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10.3: Resistors in Series and Parallel

By the end of the section, you will be able to:

¢ Define the term equivalent resistance

¢ (Calculate the equivalent resistance of resistors connected in series

¢ Calculate the equivalent resistance of resistors connected in parallel

resistor leads on one side of the resistors are conncgtcd to%thcr and all the leads on the other side are LOHHLLtLd together. In th(. case of
a parallel configuration, ecach resistor has the same po

op across it, and the currents through each resistor may be different,
depending on the resistor. The sum of the individual currents equals the current that flows into the parallel connections.

~AM—AM—AMN—AAN— ng Rzg 93§ mg

(a) Resistors connected in series (b) Resistors connected in parallel

Figure 10.3.1: (a) For a series connection of resistors, the current is the same in each resistor. (b) For a parallel connection of resistors,
the voltage is the same across each resistor.

Resistors in Series

Rc%i‘stor‘s are ‘said to bc in serics thncvcr the current flows throuﬂh thc resistors sequentially. Consider Figure 10.3.2, which showe

the same through each resistor. The equlvalent resistance of a set of resistors in a series connection is equal to the algebl aic sum of the
individual resistances.
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R3 § V3
(a) Original circuit (b) Equivalem circuit

and av oltagc source.

In Figure 10.3.2, the current coming from the v
same. The current through the ci
resistor, a p

it depends on the voltage supplied by the voltage source and the r

rop oceurs that is equal to the loss of electric potential energy as a current travels through each resistor. Au,m ding
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V-vVi-V,-V;=0,
V=Vi+V+V,
=JR; + IR, + IR3,

Solving for I

j—__ v
Ri + Ry + R3
| 4

Since the current through each component is the same, the equality can be simplified to an equivalent resistance (Rs), which is just the
sum of the resistances of the individual resistors.

Any number of resistors can be connected in series. If N resistors are connected in series, the equivalent resistance is

N
Rs=R;+ R, + R3+...+Rn_1 + Ry = Z R;. (10.3.2)

i=1

a. Calculate the equivalent resistance of the circuit.

b. Calculate the current through each resistor.

d. Determine the total power dissipated by the resistors and the power supplied by the battery.

M MY M\ MV MV
R, =200 R,=2000 R,=20Q R,=20Q R.-100Q

il

V=9V

Strategy

resistors is equal to the sum of the power dissipated by each resistor. The power supplied by the battery can be found using P = Ie.

Solution
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1. The equivalent resistance is the algebraic sum of the resistances (Equation 10.3.2):

Rs =Ry + Ry + R;+ Ry + R;5
=20Q+20Q+20Q+20Q + 10Q =90 Q.

equivalent resistance:

|4 oV
=—=——=01A.
Rg 90Q
Note that the sum of the potential drops across each resistor is equal to the
3. The power dissipated by a resistor is equal to P = I R, and the power supplied by the battery is equal to P = Ie.

ge supplied by the battery.

P =P, =P, =P =(0.147>20Q)=02W,
P = (0.1 A*(10Q) = 0.1 W,
Puissipated = 02 W +02W +02W +02W +0.1 W =09 W,
Piource = Ie = (0.1 AYO V) =09 W.
Significance

want to minimize the cost of resistors. Each resistor may cost a few cents to a few dollars, but when multiplied by thousands of

units, the cost saving may be appreciable.

Some strings of miniature holiday lights are made to short out when a bulb burns out. The device that causes the short is called a

bulbs are usually grouped in series of nine bulbs. If too many bulbs burn out, the shunts eventually open. What causes this?

Answer

The equivalent resistance of nine bulbs connected in series is 9R. The current is I = V/9 R. If one bulb burns out, the

current becomes even higher. Eventually, the current becomes too high, burning out the shunt.

Let’s briefly summarize the major features of resistors in series:

1. Series resistances add together to get the equivalent resistance (Equation 10.3.2):

N
Rs=R,+ Ry+ Ry+...+Rn_1 + Ry = Z R;. (10.3.3)
i=1

2. The same current flows through each resistor in series.

resistors is equal to the sum of the potential drops across each resistor.

Resistors in Parallel

same is true of the wiring in your house or any building.

https://phys libretexts.org/Bookshelves/University_Physics/University_Physics_(OpenStax)/University_Physics_II_-_Thermodynamics_Electricity_and_Magnetism... 3/12

MPS EX. 2004



10/28/24, 1:45 PM 10.3: Resistors in Series and Parallel - Physics LibreTexts

[ :

|+
|+

= |||
o I||
=<
Ry
k
A
=~
L
MN
=
I
4|
')
<
E:U
MW

(a) Original circuit (b) Equivalent circuit

flowing through resistors Ry and R,. As the charges flow from the battery, some go through resistor Ry and some flow through resistor
R;. The sum of the currents flowing into a junction must be equal to the sum of the currents flowing out of the junction:

Z I, = Z Loy

voltage across the resistors in parallel are the same (V' = V1 = V2) and the current is additive:

I=15L+1
h, r
Ry R
vV |4
R, Ry

1 1 Vv
b %
R, R Rp

Solving for the Rp

1 1 \7!
Rp=(— + — . 10.3.4
, ( T ) (103.4)

Generalizing to any number of N resistors, the equivalent resistance Rp of a parallel connection is related to the individual
resistances by

-1
PO (LN U U SIS B S £ (103.5)
v (% -(31) . 3

c. Calculate the currents in each resistor and show that these add together to equal the current output of the source.
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d. Calculate the power dissipated by each resistor.
¢. Find the power output of the source and show that it equals the total power dissipated by the resistors.

Strategy

(a) The total resistance for a parallel combination of resistors is found using Equation 10.3.5. (Note that in these calculations, each
intermediate answer is shown with an extra digit.)

(b) The current supplied by the source can be found from Ohm'’s law, substituting Rp for the total resistance I = R—VP .

(¢) The individual currents are easily calculated from Ohm’s law (I P = %) , since each resistor gets the full voltage. The total
.............. ;

current is the sum of the individual currents:
I = Z I,.
i

(d) The power dissipated by each resistor can be found using any of the equations relating power to current, voltage, and resistance,

(e) The total power can also be calculated in several ways, use P = I'V.
Solution
1. The total resistance for a parallel combination of resistors is found using Equation 10.3.5. Entering known values gives

R—<1+1+1>_1—( 1 + 1 + 1 >_1—0509
P=\R, "R, " R; “\100Q " 200Q " 200Q) "%

Vo300V

I=—=——
Rp 050Q

= 6.00 A.

oY 3oy

"T R T 100Q T
Similarly,

Loy _3ov

TR, 200Q
and

LY 3oy

TRy 200Q T

The total current is the sum of the individual currents:
I] + 12 + 13 = 600A

4. The power dissipated by each resistor can be found using any of the equations relating power to current, voltage, and resistance,

age. Thus,
P - & _ (3.00 V)? _9.00W
"TR T 100 T
Similarly,
2 2
p= L B0V sow.
R, 2.00 Q
and
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_V: (3.00V)

P=—
TRy 200Q
5. The total power can also be calculated in several ways. Choosing P = I'V and entering the total current yields

=450 W.

P =1V =(6.004)3.00 V) = 18.00 W.
Significance
Total power dissipated by the resistors is also 18.00 W:
PL+P+P=900W+450W + 450 W = 18.00 W.

Notice that the total power dissipated by the resistors equals the power supplied by the source.

dissipated by the resistor in series compare to the power dissipated by the resistors in parallel?
Solution

I = 30¥ — (0,60 A, which is lower than the sum of the currents through each resistor in the parallel circuit, I = 6.00 A. This

T 500Q oY A IR AL R R SR M M AR G T A PRI A I PR M

How would you use a river and two waterfalls to model a parallel configuration of two resistors? How does this analogy break
down?

Solution

A river, flowing horizontally at a constant rate, splits in two and flows over two waterfalls. The water molecules are analogous to
the electrons in the parallel circuits. The number of water molecules that flow in the river and falls must be equal to the number
of molecules that flow over each waterfall, just like sum of the current through each resistor must be equal to the current flowing

The analogy quickly breaks down when considering the energy. In the waterfall, the potential energy is converted into kinetic

energy of the water molecules. In the case of electrons flowing through a resistor, the po p is converted into heat and

light, not into the kinetic energy of the electrons.

Let us summarize the major features of resistors in parallel:

3. Parallel resistors do not each get the total current; they divide it. The current entering a parallel combination of resistors is equal to

the sum of the current through each resistor in parallel.

In this chapter, we introduced the equivalent resistance of resistors connect in series and resistors connected in parallel. You may recall
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Table 10.3.1: Summary for Equivalent Resistance and Capacitance in Series and Parallel Combinations

Series combination Parallel combination

Equivalent capacitance —_— = — — 4+ —+... Cp=C+C +C5+...

Equivalent resistance Rs=R|+R)+ R3+...= Z R; _— = — b — 4 —. .
i=1

Combinations of Series and Parallel
More complex connections of resistors are often just combinations of series and parallel connections. Such combinations are common,

Combinations of series and parallel can be reduced to a single equivalent resistance using the technique illustrated in Figure 10.3.5.

Various parts can be identified as cither series or parallel connections, reduced to their equivalent resistances, and then further reduced

until a single equivalent resistance is left. The process is more time consuming than difficult. Here, we note the equivalent resistance as
R

eq-

Ryy =Ry + R, =104}

R, =70 R;=60)
—M\—
+ > +
v-2av = R,-1003 Ry =4 V=24V =
(a) Circuit schematic (b) Step 1: resistors R, and R, in series

S S
R, =70 (” ”34) 541
—A\W— E
+ : R. = E
= = ol = : il
VS 289 1100 Rie =000 V=24V =
(c) Step 2: resistors R, and Ry, in parallel (d) Step 3: resistors R, and R,4, in series

Req =121}

(e) Simplified schematic reflecting
equivalent resistance R,

current of I = 2 A from the voltage source.

Notice that resistors Rz and Ry are in series. They can be combined into a single equivalent resistance. One method of keeping track of
the process is to include the resistors as subscripts. Here the equivalent resistance of R and Ry is

Ryu=R;+R, =6Q+4Q=10Q.
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it now reduces to three resistors, shown in Figure 10.3.5¢. Redrawing, we now see that resistors R, and R34 constitute a

1 1 \7! 1 1 \7!
Ruy=(—+—) =(—+—) =50
24 <R2 * R34> <109 + 109) >

which in this case are in series. These two resistors can be reduced to an equivalent resistance, which is the equivalent resistance of the
circuit:

Req =Rz =R+ Ry =7Q+5Q =12Q.

Now we can analyze the circuit. The current provided by the voltage source is I = 4

.................................. Reg oo 2 A. This current runs thmugh

Vi=LR =QA)TQ) =14V,

Looking at Figure 10.3.5¢, thisleaves 24 V' — 14 V' = 10 V to be dropped across the parallel combination of R, and R34. The current

v, 10V

=2=—"=14
R, 10Q

2

The resistors Rz and R4 are in series so the currents I3 and 14 are equal to

I3=I4=I—Iz=2A—1A=1A.

"The power dissipated by the resistors is
P, =1'R, = QAP (TQ) =28W,
P, = I2R, = (1 A*(10Q) = 10 W,
Py=12Rs = (1A’(6Q) =6W,
Py=12Ry=(1A(@4Q) =4W,
Prissipated = P1 + Py + P3s + P, = 48 W.
"The total energy is constant in any process. Therefore, the power supplied by the voltage source is
P, =1V
=Q2AR4YV)=48W

to Ry and R3.

a. Find the equivalent resistance of the circuit.

c¢. Find the (,urrentlzthlough resistor Ry.
d. What power is dissipated by R»?
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h=2 "y =»
—_— 1
MV
R, =1.00{)
+
= V=120V l:'2=?

R, = 6.00 Qg R, =13.00 () § V=2

Figure 10.3.6: These three resistors are connected to a voltage source so that Ry and R3 are in parallel with one another and that
combination is in series with R;.

Strategy

(a) To find the equivalent resistance, first find the equivalent resistance of the parallel connection of R, and R3. Then use this result

to find the equivalent resistance of the series connection with R .

2
(d) Using Ohm'slaw (V2 = I R»), the power dissipated by the resistor can also be found using P, = I3 R, = %.

equivalent resistance is

1 1 \°!
Ry=R +(—+—) =100Q
4 1+<R2+R3> +(

1 1
6.00 * 13.00 Q

-1
) =5.10Q.

2. The current through Ry is equal to the current supplied by the battery:

vV o120V

- = =235 A.
R 5.10Q

L =1

V,=1LR, = 2354)(1Q)=235V.

4. The power dissipated by R, is given by

P, = I?R; = (1.61 A)*(6.00Q) = 155 W.
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Significance

reduced, greatly simplifying the analysis.

Consider the electrical circuits in your home. Give at least two examples of circuits that must use a combination of series and parallel
circuits to operate cfficiently.

Solution

All the overhead lighting circuits are in parallel and connected to the main supply line, so when one bulb burns out, all the
overhead lighting does not go dark. Each overhead light will have at least one switch in series with the light, so you can turn it on
and off.

there is a switch in series with the light. A thermostat controls a switch that is in series with the compressor to control the
temperature of the refrigerator.

Practical Implications

the battery itself).

What is happening in these high-current situations is illustrated in Figure 10.3.7. The device represented by Rj; has a very low

\

Large IR

drop in wires Bulb

dims

R, = wire

resistance <
Low Ry
draws large

o

@ 1 motor —2—
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make this assessment. Resistors are in series if the same current must pass sequentially through them.

4. Use the appropriate list of major features for series or parallel connections to solve for the unknowns. There is one list for series
and another for parallel.

5. Check to see whether the answers are reasonable and consistent.

Two resistors connected in series (R, R,) are connected to two resistors that are connected in parallel (R3, Ry). The

the voltage source?
Strategy

Use the steps in the preceding problem-solving strategy to find the solution for this example.

Solution
I, =2.00A
—_
MN M\
R, =1000{) R, =10.00{)
+
=v=-2
- Ry = 10.00 Q§ R, = 10.00 Q§
1. Draw a clear circuit diagram (Figure 10.3.8).
2. The unknown is the voltage of the battery. In order to find the voltage supplied by the battery, the equivalent resistance must be
found.

equivalent resistance of the parallel configuration of the resistors Ry and Ry is in series with the series configuration of resistors
Ry and R,.

1 1 -1
Ry = =5.00Q.
3 (10.009 + 10.009) S00Q

"This parallel combination is in series with the other two resistors, so the equivalent resistance of the circuit is

V =1IR,; =2.00 A(25.00 Q) =50.00 V.
5. One way to check the consistency of your results is to calculate the power supplied by the battery and the power dissipated by the
resistors. The power supplied by the battery is Py = IV = 100.00 W.

Since they are in series, the current through R, equals the current through R;. Since R3 = Ry, the current through each will be
1.00 Amps. The power dissipated by the resistors is equal to the sum of the power dissipated by each resistor:

P = I%Rl + IZZRZ + 132R3 + I42R4
= 40.00 W + 40.00 W + 10.00 W + 10.00 W = 100. W.
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Since the power dissipated by the resistors equals the power supplied by the battery, our solution seems consistent.

Significance

If a problem has a combination of series and parallel, as in this example, it can be reduced in steps by using the preceding problem-
solving strategy and by considering individual groups of series or parallel connections. When finding R, for a parallel connection,

devices in parallel compared with series, and so on.

"This page titled 10.3: Resistors in Series and Parallel is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by OpenStax via

source content that was edited to the style and standards of the LibreTexts platform.
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