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4.1 An amplifier has a gain of 15 and the input Waveform
shown in Fig. P4.1. Draw the output waveform.
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4.2 An amplifier has a gain of —5 and the output waveform
shown in Fig. P4.2. Sketch the input waveform.
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4.3 An op-amp base amplifier has supply voltages of +5V

and a gain of 20.

(a) Sketch the input waveform from the output waveform
in Fig. P4.3.

(b) Double the amplitude of your results in (a) and
sketch the new output waveform.
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Figure P4.3
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4.4 For an ideal op-amp, the voltage gain and input resistance
are infinite while the output resistance is zero. What are the
consequences for

(a) the op-amp’s input voltage?
(b) the op-amp’s input currents?

(c) the op-amp’s output current?

SOLUTION:
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4.5 Revisit your answers in Problem 4.4 under the following
nonideal scenarios. @

(@ R, = o0, R, =0, A, # 0.
(b) Rin — 00, Rout > 09 AG = OQ.
() Ry, # oo, Ry, = 0, A, = o0.
SOLUTION:
8\ Since Lw = o , i‘iw =0 i
Si“& Z”OUT“"""D 3 l:ol)'r = VouT /RL
Since PRoZ® | Vi, #O - 4+
2, j‘iﬁ
{D) Jinea /g-;v\* 570) liln"- o
Sine Ao:m) Viw =0
Since E—OUT>O) lour W V(/(VW{/“&CQ b\,) b *ip\"

C\) Jinece Ao =
Sitwnee Lo #o®

Stnee f«p*@)

Q cur i L

f\)m =
lle— - (\)’M'/BHA,
lfw =0 m,d/j bzzm ’LJ;W—O

llou—,— ./(/Cm;{iézl- O’LJ'] [7(7 21.
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4.6 Revisit the exact analysis of the inverting configuration in
Section 4.3.

(@) Find an expression for the gain if R,, = co, R, = 0,
A, # 0.

(b) Plot the ratio of the gain in (a) to the ideal gain versus
A,forl = A, =1000 for an ideal gain of —10.

(c) From your plot, does the actual gain approach the
ideal value as A, increases or decreases?

(d) From your plot, what is the minimum value of A, if
the actual gain is within 5% of the ideal case?
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4.7 Revisit the exact analysis of the inverting amplifier in

Section 4.3.

(a) Find an expression for the voltage gain if R,, # oo,
R,, = 0,A, # co.

(b) For R, = 27k} and R, = 3 k{}, plot the ratio of the
actual gain to the ideal gain for A, = 1000 and
1 kQ) =R, =100KkQ.

(c) From your plot, does the ratio approach unity as R,

~ increases or decreases?

(d) From your plot in (b), what is the minimum value of

R;, 1f the gain ratio is to be at least 0.98?
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An op-amp based amplifier has +18 V supplies and a gain
of —80. Over what input range is the amplifier linear?

SOLUTION:
%f Vingo O(?AFA}T‘M
\3,9 = - 8o
Vin

Due bb okpuk domids | Iogl 2 sy
Linear ("ecf‘m\ Lineiked to
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4.9 Determine the gain of the amplifier in Fig. P4.9. What is
the value of 1,?

Ry =20 kQ
Ry =33kQ
Vin=2V

Figure P4.9

SOLUTION:

BA/MC wkr’kve/{«}q’% WAW“AW

\.LO, et "“&, =7 Vo - 7-0(4’
Vim (3 Vi




270 Irwin, Basic Engineering Circuit Analysis, 8/E

4.10 For the amplifier in Fig. P4.10, find the gain and I ?

IO v R> = 20 kQ
— O
0 R| =3.3kQ
V=2V
i @ OV
OA
O
Vs
. Figure P4.10
SOLUTION:
basic  inverk m% ra:km) Vo . _ 1o .u‘.a LD = Vo
R R s

To= Vo, Voz(-L.00)V = -1z, 12
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4.11 Using the ideal op-amp assumptions, determine the

values of V, and [, in Fig. P4.11.

Figure P4.11

oV,

SOLUTION:
(l%ﬁv%'% hw\»iweﬂév\ﬂ C&«Q\OXATM&{W\‘
Ve o [+ B2 L1 = vor UV
Vi &

Sih%’ziw: o0 Tiv =0
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4.12 Using the ideal op-amp
and L in Fig. P4.12.

sumptions, determine /;, I,

Figure P4.12

SOLUTION:
Ty = mA] (15 0A] Lided op- )
%v\ kCL

jfg = T, -T, \PIZ) - {mA
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4.13 In a useful application, the amplifier drives a load. The
circuit in Fig. P4.13 models this scenario. EE
(a) Sketch the gain V,/V; for 10 ) = R, = 0.
(b) Sketch I, for 10 Q) =R, <coif V; = 0.1 V.
(c) Repeat (b)if Vg = 1.0 V.
(d) What is the minimum value of R if |I,] must be less
than 100 mA for |V5| < 0.5V?

(e) What is the current I if R; is 100 (}? Repeat for
R; = 10 k{).

SOLUTION:

ja oD e V]
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4.14 Repeat Problem 4.13 for the circuit in Fig. P4.14.

Z2
R4
VS O——/WWA |
I s VO
Figure P4.14

Ry = 27 kQ
R; =3kQ

SOLUTION:




Ty

- 600

-850 |
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4.15 The op-amp in the amplifier in Fig. P4.15 operates with
+15 V supplies and can output no more than 200 mA.

What is the maximum gain allowable for the amplifier if
the maximum value of Vi is 1 V?

VO R, + Ry = 10 kQ
<500
Figure P4.15
SOLUTION:
PDK\SInL MR—‘zKUM’(iw% Cmpﬁzufphﬁ"\’ 'Eg - \*-Ez,: Ei%-?z, - 04
US En El lzl
ol = vl (M\ Sinee Vg=ly, Lot o
l&
@(\So) 10 = _\'/_’o#‘_. + ._\.{9..' - ‘_‘___‘_‘_ [Zol‘l 4 Z.OOMA
R+, B0 ¥ SOH
121 Z looes_ s ﬁ,.w I, = zoom
Y, = 8445
Cleele 4 cim L 1+ F2/p, = 9.9 1 < 15!

Final  AnS wev {R, = loossL by = ga9sL szﬁﬁsj
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4.16 For the amplifier in Fig. P4.16, the maximum value of Vg
is 2V and the op-amp can deliver no more than 100 mA.

(a) If £10 V supplies are used, what is the maximum
allowable value of R,?
(b) Repeat for =3 V supplies.

(c) Discuss the impact of the supplies on the maximum
allowable gain.

Ve o—ir | Ry =10 kQ
g O Vo
R{ = 100 kQ
R3S >R
Figure P4.16
SOLUTION:
a) Pasic r\m«—'\wu)ﬁ\% c.yw:f\‘cdmrah&f Vo = \g [H Ez_—] ¢ Loz Yo
|’ LRACIT)

‘ By
Bz £ 4ol 3\

S Chede T dieits 1o < loomh 1 \
ot/ (1o%+ 4x0S) Ea

b) \/O;ZCHM/P_'\)fS’V Bz = 5'0\‘”1’ , ]:02““.'%“"‘3=32°J'“A\/
9.3 75 10

O P @ Giuea Vs e | Ay s §s ol adated b
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4.1 7 For the circuit in Fig. P4.17,
(@) find V, in terms of V] and V5.
(b) ItV =2VandV, =6V, find V,.

(c) If the op-amp supplies are £12 V, and V, = 4V,
what is the allowable range of V,?

m}

Figure P4.17

Vio
V50

SOLUTION: |
2) KCL ot v- ;W@WJC; (rewowlonc Ty = = )

V’L'\JX \{\ \(l"‘\J

R # e =) VO:V\ (H %*Ev'l\)z (%2\)
TZ—\ T Qé 2 Ky

Vo= 4y, - V2 \

b)Y Vo= 4D -6 Vo= 2V

¢) N, ela) - vy | v ANVEV, 728\
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4.18 Find V, in the circuit in Fig. P4.18 assuming the op-amp
is ideal.

S+ 0

%
O |

Figure P4.18

SOLUTION:

Basie i »\uu\\‘v\% Mwmm :

wonlmg] e

looo /
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4.19 The network in Fig. P4.19 is a current-to-voltage converter
~or transconductance amplifier. Find v,/ i for this network.

10
M=

oV

\ ® O
Figure P4.19
SOLUTION:
IKCL gt V- wpat le = 6-7Vo
il
Uo - Z 'UO ____x
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4.20 Calculate the transfer function i,/ v, for the network
shown in Fig. P4.20.

V10
Figure P4.20
SOLUTION:
L wb u- Nupk s Vg,

vo - i + EE = KI %\&F
v, Cr Pr

o = Vo . W, Jo L
I&T_“r@{-’— Fr U} I“Z:\'S
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4.27 Determine the relationship between v, and i, in the

circuit shown in Fig. P4.21.

Figure P4.21

SOLUTION:
Bysie iwu\*Vg W-%Waﬁ’mt

}lﬂ. = e fZ’F t—():: ,\iow . "‘Ul
Yy Br Ry /{7’1
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4.22 Find V, in the network in Fig. P4.22 and explain what
effect R, has on the output.

O

.+.
ov (= v,

O
Figure P4.22

SOLUTION:

Sini i =0 for el op mp, wlhege acress f =0 ank
Vy i\m?w% s ak OV 43 el . leadt 12 a bdsrc H«UJ—HHV‘%

vaf l‘%vwd‘fo’h‘

Yor ot Py -

,Z, kwnojmf)/\ﬂt ™ e gt ak all [
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4.23 Determine the expression for v, in the network in
Fig. P4.23.

Vg O
VB O

—O?)O

Figure P4.23

SOLUTION:

KeL sk Vo ogn:
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4.24 Show that the output of the circuit in Fig. P4.24 is

| R, R,
V,= |14+ =21V, — =V,

Figure P4.24
SOLUTION:
KCL &7y \wK,J: T LA V)= Vx
4 ~
. + YorVx - o Vo = ( I+ a’” \[Z<Vz/y,>
) 1223
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4.25 Find V, in the network in Fig. P4.25.

O
+

5\/(§£> Vb
O

Figure P4.25

SOLUHON:
\(CLQ-/{,"'\I,, \'w(?w\';f 5;_;& +\}o“4 -~ o
y L7

Vo = OV
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4.26 Find the voltage gain of the op-amp circuit shown in
Fig. P4.26.

20 ki)
+
|4
1 T, 80 k()¢ Vo
O
Figure P4.26
SOLUTION:

Two Swl’&p So lution l) Fradd Yy /vi
2) Find Yo /Vq

1) Leop analysis:
Vis Libps Ty R 4 Yo= Ty

Ti= V2 /pg Vo o ke | 0.3

e

Vi parly

2) O?"%»F is in bsa mrt'ww%‘h—é m%;?oorw(?ﬁ.

-\.{9~:: 1*’2"}2'; 25
'U'L 12/[

Ovineld gage o Vosy, - VA "he) [

s 20
7
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4.27 For the circuit in Fig. 4.27 find the value of R, that
produces a voltage gain of 10.

-O
+
V1 V()
_I. -0
Figure P4.27

SOLUTION:

%CVM?—« I/\/m/viwux-fk\’v% L&\»—Q’cw&"\m
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4.28 Determine the relationship between v, and v, in the
circuit in Fig, P4.28.

Vin O—»=
T

§

Figure P4.28

SOLUTION: 1, shep so lvhin: 1) fred Vi/viw

Z) f’{l“\,k(’ {vO/“[
0 Uin =4 & + T By V=1, 2, 2 v . *E’Z:"QZ
/UI;'L fo

2) O anp o in  basic m,,ﬂm% W,;Md/;m

Vo o 4+ K
U[ K:ll

Oy ald. ' Vo _ ([VUo\/VUy \ . \Q_wﬁ L, Crt I
W W ,_,.)< 'O%\».} )’{)}»\«C ET;‘ZD/WH%::%>(
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4.29 In the network in Fig. P4.29 derive the expression for v,
in terms of the inputs v, and v,.

V10
20
Figure P4.29
SOLUTION: T
CCL ak Ve iweads Vo -x _ vy . V=7, [ P=
" Ww TR, i ( ﬁiw»z)
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4.30 Find V, in the circuit in Fig. P4.30.

40 kO

> O
+
Vo
O
Figure P4.30
SOLUTION:
. . AN
KL P i\ SO : 5 ,:’y"f _ Ny -No i Vo = S( ‘\2}:_“ N /.Ef\_.m \
N 7 AR )
KeL @ v, 'w,(ﬁ'i tNx o Nk ™ Vs 4B
Zp =8 Ra+Eg
S/LQM\%VD(E;‘}_M\:_[&EL&Mﬁ
N Tyt / TZI*”EL) Ratly
Vo= (4B _ 522 N\ L tle Vor ~11.2V
KTLM% Tx by 4
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4.31 Find V, in the circuit in Fig. P4.31.

"30 kO
YAVAYA

Figure P4.31
SOLUTION:
KCLM,UW EW: ﬁ:é.@. } ‘DW(" + “_.‘.,2;:,.%1 = _é‘iu + b - Vo
I =3 R~ Rf— K<
.:).., + A4 L LI S b b - L(L.
1ot axipt 3xio! 4}(10#‘ TRl oS

S —————————

Vo’: 31\/
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4.32 Determine the expression for the output voltage, v,, of
the inverting summer circuit shown in Fig. P4.32.

R1 RF
V10O A VA
UV O &
O,
V30
Figure P4.32
SOLUTION:
ew et N uguks T VA S U 0-y
A SR S S
Vo = - ¥Fy - REq. - L
3 U, rz;”’ 723\)3
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4.33 Determine the output voltage, v,, of the noninverting
~averaging circuit shown in Fig. P4.33. @

Ry
V1 O VAYAYL
Ry
V) & A
| 07,
R3
V30 AN
Figure P4.33
SOLUTION:
el <k «34,;%: M- Vg A V-V

v’\ Ze ‘23

ICCLM'U.,\‘\T‘J(? Vo-Ux _ s iy =V, (E;r. B
e Ex

(‘f/vaA’Q ,U)()

/\;01(@5:@_5\ Ll + 280, + by g3
Tt Lot R, T r B0

P
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4.34 Find the input/output relationship for the current
amplifier shown in Fig. P4.34.

Figure P4.34

. . +
SOLUTION: kel ot V.- *W«/ 3 op P,

= 0 - TF Vg = - Re lin
Fr

Z%b?wﬂhf i Aassqc ;%#Mﬁ'% w;gymf‘/hm

00*®?('*’Eﬁ1\ 1,= Vp-Vr_ Ve
s/ 2 T I

SN 7D NS B C R -

LFin 7z
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4.35 Find V, in the circuit in Fig. P4.35.

80 kQ)

s

Vy
o O
Figure P4.35
SOLUTION: .
KLk Vo ) P pparor SV, L Y L . e
V) OT PV 2‘! IZZ/*" e o = 2 ) »%;o

.
KCLWt "\Y,g.aj& UF;}A\,? yﬁ*‘u&-’«O—%

“
Pu"r Gk rxumgw(‘s)
Vx= —~4o - 2V,

€l mipake Vx , R
& Vp= - 11.43V

Ty

1 Ux=

Ve (' ! KS/EV)

151,
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4.36 Find v, in the circuit in Fig. P4.36.

0 v,

Figure P4.36

SOLUTION:
‘2%0(%@9 I B Visn- ixue{’ﬂ‘\r\% cs»?\e\ww&w:

1)_2(_: Y+ E__L .39 A\)K-: (\’l (2‘1"*21
Ui ©z T2

KiL ox 'U—ofj Zm"e“L o arg '\Jyvjbi
l

%:Mz(w B _ Ee oy
2, 7

Vo= ‘Qt*z/\\ - \
0 CTE\)(UZ /\)\)

+,,Uv’IU_Z~ —
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4.37 Find the expression for v, in the differential amplifier
- circuit shown in Fig. P4.37. @

Rp

V20 AN
Ry
Figure P4.37
SOLUTION:

I&DP’WM( ih casme i‘/\w‘h'%g‘ w\%ll‘zwﬂh.m‘-
,\)X:’Q_\ 'Uz ’\)x';—vz_

‘/UX 1 Vo
— — = O
G %
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4.38 Find v, in the circuit in Fig. P4.38.

VW —— AN —

SRy

& =0 v,
Figure P4.38
SOLUTION:
A T T N O S
Y 12, {2

KL sk Yy hode: Vy , Vx M T PR U, = Y P c ¥
?z P““r ng

V., = |4 14 xlzz.\
o s |1+ Bz, P2 Pe.
‘[ ?«z"”r?—f]( B )
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4.39 Find the output voltage,

v,, in the circuit in Fig. P4.39.

Ry
V10
(%Xe
Figure P4.39
SOLUTION:
KeL ak U op | : Vy - _ VN2 > Vyx= ’D,(;+ E}).. X
67' Mr 22 ,Zl Zl Zl 2
el ok o v WUy-V2 _ V-V = V2 1+ B2\ |
g ) g
Keb ot Ve ppowp 30 ay-Uz | Va5 gz b <_£i«~
1 i i > Bre,

'UX*U;

P

Kee st e "’)"Tf“‘f?

. Lz
K’vo: % (1+2 %\)(nz--1>

t 3
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4.40 The electronic ammeter in Example 4.9 has been modified
and is shown in Fig. P4.40. The selector switch allows the
user to change the range of the meter. Using values for R,
and R, from Example 4.9, find the values of R, and R,
that will yield a 10-V output when the current being
measured is 100 mA and 10 mA, respectively.

J O
Unknown
current
O Mﬁ
PN R2 =9k}
Rl =1k} 23
Selector T
switch
O ¢ &—0)
Figure P4.40
SOLUTION: . jg\
¢ e ok - inting  gonbyancs bron Vo = Vx (H~ E.,%\j = loVy
W Y\j rfx/\ 5
’\jx = T ’Z‘A = 0. /F«A
Vuz /D\/xf Ne ((9.//2@-.:2& = lo {/ZA»':»/o..JL\

V= Tilg= 0.01¢p

Upys loVyes lo [0-01%3: &?Z-“:lo &\Lé:gmmj
lo
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4.47 Given a box of 10-k{) resistors and an op-amp, design a
- circuit that will have an output voltage of

V, = -2V, — 4V,

SOLUTION:
Sinw 6\6 Wﬁ 4SS o cnefred o e Vy 4V, are Lot~
f\égﬁi‘\ué, 0\ S:M«)\é 40 P Uce mlgu%m,
th
Uy

b3
Uy - =Py - Bay, --2v-av,
3 + e U, ‘Zl =3

'8 Aﬂcw\ng Urewd it al registrs = 10, i,

20 \cJL

1ok

A |

14>ML~“ Y,
V’L

Sk




302 Irwin, Basic Engineering Circuit Analysis, 8/E

4.42 Design an op-amp circuit that has a gain of —50 using
resistors no smaller than 1 k().

SOLUTION:
Sine 24,%»\ ‘s MW\ AL ‘rwu’ﬁ\«% Cm\@-(agmrwlﬁm‘-
ﬂl ’\:)‘2:‘“ - ./L:-—Z—”- = - So
[, SNy, W— - Vs Ql
US g" by
+ Vo
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4.43 Design a two-stage op-amp network that has a gain
of —50,000 while drawing no current into its input

terminal. Use no resistors smaller than 1 k).

SOLUTION:

41\’ Y mw W(FM) o M@x\»?\«ua’ﬁ\%, m{l\jzv\l’su{l(}%u o rudel

Fre Nﬁ.dﬂ”m e {wu)ﬂ’vu& shwy; v weedad
2y
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4.44 Design an op-amp circuit that has the following
~input/output relationship:

- SOLUTION:
A angle op g il o i wt ual beba 4t - lipuks,

1

\)o-‘v‘(“" (2 ( ’z'fg )Vz_"ﬁ:‘z— V,

P»p( “\"215 Uq

S, P2k = 5 Chovae B~k = R,z skn

, bl o Chesre Bp=\ksi = 2 a=0\\JU
EatRp 2

New
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4.45 A voltage waveform with a maximum value of
200 mV must be amplified to a maximum of 10 V
and inverted. However, the circuit that produces the
waveform can provide no more than 100 pA. Design
the required amplifier. E‘:ﬂ

SOLUTION:
?)VQ/_L)V Yo une o 5‘1‘16}24)-’ V\Ok”ihUU”\ﬁ% ‘F‘onow%» ‘Uj i\/\uaﬁ)ﬁ\r\%,

Z@Mﬁa/w\— ‘O,w~§b

(8
OA e AN ey
Vg : Vs
Vs g/\ M\)D
N, = — Rz Chosse. T, = lllL = Ly=50kp
Ay 7
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4.46 An amplifier with a gain of 7 & 1% is needed. Using
- resistor values from Table 2.1, design the amplifier.
Use as few resistors as possible.

SOLUTION:  Fisy~ poSM‘x‘LLL ?M, use o n ’:'h\/e/ﬁma Cﬂ%}g

1+ 22 A

I
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4.47 Design an op-amp-based circuit to produce the function

Vo=3Vi— 4V,

SOLUTION:
To?zf+f’?ﬂw§«s)w¢ z_mvm,bﬁ\ia+1vf%
\KCL@ N~ “‘QA)
v, — Vo= - w V2
- e |4
v N
T i),
b g
T o
Vo

Choppe =5k = 7, =200
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4.48 Design an op-amp-based circuit to produce the function

VOZ SVI - 7V2

SOLUTION:
Use bo¥ + 4 - tupuks Yo %dc“% $ — anivs.
Ly kel & Vi ‘meﬁt)
Nx
+
\/l ; i ,V’@ Ny = Ux - \L& - .\11(.: [ &3
E/Bf Vi _ ‘Zﬁ 12'?3 \f\ VWA\’Q‘S
Ler ek uoinpok
2%
%‘H Vo-¥x _ Vx-Ve
[z, Z
\/Z

LZ/[L\': 7 C/L'LQO‘)/L L] = ’k—SL "'9 sz7m
(Ei,.“\) 8 5 Clhosae  Fp= Sk = ¢, =3kn
Iy
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4.49 Show that the circuit in Fig. P4.49 can produce the output

V(} - KIVI - K2V2

only for0 =K, =K, + 1. [c§)

Rl Vi
Vio ANy
& O VO
Rzg
O
|2)
Figure P4.49
SOLUTION:
Kél, Ak ’\)+ikppj\“7 V;’“VX”VX =  Vx= Yy ¥z
2y T R, RS

e ot ‘Url'kfu%f Yﬂl\fj” Uy Nz = VO‘VX(H» Eﬁi“\‘g—- gi\fz,
Ry (2N s/ Ts

\/O:Vs w,iz;z:mw»\j)(l'}ﬁ\\* _f_VZ_: K,VI -*L/ZV:;_

i e 723/ les
i’% L,=0 , K/"'O

y /22?40 bt E{”O)

K= 1+ Py = I-HC;\}

— Ky= Ry/ps

o<k = (Kk+i)
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4.50 A 170°C maximum temperature digester is used in a
paper mill to process wood chips that will eventually
become paper. As shown in Fig. P4.50a, three
electronic thermometers are placed along its length.
Each thermometer outputs 0 V at 0°C, and the voltage
changes 25 mV/°C. We will use the average of the three
thermometer voltages to find an aggregate digester
temperature. Furthermore, 1 volt should appear at V, for
every 10°C of average temperature. Design such an
averaging circuit using the op-amp configuration shown
in Fig. 4.50b if the final output voltage must be positive.

Paper mill digester

(b)

SOLUTION: OP ?,Mf | v A5y NnRL™ | D() QMFZ I's a l\hl/ﬂ/v"ﬁ“\ﬁ Col«—{']ixur‘m“ﬂ‘v

\/xw[i&& Vit Py R X Ny ooy
B . 7 _{ZE%\I} s %

Vo Lol WV, 2pve @i\iﬂ Chovor B2 _Z6_ 7. )
1¢, 2, Fe 3

’RA TZ } 3 > ?*2

B T———

vV, - e ( Vi V2,+V_3) I AT, =10, &V, = 0.25V # aV, = IV
: )

B R (1N s L o4 |Chowt Fa=Rg= k= -2
A RaN3S Das Fy= $o= By = 3K
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4.51 A 0.1-(2 shunt resistor is used to measure current in a
fuel-cell circuit. The voltage drop across the shunt
resistor is to be used to measure the current in the circuit.
The maximum current is 20 A. Design the network
shown in Fig. P4.51 so that a voltmeter attached to the
output will read O volts when the current is 0 A and 20 V
when the current is 20 A. Be careful not to load the shunt
resistor, since loading will cause an inaccurate reading.

Figure P4.51

SOLUTION: ,
Whew T = Z0Ay  V, (0T, = 2V and VY, = ZoV |

Ne Qaiw 07’ o willh < bu#ﬁ.(/eof wput = n,ou—iwuh‘k% Qm}‘/

\1/ f
JESCL Vo iy B2 yp

r"‘v\/o V_IL zl .

Lz

Chowe B = 1kx ¢ 0y- a0
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4.52 Wood pulp is used to make paper in a paper mill.
The amount of lignin present in pulp is called the kappa
number. A very sophisticated instrument is used to
measure kappa, and the output of this instrument ranges
from 1 to 5 volts, where 1 volt represents a kappa
number of 12 and 5 volts represents a kappa number of
20. The pulp mill operator has asked to have a kappa
meter installed on his console. Design a circuit that will
employ as input the 1- to 5-volt signal and output the
kappa number. An electronics engineer in the plant has
suggested the circuit shown in Fig. P4.52.

24V

Figure P4.52
SOLUTION:
KL ak Vy: 24-Vy VooV - e

IL] EL L’s

KL @ Vier Vi-Ve vy,

Ra, R4

Or oimp | b in hok~)hv&/’£)\r\5 C{W%Wﬁ.ﬂhﬂ‘*‘ L = Vs [y %/\\wglé




/‘”LL £Z¢K35£+$€5‘—’—K ﬂnd- IZ/': IL'-JL é/{miha,'[:c V; rh k({/%:g

@ VV’“ V‘=2VK ’\[1
CEE 24 L=V, (22, v €) Mg,
U{{d&g Vg = 248 4 Vs 9 (zpre)
32+ 2R 3R +2€
Mo,
V\L = b-\-t’Y\VS

and  ak Ng=\V, Vi = 12V and & Vs=%V, VYy=20v.

So m = AV\(_ Zo-1Z

1 — - = 2_, dnd I;= /O
ANs &~

\/K:ID-}Z_\Q = 4R a4 CL?—! -‘-\z\\ls
37, 2l 32, +2&

%f'{,‘%y
L= 7.5k ¢g= 3.7

Let~ K= llen = @52 z04Ln

Rewhs: Ry = |k Co= 2941 B= el
Chose : Qy<ly=4= s = 7. skST
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4.53 An operator in a chemical plant would like to have a set
of indicator lights that indicate when a certain chemical
tlow is between certain specific values. The operator
wants a RED light to indicate a flow of at least 10 GPM
(gallons per minute), RED and YELLOW lights to
indicate a flow of 60 GPM, and RED, YELLOW, and
GREEN lights to indicate a flow rate of 80 GPM. The
4-20 mA flow meter instrument outputs 4 mA when the
flow is zero and 20 mA when the flow rate is 100 GPM.

An experienced engineer has suggested the
circuit shown in Fig. P4.53. The 4-20 mA flow meter
and 250 ) resistor provide a 1-5 V signal, which serves
as one input for the three comparators. The light bulbs
will turn on when the negative input to a comparator is
higher than the positive input. Using this network, design
a circuit that will satisfy the operator’s requirements. @

12V

A
4~—20r:\r<

-3

—t

SO
A
w2

<

i VW
Ry Ry
+
Figure P4.53
SOLUTION:

Desice \fq = \/S whew Q\nw = 80 GPM

IS = m (nﬁ(um)%’“b 4= ne (O)-\—v\o = b= 4mA
Zowbl = (o) 4SS = = 016 mA/G?m

A’\' -ﬁlow = KO QPM N Ig = 6. S/m/-\ 4 \/53 zso To - L/Z\/

VQ :(__E:Z:M> . = CMoose 22“":' ke = Q, = 1-¥b e
Eari,




3:m‘-\w\v5\ sk flos s Codem, T_ . B.LmA and Vs= 34V

Need \Z{ A Clivsae Oyl = 3= 2.53kn
e*t{«+z3

I:inal/[y) M%u': /2 44’/7)) X = SLen Y and VS’ AV

;;Y \/ = L4V = i2 Z(a” CZt ot {ZL: HCJ’L =5) ]ZS,: 7. 5'7[@(2/

@
¢ ey
VEF -—@q, Q, pon \\L\.S‘)/
\./)\v(/t Q\:\KL’\LJL
3; 253\1-4’
(LS =750kl
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4.54 An industrial plant has a requirement for a circuit that

uses as input the temperature of a vessel and outputs a
voltage proportional to the vessel’s temperature, The
vessel’s temperature ranges from 0°C to 500°C, and the
corresponding output of the circuit should range from 0
to 12 V. A RTD (resistive thermal device), which is a
linear device whose resistance changes with temperature
according to the plot in Fig. P4.54a, is available. The
problem then is to use this RTD to design a circuit that
employs this device as an input and produces a 0- to
12-V signal at the output, where 0 V corresponds to 0°C
and 12 V corresponds to 500°C. An engineer familiar
with this problem suggests the use of the circuit shown
in Fig. P4.54b in which the RTD bridge circuit provides
the input to a standard instrumentation amplifier.
Determine the component values in this network needed
to satisty the design requirements.

KCL at LTD  12-7 -

SOLUTION: Need fﬂldjl’)/‘kslwff 7%/ Vi Yy 5 Yy and T,

)
= 12 R—‘K’T‘_D = 'U\ (tl + E?—TDS

2 (8
i V= 12Rerp /CY«\ A 2—?:'\'0\

el oX uay V=12 Rz /(R r122)

Rpro (1) Rarpy = Ki#iy T

At T=0, Rero = & = /o202
[t T‘:50<>°c) ﬂ‘g—,—bz boos) = /00 + Iy (s70)

Ko=' 1 /o 2 e loos+T
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Figure P4.54a
. v, 24V
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) NS V, (0-12V)
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%Rl 3R, 1 Rs

(ﬁ) 12‘v G
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Figure P4.54b
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KL ak V) sk 24-P¢ wodes

VooV . UMy Y -Us
TZ*S ﬂﬁ E*.

KeL ot Yy abk Re -% hodc:

Uy Vg + U\ r'\JL: Vo

Ry e s ,
Lot Re=Rs = lobdl  (Agpiv wrbitvany)

Vg = (14'& Vo V2 B U f ’\’x""z(1+ﬁj>—1’1£‘r
s R Py L

Uininate Ue = O,Z(U mﬂ(!k i‘»’-)

Buk, = 12( |00 +1) poloe 51, o ;)

Zop T

Now
Vo = 24 [ (oo ,,3_> (:fﬁ)
Zov +T 2 2

¥
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4FE-1 Given the summing amplifier shown in Fig. 4PFE-]
select the values of R, that will produce an output
voltage of =3 V. E_g]

4V<t)
I i

Figure 4PFE-1

SOLUTION: ¢, %WWLB fvp

= - )iz > 4 _ Ww%}m {Ezv ZAE”)\JLJ
4000 |2 000
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4FE-2 Determine the output voltage V,, of the summing

op-amp circuit shown in Fig. 4PFE-2.

( x(o”?

12 %107

18 k()
AN
6 k() ’
S VY S—
AN Vi
ZVC-D 12 kQ ~AW
T 12 kQ
| T)1v Yo
C‘*‘P (i‘)sv
= = i
Figure 4PFE-2
SOLUTION:
Vt""ﬂ”(lm:f)%»‘( ,_> = 45V
Gx\b% ‘;Z—X\Dg
Ve = -V, 36>{103>w? ( M) = Vo= 1TV




