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Lesson 7(-)ne Digital Logic

Digital logic systems ' are used to process information,
and to control plant and machinery in the ‘real world’. *
The use of digital systems and, in particilar. computers.
has become increasingly widespread over the past few' dec-
ades, and the rate of expansmn shows no signs of slowing
down. This has occurred for two sxmple reasons. Firstly, in-
formation can be easily represented_and manipulated in
binary form, and is easily stored dnd  mdnipulated ° hsing
very simple electronic circuits, usually known as gates.
Secondly, the ability to fabricate integrated circuits onto
silicon chips, has meant that the cost of a digital logic system
has continued to fall in real terms. The obvious example of
such a logic systems is the small computer, or micfocomput-
er as it is frequently known. '

At the highest, or most absrtact level a digital togic sys-
tem may be regarded as a black box. This Box hasa number
of inputs and a number of outputs. Each i}lput and each
output may take only one of two values: These values are re-
ferred to as TRUE and FALSE. Wheh a logic systém is im-
plemented with an electronic circuit, voltages are used to
represent these values. Usually a low voltage close
to 0 volts, is used to represent FALSE; and a high voltage,
usually in the region 5—15 volts, is‘ised to represent TRUE.

As with all sciences, the specification anddesign of
digital logic systems requires a set of basic propositions and

1



rules, i.e. a mathematics. The mathematics we use for digital
design is called Boolean algebra, or switching theory, and is
based on Boole's work on the algebra of propositions pub-
lished in 1854. Boolean algbera is also - known as
propositional calculus, and the form “in which it is used was
developed by Shannonin 1938.

w N

IR RPN VR

12.
13.
14.

Words and Phrases

digital / “did3itl / a. $(FH

logic / bdzik / n. E8. EBE
process / ‘prouses. ‘proses / n. iFf vt. WL, &
H

machinery / fhs’ji: nori / n. [EFRWLER. PLAK

computer / kam’pju: ta / n. IHHL, @ FHEH

increase / in'kri:s / vi. vt. n. 0. WL P K
decade / 'dekeid / n. +, +A4HEH—4A. +4F
expansion / iks'penfon / n. I MIF.THK
occur / 3'ks: / (occurred; occurring) vi. &£ .

BHEFE -

. represent / reprizent / vt. 1% #ik, L%
. manipulate / ma'nipjuleit / vt. A% HLE . 8 4E.

i .

binary / ‘bainori / a. . W, &, “HHM

fabricate / ‘fabrikeit / vt. #{E. % H. 414
integrate / intigreit / vt. {454 integrated cir-

Ccuit, EHRHE

15.

silicon / ’siliken / n. # siliconchip &R
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34,
35.
36.

. microcomputer / ‘maikroukem’pju: ta / n. T

Bl

. frequent / “fri: kwont / a. 8 ﬁf{ B OEN ly

ad.

. abstract / ‘ebstrekt / a. MR
. voltage / ‘voultidz / n. EJE . {REFEK
. tegion / ‘ti;dzon / n. HB (X, HIH (ﬂ- m\bﬁk LA

FE
| T

. specification / ;spesifi’ kexfan /o U R

Hiks il B
require / ri'kwaia / vt. T, BK

-proposition / propa’zifon / n. B

. Boolean /’bu:lin/ n. (AN&) /R

. algebra / ‘@ldzibro / n. Y%

. switching theory JFXEi

.-calculus / ‘kelkjulas / n. 8. HH

. Shannon /’fenan /n. (A&)&EK

. beused to (+v): AT UH--)

. in particular: 5, JLH

. widespread over: &, ITIZRIT, H &
. beregarded as: MFE. kKN '

anumber of: £, — ()5 A IR T B & i A

8 A)
be referred to'as:  BWHAES ,
be implemented with: - $4T, fy - - e

‘be based ont - BL-+ros KEERE, Bh - - KR
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TEE D 53 v R AU 209 A el SR T vk
used to do sth: i 208 B
be used to (4n): M5 - -
This instrument is useq ic measure the depth of the
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SRS B FH R T B 7 E ad iR,
Formerly people used to burn kerosene to get light.
SUPAVN (BE - =08 O STIE F LN
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A few people know it. F JLN ANRHIE X — .
AR, few decades, A fEEE o <% SR L H4E;
slowing down: J& 30 & 1815115, EAT ijofi 1E,

3. M, using very simple eiectronic circuitsf: BL7ES
FRLE AERIE, R KA.
usually known as gates ' , usually® 8 id , # i
~ known as gates, il known as gates J2 i} 224318 5 i&
MEE 1B, 54 electronic circuits, & B2 “HHRE R,
- 15 called as HHARIME .

4. JAH; in which it is used & “/MaA+3E R RIAATE
FHIEIE AR, TR F A4S R G which, £
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Lesson Tweo Basic Logic Gates (part one)

Digital logic circuits are divided into two distinct types,
namely combinatorial logic circuits and sequential logic cir-
cuits. However, most real logic systems, such as computers,
are a mixture of both combinatorial and sequentlal logic cir-
cuits. A combinatorial circuits is one in which the values of
the outputs _depend only on the present‘val_ues of the input.
Combinatorial circuifs have no inemory, so the outputs can
‘not depend on the order in which the values of the inputs are
changed or on any previous values of those inputs. A
sequentxa] circuit, on the other hand, is one in which the
outputs depend not only on the present values of the inputs,
but also on the past values of those mputs L. e. on the history
of the circuit. Cledrly a sequenual circuit requlres 4 memory
to store the necessary hlstory of the circuit. But here,- only
the combmatonal circuits are dlscussed , N

Flgule 2 la shows the smplest p0551b1e combmatonal
logic 01rcuut a smgle }nput labelled A and a single. output la-
belled z The circuit of Fig. 2.1a is known as a buffer. The
output Z always has the same logic level as the input, so the
Boolean equation " defi ining its behaviour is Z= A and is
read as Z cquals A.

Figure 2.1b is an inverter or NOT gate. The value of the
output is always the inverse, “or complement, of the input.
The logic equation is Z= A and is read as Z equals NOT A.
The line, or bar, over the A implies NOT, in this case NOT

7



A. The logic symbol of the NOT gate is really composed of
two parts, a triangle and a circle, or bubble as it is usually
called. * The triangle means that the element is a buffer and
the bubble means that this buffer is actuaily au inverting buf-
fer so that the element performs the N(_)T function. ' Note
for the present that the bubble may be drawn either on the
input to , or the output from, the buffer. The simplicity of
the NOT gate hides its importance: “without the NOT gate,
the design of many useful dlgltal logic systems wou]d not be
possxble '

“ Slightly more complicated are the combmatorlal cir-
cuits shown in Fxg 2.2, each of which has two inputs, label-
led A and B, and one output, labelled Z. " Since each of the
inputs” ‘A and B can take ' one of only two posslble values, 0
or 1, there aré’4 possible mput combmatxons There are five
fundamental elements, namely AND, OR, NAND NOR
and EOR. Figure 2.2 shows the accepted logic symbols of
these five bas1c elements, or gates ¥ as they are frequently
known. Each circuit is deﬁned by a Boolean loglc equatlon
and by a truth table; both deﬁnmons are shown in Fig.2. 2.
These g_dtes will be considered in more detail in next part.
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