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1-Electric Current

2-Current Density

3-Resistivity and Resistance
4-Electromotive Force and Ohm'’s Law

5-Resistors in Series

6-Resistors in Parallel

7-Energy and Power in Electric Circuits
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The electrical circuit consists of : -

Connecting wires m

Battery (voltage difference source)
Device (Resistance)
Switch

b A

The electric current (I):
is the net charge passing a given point in a given time, divided by that time .

Q)electric charge
Q) g
(t) time

(I)Electric current =

unit of current is C/s and is called Ampere(A).

Direct current:
current that flows in only one direction, which does not change with time.

Important Notes
2. mA=10"3%4 1. Min = 60S
4. pA=10"°A 3. Hour = 60 x 60

(C)Coulomb = (A)ampere X (S)second
mAh(milliampere. hour)
mAh = 1073 x 60 x 60 = 3.6C
mAh Unit of electric charge
Check your understanding:
3mAh = C

Electric charge equation:
The current is equal to the derivative of the electric charge with respect to time.

. dq

I =—
dt
Check your understanding:

1. A charge flows in a conducting wire whose strength changes with time according to the
equation [qy) = 5t2 + 7t + 4 |, where the time is measured in seconds, and the charge
is measured in Coulomb. How much current does this pass in 2.5 s?

2. If the equation between charge and time is (¢ = 5t% + 3t). What is the correct
expression of the current (i)?

o . 5t3 3t . i
i=10t+3 @ =+ © i=10t+3t ® _cp,4 @



Electric current equation:
The charge is equal to the Integration of the electric charge with respect to time.

ty
qu idt
t

i

Check your understanding:

1. A current flows in a conducting wire whose strength changes with time according to the
equation [iy) = 6t% — 3t], where the time is measured in seconds, and the current is
measured in amperes. How much charge does this current pass in t=3s , t=1s ?

2. Ina certain circuit, the current as a function of time is given as: i(;) = 3t2 — 2t
where [is measured in amps and tis measured in seconds. How much charge passes
through this circuit during the interval 0 < £< 5.00 s?

q = 65C @ g=150c ©  g=100c - ® q=28C @

Problem book :

3. A nurse wants to administer 80 ug of dexamethasone to the heel of an injured soccer
player. If she uses an iontophoresis device that applies a current of 0.14 mA, how long
does the administration of the dose take? Assume that the instrument has an application
rate of 650 ug/C and that the current flows at a constant rate.

SLOVE
N ! L Mass
4 = Charge
= 40 = 0.123C
e

how long(time) t = %
e PORERE 878.57
21072 T

4. A typical rechargeable AA battery is rated at 700 mAh. How long can this battery provide
a current of 100 uA?

SLOVE

how long(time) t = %
700 x 10734k
~ 100 x 10764

AN WG v F B S g

= 7000 h



Current density :

The current per unit area flowing through the conductor.

_ current(i)
(J)Current density = ————
area(4)
Unit :C/m?.s or A/m?
currenti = [ ] .dA
Important Notes
Diameter giver r = & Radius given area is A = 1r?
2
Convert from cm? =x 10™*m? Convert from cm =X 10™%2m
Convert from mm? =x 107°m? Convert from mm =X 10™3m

Check your understanding:

1. What is the current density in an aluminum wire having a radius of 1.00 mm and carrying
a current of 1.00 mA?

2. A current of 0.123 mA flows in a silver wire whose cross-sectional area is 0.923 mm?2.
Find the current density in the wire assuming that the current is uniform.

3. A copper wire has a diameter dc, = 0.0500 cm, is 3.00 m long , and the copper wire is
attached to an equal length of aluminum wire with a diameter da; = 0.0100 cm . A current
of 0.400 A flows through the copper wire.

What is the ratio of the current densities in the two wires, Jcu/Jai?

/=0400 A
dey =0.0500 cm daL = 0.0100 cm

kg WP ,
CUTPLE ALUMINUM WIRE __L

‘V
-f‘
Tl‘—L =3.00 m—>|<——L =3.00m

4. Two wires carry the same current, but if the area of the second wire is 3 times the area of
the first wire, which of the following is true?

1 1
L=5h @  R=9% © L=z ® R=3 @

P s sk



Ohm's Law:

The electric current flowing through a conductor is directly proportional to the
potential difference across it.
(V)potential dif ference = (I)current X (R)resistance

The Resistance (R ) :

opposition to the flow of electric current.

(R)resist B (V)potential dif ference B L
resistance = NQcirrent orR=p y
Unit - 10 ohm = —2°&

1A amp
The Resistivity (p):

A measure of how strongly a material opposes the flow of electric current.
It equals the ratio of the applied electric field to the current density.

(E)electric field RA

orp=——
(J)current density P L

(p)Resistivity =

Unit : V.m/A = Q.m

The Conductance (G) :
Conductance is the reciprocal of resistance.
(G)Conductance = ! = Mg or &

(R)resistance - (V)potential dif ference pL

__ 1Aamp
(2)ohm 1Vvolt

Unit: (S)siemens =

The Conductivity (o) :
Conductivity is the reciprocal of resistivity.
(0)Conductivity = : 1\ R
GILONGUCHVLLY = oy resistivity ' ©  RA
Unit - Q'm! or —
Qm
NOTES
Hollow cylinder area :A4,,; — Ainto .
A - 7'[7'22 - T[le

Made of the same material (p, = p,)
The same resistance (R, = R,)



Example :
1. A potential difference of 12.0 V is applied across a wire of cross-sectional area 4.50
mm? and length 1000 km. The current passing through the wire is 3.20 X107 A.
What is the resistance of the wire?
What resistivity?

2. A copper wire has radius r = 0.0250 cm, is 3.00 m long, has resistivity p = 1.72 X-10°8
Qm, and carries a current of 0.400 A.
What is the resistance, R, of the wire?
What is the electric potential difference, AV, across the wire?
What is the electric field, E, in the wire?

3. What is the resistance of a copper wire of length | = 10.9 m and diameter d = 1.30
mm? The resistivity of copper is 1.72 X10° Q m.

4. Two conductors are made of the same material and have the same length L.
Conductor A is a hollow tube with inside diameter 2.00 mm and outside diameter 3.00
mm, conductor B is a solid wire with radius Rg. What value of RB is required for the
two conductors. have the same resistance measured between their ends?

. N
2.00 mmil 3.00 mm
Ve, ; T
-oooEB;
'
y \

5. A rectangular wafer of pure silicon, with resistivity p = 2300 Q m, measures 2:00Cm
by 3.00 cm by 0.0100 cm. Find the maximum resistance of this rectangular wafer
between any two faces.

6. A cylindrical aluminum wire is (32m) long and has a resist the resistivity of aluminum
is (2.82 x10® Q.m). What is the radius?
4512x107%m ) 1436x107°m (©) 1436x%x103m O 1.198x1073m @

7. Two cylindrical wires, 1 and 2, made of the same material, have the same resistance.
If the length of wire 2 is twice that of wire I,what is the ratio of their cross-sectional
areas, Ai/A2?

A1/A2 =2 @ A1/A2 =4 (© A1/A2 =05 (O A1/A2 = 025 @
Gz a0 L Y i o)



Check your understanding:

If the Conductance of the wire is 0.9S, and there is another wire of the same material and the
same length, and the radius of the second wire is 3 times that of the first wire, what is the
Conductance of the second wire?

0.1S @ 0.3S © 8.1S ) 2.7S @
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for a circuit like the one shown in Figure, the emf device provides the potential difference

that creates the current flowing through the resistor. Therefore, in this case, Ohm’s Law can
be written in terms of the external emf as:

Vemf = AV+IRL'OT' Vemf = I(R +Rl)

Notes :

(Vemy) potential difference of when it is not connected in a circuit.

(0V) the battery connected in a circuit.

174
1 t=—
(Dcurren m

Vems AV

the internal resistance R; = 7

Example :

1. Consider a battery that has Vens = 12.0 V when it is not connected to a circuit. When
al0.0Q resistor is connected with the battery, the potential difference across the
battery’s. Terminals drop to 10.9 V. What is the internal resistance of the battery?

2. A battery has a potential difference of 14.50 V when it is not connected in a circuit.
When a 17.91 Q resistor is connected across the battery, the potential difference of
the battery drops to 12.68 V. What is the internal resistance of the battery?

3. When a battery is connected to a 100. Q resistor, the current is 4.00 A. When the
same battery is connected to a 400. Q resistor, the current is 1.01 A.
Find the internal resistance of the battery.

Find the emf supplied by the battery.

4. For the electric circuit shown in the figure: if the battery’s electromotive force is
(12V), the resistance is (R=2.4Q), what is the electric current flowing through ‘Ehe
emf
circuit?

—ql+
L]
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