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The uA741 is a general-purpose operational amplifier featuring offset-voltage null capability.

The high common-mode input voltage range and the absence of latch-up make the
amplifier ideal for voltage-follower applications. The device is short-circuit protected and the
internal frequency compensation ensures stability without external components. A low value
potentiometer may be connected between the offset null inputs to null out the offset voltage as
shown below.

The uA741C is characterized for operation from 0 “C to 70 'C. The uA7411 is characterized
for operation from —40 C to 85 °C. The uA741M is characterized for operation over the full
military temperature range of —55 ‘C to 125 C.
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Text 1 Basic Concepts of Circuit Theory
=

:;% Voltage and Current

Voltage and current are vital to understanding electronics, but they are quite hard to grasp
because we can’t see them directly.

Voltage attempts to make a current flow, and current will flow if the circuit is complete.
Voltage is sometimes described as the “push” or “force” of the electricity, it isn’t really a force
but this may help you to imagine what is happening. It is possible to have voltage without
current, but current cannot flow without voltage.

Voltage, V

e Voltage is a measure of the energy carried by the charge. Strictly: voltage is the “energy
per unit charge”. ’ ¥

e The proper name for voltage is potential difference or p.d. for short, but this term is
rarely used in electronics.

e Voltage is supplied by the battery (or power supply).

e Voltage is used up in components, but not in wires.

e We say voltage across a component.

e Voltage is measured in volts, V.

® Voltage is measured with a voltmeter, connected in parallel.

e The symbol ¥ is used for voltage in equations.

Voltage at a point and 0 V (zero volts)
Voltage is a difference between two points, but in electronics we often refer to voltage at a
point meaning the voltage difference between that point and a reference point of 0 V (zero volts).!!)

2



Chapter 1 Electronic Technology Fundamental

s

Zero volts could be any point in the circuit, but to be consistent it is normally the negative
terminal of the battery or power supply. You will often see circuit diagrams labelled with 0 V as
a reminder.

You may find it helpful to think of voltage like height in geography. The reference point of
zero height is the mean (average) sea level and all heights are measured from that point. The zero
volts in an electronic circuit is like the mean sea level in geography.

Current, /

e Current is the rate of flow of charge.

e Current is not used up, which flows into a component must flow out.

e We say current through a component.

e Current is measured in amps (amperes), A. A (1 amp) is quite a large current for
electronics, so mA (milliamps) are often used. m (milli) means “thousandth”: 1 mA = 0.001 A,
or 1 000 mA=1A.

e Current is measured with an ammeter, connected in series.

e To connect in series you must break the circuit and put the ammeter across the gap.

e The symbol / is used for current in equations.!
}E Series and Parallel Connections

There are two ways of connecting components:

In series (Fig. 1-1): each component has the same current. The battery voltage is
divided between the two lamps. Each lamp will have half the battery voltage if the lamps
are identical.

In parallel (Fig. 1-2): each component has the same voltage. Both the two lamps have the
full battery voltage across them. The battery current is divided between the two lamps.

1 ® Ny

[ L

Fig. 1-1 In series Fig. 1-2 In parallel

Most circuits contain a mixture of series and parallel connections.

The terms series circuit and parallel circuit are sometimes used, but only the simplest of
circuits are entirely one type or the other. It is better to refer to specific components and say
they are connected in series or connected in parallel.
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= & Analogue and Digital Systems

Analogue systems

Analogue systems process analogue signals which can take any value within a range, for
example the output from an LDR (light sensor) or a microphone.

All electronic circuits suffer from “noise” which is an unwanted signal mixed in with the
desired signal.””! For example, an audio amplifier may pick up some mains “hum”. Noise can
be difficult to eliminate from analogue signals because it may be hard to distinguish from the
desired signal.

Digital systems

Digital systems process digital signals which can take only a limited number of values (discrete
steps). Usually just two values are used: the positive supply voltage (+V;) and zero volts (0 V).

Digital systems contain devices such as logic gates, flip-flops, shift registers and counters.
A computer is an example of a digital system.

Logic signals

Most digital systems use the simplest possible type of Table 1-1. . Logic states

signal which has just two values. This type of signal is called a -
Logic states

logic signal because the two values (or states) can be called true

and false. Normally the positive supply voltage + Vs represents True False

true and 0 V represents false. Other labels for the true and false 1 0

states are shown in Table 1-1. High Low
Noise is relatively easy to eliminate from digital signals

because it is easy to distinguish from the desired signal which h ik

can only have particular values. For example, if the signal is On Off

meant to be +5 V (true) or 0 V (false), noise of up to 2.5 V can
be eliminated by treating all voltages greater than 2.5 V as true and all voltages less than 2.5 V

as false.
"",!Techni,c_‘al Words and Expressions
vital ['vaitl] adj. BAERY,; XAEXHY
electronics [ilek'troniks] n. T 5
electricity [ilek'trisiti] n. W, WiR; BF
measure ['me3a] n & v Kodv; &
charge [tfa:d3] n. R4, W4T
potential difference (b ) w2, BH 2

4



\__ \Chapter 1 Electronic Technology Fundamental

across [o'kros] adv. & prep. Ak [ 4% ], HBEK
volt [vault, volt] n. RKAF (8 EE4L)
voltmeter ['voult:mi:ta(r)] n. wEE, KRAFIT
parallel ['paeralel] n. (&) 8
symbol ['simbal] n. A5, 5
negative terminal n. A, RAARBLEA [T ]
ampere ['@mpea] n. 23
ammeter ['&mita] n. Z¥it, Bk
series ['sioriiz] n. (&) BB
analogue system XS
digital system HFZ%
LDR (light dependent resistor) ' PG A
microphone ['maikrafaun] n. F&H&, AR
noise [noiz] Fik, %F, BT
audio amplifier FRAKE
frequency ['frickwonsi] n. ME, AE, RERK
eliminate [i'limineit] va Herk, HER
distinguish [dis'tingwif] " 5, #5
discrete step B R
logic gate ¥ AR
flip-flop ['flipflop] n. R, MRSSERL S
shift register BALF A B
counter ['kaunta] n. HEE
{ g Notes

1. Voltage is a difference between two points, but in electronics we often refer to voltage at a
point meaning the voltage difference between that point and a reference point of 0 V (zero volts).

B BHERMARKNZER, BEERTEPRMNEUENE — A LB ELERIRX
RMERSHEHZ AR —ABEE.

meaning... ;= BLTE 1A FEIEUE TE, 181f voltage at a point.

2. The symbol 7 is used for current in equations.

B 75 IRRTTREF R BT .

HE AR, @FITERESG), BEEFREENRLEEN RS,

3. All electronic circuits suffer from “noise” which is unwanted signal mixed in with the
desired signal, ...

CE: AT REBEHSZE “BRET T, RERBESAGHESHRERES.
which 5| § %2 i& M\ A], 1&1f noise; mixed...Jd 24018 /5 B €15, &1 unwanted signal
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Exercises
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. Mark the following statements with T (true) or F (false) according to the text.

1. It is possible to have voltage without current, but current cannot flow without voltage.
(-0}
2. Current is used up in components, but not in wires. ( )
3. In parallel each component has the same current. ( )
4. Noise can be easy to eliminate from analogue signals. ( )
5. Most digital systems use the simplest possible type of signal which has just two values.
«C )
6. In electronics we often refer to voltage at a point meaning the voltage at the point. ( )

7. To measure current in a circuit, you must break the circuit and put the ammeter across the

gap. ( )
8. Most circuits are entirely series circuit or parallel circuit. ( )
9. Digital signals can take only a limited number of values. ( )
10. There are three ways of connecting components. ( )

II. Select the right answer from the following choices.

1. is sometimes described as the 'push' or 'force' of the electricity.
A. Resistance B. voltage C. current D. Transistor
2. Zero volts could be in the circuit, but to be consistent it is normally the
terminal of the battery or power supply.
A. fixed point; positive B. any point; negative
C. any point; positive D. fixed point; negative
3. In series each component has the same
A. current B. voltage C. power D. resistance
4. Since logic gates are ICs, their input and output signals can only be in one of two

possible states, i.e., logic '0' or logic '1".
A. digit B. analog C. digital D. analogue
5. The output from a microphone is

A. analog signal B. digital signal  C. discretesignal D. all

I11. Complete the following sentences.

1. We say voltage a component, current a component.
2. The proper name for voltage is or for short.

3. Current is measured in and is measured with an

4. Most circuits contain a mixture of and connections.

6



\\ Chapter 1 Electronic Technology Fundamental

5. Normally the positive supply voltage +V; represents and 0V

represents

Reading1 AC, DC and Electrical Signals

AC means Alternating Current and DC means Direct Current. AC and DC are also used
when referring to voltages and electrical signals which are not currents! For example: a 12 V
AC power supply has an alternating voltage (which will make an alternating current flow). An
electrical signal is a voltage or current which conveys information, and usually it means a
voltage. The term can be used for any voltage or current in a circuit.

Alternating Current (AC)

Alternating Current (AC) flows one way, then the other way, continually reversing
direction. An AC voltage is continually changing between the positive (+) and negative (-).
The rate of changing direction is called the frequency of the AC and it is measured in hertz (Hz)
which is the number of forwards-backwards cycles per second. Mains electricity in the UK has
a frequency of 50 Hz.

Direct Current (DC)

Direct Current (DC) always flows in the same direction, but it may increase and decrease.
A DC voltage is always positive (or always negative), but it may increase and decrease.
Electronic circuits normally require a steady DC supply which is constant at one value or a
smooth DC supply which has a small variation called ripple.

Properties of Electrical Signals

An electrical signal is a voltage or current which conveys information, and usually it
means a voltage. The term can be used for any voltage or current in a circuit.

The voltage-time graph (Fig. 1-3) shows various properties of an electrical signal. In
addition to the properties labelled on the graph, there is frequency which is the number of
cycles per second.

Fig. 1-3 shows a sine wave but these properties apply to any signal with a constant shape.

e Amplitude is the maximum voltage reached by the signal.

e Peak voltage is another name for amplitude.

e Peak-peak voltage is twice the peak voltage (amplitude). When reading an oscilloscope
trace it is usual to measure peak-peak voltage.

e Time period is the time taken for the signal to complete one cycle.

e Frequency is the number of cycles per second. It is measured in hertz (Hz), but
frequencies tend to be high so kilohertz (kHz) and megahertz (MHz) are often used. 1 kHz =
1 000 Hz and 1 MHz =1 000 000 Hz.
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Fig. 1-3 A sine wave

1
time period frequency

e frequency = NS and time period =

hd #

_Technical Words and Expressions

AC (alternating current) AW

DC (direct current) Hikw
convey vt. A ik
amplitude n i@
oscilloscope n. (%) TRESE
kilohertz n. Tk
megahertz (MHz) n %3

ripple n Bk, HE

1. AC and DC are also used when referring to

A. voltages, electrical signals and currents

B. currents and voltages

C. currents and electrical signals

D. voltages and electrical signals

2. Which of the following is right?

A. Alternating Current flows one way, then the other way, continually reversing direction.
B. An AC voltage is continually changing between the positive ( +) and negative (-).

C. The rate of changing direction is called the frequency of the AC.

D. All of the above.
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3. DE
A. means Direct Current

B. means Alternating Current

C. always flows in the same direction and can increase and decrease

D. voltage is always positive, but it may increase and decrease

4. Which of the following descriptions of electrical signal properties is not right?
A. Amplitude is the maximum voltage reached by the signal.

B. Peak voltage is another name for amplitude.

C. Peak-peak voltage is twice the peak voltage (amplitude).

D. Frequency is the number of cycles per minute.

5. Frequency

A. is the number of cycles per minute

B. is measured in second

C. tends to be high so kilohertz (kHz) and megahertz (MHz) are often used
D. is equal to time period

il

Video: Explaining an electrical circuit

Text 2 Circuit Components and Their Symbols
"

Circuit symbols are used in circuit diagrams which show how circuits are connected
together. The actual layout of components is usually quite different from the circuit diagram.
To build a circuit you need a different diagram showing the layout of the parts on the printed
circuit board.

= = Wires and Connections

Wire: To pass current very easily from one part of a circuit to another. (Fig. 1-4 (a))

Wires joined: A “blob” should be drawn where wires are connected (joined), but it is
sometimes omitted.!'! The wires connected at “crossroads” should be staggered slightly to form
two T-junctions, as shown in Fig. 1-4 (b).

= = Power Supplies (Fig. 1-5)

Cell: Supplies electrical energy. The larger terminal (on the left) is positive (+). A single
cell is often called a battery, but strictly a battery is two or more cells joined together.
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() (b)

Fig. 1-4 Wire
(a) Wire; (b) Wires joined

Battery: Supplies electrical energy. A battery is more than one cell. The larger terminal
(on the left) is positive (+).

DC supply: Supplies electrical energy. DC = Direct Current, always flowing in one direction.

AC supply: Supplies electrical energy. AC = Alternating Current, continually changing
directions.

Fuse: A safety device which will “blow (melt)” if the current flowing through it exceeds a
specified value.

Transformer: Two coils of wire linked by an iron core. Transformers are used to step up
(increase) and step down (decrease) AC voltages. Energy is transferred between the coils by
the magnetic field in the core. There is no electrical connection between the coils.

+

=L e J— VIS, - T

(d (e) (0

Fig. 1-5 Power supplies
(a) Cell; (b) Battery; (c) DC supply; (d) Fuse; (e) Transformer; (f) Earth (Ground)

Earth (Ground): A connection to earth. For many electronic circuits this is the 0 V (zero
volts) of the power supply, but for mains electricity and some radio circuits it really means the
earth. It is also known as ground.

Output Devices (Fig. 1-6)

Lamp: A transducer which converts electrical energy to light. Fig. 1-6 (a) symbol is used
for a lamp which is an indicator, for example a warning light on a car dashboard.

Heater: A transducer which converts electrical energy to heat.

Motor: A transducer which converts electrical energy to kinetic energy (motion).

Inductor: A coil of wire which creates a magnetic field when current passes through it. It
may have an iron core inside the coil. It can be used as a transducer converting electrical
energy to mechanical energy by pulling on something.

10
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(a) ®)
_@7 e AYYYY
© @

Fig. 1-6 Output devices
(a) Lamp; (b) Heater; (c) Motor; (d) Inductor

23 Switch (Fig. 1-7)

On-Off Switch: SPST = Single Pole, Single Throw. An on-off switch allows current to
flow only when it is in the closed (on) position.

Dual On-Off Switch: DPST = Double Pole, Single Throw.

Reversing Switch: DPDT = Double Pole, Double Throw.

Relay: An electrically operated switch, for example a 9 V battery circuit connected to the
coil can switch a 230 V AC mains circuit.

NO = Normally Open. COM = Common. NC = Normally Closed.

—o/;/o—

(@ (b) (c)

o Jo

(d) (e)

Fig. 1-7 Switches
(a) SPST; (b) SPDT; (c) DPST; (d) DPDT; (e) Relay

5 = Resistors, Capacitors, Diodes and Transistors (Fig. 1-8)
Resistor: A resistor restricts the flow of current, for example to limit the current passing

11



