how the output voltage changes when the load
azrrent is increased from zero io its specified maximum level (It (max)- If the
load current change (Alr) produces a voltage change (AV,) of 100 mV, the load
#=rf is 100 mV. As for the source effect, the load effect can also be expressed
;sa perceniage of the output voltage. This is termed the load regulation.

Load effect = AV, for Ay gmaxw a3-3)

(A‘/o fOI‘AI]_(m)) < 100% (13_4)

Load regulation =
Vo

load effect = AV, for Alimaxy =20V —19.7 v
= 300 mmV
From Eq. 13-4

(AV,, for AT} gnaxy) < 100%

load regulation =
Vo

— 300 mV x<100%
20V

= 1.5%
From Eqg. 13-1
source effect = AV, for a 10% change in supply = 20.2 v-20V
= 200 mmV
From Eqg. 13-2

(AV, fora 10% changein Vs) < 100%

line regulation =
Vo

200 mV x<100%
20V

= 1%



Q.5

For the LM317, Iyp; = 100 pA maximum. If we use Ry = 240 ()., then for V, of
5V the value of R, from Equation (9—17b) 18

R,
= 1. +—]+ (0™
5 125(1 240) (107)R,

e 3.75
(5.3)(107%)
= 0.71 kQ
Similarly, for V, = 12 V, the value of R, is

2

R,
12=125|1+—= -4
(1 240) + (107%R,

or

| 1075
(5.3)(107%)

= 2.01kQ

(Vi — V) =3Vbut <40V
K LM317 \
o——Vmn Vour ° o
ADJ
R1
240 2
cz -+

Vin =16V 1 Ve 8Vwi2V
; * ey

R, = - 10 uF
Ik 3T
& < O

FIGURE 9-48 Adjustable voltage regulator for Example 9-11.
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Q.6

8-3 ZERO-CROSSING DETECTOR

An immediate application of the comparator is the zero-crossing detector or sine
wave-1o-square wave converter. The basic comparator of Figure 8-1(a) or Fig-
ure 8-2(a) can be used as the zero-crossing detector provided that V. is set to
zero (V. = 0 V). Figure 8-3(a) shows the inverting comparator used as a zero-
crossing detector. The output voltage v, waveform in Figure 8-3(b) shows when
and in what direction an input signal v;, crosses zero volts. That is, the output v,
is driven into negative saturation when the input signal v;, passes through zero in
the positive direction. Conversely, when v;, passes through zero in the negative

direction, the output v, switches and saturates pos_itiv?ly.‘ ]

Clamp
R diodes
A

D,

o,’{?" S
a1

Vet =0V

(a)

ot m wwnuafarm that

+VCC
741/351 -
+ O Vo
RL
“Vee - 10k02

o b I

sat

ov

(b)

IG
URE 8-3 (@) Zero—crossing detector. (b) lis typical input and output waveforms



B'_LBASIC COMPARATOR

Figure 8-1(a) shows an op-amp used as a comparator. A fixed reference voltage
Vrcr.Of I'V'is applied to the (—) input, and the other time-varying signal voltage
Uin 15 applied to the (+) input. Because of this arrangement, the circuit is called
the noninverting comparator. When v,, is less than V,, the output voltage v, is
at “_/sm (= —V,;) because the voltage at the (—) input is higher than that at the
(+) input. On the other hand, when v,, is greater than V., the (+) input be-
comes positive with respect to the (—) input, the v, goes to +V, (= +V,,). Thus
7o changes from one saturation level to another whenever Ujp = Vi, @s shown In

1gure 8-1(b). In short, the comparator is a type of analog-to-digital converter.

Lany given time the v, waveform shows whether v, is greater or less than V.
d © comparator ig somgtimes also called a voltage-level detector because, for a
tSired valye of V.., the voltage level of the input v,, can be detected.

+Ver
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Y < V-
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FIGURE 8-1 (o) MNoninverting comporator ond its input ond cutpur woveforms. (b) # v,
is posifive [c} ¥ V. is negotive. _ e



Q.7

+Vec
. +15V
% 741/351 ' b
+
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- 10k2
~Vee
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3R,
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F:GURE. 8-4 (a) Inverting comparator as Schmitt trigger. (b) Inpyt qn d
of Schmitt trigger. () v, versus Vi plot of the hysteresis voltage, output waveforms



In Figure \8:4(a), these threshold voltages are obtained by using the VO“%%“’
divider R, — R,, where the voltage across R, is fed back to the (1+) 1Spu(t)'n th:
voltage across R, is a variable reference threshold voltage tha;] te'pigose k=
value and polarity of the output voltage v, When v, = + Viaw | envuc;t ‘b'; gﬁuh{\;
R, is called the upper threshold voltage, V,,. The input voltage vj, ; ST

more positive than V,, in order to cause the ou

tput v, to switch from +V, to
—Vea As long as v, <V, v, is at TV e

- Using the voltage-divider rule,

S .
* =R+ R2(+Vsa.) (8-1a)

On the other hand, when U, = — Vg, the voltage across R, is referred to as
the lower threshold voltage, V,. v

in MUSst be slightly more negative than Vi 1n or-
der to cause v, to switch from — Vi to + V.. In other words, for v;, values greater
than Vy, v, is at — V. V, is given by the following equation:

Rl
Vi, = —— -V s
It Rl + Rz( .\al) (8-1b)

Thus, if the threshold voltages V,, and V, are made larger than the input noise
voltages, the positive feedback will eliminate the false output transitiqns. Also.
the positive feedback, because of its regenerative action, will make v, switch faster
between +V_, and —V,,. In Figure 8-4(a), resistance Rpy = R,||R, is used to
minimize the offset problems. _

~ s ~ s

SOLUTION

For 74]_the maximum output voltage swing is £ 14V, that is, +V,,, = 14 V and
—V., = —14 V. From Equations (8-1a) and 8—]!)). :

100

¥ (14) = 25 mV
Vu = S6100 (19 m
100 '
e o S Yt
R Iy

The output v, waveform is shown in Figure 8-4(b). From Equation (8-2), the
- hysteresis voltage Vi, = 50 mV. A



