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Voltage and 

batteries 
•  Define voltage source. 

•  Distinguish between parallel and series 

arrangements of batteries. 

•  Construct electric circuits with batteries 

connected in series and in parallel.  

•  Calculate the combined voltage of batteries 

connected in series and in parallel. 

Objectives 

Assessment 

A.   creates an electric potential difference between two points 
in a circuit, such as the two ends of a battery. 

B.   provides the electrical potential energy needed for a circuit 

to operate. 

C.   is analogous to the pump in a system of circulating water. 

D.   all of the above. 

1.  Which statement below provides a correct practical definition of 
a voltage source?  A voltage source . . . 

2.   Identify which circuit has batteries connected in series 
and which has batteries in parallel. 

3.   Calculate the voltage across the batteries for each circuit. 

Assessment 

Assessment 

4.  What does the “1.5 V” label on the battery mean? 

A.  The voltage of the positive terminal is 1.5 V. 

B.  The voltage of the negative terminal is 0 V. 

C.  The voltage between the positive and negative 

terminals is 1.5 V. 

D.  All of the above 

5.   Did you successfully construct 
an arrangement of batteries in 

parallel and in series?   
 

Did you measure the voltage 
across them? 

Assessment 
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Physics terms 

•  voltage 

•  volt (V) 

•  battery 

•  voltmeter 

Prior to 1800, no one knew how to create a steady 
supply of electric current.  

Alessandro Volta was the first to succeed.   

•  He discovered that placing two different metals 

in an acid or salt solution produced an electric 

current between the terminals. 
 

•  He connected multiple voltaic piles together to 

create a battery of them. 
 

Adolphe Ganot, Elementary 

Treatise on Physics, 1893 

A reliable source of current 

A battery is a device that converts 
stored chemical energy into 

electrical energy. 
 

 

Batteries come in many different 

kinds – even lemons! 

What is a battery? 

  

Batteries come in many sizes and 
voltages:  1.5, 6, 9, 12 V, for example. 

 
Voltage is the electric potential difference 

between the two terminals of a battery. 
 

Voltage is measured in volts (V), named 

after Volta, the inventor of the battery. 
 

Reading a battery 

Voltage is measured using a voltmeter 
or a digital multimeter. 

To measure voltage, the two leads of the 
multimeter must touch the opposite ends 

of the battery or other circuit element. 

How is voltage measured? 

Current and voltage are the two most important 
physical quantities for understanding electric circuits. 

 

Volts and amps 

 
•  Current measures the flow of charge 

through a wire. 
 

•  Voltage measures the change in electrical 
potential energy per unit of charge. 
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A useful analogy 

Charges in a wire are analogous to water in a pipe. 

A useful analogy 

Charges in a wire are analogous to water in a pipe: 

•  Electric current is analogous to the flow of the water.  

•  The battery is analogous to the water pump. 

•  Voltage is analogous to the change in gravitational Ep. 

Analogy: water and electricity 

Water flows because 
there is an energy 

difference, measured 
in height.   

  
Current flows 

because there is an 

energy difference, 
measured in volts. 

View this short video on page 475 of your e-Book.   

What if you have more than 
one battery? 

In Investigation 17B you will 

connect batteries together in 
series and in parallel, and 

measure the resulting 
voltage.   

The investigation is found on 

page 476 of your text. 

 

Investigation 

What is a series 
connection? 

In a series connection, the 
batteries are connected one 

after the other.   
 

The positive terminal of one 
battery is connected to the 

negative terminal of the next 

battery. 

In a parallel connection, the 
same ends of both batteries 

are connected together. 

What is a parallel 
connection? 
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Part 1:  Connecting batteries in parallel   

Investigation 

1.  Using voltage probes (such as on 
a digital multimeter), separately 

measure the voltage across each 
of the two batteries. 

2.  Connect the two batteries in 

parallel:  connect their positive 

terminals to each other, and 
connect their negative terminals 

to each other. 

 
3.  Use voltage probes to 

measure the voltage across 
the two batteries connected 

in parallel.. 

Investigation 
Part 1:  Connecting batteries in parallel   

Investigation 
Questions 

a.  Read the voltage rating on the 
side of each battery.  How does 

that voltage compare with what 
you measured?  Why?  

b.  How does the voltage of the two 

batteries connected in parallel 

compare with the voltage of 
either battery measured 

separately?  Why? 

Investigation 
Part 2:  Connecting batteries in series 

1.  Connect the two batteries in 
series:  connect the negative 

terminal of one battery to the 
positive terminal of the other 

battery.  

2.  Using voltage probes, measure 

the voltage across the two 
batteries connected in series. 

How do you connect batteries together to create 

a larger voltage than either battery alone? 

Explain why this is the 

case by referring to the 

circuit diagrams. 

Explain why this is the 

case by using an analogy 

to water. 

Draw a conclusion 

To calculate the voltage across batteries 
connected in series or in parallel:  

•  When batteries are connected in series, the 

voltages add together. 

•  When identical batteries are connected in 

parallel, the total voltage remains the same. 

 

Summarizing the results 
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Why does it work this way? 

Electric charge (1 coulomb) passing through 
a 1.5 volt battery gains 1.5 joules of Ep.  

Passing through a second 1.5 volt battery 

gains another 1.5 joules of Ep.  

 

 

 

When these batteries are connected in         
series, the voltages add together. 

It’s like climbing a stairway to the 
second floor, then another stairway 

to the third floor. 

Why does it work that way? 

Electric charge passes through one 
battery OR the other.  

It ONLY gains 1.5 joules of Ep because  

each charge ONLY passes through 
one battery. 

 

 

 

When these batteries are connected in 
parallel, the total voltage remains the same. 

It’s like climbing either of two stairways 
from the first to second floor. 

How do you think the batteries in a flashlight 

are connected?  In series or in parallel? 

   

 

Open up a flashlight, trace 
the connections, and see 

if you are right! 

Going beyond the investigation How do you dispose of used batteries? 

Did you only use as many batteries as needed for your investigation? 

Batteries last for a long time, but what do you do when they are used up? 

Alkaline batteries:  These batteries used to contain mercury, and so would 

have to be disposed with hazardous waste.  Today, most alkaline batteries 

have no mercury and can be disposed in the trash.  Do not pile many 
batteries together, however, because they can connect with each other 

and become hot! 

Rechargeable batteries:  (nickel cadmium, lithium, car batteries, etc.)  

These must be recycled directly at a waste management center or through 

an auto dealer or home hardware store. 

Assessment 

1.  Which statement below provides a correct practical definition of 
a voltage source?  A voltage source . . . 

A.   creates an electric potential difference between two points 
in a circuit, such as the two ends of a battery. 

B.   provides the electrical potential energy needed for a circuit 

to operate. 

C.   is analogous to the pump in a system of circulating water. 

D.   all of the above. 

Assessment 

1.   Which statement below provides a correct practical definition of 
a voltage source?  A voltage source . . . 

A.   creates an electric potential difference between two points 
in a circuit, such as the two ends of a battery. 

B.   provides the electrical potential energy needed for a circuit 

to operate. 

C.   is analogous to the pump in a system of circulating water. 

D.   all of the above. 
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2.  Identify which circuit has batteries connected in series 
and which has batteries in parallel. 

Assessment 

2.   Identify which circuit has batteries connected in series 
and which has batteries in parallel. 

Assessment 

3.  Calculate the voltage across the batteries for each circuit. 

Assessment Assessment 

3.   Calculate the voltage across the batteries for each circuit. 

      4.5 V                                                    1.5 V 

Assessment 

4.  What does the “1.5 V” label on the battery mean? 

A.  The voltage of the positive terminal is 1.5 V. 

B.  The voltage of the negative terminal is 0 V. 

C.  The voltage between the positive and negative 

terminals is 1.5 V. 

D.  All of the above 

4.   What does the “1.5 V” label on the battery mean? 

A.   The voltage of the positive terminal is 1.5 V. 

B.   The voltage of the negative terminal is 0 V. 

C.   The voltage between the positive and negative 

terminals is 1.5 V. 

Voltage is a potential difference that is always 

measured between two points in a circuit. 

D.   All of the above 

 

Assessment 
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Assessment 

5.  Did you successfully construct 
an arrangement of batteries in 

parallel and in series?   
 

Did you measure the voltage 
across them? 

Going further:  What’s inside a battery 


