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CURRENT

> Moving charges create an electric current which is defined as the rate of change of

electric charges.
_da
dt
The SI unit of current is the Ampere (A) which is 1 A = 1 C/s. By convention, the
direction of the current is the direction of the flow of positive charges. The actual charge

carriers are electrons; hence they move in the opposite direction to current.

» Current density is the amount of current per unit area. Mathematically it is

j=1
A

It is worthy to note that the current density is a vector quantity whereas current is a



RESISTANCE

» When electrons move under the influence of an electric field, their randomly speed

(drift speed) is defined as. 1
Vy =—1J

Ne
where (Ne) is the electronic charge density (electronic charge per unit volume). It is
quite important to note that the drift velocity has the same direction of electric field if

the carrier charge is positive. Otherwise they have opposite directions.

> Resistance is the ability to resist the flow of current through a resistor (any wire). For
a wire of length L, cross-sectional area of A, and resistivity p, the resistance R is
Rt

A
The SI unit of resistance is Ohm (). Its symbol in circuits is AW



OHM’S LAW

» When a potential V is applied across a resistor R, the electric current will be

i:\i — R:\L
R

Here we note that larger resistance leads to smaller current. Also we find a new unit for

resistance which is 1 Q =1 Volt (V)/Ampere (A).
> Resistivity p(its inverse conductivity 6) can be now defined as

RA _ W)A: V A_

E'—lz— —> O =
J

i
L L L i
The unit of resistivity is Q.m




POWER

» When a potential V is applied across a resistor R, the electric power transfer to the

resistor (device) is
P=iV
» The amount of power dissipated through the resistor (as heat) is

2
P-i’R="_
R




ELECTRIC CIRCUITS

»An electric circuit is a loop comprised of elements like resistors and capacitors around

which current flows.

»For current to continue to flow in a circuit, there must be an energy source such as a
battery. There are two types of batteries; ideal and real. The former has zero internal

resistance while the latter has non-zero resistance denoted by .

»For each battery, it has an electromotive force (emf) which denoted as €. The symbol
of batteries in circuits is —||—+

»Simple circuit consists of a battery and a resistor.



KIRCHHOFF'S RULES

»Loop Rule: The sum of the potential difference across all the elements around any

closed circuit loop must be zero.

YV =0

»Junction Rule: The sum of currents entering a junction equals the sum of currents

leaving the junction. -
eaving the junctio ZI :O

»For a simple-loop circuit, the current is




RESISTORS IN CIRCUITS

»Resistors can be joined in series and parallel.

» Series combinations leads to constant current passing through each element. The

equivalent resistance is

R, R,
Rgq =R +R, +---+R, W\~ AWN—

» Parallel combinations leads to constant voltage across each element. The equivalent
R

resistance is 1 1 1 1
_— = -+ 4+ 4+ — w

R, R R, R, — &

€q




RC CIRCUITS

» Circuits consisting of a resistor and a capacitor is said to be RC circuits. It is used to

charge/discharge capacitors.

» The use of the resistor in RC circuits is to control the current and hence the time of

R
charging/discharging the capacitor. Jj/ S —
& t == C
»  Before the switch is closed (#= 0) there is no current in the circuit -‘-
and no charge on the capacitor. i

»  After the switch is closed (z> 0) current flows and the charge
on the capacitor builds up over a finite time. : .

b)t>0



CHARGING A CAPACITOR

»During charging, the charge on the capacitor is Cof
—t/ RC l:_n.ﬂC:-r -
q _ qO (1_e %0.6&:—
o
o o . . o .
The capacitive time constant (RC) is denoted by t where t=RC. o4Ce Charge versus time
during charging
02Ce}
»The maximum charge is S T TR
Time, t
q, =CV
/R
»The current is the rate of change of charge, which is _ 8 *RI\ " Current versus time
{/RC E: 06 /R | during charging
| = |Oe_ “oaemf
»The maximum current is 02 ek |

1 i L
T 2% 37 4t
Time, t




DISCHARGING A CAPACITOR

»During discharging, the charge on the capacitor is

—t/RC

q=0.€
»The current is the rate of change of charge, which is

. . __{/RC




WORKED EXERCISES

1. A 4 Q resistor is connected to a potential of 12 V. Calculate the current passing through
the resistor.

Solution
It is well known from Ohm’s law that the current is defined as
.V 12
i=—="2-3A
R 4




WORKED EXERCISES

2. A cylindrical wire of radius 10 mm has a current of 2 A. Calculate he current density in
the wire.

Solution
It is well known that the current density is
i i 2
J=—=—= ~ =6.4x10°A/m’
A m*  7(0.010)




WORKED EXERCISES

3. A wire of length 5 cm and cross-sectional area 2 mm? is connected to a potential of 12 V. If
the current passing through the wire is 2 A, determine the resistivity of the wire.

Solution
It is well known that the resistivity is
_RA
oL

Therefore the resistivity is

_ 6x2x107°
0.05

=24x10"" Qm




WORKED EXERCISES

4. The power dissipation rate through a 5 Q resistor is 3.2 W. Determine the potential
difference across the resistor.

Solution
It is well known that the power dissipated through a resistor is

VZ
"R

P

Therefore the potential across the resistor is

V =+vPR =+3.2x5 =4V




WORKED EXERCISES

5. The electric field inside a cylindrical wire of radius 1.2 mm is 0.1 V/m. If the current in
the wire is measured to be 16 A, calculate the conductivity of the wire.

Solution
It is known that the conductivity is
J
o=—
E
But the current density is
j=to 1 _3six10°A/m?
A z{12x107)
Therefore the conductivity is
6
o= 32020 _ 354,107 (Qm)?




WORKED EXERCISES

6. As shown in the figure, calculate the equivalent resistance.

Solution

R,=100Q
ANAA

R,=8Q R,=2Q
__AAAA__AAAA_
R,=4 Q

Ry=6 Q
__AAAA

The resistors 2 and 3 are in series, their equivalent resistance R,; is 10 €2. These two resistors
are in parallel with resistor 1, so the equivalent resistance R;,; is 5 2. These resistors are
in series with the rest. Therefore the total resistance is




WORKED EXERCISES

7. As shown in the figure, calculate the equivalent resistance between the point A and B.

Solution
—AMA— AN —
35 () 82 Q)

A B
—— —s
45 ()

- MWW——

The equivalent resistance of the upper side is
R, =35+82=117 Q

Thus the total resistance is

R, =117x45/(117+45)=32.5 O




WORKED EXERCISES

8. The current in the 13.8 Q resistor is 0.750 A. Find the current passing through the 17.2 Q
resistor.
Solution

1250 8.45 Q)
MW MW/

g 13.8 (1 17.2 0
15.00)

4110

o Ao
The 13.8 Q and 17.2 Q) resistors are in parallel. Therefore the potential across each is similar. This is
V=iR =0.75x13.8=10.35 V

Hence the current passing through the 17.2 Q resistor is
i=V/R=10.35/17.2=0.602 A




WORKED EXERCISES

9. A capacitor of 4 uC initially uncharged is connected with a battery of 12 V and a 10 MQ
resistor. Calculate the maximum charge on the capacitor and also the maximum current.
What is the capacitive time constant?

Solution

The maximum charge is

0o =CV =4x12=148 ;C

The maximum current is
.V 12
= —=—==12 uA
R 10
The maximum charge is

r=RC =10x10°x4x10°=40s




