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Electric Current

» Electric current 7 1n a conductor 1s defined by

dq.
d

[ =

where dqg 1s the amount of positive charge that passes
In time dr.

» Direction 1s taken as the direction of positive charge
carriers move.

» The SI unit of electric current
1s Ampere (A).
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The Directions of Currents

» The current into the junction must equal the current out
(charge 1s conserved).

Physics Department



Current Density

» The current 1s related to current density by this relation
i = j J-dA

where dA 1s a vector perpendicular to a surface
element of area dA.

» For uniform current, current density 1s given by:
[

=0

where A 1s the total area of the surface.
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Drift Speed
» When an electric field E is established in a conductor,
the charge carriers (positive) acquire a drift speed v, n

the direction of E.

» The velocity U4 is related to the current density by:

= —3

J = (ne)v,
where ne 1s the carrier charge 7,
density G—F
a2
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Example 1:

A cylindrical wire of radius 10 mm has a current of 2 A. The
current density in the wire Is:

Solution:
(A)
(A)6.4 x 103 A/m?
(B)5.7 x 103 A/m?
(C) 4.4 x 103 A/m?
(D)3.2 x 103 A/m?
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Resistance and Resistivity

> The resistance R of a conductor 1s defined as

where V' 1s the potential difference across the
conductor and 7 1s the current.

» The SI unit of resistance 1s
the ohm (), 1 Q=1 V/A.
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Example 2:

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

Solution:
(©)
(A)1A
(B)2 A
(C)3 A
(D)4 A
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» The resistivity p and the conductivity o of a material can
be related by:

{T:F P—T

where £ 1s the electric field and J 1s current density.

Calculating Resistance from Resistivity

» The resistance R of a conducting wire of length L and
uniform cross section 1s:

L |< L =
R=p— | |
A i . i
) ) A_/r.—l'
where A 1s the cross sectional area. -
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Example 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, the resistivity of the wire is:

Solution:

(B)
(A)1.7 x 10* QQ.m
(B)2.4 x10*QQ.m
(C)3.5x10*Q.m
(D)4.2 x 10* QQ.m

e
=
L]
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Example 4:

The electric field inside a cylindrical wire of radius 1.2 mm

1S 0.1 VV/m. If the current In the wire 1S measured to be 16 A,
the conductivity of the wire is:

Solution:

(A)1.72 x 107 (Q.m)?
(B)2.43 x 107 (Q.m)!
(C)3.54 x 107 (Q.m)*!
(D)4.27 x 107 (Q.m)!

e
=
L]

(C)
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Ohm’s Law

» A given device obeys Ohm’s law 1if its resistance R
independent of the applied potential difference V and

defined as:
V
R =—
[
N l +2
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Potental difference (V) Potential difference (V)
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Power in Electric Circuits

» The power P, or rate of energy transfer, mn an electric
device with potential difference Vacross is defied as:

P=1iV

» For resistor device the power for the electrical energy
dissipation due to resistance can be written as:

V2
P =i’R P = =
» The unit of power 1s Watt, (W): 1 W=1V. A
14 N ——

Physics Department




Example 5:

The power for the dissipation through a 5 Q resistor is 3.2 W.
The potential difference across the resistor Is:

Solution:
(D)
(A)1V
(B)2V
(C)3V
(D)4 V
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