


A circuit consisting of a 

resistor connected to the 

terminals of a battery.

Assume that the 

connecting wires have 

no resistance. 

➢ Circuits are assumed to be in steady state
(currents in the circuit are constant in magnitude                    

and direction)

➢ Potential difference at the battery terminals is 

constant in a particular circuit, the current in 

the circuit is constant in magnitude and 

direction and is called direct current (DC)

➢ The emf of a battery is the maximum possible 

voltage that the battery can provide between 

its terminals. 

➢ A battery is called a source of electromotive 

force or, a source of emf



➢ Real battery is made of matter, there is 

resistance to the flow of charge within the 

battery. This resistance is called

➢ internal resistance r.

➢ For a real battery, the terminal voltage is 

NOT equal to the emf for a battery in a 

circuit in which there is a current.

➢ For an idealized battery with zero internal 

resistance, the potential difference across the 

battery (called its terminal voltage) equals 

its emf. 

➢ From a to b 

Negative terminal to the positive terminal, the potential 

increases by an amount ε.

However, as we move through the resistance r, the 

potential decreases by an amount Ir, where I is the 

current in the circuit. 

Thus, the terminal voltage of the battery ΔV = Vb - Va is



➢ε note that is equivalent to the open-circuit voltage—that is, the terminal 

voltage when the current is zero. 

➢The emf is the voltage labeled on a battery

➢ The terminal voltage ΔV must equal the potential difference across the external 

resistance R, often called the load resistance.

➢ The battery must supply energy to operate the device. The potential 

difference across the load resistance is ΔV = IR. 

❖ The current in this simple circuit 

depends on both the load 

resistance R external to the battery 

and the internal resistance r. If R is 

much greater than r, as it is in many 

real-world circuits, we can neglect r.



➢Total power output of the battery is

Quick Quiz 28.1
In order to maximize the percentage of the power that is

delivered from a battery to a device, the internal resistance of the 

battery should be

(a) as low as possible

(b) as high as possible 

(c) The percentage does not depend on the internal resistance





Electromotive Force Problem (Chapter # 28)



❖ Resistors in Series

The resistors replaced with a single 

resistor having an equivalent 

resistance: Req = R1 + R2.



❖ The potential difference applied across the series combination of resistors will divide between 

the resistors. In Figure 28.4b, because the voltage drop from a to b equals IR1 and the voltage 

drop from b to c equals IR2, the voltage drop from a to c is  

ΔV = IR1 + IR2 = I(R1 + R2) 

❖ Resistors in Series

❖ The equivalent resistance of a series connection of resistors is the numerical sum of the 
individual resistances and is always greater than any individual resistance.



Quick Quiz 28.2 
In Figure 28.4, imagine positive charges pass first 

through R1 and then through R2. Compared to the 

current in R1, the current in R2  is

(a) smaller, (b) larger, or (c) the same

❖ Resistors in Series

Quick Quiz 28.4 

What happens to the reading on 

the ammeter when the switch is 

opened?

(a) the reading goes up; 

(b) the reading goes down;

(c) the reading does not change.



❖ Resistors in Parallel

When charges reach point a, (called a junction), they 

split into two parts, with some going through R1 and 

the rest going through R2. A junction is any point in 

a circuit where a current can split with result of less 

current in each individual resistor. 



❖ The inverse of the equivalent resistance of two or more resistors connected in parallel is 
equal to the sum of the inverses of the individual resistances. Furthermore, the 
equivalent resistance is always less than the smallest resistance in the group.

❖ Resistors in Parallel



Quick Quiz 28.5 
In Figure 28.4, imagine that we add a third 

resistor in series with the first two. Does 

the current in the battery  (a) increase, 

(b) decrease, or

(c) remain the same?

Quick Quiz 28.6 
In Figure 28.6, imagine that we add a third 

resistor in parallel with the first two. Does 

the current in the battery (a) increase, (b) 

decrease, or (c) remain the same?

Quick Quiz 28.7 
If the switch is closed (Fig. 28.7, right), 

there is current in R2. What happens to the 

reading on the ammeter when the switch is 

closed? (a) the reading goes up; (b) the 

reading goes down; (c) the reading does 

not change.
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❖Because it is not often possible to reduce a circuit to a 

single loop, we use Kirchhoff’s rules for analyzing more 

complex circuits.



(a) Kirchhoff’s junction rule. 

Conservation of charge requires 

that all charges entering a 

junction must leave that junction. 

Therefore, I1 = I2 + I3.

❑Junction Rule  (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.



➢ Loop Rule  (consider changes in 

electric potential)

Each circuit element is traversed 

from left to right.

❖ 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 difference "V across the resistor is - IR

❖ If a resistor is traversed in the direction 

opposite the current, the potential difference 

"V across the resistor is + IR

❖ 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 + ε

❖ 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 - ε 





Quick Quiz 28.8 

In using Kirchhoff’s rules, you generally assign a separate 

unknown current to

(a) each resistor in the circuit 

(b) each loop in the circuit 

(c) Each branch in the circuit 

(d) each battery in the circuit.
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