CHAPTER 1 PROBLEMS

50 Chapter1 Signalsand Amplifiers

When the bit is 0; the switch is in the position labeled 0;
when the bit is 1, the switch is in the position labeled 1.
The analog output is the current ,,.V, ; is a constant reference
voltage.

(a) Show that

; S&qu bz
bewl\a B

(b) Which bit is the LSB? Which is the MSB?

(c) ForV_=10V,R=10k, and N =8, find the maximum
value of i, obtained. What is the change in i, resulting
from the LSB changing from 0 to 17

1.38 In compact-disc (CD) audio technology, the audio
signal is sampled at 44.1 kHz. Each sample is represented
by 16 bits. What is the speed of this system in bits
per second?

Section 1.4: Amplifiers

1.39 Various amplifier and load combinations are measured
as listed below using rms values. For each, find the voltage,
current, and power gains (A ,A;, and A

ratios and.in dB:

4 ,» respectively) both as

(a) v, =100mV, i =100 uA, v, =10V, R, =100 2
(b) v, =10V, i, =100nA, v,=1V,R, =10k
© v, =1V, i, =1mA, v,=5V,R, =100

1.40 An amplifier operating from £3-V supplies provides
a 2.2-V peak sine wave across a 100-82 load when provided
with a0.2-V peak input from which 1.0 mA peak is drawn. The
average current in each supply is measured to be 20 mA .Find
the voltage gain, current gain, and power gain expressed as
ratios and in decibels as well as the supply power, amplifier
dissipation, and amplifier efficiency.

1.41 Anamplifier using balanced power supplies is known to
saturate for signals extending within 1.0 V of either supply.
For linear operation, its gain is 200 V/V. What is the rms
value of the largest undistorted sine-wave output available,
and input needed, with +5-V supplies? With £10-V supplies?
With +15-V supplies?

B = Multisim/PSpice; * = difficult problem; ** = more difficult; ***

1.42 Symmetrically saturating amplifiers, operating in the
so-called clipping mode, can be used to convert sine waves
to pseudo-square waves. For an amplifier with a small-signal
gain of 1000 and clipping levels of £-10 V, what peak value of
input sinusoid is needed to produce an output whose extremes
are just at the edge of clipping? Clipped 90% of the time?
Clipped 99% of the time?

Section 1.5: Circuit Models for Amplifiers

1.43 Consider the voltage-amplifier circuit model shown in
Fig. 1.16(b), in which A, = 100 V/V under the following
conditions:

vo

(1) R,=10R, R, =10R,
(b) R =R, R, =R,
(c) R.=R,/10, R, =R /10

Calculate the overall voltage gain v, /v, in each case, expressed
both directly and in decibels.

1.44 An amplifier with 40 dB of small-signal, open-circuit
voltage gain, an input resistance of 1 M, and an output
resistance of 100 €2, drives a load of 500 §2. What voltage
and power gains (expressed in dB) would you expect
with the load connected? If the amplifier has a peak
output-current limitation of 20 mA, what is the rms value
of the largest sine-wave input for which an undistorted
output is possible? What is the corresponding output power
available?

1.45 A 10-mV signal source having an internal resistance
of 100 k€2 is connected to an amplifier for which the input
resistance is 10 k€2, the open-circuit voltage gain is 1000 V/V,
and the output resistance is 1 k€2. The amplifier is connected
in turn to a 100-2 load. What overall voltage gain results as
measured from the source internal voltage to the load? Where
did all the gain go? What would the gain be if the source
was connected directly to the load? What is the ratio of these
two gains? This ratio is a useful measure of the benefit the
amplifier brings.

1.46 A buffer amplifier with a gain of 1 V/V has an input
resistance of 1 MQ and an output resistance of 20 §. It
is connected between a 1-V, 200-k€2 source and a 100-Q2

= very challenging; D = design problem
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52 Chapter1 Signalsand Amplifiers

1.53 A voltage m.:.:ﬁ:mmn delivers 200 mV across a load
resistance of 1kS. It was found that the output voltage
decreases by 5 mV when R, is decreased to 780 . What are
the values of the open-circuit output voltage and the output
resistance of the amplifier?

1.54 A current amplifier supplies | mA to a load resistance
of 1 k2. When the load resistance is increased to 12 k€2, the
output current decreases to 0.5 mA. What are the values of
the short-circuit output current and the output resistance of
the amplifier? /

1.55 A current amplifier for which R, = 100 @, R, =
10k, and A, = 100 A/A is to be connected between a
100-mV source with a resistance of 10k and a load of
1 k. What are the values of current gain i /i;, of voltage
gain v /v, and of power gain expressed directly and in
decibels?

1.56 A transconductance amplifier with R, = 2k, G, =
60 mA/V, and R, = 20k is fed with a voltage source
having a source resistance of 1 k€2 and is loaded with a 1-kS2
resistance. Find the voltage gain realized.

D ##1.57 A designer is required to provide, across a
10-kS2 load, the weighted sum, », = 10w, 4 20v,, of input
signals ¢, and v,, each having a source resistance of 10
k€2. She has a number of transconductance amplifiers for
which the input and output resistances are both 10k
and G, = 20mA/V, together with a selection of suitable
resistors. Sketch an appropriate amplifier topology with
additional resistors selected to provide the desired result.
Your design should utilize the minimum number of ampli-
fiers and resistors. (Hint: In your design, arrange to add
currents.)

1.58 Figure P1.58 shows a transconductance amplifier
whose output is fed back to its input. Find the input resistance
R, of the resulting one-port network. (Hint: Apply a test
voltage u, between the two input terminals, and find the
current i, drawn from the source. Then, R, = v /i .)

Figure P1.58

D 1.59 It is required to design an amplifier to sense the -
open-circuit output voltage of a transducer and to provide a
proportional voltage across a load resistor. The equivalent
source resistance of the transducer is specified to vary in
the range of 1 k€2 to 10 k€2. Also, the load resistance varies
in the range of 1 k&2 to 10 k2. The change in load voltage
corresponding to the specified change in R, should be 10% at
most. Similarly, the change in load voltage corresponding to
the specified change in R, should be limited to 10%. Also,
corresponding to a 10-mV transducer open-circuit output
voltage, the amplifier should provide a minimum of 1 V
across the load. What type of amplifier is required? Sketch
its circuit model, and specify the values of its parameters.
Specify appropriate values for R, and R, of the form
1 x10" Q.

D 1.60 It is required to design an amplifier to sense the
short-circuit output current of a transducer and to provide
a proportional current through a load resistor. The equivalent
source resistance of the transducer is specified to vary in
the range of 1 k@ to 10 kS2. Similarly, the load resistance
is known to vary over the range of 1kQ to 10k€2. The
change in load current corresponding to the specified change
in R, is required to be limited to 10%. Similarly, the change
in load current corresponding to the specified change in R,

N = Multisim/PSpice; * = difficult problem; ** = more difficult; *** = very challenging; D = design problem
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126 Chapter2 Operational Amplifiers

where K is the :o:,__.:& (ideal) value of the ratios (R,/R,)
and (R,/R,). Calculate the value of worst-case CMRR for
an amplifier designed to have a differential gain of ideally
100 V/V, assuming that the op amp is ideal and that 1%
resistors are used. What resistor tolerance is needed if a
CMRR of 80 dB is required?

D #2.67 Design the difference amplifier circuit of Fig. 2.16
to realize a differential gain of 1000, a differential input
resistance of 2 k{2, and a minimum CMRR of 88 dB. Assume
the op amp to be ideal. Specify both the resistor values and
their required tolerance (e.g., better than x%).

*2.68 (a) Find A, and A
circuit shown in Fig. P2.68.
(b) If the op amp is specified to operate properly as long
as the common-mode voltage at its positive and negative
inputs falls in the range +2.5 V, what is the corresponding

for the difference amplifier

cm

limitation on the range of the input common-mode signal v, ?
(This is known as the common-mode range of the differential
amplifier.) i

(c) The circuit is modified by connecting a 10-k2 resistor
between node A and ground, and another 10-k§2 resistor
between node B and ground. What will now be the values

of A,, A_,, and the input common-mode range?

chr?

100 kQ2
A 7

100 kO

U O—A N i
A U,

Up 0—A\N |w ine

100 kO

100 k€2

D #2.69 To obtain a high-gain, high-input-resistance differ-
ence amplifier, the circuit in Fig. P2.69 employs positive
feedback, in addition to the negative feedback provided by the
resistor R connected from the output to the negative input of
the op amp. Specifically, a voltage divider (R, R,) connected
across the output feeds a fraction 8 of the output, that is, a
voltage fu,, back to the positive-input terminal of the op
amp through a resistor R. Assume that R, and R, are much
smaller than R so that the current through R is much lower
than the current in the voltage divider, with the result that

B = R,;|(R; +R,). Show that the differential gain is given by

Y 1
A O
o

(Hint: Use superposition.)

Design the circuit to obtain a differential gain of 10 V/V and
differential input resistance of 2 M. Select values for R, R,
and R, such that (R, + R,) < R/100.

#2,70 Figure P2.70 shows a modified version of the differ-
ence amplifier. The modified circuit includes a resistor R,
which can be used to vary the gain. Show that the differential
voltage gain is given by

R, R,
NQ' i FE | -+ —
Upa R Rq

(Hinz: The virtual short circuit at the op-amp input causes the
current through the R, resistors to be v,,/2R, ).

R, R, R




