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3.3 How Do Charges Flow through the Components of a circuit?

In 1950, Canadian Drs. Wilfred Bigelow and John Callaghan first used

an external electrical device, developed by Dr. John Hopps, to pace
the beating of a dog's heart. The device was the first pacemaker.
Modern technology has brought the pacemaker a long way since
those days. Pacemakers are used to help people with irregular
N ——
heartbeats. As well, they are small enough to be surgically inserted under the skin o
o~ —
chest. The electrical energy to run a pacemaker comes fronfa battery that losts 10 years
or longer. Electrical charges flow through the tiny electrical device;

electrical pathway called a circuit within the human body.

Part A Chemical Ene Se arates Electrical Charges in Cells

What do a charged storm cloud and batteries have in common? .
é\ﬁ} T bohn w?ara‘le ?3%.7‘1#? + rneganit

ona

Lightning is an uncontrolled burst of electrical energy and can cause power

outages, injuries, loss of life, and fires.

U{ < A battery can provide a steady, controlled flow of electricity.

Mﬁﬁa_ls a combination of __ € \"€ QQ Ll A H alcells connected together (or a single
electrochemical cefl). -h O\Q

ha )(0/ f yoen
Elf‘dmC m cells convert C Mm I 0‘-2 energy into g'\ﬂC"Tl [( Q% energy stored in charges.
Electrochemical cells m called C € \ \ 3 bO\ \"'Qf (gj

For example, an AA "battery” is an electrochemical cell.

Ina QUA chemical reactions of two different __fY ﬁiﬂ or metal compounds occur on the
surface of i € €S

(so\id melals ﬂ o s (..\_)
The electrodes are in a solution called an __€ \f C‘\-TO\ (L/\)e ( X C(.U 'a ’

The reactions cause one electrode to become positively charged, and the other to become negatnvely charged.

‘ ( separates the positive and negative charges. © Dﬂ € o C'\'Cfu
The electrodes are in in contact with in the cell. (m“crq ; ‘) o \ ol - p
When terminals are connected to an ical oY chari GE(ES‘ S |
0w
through it.

Figure 3.13 shows two types of cells. A ﬂ contains a moist m !
as an electrolyte. Ina 5‘\_‘ §,‘\‘ § § “ , the electrodes sit in a 9 gh dsolutlon B ,'.:'.., :‘“.:".;“i"f

t jardtrd o

Both transform chemical energy into electrical energy to run portable devices. 2
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Ina a combination of electrochemical cells are connected together
(two or more).

You make a battery when you place AA cells together in an electrical device. Often, devices

Figure 314 The battery require several cells to be packaged together in a casing to make a battery (Figure 3.14).
shown here is made up of “w " .

sixindividual cells. Cells and batteries are_ QT L s A source is anything that j_(ﬂp\_s_

e\fc.*‘(;(cdl energy. é ‘EE 5! v c&g A ‘ are also sources.

How Does a Cell Work? o<« :
Because opposite charges attract each other, it takes e/! g gc_’i to separate positive and negative charges.
N

chamiccQ 0
Inacell, __ﬂj)_co_separate the positive and negative charges. In other words, ¢ W T does the
= e
_WO(K of separating the charges. (66 O-0°«a O é)

Recall that E Y Q 5& is the Qb \ \ \"\'U\ '\‘0 C(Gmt.Work is done on an object when a QO(CL

\ v\ through some distance R
et b C hamt 1228 4 WSL /
Because work went into separating the charges, the

exe gig Dnow have the energy to do other work, such

as running a fan or a watch. The electrical energy now

in the cell is a form of
"X)‘bnh‘ 2 . It has the potential to do

work because of the separation or position of the charges.

Evbrah e iepeion of 7

If you stretch a spring and hold it, the energy in the spring is

5‘\'(/‘Q d . This is an example of

EE n-h al energy. The energy stored in the spring will not

be released until you let go. Likewise, in order for the

to lose their S‘\“C/('C.é 'e\f C'\Yi CQQ W(A% , the battery must be connected to a

device. When you a battery to a light bulb, the electric potential energy is e \'Qa& ” as
the, e\‘ed'YCf\S fAAS) e through the wire inside the bulb and the electrons’ energy is
into he al'l' and ] l‘gl\ h+ nergy.

Label the missing part of the “dry cell” and “wet cell”...which is which?
(pracmce Tos ‘Rt %rm‘mag . Olermina Q .
. _\, . -
. ?‘aisr!sf\akf_ Ej

lead ploe  partition

Dryy Gk W tcelk 3
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Part B Electrical Potential Difference

A unit ofcha@e, called a QS ) L)\mb gains electrical potential energy when it passes through a source, such as a
e amount of electric potential energy in one coulomb of charge is called the N

A NCO or \[Olhge{‘/)’which is measured in

batter:

enha)

\-e
\/

7
Itis called a difference because it measures the él%‘ﬁl\& N Q\'QC\Y;(CAQ '?d'\(r\'ha\ QV\Ong

per unit of charge between the

acell./\oo.bk/l/b— .

Figure 8.4 Even though the
stairs are the same height in A
and B, more work is done in B.
Therefore, there is more
potential energy in B

?OS\hvﬁ *omina? andthe V\QCLA)aJh\U{ emi in

You might compare potential energy and potential difference with climbing a staircase. When
you climb a flight of stairs, your body has donﬁ \A)G’K (Figure 8.4). The work
you have done is now g:\er\‘\\a‘ energy. If you had climbed the same set of stairs with
a §'a\% !Z l% , you would have done YY\g )KL:; wark. As a result, you
MORE

potential energy depends on the height of the stairs and the amount of mass moved to the top.

You can think of the ?G*CY\‘\WOQ di m n a battery as being like the

! ‘ﬂéh+ of the stairs. The amount of charge separated in a battery is like the mass

moved up the stairs.
N
is due to both the ?0 ‘Q(\%Q‘

The\ ential energy in the m
\ Y N9 (volts) and the Qmom.\-
chakr

noocy_man j OKL
separated (coulombs). ( I3XCS) ) ( )
‘_/—(}U I \3
The amount of potential energy a battery ¢ O\ 0(_“ m‘y depends not only on how much
the battery has but also on how much __( V\[A! 9& that battery can

vo\ Jragg

separate. Even though C, D, AA, and AAA batteries all have a potential

and the backpack would have potential energy. This means the

that has been

difference of | '6 V, the battery that can separo Y W\()S\\Ck"%would ﬂ

have the __ O\ QL ‘\'QB"' PO kh"\\ag €’Mf6.tl .. The energy that charge

possesses is dLe{Jendent on the QYV\()(X\.\' 0-0 C"a ' and the VO‘ +C((?‘(Q’ .

Cells and batteries are rated according to their W mm n_ang \IUMIW
an d \H"Q OW Other sources, like electrical outlets, are rated in a similar manner.

The symbol and units for electrical potential difference are given below:

* The electrical potential difference is measured in \fO\ ‘ D C\I)

e The symbol for e \ecric ’\',K)kﬁ)“\O\Q d;ﬁm is Vv

Because of its symbol and units, electrical potential difference is often called the \[0\ mg& .

For this reason the term voltage is frequently used on cells and batteries (Figure 3.16).

Inthe 1.5V cell shown in the figure, it took 1.5 units of energy to carry that last unit of charge “up

the stairs”. If two cells are linked together, as in a flashlight or radio, their voltages
———

Figure 3.6 A lypical
A or AAA cell provides
an electrical potential
difference of 1.5 V.

N \.o\\c\crf"-_\.‘i\l

eledrical poten
aference L5
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pracTice -

% How is chemical energy transformed into electrical energy in a cell? \ ‘(?
chemical enercy (reachons i T~ ehectraly \)

: elechic
geporaks @ and® charges and poilds op
Now RN 1S “reteayd wnen

2. Why is the electrical potential difference of a source called the “differen »Eﬁ ( “volta
YQQECE ec se \a ew(:ss-zﬂc\;case 1} = E(jt:: w i?r\ Q\\e C_‘Y ‘C
?@\er\\-\c& LN TAy wehuueern Mg @ and © Yerminals

3. [If two 1.5 volt cells are placed in a radio, what is their voltage?
i EE E"‘i i

VOV Y LDV = 3y
4. If six cells are packaged together to form a larger battery, what is the total voltage of the
Figure 314 The battery
shown here is made up of

battery? b’( \5\[> = q\l

Producing Voltage in Batteries

A Mis a device that measwes@the amount of potential

difference between two_locations of c%a)rge separation. When you place the
connecting wires of a voltmeter across the G) and @ W“ﬁm’fof
a battery, the voltmeter displays the battery’s \IO\J“QQ\UZ. (\I} .

A battery has gwfnvt\:ri\n?réi)called € \‘eC‘r(Cde The electrodes are usually made of two different metals
but can be a metal and another material. The electrodes are in an M:}QC ,DB ]
(OMUC\S) t‘deiC ' . Recall, that in a d cell, the electrolyte is a moist paste; in a "
AR N 0 P

A1 cell, the electrolyte is a fluid. @J\
5 . ¢
hows an e C O CYX VY\\CQ,\ that uses a Vouid
e VLiguI.
zinc and a copper electrode. T-I;-e acidic © \‘C’g l'!)'gk attacks the Q

zinc electrode and pulls Zf\ off the zinc. When the zinc

QiveS O TnNd to the solution, it leaves
Contbed
é“egm behind on the electrode, and the electrode becomes

e ’)Ue' charged. This electrode is called thew
Figure 8.6 An elaciipchemical cell requires two
differant alactrodes (usually metals) and an electralyte

At the same time, chemical reactions VO \ e [6) F ( the copper electrode.

Y N
This makes the copper electrode have a ,ZSS ]'h V icharge. This electrode is called the Qﬂ z 7"/ ODG@
Because there is an 5|k:harge on each electrode, there is a ?O ‘C(\h OLQ d\ (Pﬁ r’ew

{ \fC)\ ) between the two electrodes.

5
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Covend SO‘Uﬁ“‘B
The C(YY\OU'H' afww%that is produced in an electrochemical cell depends on the

““6’\?&5 0‘9 W\MO{Q and the M‘A‘d SO'UMsed. e‘rc‘h’(“bk .

Maost modern electrochemical cells can produce 1.5 V or 2.0 V. For example, a 12 V car battery could consist of

six 2.0 V cells or eight 1.5 V cells connected together.

1. What device uses chemical energy to give charges electric potential energy?

Bos

2. What is the definition of energy?

T ch'\\i\-'\a Yo Ao woor &

3. How is kinetic energy different from potential energy? s.\_o(c A e Y\QXC\)U\ d/UQ ~\ 6

> mooing dogdts T Soycts Fomha
%

4, What is another name for electric potential difference?
5. What two factors determine the energy the charge possesses?

k(\O/\?'h\ %&mcg\g\:‘%zﬁ?c \'gteN rog and vo\‘\ﬂ%

6. What is the purpose of a voltmeter?
7. What are two groups of batteries?

cOL T Wh R

8. How is an electrode different from an electrolyte?
o~

“L > ne Liquid or peN
ok Comannt €D NG
¥ /- Yerminad> Sevorales ST Ay
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Before You Read

READING ABOUT: £LLOTRIC POTENTIAL
ENERIY AND VOLTAIL P9 7-8

o Complete the following reading about electric potential energy and voltage. Be
\ sure to "Mark the Text” and highlight KEY DEFINITIONS as you read along.

ALSO, answer the "Reading Check” questions in the side margin as you go! a

Static electricity involves charges that build up and stay in the same place on an object. How
could you store the charges to use later? Write down your ideas on the lines below.

Student answers will vary

> Mark the Text

Identify Definitions

As you read this section,
highlight the definition of
each word that appears in
bold type.

0 Reading Check
1. What is electric potential
energy?

. What is a battery?

. Energy is the ability to do work—to make things move or

* change. A battery is a device that stores the energy in electric

. charges so that it can be used at some later time to do work.

* In other words, a battery is a source of electric potential

. energy—stored energy that has the potential to make something

: move or change.

Batteries convert chemical energy to electrical energy.
* For example, batteries that power a flashlight or a cordless
- mouse convert chemical energy to electrical energy. Batteries
* that convert chemical energy to electrical energy are called
. electrochemical cells, and may be wet cells or dry cells (see
* illustration). @

Reading Checks
Pages 110-111

1. stored energy that has the potential to make
something move or change

2. potential difference

How does a battery provide energy?

P A battery provides energy to push negative charges through

¢ conductors that are connected together. Energy to push electrons
. is available if positive and negative charges are separated. In a
. flashlight battery, for example, energy from chemical reactions
. does the work of separating the charges.

: A flashlight battery has two terminals called electrodes in

. a moist paste called an electrolyte that conducts electricity.

: Electrons build up at one terminal, making it negatively

. charged. At the same time, electrons withdraw from the other

: terminal, leaving it positively charged. Once the charges are

. separated, the charges have the ability to do work on something
: else, such as making a bulb light up.

Unit 3 - Physics Page 7




What is voltage?

Scientists use the term potential difference to talk about the

difference in potential energy per coulomb of charge between

two points of an electric circuit. Potential difference is another

name for voltage. The standard unit for voltage is the volt

(V). The label 1.5 V on a battery means that it has a potential

difference of 1.5 V. Voltage can be measured by a voltmeter.
Voltage is what causes charges to move. Think of a aReading Check

waterfall. The water in a waterfall naturally flows from a higher : 2. What is another name for

point to a lower point. In a similar way, charges naturally move : voltage?

from a higher level of energy to a lower level of energy. The

difference in potential energy between one point in a circuit and +

another—the voltage—makes charges move in a circuit. & 3

negative terminal : |Reading Checks
Pages 110-111

1. stored energy that has the potential to make
something move or change

2. potential difference

positive terminal

positive terminal

plastic insulator

electrolyte
(moist paste)

carbon rod

lead plate | .

electrolyte lead-dioxide
(acid solution) plate

negative terminal

dry cell
(used in flashlights)

[
wet cell
(used in cars)

Two types of batteries

Unit 3 - Physics Page 8



Assignment #1: Practice Worksheets pages 9-11
Complete this assignment in the space provided below.

Electricity crossword puzzle

Y NSUWEL D

]
Lt il
. N
| Pl el LTI T
T
| 4 T 5 B
L] | ]
. . LE .
0 I e 0 e N O [ 1]
E
- — L]
N ] G
| ] T ] 1
N NN |
L] HEEEREER |

Vocabulary Puzzle

Electricity crossword puzzle|

Page 112

Across

2. potential energy

3. electrolyte

7. electrodes

9. coulomb

10. dry cell

13. voltage

14. electrochemical cell
Down

1. kinetic energy

. potential difference
. terminals

. voltmeter

[=2 &L I S AV ]

. wet cell
8. volt

11. battery
12. energy

Across

2. stored energy

3. electrodes are placed in a substance that conducts
electricity

7. two terminals in a battery

. unit for charge

10. battery in flashlights

13. amount of electric potential energy per one coulomb

of charge
14. converts chemical energy into electrical energy

w

1. energy a maving object has

2. anather name for voltage

4. positive and negative end points of a battery

5. device used to measure voltage

6. battery in cars

8. unit for potential difference
11. converts a form of energy into electrical energy
12. ability to do work

Unit 3 - Physics Page 9




Electric potential energy

Vocabulary

battery positively

chemical potential difference
electrical potential energy
electrochemical cell removed
electrodes separated
electrolyte terminals

energy volt

negatively voltage

Use the terms in the vocabulary box to fill in the blanks. You may use terms more than

once. You will not need to use every term.

EONSUWESD

1. The ability to do work is called

2. A device that stores the energy in electric charges so that it can be used at some
later time to do work is called a(n)
or

3. Energy that is stored in a battery is called electric

4. A battery that powers a flashlight converts energy to
energy.

5. Energy to push electrons is available if positive and negative charges are

6. In a flashlight battery, energy from reactions does the

work of separating the charges.

Cloze Activity
Electric potential energy
Page 113

1.
2.

© 0N 0w

energy

Answers can be in either order: electrochemical cell
battery

. potential energy

. chemical, electrical

. separated

. chemical

. electrodes, electrolyte
. negatively, positively
. potential difference

7. A flashlight battery has two terminals called

in a moist paste called a(n)

8. Electrons build up at one terminal, making it
charged. At the same time, electrons withdraw from the other terminal, leaving it
charged.

9. , or voltage, is the difference in energy
per coulomb of charge between one peint in a circuit and another point in a circuit.

10
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Electrochemical cells

Use the following terms to label the two diagrams. You can use terms more than once,
Some parts have been labelled for you.

Terms

carbon rod negative terminal
electrolyte plastic insulator

lead plate positive terminal
1.

ANSWENS

Electrochemical cells

Page 114
1. (a) positive terminal

(b) plastic insulator
(c) electrolyte

(d) carbon rod

(e) negative terminal

2. (a) negative terminal
(b) positive terminal

(c) lead plate

(<)

(d) electrolyte

(d)

SCIENCE

SkiliCheck
* Measuring

* Classifying

* Communicating
 Evaluating information

Safety

* Be careful of sharp edges
when inserting the metal
strips into the fruit.

Materials
* various fruits

lead-dioxide
plate

in an electrochemical cell. -hno H G N 8

oholS =~ ete “}‘?"”’“‘3 (C iC
Question C 5 . acA d)
What materials are needed to make a voltage-producing electrochemical cell?

oae ndcpendant variable . +upes 0@ maod
part 1 Degendant varicble : o Ha(&\a .
el

In this investigation, you will determine the factors that produce pote‘ntial difference € ‘-e(j(()( k
{f -
(&

1. Give your data table a number and a descriptive title. ( MeCS
— . voltmetr
vooe |-
Metal 2 k:
Aluminum Zinc Iron Copper
E— S S S A S S s

Unit 3 - Physics Page 11



strips into the fruit.

Aluminum Zinc Iron Copper

Materials
* various fruits . 7, /
* 2 aluminum strips - A ///// ////////
* voltmeter = :

k] Zinc
® 2 zinc strips %’ //// ////
® 2iron strips Iron / /
* 2 copper strips
* steel wool Copper
o 250 mL beaker N J
* water

2. Select one piece of fruit. Carefully insert two aluminum strips into the fruit. The

m amom-‘— two metal strips should be about 2 cm apart and parallel to each other.

voltagg an elechochamical
ek Can produce degend

onNn .

Step 3 Touch the leads from the voltmeter to the two strips, 12

Unit 3 - Physics Page 12



Procedure Continued... Analyze
1. In Part 1, what combination of metals produced the highest

3. Touch the leads from the voltmeter to the two voltage?

strips. You may find that the voltage fluctuates.

Count 5 s from when you first started measuring the

voltage. Record the voltage at 5 s in your data table.
4. Remove one of the aluminum strips from the fruit

and insert the zinc strip. Be sure to use the same slit

that the original strip was in. Repeat step 3. 2. InPart 1, what combination of metals produced the lowest
5. Continue steps 3 and 4 until you have done all the voltage?

combinations of metal strips and the data table

contains all the measured voltages.

Part 2

6. Identify the combination of metals that produced
the highest voltage. Wash the two strips so that 3. In general, how did the voltage produced by two similar
there is no fruit juice on them. Use the steel wool metals in Part 1 compare to the voltage produced when the
to clean the strips. Fill a 250 mL beaker with 100 mL two metals were different types?

of clean water.

7. Place the metals identified in step 6 in the beaker
of water. Place them so they are parallel and about
2 cm apart.

8. Connect the voltmeter to the two strips just as you
did in step 3. Observe the reading on the voltmeter.

9. Clean up and put away the equipment you have
used.

4. Why was it important to use the same openings in the fruit
each time?

5. InPart 2, how did the voltage produced by the two metals in
water compare to when the metals were in the fruit?
Give a possible explanation for this result.

Conclusion
1. What materials are needed to produce a high voltage in an electrochemical cell?

13
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C harg\ ng) ‘?_‘9

Part C: Charges can Flow through Conductors, but not Insulators:

When two different solid materials are rubbed together, 6"(( fYC/l 3 canbe transferred form
one material to the other. The electrons will either 5‘\'0,,.3 o e 5“‘('\0\&& of the
new material or __ Y AVeA YA rC Q)C\\’\f\ v

Any material that electrical charges can move through is called a __ CCN\ d&C‘\‘Qz
Electrons can move through almost all e a0 , but they move through some metals more

easily than others.

How easily the charges move through a material is referred to as its (‘Or)d (V) Ch V)

A material that charges cannot travel through at all is an \ f\SU\ CC" (o4

Look at Figure 3.17. Most electrical wiring is made out of metals that/-U-\ P 19 Bt
e made of § metd ondhO
conduct charges very well, such as CO??GI ’\ .

conesed by 21 vk b prevest
N e charges b g s o
e b e ot The rado

. ) R "
Most electrical cords and wires are covered with (UW 450 s s o v

or ’\)\%hC/ . These materials are S Y 5& )\g “ A 5 e
Most non-metals, such as O\\CKBS V\rCDd

are also insulators.

'%'Explain why electrical wirers are covered by an insulator.

.« Sa - 50 00 den't oh syrock
s to enSue € (‘e\‘ed\'lu 3 }s Yo W
socrce. (ot Sher @ ws ednoy >
Part D: Moving Electrical Charges form an Electric Current:

C\/\QFO)KS can flow from a source through C md UC"TAQ materials to an appliance . '
oran e I‘e CJY'(C‘Q der ’C—Q, , such as a cellphone. :J/“ Dab*’/"b ) C‘E\_C‘:g;_(i‘

O U\
C V\Qm [(G\Q s (O L,/ fromthe 00 ¢ CQ_  causeschargesto

move through the (Ofd Ud‘CV‘ usually wires, carrying to the device.

The moving charges are called an € \'ﬁC‘\T '\C/ Q Q C f €N ,

W\ "
The symbol for current is _/_ andis measured iWIed am ?e reS (A) O\MPS
For example, the equation |= 3 A means that the current (1) is ﬁ amperes ( Dﬂ ).

The smaller unit of electric current is the YY)\ “ \O\M?e YC( IA = 1000 mA). 14

—_—
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%’What is the relationship between moving charges and current?

/VIOU/'f\j charge S (e‘ L‘/owmﬁ)
'Y ¢ lectriC CrrentT .

12

Effects of Voltage and Current on the Human Body /_m SMuM cor cend-
0.0005A Tingle

The scale on the right shows how the effects of current on the human body vary with 20014 L
o————

> 0014 Inabikity to
the amount of current that flows through the body. The voltage is et go

h ;20\/ h dard h hold vol i
, the standa ousehold voltage. 00SA s
breathing
0104
0254
~—— Study the scale and then research & answer the questions below. ama i e

1004
1. Find out what the electric current is in homes in B.C. What type of Cctfﬂf—( wurrent-

caution does the scale on the right suggest that you should take around household currents?

Justify your response.

100 - QOO A do o U

N~ SN per cutled .
(IO-&Oﬁ; max ot each ou?‘fc~/~>.

2. Electric current is used in some medical applications to treat health problems. Find out more about these

applications and choose one that interests you. How does the treatment work? What kind of voltage and current

is involved?

o XanyiPped

. deRbrilladr (AED)
. mmaw _ musche [nerve shmulahon,

15
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Y polb-

Part E: A Load resists the Flow of Current

Any device that transforms electrical energy into other forms of energy is called an 6\"6 C . Y') C, l C)C(Cl -

As electrons pass through a load, they \Ox fr\Qfo\k’ as electrical energy is converted into another

type of energy. [ﬂcm-‘\ f\B 'e\fc\_*" C CV\'Q(%(.( - F>

Some examples of@e a light bulb a buzze rjter and a motge— e o\mcsm"‘ ap C wen\-
A load resists, or hinders, the flow of current. Thls happens because _éctrons in the current collide “w 1YY \Q(\’\k
v S 3;,“ Och

Figure 318 Alght bulb &5 Au\ml ||luu.nln avory thin weo. W|th the f|°w of ‘he
oot e -y The coll a"sa. m'"“s""'.‘n%r ~ “w
- oy LA current. o) Narrow
»};P\ D
How much the flow of current is hindered is V\thg’aﬂ

referred to as resistance (R), and the units

and light energy

used to measure resistance is the ohm.

The symbol for an ohm is the Greek letter

omega,

M US+ U-Q
he filament in a light bulb is a good example of resistance to the flow of charges. =" SY‘Y\C&A«\ of bUJb f-— lan

wiv N\
Figure 3.18 shows how resistance makes a filament-type light bulb light up. As charges move into the fllament
(load) from a much larger wire, they collide so hard the filament gets very hot, and creates a glow and light ‘ l
energy.

New | Blown

Part F: Conductors must form a Closed Loop to allow Current to Flow
%2 Cevi wireS

When a source, load, and conductor are connected in a way that allows
frobadhik s —

3 _pso wrde

current to flow, it is called an electrical circuit. In order for current to

flow, a circuit must form a closed loop.

Figure 3.19 shows the simplest possible circuit having only a source and
\W

aload. LoPD ( resi 5“*
-l Tl o 1 9N)

Without a load to resist the flow of current, the current would be so large that et amyilotransandd ot
the conductor would quickly get very hot and start a fire.

This is called a short circuit. Show circuts are fire hazards if they occur within a buildings wiring. This occurs when the

resistance is too low, so the current flowing is so high it is dangerous.

16
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wnak NUpRNS in G corcut

Figure 8.8 illustrates a \sn/m{le/w containing a battery, conducting wires, and a buzzer.

Chemical energy in the battery gives the electrons on the negative terminal electric

potential energy. These electrons are attracted to the positive terminal of the
) ) rt?: le— - e

battery. Electrons leave the negative terminal and are&sQe}.Qy_}h energy from

the battery through the conducting wires to the buzzer. In the buzzer, the electrons’ R

electric potential energy is transformed into sound energy. Electrons travel back to

the battery through the complete circuit. Figure 8.8 A battery provides the

voltage that allows the electrons to
II i i i travel through the circuit,
Use the terms: source, current, and load to describe how you

think a flashlight works? (use the diagram to help you)

———

Chemical energy in the battery converts electric potential energy into light energy. The electrons flow
(current) away from the negative terminal of the battery (source) and through the filament in the light
bulb (load) where they collide and get hot which creates the glow and light energy. The electrons then
flow back to the positive terminal because they are attracted to the + charge.

The switch will "open" and "close" the circuit...so when the flashlight is "off" means the switch is open, so
current CAN NOT flow through the circuit.

Modelling the Flow of Current: (an analogy)

Figure 320 sl::r@umu flows through a simple, closed cireudt. A
o curent -
o, €

€ The conductors already have electrons in them. The negative terminal repels
the negative charges in the conductor; the positive terminal attracts them.
g As a result, electrons move along the conducting wires, and electrons from -

e the cell move into the conductor.

) As the electrons pass through the load, they transfer some of their energy
1o the load. They then leave the load and retum to the cell.

@ Electrons enter the cell and combine with positive lons to become neutral. Over
time, there are fewer electrons at the negative terminal and fewer positive ions |
at the positive terminal. The worker can carry more electrons up the ladder,
keeping the number of separated charges equal at all times.

| OYEN

In a typical circuit, a switch lets you “open” o . ﬁ:_

load

source
and “close” the circuit to the flow of current.
(
bulb
2~ —

The swilch is open. There is no The switch is closed, allowing current
closed path 5o the current cannot 10 flow and the kght to be on. The
flow. The circuit is open. circuit is refered to as closed.

17
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We can simplify this
drawing by using _c
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Part G: Circuit Diagrams
Even the most complex circuits are made of only four basic types of parts or components:
———
. Source: the source of electrical energy (?OW 60""‘"’%"‘3 ) cel ‘)
. Conductor: the wire through which electric current flows ( W\M wires CW“ ! {;, ?%&)

. Load: a device that transforms electrical energy into other forms of energy ijer bu'b, radio ) pan;"'%*‘/)

W "
. Switch: a device that can turn the circuit on or off by closing or opening the circuit C10S¢d = ©N o
OPEM = OFF
Suppose that you needed to have someone build an electrical circuit for you.

Circuit diagrams are diagrams that use symbols to represent the different components of the circuit.

Table 31 Symbols for Circuit Diag: Circuit  diagrams give an  organized
Component Symbol Quantity | '::-:. :lm . representation of the actual circuit.
Source ] Cell |' Electrical Volt (V) In order to make your circuit diagrams simple to
o B Potential
Difference read, be sure to meet the following criteria:
Battery w)
— i

|
Conducting Wire Current (/) Ampere (A)

e  Draw your diagrams using a ruler.

*  Make all connecting wires and leads straight

Load ‘ Resistance | Ohm (0) lines with 902 (right-angle) corners.
VWWA— | (R
e If possible, do not let conductors cross over
Switch Open —_—
* one another.
Closed
—e—0

*  Your finished drawing should be rectangular
—_—

r re.
Note: The long line in the symbols for cells or batteries represents the positive o ﬂa—e—

terminal and the short line represents the negative terminal

WDHW a circuit diagram for the following simple circuit:
4] ‘ -
l e Qloey

. 7
woold e bobS e W Op o
N6
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w Drawing Circuit Diagrams

In a closed circuit, there can be no breaks in the path of electrons.

An open circuit does not allow a flow of electrons because there is a break in the path.

In this activity, you will draw and analyze circuit diagrams and decide which are open and which are closed.

What to Do

1. For each of the following circuit illustrations, draw its
corresponding circuit diagram in the space provided below.

What Did You Find Out?
1. Which dircuit(s) are closed circuits?

A ond C

2. Which circuit(s) are open circuits?

3. Inany of your closed circuits, identify the device that
(a) is the source of electric potential energy :*{
&

ircuit C
circuit
(b) converts the electrical energy to other forns .
Load (' $nis case, W Locyc\ 'S L,,? ~ bolb

circuit A circuit B circuit C

[ bRk

&
circuit A circuit B

-
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READING ABOUT: £LLUTRIC CURRENT
P9 21-22

S A
- 1\ Complete the following reading about electric current. Be sure to "Mark the
\ Text" and highlight KEY DEFINITIONS as you read along.

ALSO, answer the "Reading Check" questions in the side margin as you go! 0

Before You Read
What is needed for a light bulb to light up? Write Cnur ideas on the lines below.

SNLCGL| SO (0 “bower oottet)
Qonc\/uc’n‘r\% Lo NeS | moddbg a_switch .

What is needed for charges to move through an

@ Mark the Text : electric circuit?

Check for A continuous movement of charge through a conductor is
Understanding . called current electricity. A complete pathway through which
As you read this section, be  ; electrons can flow is called an electric circuit. An electric

sure fo reread any parts you .+ circuit has the following basic parts:
do not understand. Highlight ~ * . .
any sentences that help you - # There must be a source of electrical energy. This may be a

develop your understanding. battery or a wall outlet.

# There must be a conductor through which charges can
move. This is usually a metal wire.

#® There must be a device, called a load, which converts
: electrical energy into other forms of energy such as light
OReading Check or sound. Light bulbs, speakers, heaters, and motors are

1. What is an electric circuit? examples of loads.

# There may be a switch—a device that can control the
movement of charges in the circuit by turning it on (closing

R{\ﬁj\‘\%i the circuit) or turning it off (opening the circuit). &

Reading Checks ‘| What is electric current and how is it measured?
Page 116

1. a complete pathway through which electrons can| AN electrical source such as a battery provides energy to push
flows negative charges through the conducting wires in a circuit. This

2 ammeter movement of charge is called current. Electric current is the

T amount of charge that passes a point in a conducting wire each

Qﬁeadfng Check : second.
2. What is the name of the . Electric current is measured in units called amperes (A).
device used to measure A current of one ampere (1.0 A) is produced when 1.0 C
electric current? * (coulombs) of charged particles move past a point in a circuit

. each second. Electric current is measured with a device called
. an ammeter. &

21
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What does an electric circuit look like?

The parts of a circuit can be drawn with symbols to show
how the circuit is connected. A picture that is made using
these symbols to represent an actual circuit is called a circuit
diagram.

Examples of symbols used in circuit diagrams:

conducting wire [ % J bulb

+ -
_{|_ cell — " «———  openswitch

+ | - battery -« closed switch

—(/)——  voltmeter ——(Ry——  ammeter

This circuit diagram (B} shows the parts of the circuit (A).
Find each of the objects from circuit A in circuit B,

Unit 3 - Physics Page 23
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Assignment #2: Practice Worksheets pages 23-25
Complete this assignment in the space provided below.

Identifying circuit symbols

Match the Term in the first column with the correct lllustration and Circuit Symbol

in the other two columns. Place the corresponding letter and Roman numeral in th
blank spaces provided.

Term

lllustration Circuit Symbol

1. bulb C
\\

2. battery 6
70

n__ .

3. open slgch
\)

Mg

4, closed.switch
£

!

=]
2
=

L |
1

5. conduﬂg wire

)]

auf
=

List all the parts in the following electrical circuit.

\o

Noutean ) dased soiveh

) \oul%) d) cmdudiﬂfjt::\‘re.
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A

Drawing circuit diagrams

Use circuit symbols to draw circuit diagrams for each of the following.

Unit 3 - Physics Page 25
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True or false?

Read the statements given below. If the statement is true, write ““T"" on the line in front
of the statement. If it is false, write “F”’ and rewrite the statement to make it true.

1. An electric circuit is a complete pathway through which electrons can flow.
_ _ _ _ Answers:
2. An electric load transforms light energy into electrical energy.
True or false?
Page 120
3. Light bulbs, heaters, and batteries are all examples of electric loads. 1. True
2. False. An electric load transforms electrical energy
into other forms of energy.
3. True
4, The wire through which electric current flows is a conductor. 4. True
5. False. A switch is a device that can turn the circuit
on and off by closing or opening the circuit. or A
. . . . . . . batte the source of electric potential ina
5. A switch is the source of electric potential energy in a circuit. circui;y e
6. True
7. False. Current electricity is the continuous flow of
6. Circuit diagrams use circuit symbols to illustrate actual electrical circuits| ~ charge in a complete circuit. or Static electricity is
charge that remains stationary on an insulator.
8. True
9. False. Electric current is measured in amperes. or
7. Current electricity is charge that remains stationary on an insulator. Potential difference (voltage) is measured in volts.
10. True
8. Electric current is the amount of charge passing a point in a conducting wire
each second.
9. Electric current is measured in volts.
10. An ammeter is used to measure the current in a circuit.
25
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