tf}e same shape as the input. Clipping is generally undesirable, though there are
situations in which it is exploited on purpose to achieve specific effects.

PROBLEMS

1.1 Amplifier fundamentals

1.1 Inthe voltage amplifier circuit of Fig. 1.1,letvs = 100 mV, R, = 100kS2,v; = 75mV,

1.2

13

14

R; = 10 Q, and v, = 2 V. If connecting a 30-2 resistance in parallel with R, drops
voto 1.8V, find R;, A,, and R,.

Sketch the transconductance and transresistance amplifiers; derive expressions for their
source-to-load gains.

(a) A transresistance amplifier with R; = 20 k2, A, = 1 V/ma, and R, = 300 €2 1s
driven by a source ig with parallel resistance R; = 100 k§2 and drives a load R; =
600 €. Find the transresistance gain v; /is as well as the power gain p; /ps, where pg
is the power delivered by the source ig and p; that absorbed by the load R;. (b) To
what value must A, be changed to achieve v, /is = 1 V/mA exactly? What 1s the

corresponding power gain’

A transconductance amplifier is driven by a source with vg = 30 mV and R, = 100 k£2
and drives a load R; . Digital multimeter (DMM) readings at the input and output ports
yieldv; =25mV, iy =09 Afor R, = 20 Q. andi; = 0.8 A for R;, = 30 2. Predict
the DMM readings if the same amplifier is driven by a source with vy = 33 mV and

R, = 50 k2 and drives a load R; = 40 f2.
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1.2 The operational amplifier

=00,d= 10* V/V.and r, = 0, find (a) vo if vp = 750.25

ven ¢ : ith r, ! B =,
e oy oy Bzl g ifvg==23Y andvp =0,(c)vpifvy =vp =35V,

mV and vy = 751.50 mV, (b) v
and (d) vy ifvp =—vp=1V.

1.6 A 741 op amp drives a 1-kS2 load. Find the voltages across and the currents through r;

andr, ifvp =1Vandvp =5V.

1.3 Basic op amp configurations

1.7 In the noninverting amplifier of Fig. 1.6a, let Ry = 100 k2, R, = 200 kS2, and

a = 00. (@) What is its closed-loop gain? How does Its gaiI} change if a t.hird {'esistance
R; = 100 kS is connected in series with R; ? In parallel with R;? In series with R,;? In

parallel with R,? (b) Repeat (a) for the inverting amplifier of Fig. 1.10a.

ik

1.16 (a)Findvy,vp,and v in the circuit of Fig. P1.1
connected between A and B.

1.8 (a) Design a noninverting amplifier whose gain is variable over the range 1 V/V 5 A<
5 V/V by means of a 100-k2 pot. (b) Repeat (a) for 0.5 V/IV = A = 2 V/V. Hint: To
achieve A < 1 V/V, you need an input voltage divider.

-.. ________

1.9 (a) A noninverting amplifier is implemented with two 10-kS2 resistances having 5%
tolerance. What is the range of possible values for the gain A? How would you modify
the circuit for the exact calibration of A? (b) Repeat, but for the inverting amplifier.

1.10 In the inverting amplifier of Fig. 1.10a, letv; = 0.1 V, R} = 10k€2, and R, = 100 k2. -
Find v and vy if (@) a = 10> V/V, (b)a = 10* VIV, (¢) a = 10° V/V. Comment on |

your findings.

1.11 (a) Design an inverting amplifier whose gain is variable over the range —10 V/V
< A < 0 by means of a 100-k2 pot. (b) Repeat, but for =10 V/V < A < =1 V/V.
Hint: To prevent A from reaching zero, you must use a suitable resistor in series with

the pot.

1.12 (a) A source vg = 2 V with R, = 10 k€2 is to drive a gain-of-five inverting amplifier
implemented with R; = 20 k2 and R, = 100 k€. Find the amplifier output voltage
and verify that because of loading its magnitude is /ess than 2 x 5 = 10 V. (b) Find the
value to which R, must be changed if we want to compensate for loading and obtain a
full output magnitude of 10 V.

1.13 (a) A source vg = 10 V is fed to a voltage divider implemented with R4 = 120 k2 and
Rp = 30 k2, and the voltage across Ry is fed, in turn, to a gain-of-five noninverting
amplifier having R, = 30 k2 and R, = 120 k<. Sketch the circuit, and predict the
amplifier output voltage v. (b) Repeat (a) for a gain-of-five inverting amplifier having
Ry = 30 k2 and R; = 150 k2. Compare and comment on the differences.

1.18 (a) Find vy, vp, and vp in the ¢ Fig. P1.13
resistance in parallel with the 0.3-mA source.

== L
el A H
1wl :1 Ji 1

Y

| | = r
RYFSEIIT.Y ———"
‘ - L 1 % '_ A o T 5 .-
L] - . i fl. X |
] . .y . - LY L r
S Y b s :.‘ &
- o
! L= - s TRY e
& y I
L] - |

1.14 An inverting amplifier is implemented with R; = 10 k2, R, = 20 k£2 and an Op amp
withry; = o00,a = 1 V/mV, and r, = (. Sketch and label Vi, Vo, and vy versus time if ‘
vy 18 a 1-kHz sine wave with £5-V peak values. 3

1.4 Ideal op amp circuit analysis

- L
]

1.15 Find vy, vp, and v in the circuit of Fig. P1.15, as well as the power released by the
4-V source; devise a method to check your results. ' e
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1.19 (a) Find vy, vp, and v in the circuit of Fig. PL.19 if is = 1 mA (b) Find a resis-
tance R that when connected in parallel with the 1-mA source will cause v to drop to R
half the value found in (a). 8 :i
3kQ 4kQ K
? VA —N— |

I.S
'I.N o=
Yo
=4 I’F +

2 k§) 1 kQ
WN—e—W

e
| IT- )

FIGURE P1.19

1.20 (a) If the current source of Fig. P1.16 is replaced by a voltage source v, find the
magnitude and polarity of v so that vp = 10 V. (b) If the wire connecting the 4-V
source to node v in Fig. P1.15 is cut and a 5-k€2 resistance is inserted in series between
the two, to what value must the source be changed to yield vp = 10 V?

1.21 In the circuit of Fig. P1.21 the switch is designed to provide gain-polarity control,
(@) Verify that A = +1 V/V when the switch is open, and A = —R,/R; when the
switch is closed, so that making Ry = R, yields A = 1 V/V. (b) To accommodate
gfiins greater than unity, connect an additional resistance R4 from the inverting-input
pin of the op amp to ground. Derive separate expressions for A in terms of R, through R,

with the switch open and with the switch closed. (¢) Specify resistance values suitable
for achieving A = +2 V/V.

R, R,
: L>
R3 P Vo
— N\ +
v(t %SwEtch

FIGURE P1.21

1.22 In the circuit of Fig. P1.22 the potis used to control gain magnitude as well as polarity
(a) Lejtting k denote the fraction of R3 between the wi per and ground, show that varying-
the wiper from bottom to top varies the gain over the range —R,/R; < A < 1 V/V.
so that making R; = R, yields —1 V/V <A =<+1V/V.(b) To accm-l_lmod;te gmﬂ;
greater than unity, connect an additional resistance R4 from the op amp's inverting-;input

pin to ground. Derive an expression for A in terms of R Ry. R :
: : , K3, Ry, and k. |
resistance values suitable for achieving —5 V/Vv <A< .:_5 \?;V_d k-1c) Specey

(i) ?W‘—ﬁ—w\—

"R, {T.Tkr‘D-*—ﬂ Yo

FIGURE P1.22
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amplifier of Fig. 1.14a:

4 '.I AL ]
a) Since we are
' J T Rapar 'y
= - N A - TP I | i . s & =
which is an open circuit, we have R: = oo

- R S m oy . N
r ™1 & o4
i : I E

- Y i
1 I'1C

. £ Nt S N -
b“ | S . g ' ; r 17 =" ' ki = - N - e : “‘.;—:—::l:a E
(b) Specify suitable components to

N = 1
= oyl =

| | .
Ti=

| i
-
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5 L
LR Rl
.
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signal v; between the left and ﬂlﬁ _:]1_'5:__5: 5-;‘:-:'7.'..;-'7_;‘; v
(P) Specify R, and R, so that v /v, = —1 V/V when the wiper is f

—1 V/V when the wiper is fully up, and v, /v; = v /v; = —1/
ha]fwaY' : oy N EAT

| R/IVI —_——
| ol - h
. ". — -.'—.- - 'I : = g

FIGURE P1.2§

—100(4vy + 3vy + 2v3 + vy). () If v; = 20 mV. v-
find v for vp =0V, il i

1.27 (a) Using standard 5% resi

(b) vo = —v; + Vo, where Vj is variable over

b B
e

1 i! T - [
Sl s
L | ’ " - o ‘. . l.

. i Ll . § L
i | . - 1 B . | e g H .
] LY tu'lm ¢ ' g E | - o £ B =illjl s 1 g alki F
4 - = | et ol - o . Y. i b i
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| ks



32 1.28 In the circuit of Fig. 1.17let Ry = K3 = Ry = 10kQand R; = 30k. (a) If v, 'ﬁ
| find v» for vo = 10 V. (b) If v2 = 6V, find vy forvo = 0 V. (¢) If v _1\@

g;::;::;ﬂnil range of values for v for which =10V <vg < +10V. i,
Amplifier : : the form vp = Aava — Ay i

.an readily verify that if we put the output in the 0 2h2 iﬂl"m,

Fundamentals iy s < A, + 1. Applications requiring A> > A; + L =

circuit of Fig. 1.17, then A2 i k
accommodated by connecting an : additional resistance Rs from the node commgo [_.

and R, to ground. (a) Sketch the modified circuit and derive a relationship betweer ﬁ.f__-_;_;_ :
output and inputs. (b) Specify standard resistances to achieve vg = 5(2‘,2*, Wr}., Yy

minimizing the number of resistors you use.

and vo d) if (@Eﬁ lﬁ' Hﬁ
and v (0)=5 V. \ ,_‘f:'

1.30 (a) In the difference amplifier of Fig. 1.17 let Ry =R;=10k2and R, = R, aw.
kQ. Find vp if vi = 10cos2m60f — 0.5cos2r10°t V, and vy = lﬁcﬁsZJpﬁm.;i

0.5 cos 27 103t V. (b) Repeat if Ry is changed to 101 kS2. Comment on your findings, 141 FEReistia ”,”, l,“ F g 1

becomes a summing ir
mputs (b) Using aiﬂwﬁi]
103(.];) vidé + Ef vaas-+ * e .l

. ":!: -

1.42 Show thatlftheupmgﬁ% 20}
[1+ (14 Ry/Ry)/al/[1 — (1 ﬂﬂa

143 Find an expression for R; in Fig. P1.42 its beh
range 0 < R < 2R,. : QRN

1.31 Show that if all resistances in Fig. P1.31 are equal, then vgo =v; + vy +"ﬁ-""lﬁi;¥

— " S
.F" ] il '..-__ R ok t
3 i - o P .

o BT -
< I'E & :‘I. # 3 M

Mg —Ve,

RI
1'1{:} N
Ry Ry
Vi o0—\'—& TATA
Rs
1-'5(_'} N s o

6 o—\A

9 =y
'H-l )

FIGURE P1.31

1.32 Using a topology of the type of Fig. P1.31, design a four-input amplifier such M e o
Vo =4v4 —3vpg + 2ve — vp. Try minimizing the number of resistors you use, | FIGURE P1.43 g T

1.44 The circuit of Fig. P1.44 can be Mmf the input resistance of t
amplits based o O . (@) Show hat &, = /(1 — Ry K. (5)Sps
suitable for ar - 7 s 10N 5 |

1.33 Using just one op amp powered from +12-V regulated supplies, design a circuit to
yield: (a) vp = 10v; + 5 V: (b) vo=10(v; —v) =5 V. i

| A5

i1
j &
r
_—

1.34 Using just one op amp powered from +15-V supply voltages, design a mﬁ

accepts an ac input v; and yields vp = v; + 5 V, under the constraint that the re
seen by the ac source be 100 k2.

Ilr I.I n
:

g "
'T

1.35 Design a two-input, two-output circuit that yields the sum and the dlﬂ'm
INputs: vs = vy + vy, and vy = Vi = V2. Try minimizing the component ¢o

1.36 Obtain a relationship between v, and v, if the differentiator of Fig. 1.18 ir

a resistance R, in series with C. Discuss the extreme ¢ hmging W
and very rapidly. s

1.37 Obtain a relationship between v, and v, if the integrator of Fig. 1,19

resistance R, in parallel with C. Discus '
oLy s the extreme cases of v, chmm
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changing the signal gain. To this end, we precede the powe)
stage with gain a; and then apply negative feedback a

e e
T

d4 1.5 Negative feedback

= 10 mV- Flﬂd Ud! Vf. vﬂ‘! A! T! and thﬁ

CHAPTER | .
N = 10”7 V/V and v; ;

1.45 A voltage amplifier h

Operational s : -
i’f:n:;l:?ier percentage deviation of A from Ajgea for p = 10
Fundamentals | V/V. Compare the various Cases and comment. 1.6 Fordhack fuat it b
1.46 (a) Find the desensitivity factor of a negative-i‘eedb:}ck system with a = 10° and
A — 102, (b) Find A exactly via Eq. (1.40), and approximately via Eq. (1.49) 1f a drops
by 10%. (¢) Repeat (b) for 2 50% drop in a; compare with (b) and comment.
1.47 You are asked to design an amplifier with a gain A of 10* V/V that 1s atfcurate to within
+0.1%. or A = 10* V/V £ 0.1%. All you have available are :mnphﬁer stages with Vith 6 Drecizion ie
a = 10* V/V £ 25% each. Your amplifier can be implemented using a gascade of basic —: &
stages, each employing a suitable amount of negative feedback. What is the minimum needed to contain the ¢
number of stages required? What is the B of each stage”
1.48 The open-loop VTC of a certain amplifier can be approximated piecewise by five
segments with symmetric breakpoints at {¥p. vo) = =(80 uV, 8 V), (280 uV,
12 V). and +(530 pV, 13 V). (a) Sketch the above VTC: calculate and sketch the
closed-loop VTC when the amplifier is placed in a feedback loop with g = 0.5 V/V. | 1.7 The loop gain
(b) Sketch vy, vo, and vp versus time if v, is a triangular wave with +5-V peak values; |
‘ . Hint- vn(t) can be derived point by point from vo(z . _ st
comment on the waveform nf.m p. Hint: vp(t) c point by po olr) \. l.Sf_l__;(ﬂ) Find Ajgeq in the circuit of Fig. P1.54 if all resistances are equal
using the open-loop VTC of (a). . ra = 00 and r, 2 0, find e sunh[ha;m if all resistances are equal
1.49 A crude BJT power amplifier of the class B (push-pull) type exhibits the VTC of R, R, Ry T NS
Fig. P1.49b. The dead band occurring for —0.7 V < v; < +0.7 V causes a Crossover N
distortion at the output that can be reduced by preceding the power stage with a pream-
plifier stage and then using negative feedback to reduce the dead band. This is shown
*. in Fig. P1.49a for the case of a difference preamplifier with gain a, and g = 1 V/V.
(a) Sketch and label the closed-loop VTC if a; = 102 V/V. (b) Sketch v;, vy, and v
versus time if v; is a 100-Hz triangular wave with peak values of £1 V.
Vee FIGURE P1.54
¢ Y 'l V]
1.55 (a) Assuming that Ry in Fig. 1.32a is a potentiometer connected as a variable res;
over the range 0 < Ry < | MS2, specify suitable components for an input resistance
500 k€ and a continuously variable gain over the range —10° V/V < A.
4 Vo v (V) i, (b) lfrd - ] Mﬂ, L 10’ VIV, Fo = ]Mﬁ,m R r-;,:: ;I:‘-‘i ‘ .
an op amp with r, = 00 and r, = 0, find the open-loop gain neede
v : the ideal closed-loop gain within 0.1%, o
EE . . )
(a) (b)
. FIGURE P1.49
. l N

gfiﬁgmﬁampliﬁa?ithaliﬂulgninoﬂﬂwv is found to produce a 2-V
-to-peak 120-Hz hum. We wish to reduce the output hum to less than 1 mV without




pen-loop gain d needed to contain the transfer

56 ryg=o0andr, = 0. find the minimum O 44
CHAPTER | characteristic’s deviation from ideality within 0. d S
ati , £l — 0o, and r, = U, ind the
OE;;::EZ? 0/ 1.60 Assuming the op amp of Fig. P1.60 has a = 3000 V/V, 14 0 p
Fundamentals loop gain T Assuming a 741 op mpmm
| kO ifvo =5V, (b)ﬁndemm@ 3 “'-Er
SN—
The noninverting amplifier of |
Vi 15 k$2, and a741 Op m H&Lm ¥ ‘
(a) Assummg [ﬁ = m M mﬂ: "~;—=;--‘ 'y B o
FIGURE P1.60 the maximum powar m t,,w : "w‘r’. it
1.61 (a) Assuming the op amp of Fig. P1. 16 has ry = oo and r, = 0, find By, Pp, and f. withio the e g le range of for |
(b) Repeat, but with the current source replaced by a voltage Source. T 4_ ]
: : In the amplifier of Fig. 1.17 Iﬁt R ; a 30 | :H = 120 kQ. R
1.62 Repeat Problem 1.61, but for the circuit of Fig. P1.19. 30 k<, and let the op amp be a 741- |
find the range of values of v, fmwmm‘ H

163 In the circuit of Fig. P1.49a let a = 3000 V/V an¢ R, = 2 k2, and supposc aa (b) If vi = V,, sinwt and vy = —1 V, ﬁm

additional 10-kS resistor 1s connected from node v; to node vo. (a) Sketch and label amp still operates in the linear region. (¢) Re
the open-loop VTC of the overall circuit, that is, the plot of v VErsus the input difference power supplies are lowered to £12 V.
versus v; over the range —0.3 V

vp =vp — Vn- (D) Sketch and label the loop gain T
< y; < 0.3 V. (c) Sketch and label. versus time, V7, Vo, V1, and vp if v, is a triangular /2 Assuming that the op amps of Figs. P1.17 mﬂhﬁ |19 | ; ¥
wave with £+0.3-V peak values. of values of v and is for which the Pl UI s ."_': * gl
1.8 Op amp powering In the inverting amplifier of Fig. 1 32a let 'H;
values +V;,,, and let the op amp be ideal, except that its outp
1.64 Repeat Example 1.14, but withv; = -3 V. Assuming that R, = R, = 1 MQ. Rz | wml_ at its ou
label v7, vy, vy, and vo versus txmelf(n) Vim E%
- ¢, 1.65 Assuming that I, = 1.5 mA in the circuit of Fig. P1.65, calculate all currents and |
ol | voltages, as well as the power dissipated inside the op amp, if (@) vi = +2 Vi (b) v = .74 The circuit of Fig. P1.74, called a bridee amplif '-~ e SR
=2V output range as compared with a single op amp. ( P
the ratios shown, then vy /v, = 2A (;)a%m inc u

10 k€2 30 k0 whatrie s Dksadaudc
distortion? E -

FIGURE P1.65

1.66 Using a 741 opamppoweredfrom +12-V supplies, design a noninverting amplifier
mamamwv Sketch and label vy, v, and vy versus time if v, is a sine wave




and vp versus ume if v; is a

58 1.75 For the circuit of Fig. P1.63 sketch ar:u:l label vy, Vs TABER T &
CHAPTER | triangular wave with +5-V peak values. Standard resistance valu
| - »and let th % resisto e T
Operal}t?nal 1.76 In the integrator of Fig. 1.19 let R = 100 k2 and C _ ket L EoRER i SISIOK VRIS 1% resistor valt
s o ideal ¢ that its output saturates at =13 V. Assuming that v (0) = 0V, sketch and ————— e
Fundamentals ideal, except tha P . L N (B vy =1 mV: (¢c)v; = —1 mV. 10 100 178 316
label v and vy versus time f(@)vi=1Y%, ! 11 10p < ipgt TRERE
13 07 19 3
15 10 196 348
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APPENDIX 1A b _
STANDARD RESISTOR VALUES - 10
As a good work habit, always specify standard resistance values for the circuits you 8
design (see Table 1A.1). In many applications 5% resistors are adequate; however,
when higher precision is required, 1% resistors should be used. When even this
tolerance is insufficient, the alternatives are either 0.1% (or better) resistors, or less
precise resistors in conjunction with variable ones (trim pots) (o allow for exact
adjustments.
The numbers in the table are multipliers. For instance, if the calculations yield
a resistance of 3.1415 k$2, the closest 5% value is 3.0 k£2 and the closest 1% value
g is 3.16 k2. In the design of low-power circuits, the best resistance range is usually
| between 1 k2 and 1 MQ. Try to avoid excessively high resistances (e.g., above
- 10 MS2), because the stray resistance of the surrounding medium tends to decrease
e the effective value of your resistance, particularly in the presence of moisture and pus
facilras sahmty Low resistances, on the other hand, cause unnecessarily high-power dissi- ;,7.-
o o Pm' g "r'1i:ﬁ:"ﬁ- .‘_LTI_I‘J‘T'.I-I .
1R ‘l‘p:'_ g

.*




HAPTER 2

rcuits with

3 mzm resistor; (b) a 6-kS2 resistor; (c) a 5-V Zener diode with
kg )% ';f-‘;'j.- ode at ground: (d) .Mmummhmmmum o

PROBLEMS
2.1 Current-to-voltage converters

2.1 Using two op amps, design a circuit that accepts two current sources i; and i having
parallel resistances R, and R; and yields vy = (0.1 V/uA) x (i; — i) to a load R,
rega:dlessofRI,Rz,andRL Thcrefemncedmacuonsufhmhmmmﬁ'omm
into your circuit. Try minimizing the number of resistors you use.

2.2 Design a circuit to convert a 4-mA-10-20-mA input current to a 0-V-to-10-V output

voltage. The reference direction of the input source is from ground into your circuit,
and the circuit is powered from £15-V regulated supplies.

2.3 Estimate the closed-loop parameters if the circuit of Example 2.2 is implemented with
a 741 op amp.

2.4 (a) Using an op amp powered from +15-V regulated supplies, design a photodetector
amplifier such that as i; changes from 0 to 1 gA. v, changes from -SViw +5 V.

(b) What is the minimum open-loop gain for a deviation of the transfer characteristic
from the ideal of less than 1%?

2.2 Voltage-to-current converters

@(a) Show that the floating-load V-/ convener of Fig. P25 yields ip = v; /(R / k),
k = 1+ R:/Rs. (b) Specify standard 5% resistances for a sensitivity of 1| mA/V and

R; = 1 MQ, where R; is the resistance seen by the input source. OV, =213V,
what is the voltage compliance of your circuit?

FIGURE P2.5

ZﬁlnthemmmofFig.Pz.SlﬂR.—IDDm R; =99 k12, and Ry = | k2. if ry = 00,
a = 10° V/V, and r, = 0, estimate the resistance R, seen by the load,

2.7 Consider the following statements about the resistance &, seen by the load in the V-/
converter of Fig. 2.4b, whﬁcduopmbmmmd (a) Looking toward the left,
‘the load sees R |lry = R|loc = R, and looking 1o the right, it sees r, = 0: hence.
m-l+ﬁ=n mummmmum“amwm

Zero resista _"'_'wmmhﬁ;ﬂ.hnﬂﬁ-&ma’-oq.o.o.

4 for the case of a 1.5-mA sink. Then find the currents through R,

v X R DH-

29 Suppoumlinl-hwllllldlmitofrﬂp
and simultaneously apply an input v, ﬂuk
circuit is a difference V- Imw&io
is given by Eq. (2.8).

2.10 Design a grounded-load V -/ converter that cc ‘inpu
"()-mAwtpuLThecumllmbemdm oulated st

2.11 Design a grounded-load current generator n
memw-zm:hﬂzmw g
compliance must be 10 V; the circuit is to be powered fr -V

- |—r |._ N

2.12 (a) Prove Eq. (2.15). (b) Using a 741 op amp powered fr
Wmmﬁmm-mdlmh
voltage compliance of the circuit must also be 10 V. _1_

213 DmgnmimpmvedWcﬁMMMir
| mA/V by means of a 10-k2 pot.

J-;-1

.F';

B

. L .
(a) Given that the circuit of Fig. P2.14 yields ip -A(h—'ﬂﬂ
sions for A and R, uwﬂnummhm
(b) Discuss the effect of using 1% resistances. |

FIGURE P24

g 215 (a) Given that the circuit of Fig. P2.15 yields ip -_
for A and R,, as well as the condition among ils r v
mmumummm *'““

“ﬂtt
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2.16 Repeat Problem 2.15 for the circuit of Fig. P2.16.

——
-

FIGURE P2.16

2.17 The current source of Example 2.4 drives a 0.1-uF load. (a) Assuming that the capac-
itance is initially discharged, sketch and label v, (1 = 0). (b) Find the time it takes for
the op amp to enter the saturation region.

2.18 Repeat Problem 2.17 with R, (a) decreased by 10%, and (b) increased by 10%.

2.19 Assuming an ideal op amp, find the input resistance R; of a Howland current pump as
a function of the load R;. Comment.

2.3 Current amplifiers

2.20 (a) Prove Eq. (2.18). (b) Assuming a 741 op amp in Fig. 2.11, specify resistances for
A = 10 A/A; estimate the gain error as well as the output resistance of the circuit.

2.21 Find the gain as well as the output impedance of the current amplifier of Fig. P2.21.

FIGURE P2.21

. H

# mmm,
ﬁg& # e complia ance must be at least 5 V.

2.22 Show that if R, = 0o and a # oo in the current amplifier of Fig, 2.12, then Eq. (2.18)

~mmmmm 1 M£2, d:mgllacumtamPllﬁermth
= 00, and a full-scale input of 100 nA. Assuming +15-V

.......
i a B

2.25 In Fig. P2.25 the odd-numbered inputs are fed tc
the even-numbered inputs are fed via a current re Obtain a relationship bet
vo and the various inputs. What happens :fany ~ "_ 3 i."?_'__":..._-_.?ii';ff_'jf; floating? \
affect the contribution from the other inputs? m yriant advantass of t
circuit compared to that of Problem 1.31?

[
: - e
R R | R S itk - |
I A
] 1 ’ | [ s B o

Ry
Vi C ' ,
R,
i ? Yo

FIGURE P2.25

2.4 Difference amplifiers
2.26 Derive Eq. (2.23), :11"

227 (a) Derive Eq. (2.27). (b) Using a 100-kS2 pot, specify suitable resis
varying the wiper &omendmmdymuﬂummwwvw

2.28 (a) Derive Eq. (2.28). (b) Specify mmmm
varied from 1 V/V to 100 V/V.

.l--. i

2.29 (a) A difference amplifier has vy = 10cos 2760t V
10cos 22601 V + Scos2r10°t mV. If vo = mmmm

find Agy, Acm, and CMRRyg. (b) Repeat (a) with vy = 10.( '_g-- _ r-. |
10°r mV, v; = lﬁmmhﬂv-l-brmhf@tﬂ ,.,ﬁ ).5 cos 260!

2.5¢cos2x 10" V, = if 1.@151111

! L'.I--tl .::

2.30 If the actual mistmnluuinﬁy efoundto , 1 ke, |
Ry = 0.995 kS2, and Ry = mmm@ MRR;

L 2 RS -._-r I m_lr,':l;ll_ A
2.31 1If the difference amplifier of Fig. 2.13a has. | differential-mode g
CMRRyp = mu,mw ﬂm and v = 3.999 V. Wh

..I_

LY -
¥

r |
itNnll v
] ".' i
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2.5 Instrumentation amplifiers

2.33 In the A of Fig. 2.20 let R3 = 1MQQ, Rg = 2k, and Ry = R, = 100 k2. If VDM 18
an ac voltage with a peak amplitude of 10 mV and vy is a dc voltage of 5V, find all
node voltages in the circuit.

2.34 Show that if OA, and OA, in Fig. 2.20 have the same open-loop gain a, together they
form a negative-feedback system with input v; = v; — vp, output vp = vg| — Vo2,
open-loop gain a, and feedback factor f = Rg /(R + 2R3).

2.35 A triple-op-amp IA is to be implemented with A = A; x Ay =50 x 20 = 10° V/V.
Assuming matched input-stage op amps, find the minimum open-loop gain required of
each op amp for a 0.1% maximum deviation of A from the ideal.

2.36 Compared with the classical triple-op-amp IA, the IA of Fig. P2.36 (see EDN, Oct. 1,
1992, p. 115) uses fewer resistances. The wiper, nominally positioned halfway, is used
to maximize the CMRR. Show that vp = (1 + 2R>/R))(va — vy).

O VG
R,
20 k2
R
R 3
| kQ < A%
30 k€2
R
20 k€2

&
FIGURE P2.36

2.37 (a) To investigate the effect of mismatched resistances in the IA of Fig. 2.23, assume

i + ﬂg '3 g,, iz /2 and Am =& (b) Discuss the implications of using 1% resistors
Wi nming for the case A = 10 V/V.

@D ,' - Eq. (2.35). (b) Sp
the range 1( WW]{A{ 100 V/V by means of a 10-kS2 pot.

A ol __mmamg,m 39 (mmﬁ Feb. 20, 1986, PP- 241-242) is

ake A variable from 10 V/V o 100 V/V by

' 240 The dual-op-amp IA of Fig. P2.40 (see Signals Mﬁbﬂﬁ_

that R3/Rs = (R|/Rz)(1 — €). Show that vo = Agmvpm + Acmvem, Where Agm =

fy suitable components such that A can be varied over

FIGURE P2.39

the advantage that by proper adjustment of thepnt, a;ﬁamly; | “" 5 C ‘: I achie

FIGURE P2.40

241 Assuming perfectly matched resistances as well as perfectly matched op amps in the |
dual-op-amp IA of Fig. 2.23, investigate the effect of finite open-loop op amp gain a
upon the CMRR of the circuit (except for their finite gain, m T :‘j‘”’"
Assuming a = 10° V/V, find CMRRgg if A = 10° V/V. Repe , butif A = 10 V/V.
and comment on your findings. i RO

2.6 Instrumentation applications

and 1000 V/V. Showtbﬂmldﬂm '

243 Assuming +15-V regul ip
erating modes: in the first mdpmllﬁ
second mode the gain is 200 V/V and the ou

i —_#_

-.,.' ..--'..H-_If ri.—#—-;-: -- T I
. - _?:‘7:{: 'r':J-_-l._—'ﬁ".'. :?."'.'.-hl'-_': QTS ey e e - }
41 yT /Y and the output Ol1s€ .

- FI-'.FL"J' _’T'rlui II:'

T W ot
gy ot 186 A\
" P '.'h:..-l._h.-.l. L

245 Inchemuimrmm . Ry = Rs = 10kS



104 2.46 (a) Design a current-output IA whose sensitivity can be varied from 1 mA/V to
CHAPTER 2 100 mA/V by means of a 100-k2 pot. The circuit must have a voltage compliance of =
Circuits with at least 5 V with £15-V supplies, and it must have provision for CMRR optimization : m e S
a3 by means of a suitable trimmer. (b) Outline the procedure for calibrating the trimmer. Note D301 1C-3. lect , Salem, MA,
,5‘31‘;':7{ 2. J. Steele and T. Green, "Ihma'l‘hnw Versatil
' Design, Oct. 15, 1992,pp. 61-72.

2.47 Design a current-input, voltage-output IA with a gain of 10 V/mA.
2.7 Transducer bridge amplifiers

2.48 Repeat Example 2.12 using the single-op-amp configuration of Fig. 2.38. Show the
final circuit.

2.49 (a) Derive Egs. (2.52) and (2.53). (b) Derive Eq. (2.55).

FIGURE P2.52

e bk S

.JGmcme.“MmplnmClmw

R. M. Stitt, “Mmmmﬁnmwm
EDN, March 20, 1986, pp. lSl-l&& pLs
J.R. R:skin “A User's Guide to IC In

Application Note AN-3, Linear Appﬁm

2.50 Assuming that Vggr = 2.5 V in Fig. 2.39, specify suitable component values for an p Milpitas, CA, 1990.
output sensitivity of 0.1 V/°C with a Pt RTD. 7. “Instrumentation Amplifiers: Versatile Different
AN-75, Burr-Brown Handbook of LIWIC
2.51 (a) Assuming that Vgegr = 15 V in Fig. 2.40, specify suitable component values for an 1987. ' _
output sensitivity of 0.1 V/°C with a Pt RTD. (b) Assuming the same tolerances as in 8. J. Graeme, “Bootstrapped Amp Makes Clmsm'" “DN, Jz .' . 21
Example 2.13, make provisions for bridge calibration. 154, gl N -
9. Analog Devices Engineering Staff, Practical Design Technie
., 2.52 Show that the linearized bridge circuit of Fig. P2.52 yields vo = —RVggrd/ ditioning, Analog Devices, Norwood, MA, 1999.
(R; + R). Name a disadvantage of this circuit. 10. “Practical Temperature Measurements,” Appmm wlett-Packard, Pa
_r s ,.f_‘*_'
Alto, CA, 1980. ﬂTh-_ sy
I i 1. J. Graeme, “Tame Transducer Bridge Errors with Op w . Control,” ED!
May 26, 1982, pp. 173-176. ‘
12. ). Williams, “Good Bridge-Circuit MWMIﬂ
Oct, 25, 1990, pp. 161-174. .~_1-
13. J. Wong and A. Garcia, “Precision lmm

Analog Devices, Norwood, MA, 1992.

‘F‘I

2.53 Using the circuit of Fig. P2.52 with Vggr = 2.5 V and an additional gain stage, design
an RTD amplifier circuit with a sensitivity of 0.1 V/°C. The circuit is to have provisions

for bridge calibration. Outline the calibration procedure.

% 2.54 Show that the linearized bridge circuit'' of Fig. P2.54 (U.S. Patent 4,229,692) yields
i vo = R3Vrerd/ R, . Discuss how you would make provisions for calibrating the circuit.




