how does a battery work

How Does a Battery Work? Exploring the Science Behind Everyday Power

how does a battery work is a question that might seem simple at first glance. After all, we use
batteries every day in countless devices, from smartphones and laptops to remote controls and electric
cars. But beneath their compact form lies a fascinating blend of chemistry and physics that converts
stored energy into the electrical power that keeps our gadgets running. Understanding how a battery
works not only satisfies curiosity but also highlights the incredible engineering behind this ubiquitous

source of portable energy.

The Basics: What Is a Battery?

At its core, a battery is a device that stores chemical energy and converts it into electrical energy. This
conversion allows the battery to provide power to electronic devices without needing an external power
source. A typical battery consists of three key components: two electrodes (an anode and a cathode)

and an electrolyte that facilitates the flow of ions between them.

Electrodes and Electrolytes: The Heart of the Battery

The anode is the negative electrode, and the cathode is the positive electrode. These electrodes are
made of different materials, each with distinct chemical properties. The electrolyte is a medium, often a
liquid or gel, that contains ions and enables their movement between the electrodes. This ion flow is

essential for maintaining charge balance when the battery generates electrical current.

When a battery is connected to an external circuit, a chemical reaction occurs between the electrodes

and the electrolyte. This reaction causes electrons to be released at the anode and travel through the



external circuit to the cathode, creating an electric current that powers devices.

Understanding the Chemical Reactions Inside a Battery

To truly grasp how does a battery work, it helps to look at the chemical processes at play. The

essence of battery operation lies in redox reactions — short for reduction-oxidation reactions.

Oxidation and Reduction: The Energy Drivers

Oxidation involves the loss of electrons, while reduction is the gain of electrons. Inside a battery, the
anode undergoes oxidation, releasing electrons. These free electrons cannot pass through the
electrolyte, so they move through the external circuit to the cathode. Meanwhile, at the cathode,
reduction occurs as it gains electrons. The electrolyte’s role is to balance this transfer by allowing ions

to move internally, completing the circuit.

For example, in a common alkaline battery, the anode is typically made of zinc, and the cathode
contains manganese dioxide. Zinc atoms oxidize and release electrons, while manganese dioxide

gains electrons through reduction.

Types of Batteries and Their Working Principles

There isn’t just one kind of battery; several types exist, each with unique materials and mechanisms.
Understanding these can deepen your insight into how does a battery work across different

applications.



Primary vs. Secondary Batteries

Primary batteries are single-use and cannot be recharged once depleted. Alkaline batteries are a
classic example. Secondary batteries, on the other hand, can be recharged multiple times by reversing
the chemical reactions through the application of an external electrical current. Lithium-ion and nickel-

metal hydride (NiMH) batteries fall into this category.

How Lithium-lon Batteries Work

Lithium-ion batteries have become the powerhouse behind modern electronics and electric vehicles.
Their operation involves lithium ions moving between the anode (usually graphite) and the cathode (a

lithium metal oxide) through the electrolyte.

When charging, lithium ions are forced from the cathode to the anode. During discharge, these ions
travel back to the cathode, releasing energy in the process. This movement of ions and electrons

produces the electric current that powers devices.

What Happens When a Battery Runs Out?

You might wonder, if a battery produces electrons, why does it eventually stop working? The answer

lies in the depletion of the reactive materials inside.

As the chemical reactions progress, the active materials at the electrodes get used up or converted
into forms that do not support further electron flow. Without these materials, the battery can no longer

maintain the flow of electrons, and the voltage drops, signaling that the battery is “dead.”



Battery Capacity and Voltage Explained

Battery capacity, measured in milliampere-hours (mAh) or ampere-hours (Ah), indicates how much
charge the battery can store, directly affecting how long it can power a device. Voltage, measured in

volts (V), represents the potential difference created by the chemical reactions.

Different battery chemistries provide different voltages. For example, a standard alkaline cell produces

about 1.5 volts, while a lithium-ion cell typically produces around 3.6 to 3.7 volts.

Common Misconceptions About Batteries

Many people think batteries “store electricity” like a tiny reservoir, but it’s more accurate to say they
store energy chemically. The electricity we get is generated through the controlled release of this
chemical energy.

Another frequent misunderstanding is that batteries generate electrons from nowhere. In reality, the

electrons are already present in the atoms of the electrode materials; the battery simply facilitates their

movement through the circuit.

Tips for Maximizing Battery Life and Performance

Knowing how a battery works can also help in using and maintaining batteries more effectively.

» Avoid deep discharges: Letting rechargeable batteries drain completely before recharging can

reduce their lifespan.

» Store batteries properly: Keep them in a cool, dry place to slow down chemical degradation.



e Use compatible chargers: Overcharging or using improper chargers can damage the battery’s

internal chemistry.

* Limit exposure to extreme temperatures: Both heat and cold can affect battery efficiency and

longevity.

The Future of Battery Technology

As we rely more on portable electronics and electric vehicles, battery technology continues to evolve.
Scientists are exploring advanced materials like solid-state electrolytes, graphene, and new lithium

compounds to create batteries that last longer, charge faster, and are safer.

Understanding how does a battery work helps appreciate these innovations and the challenges

involved in balancing energy density, safety, cost, and environmental impact.

Every time you power up your phone or start your car, remember the intricate dance of ions and
electrons inside the battery that makes it all possible. The next time you ask yourself how does a

battery work, you’ll know it’s a marvel of chemical engineering quietly fueling our modern world.

Frequently Asked Questions

How does a battery generate electrical energy?

A battery generates electrical energy through chemical reactions between its electrodes and

electrolyte, which create a flow of electrons from the anode to the cathode through an external circuit.



What are the main components inside a battery?

The main components of a battery are the anode (negative electrode), cathode (positive electrode),
electrolyte (medium that allows ion flow), and separator (prevents direct contact between electrodes).
Why do batteries have a limited lifespan?

Batteries have a limited lifespan because repeated chemical reactions degrade the electrodes and
electrolyte over time, reducing their ability to store and release energy effectively.

How do rechargeable batteries differ from non-rechargeable batteries?
Rechargeable batteries can reverse their chemical reactions when connected to a power source,
allowing them to be used multiple times, while non-rechargeable batteries undergo irreversible
reactions and must be replaced after use.

What role do ions play in the operation of a battery?

lons move through the electrolyte between the anode and cathode during discharge and recharge,
balancing the charge as electrons flow through the external circuit to produce electrical energy.

How does a lithium-ion battery work?

A lithium-ion battery works by lithium ions moving from the anode to the cathode during discharge and
back during charging, with electrons flowing through the external circuit to power devices.

Why is the separator important in a battery?

The separator prevents the anode and cathode from coming into direct contact, which would cause a
short circuit, while allowing ions to pass through to complete the chemical reactions.

Can temperature affect battery performance?

Yes, extreme temperatures can affect battery performance; high temperatures can cause faster



degradation, while low temperatures can reduce the battery's ability to deliver power efficiently.

What causes a battery to lose its charge over time even when not in
use?

Batteries lose charge over time due to self-discharge, a process where internal chemical reactions

slowly consume the active materials even without an external load, reducing the stored energy.

Additional Resources

How Does a Battery Work? An In-Depth Exploration of Energy Storage and Conversion

how does a battery work is a question that lies at the heart of modern technology, powering everything
from smartphones to electric vehicles. Despite their ubiquitous presence, the fundamental principles
behind battery operation remain a fascinating blend of chemistry and physics, converting stored
chemical energy into electrical power that drives countless devices. Understanding how a battery
works involves examining its internal structure, the chemical reactions that produce electrical current,

and the factors influencing performance and efficiency.

The Basic Principles Behind Battery Operation

At its core, a battery is an electrochemical device designed to convert chemical energy into electrical
energy through redox (reduction-oxidation) reactions. These reactions occur between two
electrodes—the anode and the cathode—immersed in an electrolyte solution that facilitates ion
movement. The separation of these electrodes and the electrolyte creates a potential difference, or

voltage, which pushes electrons through an external circuit, generating electric current.

The fundamental process involves oxidation at the anode, where electrons are released, and reduction

at the cathode, where electrons are accepted. This flow of electrons through the external circuit



powers electronic devices. Simultaneously, ions move internally through the electrolyte to maintain

charge balance, completing the circuit.

Components of a Battery

To fully grasp how does a battery work, it is essential to recognize the roles of its main components:

Anode: The negative electrode where oxidation occurs, releasing electrons.

Cathode: The positive electrode where reduction takes place, accepting electrons.

Electrolyte: The medium allowing ionic transport between anode and cathode, often a liquid, gel,

or solid.

Separator: A permeable membrane preventing physical contact between electrodes while

permitting ion flow.

External Circuit: The path through which electrons travel to power devices.

Each element plays a crucial role in ensuring the battery functions efficiently and safely.

How Different Types of Batteries Operate

Understanding how does a battery work also requires differentiating between various battery

chemistries, as their performance characteristics and applications vary significantly.



Primary Batteries: Single-Use Powerhouses

Primary batteries, such as alkaline or zinc-carbon batteries, are designed for one-time use. Their
chemical reactions are irreversible, meaning once the reactants are exhausted, the battery can no
longer produce electricity. These batteries are common in low-drain devices like remote controls and

flashlights due to their affordability and reliability.

For example, in an alkaline battery, the anode is zinc, and the cathode is manganese dioxide. During
discharge, zinc oxidizes, releasing electrons that travel through the external circuit, while manganese

dioxide is reduced.

Secondary Batteries: Rechargeable and Sustainable

Rechargeable batteries, or secondary batteries, can be restored to their original chemical state by
applying an external electrical current. This reverses the chemical reactions, allowing multiple charge
and discharge cycles. Lithium-ion (Li-ion) batteries dominate the market for portable electronics and

electric vehicles due to their high energy density and longevity.

In lithium-ion batteries, lithium ions move between the anode (often graphite) and the cathode
(commonly lithium cobalt oxide or other lithium-metal oxides) during charge and discharge cycles.
When discharging, lithium ions move from anode to cathode, and electrons flow through the external

circuit. Charging forces lithium ions back to the anode.

Comparing Battery Types: Performance and Applications

Common Uses
Energy

. Density  Rechargeability
(Typical) (Wh/kg)

Battery Type Voltage



Voltage
Battery Type (Typicgll)
Alkaline (Primary) 1.5V

Lead-Acid (Secondary) 2 V per cell

Lithium-Ion (Secondary) 3.6-3.7 V

Nickel-Metal Hydride

(Secondary) 12v

Energy
Density
(Wh/kg)

80-120

30-50

150-250

60-120

Common Uses

Rechargeability

Remote controls, clocks

No
Automotive, backup
Yes power
Yes Smartphones, EVs
Power tools, hybrid cars
Yes

This comparison highlights how the choice of battery chemistry influences efficiency, voltage output,

and suitability for specific applications.

Electrochemical Reactions: The Heart of Battery Function

Delving deeper into how does a battery work necessitates exploring the chemical reactions that enable

energy storage and release.

Oxidation and Reduction Explained

At the anode, oxidation involves the loss of electrons by atoms or ions. For instance, in a zinc anode,

zinc atoms lose two electrons to form zinc ions:

Zn D Zn2|:| + 2e|:|

At the cathode, reduction involves the gain of electrons. In a manganese dioxide cathode, the reaction

can be simplified as:

Mnol + H + e[l [ MnooH



The electrons freed at the anode travel through the external circuit to the cathode, performing electrical
work along the way. Internally, ions move through the electrolyte to balance charge differences,

maintaining electrical neutrality.

lon Movement and Electrolyte Function

The electrolyte is critical for ion conduction, enabling continuous flow within the battery. Its chemical
composition and physical state impact battery performance, safety, and lifespan. Liquid electrolytes are
common in many batteries but can be prone to leakage or flammability, which has led to the

development of solid-state electrolytes promising enhanced safety and energy density.

Factors Affecting Battery Performance

Several parameters influence how effectively a battery works, which are crucial for both manufacturers

and end-users to consider.

Capacity and Energy Density

Battery capacity, measured in ampere-hours (Ah), defines the total charge a battery can deliver at a
specific voltage before depletion. Energy density, expressed in watt-hours per kilogram (Wh/kg),
indicates how much energy is stored relative to the battery’s weight—an essential factor for

applications like mobile devices and electric cars.

Charge-Discharge Cycles and Lifespan

Rechargeable batteries degrade over time due to repeated chemical reactions and structural changes



within electrodes. The number of effective charge-discharge cycles before significant capacity loss
varies by chemistry; lithium-ion batteries typically sustain 500 to 1,500 cycles, while lead-acid batteries

may last 200 to 1,000 cycles.

Temperature and Environmental Conditions

Temperature extremes negatively impact battery efficiency and longevity. High temperatures accelerate
chemical degradation, while low temperatures reduce ionic conductivity, leading to diminished capacity

and power output.

The Future of Battery Technology

As society increasingly relies on portable and renewable energy, understanding how does a battery
work is more relevant than ever. Researchers are actively exploring next-generation batteries with

higher capacities, faster charging times, and improved safety profiles.

Emerging technologies include solid-state batteries, which replace liquid electrolytes with solid
materials, offering better stability and energy density. Additionally, alternative chemistries such as

sodium-ion and lithium-sulfur aim to reduce costs and environmental impacts.

The continuous evolution of battery technology underscores the importance of mastering the

fundamental mechanisms of energy conversion and storage.

In summary, the question of how does a battery work unfolds into a multifaceted examination of
chemistry, materials science, and engineering. From the interplay of oxidation and reduction reactions
to the selection of electrode materials and electrolytes, each component and process shapes the
battery’s ability to deliver reliable energy. This knowledge not only illuminates the everyday

convenience of portable power but also guides the innovations driving the future of energy storage.



How Does A Battery Work

how does a battery work: How Does a Battery Work? Rosie Wilson, 2013-01-01 Batteries are
amazing little bundles of energy. We rarely think about how they work when we use them in devices.
This book explains how batteries convert chemical energy into electrical energy and how they power
so many things in our world. Readers also learn, through this accessible text, about different types of
batteries and the importance of recycling these energy sources.

how does a battery work: How Does a Battery Work? Rosie Wilson, 2013-01-01 Batteries are
amazing little bundles of energy. We rarely think about how they work when we use them in devices.
This book explains how batteries convert chemical energy into electrical energy and how they power
so many things in our world. Readers also learn, through this accessible text, about different types of
batteries and the importance of recycling these energy sources.

how does a battery work: How Does a Battery Work? Roman Wilson, 2013-08-01 Batteries
are amazing little bundles of energy. We rarely think about how they work when we use them in
devices. This book explains how batteries convert chemical energy into electrical energy and how
they power so many things in our world. Readers also learn, through this accessible text, about
different types of batteries and the importance of recycling these energy sources.

how does a battery work: How Batteries Work Victoria G. Christensen, 2016-11-01 Have you
ever wondered how a set of batteries power the remote for your TV? Or have you ever wanted to
examine the battery inside a car? Without batteries, we would not be able to power many of the
electronics we use every day. But how does a battery store energy and provide electricity to these
devices? What are the parts that make a battery work? Discover the history of batteries and how
scientists and engineers figured out ways to store electricity. Explore what makes up a battery,
including an anode, a cathode, and an electrolyte, and learn how batteries power all kinds of
electronics from a cell phone to a bus!

how does a battery work: How Everything Works Louis A. Bloomfield, 2007-08-28 By
explaining the physics behind ordinary objects, this book unravels the mysteries of how things work.
Using familiar examples from everyday life and modern technology, this book explains the seemingly
inexplicable phenomena we encounter all around us. As it examines everything from roller coasters
to radio, musical instruments to makeup, and knuckleballs to nuclear weapons, How Everything
Works provides the answers to such questions as why the sky is blue, why metal is a problem in
microwave ovens, and why some clothes require dry cleaning. With fascinating and fun real-life
examples that provide the answers to scores of questions, How Everything Works is nothing short of
a user's manual to our everyday world.

how does a battery work: Discover-n-Do Object Talks That Teach about the Holy Spirit
Susan Lingo, 2002-04 These 23 object talks begin with an exciting illustration or demonstration that
communicates the Scripture verse and teaches kids ways to investigate and find the Holy Spirit.
These resources are ideal for quick lessons or attention-getting visuals to supplement existing lesson
materials. Just use items from your kitchen, craft basket, or tool chest to create lessons that
fascinate children, illustrate a biblical truth, and deliver memorable messages your kids will love.

how does a battery work: Understanding Boat Batteries and Battery Charging John C.
Payne, 2003-06 John C. Payne is a professional marine electrical engineer with 23 years merchant
marine and off-shore oil experience.

how does a battery work: Principles of Energy Storage Systems Puthalpet Jayarama Reddy,
Energy storage is central for the entire grid, improving resources from wind, solar and hydro to
nuclear and fossil fuels, to demand side resources and system efficiency benefits. Energy storage
can be performed as a generation, transmission, or distribution asset, and times in a single asset.
Energy storage is an enabling technology. When the sun isn't shining or the wind isn't blowing,
energy storage can support. When demand shifts and baseload resources can't react quickly enough,
again energy storage can support. It saves consumer cost, improves reliability and resilience,


https://stage.support.buyingbuddy.com/archive-th-141/how-does-a-battery-work.pdf

integrates generation sources, and helps reduce environmental impacts. This book discusses these
aspects while comprehensively covering several energy storage technologies in operation and the
ones under demonstration and development. Numerous references are cited for the reader to hunt
for more details and if interested in research further. It serves as a text/reference book for students
and as a manual for those in the industry and for policy makers. About the Energy Storage: United
Nation's Secretary-general Antdnio Gueterres, speaking at the launch of the World Meteorological
Organization's state of the global climate report on 18th may 2022, said: “First, renewable energy
technologies, such as battery storage, must be treated as essential and freely available global public
goods. Removing obstacles to knowledge sharing and technological transfer is crucial for a rapid
and fair renewable energy transition. Storing renewable electricity is often cited as the greatest
barrier to the clean energy transition. I am therefore calling for a global coalition on battery storage
to fast-track innovation and deployment - a coalition led and driven by governments, bringing
together tech companies, manufacturers, and financiers.” “VRE resources such as wind and solar
depend on daily and seasonal variations and weather fluctuations; they aren't always available to be
dispatched to follow electricity demand....... Energy storage can help VRE-dominated electricity
systems balance electricity supply and demand while maintaining reliability in a cost-effective
manner....” Says MIT Energy Initiative Director Robert Armstrong, Chevron Professor of Chemical
Engineering and chair of the Future of Energy Storage study. The MIT Energy Initiative report
confirms that energy storage makes deep decarbonization of reliable electric power systems
affordable. “There is no better solution to achieve energy security at present other than the solar
and wind energy solutions, coupled with storage systems such as batteries and pumps....... " Says
Ajay Mathur, Director General of International Solar Alliance.

how does a battery work: The 100+ Series Proofreading & Editing, Grade 3, 2012-10-22
These standards-based books stress the importance of proofreading and editing through activities
with different styles of writing, such as letters, journals, newspaper articles, expository / persuasive /
informative writing, and so on. They teach students how to use standard proofreading and editing
marks

how does a battery work: Popular Mechanics , 1976-02 Popular Mechanics inspires,
instructs and influences readers to help them master the modern world. Whether it’s practical DIY
home-improvement tips, gadgets and digital technology, information on the newest cars or the latest
breakthroughs in science -- PM is the ultimate guide to our high-tech lifestyle.

how does a battery work: How Does a Rechargeable Battery Work? Pete LaMonaca, 2004

how does a battery work: The Everything STEM Handbook Rihab Sawah, 2015-07-10 Projects
and experiments to inspire and challenge your kids! The STEM fields (science, technology,
engineering, and math) are top education priorities in the United States--and they are growing fields
with a high demand for jobs. If you want to make sure your children are prepared for the future in
these fields, here's how you can help: Make it fun! Expose them to hands-on, real-world, and fun
activities so they'll become engaged, motivated, and successful students later on. Look inside for
ideas and activities to stimulate your child's interest in these fascinating subjects, including: Racing
juice cans Setting up a circuit Observing potato osmosis Building a mousetrap race car Creating a
Cartesian treasure map Going on a geometry scavenger hunt Building a bridge Exploring food
chemistry With easy-to-understand examples, problem-solving tips, and hands-on projects your
family can create together, this guide gives you the tools you need to help your kids excel and foster
a lifetime love of learning.

how does a battery work: Energy Economics Roy L. Nersesian, 2016-03-02 Three quarters of
our current electricity usage and transport methods are derived from fossil fuels and yet within two
centuries these resources will dry up. Energy Economics covers the role of each fossil and
renewable energy source in today’s world, providing the information and tools that will enable
students to understand the finite nature of fossil fuels and the alternative solutions that are
available. This textbook provides detailed examinations of key energy sources - both fossil fuels and
renewables including oil, coal, solar, and wind power - and summarises how the current economics




of energy evolved. Subsequent chapters explore issues around policy, technology and the possible
future for each type of energy. In addition to this, readers are introduced to controversial topics
including fracking and global warming in dedicated chapters on climate change and sustainability.
Each chapter concludes with a series of tasks, providing example problems and projects in order to
further explore the proposed issues. An accompanying companion website contains extensive
additional material on the history of the major types of fuel as well as technical material relating to
oil exploration, the development of solar power and historical environmental legislation. This
textbook is an essential text for those who study energy economics, resource economics or energy
policy.

how does a battery work: A Guide to the Home Electric System Paul R. Wonning, 2021-05-12
The A Guide to the Home Electric System provides readers with a complete handbook to the home
electric system. Understanding the fundamentals of how a residential electrical wiring system helps
the home owner understand the electrical wiring components in a home as well as a guide to how a
house is wired. This is not an instructional manual on how to wire a home, however it is an
invaluable guide as to how the electric system is configured and how the power company supplies
electric power to the home. A glossary of electric wiring terms and a guide to home batteries is
included, as well. Residential electric, house electrical, electric power system fundamentals,
electrical wiring residential, basic home electrical wiring, electrical wiring residential, home wiring
guide

how does a battery work: Technical report on development of USES Specific Aptitude
Test Battery for Drafter, Civil (profess. & kin.) 005.281; Drafter, Geological (petrol.
production) 010.281; Drafter, Mechanical (profess. & kin.) 007.281; Drafter, Structural
(profess. & kin.) 005.281 United States. Department of Labor. Manpower Administration, 1974

how does a battery work: Proceedings of the Institution of Electrical Engineers Institution of
Electrical Engineers, 1919 Vols. for 1970-79 include an annual special issue called IEE reviews.

how does a battery work: Electricity, Magnetism, and Light Wayne M. Saslow, 2002-07-19
A very comprehensive introduction to electricity, magnetism and optics ranging from the interesting
and useful history of the science, to connections with current real-world phenomena in science,
engineering and biology, to common sense advice and insight on the intuitive understanding of
electrical and magnetic phenomena. This is a fun book to read, heavy on relevance, with practical
examples, such as sections on motors and generators, as well as "take-home experiments' to bring
home the key concepts. Slightly more advanced than standard freshman texts for calculus-based
engineering physics courses with the mathematics worked out clearly and concisely. Helpful
diagrams accompany the discussion. The emphasis is on intuitive physics, graphical visualization,
and mathematical implementation. - Electricity, Magnetism, and Light is an engaging introductory
treatment of electromagnetism and optics for second semester physics and engineering majors. -
Focuses on conceptual understanding, with an emphasis on relevance and historical development. -
Mathematics is specific and avoids unnecessary technical development. - Emphasis on physical
concepts, analyzing the electromagnetic aspects of many everyday phenomena, and guiding readers
carefully through mathematical derivations. - Provides a wealth of interesting information, from the
history of the science of electricity and magnetism, to connections with real world phenomena in
science, engineering, and biology, to common sense advice and insight on the intuitive
understanding of electrical and magnetic phenomena

how does a battery work: Journal of the Institution of Electrical Engineers , 1919

how does a battery work: Power Metal Vince Beiser, 2024-11-19 The powerful ways the
metals we need to fuel technology and energy are spawning environmental havoc, political upheaval,
and rising violence — and how we can do better. An Australian millionaire’s plan to mine the ocean
floor. Nigerian garbage pickers risking their lives to salvage e-waste. A Bill Gates-backed
entrepreneur harnessing Al to find metals in the Arctic. These people and millions more are part of
the intensifying competition to find and extract the minerals essential for two crucial technologies:
the internet and renewable energy. In Power Metal, Vince Beiser explores the Achilles’ heel of




“green power” and digital technology - that manufacturing computers, cell phones, electric cars,
and other technologies demand skyrocketing amounts of lithium, copper, cobalt, and other
materials. Around the world, businesses and governments are scrambling for new places and new
ways to get those metals, at enormous cost to people and the planet. Beiser crisscrossed the world
to talk to the people involved and report on the damage this race is inflicting, the ways it could get
worse, and how we can minimize the damage. Power Metal is a compelling glimpse into this
disturbing yet potentially promising new world.

how does a battery work: Motor Age , 1920
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