Unit 3

Text A Simple Electrical Circuit

1. An electric circuit

A fundamental relationship exists between current, voltage, and resistance. A simple
electrical circuit consists of a voltage source, some type of load, and a conductor to allow
electrons to flow between the voltage source and the load. "' In the following circuit a battery
provides the voltage source, electrical wire is used for the conductor, and a light provides the
resistance. An additional component has been added to this circuit, a switch. There must be a
complete path for current to flow. If the switch is open, the path is incomplete and the light will
not illuminate. Closing the switch completes the path, allowing electrons to leave the negative

terminal and flow through the light to the positive terminal.
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2. An electrical circuit schematic

The following schematic is a representation of an electrical circuit, consisting of a battery, a
resistor, a voltmeter and an ammeter. The ammeter, connected in series with the circuit, will
show how much current flows in the circuit. The voltmeter, connected across the voltage source,
will show the value of voltage supplied from the battery. Before an analysis can be made of a

circuit, we need to understand Ohm’s Law.
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3. Ohm’s Law

The relationship between current, voltage and resistance was studied by the 19th century
German mathematician, George Simon Ohm. Ohm formulated a law which states that current
varies proportionally with voltage and inversely with resistance. From this law the following

formula is derived:

I = v or Current = M
R Resistance

Ohm’s Law is the basic formula used in all electrical circuits. Electrical designers must
decide how much voltage is needed for a given load, such as computers, clocks, lamps and
motors. Decisions must be made concerning the relationship of current, voltage and resistance.
All electrical design and analysis begins with Ohm’s Law. There are three mathematical ways to
express Ohm’s Law. Which of the formulas is used depends on what facts are known before

starting and what facts need to be known.

4. Ohm’s Law triangle

There is an easy way to remember which formula to use. By arranging current,

voltage and resistance in a triangle, one can quickly determine the correct formula. A
5. Using the triangle

To use the triangle, cover the value you want to calculate. The remaining letters make up the

1
/N
OR\ I R INQ)
-4 R:%

U=IXR

formula. 12

Ohm’s Law can only give the correct answer when the correct values are used. Remember the
following three rules:

e Current is always expressed in amperes or amp.

® Voltage is always expressed in volt.

® Resistance is always expressed in ohm.
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DC Series Circuit

1. Resistance in a series circuit

A series circuit is formed when a number of resistors are connected end-to-end so that there
is only one path for current to flow. "' The resistors can be actual resistors or other devices that
have resistance. The illustration shows four resistors connected end-to-end. There is one path of
electron flow from the negative terminal of the battery throughR,, R,, R,, R returning to the

positive terminal.

R R, R, R,
+

2. Formula for series resistance

The values of resistance add in a series circuit. If a 4} resistor is placed in series with a 6}

resistor, the total value will be 10€). This is true when other types of resistive devices are placed

in series. The mathematical formula for resistance in series is
R, =R, +R, + R, + R,

11kQ  2kQ  2kQ 1002 1kQ

Given a series circuit where R, is 11kQ), R, is 2kQ, R, is 2kQ, R, is 100Q), and R; is
1kQ), what is the total resistance?
R,=R, +R, + R, + R, +R;
11 000 + 2 000 + 2 000 + 100 + 1 000
16 100Q

3. Current in a series circuit

The equation for total resistance in a series circuit allows us to simplify a circuit. Using
Ohm’s Law, the value of current can be calculated. Current is the same anywhere when it is
s y

measured in a series circuit.
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— — Equivalent
Original Circuit Circuit

4. Voltage in a series circuit

Voltage can be measured across each of the resistors in a circuit. The voltage across a
resistor is referred to as a voltage drop. A German physicist, Kirchhoff, formulated a law which
states the sum of the voltage drops across the resistances of a closed circuit equals the total voltage
applied to the circuit. "* In the following illustration, four equal value resistors of 1. 5€) each have
been placed in series with a 12V battery. Ohm’s Law can be applied to show that each resistor will
“drop” an equal amount of voltage.

First, solve for total resistance :

R =R +R,+R, +R, =1.5+1.5+1.5+1.5 =6Q

(o) (0) O_
T T T
1.5Q 1.5Q 1.5Q 1.5Q
—{—1 {1 {1 1+
R, Ry R Ry
12V Battery |,
=
Second, solve for current
U 12
I=— =—= =2A
R 6

Third, solve for voltage across any resistor;
U=IxR =2x1.5 =3V
If voltages were measured across any single resistor, the voltmeter would read 3V. "' If
voltage were measured across a combination of R; and R,the voltmeter would read 6V. If voltage
were measured across a combination of R,, R,, and R, the voltmeter would read 9V. If the
voltage drops of all four resistors were added together the sum would be 12V, the original supply
voltage of the battery.

5. Voltage division in a series circuit

It is often desirable to use a voltage potential that is lower than the supply voltage. To do
this, a voltage divider can be used. The battery represents U; which in this case is 50V. The
desired voltage is represented by U, which mathematically works out to be 40V. To calculate this

voltage, first solve for total resistance:
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Second, solve for current;

R =R, +R, =5 +20 =250
U, 50
I= 5 =35 =2A

Finally, solve for voltage :

Uy =IxR, =2 x20 =40V

New Words and Phrases

circuit
fundamental
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load
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component
switch
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designer [ di'zaina(r)] n. wit#H

lamp [leemp] n. T

relationship [ri'leifanfip] n. RFR,KIK

analysis [ 8'neelisis | n. ¥, o

triangle [ 'traieengl ] n. =k

calculate [ 'keelkjuleit ] ot. & vi. TR IE TR ATH
ot & vi. (FE)IN,IAH

series circuit R H

equation [i'kweifon] n. AHSE P, 2R AR IR TR, X

series resistance I L BH

be referable to AT, e EEPS

voltage drop FL R R

meter ['mi:ta] n. A, K, 1, 3#€

divider [ di'vaida] n. EE Y, Bl

Notes

[1] A simple electric circuit consists of a voltage source, some type of load, and a
conductor to allow electrons to flow between the voltage source and the load.

A ) 1S 1 Bl 1) 2 consist of , B Ay e %" . to allow electrons to flow between
the voltage source and the load f&1fifi{) /2 conductor, FBH ZAH AL T, A B AR T,

[2] To use the triangle, cover the value you want to calculate. The remaining letters make
up the formula.

XA TR B, BRI . 5 — MR R = e ST
AR ZE R T W RE A =

[3] A series circuit is formed when a number of resistors are connected end-to-end so that
there is only one path for current to flow.

AEJH Y end-to-end AN BE L TH AR X , M2 B RAHZER B, so that 5T T
—EEHRTE RT o when 5159 AT HECIR T, 435 B e 156 i %002 OO 2514

[4] A German physicist, Kirchhoff, formulated a law which states the sum of the voltage
drops across the resistances of a closed circuit equals the total voltage applied to the circuit.

B XA T R A B ) A . X Z RN T A Ei
A German physicist, 1515 & formulated , F2 1542 a law, Kirchhoff 2 [F]{7 1%, which 5| %) & i&
MAJEN a law, 7EIZE A, which (31, states JZ2 18 1 811, states f§ M J&— A5
AT EIE T 5] 56 that, 75X 218 M A)H, E1E N the sum of the voltage drops, 1515 4
equals, ZZ15 4 the total voltage, Z5FVERENG , M FHIEEM—H TR T . fEEYHER
WA T — 25 e, GE I N 28, ek PAT S el BEL 9 v P A 1) SR 25 73X [l s g F

[5] If voltage were measured across any single resistor, the voltmeter would read 3V.

TR, TR Y FE A R AR AT volt meter would read, T S 52 voltmeter
would be read, read N IRfE“ BN, 3887 o U0, The dial reads 32. ZI)JE @~ H 32,
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Exercises

[Ex.1] MRABERICAZS, FZLLT R
(1) What does Ohm’s Law state?

(2) According to the passage, how to use the triangle?

(3) What is a series circuit?

(4) How do we measure the voltage drop of each of the resistors in a circuit?

(5) If three resistors of 10€), 20Q) and 30} respectively have been placed in series with a

12V battery, what is the voltage drop of each of the resistors in a circuit?

(Ex.2] MU T H A5 SOERE, 5 R R Y3 SR

®XRR W iC

a closed path followed or capable of being followed by an electric current

a device used to break or open an electric circuit or to divert current from one

conductor to another

a position in a circuit or device at which a connection is normally established

or broken

an instrument, such as galvanometer, for measuring potential differences in volts

an instrument that measures electric current

a device that generates light, heat, or therapeutic radiation

a device that converts any form of energy into mechanical energy, especially an
internal-combustion engine or an arrangement of coils and magnets that converts

electric current into mechanical power

scientist who specializes in physics

the work required to bring a unit electric charge, magnetic pole, or mass from an
infinitely distant position to a designated point in a static electric, magnetic, or

gravitational field, respectively

the international standard unit of length, approximately equivalent to 39.37 inches. It
was redefined in 1983 as the distance traveled by light in a vacuum in 1/299 792 458

second
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(Ex.3] {EF4)a)F#iE T,
(1) A power supply could be something as simple as a 9V battery or it could be as complex

as a precision laboratory power supply.

(2) Variable resistors are common components. They have a dial or a knob that allows you

to change the resistance. This is very useful for many situations.

(3) Diodes are components that allow current to flow in only one direction. They have a

positive side and a negative side.

(4) LEDs use a special material which emits light when current flows through it. Unlike

light bulbs, LEDs never burn out unless their current limit is reached.

(5) Well the letter L stands for inductance. The simplest inductor is consists of a piece of

wire.

(6) Two metallic plates separated by a non-conducting material between them make a simple

capacitor.

(7) The time required for a capacitor to reach its maximum charge is proportional to the

capacitance value and the resistance value.

(8) When AC current flows through an inductance a opposite emf or voltage develops

opposing any change in the initial current.

(9) Reactance is the property of resisting or impeding the flow of AC current or AC voltage

in inductors and capacitors.

(10) To produce a drift of electrons, or electric current, along a wire it is necessary that

there be a difference in “pressure” or potential between the two ends of the wire. This potential
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difference can be produced by connecting a source of electrical potential to the ends of the wire.

(Ex.4] {055 CRER TS,

Switches are devices that create a short circuit or an open circuit depending on the state of
the switch. For a light switch, ON means short circuit ( current flows through the switch, lights
light up). When the switch is OFF, that means there is an open circuit (no current flows, lights
go out). When the switch is ON it looks and acts like a wire. When the switch is OFF there is no

connection.

(Ex.5] @iid Internet 24 BERE, A B A0 4 hida] 87 45 v, 7-3a] S0 4l By fHE 01, 58
JELL T B o 5 E-mail Kk 45 200, I B EARBCHE TR R L

(1) —HL A 5 WP = BT, 2% b oo F ply WP 6 2 ) A= 5 (B L 4% o 5 37 77 i B9
K)o

(2) BURTE FE Py Bl A 5K R 0 A Bl D B R R iR

Text B DC Parallel Circuit

1. Resistance in a parallel circuit

A parallel circuit is formed when two or more resistances are placed in a circuit side-by-side
so that current can flow through more than one path. The illustration shows two resistors placed
side-by-side. There are two paths of current flow. One path is from the negative terminal of the
battery through R, returning to the positive terminal. The second path is from the negative terminal

of the battery through R, returning to the positive terminal of the battery.

|

2. Formula for equal value resistors in a parallel circuit

To determine the total resistance when resistors are of equal value in a parallel circuit, use
the following formula;

_ Value of one resistor
.=

R

Number of resistors

In the following illustration there are three 15() resistors. The total resistance is
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= Value of one resistor _ 15 - 50

Number of resistors 3

R

Tl ol ]

3. Formula for unequal resistors in a parallel circuit

There are two formulas to determine total resistance for unequal value resistors in a parallel
circuit. The first formula is used when there are three or more resistors. The formula can be
extended for any number of resistors.

11,11
R, R, R, R

In the following illustration there are three resistors, each has different value. The total
resistance is
1 1

L1
"R R TR

=

Insert value of the resistors

+
+

>U‘>—‘

+
SIS

—+
S— 8[-

Find lowest common multiple

Add the numerators

~

N Blw Ble vu|—

Invert both sides of the equation

=R
I}

o0
N
o)

Divide

Tl @l &l

The second formula is used when there are only two resistors.
R, xR,
"R, +R,

In the following illustration there are two resistors, each has different value. The total

resistance 1is

_R|XR2_5><10
""R, +R, 5+10
_ 50

=15 = 3.33Q
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