
Lecture 8

The Electric Current and the resistance

• Electric current and Ohm’s law

• The Electromotive Force and Internal Resistance

• Electrical energy and thermal energy

• Resistors in series.

• Resistors in parallel.

• Kirchhoff’s Laws and its applications.

• Charging and Discharging Processes in RC



Electric current and Ohm’s law
The current is defined as the flow of the charge.

• The current is the rate at which charge flows through a 
surface of area A,

• If Q is the amount of charge that passes through this area 
in a time interval t, the average current Iav is equal to the 
charge that passes through A per unit time:

The SI unit of current is the ampere (A):That is, 1 A of current is equivalent 

to 1 C of charge passing through the surface area in 1 s.



The current density

• Consider a conductor of cross-sectional area A carrying a current 

I. The current density J  in the conductor is defined as the current 

per unit area. Because the current I = nqvdA, the current density is

A current density J and an electric field E are established in a

conductor whenever a potential difference is maintained across the

conductor, the current density is proportional to the electric field:

The current density

 is called the conductivity of the conductor.



Ohm’s Law
Ohm’s law states that:
for many materials the ratio of the current density to the electric field 

is a constant  that is independent of the electric field producing the 

current.



Ohm’s Law

In order for a current I to flow there must be a potential difference,

or voltage V , across the conducting material. We define the

resistance, R , of a material to be:

I
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IRV 

The unit of resistance is Ohms (W): 1 W = 1 V/A

For many materials, R is constant, the material is said to be ohmic, 

and we write Ohm’s Law:



I
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The inverse of conductivity is resistivity .Where  has the

units (.m).Because

R=l / .A= lA





• When the current in the circuit is constant in magnitude and 
direction and is called direct current DC. 

• A battery is called a source of electromotive force or, emf. 

• The emf of a battery is the maximum possible voltage that the 
battery can provide between its terminals. 

• When an electric potential difference exists between two points, 
the source moves charges from the lower potential to the higher.

Electromotive Force



The internal resistance

• The resistance of the battery is called internal resistance r.

• I  is the current in the circuit, Ir is the current through the resistor, 

emf is 

• The terminal voltage of the battery

V = Vb - Va is               V =  - Ir



• The resistor represents a load on the battery because the 

battery must supply energy to operate the device.

• The potential difference across the load resistance is

• V = IR and 

Electrical energy and thermal energy.

• The total power output I of the battery is delivered to 

the external load resistance in the amount I2R and to the 

internal resistance in the amount I2r.



Electrical Power and Electrical Work
All electrical circuits have three parts in common.

1. A voltage source.

2. An electrical device

3. Conducting wires.

• The work done (W) by a voltage source is equal to the work 
done by the electrical field in an electrical device,

1. Work  = Power  x  Time.

The electrical potential is measured in joules/coulomb and a 
quantity of charge is measured in coulombs, so the electrical 
work is measure in joules.

A joule/second is a unit of power called the watt.

2. Power = current  x  potential

Or, P = I V = I2 R

• Energy = Power   Time





• Calculate the power delivered to the load resistor of 3 

ohm when the current in the circuit is 3.93 A.



Resistors in Series

• for a series combination of two resistors, the currents are the 

same in both resistors because the amount of charge that passes 

through R1 must also pass through R2 in the same time interval.

The potential difference across the battery is applied to the 

equivalent resistance Req:

V = IReq



Resistors in Series

V = IReq

The equivalent resistance of  three or more resistors 

connected in series is







Resistors in Parallel

• The current I that enters point a must equal the total current 

leaving that point:

When resistors are connected in parallel, the potential differences 

across the resistors is the same.



Resistors in Parallel
• Because the potential differences across the resistors are the same, 

the expression

• V = IR  gives

the equivalent resistance











Kirchhoff’s Rules

• The procedure for analyzing more complex circuits is greatly 

simplified if we use two principles called Kirchhoff ’s rules:

• 1. Junction rule. The sum of the currents entering any junction in 

a circuit must equal the sum of the currents leaving that junction:

• 2. Loop rule. The sum of the potential differences across all 

elements around any closed circuit loop must be zero:



Kirchhoff’s Rules

• Kirchhoff’s first rule is a statement of conservation of electric 

charge. 

• All charges that enter a given point in a circuit must leave that 

point because charge cannot build up at a point. 

• If we apply this rule to the junction shown in Figure, we obtain



•If a resistor is traversed in the direction opposite the current, 

the potential difference ΔV across the resistor is +IR .

•Because charges move from the high-potential end of a resistor 

toward the low potential end, if a resistor is traversed in the 

direction of the current, the potential differenceΔV across the 

resistor is -IR .

When applying Kirchhoff’s second rule in practice, we imagine 

traveling around the loop and consider changes in electric 

potential, rather than the changes in potential energy described in 

the preceding paragraph. You should note the following sign 

conventions when using the second rule:



•If a source of emf (assumed to have zero internal resistance) is 

traversed in the DIRECTION of the emf (from - to +), the potential 

difference ΔV is +E. The emf of the battery increases the electric 

potential as we move through it in this direction.

•If a source of emf (assumed to have zero internal resistance) is 

traversed in the direction  OPPOSITE the emf (from + to -), the 

potential difference ΔV is -E. In the case of the emf of the battery 

reduces the electric potential as we move through it.



Element  Analysis Direction  Current Direction  Voltage Drop  

 
    iR  

 
    iR  

 
    iR  

 
    iR  

 

   Vemf  

 

   Vemf  

 

   Vemf  

 

   Vemf  

 

Circuit Analysis Conventions





• At junction b the incoming current must equal the outgoing current

• At junction a we again equate the incoming current and the outgoing 
current

• But this equation gives us the

same information as the

previous equation!

• We need more information

to determine the three currents – 2 more independent equations

i2  i1  i3

i1  i3  i2

Example - Kirchhoff’s Laws



• We now have three equations

• And we have three unknowns i1, i2, and i3

• We can solve these three equations in a variety of ways

i1  i3  i2 i1R1 Vemf ,1  i2R2  0 i3R3 Vemf ,2  i2R2  0

i1  
(R2  R3)Vemf ,1  R2Vemf ,2

R1R2  R1R3  R2R3

i2  
R3Vemf ,1  R1Vemf ,2

R1R2  R1R3  R2R3

i3  
R2Vemf ,1  (R1  R2 )Vemf ,2

R1R2  R1R3  R2R3



• Going around the left loop counterclockwise starting at point b we get

• Going around the right loop clockwise starting at point b we get

• Going around the outer loop clockwise starting at point b we get

• But this equation gives us no new
information!

i1R1 Vemf ,1  i2R2  0     i1R1 Vemf ,1  i2R2  0

i3R3 Vemf ,2  i2R2  0     i3R3 Vemf ,2  i2R2  0

i3R3 Vemf ,2 Vemf ,1  i1R1  0



Charging and Discharging Processes in RC Circuits

• A circuit containing a series combination of a resistor and a 

capacitor is called An RC Circuits

Circuit diagram 

A capacitor in series with a resistor, switch, and battery.



RC Circuits

• To analyze this circuit quantitatively, let us apply Kirchhoff’s 
loop rule to the circuit after the switch is closed. Traversing the 
loop in Fig. c clockwise gives

where q/C is the potential difference across the capacitor and IR is 

the potential difference across the resistor.



RC Circuits

• Charging a Capacitor

The quantity RC, which appears in the exponents of Equations, is 

called the time constant - of the circuit. 

It represents the time interval during which the current decreases to 

1/e of its initial value.

The charging current is

Charge as a function of time 

for a capacitor being charged



RC Circuits

• Discharging a Capacitor

where Q /RC = I0 is the initial current. 

The negative sign indicates that as the capacitor discharges, the current 

direction is opposite its direction when the capacitor was being charged.

Current as a function of time for a discharging capacitor:

Charge as a function of time for

a discharging capacitor


