Unit1 Fundamentals of Electronic Circuits

1.1 Introduction to Circuit Theory

(1) Nodes, Branches and Loops

Since the elements of an electric circuit can be interconnected in several ways, we need to
understand some basic concepts of network topology. To differentiate between a circuit and a
network, we may regard a network as an interconnection of elements or devices, whereas a
circuit is a network providing one or more closed paths./‘D In network topology, we study the
properties relating to the placement of elements in the network and the geometric configuration of the
network. Such elements include branches, nodes, and loops.

A branch represents a single element such as a voltage source or a resistor. In other words, a
branch represents any two-terminal element. The circuit in Fig.1.1 has five branches, namely, the 10V
voltage source, the 2A current source, and the three resistors.

A node is the point of connection between two or more branches.

A node is usually indicated by a dot in a circuit. If a short circuit (a connecting wire) connects
two nodes, the two nodes constitute a single node. ® The circuit in Fig.1.1 has three nodes a, b, and
c. Notice that the three points that form node » are connected by perfectly conducting wires and
therefore constitute a single point. The same is true of the four points forming node c. We
demonstrate that the circuit in Fig.1.1 has only three nodes by redrawing the circuit in Fig.1.2. The
two circuits in Fig.1.1 and Fig.1.2 are identical. However, for the sake of clarity, nodes b and ¢ are
spread out with perfect conductors as in Fig.1.2.
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Fig.1.1 A circuit Fig.1.2 The circuit redrawed

A loop is any closed path in a circuit. A loop is a closed path formed by starting at a node,
passing through a set of nodes, and returning to the starting node without passing through any node
more than once. A loop is said to be independent if it contains a branch which is not in any other loop.

Independent loops or paths result in independent sets of equations.
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For example, the closed path abca containing the 2Q resistor in Fig.1.2 is a loop. Another loop is
the closed path bcb containing the 3Q) resistor and the current source. Although one can identify six
loops in Fig.1.2, only three of them are independent.

A network with b branches, n nodes, and / independent loops will satisfy the fundamental
theorem of network topology:

b=Il+n-1 (1.1)

As the next two definitions show, circuit topology is of great value to the study of voltages and
currents in an electric circuit.

Two or more elements are in series if they are cascaded or connected sequentially and
consequently carry the same current.

Two or more elements are in parallel if they are connected to the same two nodes and
consequently have the same voltage across them.

Elements may be connected in a way that they are neither in series nor in parallel. In the circuit
shown in Fig.1.1, the voltage source and the 5 resistor are in series because the same current will
flow through them. The 2€Q resistor, the 3Q resistor, and the current source are in parallel
because they are connected to the same two nodes (b and c) and consequently have the same
voltage across them. ® The 5Q and 2Q resistors are neither in series nor in parallel with each other.

(2) Ohm’s Law, Kirchhoff’s Current Law (KCL) and Kirchhoff’s Voltage Law (KVL)

Ohm’s Law states the voltage across a resistor, R (or impedance, Z) is directly proportional to
the current passing through it (the resistance/impedance is the proportionality constant).

DC:v=iR (12)
AC:V =17

Ohm’s Law by itself is not sufficient to analyze circuits. However, when it is coupled with
Kirchhoff’s two laws, we have a sufficient, powerful set of tools for analyzing a large variety of
electric circuits. Kirchhoff’s laws were first introduced in 1847 by the German physicist Gustav
Robert Kirchhoff (1824-1887). These laws are formally known as Kirchhoff’s Current Law (KCL)
and Kirchhoff’s Voltage Law (KVL).

Kirchhoff’s First Law is based on the law of conservation of charge, which requires that the
algebraic sum of charges within a system cannot change.

Kirchhoff’s Current Law (KCL) states that the algebraic sum of currents entering a node (or a
closed boundary) is zero.

Mathematically, KCL implies that:

N
>, =0 (1.3)
n=l1
where N is the number of branches connected to the node and i, is the nth current entering (or leaving)
the node. By this law, currents entering a node may be regarded as positive, while currents leaving the

node may be taken as negative or vice versa.

Consider the node in Fig.1.3. Applying KCL gives:
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i1 =it iy tis—is=0 (1.4)
since currents iy, i3, and i; are entering the node, while currents i, and is are leaving it. By rearranging
the terms, we get:

i1 tiztis=ip+is (1.5)

Eq.(1.5) is an alternative form of KCL. The sum of the currents entering a node is equal to the
sum of the currents leaving the node.

Note that KCL also applies to a closed boundary. This may be regarded as a generalized case,
because a node may be regarded as a closed surface shrunk to a point. In two dimensions, a closed
boundary is the same as a closed path. As typically illustrated in the circuit of Fig.1.4, the total
current entering the closed surface is equal to the total current leaving the surface.

e Closed boundary

Fig.1.3 Anode Fig.1.4 A closed boundary

Kirchhoff’s voltage law (KVL) states that the algebraic sum of all voltages around a closed path
(or loop) is zero.
Expressed mathematically, KVL states that:

ivm =0 (1.6)

m=l1

where M is the number of voltages in the loop (or the number of branches in the loop) and v, is the
mth voltage.
To illustrate KVL, consider the circuit in Fig.1.5.
The sign on each voltage is the polarity of the terminal %) Wy Wy
¥y

encountered first as we travel around the loop. We can start

SlNe

1
| S |

with any branch and go around the loop either clockwise or

counterclockwise. Suppose we start with the voltage source =

and go clockwise around the loop as shown; Ehen voltages Fig.1.5 The circuit
would be —v;,+vy,+v3,—v,, and +vs, in that order. ”
For example, as we reach branch 3, the positive terminal is met first; hence we have +v;. For
branch 4, we reach the negative terminal first; hence, —v,. Thus, KVL yields:
—Vitvtwy—wtrs=0 1.7
Rearranging terms gives:
Vit V3t vs=v+ (1.8)
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which may be interpreted as:
Sum of voltage drops = Sum of voltage rises (1.9)

This is an alternative form of KVL. Notice that if we had traveled counterclockwise, the result
would have been +v|, —vs, +vy, —v3, and —v,, which is the same as before except that the signs are
reversed. Hence, Eqgs.(1.7) and (1.8) remain the same.

When voltage sources are connected in series, KVL can be applied to obtain the total voltage.

The combined voltage is the algebraic sum of the voltages of the individual sources.

New Words and Expressions

element n. 855 Joff

interconnect vt. i L AHE R

node n. A

branch n. WK b el S Sk v tHIRAREL

loop n. ¥, RIS, 2 (4p) B, gy, Rk, (el
ve. SR ARk s DRSS vio $T36 BTt

topology n. Wdhs AR I

configuration n. fiti; 45ik; EE; SME

terminal n. LR, K, R

resistor n. [H]HPHES

independent n. MOLHFEFH; LWIRE  adj. BOLHFER; AL

series n. ES R g Rk

parallel adj. VAT AHRIE): RN JFBRI n. ~PATZR; ~PATIH: AHAL
Y oov. N CPAT

impedance n. [HBHPT: AHBE; [)FHPT

theorem n [ s VL

Notes

(D To differentiate between a circuit and a network, we may regard a network as an interconnection

of elements or devices, whereas a circuit is a network providing one or more closed paths.

B TSRS, T A 282 4 T T ke B AN L, i s 2 4

HAT— A EZ A M B AR 2%

it #r: differentiate £EIALAZBNIR, differentiate between A and B /X4 A 1 B; To

differentiate between a circuit and a network #& H [FPIRTE M A], FHEUE O T I MZE RIS ”
)4 we may regard a network as an interconnection of elements or devices; regard ... as K7

""" INA”, providing one or more closed paths JA network [1] )5 B & 15 o

@ If a short circuit (a connecting wire) connects two nodes, the two nodes constitute a single

node.

B AR 2 AN i AR L R, WL 2 AT RO B T AN A
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fiEEti: i f SIFRRSRIERIENGY, B “ani”, WA ETEJE ashort circuit (a connecting
wire), 151531 & connects, £ & two nodes. FHJH, FifJE the two nodes, 1RSI &
constitute, TEiF /& a single node.

(3 The 2Q resistor, the 3Q resistor, and the current source are in parallel because they are
connected to the same two nodes (b and c) and consequently have the same voltage across them.

B 20 3QH AT RIS BAEAI RPN AL (b M o) b, RIIX 3 ASoff2 gt
WOERER, Bt TofF LR H A A .

fi##: in parallel &7~ “IHE)” , The 2Q resistor, the 3Q resistor, and the current source are in
parallel & 1], because they are connected to the same two nodes (b and c)yJ5 IR TE A,
consequently 7|F £ FARTEMNAY, (HIEAA)EEE T 315 they.

(@ The sign on each voltage is the polarity of the terminal encountered first as we travel around
the loop. We can start with any branch and go around the loop either clockwise or counterclockwise.
Suppose we start with the voltage source and go clockwise around the loop as shown; then voltages
would be —vy,+v,,+v3,—vy, and +vs, in that order.

VO R R R, AR 5 e o e 2 W 1 ik . Ze47 Il aT LAME—
SCEEFTAR, ST TT ] LRI A, At n] DUREIN . ORI R IEITAR, NS 2630
— P, AN B RS EBAE N 0 v Fvas Hvse —vas v

fifibT: SH—AR) T E ARG, il L The sign on each voltage; R4 is; K iHE the
polarity of the terminal, [F]itH /& encountered first 156471, BEALH I 2400 m i 80 S
as we travel around the loop AR . 5 ANMAJFH, start with FK7Rx “ - FFUH” ; either clockwise
or counterclockwise 4 75 2UR1E; 55 = ANA)FH, suppose Ay “MAH” , JEIH AT PAEE—/NE) T
WA LA suppose that #11)F; as shown Bk “IEWILL R WoRI—FE” o then Fonzkis, Jaien)
¥, EVRJE voltages; in that order 4y /5 2CR1E -

1.2 Analog and Digital Circuits

(1) Analog
Analog quantities vary continuously, and analog systems represent the analog information using
electrical signals that vary smoothly and continuously over a range. A good example of an analog

system is the recording thermometer, the actual equipment is shown in Fig. 1.6.

Fig.1.6 An example of an analog system — a recording thermometer
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An ink pen records the temperature in degrees Fahrenheit (°F) and plots it continuously against
time on a special graph paper attached to a drum as the drum rotates. Note that the temperature
changes smoothly and continuously. There are no abrupt steps or breaks in the data.

(2) Digital

Digital quantities vary in discrete levels. In most cases, the discrete levels are just two
values—ON and OFF. Digital systems carry information using combinations of ON-OFF
electrical signals that are usually in the form of codes that represent the information.” The
telegraph system is an example of a digital system.

The system shown in Fig.1.7 is a simplified version of the original telegraph system, but it will

demonstrate the principle and help to define a digital system.

i 3 o= TTmmommmes
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(b) International Morse code
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(c) Digital information

Fig.1.7 A digital telegraph system

The electrical circuit (as shown in Fig.1.7(a)) is a battery with a switch in the line at one end and
a light bulb at the other. The person at the switch position is remotely located from the person at the
light bulb. The information is transmitted from the person at the switch position to the person at the
light bulb by coding the information to be sent using the international Morse telegraph code.

Morse code uses short pulses (dots) and long pulses (dashes) of current to form the code for
letters or numbers as shown in Fig.1.7(b). As shown in Fig.1.7(c), combining the codes of dots and
dashes for the letters and numbers into words sends the information. The sender keeps the same
shorter time interval between letters but a longer time interval between words. This allows the
receiver to identify that the code sent is a character in a word or the end of a word itself. The T
is one dash (one long current pulse). The H is four short dots (four short current pulses). The R
is a dot-dash-dot, and the two Es are a dot each. The two states are ON and OFF—current or
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no current.” The person at the light bulb position identifies the code by watching the glow of the
light bulb. In the original telegraph, this person listened to a buzzer or “sounder” to identify the code.

Coded patterns of changes from one state to another as time passes carry the information. At any
instant of time the signal is either one of two levels. The variations in the signal are always between
set discrete levels, but, in addition, a very important component of digital systems is the timing of
signals. In many cases, digital signals, either at discrete levels, or changing between discrete
levels, must occur precisely at the proper time or the digital system will not work. Timing is
maintained in digital systems by circuits called system clocks. This is what identifies a digital
signal and the information being processed in a digital system. ©

(3) Quantities

The temperature, pressure, humidity and wind velocity in our environment all change smoothly
and continuously, and in many cases, slowly. Instruments that measure analog quantities usually have
slow response and less than high accuracy. To maintain an accuracy of 0.1% or 1 part in 1000 is
difficult with an analog instrument.”

Digital quantities, on the other hand, can be maintained at very high accuracy and measured and
manipulated at very high speed. The accuracy of the digital signal is in direct relationship to the
number of bits used to represent the digital quantity. For example, using 10 bits, an accuracy of 1 part
in 1024 is assured. Using 12 bits gives four times the accuracy (1 part in 4096), and using 16 bits
gives an accuracy of 0.0015%, or 1 part in 65 536.° This accuracy can be maintained as digital
quantities are manipulated and processed very rapidly, millions of times faster than analog signals.

As a result, if analog quantities are required to be processed and manipulated, the new design
technique is to first convert the analog quantities to digital quantities, process them in digital form,
reconvert the result to analog signals and output them to their destination to accomplish a required
task. The complete procedure is indicated in Fig.1.8, and the need for analog circuits, digital circuits

and the conversion circuits between them is immediately apparent.

Input could be a temperature, Output could be a solenoid,

pressure, air, flow, linear heater, motor, cooler, etc
motion, rotation, elc

-« ANALOG-TO-DIGITAL ———> -« DIGITAL-TO-ANALOG —
. o Converting - Converting e .
INPUT| Sensing Conditioning| the signal- Digital the signal- Conditioning| |Transducing| QUTPUT
> the — the B >  System | oo ] the | >~ the signalto]
ional . Analog-to- . Digital-to- ional ful i
signa signal Digital Processing Analog signal useful outpu
This signal will Digital Signals This signal will
be an electrical be an electrical
signal-either signal-either

a voltage or a current a voltage or a current

Fig.1.8 A typical system describing the functions in the analog-to-digital and digital-to-analog chain

(4) Analog-to-Digital Conversion (A/D)
Fig.1.9 separates out the analog-to-digital portion of the Fig.1.8 chain to expand the basic
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functions in the chain. Most of nature’s inputs such as temperature, pressure, humidity, wind velocity,
speed, flow rate, linear motion or position are not in a form to input them directly to electronic
systems. They must be changed to an electrical quantity—a voltage or a current—in order to interface
to electronic circuits.

The basic function of the first block is called sensing. The components that sense physical
quantities and output electrical signals are called sensors.

The sensor illustrated in Fig.1.9 measures pressure. The output is in millivolts and is an analog
of the pressure sensed. An example of output plotted against time is shown.

ADC
Conditioning Bits
Output Signal v [ 5 [ 2] ¢
Sensing ]
Output Signal 1.4 !
tp g 13 ,4*
o 14 210 x
= L =0.8 i
E (l)g /-\\ <>30,6 S
= 8461 04
= 63 0.2
01 23 4 0 1 2 3 4
time [—> time—s- .
Samples input analog voltage
at set intervals of time
Sensi ioni L e T Analog-to-1 In this case, converts
INPUT enhsmg Conditioning ! Sample- ! ! Ar]l)g O.g':()" analog VOlt;lge oy
— the the i and-Hold ' 1 Digital <
(Physical quantity) Signal Signal :L Circuits | :LCOHVersion: a 4-bet code
Example:Pressure iniubuinininiujeslisbulinlniiinipnt
’ L Timing 7 T Times the sample-
/ \ and-hold and the
. —_— R
- PN a—— A to D conversion
Takes a physical In this N Sample Value " Digital Code
pressure gnd case, amplifies 0 08V 1000
converts it to signal amplitude LV 1011
amillivolt signal by 1000 ! '
2 0.9V 1001
3 0.65V 0110
4 1.05V 1010
5 1.25V 1100

Fig.1.9 The basic functions for analog-to-digital conversion

One of the earliest analog-to-digital converters (ADCs) was the counting ADC shown in
Fig.1.10. It is made up of a binary counter that counts pulses from a central clock. The counters
binary output is fed to two units—a digital-to-analog converter (DAC) and a latch. Each unit has the
number of input or output bit lines to cover the number of bits required from the ADC. Notice the
DAC in the loop. This is the reason that the discussion of the DAC came first. The binary code input
to the DAC produces an analog voltage that feeds one input of a comparator. The analog input
voltage to be converted to a digital output is the other comparator input. When the input from the
DAC is lower than the analog input, the comparator will be a high voltage (a digital 1); when the
input from the DAC is equal to or greater than the analog input, the comparator output is a low
voltage (a digital 0). When the comparator output changes from a high voltage to a low voltage,
it triggers the latch to latch in the binary values from the bit lines of the counter. Thus, the
output of the latch is the binary code matching the value of the input analog voltage. ©
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Input Voltage
Vi, o———

14

4

X/

DAC

COMPARATOR

A 1 when Vj

>V,

A 0 when V, <V,

When comparator output
goes from 1 to O it triggers
latch to latch in data and
transfer input to output

Clock — BINARY

COUNTER

Reset

—o
LATCH [—o DIGITAL
3 OUTPUT
——o
—o

Latch triggering

resets counter

Fig.1.10 A 8-bit counting ADC

(5) Digital-to-Analog Conversion (D/A)

Fig.1.11 illustrates the basic digital-to-analog function. The digital processing system outputs

digital information in the form of digital codes, and as shown, the digital codes are usually presented

to the input of the digital-to-analog converter in one of two ways.

The first way—parallel bit transfer—means that all bits of the digital code are outputted at the

same time.

In Fig.1.11, a 4-bit code is used as an example. The 4-bit codes are coupled out in sequence as

they are processed by the digital processor. They arrive at a preset data interval. In Fig.1.11, the 4-bit
code 1000 is outputted first, followed by 1011, 1001, 0110, 1010, and 1100, respectively.

Paralle] ~ Data

Filtered
Output of DAC

1101 11 Interval
101000 :
5116 10] allblt§at
0001 10/ sametime 14
OR Data folw - }%
Serial Clock rate 5 ¥
1100 1010 0110 1001 1011 1000 >8.;
Data Interval
: ____________ 1
I
i Digital : Digital-
i System —>  to Analog
1 Processing i Conversion
! |

For this example,
data is in 4-bit codes

|
the i
i

Fig.1.11 The basic function of digital-to-analog conversion

The digital-to-analog converter accepts all bits at the same time. It must have four input lines,

the same number of input lines as the 4-bit codes. In most modern day digital-to-analog converters
the 4-bit codes of Fig.1.11 are really 8-bit, or most likely 16-bit codes.
The second way is serial transfer of data. As shown in Fig.1.11, the 4-bit codes are outputted one

bit at a time, each following the other in sequence, and each group of four bits following each other in



10 WA TARL A ELE kkiE

sequence. A clock rate determines the rate at which the bits are transferred. The digital-to-analog
converter accepts the bits in sequence and reassembles them into the respective bit groups and then
acts on them.

One of the simplest DACs, from a circuit standpoint, is the resistor- string DAC. 21 — 1 resistors
of equal value are interconnected from a reference voltage, Vygr to ground. The outputs from the
resistor string are fed to a decoder. The decoder closes the appropriate switch dictated by the input

digital code. A resistor-string for a 4-bit DAC is shown in Fig.1.12.

Veer Decoder Decoder Decoder
1111 - -—— o0
1o & - --—o0"¢

R

1ot o - --—
100 |2 - e
ton o - --——o ¢
1010 - -—— o0
1001 R - -—— o<
1080 E o - _ﬁ 13y
o111 REF "=~ - Tz VREF
0110 E - S b
0101 - i
0100 E . o
0011 b - -0
0010 - -—— o0
0001 E - o
0000 - -0«

;

a. Resistor string

Fig.1.12 Decoder for resistor string

The first position of the string is for zero volts. The next position has a voltage:

R v,
V=15—R><VREF or sz—? (1.10)
or for any string, since it is the number 1 position:
1
Vl:ﬂXVREF (1.11)
where n = bits in digital code.
The next position, position 2, has a voltage:
2R 2
szﬁXVREF or VZZEXVREF (1.12)
or for position 2 for any string:
2
VZZmXVREF (1.13)
The position one removed from Vygg has a voltage:
14
Vs = %Veer (1.14)

2" -1
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New Words and Expressions

analog n. FAW); B

digital adj. BUEHs B n 87 Beeat

thermometer n WETE AR

Fahrenheit adj. HEGIREETIH n RIRETH

drum n. B 0N BOBRIM v i PEEGE ve FTEZE

discrete adj. NIESW; BHEUT

original adj. AN JEART; G Bl n i) Rk

remote adj. RN AT 40500

bulb n. W25 ERIEY)

Morse code BRI LAY

pulse n. WK kb

buzzer n. WERSVER R VY Y3 (55T

manipulate ve. CGAZRML) $#4E: A (ML) 5 #8490 CAsiidr. Wi
R RAT

destination n. B [VHIH SO HSRIok

humidity no W W WS

interface n. Feflmns S

comparator n. LAY

trigger ve. Ik Gl ik vio s B4 ne L

sequence n. ]J7s Wiys JPal

parallel adj. “PATI): AHEIR: R n “PATS PATH: 2BEL v A
Ny SPAT

serial adj. LW HFATH K

decoder n. RS

reassemble vt THASE vio EHES

Notes

(O Digital quantities vary in discrete levels. In most cases, the discrete levels are just two
values—ON and OFF. Digital systems carry information using combinations of ON-OFF electrical
signals that are usually in the form of codes that represent the information.

T BRI . AERZHAFOLT, BEUE S A WRRRE: sk, %
PRGN SR RAE S A AR E R, W LGRS 0 20 ko

fifth: 5—rJ, J:9 2 Digital quantities, 8 “2UFH", 1HIE & vary, IRIEH/ & in discrete
levels. %% fJ, the discrete levels /& i, just two values—ON and OFF J&&iH. & —f),
Digital systems & 1%, in the form of codes /& 1¥, that represent the information. .. & H that 5|5
PRI YINCT

2 The sender keeps the same shorter time interval between letters but a longer time interval
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between words. This allows the receiver to identify that the code sent is a character in a word or the
end of a word itself. The T is one dash (one long current pulse). The H is four short dots (four short
current pulses). The R is a dot-dash-dot. And the two Es are a dot each. The two states are ON and
OFF—current or no current.

VS RORF AL BEZ LR FEAE A 7] PR R I TR) PR R, 171 78 ] o ) DRAE A A I i) PR o X
WU BE 2 AR AR — M B 74T, IR DA S SR T 2 Midry (—
MR o H A2 4 ML 4RI o R Z - 54 s . A E
W= AR A Eo R FIRA R s Sl A, BRI F A JE HLR

fifidT: B—h)1F & The sender, 1H1H /& keeps, i /& the same shorter time interval between
letters but a longer time interval between words; 5 —fJH ¥ 3275 & This, FRACEAINE, HEZ
allows, TE & the receiver, $5 “HME” , to identify that the code sent is a character in a word or
the end of a word itself Jy TETH AN E T o

® In many cases, digital signals, either at discrete levels, or changing between discrete levels,
must occur precisely at the proper time or the digital system will not work. Timing is maintained in
digital systems by circuits called system clocks. This is what identifies a digital signal and the
information being processed in a digital system.

T B ZHOLT, BOAHE S, O R R, R A R R R AR, A
B R AR S G IR IN ), 75 B RGO TCIR IR B LA o TR AB0PR A 28 48 I 1) P B R A 474
FREMVN . X AT RGP RS SR B 5

fifidT: A S digital signals, $8207{5 "5, either at discrete levels, or changing
between discrete levels 49fi Aif, must occur precisely 4151k, at the proper time AARi%E; or %
NI, R AN, H TR the digital system, 1H T A& will not work;  ZH A
12 Timing, FRI81, 157 &2 is maintained, A #%801EZS, IRIE 2 digital systems, by circuits;
called system clocks 4 FiEAMEWE; 7R85 ), what FRAUFJ2 this, 10 this FRACHZ T —
AT A

@ To maintain an accuracy of 0.1% or 1 part in 1000 is difficult with an analog instrument.

P AR A S A TIN R I , SEAERF 0.1%81 1%0FJ R 2 S AR PR AE Y o

fi##: £ 2 To maintain an accuracy of 0.1% or 1 part in 1000, FRZERF 0.1%5% 1% 1115 7 ;
is difficult y R238 454, with an analog instrument >4 77 7R

® Using 12 bits gives four times the accuracy (1 part in 4096), and using 16 bits gives an
accuracy of 0.0015%, or 1 part in 65 536.

PESC: AFR] 12 AT, RS 4 6% (1/4096) , i A FH 16 MEAT 1R 2 0.0015%
(B 1/65 536)

fi#t¥r: EVE & Using 12 bits, 1HTE & gives, F£1E /& four times the accuracy; and JEH:—A~F
HI ), F & using 16 bits, 1515 A& gives, ZEi & an accuracy of 0.0015%, or 1 part in 65 536

(® When the comparator output changes from a high voltage to a low voltage, it triggers the
latch to latch in the binary values from the bit lines of the counter. Thus, the output of the latch is the
binary code matching the value of the input analog voltage.

FESC: LA i b A v v s 3G B IS AR S Bl R A B B M T B s R ek 1)
CHERIEE. PRI, AR A A i AL s (A DL A A
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fifEbr: H—f)H, when T EMREEMNA), MAJKIETH AL the comparator output, 15T /2
changes, ‘JRi% /& from a high voltage to a low voltage; FH)H, it fXEF /LTI the comparator
output, HIE A triggers, T the latch, ANE X311 4 to latch in the binary values {5 iEHME
¥, from the bit lines of the counter IR 55 fJr, Thus K%zl the output of the latch J& -
i, matching the value of the input analog voltage 1EE 1, &R ¥ 51 the binary code.

1.3 Three-Phase Circuits

Most of the electrical power generated in the world today is three-phase. Three-phase power was
first conceived by Nikola Tesla. In the early days of electric power generation, Tesla not only led
the battle concerning whether the nation should be powered with low-voltage direct current or
high-voltage alternating current, but he also proved that three-phase power was the most
efficient way that electricity could be produced, transmitted, and consumed. v

There are several reasons why three-phase power is superior to single-phase power.

1) The horsepower rating of three-phase motors or the kVA (kilo-voltamp) rating of
three-phase transformers is about 150% greater than for single-phase motors or transformers
with a similar frame size. ©

2) The power delivered by a single-phase system pulsates, as shown in Fig.1.13. The power falls
to zero three times during each cycle. The power delivered by a three-phase circuit pulsates also, but
it never falls to zero, as shown in Fig.1.14. In a three-phase system, the power delivered to the load is

the same at any instant. This produces superior operating characteristics for three-phase motors.

u

013

Fig.1.13 Single-phase power falls to zero three times each cycle Fig.1.14 Three-phase power never falls to zero

3) In a balanced three-phase system, the conductors need be only about 75% the size of
conductors for a single-phase two-wire system of the same kVA rating. This helps offset the cost of
supplying the third conductor required by three-phase systems.

A single-phase alternating voltage can be produced by rotating a magnetic field through the
conductors of a stationary coil, as shown in Fig.1.15.

Since alternate polarities of the magnetic field cut through the conductors of the stationary coil,
the induced voltage will change polarity at the same speed as the rotation of the magnetic field. The
alternator shown in Fig.1.15 is single phase because it produces only one AC voltage.

If three separate coils are spaced 120° apart, as shown in Fig.1.16, three voltages 120° out of
phase with each other will be produced when the magnetic field cuts through the coils. This is the
manner in which a three-phase voltage is produced. There are two basic three-phase connections, the

wye-or star-connection and the delta connection.
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@] A

A

~YYY\

< 0 B

®

(t% > jx’)
™ NI
0] A
@] C
Fig.1.15 Producing a single-phase voltage Fig.1.16 The voltages of a three-phase system

are 120 ° out of phase with each other

(1) Wye-Connection

The wye-connection is made by connecting one end of each of the three-phase windings together
as shown in Fig.1.17. The voltage measured across a single winding or phase is known as the phase
voltage. The voltage measured between the lines is known as the line-to-line voltage or simply as the

line voltage, as shown in Fig.1.18.

Line voltage
Phase voltage

Fig.1.17 A wye-connection Fig.1.18 Line and phase voltages are different in a wye connection

In Fig.1.19, ammeters have been placed in the phase winding of a wye-connected load and in the
line supplying power to the load. Voltmeters have been connected across the input to the load and
across the phase. A line voltage of 208V has been applied to the load. Notice that the voltmeter
connected across the lines indicates a value of 208V, but the voltmeter connected across the phase
indicates a value of 120V.

In a wye-connected system, the line voltage is higher than the phase voltage by a factor of
the square root of 3 (1.732). ® Two formulas used to compute the voltage in a wye-connected

system are:
Eppne = Eppe N3 (1.15)

or

E, .
EPhase = ——Le (116)

NG
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Notice in Fig.1.19 that 10A of current flow in
both the phase and the line. In a wye-connected system,
phase current and line current are the same.

ILine = IPhase (1 . 17)

(2) Voltage Relationships in A Wye-Connection
Many students of electricity have difficulty at first
understanding why the line voltage of the

wye-connection used in this illustration is 208V instead

@

Line current
10V

Line voltage
208V

Phase current

10A
Phase voltage

120V

Fig.1.19 Line current and phase current
are the same in a wye connection

of 240V. Since line voltage is measured across two phases that have a value of 120V each, it would

appear that the sum of the two voltages should be 240V. One cause of this misconception is that

many students are familiar with the 240V/120V connection supplied to most homes. If voltage is

measured across the two incoming lines, a voltage of 240V will be seen. If voltage is measured from

either of the two lines to the neutral, a voltage of 120V will be seen. The reason for this is that this is

a single-phase connection derived from the center tap of a transformer, as shown in Fig.1.20. If the

center tap is used as a common point, the two line voltages on either side of it will be 180° apart and

opposite in polarity, as shown in Fig.1.21. The vector sum of these two voltages would be 240V.

Three-phase voltages are 120° apart, not 180°. If the three voltages are drawn 120° apart, it will

be seen that the vector sum of these voltages is 208V, as shown in Fig.1.22.

Transformer

&

@

240V,

Fig.1.20 Single-phase transformer Fig.1.21

with grounded center tap

~— 120V —>i=— 120V —>
i

240V

The voltages of a single-phase system

are 180 ° out of phase with each other

Another illustration of vector addition is shown in

Fig.1.22  Vector sum of the voltages in

a three-phase wye-connection

this connection resembles the Greek letter delta (A).

wye-connected three-phase system is shown in Fig.1.24.
(3) Delta Connection

In Fig.1.25, three separate inductive loads have been

Fig.1.23. In this illustration, two-phase voltage vectors are
added and the resultant is drawn from the starting point of
one vector to the end point of the other. The parallelogram
method of vector addition for the voltages in a

@

connected to form a delta connection. This connection

receives its name from the fact that a schematic diagram of
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208V
¥/ 120V ,
120V 208V 45 ----- - N 208V
Fig.1.23  Adding voltage vectors of Fig.1.24  The parallelogram method of adding three-phase vectors

two-phase voltage values

In Fig.1.26, voltmeters have been connected across the lines and across the phase. Ammeters
have been connected in the line and in the phase. In the delta connection, line voltage and phase
voltage are the same. Notice that both voltmeters indicate a value of 480V.

ELine = EPhase (118)
P
\\'9 Line current
17.32A
Line voltage
480V Phase current
10A
* ()
Phase voltage w
480V @
Fig.1.25 Three-phase delta connection Fig.1.26  Voltage and current relationships in a delta connection

Notice that the line current and phase current are different, however. The line current of a delta
connection is higher than the phase current by a factor of the square root of 3 (1.732). In the example
shown, it is assumed that each of the phase windings has a current flow of 10A. The current in each
of the lines, however, is 17.32A. The reason for this difference in current is that current flows through
different windings at different times in a three-phase circuit. During some periods of time, current
will flow between two lines only. At other times, current will flow from two lines to the third, as
shown in Fig.1.27.

The delta connection is similar to a parallel connection because there is always more than one
path for current flow. Since these currents are 120° out of phase with each other, vector addition must
be used when finding the sum of the currents, as shown in Fig.1.28.

Formulas for determining the current in a delta connection are:
ILine:IPhase'\/g (119)

or

= Lz (1.20)
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17324 ~_10A
A

Fig.1.27 Division of currents in a delta connection Fig.1.28 Vector addition is used to compute the sum

of the currents in a delta connection

(4) Three-Phase Power

Students sometimes become confused when computing power in three-phase circuits. One
reason for this confusion is that there are actually two formulas that can be used. If line values of
voltage and current are known, the power (watts) of a pure resistive load can be computed using the
formula:

VA= I By (1.21)

If the phase values of voltage and current are known, the apparent power can be computed using
the formula:
VA=3- ]Phase ' EPhase (1 22)

Notice that in the first formula, the line values of voltage and current are multiplied by the
square root of 3. In the second formula, the phase values of voltage and current are multiplied by 3.
The first formula is used more often because it is generally more convenient to obtain line values of

voltage and current, which can be measured with a voltmeter and clamp-on ammeter.

New Words and Expressions

transformer n. W
single-phase FAH

pulsate vi. Jik#))
three-phase power AL
three-phase circuit —AH R

the parallelogram method P47 PUIL B2
wye connection BIGEE
delta connection =TS
phase voltage FH L

line voltage 2 Hi s
confuse ve. AREL; AT R (NS AR v TR
voltmeter n. HEER
ammeter n. HHLER

clamp-on ammeter GiFNe
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Notes

@ In the early days of electric power generation, Tesla not only led the battle concerning
whether the nation should be powered with low-voltage direct current or high-voltage alternating
current, but he also proved that three-phase power was the most efficient way that electricity could be
produced, transmitted, and consumed.

PO AR A R, R AN A A R SR [ 3 77 I A A A P L P ey
AT AL A8, T HARICUE] 7 = AR s A s AR 2l d A R 75 1

fi##T: not only...but also...=Z A “AL-eeee- 1My HLeeeees 7, that electricity could be produced,
transmitted, and consumed A € T M 1), fE1Mi the most efficient way-.

2 The horsepower rating of three-phase motors or the kVA (kilo-voltamp) rating of three-
phase transformers is about 150% greater than for single-phase motors or transformers with a similar
frame size.

P ARSI D3RS (A AR S e B TR 255 4, LE B AT AMBLGS ) /N B A
HL LA I A 2K 150% /047

fifthT: about 150% greater than A LLALZ, oA “Lhee-- K 150% /47 .

(3 In a wye-connected system, the line voltage is higher than the phase voltage by a factor of
the square root of 3 (1.732).

W fEDNRIBERRG, LHbE, BT 3 (F R (1.732).

fi#tdt: Af)H the line voltage 4 F1#, is higher than the phase voltage i RK &5 HIVETHTE,
by a factor of the square root of 3 (1.732)4 /7 2R 1 o

@ The parallelogram method of vector addition for the voltages in a wye-connected three-phase
system is shown in Fig.1.24.

TG Wl 1.24 PR, fERBEREN—MRGT, RS RENEIE AT VYL E R BRI

fi#HT: Af)r The parallelogram method of vector addition 24 F-1F, is shown s&#¢aliEAE1E1E

1.4 Further Reading

Reading Amplifiers and Their Applications

(1) Operational Amplifiers

Integrated circuit manufacturers have provided an excellent product—the operational amplifier
(op amp) — to designers of electronic circuits for signal conditioning sensor signals. Many types
and varieties are available for a wide spectrum of applications. System designers that need amplification
in their design need not design an individual amplifier circuit but can use an op amp instead.

The term “op amp” refers to a direct-coupled amplifier that was used initially in analog
computers to perform mathematical computations, while solving real-time control system problems.

Op amps are DC amplifiers that have high gain, high input impedance, low output impedance, and
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wide bandwidth. Another significant advantage is that the amplifier’s characteristics can be varied
using external components. Fig.1.29 describes a general-purpose op amp.
inverting input 1,, I,= Input currents

V', = Ditferential input voltage
Zpe= Input impedance

I, > T V0= Input offset voltage
Ayp = Open-loop differential voltage gain
& Zy= Output impedance
¢ V5= Output voltage
Vo
I, —>

noninverting input

Fig.1.29  General-purpose operational amplifier

The amplifier has two inputs and one output. The amplifier output is normally a linear output
voltage, V,, that is proportional to the difference of the voltage between the two inputs. Thus, it is
classified as a differential amplifier. The two inputs are identified with a minus and a plus sign. The
input with the minus sign is called the inverting input; the input with the plus sign is the noninverting
input. If the noninverting input is more positive than the inverting input, the output voltage, V5, is
positive with respect to ground. Conversely, if the inverting input is more positive than the
noninverting input, ¥, will be negative with respect to ground. When both inputs are referenced to
ground, and the inverting input is more positive, V, swings negative; when the non-inverting input is
more positive, V, swings positive.

In Fig.1.29. The output, V,, can be represented by a generator, £, = Ayp * Vp, fed to the output
through the output impedance, Z,. E, is the input differential signal, V'p, amplified by the open-loop
differential gain, Ayp. Z\ is the input impedance, and Vg is the input offset voltage that causes the
output voltage to be displaced from zero volts when there is no differential input signal. Ayp is
usually a very large number (>20,000) in most modern day op amps; therefore, even a very small
input signal drives the output into saturation. As a result, normal operation is with feedback from
output to input to set the gain of the op amp at a particular value.

In Fig.1.30, a resistor, R, is connected from the output back to the inverting input to control the

gain of the op amp with negative feedback.

Ideal Characteristics

Zpe= Infinity
Ayp= Infinity Tnverting Input @
Zy= Zero A R,
b——O Vio=Zero _V = AVF:’R_1
IN

Yo (Vo=0when V= 0)
i Bandwidth = Infinity

Fig.1.30 Op amp with negative feedback and signal to inverting input

If the output goes positive, as it would for an input signal on a going negative, a portion of the
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positive output signal is fed back to the input to cancel part of the input signal. In Fig.1.30, the ideal
op amp characteristics are listed. One of these is Zjy = infinity. As a result, Iy = 0.

(2) Conditioning the Output of a Pressure Sensor

It is necessary to amplify the output signal from a pressure sensor in order to have a voltage
great enough to input it to an analog-to-digital converter. A pressure sensor is connected to an op amp
in Fig.1.31 that is acting as a difference amplifier. It is amplifying the difference voltage V, — V)
identified as Vi in Fig.1.31. There are specific requirements for the op amp to be a difference
amplifier. The ratio R3/R, must be equal to the ratio R¢ /R;. R /R, determines the differential gain.
With R¢ /R, equal to 20 for the circuit, R3/R, must be 20. R, is 2kQ; therefore, R; is 40kSQ. The reason
that R, is 2kSQ is to have the input impedance to the sensing circuit, which is R; + R,, as high as
possible to keep from loading the pressure gauge bridge and causing inaccuracies. R, tends to be
small to allow the gain to be high, but this keeps the input impedance low, which would load the

circuit. There is a compromise here.

Pressure Ry 20kQ

For Differential Amplifier:
Sensor

Vo R —
an:?r V=V =AyVy

B _&
Rl RZ
Ry=R*R,

Fig.1.31 Amplifying a pressure-sensor output

The signal from the sensor is normally in millivolts (mV), and the input to the analog-to- digital
converter needs to be 1V or more. If the input voltage is 2mV and the difference amplifier has a gain
of 20, the output voltage will be ¥,=20 x 2 x 10 = 40mV. More amplification is needed. Another
op amp with the signal fed to the noninverting input is added with a gain of 41. Its output voltage will
be Vo =41 x40 x 107 = 1.64V.

Op amps are manufactured with dual circuits in a package; therefore, only one IC is used. The
power supply voltages (plus and minus) are chosen for the convenience of the application. There are
many op amps that operate from 3~4V to 20V.

One problem with instrumentation amplifier circuits such as Fig.1.31 is that the signal output
from the sensor is very small, but the noise voltage picked up on the leads connecting the sensor to
the amplifier may be 100 to 1000 times greater.
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An op amp with a high common-mode rejection must be chosen for such applications.
Common-mode rejection means that any signal appearing on both inputs at the same time will
not appear at the output.
Only the differential signals will be amplified. Common-mode rejection ratio is:
CMRR = Ayp/Acm (1.23)

where Ayp is the differential gain and Acy the common-mode gain. In decibels:
CMRRdB = 2010g10AVD/ACM (1 24)

Translation Methods and Skills of EST (English

of Science and Technology)
B RIBEEIERAS I gRE

N TAEPESCEE I RS DI, PRI AR AT LA S SR SRR i
(=) Hi&E A

RIS E b ] the FIANE Wil a & an fEAJTPHIMEOZ $5, HAIRAEE. 54, e
i) the FIMBCRFSR, ARHEDGERIL ST IBA IN-B AT A s AN

(1) Any substance is made up of atoms whether it is asolid, a liquid, ora gas. EfA¥)), TG
WA WA, AR A o

(2) The atom is the smallest particle of an element. J5iF /& G 3 /M.

(3) Other scientists, however, are afraid that the world may become too hot for human life. i
AR NIRRT, A RICEAAT

(4) With the development of electrical engineering, power can be transmitted over long
distance. BHHHTLRAMARE, W RERMIE SR B T X

(Z) AR

it PR R ANFRA]  HHSCE TE R A S B AR BLSH T EE B A R R AR
) SRR, AR DL AL S 15 T 0

(1) If you know the frequency, you can find the wave length. U1SAITEMNR, ek B K.

(2) Different metals differ in their conductivity. A~[A] ¥4 & HA A F 1T HIERE.

(3) When the signal we pick up has increased by 10 times as the gain may have been reduced by
8 times. {55 H{KH] 10 15, EaRFE(KE] 1/8.

(=) Hr&ER

DETE A E R A AR B, MO DUN T AN

(1) This system is totally enclosed and prevents air pollution from dust particles or gases. It %

e aBla,  RER I EAVR U S g T
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(2) When the temperature is maintained constant, the volume of a given sample of gas varies
inversely with the pressure. 7RIl B CRFFAZITEOLT, — & UARATE KU L.
(3) Like charges repel each other while opposite charges attract. [/ ¥4 i faf 45, S HAf AR .

() &E&zhiA

FAEEE LAV S, PEEACAT LA SEIRE, @ Va4, TR, i
HAEAEIETE . I, SEREDUNAELE A] LU IS )5 IRTES i), E PGl fiigk.

(1) The wire gets hot, for the current becomes too great. HLZE A, B4 HEFIAK.,

(2) Aluminum alloy has low specific electrical resistance and high thermal conductivity. #3154

(L BHARAG, 1 A EAR 8

(3) Evidently semiconductors have a lesser conducting capacity than metals. ‘Z4%, - K1

HLfE ) LL 8 22 .
(R) NI

et iR IR B, AR SR Z AR R 2 AR, MG R S i
FPEERRRARIIR . Bk, SEREDUN F AT IS ATE.

(1) In the transmission of electric power a high voltage is necessary. G i 25 %y Hi A 200 & s o

(2) The instrument has worked well for six hours. X &X#s CLIEH TAET 6 /M)

(3) The density of air varies directly as pressure, with temperature being constant. i & 4%,

R AN B E HE
(73) HME3|Z1A

GBI G 2 “it” R “there” , TeRENUIN— A AR

(1) It is the gravitation which makes the satellites move round the earth. HuEK#5| )4l LA Zedh
BRIZAT -

(2) There are many kinds of atoms, differing in both mass and properties. JR FFIZEIRZE, i
a5 AN A ]

(3) There is a rapidly increasing range of uses for electronic computers. LT H AL G
Fl IE AR K.

(t) HBEE YRR X7

yeifs Ay S8 ) SR B SCRAEAE T BUER], 88 Rosamil, (s B, sifkon—
MBI YL RSB, AR — AN,

(1) The mechanical energy can be changed back into electrical energy by means of a generator
or dynamo.  FJFI A HEHL AT LLIEAH LI BE #e AL R HL RE -

(2) Insulators in reality conduct electricity but, nevertheless, their resistance is very high. 4
PRSpr e, (H LB AR .

(3) Most electricity still comes from fossil fuels, and so generates the greenhouse gas, carbon

dioxide. K7 HIATIR A TAARRE, AT 2 T il A A AR
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Exercises

I. Determine the number of branches and nodes in the circuit shown in Fig.1.32. Identify
which elements are in series and which are in parallel.

5Q

wO o On

Fig.1.32 A circuit

II. Translate the following sentences into Chinese.

(1) An ac voltage source V in series with an impedance Z can be replaced with an ac current
source of value /=V/Z in parallel with the impedance Z.

(2) Although current and voltage are the two basic variables in an electric circuit, they are not
sufficient by themselves. For practical purposes, we need to know how much power an electric device
can handle.

(3) In any linear circuit containing multiple independent sources, the current or voltage at any
point in the network may be calculated as the algebraic sum of the individual contributions of each
source acting alone.

(4) A 16-bit code can represent 65 536 quantities. The first bit at the right edge of the code is
called the least significant bit (LSB). The left-most bit is called the most significant bit(MSB).

(5) Since an 8-bit code can represent 256 segments, its codes for the same analog value are
shown with the maximum analog signal of 1.5V equal to 255. Notice that the 8-bit code is two groups
of 4-bit codes, which are also expressed in hexadecimal form.

(6) After the digital processing system completes its manipulation of the signal, the output
digital codes are coupled to a digital-to-analog converter that changes the digital codes back to an
equivalent analog signal.

III. Translate the following sentences into English.

(1) H - LI AT DI SRON B e i . B0 R R A (5 5 R (BEDLR R A v
LN RE DN

(2) AWTClERe A RE R, AU TTIEANRE .

(3) BUBHA L 5 Tl 1 — N A T B2 DBV -

4 M T e B AR A R P A [R]— I Tl

(5) HIBURH RS R R B AR AT — N S R BEAUEL





