Current of Electricity
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At the end of the lesson, I can...

1. STATE that current is a rate of flow of charge and that it is measured in

amperes
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2. DISTINGUISH between conventional current and electron flow

RECALL and APPLY the relationship charge = current x time to new

@
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situations or to solve related problems

4. STATE that the electromotive force (e.m.f.) of an electrical source is the

)\
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work done per unit charge by the source in driving charges around a

complete circuit and that it is measured in volts

5. STATE that the electromotive force (e.m.f.) of a source is the work done
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per unit charge by the source in driving charges around a complete
circuit and that it is measured in volts

CALCULATE the total e.m.f. where several sources are arranged in series

@
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7. STATE that the potential difference (p.d.) across a component in a circuit
is the work done per unit charge in driving charges through the

1)

component and that it is measured in volts

STATE that resistance = p.d. / current

APPLY the relationship R = V/I to new situations or to solve related
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problems

10. RECALL and APPLY the relationship of the proportionality between

resistance and the length and cross-sectional area of a wire to new
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@

situations or to solve related problems

11. DESCRIBE the effect of temperature increase on the resistance of a

@
®

metallic conductor

12. SKETCH and INTERPRET the I/V characteristic graphs for a metallic

conductor at constant temperature (ohmic conductor), for a filament

OV
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lamp and for a semiconductor diode
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1. Electric Current and Charges

1.1
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terminal \ /terminal terminal /terminal
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direction of direction of
conventional current electron current

1.3 Unless otherwise stated, the term “electric current” means “conventional current”,

and directions indicated by the arrows in any circuit diagrams are that of

convectional current.
1.4 An electric currentis the rofe of flow-of charges @

quantity current charges

symbol I Q t
unit A C s

second

name of unit
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QUESTION: When the starter motor of a car is switched on for 0.5 s, 16 C of charge passes

through the wires in the motor. How large is the electric current?

| = Q/t=16/0.5 = 32 A

2. Electromotive Force and Potential Difference

2.1 Electromotive force (emf) of a powes . SO (e.g., battery) is the WO'Vk/

dove by te sovircein driving a windt chraarge around a

electrical energy.
2.2  Potential difference (pd) across an

>
quantity work done = 4

name of unit
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emf, azK and pd,V=K
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QUESTION: A battery is labelled as “1.5 V". (a) Is the “1.5 V" stand for emf or pd? (b) What is

the amount of electrical energy produced by the cell when 0.4 C of charge flow through it?

(c) How many joules of energy is converted when a current of 2 A flows through it for 10 s?

(@) emf
(P V=W/Q; W=15x%x04=60J

(0@

W

2.3

It=2 x 04 =0.80 C
1.5x0.8 =1.2J)

When more than one cell is connected in series, the total emf depends on how the

cells are arranged.

15V 15V
i

L5V 15V 15V

IL5V 15V 15V 15V
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3. Resistors and Resistance

3.1  Resistance of an electrical component is the rafio-of the

Il
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resistance, R = %

Y AN
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quantity current potential difference

resistance

unit (name)

QUESTION: A potential difference of 240 V applied across the heating coil of an electric kettle

drives a current of 8 A through the coil. Calculate (a) the resistance of the coil, and (b) the

current flowing through the coil if the p.d. applied is changed to 110 V.

(@) R = /I = 240/8 = 30 Q
(k) | = 110/30 = 3.7 A

3.2  Resistors are conductors in electrical circuits with Kinowiv 1

3.2  There are two types of resistors:

= N

fixed resistor variable resistor

symbols:

. They
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5.

5.1

5.2

5.3

5.4

5.5

Factors Affecting Resistance

Temperature. When the wire is heated up, the

~between the electrons and the particles and increases

resistance.

Material. The more 1141ty an atom holds on to its oty most. electrony

the harder it is for the current flow.

~and will have

to its length.
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Simulation of
factors affecting
resistance

Combining the factors of length and cross-sectional area, the resistance of a wire R:

g
Roc£ E&

QUESTION: A wire has a resistance of 7.5 Q. what is its resistance when (a) its length is

halved? (b) cross-sectional area is doubled? (c) length is halved, and cross-sectional area is

doubled?

(@) 7.5/2

3.8 0

1

(b) 7.5/2 = 3.8 Q
(&) 75/(2 x2)=1.9 Q
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https://phet.colorado.edu/en/simulations/ohms-law

6. Ohm’s Law

6.1

6.2

e
=
s
Simulation of

current Ohm's Law

W)=
A\

B
0 voltage

resistor

6.3 Non-ohmic conductors are conductors which do not obey Ohm's Law, e.g., filament

lamp and semiconductor diode.

current current
I I
+ - + -
T .
0 voltage 0 voltage
I : I
- + N - + @
filament bulb semiconductor diode
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6.4  Resistance of a non-ohmic conductor. From the I-V characteristics graph of a non- _f

ohmic conductor,

|
/
E 20
> /
<
g
3 10 /
0
0 2 4 6 8
pd/V
. . . V—O C . )
resistance at a point (I, V) on the graph is R=—= , which is the g1 —
i point (I, V) graph | T+ Whichi gradient 404

QUESTION: The graph shows how the currents in a lamp L and in a wire W vary with the

potential difference (p.d.) applied. Find the resistance of L and W when the potential
difference across themis (a) 5.0 V, and (b) 10 V.

T N ——
() L: R=50/1.5=330 SN NN NN NN EENNEEENESENNNERNNEE
W: R = 50/035 =140 %0
<
(W L:R=10/1.95=51 0 §1_o
W: R =10/035=14Q =~ _ |
0.0 |
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potential difference / V
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