For Live Classes, Recorded Lectures, Notes & Past Papers visit:
www.megalecture.com

Electricity & Magnetism

Current.of Electricity

Marline Kurishingal

https://www.youtube.com/c/Megalecture
+92 336 7801123



For Live Classes, Recorded Lectures, Notes & Past Papers visit:
www.megalecture.com
Syllabus content

V Electricity and magnetism 17. Electric fields v v
18. Capacitance v
19. Current of electricity v
20. D.C. circuits v
21. Magnetic fields v
22. Electromagnetism v
23. Electromagnetic induction v
24 Alternating currents v

Section V: Electricity and magnetism

Recommended prior knowledge
Candidates should be aware of the two types of charge, charging by friction and by induction. They
should be able to distinguish between conductors and insulators using a simple electron model.
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Learning outcomes
Candidates should be able to:

(a)

(b}
(c)
(d)
(e)

(f)
(g!
(h)
(i)

(i

(k)
()

show an understanding that electric current is the flow of charged
particles

define charge and the coulomb
recall and solve problems using the equation Q = It
define potential difference and the volt

recall and solve problems using ¥ = %

recall and solve problems using P= VI, P=I°R
define resistance and the ohm
recall and solve problems using V= IR

sketch and explain the I-V characteristics of a metallic conductor at
constant temperature, a semiconductor diede and a filament lamp

sketch the temperature characteristic of a thermistor (thermistors will
be assumed to be of the negative temperature coefficient type)

state Ohm's law

recall and solve problems using A = %

fm) define e.m.f. In terms of the energy transferred by a source in driving

]
(o)

unit charge round a complete circuit
distinguish between e.m f. and p.d. in terms of energy considerations

show an understanding of the effects of the internal resistance of
a source of e.m.f. on the terminal potential difference and ocutput

https2AWsiw.youtube.com/c/Megalecture
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» Types of electricity

>

Current Electricity: Net flow of charges in a certain direction
Static Electricity: No net flow of charges in a certain direction

Matter can be classified into 3 types according to their electrical
properties:

Conductors — Materials which have mobile charge carriers, mainly
electrons and ions which will drift to constitute an electric current under
the effect of an applied electric field. Hence they can conduct electricity.
Examples include metals and electrolyte solutions.

Insulators — Materials which have no mobile charge carriers that can drift
under the effect of an applied electric field. Hence they cannot conduct
electricity. Examples include rubber, wood and plastic.

Semiconductors — Materials which have intermediate electrical
conductivity which vary substantially with temperature. Examples include
Germanium, Silicon.

https://www.youtube.com/c/Megalecture
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Show an understanding that electric current is the rate
of flow of charged particles.

e All matter is made up of tiny particles called atoms,
each consisting of a positively charged nucleus with
negatively charged electrons moving around it.

e Charge is measured in units called coulombs (C). The
charge on an electron is-1.6x 107"° C.

* Normally atoms have equal number of positive and
negative charges, so that their overall charge is zero.

* For some atomes, it is relatively easy to remove an
electron, leaving an atom with an unbalanced
number of positive charges. This is called positive
on.

https://www.youtube.com/c/Megalecture
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Show an understanding that electric current is the rate of flow

of charged particles. (continued from previous slide)

e Atoms in metals have one or more electrons which
are not held tightly to the nucleus.

* These free (or mobile) electrons wander at random
throughout the metal.

 But when a battery (or source) is connected across
the ends of the metal, the free electrons drift
towards the positive terminal of the battery (or
source) producing an electric current.

https://www.youtube.com/c/Megalecture
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Show an understanding that electric current is the rate of flow

of charged particles. (continued from previous slide)

* The size of the electric current is given by the rate of
flow of charge and is measured in units called
amperes with symbol A.

* A current of 3 amperes means that 3 coulombs pass
a point in the circuit every second. In 5 seconds, a

total charge of 15 coulombs will have passed the
point.

https://www.youtube.com/c/Megalecture
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Electric current

* Electric current is the rate of flow of electric
charge.

* Mathematically, | = % where
| is the electric current (unit: ampere, symbol:
A),
Q is the electric charge (unit: coulomb,
symbol: C);
t is the time taken (unit: second, symbol: s)

https://www.youtube.com/c/Megalecture
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Charge & Coulomb

* From the definition of electric current I=9 we obtain,
Q-=It t
* Electric charge flowing through a section of a circuit is

the product of the electric current and the time that it
flows.

» Q = It, substituting in units we obtain the following :
»1C=(1A)(1s)=1As

» One coulomb is the quantity of electric charge that
passes through a section of a circuit when a steady
current of one ampere flows for one second.

https://www.youtube.com/c/Megalecture
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Solve problems using the equation Q = It

Example 1

Given that the electric current flowing through a circuit is 0.76 mA, calculate the
electric charae which passes each section of the circuit over a time of 60 s.

Solution:

[Q=1t]
Q=(0.76x10"2)(60)=0.0456 =456 x107°C

https://www.youtube.com/c/Megalecture
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Solve problems using the equation Q = It

Example 2

Over a time of 8.0 s, the electric current flowing through a circuit component is
reduced uniformly from 60 mA to 20 mA. Calculate the charge that flows during

this time.
Solution:

Charge

area under current-time graph
%{B.D}{Bﬂ +20)(107%)=0.32C

&

I/ mA

https://www.youtube.com/c/Megalecture
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Resistance and Ohm

Ohm's Law states that the current through the conductor is directly
proportional to the potential difference between its ends provided its
temperature and other physical conditions remain constant.

Mathematically

[V == V=Rl == E’z%

The proportionality constant R in the eguation is the electrical resistance of
the device. It is constant for a metallic conductor under steady physical
conditions. Materials which obey Ohm's law are called ohmic conductors.

Resistance of a conductor is defined as the ratio of the potential difference
across it to the current flowing throuagh it.

From R =%, 10 =1V A" defines the ohm.

The ohm is the resistance of a conductor if a current of one ampere flows

through when there is a potential difference of one volt across it.
https://www.youtube.com/c/MegalLecture
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P=VI, P=I°R V=IR

Example 5

A 12V 24 W bulb is connected in series with a variable resistor and a 18 V
battery of negligible internal resistance. The variable resistor is adjusted until the
bulb operates at its normal rating.

Determine
(i) the current in the bulb
(ii) the resistance of the bulb
(iii)  the p.d. across the variable resistor;
(iv)  the power dissipation in the variable resistor.

Solution:

i) P=WV
24 = (12)]
I=20A

i) V=IR
12 = (2.0)R
R=6.00

(1) p.d. across vanable resistor =18 -12=60V

(v)  P= th:pgﬁmyzol&u\'ge.com/c/l\/legaLecture
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L4

The resistance R of a sample is directly proportional to its length / and
Inversely proportional to its cross-sectional area A.

R,—;.;i
A

The relationship could be expressed as an algebraic equation by introducing
a constant of proportionality as follows:
R - £l
A
The constant o is now recognised as a property of the matenal and is called
its resistivity. Hence
P =
where p is the resistivity of the material, in 2 m
R Is the resistance of the sample, in ohms (Q)
A 15 the cross-section area of the sample, Inm
[ 15 the length of the sample, in metres (m)

2

Resistivity is useful when comparing various materials on their ability to
conduct electricity. A high resistivity means a sample of the matenial is a poor
conductor. A low resistivity means a sample of the material is a good
conductor.

https://www.youtube.com/c/Megal ecture
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Resistivity

* Resistivity is defined as the electrical property
of a material that determines the resistance of
a piece of given dimensions.

RA
* Itisequaltop =" whereRis the

resistance, A the cross-sectional area,
and / the length, and is the reciprocal of
conductivity. It is measured in ohm
metres. It is denoted by the symbol p.

https://www.youtube.com/c/Megal ecture
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Solve problems using R = PL

A

Example 6

The resistivity of a material is 3.1 x 10° Q m. Determine the resistance of a
sample of the material given that its length is 20 cm and its cross-section area is

2.0 mm?Z.
Solution:

A =9
pl _(31x10°)020) , .

A (2.0)(0.001)°

https://www.youtube.com/c/Megalecture
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Potential difference and Volt

* Defining p.d in terms of energy:

» The potential difference between two points in a
circuit is defined as the electrical energy
converted to other forms of energy per unit
charge passing between the two points.

* Alternatively, defining p.d in terms of power:

» The p.d. between two points in a circuit is defined
as the rate of conversion of electrical energy to
other forms of energy per unit current flowing
between the two points.

https://www.youtube.com/c/Megalecture
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Potential difference and Volt (continued)

In terms of energy:
energy converted

charge

potential difference (p.d.) =

hence V:% or W=QV.

In terms of power:
potential difference (p.d.) = Port converted
current

hence V:? or P=VI.

where Vis the p.d., in volts (V)
W s the energy converted, in joules (J)
(2 1s the electric charge moved, in coulombs (C)
P 15 the power converted, in watts (W)
15 the electric current flowing, in amperes (A)

Since V = IR from learning outcome (h), P =I°R .

A ) _
FromV=— 1V =1JC ! defines the volt (in terms of eneray).
https://www.youtube.com/c/Megal ecture
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Potential difference and Volt (continued)

The volt is the potential difference between two points in a circuit if one joule
of electrical energy is converted to other forms of energy when one coulomb

of charge passes between the two points.
Alternatively, from P =VI, 1V =1 W A" defines the volt (in terms of power).
The volt is the potential difference between two points in a circuit if one watt

of electrical power Is converted to other forms of power when one ampere of
current passes between the two points.

https://www.youtube.com/c/Megalecture
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Potential difference and Volt (continued)

Note:

+ Since the unit for p.d. is volt, p.d. is frequently called voltage.

+ The p.d. can only be used if the two points are stated clearly. For a single circuit
component, the two points are usually the two ends of the component hence
the p.d. across the component.

+ Sometimes the term “potential at a point™ in a circuit is used. This has meaning
only if there is a defined reference point for zero potential e.g. the electrical
earth has zero potential.

Just for your info : The real Earth is electrically neutral.
This means that it has the same number of electrons and
protons, so their charges cancel out overall. Scientifically,
we describe this by saying that the Earth has an Electric
Potential of zero.

https://www.youtube.com/c/Megalecture
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Solve problems using V =V6V

Example 4

An immersion heater is rated at 3000 W and is switched on for 2000 s. During
this time a charge of 25 kC is supplied to the heater. Determine the potential

difference across the heater.

Solution:

W (3000)(2000)
Q 25000

240V

https://www.youtube.com/c/Megalecture
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Sketch and explain
the I-V characteristics

of
a metallic conductor at constant temperature,
a semiconductor diode
and
a filament lamp.

https://www.youtube.com/c/Megalecture
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constant temperature

1) Metallic conductor at constant temperature
Metallic conductor (at constant temperature

« [he -V characterstic of a metallic conductor at constant
temperature is a straight line through the origin. This implies
constant /-V ratio, 1.e. constant resistance. Therefore a metallic
conductor at constant temperature is an chmic conductor.

e |nterms of the movement of charge carriers, resistance in metallic
conductors arises from the reduction in the drft velocity of free
electrons due to collision with lattice ions. If the temperature of the
conductor is kept constant, the lattice ion vibrations will remain the
same hence its resistance will remain the constant.

 |n short, the resistance of a metallic conductor is constant at

constapssraneraioat(beve misiistezilecture
¥92°336 7801123
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Sketch and explain the I-V characteristics of a semiconductor diode

2) Semiconductor diode
iy |
TEVErse ' fnf'wmd
biased o rag
— - -
break
down

« A diode is a device that has a low resistance in one direction
(forward-bilased direction) and a very high resistance in the other
direction (reverse-biased direction).

« The [-V characteristic of a forward-biased semiconductor diode is
similar to that of a thermistor, 1.e. resistance decreases as p.d.
INncreases.

+ The [-V characteristic of a reverse-biased semiconductor diode is
nearly zero. If reverse-biased p.d. is too high, the diode will break

down htpk otvmiwey aluibectiom/c/Megal ecture
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Sketch and explain the I-V characteristics of a filament lamp.

3) Filament lamp
4
‘xlncreasing resistance
due to increasing
temparature
: Y,
Constant resistance.— Vv
>

« A filament lamp contains a long thin wire made of metal with high
melting point (e.g. tungsten).

« With low p.d. across the filament lamp, low current flowing
through it and the heating effect is insignificant hence the
resistance is fairly constant.

* Asthe p.d. across a filament lamp increases, current increases.
Heating effect is significant resulting in temperature increase.

s The resistance of metals increases with temperature. Hence,
decreasing -V gradient.

s |n terms of the movement of charge carriers, the lattice ion
vibrations will be more at higher temperature. There will be more
reduction in the drift velocity of electrons due to collision with
lattice ions hence current will be lower and resistance will be
higher.

* In shorthifiss#aiRARSroRitalieaotni dime datreatgreas the p.d.
applied across it increg2e336 7801123
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The temperature characteristic of a thermistor

Thermistor -V characteristic and temperature characteristic
resistance(f)
IA

W 3
S50k

0 - 10k temperature(=C)

V 0 20 30 40 50 60 70 &0

¢ A thermistor Is a resistor made of semiconductors.

o With low p.d. across the thermistor, low current flowing through it
and the heating effect is insignificant hence the resistance is fairly
constant.

» Asthe p.d. across a thermistor increases. current increases.
Heating effect is significant resulting in temperature increase.

» The resistance of semiconductors decreases with temperature.
Hence, increasing /-V gradient.

+« |n terms of the movement of charge carriers, the lattice ion
vibrations will be more at higher temperature. There will be more
reduction in the drift velocity of charge carriers due to collision
with lattice ions. However the concentration of charge carriers in
semiconductors increases significantly with temperature. Hence
the overall effect is a reduction in resistance.

e Inshort ’:? resistan f a thermistor decreases as its
e RS RREYELDE comicMegal ectiire
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E.M.F in terms of the energy transterred by a source in driving

unit charge round a complete circuit

Movement of charge carriers is possible only if they possess energy and are
allowed to dissipate their energy. Sources like batteries and generators
provide the energy to the charge camers. Available path(s) for charge
carriers to dissipate their energy cause their movement.

Defining in terms of enerqy:

The electromotive force (e.m.f.) of a source is defined as the non-electrical
energy converted to electrical energy per unit charge dnven through the
SOUrce.

Defining in terms of power:

The electromotive force (e.m.f.) of a source is defined as the non-electrical
power converted to electrical power per unit current delivered by the source.

The Sl unit of e.m.f. is same as that of potential difference, i.e. the volt.
(Recall that 1V =1JC" or 1 WA™)

https:/iwww.youtube.com/c/Megatecture
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E.M.F in terms of the enenmgaieansferred by a source in driving
unit charge round a complete circuit
(continued from previous slide)

Mathematically, E = % or E — ?

where E is the e.m.f. of the source, in volts (V)
W s the energy converted, in joules (J)
(2 is the electric charge moved, in coulombs (C)
P 15 the power converted, in watts (W)
[ 15 the electric current delivered, in amperes (A)

Examples include:
« |n a battery, chemical energy converted to electrical energy through chemical

reactions.
¢« [n a generator, mechanical energy (in the form of rotational kinetic energy) is

converted to electrical energy.

https://www.youtube.com/c/Megalecture
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Distinguishwg’(vétween e.m.f. and p.d.
in terms of energy considerations

 The electromotive force (e.m.f.) of a source is
defined using the non-electrical energy
converted to electrical energy while the
potential difference (p.d.) between two points

is defined using electrical energy converted to
non-electrical energy.

https://www.youtube.com/c/Megalecture
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The effects of the internal resistance of

a source of e.m.f. on the terminal potential difference and output power.

* In practice, no energy source (battery or generator) is
perfect.

* Some of the electrical energy delivered by a source is
always dissipated within itself.

 The source is said to have internal resistance. When
the external load is large, the internal resistance has
negligible effect.

* When the external load is not large, the internal
resistance can be depicted as a series resistor within
the source as shown in the diagram in next slide.

https://www.youtube.com/c/Megalecture
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(continued from previous slide)
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The energy delivered by the source 1s then shared between its internal
resistance and external load,
|.e. energy supplied = energy dissipated (external + internal).
Elt = PRt + Frt
= E=IR+Ir E=V
> E=IR+) Vxl=P

The terminal p.d. is the potential difference across the source. It is
equivalent to the potential difference across the external circuit.
Hence terminalpd. isV=IR=E -1Ir
where Vis the terminal p.d., in volts (V)

E is the e.m f. of the source, in volts (V)

[ 15 the electric current delivered, in amperes (A)

R is the refﬁlstaﬁr:e thgleﬂﬁ temal Lnt | urpea{

ris the |nterﬁal resist g§%§§4]9§0rgc&@e In c:%ms (€2)
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a source of e.m.f. on the teMiihIFEREEHtAFA ference and output power.
(continued from previous slide)

It can be deduced that when the source 1s connected to an external circuit,
the terminal p.d. of the source is reduced by the amount /r. V=E-Ir

When the current / through the source Is zero (such as when the external
circuit is open) then terminal p.d. V will be equal to the e.m.f. E.| lintheabove

equation
becomes Zero

When the internal resistance is negligible, the terminal p.d. will be
approximately equal to the e.m.f. E.

Alternatively, viewing in terms of power, the power delivered by the source is
shared between its internal resistance and external load,
I.e. power supplied = power dissipated (external + internal).

IDE = Pﬁ' + P,r

El=FR+1r
The power dissipated intemally (P, = I°r) is wasted in heating up the energy
source. Only the power that is dissipated externally (Pr = IEFE} Is avallable to
the external circuit so the efficiency of the source is always below 100%.

- 2
Efficiency 7 = useful power _ \I _ "R _ R
https://wmk@ﬁﬂtﬂ@@é&fom/oﬁ\hegdﬁéﬂuwe’ ) R+r
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a source of e.m.f. on the terminal potential difference and output power.
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Example 7

A battery of e.m.f. 12 V and internal resistance 0.014 Q delivers a 2.0 A current
when first connected to a motor. Calculate the resistance of the motor.

Solution:

E=IR+1)=12=20R+0.014)=R=5990Q

https://www.youtube.com/c/Megalecture
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