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6.2  Parallel Resistors

For instance, in Fig. 6.1(a), the two resistors are in parallel because they are connected 
at points a and b.

Fig. 6.1   (a): Parallel resistors

The term parallel is used so often to describe a physical arrangement between two 
elements that most individuals are aware of its general characteristics.
In general,
two elements, branches, or circuits are in parallel if they have two points in common.
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Both ends were not connected as shown, the resistors would not be in parallel.
In Fig. 6.1(b), resistors R1 and R2 are in parallel because they again have points a and b in
common. R1 is not in parallel with R3 because they are connected at only one point (b). 
Further, R1 and R3 are not in series because a third connection appears at point b.

Fig. 6.1   (b): R1 and R2 are in parallel
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The same can be said for resistors R2 and R3. In Fig. 6.1(c), resistors R1 and R2 are in series 
because they have only one point in common that is not connected elsewhere in the 
network. Resistors R1 and R3 are not in parallel because they have only point a in 
common. In addition, they are not in series because of the third connection to point a. 
The same can be said for resistors R2 and R3. In a broader context, it can be said that the 
series combination of resistors R1 and R2 is in parallel with resistor R3

Fig. 6.1   (c) : R3 is in parallel with R3 is in parallel with the series combination of R1 
and R2. the series combination of R1 and R2. 
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On schematics, the parallel combination can appear in a number of ways, as shown 
in Fig. 6.2. In each case, the three resistors are in parallel. They all have points a and 
b in common.
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For resistors in parallel as shown in Fig. 6.3, the total resistance is determined from the 
following equation:

OR
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Example 6.1 : Find the total resistance of the configuration in Fig. 6.6.

Solution: 

= 0.689 Ω
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Example 6.2 : What is the effect of adding another resistor of 100  in parallel with
the parallel resistors as shown in Fig. 6.8?

Solution: 

= 1.96 Ω

Mobile User



Mobile User



Example 6.3 : Find the total resistance for the configuration in Fig. 6.10.

The total resistance of N parallel resistors of equal value is the 
resistance of one resistor divided by the number (N) of parallel 
resistors.

Solution: 
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Special Case: Two Parallel Resistors

The total resistance of two parallel resistors is simply the product of their values 
divided by their sum.

Example 6.4 : Find the total resistance for the configuration in Fig. 6.4.

Solution: 

= 2 Ω
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Example 6.5 : Determine the value of R2 in Fig. 6.15 to establish a total resistance of 9kW.

Solution: 

Mobile User



Mobile User



Example 6.6 : Determine the value of R1 , R2 , and R3 in Fig. 6.16 to establish a total 
resistance of 16kW.  Consider R2 =  2R1  and R3 =  2R2 

Solution: 
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6.3 Parallel Circuits

A parallel circuit can now be established by connecting a supply across a set of parallel 
resistors as shown in Fig. 6.18. The positive terminal of the supply is directly connected 
to the top of each resistor, while the negative terminal is connected to the bottom of 
each resistor. Therefore, it should be quite clear that the applied voltage is the same 
across each resistor. 
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Properties of DC Parallel Circuits
a. The voltage is always the same across parallel elements.

b. The source current Is can then be determined using Ohm’s law:

Since the voltage is the same across parallel elements, the current through each 
resistor can also be determined using Ohm’s law. That is,

c. For single-source parallel networks, the source current (Is) is always equal to the
sum of the individual branch currents.
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Example 6.7 : For the parallel network in Fig. 6.22:
a. Find the total resistance.
b. Calculate the source current.
c. Determine the current through each parallel branch.
d. Show that Eq. (6.9) is satisfied.

Solution: 

Mobile User



Mobile User



Example 6.7: For the parallel network in Fig. 6.23.
a. Find the total resistance.
b. Calculate the source current.
c. Determine the current through each branch.

Solution: 
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6.4 Power Distribution in a Parallel Circuit

For any network composed of resistive elements, the power applied by the source will 
equal that dissipated by the resistive elements.

For the parallel circuit in Fig. 6.28:
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The power delivered by the supply can be determined using

The power dissipated by the resistive elements can be determined by any
of the following forms (shown for resistor R1 only):

In the equation P = V²/R, the voltage across each resistor in a parallel circuit will be 
the same. The only factor that changes is the resistance in the denominator of the 
equation. 

The result is that in a parallel resistive network, the larger the resistor, the less is the
power absorbed.
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Example 6.8 : For the parallel network in Fig. 6.29 (all standard values):
a. Determine the total resistance RT.
b. Find the source current and the current through each resistor.
c. Calculate the power delivered by the source.
d. Determine the power absorbed by each parallel resistor.
e. Verify Eq. (6.10).
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Solution: 

a.

c.

d.

b.

e.



d.

c.

e.

A review of the results clearly substantiates the fact that the larger the resistor, the 
less is the power absorbed.
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6.5 Kirchhoff’s Current Law

▪ Kirchhoff’s current law (KCL): The algebraic sum of the currents entering and leaving 
a junction (or region) of  a network is zero.

▪ Ii representing the current entering, or “in,” 
and Io representing the current leaving, or 
“out.”

▪ In Fig. 6.30, for example, the shaded area can 
enclose an entire system or a complex network, 
or it can simply provide a connection point 
(junction) for the displayed currents. In each 
case, the current entering
must equal that leaving, as required by Eq. (6.13):
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Example 6.7 : Determine currents I3 and I4 in Fig. 6.32 using Kirchhoff’s current law.

Solution: 
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Example 6.8 : Determine currents I1, I3, I4, and I5 for the network in Fig. 6.33.

Solution: 

Mobile User



Example 6.9 : For the parallel dc network in Fig. 6.35:
a. Determine the source current Is.
b. Find the source voltage E.
c. Determine R3.
d. Calculate RT.

Solution: 

a.

b.

c.

d.

Apply Ohm’s law gives

Apply Ohm’s law in a different form

Apply Ohm’s law  again gives
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6.6 Current Divider Rule

▪ For two parallel elements of equal value, the current will divide equally.

▪ For parallel elements with different values, the smaller the resistance, the greater 
is the share of input current.

▪ For parallel elements of different values, the current will split with a ratio equal 
to the inverse of their resistance values.

The current through any branch of a parallel resistive network is equal to the total 
resistance of the parallel network divided by the resistance of the resistor of 
interest and multiplied by the total current entering the parallel configuration.
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▪ For two parallel resistors, the current through one is equal to the resistance of 
the other times the total entering current divided by the sum of the two 
resistances.
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Example 6.10 : 
a. Determine the current I1 for the network of Fig. 6.39 using the ratio rule.
b. Determine the current I3 for the network of Fig. 6.39 using the ratio rule.
c. Determine the current Is using Kirchhoff’s current law.
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Solution: 

a.

b.

Applying the ratio rule: 

Applying the ratio rule: Applying Kirchhoff’s current law:c.
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Example 6.11 :  For the parallel network in Fig. 6.41, determine current I1 using Eq. 
(6.15).

With the smallest parallel resistor receives the 
majority of the current.

Solution: 
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Example 6.11 :  Determine current I2 for the network in Fig. 6.43 using the current 
divider rule.

Solution: 
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6.7 Voltage Sources in parallel

▪ Voltage sources can be placed in parallel only if they have the same voltage.

The primary reason for placing two or more batteries or supplies in parallel
is to increase the current rating above that of a single supply. For example, in Fig. 
6.46, two ideal batteries of 12 V have been placed in parallel. The total source 
current using Kirchhoff’s current law is now the sum of the rated currents of each 
supply. The resulting power available will be twice that of a single supply if the 
rated supply current of each is the same. 
That is,

with I1 = I2 = I
then PT = E(I1 + I2) = E(I + I) = E(2I) = 2(EI) = 2P(one supply)
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▪ An open circuit can have a potential 
difference (voltage) across its 
terminals, but the current is always 
zero.

▪ An open circuit is two isolated 
terminals not connected by an 
element of any kind, as shown in Fig. 
6.48(a). Since a path for conduction 
does not exist, the current associated 
with an open circuit must always be 
zero. The voltage across the open 
circuit, however, can be any value, as 
determined by the system it is 
connected to .

6.8 Open and Short Circuits

Open Circuit
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▪ In Fig. 6.48(b), an open circuit exists between terminals a and b. 
▪ The voltage across the open-circuit terminals is the supply voltage, but the 

current is zero due to the absence of a complete circuit.

Open Circuit
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▪ A short circuit can carry a current of a level 
determined by the external circuit, but the 
potential difference (voltage) across its 
terminals is always zero volts.

• A short circuit is a very low resistance, direct 
connection between two terminals of a 
network, as shown in Fig. 6.50. 

• The current through the short circuit can be 
any value, as determined by the system it is 
connected to, but the voltage across the short 
circuit is always zero volts because the 
resistance of the short circuit is assumed to be 
essentially zero ohms and V = IR = I(0 ) = 0 V.

Short Circuit
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Home work

Problem 1 : For the parallel network in Fig. 6.82:
a. Find the total resistance.
b. What is the voltage across each branch?
c. Determine the source current and the current through each branch.
d. Verify that the source current equals the sum of the branch currents.
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Problem 2: Given the information provided in Fig. 6.86, find the unknown quantities: 
E, R1, and I3.
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Problem 3:  Eight holiday lights are connected in parallel as shown in Fig. 6.90.
a. If the set is connected to a 120 V source, what is the current through each bulb if

each bulb has an internal resistance of 1.8 k?
b. Determine the total resistance of the network.
c. Find the current drain from the supply.
d. What is the power delivered to each bulb?
e. Using the results of part (d), what is the power delivered by the source?
f. If one bulb burns out (that is, the filament opens up), what is the effect on the 

remaining bulbs? What is the effect on the source current? Why?
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Problem 4 : Using the information provided in Fig. 6.97, find the branch resistors R1

and R3, the total resistance RT, and the voltage source E.

Mobile User



Problem 5 : Determine the currents for the configurations in Fig. 6.100.
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