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| | [ \“ | analysis or design of complex OP AMP circuits can be based o 4-10 Fi
il ‘ i building blocks provided the interconnections are made betweg, P4_1151c
. e put of one to the input of another. i )
I 1 I ‘i‘ o Important applications of OP AMPs include digital-to-digita] Conyg
(At transducer interface circuits, and comparator circuits.
: | | | iS
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1‘ | PROBLEMS ko % 5004 Fll
it 0BJECTIVE  4—T1 LiNeAR ACTIVE CIRCUITS + L1l
i (SECTs. 41, 4-2) T
L ; e vs IKQZ vy g S10kQ P4-11.
| | ‘ Given a circuit containing linear resistors, dependent sources, |
A and independent sources, find selected output signal variables, -
fil input-output relationships, or input-output resistances. >
| See Examples 4-2, 4-3, 4-4, 4-5, 4-6, 47, 4-8 and Exercises FIGURE P4-3
Nt 4-1,4-2,4-3,4-5,4-6 I
L vy 3KkO
\ 1 | 4-1 Find the voltage gain vo/vg and current gain ig/i, in Fig- = Yo
‘ I .‘ ure P4-1 for r = 4 k. 4—4 Find the voltage gain vp/vs and current gain i
I ‘ Figure P4-4. J o
AL A ) . Pa-7
| il ‘ we 5000 ‘o <
‘. i 2 %0 1on for the current gain ig/ig in Figure
I / 4-17 Find.
i vs 400 © e /,]’:
| ‘ e
‘ s i
FIGURE P4-1 _l
B ! =) é wv, R =
4-2 Find the voltage gain vo/v, and the current gain ig/is in FIGURE PA-4 x fuz
‘ Figure P4-2. For is = 2mA, find the power supplied by
i | the input current source and the power delivered to the .
(i 2-kQ load resistor. 4-5 Find the current gain io/is in Figure P4-5. P4-3
i
| | .
| - . o 10kQ io on for the voltage gain vy/vg in Figure
| | =] - + P 4—]3 Find £
e 100 © ] 10¢ ’ST + vy —
i 50iy S0v,
lith Is VI 21000 2k0 vo v CD 1k0
] 20 = o=
1 : . - ® =S, o
N FIGURE P4 -2 FIGURE P4-35
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4-14 Find the Thévenin equivalent circuit seen by the load 4-17 D The circuit parameters in Figure Pd g4
in Figure P4-14. Re=3kQ,B =50, V,=07V,and Ve =5V, gq .
value of Ry so the fransistor is in the saturatio, .
. whenvg=2V. 8

R i P 4-18 The parameters of the transistor in Figure P43
& . . P ' B =30 and V, = 0.7 V. Find ic and veg for VS:D;{.‘
ix l 7 Repeat for vg =2 V. o

Vs fo RO Vv E Load i
________ 3 : 10k

FIGURE P4-14
FIGURE P4-20
4-15 Find the Norton equivalent circuit seen by the load in
Figure P4-15. " :
kD — 10V OBJECTIVE 4—3 OP AMP CircuIT ANALYSIS
; % = (Secrs. 4-4, 4-5)
" ‘ g Given a circuit consistin eAr e
; ; S ng of linear resistors, OP AMPs
i oo 1 miependent sourees, find selected output signals or 15 . antd
; | g:etpu latjlonsths. Lptic
ig Vx 8Vx Rgo v : Load ! IE Examples 4-13, 4—
.‘ . FIGURE P4-18 cisesd=10,4-11,4 12, 4_1143' jjg 4-17, 4-18, 4-19 and Exer-
FIGURE P4 -15 4-19 In Figure P4-19 the transistor parameters are p= 0] Find v, i
it : .
and V, = 0.7 V. Find ic and vce. QR terms of vs in Figure P4-21.
OBJECTIVE 4—2 TRANSISTOR CIRCuITS (SECT. 4-3) f L ko 300 kQ2
Given a linear resistive circuit with one transistor: 10 k2 e ¥
(a) Find the transistor operating mode and outputs ic and Vg iy
VCE- Yo
(b) Select circuit parameters to obtain a specified operating
mode or output characteristics.
See Examples 4-9, 4-10, 4-11 and Exercises 4-7, 4-8 =L
Pl : === =
R

4-16 The circuit parameters in Figure P4-16 are Rp = Whay
50k, Re = 3k, B =100, V, = 0.7V, and Ve = 15V. FIGURE Pa4—18 SThe ranpe of the gqi -
Find ic and vcg for vg = 2 V. Repeat for vg = 3 V. gain vo/vs in Figure P4-22?

tion :
@ 4-20 The input in Figure P4-20 is a series connect? 3 BoE 100 kQ

Rc ™= Source Vyp and a signal source vg. The circuit Pa.]
are Ry = 500kQ, Rc = 5kQ, p =100, V5 =8
L,-(_, ‘ Vos= 15 V.

the
(a) With vg = 0, select the value of Vip 59 ﬂ_‘g
ey il
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50k 50kQ 300 kQ 4-30 Find v, in terms of the inputs vg, and Vsa in Figype R3 4-37
A My T i
v O
V1 = o +
Vo v 1
O—
=3 + +
50kQ 100k 5
= NE,
V3 - :
= FIGURE P4 -30 F1E
FIGURE P4 -2 oltage analysis in Figure P4-34 to show that
. . . ; ; ardless of the load. That is, show that
4-21 The input-output relationship for a three-input invert-  4-31 [ Itis claimed that vo = v when the switch i : Iicoistsrollediurrent S;llme ——— ra
ing summer is in Figure P4-31 and that vq = —vg when the s ' ’ (4-38

Vo = _[Vl + 2V2 5 5V3]
The resistance of the feedback resistor is 50 kQ and the
supply voltages are Ve = = 15 V.
(a) Find the values of the input resistors Ry, R,, and R;.
(b) For v, =05V and vys=—1V, find the allowable
range of v, for linear operation.

4-28 Find vg in terms of the inputs v, and v, in Figure P4-28.

5kQ 25 k2
My AV i
V1 [Eos
Yo
— +
0 1kQ -
Ay 1L

2k
W

FIGURE P4-28

429 Find ve in terms of the inputs vg; and v, in Figure P4-29,

30k 60 kQ
ANy AN +—o
o .
+
10 k2 20 kQ
v My j_

open. Prove or disprove this claim.

ﬁg P
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R
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Vo,

Yo
—- Pa-3
— :L tms of the inputs v, vs,, and vss, in Figure FTIE
EURE P4-381
4-32 The inputs to the circuit in Figure P4-32 are a¢ Ry
source ig and a voltage source vg, When the OP_- ; E 4-39
in its linear range, the output voltage has the ¥ vo
vo = K vg+ K,is. Find the constants K, and K.
R
o VA
= Tms of the inputs vs; and v, in Figure P4-36
is .
ST —— Vg Rs ¥s .t
. +
FIGURE Pa4-8 ‘[\ =L




'r) in Figure

to find the
lin part (a).
t (b) by ap-
srmation in

it (a).

f(z) in Fig-

to find the
lin part (a).

t (b) by ap-
yrmation in

't (a).

OBJECTIVE 9—2 INVERSE TRANSFO ‘
(Sects. 9-4, 9-5) S

he inverse transforms of the following functions:

(s + 4+ 8) o
35t + 105" + 4
0= 57+ e+ 4
the inverse transforms for the following functions:

Find the inverse transform of a given
using partial-fraction expansion or ba
ties and pairs.

See Examples 9-11, 9-12, 9-13, 9-14 4
9-9,9-10, 9-11, 9-12, 9-13, 9-14

9-16 Find the inverse Laplace transforms

functions: 30(s + 2)
5 +20 = Ftds+5)
F BTy 2+ ds + 5)
@ F() s(s + 10) 3 2¢
o s
W A - =20 G st E)
s(s + 10) {he inversc transforms for the following functions:
9-1 Find t-he inverse Laplace transforms 2(s + 16)
nctions: = »tz——’_‘:,’?)
2(s + 5) s 8 +
@ By == (2
¥ 10) 305+ 800
2 = §(s* + 50s + 400)
®) B === (

m he inverse transforms of the following functions:

9-18 Find the inverse Laplace transforms (s + 407

functions: = e ——
20(5 SE 20) : (S + 10)2(&‘ i 100)
a) Fis) = —————
@ RS = G 107 1 400 __ (s+10y
) Fis) 20(s — 20) (s + 40)*(s + 100)
) Blgy= (s + 10) + 400 tain transform has a simple pole at s = —20, a

zero at s = —vy, and a scale factor of K = 1. Select
for y so the inverse transform is

(1) — Se ™

9-19 Find the inverse Laplace transforms
functions and sketch their waveforms for |

B(s +
(@) Fs) = H 8(1)
B ) = B8(r) + 5
s(s + B) he i . .
5(§) = ———= ) sforms of the following functions:
(b) Fyfs) e d the inverse trani f the foll g funct
s+ 40)e™
9-20 Find the inverse Laplace transforms - ) Bl
functions: (s + 10)(s + 20)
o BB~ s " +20
(a) Fi(s) = R s+ 10)(s + 40)
2 Mathcad or MATLAB to find the inverse transform
(b) Fyfs) = ﬁ—); llowing function:
sis+ a
) 2
9-21 Find the inverse Laplace transforms ) < sis"+ 35 + 4)
functions: (s +2)(s* + 657 + 165 + 16)
Gl Mathead or MATLAB to find the inverse transform
(a) Fy(s)= Ollow; o
7 5+ a)s + 20)(s + 4a) Ing function:
0y Fs = 86+ 20) Ry < 8 128 45 +2)
) = (s + a)(s + 4a) s(s* + 4s? + 45 + 16)

tial conditions (if not given). :

(b) Transform the differential equation into the s domain
and solve for the response transform.

(¢) Use the inverse transformation to find the response

waveform.
See Examples 9-15, 9-16, 9-17, 9-18, 9-19

9-3] Use the Laplace transformation to find the y(1) that
satisfies the following first-order differential equations:

dy ;
(a) SOE +250y =0 with y(0—) =10

d
) F}; + 20y = 40u(f) with y(0—)= =10

9-32 Use the Laplace transformation to find the y(¢) that
satisfies the following first-order differential equation:
dy
dt
9-33 The switch in Figure P9-33 has been open for a long
time and is closed at r = (. The circuit parameters are
R=200Q,L =02H,and V, = 10V,
(a) Find the differential equation for the inductor current
i (f) and initial condition i (0).
(b) Solve for i|(¢) using the Laplace transformation.

+ 500y = [2500e ™ Ju(r) with y(0—)=0

R =0 i

—

=S

;

FIGURE

PI-33

9-34 The switch in Figure P9-33 has been closed for a long
time and is opened at { = 0. The circuil parameters are
R=2008, L =200mH, and V,, = 50V,

(a) Find the differential equation for the inductor current
it () and initial condition 7 (0).
(b) Solve for i;(t) using the Laplace transformation.

9-35 The switch in Figure P9-35 has been open for a long
time. At ¢ = O the switch is closed.

(a) Find the differential equation for the capacitor volt-
age and initial condition.

(b) Find vg(r) using the Laplace transformation when
vs(t) = 15[e 2™ ufr).




