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Lesson Plan 
Hertha Ayrton and the Seashore Waves 

 

                 
 

 
 

 
 

 
• Internet access 
• Photocopies of Discussion Questions (included in Supplementary Materials) 

 

 
Students will learn about Hertha Ayrton’s work through reading part of her paper on the formation of 
ripples in the sand due to wave action on the shore, and watch a video of a modern day ripple tank 
creating ripples of various sizes different ways. Students will then come up with their own questions, 
along with experiments to answer them.  
 

 
Hertha Ayrton was a British physicist who made great leaps in two areas of study: plasma physics and 
fluid dynamics. We will be focusing on the latter of the two. She became interested in the topic of fluid 
dynamics when her husband was ill and needed to spend time at the seaside for his health. She 
observed the ripples left in the sand from the waves that moved over them, and began to attempt to 
describe them mathematically. She read up on what research had already been done, and found George 
Darwin had spent some time on the phenomenon, but only so far as to say that they were caused by 
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random sections of greater and lesser friction in the sand. Yet she observed regular patterns, and 
concluded that random chance could not account for this. While her research did not have immediate 
implications at the time, it would soon become relevant in removing poisonous gas from the trenches 
during WWI. The experiments she did to determine the formation of the ripples are relatively simple, 
involving putting sand at the bottom of flat bins and rhythmically pushing on them to create waves. As 
time went on, she utilized the different specific gravities of various materials to have them float in the 
water at different levels, allowing the turbulent motions of the water to be revealed.  
 

Engage: 5-10 minutes 
Something that often does not come across well in science classes is the implicit creativity in science. 
Many scientific breakthroughs were not only the results of mistakes, but of inspiration and creative 
thinking as well. Students should be directed to think about the inspiration that Mrs. Ayrton had from 
spending time on the beach, which led to a life-saving technology on the battlefield during WWI.  
What is the teacher doing? 
Begin by asking the students to raise their hands 
if they enjoy the beach. Ask them for particulars 
about what they enjoy. Next ask them if they can 
think of any ways physics might tie into the 
beach.  
 
Introduce Mrs. Ayrton and give a brief 
explanation of her biography and work. Explain 
that spending time at the beach led to her 
understanding of how ripples are formed, and say 
that this discovery had very important 
implications later on, but then ask the students to 
guess at what they think the research could have 
led to.  
 
Once some guesses have been given, tell them 
about the Ayrton Fan and how it was used to 
clear away Chlorine gas that the Germans put 
down to poison those in enemy trenches.  

What are the students doing? 
The students are answering questions set forth 
by the teacher, focusing on how physics is at play 
at the beach, and how the research of ripple 
formation in the sand led to the Ayrton Fan, 
which saved so many lives.  

 
Explore: 30 minutes or optional homework 

The students should read the first three parts of Mrs. Ayrton’s paper The Origin and Growth of Ripple-
mark (found here) and the short article about the Ayrton fan (found here). They should also use her 
biographical page for reference (found here). All of these are included in the Supplemental Materials 
as well.  
What is the teacher doing? 
Hand out the readings and have the students 
read quietly by themselves, while writing down 

What are the students doing? 
The students are reading the two short papers 
and writing down any questions they have about 

Instructions 

http://cwp.library.ucla.edu/articles/ayrton/Ayrton_ripple/ripple.html
http://cwp.library.ucla.edu/articles/ayrton/ayrtonrem2.html
http://cwp.library.ucla.edu/Phase2/Ayrton,_Hertha_Marks@841234567.html
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any questions they have about any of the 
experiments.  

what they read, as well as answering the 
discussion questions as they read.  

 
Explain: 10-15 minutes 

Once the students have completed the readings, have a short class-wide discussion to answer all of 
the major questions they had and clear up any confusion in understanding how she did her 
experiments and what the figures used in the paper are depicting.  
What is the teacher doing? 
The teacher is answering any questions for clarity 
from the students, and is going through the 
discussion questions to ensure understanding. 

What are the students doing? 
The students are asking any of the questions they 
had and are going through the answers to the 
discussion questions.  

 
Elaborate: 20-30 minutes 

Have the students watch a 1.5 minute long video of waves washing over ripples on the beach (found 
here). This is to give them a sense of what Hertha Ayrton was actually seeing on the beach. Then have 
them watch a video of a ripple tank run at MIT (found here). After that, have them watch a short 15 
second long video of soldiers using the Ayrton Fan in the trenches (found here). Once the students 
have done that, have them come up with a question they have about something – anything. Have 
them come up with a way to find the answer to their question. This activity functions as a good lead-
in to Science Fair and the scientific method.  
What is the teacher doing? 
The teacher is having the kids watch the short 
videos and then is having them work quietly by 
themselves to come up with a question they have 
about something, and a way to find the answer to 
that question.  

What are the students doing? 
The students are watching the videos. After those 
have finished, they are working quietly on their 
own to come up with a question they have about 
something as well as a way to answer that 
question.   

 
Evaluate:  

The answers to the discussions questions, along with the question and possible way to answer it 
should be sufficient in evaluating them.  

 

 
• Hertha Ayrton’s biographical page (included in the supplemental materials):  

o http://cwp.library.ucla.edu/Phase2/Ayrton,_Hertha_Marks@841234567.html   
• The Origin and Growth of Ripple-mark reading (included in the supplemental materials):  

o http://cwp.library.ucla.edu/articles/ayrton/Ayrton_ripple/ripple.html  
• The Ayrton fan reading (included in the supplemental materials):  

o http://cwp.library.ucla.edu/articles/ayrton/ayrtonrem2.html  
• Video of sand ripples on beach: 

o https://www.youtube.com/watch?v=QtFU6CvBQkw  
• Video of MIT ripple tank (Dynamics of Sand Ripples): 

o https://www.youtube.com/watch?v=uY2QdZLLRP8  

Required/Recommended Reading and Resources 
 

https://www.youtube.com/watch?v=QtFU6CvBQkw
https://www.youtube.com/watch?v=uY2QdZLLRP8
https://www.youtube.com/watch?v=C_2Dt1-shPY
http://cwp.library.ucla.edu/Phase2/Ayrton,_Hertha_Marks@841234567.html
http://cwp.library.ucla.edu/articles/ayrton/Ayrton_ripple/ripple.html
http://cwp.library.ucla.edu/articles/ayrton/ayrtonrem2.html
https://www.youtube.com/watch?v=QtFU6CvBQkw
https://www.youtube.com/watch?v=uY2QdZLLRP8
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• Video of Soldiers using the Ayrton Fan (15 seconds): 
o https://www.youtube.com/watch?v=C_2Dt1-shPY  

 

 
Discussion Questions can be found as a Handout with a corresponding Answer Key in the Supplemental 
Materials to this lesson plan. 

1. What is Mrs. Ayrton’s area of research? 
2. What led her to be curious about this subject? 
3. What is her approach to her work? Describe her experiments.  
4. What are her greatest contributions to the field? 
5. What honors and awards has she received? 
6. What surprised or interested you most about Mrs. Ayrton? 
7. What question would you like to ask her? 

 

 
• Haines, Catherine. International Women in Science: A Biographical Dictionary to 1950. Santa 

Barbara, CA: ABC-CLIO Ltd, 2001.  
• Ogilvie, Marilyn.  Women in Science: Antiquity through Nineteenth Century: A Biographical 

Dictionary with Annotated Bibliography.  Cambridge, MA: MIT Press, 1986.  
• Ogilvie, Marilyn and Joy Harvey, eds.  The Biographical Dictionary of Women in Science: 

Pioneering Lives from Ancient Times to the Mid-20th Century. New York: Routledge, 2000. 
 

 
A research project given on Mrs. Ayrton’s other line of work (on the electrical arc and the beginning of 
plasma physics) could be assigned as well.  
 

 
For more information on Common Core Standards, visit http://www.corestandards.org/. 
 

History/Social Studies 

CCSS.ELA-LITERACY.RH.6-8.1 Cite specific textual evidence to support analysis of primary and 
secondary sources.  

CCSS.ELA-LITERACY.RH.6-8.2 Determine the central ideas or information of a primary or secondary 
source; provide an accurate summary of the source distinct from prior 
knowledge or opinions.  

CCSS.ELA-LITERACY.RH.9-10.1 Cite specific textual evidence to support analysis of primary and 
secondary sources, attending to such features as the date and origin 
of the information.  

Discussion Questions 
 
 
 

Further Reading and Additional Resources 
 

 
 
 

Extensions 

 

 
 
 
Common Core Standards 

 

 
 
 

https://www.youtube.com/watch?v=C_2Dt1-shPY
http://www.corestandards.org/
http://www.corestandards.org/ELA-Literacy/RH/6-8/1/
http://www.corestandards.org/ELA-Literacy/RH/6-8/2/
http://www.corestandards.org/ELA-Literacy/RH/9-10/1/


 

Prepared by the Center for the History of Physics at AIP 5 
 

CCSS.ELA-LITERACY.RH.9-10.2 Determine the central ideas or information of a primary or secondary 
source; provide an accurate summary of how key events or ideas 
develop over the course of the text.  

CCSS.ELA-LITERACY.RH.9-10.7 Integrate quantitative or technical analysis (e.g., charts, research 
data) with qualitative analysis in print or digital text.  

CCSS.ELA-LITERACY.RH.9-10.8 Assess the extent to which the reasoning and evidence in a text 
support the author's claims.  

CCSS.ELA-LITERACY.RH.11-12.1 Cite specific textual evidence to support analysis of primary and 
secondary sources, connecting insights gained from specific details to 
an understanding of the text as a whole.  

CCSS.ELA-LITERACY.RH.11-12.2 Determine the central ideas or information of a primary or secondary 
source; provide an accurate summary that makes clear the 
relationships among the key details and ideas.  

CCSS.ELA-LITERACY.RH.11-12.8 Evaluate an author's premises, claims, and evidence by corroborating 
or challenging them with other information.  

CCSS.ELA-LITERACY.RH.11-12.9 Integrate information from diverse sources, both primary and 
secondary, into a coherent understanding of an idea or event, noting 
discrepancies among sources.  

Science and Technical Studies 

CCSS.ELA-LITERACY.RST.9-10.2 Determine the central ideas or conclusions of a text; trace the text's 
explanation or depiction of a complex process, phenomenon, or 
concept; provide an accurate summary of the text.  

CCSS.ELA-LITERACY.RST.9-10.3 Follow precisely a complex multistep procedure when carrying out 
experiments, taking measurements, or performing technical tasks, 
attending to special cases or exceptions defined in the text.  

CCSS.ELA-LITERACY.RST.9-10.6 Analyze the author's purpose in providing an explanation, describing a 
procedure, or discussing an experiment in a text, defining the 
question the author seeks to address.  

CCSS.ELA-LITERACY.RST.9-10.9 Compare and contrast findings presented in a text to those from 
other sources (including their own experiments), noting when the 
findings support or contradict previous explanations or accounts.  

CCSS.ELA-LITERACY.RST.11-12.2 Determine the central ideas or conclusions of a text; summarize 
complex concepts, processes, or information presented in a text by 
paraphrasing them in simpler but still accurate terms.  

CCSS.ELA-LITERACY.RST.11-12.3 Follow precisely a complex multistep procedure when carrying out 
experiments, taking measurements, or performing technical tasks; 
analyze the specific results based on explanations in the text.  

CCSS.ELA-LITERACY.RST.11-12.5 Analyze how the text structures information or ideas into categories 
or hierarchies, demonstrating understanding of the information or 
ideas.  

http://www.corestandards.org/ELA-Literacy/RH/9-10/2/
http://www.corestandards.org/ELA-Literacy/RH/9-10/7/
http://www.corestandards.org/ELA-Literacy/RH/9-10/8/
http://www.corestandards.org/ELA-Literacy/RH/11-12/1/
http://www.corestandards.org/ELA-Literacy/RH/11-12/2/
http://www.corestandards.org/ELA-Literacy/RH/11-12/8/
http://www.corestandards.org/ELA-Literacy/RH/11-12/9/
http://www.corestandards.org/ELA-Literacy/RST/9-10/2/
http://www.corestandards.org/ELA-Literacy/RST/9-10/3/
http://www.corestandards.org/ELA-Literacy/RST/9-10/6/
http://www.corestandards.org/ELA-Literacy/RST/9-10/9/
http://www.corestandards.org/ELA-Literacy/RST/11-12/2/
http://www.corestandards.org/ELA-Literacy/RST/11-12/3/
http://www.corestandards.org/ELA-Literacy/RST/11-12/5/
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CCSS.ELA-LITERACY.RST.11-12.6  Analyze the author's purpose in providing an explanation, describing a 
procedure, or discussing an experiment in a text, identifying 
important issues that remain unresolved.  

CCSS.ELA-LITERACY.RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science 
or technical text, verifying the data when possible and corroborating 
or challenging conclusions with other sources of information.  

CCSS.ELA-LITERACY.RST.11-12.9 Synthesize information from a range of sources (e.g., texts, 
experiments, simulations) into a coherent understanding of a process, 
phenomenon, or concept, resolving conflicting information when 
possible.  

 

 
For more information on the Next Generation Science Standards, visit http://www.nextgenscience.org/.  
 

Dimension One: Practices 
 
 
 
 
 

1. Asking Questions and Defining Problems 
3. Planning and Carrying Out Investigations (Extension) 
4. Analyzing and Interpreting data (Extension) 
8. Obtaining, Evaluating and Communicating Information 
 Dimension Two: Crosscutting 

Concepts 
1. Patterns 
2. Cause and effect 
4. Systems and system models 
7. Stability and change 

Dimension Three: Disciplinary 
Core Ideas  

PS2.A: Forces and Motion 
PS2.C: Stability and Instability in Physical Systems 
ESS2.A: Earth Materials and Systems 
ESS2.C: The Roles of Water in Earth’s Surface Processes 
ETS2.A: Interdependence of Science, Engineering, and Technology 

 

 

Next Generation Science Standards 

 

 
 
 

http://www.corestandards.org/ELA-Literacy/RST/11-12/6/
http://www.corestandards.org/ELA-Literacy/RST/11-12/8/
http://www.corestandards.org/ELA-Literacy/RST/11-12/9/
http://www.nextgenscience.org/
http://www.nextgenscience.org/sites/ngss/files/Appendix%20F%20%20Science%20and%20Engineering%20Practices%20in%20the%20NGSS%20-%20FINAL%20060513.pdf
http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf
http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf
http://www.nextgenscience.org/sites/ngss/files/Appendix%20E%20-%20Progressions%20within%20NGSS%20-%20052213.pdf
http://www.nextgenscience.org/sites/ngss/files/Appendix%20E%20-%20Progressions%20within%20NGSS%20-%20052213.pdf

