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]4 Series and Parallel Circuits

LABORATORY ® 2-3 CLASS SESSION

OVERVIEW

Students build and compare series and parallel circuits.
They apply what they have discovered about Ohm’s law
to analyze current, voltage, and resistance in series and
parallel connections.

DISCIPLINARY CORE IDEAS

PS.3.A: Definitions of Energy

ETS.1.A: Defining and Delimiting Engineering problems

SCIENCE AND ENGINEERING PRACTICES

Analyzing and Interpreting Data

Obtaining, Evaluating, and Communicating Information

Planning and Carrying Out Investigations

Using Mathematics and Computational Thinking

CROSSCUTTING CONCEPTS

Cause and Effect

Energy and Matter

Scale, Proportion, and Quantity

Structure and Function

KEY CONTENT

1. The current through elements of a circuit connected in
series is the same at all points in the circuit, regardless of
the resistance of the elements.

2. The voltage across elements connected in parallel is the
same, regardless of the resistance of the elements.

3. Atany node or junction in a circuit, the sum of the cur-
rents flowing into the junction is equal to the sum of the
currents flowing out of it (Kirchhoff’s junction law).

4. The sum of the voltages around any closed loop in a cir-
cuit is zero (Kirchhoft’s loop law).

5. For elements in a circuit that are connected in series, the
cumulative resistance of all the elements is equal to the
sum of the individual resistances.

6. For elements in a circuit that are connected in parallel,
the cumulative resistance of all the elements is given as

A
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MATERIALS AND ADVANCE PREPARATION

For the teacher

Scoring Guide: DESIGNING INVESTIGATIONS (DI)
Scoring Guide: UNDERSTANDING CONCEPTS (UC)
Scoring Guide: ORGANIZING DATA (OD)

Student Sheet 14.1, “Sample Procedure: Series and Parallel
Circuits (optional)

Science Skills Student Sheet 4, “Elements of Good
Experimental Design” (optional)

Literacy Transparency 3, “Read, Think, and Take Note
Guidelines” (optional)

For each group of four students

N8}

wires with clips

D cells in holder

Cir-Kit incandescent lightbulbs (2.5 V)
Cir-Kit component holders
82-Q) resistors

120-Q) resistor

Cir-Kit slides

Cir-Kit junctions

Cir-Kit switch

Cir-Kit ammeter

Cir-Kit voltmeter

For each student

graph paper*

3-5 sticky notes

Student Sheet 14.1, “Sample Procedure: Series and Parallel
Circuits” (optional)

Scoring Guide: DESIGNING INVESTIGATIONS (D1) (optional)
Scoring Guide: UNDERSTANDING CONCEPTS (UC) (optional)
Scoring Guide: ORGANIZING DATA (0D) (optional)

*Not supplied in kit

Masters for Scoring Guides are in Teacher Resources IV:
Assessment. Masters for Literacy Transparencies are in Teacher
Resources III: Literacy. Masters for Science Skills Sheets are in

Teacher Resources II: Diverse Learners.



TEACHING SUMMARY
Getting Started

+ Formally introduce the terms series and parallel

Doing the Activity
« Students conduct a qualitative investigation.

o (DI, OD ASSESSMENT) Students design and conduct a
quantitative investigation.

 (LITERACY) Students read the Technology Connection.

Follow-up

e (UC ASSESSMENT)(LITERACY) Review the class results and
how the total resistance is determined when resistors are
connected in series and in parallel.

BACKGROUND INFORMATION

Series Circuits

When circuit elements, such as lightbulbs, are connected in
series, current from one side of a battery to the other must
pass through all the elements in succession. The current is the
same through each element, and through the battery. How-
ever, the voltages across each element can differ, depending on
the resistance of the element. The sum of all the voltages across
the elements will equal the voltage across the battery.

The equivalent resistance of all the circuit elements connected
in series is given by

Req=R]+R2+R3+

For example, if there are three lightbulbs in series with
unequal resistances as shown below, the equivalent resis-
tance of all three combined will be:

Req'=R]+R2+R3=]Q+2Q+3Q+=6Q

— AN —

Ry R Ry
1Q 20 30

Parallel Circuits

When circuit elements are connected in parallel, the current
is allowed to split and travel through multiple circuit elements
simultaneously before returning to the other side of the battery.
The voltage across each pathway is the same and is equal to
the voltage across the battery. However, the currents through
each circuit element can differ, depending on the resistance
of the element. The sum of all the currents through each cir-
cuit element will equal the current through the battery.
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The equivalent resistance of all the circuit elements con-
nected in parallel is given by

1 1 1 1
=1l
Rota  Ri Ry Rg

For example, if we have three lightbulbs in parallel, as shown
below, the total resistance of all three combined will be:

1 1,1 ,1
Rt R R
=10+12Q+130Q
=183Q "
Reoral = 0.55 Q)
Ry
10

Kirchhoff’s loop rule is true for both parallel and series cir-
cuits. For a series circuit, there is only one “loop” to follow. But
for two lightbulbs connected in parallel, there are multiple
loops or paths of current. The voltages across each path will
follow the loop rule. For example, the series circuit at right
contains two identical lightbulbs with 0.75 V going across,
and the voltage across the battery is 1.5 V. The parallel circuit
below also contains two identical lightbulbs. The voltage
across each one is 1.5 V, and the voltage across the battery is
also 1.5 V.

Q

N
075V
il |
% 15V
0.75V
()
::/ o

+
— 15V 15V

@ 15V
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GETTING STARTED

n Point out to students that they
already have experience with cir-
cuits that have components oriented
in different ways. Sometimes they
have connected components in a
chain, and sometimes they have
connected components side by side.
If you have not already done so,
introduce the terms series for the
chain configuration and parallel for
side-by-side connections. Present
actual setups or schematics from
previous activities to help students
see the differences in these methods
of connection.

Let students know they that in this
activity they will investigate how
Ohm’s law applies to series and par-
allel circuits.
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DOING THE ACTIVITY

n Make sure that students under-
stand that the brightness of the bulb
at a constant voltage is an indication
of the current flowing through it.

n Students should notice that when
a second bulb is connected in series
both bulbs are dimmer than for the
single-bulb circuit. This indicates
that less current is now flowing
through the bulbs compared to
when there was only one bulb.
Adding the bulb in series increased
the resistance, thereby reducing the
current. If the two identical bulbs
are of equal brightness, it can be
assumed that they are receiving the
same current. The bulbs are also
now sharing the voltage.
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n When the two bulbs are con-

nected in parallel they should be R

much brighter than when they were
connected in series where each one
was getting less current than with
one bulb. In the parallel circuit the
total resistance has decreased, and
so the current in the circuit has
increased compared to the circuit

with the two bulbs connected in
series. The bulbs should also be of
equal brightness. Both bulbs are
getting the same voltage in parallel.

B (D1 AssESSMENT) The circuits that
the students build are similar to
those in Part A except that resistors
will replace the bulbs and students
connect a voltmeter and ammeter to
measure voltage and current. They
calculate the resistance using the

values for voltage and current.

Flini; Rk

Groups should design an investiga-
tion to test series and parallel cir-
cuits using two and three resistors
in each circuit. You may want to
review with some groups Science

Skills Student Sheet 4, “Elements of o/

Good Experimental Design,” to help
students with their investigations.

Students’ written work from the

hude howwe your 1§

T Bo Activily

Part B: Quantitative In vestigation

sign with pue feacher hedone gonmecting the

nk the rmatance

Part : Technology Connection

procedure may be scored with the

DESIGNING INVESTIGATIONS (DI) Scoring Guide. Student
Sheets 14.1, “Sample Procedure: Series and Parallel
Circuits,” show sample procedures that help guide the
laboratory part of this activity for those groups who may
have difficulty in designing their own experimental
procedures. In combination with sample student results
below, it may also serve as a sample Level-3 response.

u (0D ASSESSMENT) Students’ written work from Pro-
cedure Step 7 may be scored with the ORGANIZING DATA
(oD) Scoring Guide. A complete and correct response is
shown on the right.
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Sample Student Response: Procedure Step 7
A. Resistors in series

Ri(Q) | R () | Rs(€) | 1(mA) | V(V) Calculated R ()
82 82 None 9 167 88
85 120 None 7 200 127
82 82 120 5 280 175

B. Resistors in parallel

Ri(QY) | R () | Rs(Y) | 1(mA) | V(V) Calculated R ()
82 82 None 31 13 42
82 120 None 26 13 50
82 82 120 4 13 32




Note: Although they should be close, the calculated resis-
tance will likely not be an exact match with the actual resis-
tance due to the combination of the tolerances of the
resistors with the inaccuracies of the meter. Theoretical
values for the combinations are provided in the table below.
If appropriate, this would be a good time to discuss sources
of error in experiments.

Title for this table?

THEORETICAL RESISTANCE
R () R, () Rs () SERIES (Q)) PARALLEL ()
82 82 None 164 41
82 120 None 202 49
82 82 120 284 31

n The table below summarizes what students should be
able to state, based on their investigations, about the rela-
tionships of V; I, and R in the circuits.

The relationship between individual resistance and total
resistance in parallel circuits, however, is not as obvious as
in series circuits. It is more challenging for students to dis-
cover this exact relationship, even with highly accurate
meters. It is unlikely that students will be able to derive the

Sample Student Response: Procedure Step 8
Summary Table: Series and Parallel Conclusions

Conclusions | Series Parallel
Voltage The voltage across The voltage across
each resistor depended | each resistor was the
on the resistance of the | same.
resistor. Higher resis-
tances had a greater
voltage and vice versa.
The voltages across all
of the resistors in series
equal the voltage sup-
plied by the battery.
Current The current is the same | The current through
through all resistors. each resistor was
not always the same.
Higher resistance
results in lower current
and vice versa. The sum
of the currents through
each branch of the
parallel circuit is equal
to the current supplied
by the battery.
Resistance The total resistance The total resistance
increases. is less than when the
same resistors are
connected in series and
less than the value of
any of the individual
resistances.
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exact relationship of resistors in parallel without some
assistance. So that all students will grasp the quantitative
relationship for resistance in parallel circuits, carefully
guide students who may need help through this relation-
ship. In a parallel circuit, the inverse of the total resistance
is equal to the sum of the inverse of the individual resis-
tances. For example, if a 120-() resistor is connected in
parallel with an 82-Q) resistor, the total resistance is

1 1 1 1
2Rt Rt )
1 _ 1 1

Row 120~ 82
=0.0205 Q)"

Rtotall =49Q

Students previously discovered the loop law that states the
voltages in any closed path in a circuit is zero. In this
activity, students learn that the sum of the currents going
into any junction in a closed circuit is also zero. Although
not identified as such in the student book, this relationship
is known as Kirchhoft’s junction law. As students work
with the circuits, introduce the convention of current
direction: positive (+) for currents entering a junction and
negative (-) for those leaving a junction. If direction is not
accounted for correctly, the sums at the junction do not
make sense. Another way to present the junction law for
single-voltage-source circuits is that the total current
going into a junction needs to be equal to the total current
going out of a junction.

n (LITERACY) If appropriate, project Literacy Transpar-

ency 3, “Read, Think, and Take Note Guidelines,” to review
with students. Begin the discussion of the Technology Con-
nection by asking students to discuss with their partners or
groups the main points of the text and their comments on
their sticky notes.
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FOLLOW-UP

(LITERACY) In the next activity, students will rely on the
content from this and previous activities to complete a cir-
cuit design challenge. After completion of the analysis
questions and revisiting the challenge, consider con-
cluding the activity by summarizing the main ideas of
electrical circuits by developing a concept map.

A concept map is a graphic organizer that shows the rela-
tionships among important ideas and allows students to
negotiate their own meaning of a central idea or concept.
Students write the main concept, in this case electrical cir-
cuits, in the center of a piece of paper with topics placed
around it. They draw a connecting line between each topic
and the central concept to show that there is a relationship
between the two ideas. Then, on or near the lines, they
write brief descriptions of the relationships. They may
draw additional lines to connect topics and fill in associ-
ated descriptions. This is the first of several activities
involving concept maps. For more information, see

Teachers Resources III: Literacy.

ammeter  cars in traffic

Because this activity introduces the concept-map strategy,

construct this one on the board or an overhead with the

whole class. Use the following list of terms from this unit

to start the concept map electrical circuits:

Voltage Series
Current Parallel
Resistance Electric Field
Ohm’s law

Follow these steps:

1. Write the words “electrical circuit” in the middle of your

paper, and circle it.

Discuss with the class how the other words are related to

the words electrical circuit. Sort your words into catego-

ries based on these relationships.

&

Decide on the first set of words you want to add to the

concept map, and plan where to place these words on

your paper. Then place the words, and circle them

4. Draw a line between the word electrical circuit and your

first set of words. On the line write brief phrases to

describe the relationship between the words.

A sample concept map is shown below.
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motor '
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n If appropriate for your students, allow them to answer
Analysis Questions 4 and 5 without identifying the exact
ratios between quantities. Just indicating increasing or
decreasing quantities is sufficient in some cases.

SAMPLE RESPONSES

1 a. When resistors are connected in series, the current
was the same through each resistor and equaled the
current supplied by the battery.
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b. When resistors were connected
in parallel the current through
each resistor was not always the

same. The higher the resistance
the lower the amount of cur-
rent that flowed through it. We i
also found that if we added up
the current through each

branch of the parallel circuit it

was equal to the current sup- FERRE
plied by the battery. were cox

a. When resistors are connected

in series the voltage across L. Dscribie the relasondiip betvee

each resistor depended on the
resistance of the resistor. )
Higher resistances had a % Bxohili et s
greater voltage across them. . stic
When we added up the volt-
ages across all of the resistors
in series the sum equaled the
voltage supplied by the battery.

b. When resistors were connected TR

in parallel the voltage across
each one was the same.

a. The total resistance in a circuit
increases when resistors are
connected in series. We came
to this conclusion because as
each resistor was added the
current in the circuit decreased
although the voltage supplied

MONI FOWER, BTTIE COGEMG

to the circuit had not increased.

b. The current increased in our circuit when resistors
were connected in parallel. Since the voltage supplied >
to the circuit stayed the same (one D cell), the

increased current must be due to reduced resistance.

In a series circuit the current is the same at all points, and
if the lightbulbs are identical, they will have an identical
voltage across each one. Doubling the number of light-
bulbs will double the resistance in the circuit and will,
therefore, halve the current; however all the bulbs will
receive the same reduced current. Since the voltage of the
supply is now shared across twice as many lightbulbs
instead, the voltage across each bulb will be halved.

In a parallel circuit the voltage across each resistor is the
same, and so if the resistors are identical they will each
receive half of the total current. Adding two more identical
resistors will halve the resistance in the circuit and will,
therefore, double the total current. However, each individ-
ual resistor will still receive the same current and voltage.

If you unscrew (or pull out) one of the bulbs and all of
the bulbs go out, that means the bulbs are connected in
series because the single current path through the bulbs
was broken.
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7. Circuits a and d are the same.
Schematic diagrams don’t show
the actual placement of compo-
nents in a circuit.

8. Aand b are parallel, d is series,
and c has both series and parallel. e

m (UC ASSESSMENT) Students’

written work from Analysis Ques-
tions 9 and 10 may be scored with

the UNDERSTANDING CONCEPTS (UC) & Which ol the Folkne

Scoring Guide. A complete and

correct response is shown in the
Sample Responses below.

i)
{1

Students’ written work from Anal-

ysis Questions 9 and 10 can be

@

scored with the UNDERSTANDING

CONCEPTS (UC) Scoring Guide. Pro-
vide all students with a UC Scoring
Guide, and explain to the class how

you will apply it to provide feedback Kl
on the quality of their work and to il
assess their understanding of the
key concepts in the activity.

9. (UC ASSESSMENT) Students’ e
responses will vary. A complete
and correct response will show an
understanding of how meters are
connected in a circuit. See Back-

ground Information for Activity 7,

“Discharging Capacitors,” for

nok reduce the TrEnt im Ene CErCuil Daeirg e re

more information on properly
connecting meters.

Sample Level-3 Response

a. A voltmeter is always connected in parallel with the
device whose voltage it is measuring. To draw as little
current as possible from the circuit, the voltmeter
should have as high a resistance as possible.

b. Anammeter is always connected in series in a circuit.
To reduce the current in the circuit as little as possi-
ble the ammeter should have low resistance.

10. (uc ASSESSMENT) Students’ responses will vary. A complete
and correct response will show an understanding that current
will increase through a lower resistance. Even if students can-
not calculate that the resistance will be exactly halved, they
should know that connecting resistors in parallel makes the
total resistance less than any of the individual resistances.
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Sample Level-3 Response

The capacitor will discharge quickest through the circuit
with the lowest resistance.

Circuit 2 has the highest resistance because it has two
resistors in series.

Circuit 3 has the lowest resistance because it has two resis-
tors in parallel. Since the resistors are equal in value the
total resistance will be half of the individual resistance. Cir-
cuit 1 has a resistance in between the other two. Therefore,
the order of discharge will be:

Circuit 3 = fastest
Circuit 1 = medium
Circuit 2 = slowest.




m \/ Analysis Question 11 serves

11

12.
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as a Quick Check assessment to
ensure that students can accurately

identify the key content, which is a
component of the UNDERSTANDING

CONCEPTS Scoring Guide.

./ Students should indicate that
they agree. The current entering a
junction is numerically equal to tiva

the current that leaves the junc-

tion. In our experiment we found
that the sum of the current in the
branches equaled the current

being supplied from the batteries.

A device is efficient if the majority
of the energy supplied to it is used
by the device to do its job. For
example, the purpose of a lightbulb
is to produce light. Any electricity
supplied to the bulb that is not used
for light is wasted energy. A light-
bulb that produces a lot of heat
wastes a lot of energy. Similarly,
when a microprocessor produces a
lot of heat, it is wasting a lot of
energy. In addition, the devices that

e

all
]
W.«.—"JWJ :

keep microprocessors cool (and
functioning correctly) consume a
energy. It takes resources to pro-
duce this energy, which often pro-

duces pollutants. To increase
sustainability we need to make devices that operate in a
more efficient way so that less energy is wasted.

ENRICHMENT

13

. a. The resistance is equivalent to the 4-Q resistor being
placed in parallel to a branch of the circuit that has the
8- and 2-Q) resistors in series. The total resistance is

L I
Rparallel 4Q (SQ + ZQ)

_ 7
200

Rparallel =290

14.

b. The resistance is equivalent to the 2-Q) resistor being
placed in parallel to a branch that has the 4-Q and
8-Q resistor in series.

1 1 1

Rparallel B Z_Q (4Q + 80)
_ 1

120
Rparallel =17Q

When both switches are open the circuit has two
10-€) resistors connected in series. Therefore the total
resistance is 20 Q).

Applying Ohm’s law,

V=IR

0V=1200Q)

I=1A
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b. When S, is open, the resis-
tance on the top is 10 3. When
S, is closed, the 10-Q) resistor
on the bottom is in parallel
with the 8-Q) resistor next to it.
So the resistance on the
bottom is

1 _ 1,1

R 8a 0

_ B
80Q2

R,=44Q

The total resistance of the
circuit is

wil b 41084 1 PETHES » L8 BEFRGHTT

I—:' A —wwj =
! LL# L‘:rl,?n_.ah' [ 8]

KEY WOLABLILARY
paralied clrcwt

amries cirgeet
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Riota =10 Q2 + 44 Q. =144 Q)

In this case of S; open, the
current would be

V=R
20V =1(144Q)
I=14A

When S; is closed, the 10-Q
resistor is in parallel with the
2-Q) resistor next to it. So the
resistance on the top is

11 .1
R~ 10Q tia
=06Q"
R=17Q

The total resistance of the cir-

cuit is
Riota =10Q2 +17Q =17 Q)
In this case of S; closed, the current would be

V=R
0V=1(117Q)
I=17A

Since the current in the circuit is lower when the
resistance is higher with S; closed, the first situation
will produce a lower current.

REVISIT THE CHALLENGE

Students should understand that total resistance increases
when devices are connected in series and decreases when
connected in parallel. Students should be able to express this
mathematically for series circuits,

Riotal = Ri+ Ry + Ry + -

For parallel circuits, students should be able to express this
mathematically only if they were guided to this relationship
in the activity,

T _1.,1.,1

Rtotal B Rl R2 R3






