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1. Electrical Components and 
Measuring Instruments

This section will give an overview of 
the instruments and components you 

will use throughout this course.
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Resistors

 Resistors limit electric current in a circuit.

Two common types
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Chip resistor and resistor network

Power resistor
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variable resistor
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Capacitors

 Capacitors store electrical charge.
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Inductors

 Inductors, or coils, are used to store energy in an
electromagnetic field.
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Transformers

 Transformers are used for ac coupling, or to
increase/decrease ac voltages.
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Electronic Instruments
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Electronic Instruments (cont.)

 DC Power supply
 A DC power supply provides current and voltage to

electronic circuits.
 Function Generator

 A function generator provides electronic signals for
circuits

 Digital Multimeter
 A digital multimeter (DMM) measures voltage, current or

resistance, depending upon the function selected.
 Voltmeters, Ammeter, Ohmmeter

 Oscilloscope
 The oscilloscope is used for observing and measuring

voltage signals in a circuit
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2. Scientific Notation

Scientific notation provides a 
convenient method to express large 

and small numbers
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Scientific Notation

 Scientific notation is a method of expressing
numbers.

 A quantity is expressed as a number between 1
and 10, and a power of ten.

Example:
5000 would be expressed as 5 x 103 in Scientific notation.
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Powers of Ten

 The power of ten is expressed as an
exponent(지수) of the base(밑수) 10.

 Exponent indicates the number of places that the
decimal point is moved to the right (positive
exponent) or left (negative exponent).

106 = 1,000,000 10-6 = 0.000001
105 = 100,000 10-5 = 0.00001
104 = 10,000 10-4 = 0.0001
103 = 1,000 10-3 = 0.001
102 = 100 10-2 = 0.01
101 = 10 10-1 = 0.1
100 = 1
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Engineering Notation

Engineering notation is similar to Scientific
notation, except that engineering notation can
have from 1 to 3 digits to the left of the decimal
point, and the powers of 10 are multiples of 3.
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Scientific notation vs Engineering notation

Consider the number: 23,000

In Scientific notation it would be expressed as:
2.3 x 104

In Engineering notation it would be expressed as:
23 x 103
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Metric Prefixes

 Metric prefixes are symbols that represent the
powers of ten used in Engineering notation.

 Consider the quantity 0.025 amperes, it could be
expressed as 25 x 10-3 A in Engineering notation,
or using the metric prefix as 25 mA.
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4. Atomic Structure 

This section will give the structure of 
the atom, electron orbits and shells, 
valence electrons, ions, and types of 

materials used in electronics
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Atomic Structure

 An atom is the smallest particle of an element
that retains the characteristics of that element.

 An atom has a nucleus, consisting of positively
charged particles called protons, and uncharged
particles called neutrons.

 The basic particles of negative charge, called
electrons, orbit the nucleus.

Bohr model
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Electron shells and Orbits
 Electrons orbit the nucleus at discrete distances from the

nucleus.
 Orbits are grouped onto energy bands known as shells.
 An atom has a fixed number of shells.
 Each shell has a fixed maximum number of electrons

permissible at energy levels.
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Valence Electrons

 Electrons with the highest energy exist in the
outermost shell, known as the valence shell, and
its electrons are called valence electrons.

 Valence electrons are relatively loosely bound to
the atom.

 If a valence electron acquires enough external
energy to leave the atom, the process is known
as ionization.

 The escaped electron is called a free electron.
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Categories of Materials

 Conductors readily permit current flow, due to a
large number of free electrons in the material.
Conductors are characterized by 1, 2, or 3
valence electrons in their atomic structure.

 Semiconductors have 4 valence electrons
 Insulators have few free electrons, and tend not

to permit current to flow through them.
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5. Electrical Charge, Voltage and 
Current

This section will give the concept of 
electrical charge, voltage and current
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Electrical Charge
 The charge of an electron and that of a proton are

equal in magnitude but opposite in polarity.
 The force acting between charges is called an

electric field.
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Coulomb

 Electrical charge (Q) is measured in coulombs (C).
 By definition:

One coulomb is the total charge possessed by
6.25 x 1018 electrons.

Q = (number of electrons)/(6.25 x 1018)

 An electron has a charge of 1.6 x 10-19
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Voltage

 The unit of voltage is the volt (V).
 By definition: the difference in electric potential

energy of a unit test charge transported between
two points

One volt is the potential difference (voltage) 
between two point when one joule of energy is 
used to move one coulomb of charge from one 

point to the other.

Q
WV 

),(:
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coulombCchargeQ
joulesJenergyW
voltVvoltageV
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Current

 The movement of free electrons from negative to
positive is electrical current (I).

 By definition:
electrical current is the rate of flow of charge

t
QI 

),(:
),(:

),(:

coulombCchargeQ
secondttimet

ampereAcurrentI
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Ampere: The Unit of Current
One ampere is the amount of current that exists when a
number of electrons having a total charge of one coulomb
move through a given cross-sectional area in one second.
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6. Resistance

This section will give the concept of 
reistance
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Resistance

 The property of a material that restricts the flow
of electrons is called resistance.

 Ohm: The unit of Resistance
 One ohm of resistance exists if there is one ampere of 

current in a material when one volt is applied across the 
material.

 The symbol of an ohm is omega ().
 Conductance is the reciprocal of resistance.

 The unit of conductance is siemens (S).

Graphic symbol

R
G 1


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Resistance
 Wire Resistance

A
lR 


areasectionalcrossA

lengthl
tyresisitivi

:
:
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Color-code bands on a resistor
 1st band is the first digit of the resistance value.
 2nd band is the second digit of the resistance value.
 3rd band is the multiplier (number of zeros).
 4th band indicates the tolerance.
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Resistor color code

No band : 20%
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Variable Resistors

 Variable resistors are designed so that their
resistance values can be changed with manual or
automatic adjustment.

 A potentiometer is a variable resistor used to
divide voltage.

 A rheostat is a variable resistor used to control
current.
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7. Basic electric circuit

This section will introduce a basic 
electric circuit
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 An electric circuit consists of a voltage source, a
load, and a path for current between the source
and the load.

 A closed circuit is one in which the current has a
complete path.

 An open circuit is one in which the current path is
broken, or incomplete.
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8. Ohm’s Law
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Ohm’s Law(오옴의 법칙)

일정한 저항을 유지할 때 전압의 변화가 전류에 미치는 영향
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Ohm’s Law(오옴의 법칙)

일정한 전압을 유지할 때 저항의 변화가 전류에 미치는 영향
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Ohm’s Law(오옴의 법칙)

 전류를 구하는 식

 전압을 구하는 식

 저항을 구하는 식

R
VI 

IRV 

I
VR 

)(),(),( RVVAI
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전류 계산

예제

mAAV
k
V

R
VI 501050

101
50

0.1
50 3

3 




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9. Energy and Power
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에너지(Energy)와 전력(Power)

 에너지 (W)
 일을 하는 능력

 전력 (P)
 에너지를 사용하는 속도

 단위 시간당 사용된 에너지

에너지 단위는 주울 (J, joule)
시간 단위는 초 (s, second)
전력 단위는 와트 (W, watt)

시간

에너지
전력

t
WP 

100J의 에너지를 5초간 사용했다면 전력은?예제

W
s
J

t
WP 20

5
100


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에너지(Energy)와 전력(Power)

 전력의 단위 (W, watt)
 전자공학 : mW, W, pW
 전기공학 : kW, MW

 에너지의 킬로와트시간(kWh) 단위

 전력의 단위가 W, 시간의 단위가 s 일 때, 에너지의 단위는 J, Ws
 전력의 단위가 W, 시간의 단위가 h 일 때, 에너지의 단위는 Wh
 전력의 단위가 kW, 시간의 단위가 h일 때, 에너지의 단위는 kWh

시간전력에너지  PtW 

2시간 동안 2500W의 전력을 소비한 경우 에너지는?예제

WhhWPtW 500022500 
kWhhkWPtW 525.2 

JsWPtW 6101872002500 
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전기회로의전력

전기회로에서의 전력저항에서 발생하는 열
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전기회로의전력

 와트의 법칙
 전기회로에서의 전력

전류의 단위는 A
전압의 단위는 V
저항의 단위는 Ω

IVP 

RIP 2

R
VP

2



P
t

W
t
Q

Q
WVI 

Q
WV 

t
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저항전력의정격

 전력 정격, 정격 전력
 저항이 손상을 입지 않고 소비할 수 있는 최대 전력

물리적 구성 성분, 크기에 관계

저항의 표면적이 넣을수록 소비 가능한 전력도 커진다

표준 전력 정격에 따른
금속 피막 저항의 상대적 크기

1/8W

1/4W

1/2W

1W
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10. Power Supply
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전원공급기 (Power Supply)

 전원 공급기
 부하(전원 공급기에 연결된 전기 소자)에 전력을 공급하는 장치

전지 (battery)
정전압 전자회로(regulated electronic circuit, electronic power supply)

전원 공급기가 공급하는 전력
= 부하가 소비하는 전력
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전원공급기 (Power Supply)

 전지의 암페어-시간(Ah) 정격
 전지 : 제한된 화학 에너지전기에너지

 전력 공급 시간 제한

 암페어-시간/Ampere-hour (Ah)의 단위로 측정

예제

70Ah로 표시된 전지로 2A의 전류를 몇 시간 공급할 수 있는가?

h
A
Ahx

AhxhA

35
2

70
70))(2(






