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This material may be protected by Copyright law (Title 17 U.S. Code)

CHAPTER

Overview of Basic Concepts in Electronics

i

Introduction As we described in Chapter 1, electrical engineering involves the transfer and use of elec-
trical power or information. The utilization of electronics is essential for both of these ap-
plications. In general, the field of electronics involves the use of devices and circuits which
specifically control the flow of electric current to achieve some purpose. All electronic
systems involve circuits, and therefore this section of the text builds heavily on the first.
Electronic circuits often contain resistors, capacitors, and inductors; however, they also
utilize “electronic devices” such as transistors or diodes. These latter nonlinear elements
are used to control or direct the current into desired paths in the circuit. Most modern
electronic devices are termed solid state, because the current flow is achieved through
solid materials called semiconductors.

This chapter will provide an overview of some of the concepts to be presented in the
following chapters and set the stage for a closer look, with some initial understanding of
the concepts already in hand.

1.2

Energy and Power  Power can be transferred from its point of generation to its point of use as either ac or dc,
or first one and then the other. Alternating current (ac) is almost universally used for dis-
tributing power to households throughout the world. There are a number of reasons for
this choice. However, the most important consideration is that transformers can only be
used with ac, and they allow the voltage and current to be stepped up or down as needed
with very little energy loss.

239
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240 Ch. 7/Overview of Basic Concepts in Electronics

An automobile typically utilizes a dc power distribution system at approximately 17
volts. The electrical power, however, is created at the alternator as ac and converted to de
by a process called rectification using electronic devices called diodes. Many electronic
circuits require dc to operate. Therefore, they receive their operating power from either
batterics, which universally produce de, or from ac (such as a wall socket), which hag
been rectified and thus converted to dc. The solar cell is being used more frequently as
power source, particularly in remote locations. When illuminated with a light of constant
intensity, such as the sun, it produces dc.

In Chapter 8 we will examine the diode and several electronic circuits using this de-
vice that provide electrical power conversion, that is, the changing of electrical energy
from one condition to another.

13 -

Signals and Pulses; A voltage or current which, in some manner, is varied over time in order to encode and

Analog and Digital transmit information is called a signal. Typically, signals are termed either analog if they
vary continuously with time, or digital if they switch between discrete levels. In a digital
signal there are typically two such levels, a “high” level and a “low” level, which are arbi-
trarily termed a “1” and a “0,” respectively. The information conveyed by the single pre-
sentation of a high or low is called a “bit.” In the analog signal in Fig. 7.1(a), the amplitude
of the signal represents the information at every point in time. For the digital signal in
Fig. 7.1(b), the information is conveyed by the presence or absence of a pulse.

A positive pulse is a single rectangular-shaped waveform representing a change of
voltage or current which goes from a low level to a high level and returns. The waveform
for both a positive and a negative pulse is shown in Fig. 7.2. A rectangular pulse always
has two edges—one positive going and the other negative going. The digital signal of Fig.

Varies continuously and

/ can assume any level
.,

Analog signal
(a)

High level, 1"

/
|_-|L0w level, “0"|—_
J f

Digital signal
(b}
Figure 7.1 Analog and digital signals.
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7.3/Signals and Pulses; Analog and Digital 241

Posmve going edge

| I r— Negative going edge

Fositive pulse
(a}

Neg:mve going edge
Posmve going edge

A
‘ Megative pulse

(b)
Figure 7.2 Positive and negative pulses.

7.1(b) conveys information as a result of the signal being high or low at sequential points
in time. Such a digital signal is termed serial because on a single conductor, the pulses
must all follow one after the other in time. This approach is viable; however, it is also
time consuming.

In order to increase the rate of data transmission, many digital systems convey infor-
mation by simultaneously presenting 1s or Os on a number of parallel conductors. Such
an arrangement is termed a parallel digital data bus, and the input or output (I/O) of such
a bus is termed a parallel input or output port.

By operating at the same pulse transmission speed, an 8-bit parallel data bus can
deliver information 8 times faster than a single conductor in a serial mode. Most modern
personal computers have a serial port and a parallel port for connecting the computer to
different types of peripheral equipment.

Since digital systems operate using ls and Os, the data in these signals is encoded in
the binary number system. Therefore, prior to a detailed study of digital systems, a review
of the binary system and basic logic will be presented in Chapter 11.

Each electronic circuit can generally be categorized as either analog (linear as it’s

Table 7.1 Analog parameters measurable by electronic sensors

Pressure Temperature
Light Intensity Magnetic Fields
Electric Fields Proximity

Position

Seismic Vibrations
Acceleration/Vibration
Rotation

Gas Concentrations
Acidity (pH)
Biopotentials

Gas Composition
Tactile/Touch

Acoustic Waves
Humidity/Dew Point
Force

Radiation

Gas Flow

Imaging (visible/IR)
Ton Concentrations
Torque
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242 Ch. 7/Overview of Basic Concepts in Electronics

Signal Modified
/ signal
E .
Sensor l:;:t:'::lc /
\r or & —|  Output
b processor
( transducer

or syslem

Stimulus
e.g., Temperature

Pressure

Light intensity, etc. (See Table 7.1)

Figure 7.3 A typical electronic measurement system.

sometimes called) or digital. Until the 1960s, virtually all electronic circuitry was analog,
Analog signals are very common today in certain applications. For example, in a stereo,
an audio signal, which is actually a time-varying current, moves the cone of a speaker
back and forth, reproducing the appropriate sound. Almost all of observable nature is ana-
log, with continuously varying parameters such as temperature, pressure, light intensity,
etc. Therefore, many systems receive as their input an analog signal representing an ana-
log parameter. The electronic signal generally originates from a sensor or transducer which
provides an analog signal proportional to the parameter it's designed to measure. Table
7.1 provides a partial list of analog parameters that various types of electronic sensors can
measure. Many of the outputs from electronic systems are also analog, such as audio and
video images. Therefore, many electronic systems contain: (1) one or more sensors which
convert a measurement parameter to an electronic signal, (2) a signal processor which
may use analog or digital electronics to modify the signal, and (3) an output device as
illustrated in Fig. 7.3.

In the last several decades there has been an increasing trend toward digital systems,
primarily as a result of the advances in digital electronic circuitry, for example the micro-
processor, which is a computer on a single silicon chip (see Chapter 12). Digital circuitry
has become increasingly less expensive and more powerful. Digital circuitry now domi-
nates most electronic systems, in particular those which perform calculations. However,
analog circuits remain essential in certain applications, especially those which interface
electronics with the real world.

1.4

Amplifiers and An analog signal can be a complex waveform such as that shown in Fig. 7.4(a), or it can
Analog Systems be repetitive or periodic, like the sinusoidal signal shown in Fig. 7.4(b). The sinusoidal
signal response is fundamental to understanding the performance of many electronic cir-
cuits and systems, First, as shown in Chapter 4, a complex waveform can be shown to be
composed of the sum of a number of sinusoidal signals using Fourier analysis techniques.
In addition, the waveform normally produced by an ac generator is sinusoidal.
Recall that a voltage that varies sinusoidally with time can be represented by the
function

v(f) = A sin(wt + ¢) (7.1
In such a sinusoidally varying signal there are three parameters that can be varied: the

amplitude A, the angular frequency o, and the phase angle ¢. The value of each of these
parameters determines certain characteristics of the sinusoidal signal.
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7.4/Amplifiers and Analog Systems 243

i Pt

(a) Complex signal

vor{

iTANWAS
I-"\J

(b} Sinusoidal signal
Figure 7.4 Complex and sinusoidal signals.

Recall the angular frequency, w, in radians per second, is related to f, the frequency
in hertz by the relation

w=2mf (7.2)

The standard frequency for the transmission of electric power in the United States and
Canada is 60 hertz. The audio frequency range, or the range of frequencies the human ear
cah detect, is from approximately 30 hertz to 15,000 hertz, which is the frequency range
of the electronic signal observed from the output of a high-quality microphone. The en-
tire frequency spectrum was presented in Fig. 1.2.

The amplitude of a signal is an extremely important parameter and can vary over many
orders of magnitude. The voltage received on the antenna of a television set may be in
the order of microvolts (10~¢ volts), whereas the voltage applied to the picture tube in
the same set may be 20,000 volts (2 X 10* volts). This represents a voltage range of some
ten orders of magnitude.

In many applications, an exact replica of a particular signal is needed, but with a larger
amplitude. Consider the following example,

EXAMPLE 7.1.
Assume the voltage signal from an electric guitar is 20 millivolts in amplitude, and must
be amplified in order to provide 100 watts of power to an 8-ohm speaker. Let us deter-
mine the required rms sinusoidal voltage across the speaker.

For this case, the voltage and power are related by the expression

VZ
p = s
R
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244 Ch. 7/Overview of Basic Concepts in Electronics

and therefore
Vims =V PR="V (100)(3) = 28 volts

Assuming this signal is sinusoidal, the amplitude is
Vin = V2 Vys = (141)(28) = 40 volts

Since the guitar’s output amplitude is 20 millivolts, the voltage must be increased by g
factor of

40

0% 103 200 n

An amplifier, shown symbolically in Fig. 7.5, is an electronic circuit which is used to
increase the amplitude of a signal. The magnitude of the amplifier's voltage gain, A, is
defined as the ratio of the amplitude of the output voltage, v, to the amplitude of the input
voltage, v; or
A= ol (7.3)

vl
In the example just described, the voltage gain, A,, of the required amplifier is 2000.

Thus far we have discussed only the magnitude of the gain; however, there is also
a phase relation between the input and output signal. Thus, the voltage gain is more
accurately represented as a complex quantity.

The complex voltage gain, A,, is the ratio of the phasor transform of the output volt-
age to that of the input voltage, assuming the signals are sinusoidal,

_Y
A, v, (7.4)

Most electronic circuits are designed to operate in what is called the midband fre-
quency region, and in this range the phase shift of amplifiers is either zero or 180°, that
is, noninverting or inverting. For this reason, in the basic analysis of electronic amplifiers
we most often speak only of the magnitude of the voltage gain and include a plus sign if
the amplifier is noninverting and a minus sign if it is inverting. In Chapter 17 the effects
of various RC networks that provide additional phase shifts will be considered.

There are also current amplifiers, which produce an output current that is larger than
its input current by a constant factor called the current gain.

An amplifier requires dc power in order to operate. The supply voltage to the ampli-
fier must be at least slightly larger than the maximum voltage swing possible at the out-
put of the amplifier. For example, the amplifier just described in Example 7.1 delivers a
peak voltage to the speaker of 40 volts. Therefore, the amplifier would require a dc volt-

o—] —
t Amplifier b
i A, = vollage U,

gain

o—

vl

Figure 7.5 A voltage amplifier.
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age source of more than 40 volts for proper operation. These concepts will become clear
as amplifiers are described in more detail in Chapter 15.

EXAMPLE 7.2

A current of 3 X 107> amperes, dc, is derived from a solar cell illuminated by the sun.
Let us determine the current gain required in order to activate a small electric motor re-
quiring 5 X 1072 amperes. The current gain, A;, needed is

5.00 X 1072
= el 2 — 1670 n
Y 3.00% 1078

DRILL EXERCISE
i D7.1. Determine the voltage gain required in Example 7.1 if a 4 ) speaker is used.

Ans: 1410.

Another important characteristic of an amplifier is its frequency response, that is, the
way in which the gain varies as the frequency of a sinusoidal input signal is changed. No
real amplifier can amplify an input signal over an infinite range of frequencies. At some
high frequency the amplifier will no longer be able to produce the same amplitude of out-
put signal as it could at a lower frequency, and hence the gain is said to “roll off”” Many
amplifiers also roll off as frequency is decreased below some particular low-frequency
value. The high frequency at which the gain is reduced by a factor of 0.707 from the mid-
band value is termed the upper or high-corner frequency, fu;, and the low-frequency at
which the gain has dropped by a factor of 0.707 is termed the low-corner frequency, fio.
These corner frequencies are also called half-power frequencies as outlined in Chapter 6.

The difference in frequency between the high-corner frequency and the low-corner fre-
quency is called the bandwidth, BW. Some amplifiers do not have a lower corner fre-
quency, and will amplify signals all the way down to dc or zero frequency. These ampli-
fiers are called dc amplifiers. A plot of such an amplifier’s frequency response is shown
in Fig. 7.6. In most plots of frequency response, the frequency, f, and the magnitude
of the gain are plotted on logarithmic scales. Figure 7.7 shows a similar plot for an ac
amplifier. These concepts will be described in more detail in Chapter 17.

1A, 1Al
Gain Gain
Ayt Ay —— -
(TONA,, p === (70N A, P amre = o
|
|
| rLO— Band widlh ——
M I
Log frequency L L Log frequenc
Upper or high Lower Upper (or high) & freanency
comer comer comer
frequency, fiy frequency, f; o frequency, fiy
Figure 7.6 Frequency response of dc amplifier. Figure 7.7 Frequency response of ac amplifier.
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EXAMPLE 7.3
The mid-band gain of a voltage amplifier is 20. If the gain drops to 14.1 at a high fre-
quency of 11 MHz, and the amplifier has a bandwidth of 3 MHz, let us determine the
low-frequency half-power point.

Since the voltage gain drops to 0.707 of its mid-band value at 11 MHz, this frequency
is the high-frequency half-power point. The bandwidth is the difference between the high-
and the low-corner frequencies, and therefore, the low-frequency half-power point is

11 MHz — 3 MHz = 8 MHz =]

DRILL EXERCISE N .
D7.2. An ac amplifier has a lower corner frequency of 0.5 MHz and a bandwidth of
1.0 MHz. (a) Determine the amplifier’s upper corner frequency. (b) Determine the up-
per corner frequency of a dc amplifier with the same bandwidth.

Ans: (a) 1.5 MHz (b) 1.0 MHz.

1.5

Modulation Modulation is the process used to encode, or “attach and carry,” information on an analog
and Demodulation; signal. Demodulation is the reverse process in which the information is extracted from an
Encoding analog signal. The various processes by which this is accomplished are fundamental topics
and Decoding in communications, which are discussed in Part VI of this text.

Recall that there are three basic ways of carrying information via a sinusoidal signal:
by varying the amplitude, the frequency, or the phase. Assume, for example, the information
we wish to send is represented by the “voltage ramp” shown in Fig. 7.8(a); this is called
the baseband signal.

The sinusoidal wave, called the carrier wave, which is amplitude modulated with this
information, would appear as shown in Fig. 7.8(b). Note that the amplitude of the sinusoidal
signal varies in relation to the information desired to be transmitted. Amplitude modulation
(AM) is commonly used for transmission of radio signals. For example, in the United States
the Federal Communications Commission has established a range of frequencies for the
commercial broadcast of AM signals. The AM band is available on most home and auto-
mobile radios.

Frequency Modulation, used, for example, on the commercial FM radio band, employs
changes in frequency to represent the desired information. The same wave transmitted by
FM would appear as shown in Fig. 7.8(c). Note that the frequency of the sinusoidal signal
changes in proportion to the information to be transmitted.

Phase modulation is similar to frequency modulation; however, rather than varying
the frequency, the phase of the sinusoidal signal is varied relative to some fixed reference.

When television was first developed and introduced in the United States, it utilized
black and white transmission. It was decided carly that the picture would be transmitted
via AM and the sound via FM. Therefore, if you have an FM radio receiver with a little
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1Al
4

Figure 7.8(a) Baseband signal.

1Al

Figure 7.8(b) AM modulated signal.

141

Figure 7.8(c) FM modulated signal.

extra range, you can receive the audio for television channel 6 at the very bottom of the
FM dial. Later when color television was developed, one requirement imposed by the
government was that the color transmission be compatible with the old black and white
sets. An ingenious system was devised whereby the color information was added using
phase modulation, and did not affect black and white reception on the older sets.

The telephone was designed as an instrument to transmit analog signals, primarily the
tones of the human voice. With the advent of the computer, a need developed to transmit
digital signals via phone lines. To accomplish this, a modulation system was designed
that translated the digital information into analog tones which could be sent over the phone
lines and reconstructed at the other end. Such a system is called a MODEM, an abbrevi-
ation for “modulator-demodulator.”

The process of modifying information so that it is suitable for transmission by a digital
signal and constructing the digital signal to represent the information is called simply
encoding. The opposite process, in which the encoded information is extracted from a
digital signal, is termed decoding. Examples of modulation/demodulation and encoding/
decoding will be presented in later chapters.
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1.6

Digital Systems, Almost all digital systems utilize circuits with binary logic. In binary digital logic, data
Information, is represented by a voltage (or occasionally a current) switching between one of two
and Gates possible levels, a low level called a logic 0, and a high level called a logic 1. This process

is termed “asserted positive logic.” The system could be implemented using the opposite
convention where the high level is considered a logic 0 and the low level a logic 1, and
such a system is said to use “asserted negative logic.” Positive logic is by far the most
common.

The single unit of digital information, the bif, is represented by the transmission of
a 1 or a 0. The bit has been found to be a very useful means of quantizing information,
Information theory, a subspecialty within the field of communications, has developed
expressions for calculating the number of equivalent bits of information contained in
various signals.

Each bit conveys to us whether the information or value is in the top half or lower
half of its possible range. For example, if we consider a signal, v, which we know has
values in the range 0 < v < 2, one bit of information would tell us the following: if the
voltage is in the range 0 < v < 1, then the bit status could be 0, and if the voltage is in
the range 1 < v < 2, the bit status would be 1.

This is very coarse information about this signal, v. We originally knew its value was
between zero and two, and now we have started to “pin it down” by breaking the total
range into two zones. We use this first bit, the most significant bit (MSB), to tell us whether
we are in the upper 50% or lower 50% of the entire range.

We can add a second bit to tell us whether we are in the top half or lower half of the
smaller range just selected by the previous bit. We are now capable of quantifying the
signal to within four possible “zones” using the following correspondence:

Range Bit status
MSB LSB
0.0<v<05 0 0
05<v<10 0 1
1L.0<v<15 1 0
1.5<v<<2.0 1 1

Where MSB = most significant bit and LSB = least significant bit.

We could now add a third bit which would give us a resolution of eight possible ranges,
or zones. Note that in the binary system, the number of zones of resolution, Z, is related
to the number of bits, n, by the expression

Z=2" (1.5)

The series of bits that represent a particular analog level is termed a digital word. If
this series of bits is presented at the same time via parallel conductors, that is, a parallel
bus, we receive a parallel word; if they appear one after the other via a single conductor,
that is, a serial data bus, then we receive a serial word. Eight-bit word segments arc
normally referred to as a byte.

Nintendo Exhibit 1007
Page 0020



7.6/Digital Systems, Information, and Gates 249

EXAMPLE 7.4
Let us determine the voltage resolution that can be achieved if a signal with a maximum
value of 12 volts and minimum value of 0 volts is represented by 10 bits.

The number of zones defined by 10 bits is:

Z=72"=2'"=1024 zones
12.0

jon = —— =0, al
Resolution 1004 0.0117 volts/zone

DRILL EXERCISES
D7.3. A 4-bit parallel data bus can transmit 8 bits of information in 40 microseconds.
If the same technology were used to transmit data serially over a single conductor, how
many bits could be transmitted in the same 40 microseconds?

Ans: 2 bits.

D7.4. A signal that can have values between —10 to +10 volts is represented by a
12-bit digital word; what is the voltage resolution obtainable with this system?

Ans: 4.9 mV.

A/D and D/A Converters
Electronic circuits, which are designed to automatically convert an analog voltage into a
digital or binary representation of that voltage, are called Analog to Digital Converters,
or A/D Converters. Circuits that convert a digital word into an analog voltage level are
called Digital to Analog Converters, or D/A converters. Both converters are shown sym-
bolically in Fig. 7.9. A timing signal is used to specify the point in time at which a sample
is taken.

An 8-bit A/D converter, for example, converts a continuously variable voltage within
a specified range at its input, into an 8-bit digital word at its output which represents the

Digital
oulpul

1

Analog —— D,
tpult AD -——— D,
converter — 0,

DZ\

T

Timing signal

Digital

Input
Dn —— Analog

output

D, ——— DIA I
D, ——— converter
Di

I

Timing signal

Figure 7.9 A/D and D/A converters.
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quantized value of the input voltage at a specific point in time. Therefore, we are told
which of 256 zones the input voltage is contained within (28 = 256) at the time of the
sample. A/D and D/A converters are available from many manufacturers integrated on g
single IC chip.

Logic Gates
Information represented as 1s and Os in a digital system is processed primarily by elements
called logic gates.

A practical logic gate is an electronic circuit which has a digital output that can assume
voltage levels which correspond to a 1 or a 0 state, and one or more digital inputs, which
determine the state of the output.

Three simple logic gates will be described here: the inverter, the AND-gate, and the
OR-gate. Later, in Chapters 10 through 12, further details of these and more complex
logical functions will be described.

The simplest logic gate is the inverter. The inverter has only one input and one output,
and its output is always the opposite or complement of its input. Truth tables are often
used in order to describe logic gate operation. A truth table is chart showing the logical
state of the output for every possible input combination. The truth table for the inverter
is relatively simple since it has only one input. If A is the input and B is the output, then
the truth table is

A B
(input) (output)

0 1

1 0

There are sets of standard symbols for the basic logic gates. The symbol for the
inverter is shown in Fig. 7.10(a).

Inpats | Output
A B

A B Fa
0 1
| 0

Figure 7.10(a) Inverter or NOT-gate.

Inputs Output
R

,1!0———J : A1

Figure 7.10(b) AND-gate.

—_o =0 |=

Inpuis Output
B Ay Ay I
B 0
A, [') !
1

Figure 7.10(c) OR-gate.
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Inputs Output
Ay Ay Ay B
000 i
e 001 1
A, O ] B 010 1
A, o——— 011 1
100 1
101 1
110 1
111 0
Inputs Output
Ay AsAy B
000 1
A 00 0
A, B 010 0
_4: 011 0
100 0
101 0
110 0
11 0

Figure 711 NAND and NOR logic gates.

The AND-gate has a single output and can have any number of inputs greater than 1.
The output of this gate is high only when all the inputs are high, and for any other com-
bination of inputs, the output is low. The logic symbol and truth table for a two-input AND-
gate are shown in Fig. 7.10(b).

The OR-gate has a single output and can have any number of inputs greater than 1.
This gate produces a high level at its output if any of its inputs are high, and the output
is low only if none of the inputs are high. The truth table and logic symbol for a two-input
OR-gate are shown in Fig. 7.10(c).

In order to implement certain logic functions, it often becomes necessary to use an
AND-gate followed by an inverter. This combination produces an output which is the
exact complement of the AND-gate, and the combination is defined as a NAND-gate.
Similarly, a gate which produces an output which is the complement of the OR-gate is
called the NOR-gate. The logic symbols and truth tables for three input NAND and NOR
gates are given in Fig. 7.11. Many electronic circuits utilized for implementing logic
inherently invert the signal while performing the logic function, and therefore NAND/NOR
logic is quite common in practical electronic systems.

1.

Summary Electronic circuits contain linear and nonlinear elements.

Electric power can be transmitted by ac or dc.

Rectification is the process of converting ac to dc.

A signal is a voltage or current which in some manner is varied over time in order to

encode and transmit information.

® Signals are either analog if they vary continuously or digital if they switch between
discrete levels.

* Digital signals typically have 2 levels, a high called a 1, and a low called a 0. The
single presentation of a 1 or 0 is called a bit.

® An amplifier produces an output which is a factor of A larger than its input where A is
called the gain.
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252 Ch. 7/Overview of Basic Concepts in Electronics

» Modulation is the process of attaching information to an analog signal; demodulation
is the reverse process of extracting information from an analog signal.
e An analog range can be quantized into Z zones where n is the number of bits by the

expression Z = 2,

e An A/D converter samples an analog signal and creates a digital output. A D/A con-
verter performs the opposite task of converting a digital word into an analog level.

e Practical logic gates are electronic circuits which have a digital output and one or more
digital inputs; the logic state of the output is unequally determined by the logic values

of the inputs.

PROBLEMS

7.1. For each of the following, decide if it is most analo-
gous to digital information or analog information.

(a) the result of a coin toss

(b) the sound of a slide trombone

(c) the beat of a drum

(d) a human voice

(e) the ticking of a clock

(f) the sound of a siren

(g) the motion of a cat

(h) the motion of a frog

7.2. Construct digital voltage signals by drawing the pulse
waveforms based on the following descriptions: high
level = 5 V; low level = 0.3 V.

(a) low at r = 0, positive going edge at t =1, negative
going edge at t = 1.5, positive going edge at f = 2, nega-
tive going edge at t = 3.

(b) low at ¢ = 0, positive going edge at t = .5, negative
going edge at 7 = 1.5, positive going edge atf = 1.75, neg-
ative going edge at 1 = 2.

(c) low at ¢ = 0, followed by 5 seconds of alternating pos-
itive and negative going edges equally spaced by 1 sec-
ond.

7.3. Construct serial digital signals representing the fol-
lowing sequences of bits using pulses of width 0.5 seconds.
(@) 0010100011101
() 1011001011001

7.4. An 8-bit parallel data line is used to transmit 16 bits
of information in 10 ps. If the same technology were used
to transmit data serially over a conductor, how many bits
could be transmitted in 80 us?

7.5. Assume a computer’s output port sends out data
serially to a printer, and that each character can be repre-
sented by an 8-bit word. If a single printed line contains

72 characters, how many lines can be sent out by the
computer in 1 minute? The data transmission rate is 9600
bits/second.

7.6. The Central Processing Unit (CPU) of a micro-
processor operates at a clock frequency of 12 MHz. As-
suming that it takes 4 clock cycles to perform one mem-
ory fetch operation, how many 8-bit words can be fetched
from memory in 1 ms if:

(a) the bits are fetched serially (1 bit per fetch operation)?
(b) the bits are fetched in parallel (8 bits per fetch operation)?

7.7. A temperature-sensitive resistor is an element often
used to measure temperature in electronic systems. As-
sume that the resistance of such an element is given by
R(T) = Ro[1 + o(T — Tp)] where T is temperature, Ry is
the resistance value at a temperature of Ty (°C), and a is
a constant called the temperature coefficient. If @ = 0.01,
Ro = 1 k), what constant dc current must be established
in this element so that the voltage change across it will be
0.05 V when the temperature change is 10 degrees?

7.8. A thermistor is a resistor with a strong negative temper-
ature coefficient (see equation in problem 7.7). Assume such
a device shows a decrease in resistance of 7% per degree
increase in temperature. If the room temperature current
is 2 mA when connected across a 3 V source, what is the
expected current when the temperature is lowered 5 de-
grees?

7.9. A solar cell is placed outdoors and has an output of
7 mA at peak sun intensity (noon), and 0.1 mA when ex-
posed to moonlight. Plot the approximate current output
expected versus time over a 24-hour period, assuming
(a) a cat does not stand over the cell.

(b) a cat stands over the cell for 1 hour beginning at noor:
(Assume an opaque cat.)
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7.10. The amplitude of the signal received by the antenna
of an AM-radio receiver is 5 uV. The signal is then am-
plified to supply 3 V to a speaker. What is the voltage gain

of this system?

7.11. The input and the output signals of four different
amplifiers are given below. Obtain the voltage gain and the
hase shift for each of the amplifiers.
(a) vin(t) = 3 cos(@t)  vou(t) = 27 cos(wt)
(b) vin(t) = 5 sin(108)  vou() = 15 cos(10)
(©) vin() = 4 sin(wt)  vou(t) = 20 sin(wt + m/2)
(d) V;’n(‘]' =7 20 Voull) = J3 &2t

7.12. An electronic thermometer generates a voltage sig-
nal of 6 mV for every 1°C rise in temperature. This signal
is used to activate a switch which requires an input signal
of 5 V to operate. What is the voltage gain of the amplifier
which will allow one to operate the switch at the boiling
point of water (100°C) if the thermometer generates 0 V
at 0°C?

7.13. Calculate the upper and lower corner frequencies and
the bandwidth of the amplifier whose frequency response
is given in Fig. P7.13.

14,
(log scale)
10 S -
/ \
e e \
2 A
0.1 L L ! f(Hz)
10 100 1000 10,000
Figure P7.13

7.14. An audio amplifier is designed for signals in the
frequency range of 102 Hz to 10* Hz. The amplifier has
an input of 30 mV and its outpu* s to provide 10 W to an
8 {) speaker. Plot the frequency response of this amplifier
Showing the mid-band gain, the two corner frequencies,
and the bandwidth.

Problems 253

7.15. The signal in Fig. P7.15(a) modulates the high-
frequency sinusoidal carrier signal shown in Fig. P7.15(b).
Sketch the resulting waveform for (a) amplitude modulation
and (b) frequency modulation. (Note different time scales
on the figures.)

0 113 T
{a)

(b)
Figure P7.15

7.16. Find the minimum number of bits necessary to
represent a 4 V analog signal with a resolution greater than
1 mV.,

7.17. An analog signal having values from —4 Vto 6 V
is represented using 8 bits. (a) Calculate the voltage reso-
lution obtained. (b) How many additional bits are required
to double the voltage resolution?

7.18. An analog signal which has a maximum value of
5 V is represented digitally using a 7-bit word. Due to a
fault in the digital circuit, the middle bit is incorrect. Find
the magnitude of the error in the analog representation of
the signal.

7.19. Obtain the digital words corresponding to the indicated
analog signal levels, a through j, as shown in Fig. P7.19,
that would be assigned by an A/D system with:

(a) 2 bits

(b) 3 bits
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v 7.21. An Exclusive OR gate (XOR) is a logic gate with
15 - an output which is high only when all its inputs are at the
ol | same logic value. Construct the truth table for a 2-inpy
13 : put
12+ > | : XOR gate.
1
ok - 7.22. Construct the truth table for the logic circuit shown
: B ] I in Fig. P7.22. (Assume A is the MSB.)
B I I I | ’
T | [
6 | Cor (MSB)A, 0—
S+ (. o I 3——33
4+ [ | | |
LR = i Lo [ A,
Py Y [ [
] Y T T A T B B
b al Figure P7.22
Figure P7.19 7.23. Construct the truth table for the logic circuit shown

in Fig. P7.23. (Assume A, is the MSB.)

7.20. : An analog slgmfll with a maximum a_mphtude of 1 MSBYA,
volt is sampled 15 times at one-second intervals. The

samples are converted to 4-bit digital words as shown pra—
below. Reconstruct the analog signal as accurately as pos- B
sible from this list and comment on the accuracy of your A, 0

result. Identify two ways of obtaining a better digital rep-

resentation of the analog signal. Ripurs]F7.23

Sample time(s) 4-bit digital word
1 0000
2 0010
3 0011
4 0001
5 0100
6 0101
7 0110
8 1010
9 1101

10 1111
11 1000
12 0110
13 0111
14 1011
15 1111
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