Topic 14:
Current of
Electricity
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Key Concepts

UElectric Current

U Potential Difference (p.d.)

U Resistance and Resistivity

USource of Electromotive Force (emf)
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Graph

Electric Current

Charge/C

= the net flow of charge through a material

Gradient of
d
» The rate at which charge flows through a surface :

tangent line o IS

current at time ¢t

= Symbol: | I
= S| unit: Ampere (A)
= Scalar t Timels
dqQ
| = — = |nstantaneous current e The conventional direction of current = the direction of
dt flow of positive charges.
e For negatively charges, the current direction is
[ _ AQ = Average current opposite to the conventional current.
ave — A_t

o | o e In a circuit, the conventional current flows from
= where charge Q is in coulomb (C) and time tis in positive (+) to negative (-) terminal.
seconds (S)

e Conversely, the electron flows from (-) to (+) terminal.



Current and Drift Velocity

I =nAv,q

n = number density of charge carriers (number of charge
carriers per unit volume (1/m3)

A = cross-sectional area of the conductor (m?)

vy = drift velocity (m/s)

q = charge of each carrier (C)

Number density

M

N Nyp
Ty

where N is the total number of objects (charge carriers) in volume V.
N, = 6.02 x 1023 mol~! (Avogadro’s number),

p = mass density (kg/m3)

M = molar mass (kg/mol)
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Derivation
# The potential difference applied across a conductor s2ts up
electric field E in the conductor.
* Free electrons feel a force due to E which results to a
7 motion opposita to E.
# Since electrons are negatively chargad, the cireﬂim|n:uf
=i current [ is opposite to their motion.
- = Electrons collide with other electrons and atoms in the
conductor as shown in the left figure.
AN # Let AN'= number of charge carriers in the segment.
* 7 = charge of each carrier
O
o A * The total charge A in the segment is simoly
ke O AG = gAN
= The number density n of charge carriers is given Dy
. - AN )
/ o~ n=-— = AN = nAl
I:._n | 1-' 'Iqul 'I _:I..I,-'
\ ) Al |*® where the volume AV of the segment is just the volume of
(-5 /| acylinder.
e = (3jven by the cross-sectional area 4 and length Ax of the
;;pmﬁgl
AV = AAx
AT SEFOSoain Vilw ._'.. - _HHE note that .ir = i'.l?.-"-_".t
C — ] : gmaVy  ngdix
- . - T At T Ar
f @- (O g () |= Drift velocity is simply the displacement over lime
g . bl | A 11y — A A
\ @ @ &. ‘ | o vg = A AL
LY = - - - N
DornEna Wil Inatly,
: I = nAv4g
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Graph

Electric Charge

Current /A Current /A
A \ =1
) - I- T T -
: |
= The charge which flows past a point time t | 1=1(r) : i
IS the product of current and time i ! !
| | I
1 1 o 1 1 »
At time £/ At time £/
. Symbol Q Varying current Constant current
= S| unit: Coulomb (C) _
= Scalar = ( is the area under the curve (I vs t)

0 = f]dt * In general

= charge of proton: 1.60 x 1071°C = ¢,

Q = It = for constant current = charge of electron: —q,

= where charge | is in ampere (A) and time t is in seconds Chfarge I$ quantlzed,_meanlng that Qny charge can only
(s) exist as integer multiple of g,.. That is Q@ = ng, where n

IS an integer.



Practice Example 1 /
Practice Example 1 \
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Indicate the conventional direction of current for the following cases. Write left, right, or no
current.

Current direction Current direction

- « 00 - « 0
- b - (o i
> left ™ right
d. >
v igh el left
S ' right s >l e
e. e
- -
No current - b No current
; » Q) /

&
i

i1
+ 1

) A charging station in a convenience store charges a cellphone battery
Practice Example 2 using a current of 1.5 A for 3.0 hours. How much charge passed though

the battery?

ote that unit used for the time Is In hours. So we have to convert it In seconds.\
There are 60 seconds in 1 minute and there are 60 minutes in 1 hr.

0 = It
0 = (154)(3.0h75) <60min>< 60s >

1hr 1min

\_ Q =16.2 x 103C .




Practice Examp]e gl Calculate the drift velocity of electrons in an aluminum wire carrying a 10.0 — 4
current. The wire has cross-sectional area equal to 3.5 x 107®m?2. Assume that

each aluminum atom supplies one free electron per atom.
Density of aluminum: p,; = 2.70g/cm3

Molar mass of aluminum: M,; = 26.98 g/mol

Electron charge: g = 1.60 x 1071°C

\Avogadro’s number: Ny = 6.02 X 1023 mol ™!

/

M N
P

Calculating for the drift velocity,

L IMy (104)(26.98 g/mol)
" ngA  qANsps (1.6 X 10719C)(3.5 X 1076m2)(6.02 x 1023 mol=1)(2.70g/cm3)
Converting g - kg and cm3 - m3

Va

B (104)(0.0027 kg/mol)
Va = (1.6 X 10719C)(3.5 X 107°m?)(6.02 x 1023 mol~1)(2,700kg/m3)

vy =297 x107°m/s

wortant: always convert values in their corresponding Sl units. /
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Electric Potential

= Symbol: V
= S| unit: Coulomb (C)
= Scalar

Conventional current flows from a point of
higher (+ terminal) to lower (-terminal)
potential.

is a characteristic of the electric field only.
does not depend on test charge just like
electric field.

IS not measurable (not physically
meaningful as it varies depending on the
chosen reference point).

Difference in potential is the quantity that
is physically meaningful
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Potential Difference and emf

POTENTIAL DIFFERENCE, p.d.
(across two points)

ELECTROMOTIVE FORCE, emf
(of a source)

Symbol: V Symbol: £
Sl unit: Volts, V Sl unit: Volts, V
Scalar Scalar

is the electrical energy converted to other
forms of energy, per unit charge passing
through the device.

is the electrical energy converted to other
forms of energy, per unit charge passing
through the device

LW
-~ Q

W = amount of electric potential energy
converted to other forms of energy

W

£=E

W = amount of electric potential energy
converted from other forms of energy

¢ Equal to zero when there is no current in

the circuit (/IR = 0)

« Depends on the equivalent resistance of

the circuit/device.

¢ Maximum possible voltage the battery (or
any voltage source) can provide between
its terminals

¢ Independentof ! or R

Misconceptions:

e ¢gisnot a force

« a battery does not provide constant
current in a circuit. The battery is a source
of constant emf e.




Electric Power

» The charge which flows past a point time ¢t
IS the product of current and time

= Symbol: P
= S| unit;: Watt (W) = Joule/second (J/s)
= Scalar

dW 5 V2
P=—=1V=I°R =—
dt R * |n general

= |If power is delivered at

constant rate

E
P=-
t
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W (or E) = the amount of energy converted from electric

potential energy to other forms of energy.
V = p.d across the device (or e.m.f.)

I = current passing through the device
R = resistance of the device/circuit



Practice Example 5
i (One of the fastest chargers in 2020 delivers 65W of power h
Practice Example 4 to most flagship phones. Suppose that the charger’s output
voltage is 5.0V, it will take about 30 minutes to fully charge

( An average cloud-to-ground lightning bolt contains roughly ) \ & phone. y
10°] across a potential difference of 1.3 x 108 V. This event
_ typically lasts for about 0.25 s

r(a) Calculate the total energy converted by the charger from )

[ (a) Estimate the total amount of charge that is transferred | (_electrical energy? )
from cloud to the ground?
\ J ) 60s
E = Pt = (65W)(30min) ,
. ” N\ 1min
Using V = o
=117 x 103 = 117kJ
0=2 _ 0 6o
\ Voo 13x10%v y (b) Determine how much current flows through the charger.
(b) Calculate the current during the 0.25s duration. P 65W 134
V5V
[=—= 7o%¢ _ 30.764
t 0.25s | (c) Calculate the total charge flowed from the charger.

7

60s
Q = It = (134)(30min) <—> = 23.4 x 103C ]
Imin

\,
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Resistance Ohm’s Law

= ratio of the potential difference across a conducting = the current through a cond_uctor between two points is

material to the current flowing thought it. proportional to the potential difference across the
= is not constant for a given material but depends on two points. _ .

the shape, size, and temperature. *under constant physical conditions (e.g.

temperature, mechanical stress)

= Symbol: R V o< |

= Sl unit: Ohm (Q)

= Scalar

V =1IR
R — V = I = potential diff. across the conductor
o I = | = current through the conductor
] Features:
I/A
fl A ____________________ Al 1 1 e linear (straight)
2 = The slope of the tangent line or the gradient AV = R ~ BOPC < passes through origin
E of |-V graph does not carry any physical
1 i meaning and thus cannot be used to vV e Theresistance R = V/I'is
i . determine the resistance of the conductor constant because the current
: | Use the ratio of V to I for the resistance. Increases with increasing p.d.
. H H )
Vi Vi VIV A material that follows Ohm’s law is

called ohmic.
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Resistivity

Resistance to current

* Is ameasure of how strongly a material opposes e directly proportional to the length of the conductor

electric current.. _ _ _ e inversely proportional to the cross-sectional area
= |t characterizes the resistance of materials at a fixed

temperature regardless of the materials’ dimension p Is proportionality constant that relates R to the
(shape and size). dimension of the conductor
» |ts values is constant for a specific material, unlike
resistance.
L p = resistivity of the conductor
R =p— L = length
P A A = cross-sectional area

L

\ ' material with :
HA | . '
/ ] resistivity p ! i




Practice Example 6

Practice Example 7
\

(I'he diameter of a Nichrome wire that is used as a heating \
element in an electronic device is equal to 5.00 mm. In order
to draw 8.50-A current when the potential difference across

The resistance of an aluminum wire is the twice the
resistance of a copper wire. If the two wires have the

same length, what is the ratio 4t of their radii?

its ends is 120 VV, what should be the Tcu
o _ e Resistivity of aluminum: p,; = 2.82 X 1078Q - m
(Resistivity of Nichrome: p = 1.00 X 100 m) )\ Resistuty of copper: pey = 170 x 10700 m

(a) required resistance of the wire?

R—V— 120V—141zn
] 8504

J
~

0

|
hS)

| o~

(b) length of wire you must use?

NOte that RAl — ZRCu and LAl — LCu — L

ﬁet d= diameter of the wire such that \ '7,0,41[4
d\’ 5.00 x 1073m\° miReu _ | Pai
A= n<z> = 3.14( > > PCu 20cu
= 1.96 x 10~5m? nR“‘
 _AR_(196x10°m)(14.120) _ T _ J 282x107°0-m __ o,
\ T T 1ooxt0eam 2 m Y. \\¥ Tew  +|2(1.70 X 1078Q - m) -/
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I nte rn al Re S i S ta n C e MEASURING INTERNAL RESISTANCE

Circuit Diagram
; practical cell
= resistance offered by an emf source When switch is open,
3 » the voltmeter measures the emf of the
v source.
= Symbol: r real-world source of e.mf. & .
- it ! : When the switch is closed,
Sl unit: Ohm (-Q-) : ‘ | ; @Vnmw « the voltmeter reads the terminal voltage
= Scalar : | : N .l Vy of the source
' ‘ r | " o the ammeter [ measures the current in
\ideal source___ " ______. ; i the circuit
R
I =current flowing in the circuit Sranh (Vieasiring iermal resisiance]
} raph (Measuring internal resistance
e=IR+r1) R = resistance of the external load R

r = internal resistance ViV gradient = —r

y — intercept = ¢

€ ‘;\\Eiik\ e The Vy vs. I graph will help us determine r
P =] = IZ(R + 1") e Slope of the graph gives r

» Total power output of emf source e y-intercept gives the emf &

I/A

Ve =IR = & —Ir | = Terminal voltage
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Maximum Power Theorem

Derivation
The power delivered to the external load R is given by
- Py = I’R
= The resistance of the load must be the same as The circuit is the same as the circuit in the disfcussinn box for internal resistance so we can use
the internal resistance (R = r), for the power the emf formula to obtain equation for current /
transferred from the e.m.f. source to the external o I =r+r
load to be maximum This gives us . .
—_ —_ ol
Pe=(g7) R=¢ (R +1)2
___________ e
o : | At the maximum R, the slope of the tangent line (which is a honzontal line) of the P, vs R graph
I I_:l:i | Is zero. This means that to determine the value of R such that Py is maximum, we have to solve
' r | for the gradient 222 = 0.
L_ _E_‘ ________ b | dR
|
I ! dP,
| R
R 2|2 _
R r dR [f (R + r}2] =0
Variation of power Pr dissipated in R sziIR{R 172 =0
i i dR
with resistance R Using product rule and cancelling £2
—2R(R+7r)*+(R+1r)"2=0
Assumptions: 2R(R+1) =(R+1r)"?
Getting the inverse and cancelling common term
e constant power supplied by the source R+r_
e Energy is only dissipated at the external load R and internal zﬁzi R4r
resistance r R=r
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Practice Example 8

Practice Example 9

4 . .
A battery .has an internal r.e5|stance of Q.OlQ and emf | “shown on the left is the circuit oractioal el N
of 12.3V. Given that a load resistance of 5.0Q is connected to diagram consisting of a battery and
kitS terminals, a variable resistor R. The switch was
turned on and the voltmeter
(a) find the current in the circuit. measured 8.0V when the resistance
was 20.00. As the resistance is
e mav
= = = 2. ecame 8.5V.What is the interna
R+ (50 + 001).Q Qesistance r? j
(b) Calculate terminal voltage of the battery aote that the voltmeter reads the terminal voltage V; of the batter. \
For the first reading:
[ Vp=¢e—1Ir J I = % = —286002 = 0.404
Vr =123V — (2.464)(0.01Q) = 12.28V The corresponding equation for the emf is

£ =V + Ir = 8.0V + (0.40A)r
[(c) Find the power delivered to the load resistor, to the internal] For the 2nd reading:

resistance of the battery, and by the battery. = % = 22'?5{9 — 0.304
- ~ Which corresponds to '
- D _ 12D — 2 _ e = 8.5V + (03A)r
To the !oad reSIStO.r'PR N I k= (22'46A) (5.092) = 30.26W We have two equation with two unknowns. Subtracting the 2nd
To the internal resistance: B. = I“r = (2.46A4)%(0.01Q) = 0.61W equation from the 15t equation of emf:
By the battery: P = P, + B. = 30.26W + 0.61W = 30.87W 0 =(8.0—-85)V + (0.44 — 0.304)r

k T=m=5.09 /




_. For more notes & learning materials, visit:

OVERMUGGED IG handle:
eece WWW.0vermugged.com ©) Govermuaded
(A 0 Join our telegram
A’ levels crash course program channel
@overmuggedAlevels
Professionally designed crash course to help you get a condensed revision before your ‘A’ Levels! ® Need help?
Each H2 subject will have 3 crash course modules which will cover their entire H2 syllabus. Emmanuel
The 4 hour module focuses on going through key concepts and identifying commonly tested You can reach me at:
guestions!
@Emmannyyy
The crash courses modules will begin in June 2021 and last till Oct 2021. (telegram username)

Pre-register now on our website and secure your slots!



http://www.overmugged.com/
https://www.instagram.com/overmugged/
https://www.instagram.com/overmugged/
https://t.me/overmuggedAlevels
https://t.me/overmuggedAlevels
https://www.overmugged.com/crashcourses

