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Lesson 1 Analog and Digital Signal
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How is the sound recorded in the computer? And how is the sound in the
computer broadcasted? See Fig. 1 —1.

Fig. 1 -1 Sound

As everyone knows, vibrating of the substance causes the sound. We often
record the sound by computers, and hear the amplified sound from the radios,
computers and other electric devices. Then, how does the sound go into the electric
system? And how can the sound in the electric systems be transformed and be heard
again?

1. What is an analog quantity—a temperature line

An analog quantity is one having continuous values. A digital quantity is one
having a discrete set of values.

Most things that can be measured quantitatively occur in nature in analog form.
For example, the air temperature changes over a continuous range of values. During a
given day, the temperature does not go from, say, 70° to 71° instantaneously ; it takes
on all the infinite values in between. If you graphed the temperature on a typical
summer day, you would have a smooth, continuous curve similar to the curve in
Fig. 1 -2.

Other examples of analog quantities are time, pressure, distance, and sound, as
shown in Fig. 1 -3.

Several kinds of analog signals, as shown in Fig. 1 —4.
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Fig.1 -2 Graph of an analog quantity (temperature versus time)

Fig.1 -3 The sound wave of violin and piano
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Fig. 1 -4 Several kinds of analog signals

(a) Sine wave; (b) Modulated wave; (c) Damped oscillatory wave; (d) Exponential decay wave
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The concept of a digital computer cann be traced back to Charles Babbage,

who developed a crude mechanical computation device in the 1830s.

2. What is a digital quantity—still a temperature line

Rather than graphing the temperature on a continuous basis, suppose you just take
a temperature reading every hour. Now you have sampled values representing the
temperature at discrete points in time (every hour) over a 24-hour period, as indicated
in Fig. 1 —=5. You have effectively converted an analog quantity to a form that can
now be digitized by representing each sampled value by a digital code. It is important

to realize that Fig. 1 -5 itself is not the digital representation of the analog quantity.

100

95

90 []

Temperature
/°F 85 ®
80

75 ¢

70

1 23456 7 8 91011121 2 3 45 6 7 8 9 101112
AM. PM.

Time of day/o’clock

Fig. 1 -5 Sampled-value representation ( quantization) of the analog quantity in Fig. 1 -2

Each value represented by a dot can be digitized by representing it as a digital
code that consists of a series of 1 s and 0 s.

Digital representation has certain advantages over analog representation in
electronics applications. For one thing, digital data can be processed and transmitted
more efficiently and reliably than analog data. Also, digital data has a great advantage
when storage is necessary. For example, music when converted to digital form can be
stored more compactly and reproduced with greater accuracy and clarity than is
possible when it is in analog form. Noise (unwanted voltage fluctuations) does not
affect digital data nearly as much as it does analog signals.

Several kinds of digital signals, as shown in Fig. 1-6.
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Fig. 1 -6 Several kinds of digital signals

(a) Positive logic; (b) Negative logic; (c) 16 bit diagram;
(d) Nonperiodic digital signal; (e) Periodic digital signal

Two periodic digital signals, as shown in Fig. 1 -7.

3. An example of analog system—a speaker

A public address system, used to amplify sound so that it can be heard by a large
audience, is one simple example of an application of analog electronics. The basic
diagram in Fig. 1 — 8 illustrates that sound waves, which are analog in nature, are
picked up by a microphone and converted to a small analog voltage called the audio
signal. This voltage varies continuously as the volume and frequency of the sound
changes and is applied to the input of a linear amplifier. The output of the amplifier,
which is an increased reproduction of input voltage, goes to the speaker ( s). The
speaker changes the amplified audio signal back to sound waves that have a much
greater volume than the original sound waves picked up by the microphone.
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Fig. 1 -7 Two periodic digital signals
(a) Amplitude 5 V, =10 ns, T=50 ns, g=20% , f=PRR =20 MHz;
(b) Amplitude 5 V, tw =30 ns, T=60 ns, ¢ =50% , f=PRR =16.67 MHz

S, .
== Original sound waves

Microphone Reproduced
sound waves
Audio signal )>>>
Speaker

Amplified audio signal

Fig. 1 -8 A basic audio public address system

4. An example of analog and digital system—also a speaker

The basic block diagram in Fig. 1 -9 illustrates a system using digital and analog

methods.

The compact disk (CD) player is an example of a system in which both digital

and analog circuits are used. The simplified block diagram in Fig. 1 -9 illustrates the

basic principle. Music in digital form is stored on the compact disk. A laser diode
optical system picks up the digital data from the rotating disk and transfers it to the

digital-to-analog converter (DAC).
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Fig.1 -9 Basic block diagram of a CD player (Only one channel is shown)

The DAC changes the digital data into an analog signal that is an electrical
reproduction of the original music. This signal is amplified and sent to the speaker for
you to enjoy. When the music was originally recorded on the CD, a process,

essentially the reverse of the one described here, using an analog-to-digital converter
(ADC) was used.

1. What is an analog signal?

2. What is the character of a digital signal?

3. How is the sound signal saved in the digital circuit?

Lesson 2 Application of Ohm’s Law

circuit .3, 4%
series % F&

parallel J 3%

path i@ if

current ®, i
divides -, &7
point %, %
resistances #, [
splits %%, 27

branches &~ %, % (%3%)

arrow 7 sk

generator X &L, XA R
conductor (%) F4k
apparatus 43X 25

voltage drop % & &
terminal % &, X%
termed #& A ( =call)
no-load E#H (&£ i &)
apparent 2R, W RH)
internal P 3f
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How to monitor the brightness of a light in a circuit?

Which segment decides the brightness of the light in the circuit, as shown in
Fig. 2 —17 We can see the brightness adjustable light anywhere in the market or in our
home. Rotate the knob, the light will turn brilliant or turn dark. So when you rotate
the knob, what has changed in the circuit?

Fig.2 -1 How to monitor the brightness of a light in a circuit

]

All electrical circuits fall into one of three classes: series circuits, parallel
circuits, and series-parallel circuits.

A series circuit is one in which the current flows in a single continous path and is
of the same value at every point in circuit (Fig.2 -2).

In a parallel circuit there are two or more current paths between two points in the
circuit, as shown in Fig. 2 —3. Here the current divides at A, one part going through
R,, and the other part through R,, and combines at B to return to the battery.

8 ...
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Fig.2 -3 A parallel circuit

Knowledge .

. John Atanasoff was the first to apply electronic processing to digital
computing in 1939. In 1946, an electronic digital .computer called ENIAC was
implemented with vacuum-tube circuits. Even though it took up an entire room,
ENIAC didn’t have the computing power of your handheld calculator. i

Fig. 2 — 4 shows series-parallel circuits. There are two paths between points A
and B as in the parallel circuit, and in addition there are two resistances in series in
each branch of the parallel combination. The other example of series-parallel
arrangements appears in Fig.2 — 5. The way in which the current splits to flow
through the parallel branches is shown by the arrows.

Fig. 2 -4 Series-parallel circuits

In every circuit, each of the parts has some resistance: the batteries or generator,
the connecting conductors, and the apparatus itself, thus, if each part has some
resistance, no matter how little, and a current is flowing through it, there will be a
voltage drop across it. In other words, there will be a potential difference between the

+9
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two ends of the circuit element in question. The
drop in voltage is equal to the product of the current
and the resistance, hence it is called the IR drop.
The source of voltage has an internal resistance,
and when connected into a circuit so that current
flows, there will be an IR drop in the source just as in
every other part of the circuit. Thus, if the terminal
voltage of the source could be measured in a way that

would cause no current to flow, it would be found to

C

be more than the voltage measured when a current

Fig.2 -5 Series-parallel circuit

flows by the amount of the IR drop in the source. The
voltage measured with no current flowing is termed the no-load voltage. It is apparent that

a voltage source having a low internal resistance is more desirable.

1. What is a series circuit?
2. What is the characteristic of a parallel circuit?

3. How to calculate the current in these three kinds of circuits?

Lesson 3 The NAND Gate
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timing diagram B 5 B

boolean algebra 7 R X £k

truth table A4 &



