Text A

Simple Electric Circuit

1. An Electric Circuit

A fundamental relationship exists between current, voltage, and resistance. 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.!"! In the following circuit a battery provides the voltage
source, electrical wire is used for the conductor, and a light provides the resistance (see Figure
3-1). 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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Figure 3-1 A simple electric circuit

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 (see Figure 3-2). 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.

3. Ohm’s Law
The relationship between current, voltage and resistance was studied by the 19th century



Figure 3-2 A representation of an electrical circuit

German mathematician, Georg Simon Ohm. Ohm formulated a law which states that current
varies directly with voltage and inversely with resistance. From this law the following formula is
derived:

Voltage

| =— or current=—-—"—
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.

I=B U=IxR R=£
R |

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 (see Figure 3-3).

Figure 3-3 Ohm’s law triangle

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

)

U
= = =% =
1 R U=IXR R 7

Figure 3-4 Forms of Ohm’s law triangle

formula (see Figure 3—4).[2]

Ohm’s law can only give the correct answer when the correct values are used. Remember
the following three rules:
(1) Current is always expressed in amperes or amp.
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(2) Voltage is always expressed in volt.

(3) Resistance is always expressed in ohm.

6. 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 (see Figure 3-5).
There is one path of electron flow from the negative terminal of the battery through R4, Rs, Ry, Ry

returning to the positive terminal.

Figure 3-5 Resistance in a series circuit

7. Formula for Series Resistance
The values of resistance add in a series circuit (see Figure 3-6). If a 4Q) resistor is placed in
series with a 6Q) 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
Ri=R;+R,+R;+R4+R;
11kCY 2K 2k8 100€2 1k$)

i H H H
R R, 2 R, R.
.

Figure 3-6  The values of resistance add in a series circuit

Given a series circuit where R; is 11kQ, R, is 2kQ, R3 is 2kQ, R4 is 100€2, and Rs is 1kQ,
what is the total resistance?
Ri=R;+R;+R;+ R4+ Rs
= (11 000 + 2000 + 2000 + 100 + 1000)Q2
=16 100Q2

8. Current in a Series Circuit

The equation for total resistance in a series circuit allows us to simplify a circuit (see Figure
3-7). Using Ohm’s law, the value of current can be calculated. Current is the same anywhere it is
measured in a series circuit.
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Figure 3-7 Original circuit and equivalent circuit

9. 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 1.5Q each have been

placed in series with a 12V battery (see Figure 3-8). Ohm’s law can be applied to show that each

resistor will “drop” an equal amount of voltage.
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Figure 3-8 Voltage in a series circuit

First, solve for total resistance:

Rt:R1+R2+R3+R4:(1.5+1.5+1.5+1.5)Q:6Q

Second, solve for current:

=Y
R
_ % A
=2A
Third, solve for voltage across any resistor:
U=IXR
=(2X1.5V

=3V



9

BRTRLTWVIOIELBHRE (F4H)

If voltages were measured across any single resistor, the voltmeter would read 3V.”) If
voltage were measured across a combination of R; and R4 the voltmeter would read 6V. If voltage
were measured across a combination of R;, R3, and R4 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.

10. 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 (see Figure 3-9). The battery represents U; which in this case
is S0V. The desired voltage is represented by Uy which mathematically works out to be 40V. To
calculate this voltage, first solve for total resistance:
Ri=R; +R;
=(5+20)Q
=25Q

R, 5Q

- [ "’| L,-'ﬂ
o K| [20Q2
S0V 40V

Figure 3-9 Voltage division in a series circuit

Second, solve for current:

Y
Rt
50
- A
=2A
Finally, solve for voltage:
Uo=1XR,
— (2X20)V
— 40V
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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 PIETE 31 A& consist of, A “Heee Ak, BFE, BE7. toallow electrons to
flow between the voltage source and the load & —Nahia AN X, 1EEiE, BHAKRE a
conductor, RHLETAFERIFL, AN T

TP Pl N T TR NS R OR AN/ 2 il iR iG = L SRR (S AR Kk
[N RS

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

PO TR R EE, SRR . B M RPREMN =/AE, fmfZit
HRERE R, RN A To use the triangle & — 3l AN e X, EHT
Wi, B cover. you want to calculate & —MEiEMNA), BEWIHIFRE the value. make up
R AR, R

AU BRAXA =M, SRS, TR T2 a e .

[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.

AAJH ) end-to-end ANRESE - IETBEAA N X2, 102 1 RAHIER . so that there is
only one path for current to flow f&—&5HARIEMA]. when a number of resistors are
connected end-to-end #&— /MR TE WA

AU A BE2ABE R, R RSN, SRR T BRI .

[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.

AHXNA) TR SITER A T4 Xt N2 RENARA T i) i
A German physicist, 1515 & formulated, ZZiF /& a law, Kirchhoff f&[F{7 1%, which 5|31
EEMNAENT a law. 7EZE NG, which /EF1E, states & 1F1ESNIH, states J5 & —
ANEENA], BT 5131 thate 7EIXANEEMAT, 1A the sum of the voltage drops,
WHiEh equals, T4 the total voltage. S5HNGRESE, M FHEEHM —HTART.

AAJEN . AEE YL SO RE AR T AN, A Rl A F B g B A
Hs P PR SR8 T 453X A [ AR A A HL s

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

R, “RMVEECN -7 MFRILZEARA] T voltmeter would read, IMIAJE voltmeter
would be read. read NERf# “{E7R, FE/R”. U1, The dial reads 32. %I B 32,

AR AR AT AT A RS B s, AR I B 2 2 3V

Exercises

[Ex.1] WA AZE, [MIZFLUT ) 8.
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 10Q, 20Q and 30Q respectively have been placed in series with a 12V

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

CEx.2Y #4119 SCRERE, 5 HAH Y FR 9 3R]

RNBR 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 a 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

a person who does research connected with physics or who studies physics.

the difference in voltage between two points in an electric field or circuit

a device that measures and records the amount of electricity, gas, water, etc.
that you have used or the time and distance you have travelled, etc

[Ex.3) 48 FAIA) 7B b 3.
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.
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2. Variable resistors have a dial or a knob that allows you to change the resistance.

3. Diodes are components that allow current to flow in only one direction.

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

5. The letter L stands for inductance. The simplest inductor 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 charge is proportional to the capacitance value

and the resistance value.

8. When AC current flows through an inductance a back emf or voltage is generated to prevent

changes 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.

[Ex.4Y K F KR ST e 3

Switches are devices that create a short circuit or an open circuit depending on the position
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.
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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 (see Figure 3-10). 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.

S

Figure 3-10 Resistance in a parallel circuit

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

t

Number of resistors

In the following illustration there are three 15Q resistors (see Figure 3-11). The total

resistance is
_ Value of one resistor

t

Number of resistors

3

=5Q

okl

Figure 3-11 Equal value resistors in a parallel circuit
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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. The following is an example of three resistors.
I 1 1 1

R t Rl RZ R3

In the following illustration there are three resistors (see Figure 3-12). each of different

value. The total resistance is

1 1 1 1
—_— =t ——
Rt R1 RZ R3
1 1 1 1 .
— =t —+— Insert value of the resistors
R, 5 10 20
4 2 1 : .
=t —+— Find lowest common multiple
20 20 20
= l Add the numerators
20
R, 20 . .
- = 7 Invert both sides of the equation
R=2.86Q2 Divide
] R, R R
30 1002 200

Figure 3-12  The total resistance when there are three resistors

The second formula is used when there are only two resistors.
R, = R xR,
R +R,
In the following illustration there are two resistors (see Figure 3-13), each of different value.
The total resistance is
R, = R xR,
R +R,

_ 5%10 0
5+10
_50Q

15
~3.33Q




A A

Figure 3-13  The total resistance when there are only two resistors

4. Voltage in a Parallel Circuit

When resistors are placed in parallel across a voltage source, the voltage is the same across
each resistor. In the following illustration three resistors are placed in parallel across a 12V
battery (see Figure 3-14). Each resistor has 12V available to it.

12V
Battery
- Rl R. R-\

Figure 3-14 Voltage in a parallel circuit

5. Current in a Parallel Circuit

Current flowing through a parallel circuit divides and flows through each branch of the
circuit (see Figure 3-15).

|

1
=

=
=

4 B f

Figure 3-15 Current in a parallel circuit

Total current in a parallel circuit is equal to the sum of the current in each branch. The

following formula applies to current in a parallel circuit
=1 +1,+1;

6. Current Flow with Equal Value Resistors in a Parallel Circuit
When equal resistances are placed in a parallel circuit, opposition to current flow is the
same in each branch. In the following circuit R; and R, are of equal value (see Figure 3-16). If
total current (l;) is 10A, then 5SA would flow through R, and 5A would flow through R;.
I =1+1,
=(5+5A
=10A
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H=5A

=104

Figure 3-16 Current flow with equal value resistors in a parallel circuit

7. Current Flow with Unequal Value Resistors in a Parallel Circuit

When unequal value resistors are placed in a parallel circuit, opposition to current flow is
not the same in every circuit branch. Current is greater through the path of least resistance. In the
following circuit R, is 40Q2 and R, is 20Q (see Figure 3-17). Small values of resistance means

less opposition to current flow. More current will flow through R, than R;.

_ R
B 400

P+
|I -
1
1

R
200

=3A L—6A

| S|

-
|

L=9A

Figure 3-17 Current flow with unequal value resistors in a parallel circuit

Using Ohm’s law, the total current for each circuit can be calculated.

12
:2—0A
=0.6A

=1, +1,
=(0.3+0.6)A

=0.9A

Total current can also be calculated by the first calculating total resistance, then applying the

formula for Ohm’s law.




8. Series-parallel Circuit
Series-parallel circuit is also known as compound circuit. At least three resistors are
required to form a series-parallel circuit. The following illustrations show two ways a

series-parallel circuit could be found (see Figure 3-18).

E] -+— Parallel Branches
I —‘

‘7 Parallel Branches

Devices in Series

Figure 3-18 Series-parallel circuit

9. Simplifying a Series-parallel Circuit to a Series Circuit

The formulas required for solving current, voltage and resistance problems have already
been defined. To solve a series-parallel circuit, reduce the compound circuits to equivalent simple
circuits. In the following illustration R; and R, are parallel with each other (see Figure 3-19). R;

is in series with the parallel circuit of R; and R;.

£ 108

®, 100

R 00

|

Figure 3-19 The compound circuits
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First, use the formula to determine total resistance of a parallel circuit to find the total
resistance of Ry and R,. When the resistors in a parallel circuit are equal, the following formula is

used:

R:Value of any one resistor
Number of resistors
:%Q
=5Q
Second, redraw the circuit showing the equivalent values. The result is a simple series
circuit which uses already learned equations and methods of problem solving (see Figure 3-20).

R g R50

7

Figure 3-20 Simplifying a series-parallel circuit to a series circuit

10. Simplifying a Series-parallel Circuit to a Parallel Circuit
In the following illustration R; and R; are in series with each other (see Figure 3-21). R; is

in parallel with the series circuit of R and R,.

R0 [

| S|

£ 0

Figure 3-21 A series-parallel circuit

First, use the formula to determine total resistance of a series circuit to find the total
resistance of R; and R;. The following formula is used:
R=R +R,
=(10+10)Q
=20Q
Second, redraw the circuit showing the equivalent values. The result is a simple parallel

circuit which uses already learned equations and methods of problem solving.
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Exercises

CEx.6 AR ¥ SC Frf AL (e B AT R

1. A parallel circuit is formed when two or more resistances are placed in a circuit side-by-side so
that current can flow through only one path.

2. To determine the total resistance when resistors are of equal value in a parallel circuit, use the

following formula
_ Value of one resistor

t

Number of resistors

3. In the following illustration there are three 15Q resistors. The total resistance is 45Q.
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4. In the following illustration there are three resistors, each of different value. The total
resistance is

| o "l

5. When resistors are placed in series across a voltage source, the voltage is the same across each
resistor.

6. Current flowing through a parallel circuit divides and flows through each branch of the circuit.
Total current in a parallel circuit is equal to the sum of the current in each branch.

7. When different resistances are placed in a parallel circuit, opposition to current flow is the
same in each branch.

8. Series-parallel circuit is also known as compound circuits. At least more than two resistors are
required to form a series-parallel circuit.

9. In the following illustration R; and R, are series with each other. R; is in parallel with the
series circuit of Ry and R,.

#1002

10. In the following illustration, the total resistance is 105€Q.

RO10Q
K, 100

100
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(1) The plan for launching the man-made satellite still lies on the table.

RIS Nt DR v RIS B, T T

on the table %[ B “JE R b7 W5 SONE, R4 FSCE s gsImh “J
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(2) Military strategy may bear some similarity to the chessboard but it is dangerous to carry
the analogy too far.
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(3) The book is too high-powered for technician in general.
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(4) The expense of such an instrument has discouraged its use.

RPERAR B DT, AN 2 2 1 BRI

expense JEUSE NTED . T3, SIHCN “UNED &5t

(5) Industrialization and environmental degradation seem to go hand in hand.
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(1) Along the equator it reaches nearly halfway around the globe.
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(2) The shortest distance between raw material and a finished part is precision casting.

TR T s it 8 e T 88 P 75 V25 A G 2 s

shortest distance JfUE o0 “H &7, HEALMIX — A, A A REN. n LU
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(3) The foresight and coverage shown by the inventor of the process are most commendable.

XN TR R R W T R ARz W s R i, 25 AN DL RGP EN SR .

coverage J5UEA “HaE”, T “UHHAINT.

(4) The purpose of a driller is to cut holes.

B R E) D REAE R AL o

purpose RN “H”, SIHN “IIEE”.

(5) There are many things that should be considered in determining cutting speed.

FENE VIHE B, N 2525 JBVF 2 K 3R .

things U4 “HE7, HAAGIHON “BRIZER7,
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OrCAD View

1. Full-Featured Schematic Editor

OrCAD Capture, a flat'"! and hierarchical Schematic Page | [1]adj. “F & #)
Editor, is based on OrCAD’s legacy of fast, intuitive” schematic | [2] adj. H % #)
editing. Schematic Page Editor combines a standard Windows user
interface with functionality and features specific to the design
engineer for accomplishing design tasks and publishing design data.

(1) Undo and redo schematic edit unlimited times.

(2) Use Label State for “what if” scenarios”.. [3]1n. &%

(3) Launch Property Spreadsheet Editor at design or schematic
level to edit or print your design properties.

(4) View and edit multiple schematic designs in a single session.

(5) Reuse design data by copying and pasting within or between
schematics.




(6) Select parts from a comprehensive!”

set of functional part
libraries.

(7) In-line editing of parts to allow pin name and number
movement.

(8) File locking in case the design is being open by another user.

2. OrCAD Capture

OrCAD Capture” design entry is the most widely used schematic
entry system in electronic design today for one simple reason: fast
and universal design entry. Whether you’re designing a new analog
circuit, revising schematic diagram for an existing PCB™, or designing a
digital block diagram with an HDL module, OrCAD Capture provides
simple schematic commands you need to enter, modify and verify the
design for PCB.

(1) Place, move, drag, rotate, or mirror individual parts or
grouped selections while preserving both visual and electrical
connectivity'.

(2) Ensure design integrity through configurable Design and
Electrical Rule checkers.

(3) Create custom title blocks and drawing borders to meet the
most exacting specifications.

(4) Insert drawing objects, bookmarks, logos!” and bitmapped
pictures.

(5) Choose from metric or imperial™ unit grid spacing to meet
all drawing standards.

(6) Design digital circuits with VHDL or Verilog Text Editor.

Find and select parts or nets quickly from the OrCAD Capture
Project Manager and the multi-window interface makes navigation[g]

across hierarchy a breeze.

3. Project Manager Coordinates Design Data

The sophisticated'”! Project Manager simplifies organizing and
tracking the various types of data generated in the design process.

An expanding-tree diagram makes it easy to structure and
navigate all of your design files, including those generated by
PSpice” simulators, Capture CIS and other plug-ins.

(1) Project Creation Wizard guides you through all the resources

available for a specific design flow.
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