Chapter 9: Current Electricity

Flow of Charge

e Charge can move from one object to another through a Conduchor

o Electric current: when a charge moves, or'_£lows ' from one place
to another

e In metals, moving charges have a ncﬁa,ﬁ vC charge:

I=-Q/t Q=_+4otn| charge flowing past a point in a circuit

t=_4Yime  over which charge flowed

I=_cpccent  (units: Amperes)

1 A = the electric current flowing when 1 C of charge moves past a point
ina conductor inls.
(

Ex.1: Calculate the current in an electric toaster if it takes 9.0x102 C of charge to toast 2

slices of bread in 1.5 min. .. K
Q= 9-0x10*C L=
£ = 1.ominx Kz = 905 _ qo00C

_7 G}o.; —
B = \OA o{@c’,-

Ex. 2: A light bulb with a current of 0.80 A is left burning for 25 minutes. How much
electric charge passes through the filament of the bulb?

T = 0.%0A ™= %
,t:;sz‘mx_bos = 1500s

> I &Sib
e

- @:8_09(\ 5 00s)
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Conventional Current vs. Electron Flow Conventional

Electric current is defined as the Current Flow Electron Flow
rate.  of flow of electrically +| +

charged particles past a point i ; []
Benjamin Franklin, in the 19" century, T

assumed that a _positide charge
moved from an area where there was an excess of positive charges to an
area where there wasa c=ficit (a negative charge).

Direction was therefore defined as moving from the positive terminal to
the negative terminal of the source of potential energy. This is called
Conventional current

After this concept was firmly entrenched, the =lec’on  was
discovered and it became clear that an electric current is a flow of

negatively-charged electrons from the negative terminal to the positive
terminal - =\ecton Llow

Unless told otherwise, assume that all diagrams use conventionsl _ current

Sources of Electric Current

Electric current supplied by a_atier 4 is significantly different
from current supplied by a s\ cicewn t

Batteries supply Aicect _ current (DC) - flow is in a fixed single
direction with a constant magnitude

Direct current (DC)

e e e ) s
> P> e

Wall sockets supply MQL“'\%_ current
(AC) - flow periodically reverses direction  Atterating current (Ac)

in the circuit and the amount of current ) TS

varies continuously.
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Electric Charge and Current Worksheet

1. If thereisa current of 10 amperes in a circuit for 10 minutes, what quantity of electric
charge flows through the circuit?

2. How much current must there be in a circuit if 120 coulombs flow past a point in the circuit
in 4.0 s?

3. How much time is required for 10.0 C of charge to flow past a point if the current is 2A?

4. Ina lightning flash, a typical amount of charge which reaches the Earth is 10 C. If the flash
lasts for 0.50 ms, what is the average current?

5. The current in a small flashlight is 0.20 A.
110 Chapter 9: Current Electricity



a. What is the total electric charge which passes a point in the circuit in 12 min?
T =0.20A T-&
£ :12x60=F205

+
Q=7 | Ao =Tt = @.zoA)(qzos) = |44 Cor (Hoc\

b. How many electrons pass this point in this time?

Q=44 N=® _ 1449¢C 6@ |ozom’
N=7 = 1.6x10'°%C X = i

- |q
e = |-6xI10 cya
6. Calculate the number of electrons passing a point in a wire in one minute, when the current
is:

a. 10A @=Ti + R=Nc.

T=1-0A N=(1-0R)(€09 _

Ne = ';‘i £ =60 )-exfo Gl
N = e 1-bxI0 - 3. 35xI0 o@?;
b. 5.0pA E

+:5.0x10 “A N=—-—- /,_\
co (s o5 AX 60D | ggsxlo” =19 K0 cketes
_(6.ox 1T ARESY

-|Ax\o‘q6/¢ Bo——

o ID_ﬁ%

7. A certain type of rechargeable battery is capable of delivering a current of 0.2 A for
4000s, before its voltage drops and it needs to be recharged. Calculate:
a. The total charge the battery can deliver before it needs to be recharged.

1=0.2A TIT=Q
_k: '1‘000_5

+
a=7 Q=T+t - @2@(40005%@

b. The maximum time it could be used without being recharged if the current through it

was 0.5 A, Q
I = 0. s A A= —
RA0o0C “
= . - N Yo0C i ILOD2
9.0
ANSWERS: 1) 6000C 2) 3.0x10'A 3)5s 4) 2x10*A 5a) 1.4x19%C b) 88x10?° e 6a) 3.8x10%% e b) 1,9x101° e 7a) 800C b) 2x10%s *
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Electric Potential Difference (Voltage)

e Electrical potential energy - _storer  energy as a result of electrical
charges.
e Separating an electron from a proton requires , therefore

increasing their stored energy (like stretching a spring).

e Charged particles in the presence of an electric field and can
electrical potential energy into other forms of energy

e The _| of energy results in an electric potential difference
between two points

e Potential difference is measured in /¢ (V), and is measured by a
voltmeter:

1 volt = 1 joule/1 coulomb

ie., a 12 V car battery is a battery that does 12 J of work on each
coulomb of charge that flows through it.

e The done by a charge, Q, going through a potential
difference, V, can be written as:

AE = QV

Since Q = IAt, then

AE = VIAt
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Ex #1: A 12V car battery supplies 1.0x10° C of charge to the starting motor.

How much energy is used to start the car?

N=lzv . 4E=TV
= \p0D
;C _ 2 = QOODCX\ 7..\/)
ALE 7.
- 120009

Ex #2: If a current of 10.0 A takes 3.0x10%s to boil a kettle of water

requiring 3.6x10° J of energy, what is the potential difference across the

kettle? i:‘0,0A A)E:\I:_\:‘b
{:3005 Aé
A E = 360000 V-E£

-7
o 360 0003

~ (10-0AX(3003)

Ex. #3: A 120 V electric sander operating for 5.0 min uses 1.0x10° J of
energy. Find the current through the sander.

N =120V AE=NTE
‘t:g.Om)n:3DOS =
PN
s -
AE:\.OK‘OJ— j-_-’ \f’b i
T=7 _ y.ox\0 S:
" (120\)(3003)
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Electric Potential Difference Worksheet

1 What amount of energy does a kettle use to boil water if it has 810 C of charge passing

through it with a potential difference of 120 V?

2 What is the potential difference across a refrigerator if 75C of charge transfers 9.0x10%J
of energy to the compressor motor?

3  An electric baseboard heater draws a current of 6.0 A and has a potential difference of
240V. For how long must it remain on to use 2.2x10° J of electrical energy?

Jiey  eETNZE
P o
€rzedT L7 3z
t =

22x10°S_ =|51.85
(Zqo\l)((,.OPD

1

=(150s)

_-—-_--/

4 A flash of lightning transfers 2.0x10° J of electrical energy through a potential difference

of 7.0x107 V between a cloud and the ground. Calculate the quantity of charge transferred
in the lightning bolt.

2E€:=2.0x1077 sE=&Y

V= F-oxi0"V Q- 2&

Q=" Voo

/2_.0;(_\9___:_‘:- - 285?6

7.0x10'V _ (59c)
N
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5 Calculate the energy stored in a 9.0 V battery that can deliver a continuous current of
4.0mA for 2.0x10%?

aE = AE = \II’b
Vv:9q.0V . -@ oN Y 4.0x10 A 20009)

T= L}.OK\O A
£ = 20005 ’@

6 If acharge of 0.30 C moves from one point to another in a conductor and, in doing so,
releases 54 J of electrical energy, what is the potential difference between the two points?

§=0.20C . qV
oE =543 ~AE _ 543

. F — = = O
vE? v a O.30C 30V

7 Describe the significance of two points in a conductor that are at the same electric
potential. How much work must be done to move a charge between the two points?

No worK is dove if he fuio points have
-qu Same Pcﬂ'cn‘ha.( (no 30-“/1 oC less O‘F eﬂdﬂﬂ)

8 How are electric potential energy and gravitational potential energy different? How are
they similar?

- b e the abilily fo do coovie
- g:t{-\'a%bm\ Po‘fenﬁagjemeraa is-due Yo 3(@.\1.
Sfovee due o Scfofa)’lmﬂ of qudcclsg -
= c\ad’ﬁcjm%evaA enevaqy 1> due to the scgn

of clnugc Pa(h‘dcs

Answers: 1) 9.7x10*T 2) 120V 3)150s 4) 29C 5)72J 6) 180V 7) no work
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Resistance

e When charges pass through a material or device, they experience a

(gﬁis{agggc to their flow

e Thisresultsina__o0<== . of electrical potential energy

Ohm's Law
e German scientist Georg Ohm (1787-1854) found that, for any conductor,
the _«atic  of voltage to current is constant:

 The potential difference between any two points in a conductor varies
rﬁirac;-HLj as the current between the two points (if the temperature
remains constant).

R=V/I
R = resistance (ohms - Q)
V = potential difference (volts - V);
I = current (amperes - A)

Ex.1: What is the resistance in a toaster, connected to a 120V power supply,
if the current through it is 8.7 A?

\/ =120V R-v . 20V . 2. 390

= %-TA T ‘A AW

R-7 I GED
Ex.2: Calculate the maximum rating (in volts) of a battery used to operate a
toy electric motor that has a resistance of 2.4 Q and runs at top speed with a
current of 2.5 A.

N=1TR
Rz 2.4
Tosen (2SR
V=7 =(.oV)

Ex.3: How much current is supplied by a 6 V battery if it is connected to a
light bulb with a resistance of 20 Q?

N6V V=18 ——
R=205L v - kY z@,-‘
T:7 I7°® 7 20
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Ohm's Law

il

Find the current through a 12-ohm resistive circuit when 24 volts is applied.

=7
L= V=:IR

RS 1 4y _
V= 24V R~z 7%

Find the resistance of a circuit that draws 0.06 A with 12 V applied.

-7
R=1 VTR
j“_':o.OéA

v izy ~ 0.06A

I

Find the applied voltage of a circuit that draws 0.2 A through a 4800-ohm resistance.

V=7 V=IR
T=0-2A :(O.QAX‘HSDOSD’

R= 4 BOO SL.
Find the applied voltage in a telephone circuit that draws 0.017 A through a resistance of 15
000 ohms.
o? \[: TR
V=< ~.o1FAX1S 000N
T:=0.0FA ~
IS c00S). - £35Y
R = = 2-6'0\[ .‘
A 20 V relay has a resistance of 200 ohms. How much current does it draw?
V=20V \J=IR
R=2005L T = ,\,.- = ,_‘.ZADA/_. :@
T=? R 2005

A circuit consists of a 12 V battery connected across a single resistor. If the current in the

circuit is 3 A, calculate the size of the resistor.
NERVAY/ V=TIR
i - 5A R _ \/ ‘Z\j _
-2 T = = -
R = T 2A
2
ANSWERS: 1) 2.0A 2) 200Q 3) 960V 4) 255V 5)0.1A 6)4Q
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Power in Electric Circuits (Joule's Law)

 To predict the amount of energy used by an electrical device, we first
need to know the amount of time the device will be used.

AE = VIAt
P = AE/AT

Therefore, P = VIAt/At orP =VI

SinceP=VI and V = IR Since P=VI andI = V/R
ThenP=(IR)I ThenP =V (V/R)
P = IR P = V2/R

Ex.1: Calculate the resistance of a 7.5 W light bulb plugged into a 120 V household outlet.

R=7 _ pa ¥ . =y’ .(@oV, Hzen
P = F.5WwW _. ) = = g N
U~ 120V +SW (1910 )

Ex.2: What is the power rating on a light bulb with a resistance of 240 Q if a 0.50A
current runs through it?

P=7 P= IR _
R= 2405 =(0.50A) (Z*Q_ﬁx

Tro.50A = pow v ox0Y)

Ex.3: A 110 V household circuit contains a 1800 W microwave and an 800 W coffee maker,
which are connected to a 20 A fuse. Will the fuse melt if both the microwave and
coffeemaker are on?

P = 1300w + Roow P =IV

. P 2600w

= 2600W + J 1oV,
\= WoV - 73.6A o
xet 25.0 A > 20A Yo, il melt
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Power Equation

1. If a small appliance is rated at a current of 10 A and a voltage of 120 V, what is its
power rating?

TI=-10A PV
VRV :(\oA)C\lO\J> -
?:? = 2200\ o oo o\ (ls{:)

O
2. If a clock expends 2°'W of power from a 1.5 V battery, what amount of current is
supplying the clock?

P:'Z-\A) P-"I-\/
V= 1.5\ =P 2w 1. 3A

—

=7 v~ sy or (1A)

3. Tommy runs his juicer every morning. The juicer uses 90 W of power and the
current supplied is 4.5 A. How many volts are necessary to run the juicer?

P=90W NEE _ qoud :@
T-4.5A T 4.5k
V7

4. A DC electric motor transforms 1.50 kW of electrical power into mechanical form.
If the motor's operating voltage is 300 V, how much current does it "draw” when
operating at full load (full power output)?

’P—\SD)Q\‘D\J pP=TV

\ = 300V P 150 QW _(BA)
T-
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5. Calculate the amount of power dissipated by a heating element, if the generated
output voltage is 110 V and the heater’s resistance is 2.5 ohms?

P=7 PN _(o)”
NERLI= R 2.5

R=2-55L -~ 4340w o((“}%Og\m

6. What is the resistance in a lightbulb if it draws 1.5 W of power when it is connected
toa 6 V battery?

2
P=1.5W P=N

R
V=V 2.
r=7  R=NT. V) - 245
>

7. A microwave has a power rating of 800 W. If it has a voltage of 120 V, what is the
internal resistance of the microwave?

Al

8. Calculate the resistance ina 3.6 W light bulb if a current of 0.6 A runs through it.

R=” P=T°R

i _p 2N (o)
T = 0.bA Rz — ¢ (O-(g})

—_—
&

ANSWERS: 1) 1000W 2)1.3A 3)20V 4) 5A 5)4800W 6)20Q 7)20Q 8) 10Q
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Chapter 9 Review

1

2.

What is conventional current, and how does it relate to electron flow?
A zsumes a posihue charge Flows in o ecrrewt Hom
arn area 0FQ<CC55 FaSlHJC c.ha/jes h an area of eleﬁ’d"’
of PO‘SI‘HW ahaaﬁcs . L
Elecbron Low is the fowo of riegative ahﬁﬁ;&ﬁ g o honl

Differentiate between direct current and alternating current. condecn
T direct corrend, the £locs i5 tm a SILﬁ[ﬁl bxecd direch=n
cohi le in alteraabrn Cur/a-{,-' "l‘he‘_ ‘F?oc.g P¢ft‘€>dfc:o-ltr

fcverses cl/'/cc/v'p-n a Varies cans-)‘arrflg

What would happen to the current in a circuit if the voltage of the battery doubles?

_vr* —f yov dooble —l—he\ro\+a5c, Yoo

e

Ty L +he cortent . (doubles) |

Ao GicecHy PrpporhonaD AJonbe.J
What Wogld happen to the power in a circuit if both the current and the resistance double? *
P =TR = Cz:)ZC Zpb - ( n 1112@ - 8 I2R (increases by 8x) *

What quantity 8f electric charge would flow through a small motor in 2.5 minutes if the
circuit has a 5'A current?
Q=7 T=8
£ = 2.5min = 150s

t
1= 5A a-I+ 2(545X|5.05> : 750 ¢

How many electrons flowed through the motor in Question g in the 2.5 minutes? Fex
Q=250C A =Ne ”
N=7 NE 8 150C  _4.L.%%xlO
e = -6 18?('7/5 e " Lepv e 2(4.3 x 107 clechors

4. 7x107! efectrons

Calculate the current if 1.0x10?! electrons flow through a circuit in 45 seconds.

N=1.0x10%' ¢ T-Q ,8:-Ne

e

S p P
7 j4"5).:“) i e (ox 10 )1-6x10Gh) < 3-F55CA
I::? :T ! 453 g 364

What is the potential difference across a battery if 0.12 J of energy is given of f when
2.0x10°2C of charge flows through it.

S 6’-‘ o0.\1X AE:Q\] T
_ -3, €.012=. -/ .0V
&}Z.omoc V=25 9.020C ( )
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1%

14

4 1. Calculate the energy provided by 12 V battery if 0.20 A of current flows through it for 3.0

minutes.

YERVAY, ~ESNTL

T = 0-20A =(|2.\110'20AX13’05>
+ = 180> T U4z238

430 J

10 How many electrons flow through a 1.5 V battery in 1.0 minutes, if the current is 5.0 mA?

V= 1.5V -8R o« QN
£ = 1-Owmin *
= LOS e -It
j: =5.0x10 *A Ne-Tt .
= \ bx 10 /e N = i-l: @ oxlo AX(,Ds) = | B3FSX]p e
N :' e l b)do‘t. = ',. electrons
12. How much work can be done by a 12 V battery if 2.0x10? electrons can flow out of it before
itis disc?har'ged? AN+ = zNe.
AE-’. . l\\c\{
=12V &=

r\j 2.0x10°S —@ oxlCe lebﬁc/cllz\b

= . bX\D qc/ ’ 3.8x10°T

* , a What current flows through a light buib with 144Q of resistance, if it is attached to a 120 V power
source?

T=7 VIR
Rz 14451 \2—0\/ = 0%233A

- V.
N = \20\/ T-= R \'—\v'-l'.ﬂ/ __ (0.83A)

' [g If a 10 A current flows through a 3Q resistor, what is the voltage drop across the resistor?

T=210A \V e .
S entss
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\‘t Your car's battery is a 12 V DC source. A fuse in the dashboard causes the circuit to break if
there is a surge greater than 5.0 A. What resistance if that fuse protecting?

V=12V
I =56A
R=7

If A flashlight runs 2 D-Cells of 1.5 V each in series. The bulb is rated at 0.7 A. What is its
resistance?

VaLsvaisvi3oy o v 3oV 99y

— | et

T =0.7A T ©OFA
R =7 - @ o

&é A 900W electric stove is connected to a 220 V outlet. How much current will it draw?
P=9voW P=NVT
V=220V L _P _ 9oow _ 409A :
T:7 V220V @)
]V. A 2.0W lightbulb has a resistance of 3.3Q. What current is running through it?
Y=2.0M P-T
R=2B  _ J—— \Jzow _0.FH85A

T - 7 %.3)L (0.78A)

13 If a space heater produces 5400kJ of heat in 1.2 hours while plugged into a 110V outlet, how
much current is flowing through the heater’'s element?

(2.4Q)

3]

AE-= 5400183 AE NIt (11A)

= 1-2hx 260057, _

= 43205 -2

N+t

= 1oV
v \7 _ 54000003
L (1o)(4209)

= J|.36A

\

(A

Chapter 9: Current Electricity 123



Chapter 10: Electric Circuits
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 Electrons possess electric potential energy that can be transformed into

hea ,light,and . m eoten .

For such transformations to occur, a source of electric potential energy

heeds to connect to one or more components by means of an electric

ciccurt  (path for electric current)

Any device in a circuit that converts electric potential energy into some
other form of energy (causing an electric potential drop) is called a
resistol .

Cof \oad>
Battery ?:' Lamp
In the above circuit, the charges pass from the terminal of
the battery, through the Light , and then back to the negative
terminal of the battery.
Electric potential energy acquired in the “___is carried by
electric ¢ \a %@ as they pass through the circuit.

The electric potential energy is 1va ecced to the light bulb and

converted to light and heat.

Electric current can only flow through a circuit if there is a s

conducting path.

Any N=al  in the circuit will stop the flow.

break in circuit
\ No light!

"

Battery
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