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Inge Lehmann: 
Danish Seismologist 

 
 

 
 
 

 
 

 
 

 
• Photocopies of Inge Lehmann’s obituary (found in the Supplemental Materials) 
• Photo copies of Discussion Questions (found in Supplemental Materials) 
• Multiple slinkies (at least half the number of students in the class) 
• Computer and internet access, and A/V equipment (projector, etc.) to display simulation on a 

board 
o Alternatively, student access to computers and internet 

 

 
Students will learn about the life and work of geophysicist Inge Lehmann. They will learn about her 
discovery of the existence of Earth’s solid inner core, as well as how P (longitudinal) and S (transverse) 
seismic waves (the behavior of which prompted Lehmann’s theory) travel through the earth’s layers. 

Grade Level(s): 9-12      Subject(s): History, Physics, Earth Science 

 
In-Class Time: 60-90 Minutes    Prep Time: 15-20 Minutes 

Materials 

Objective 

Photo by Elfelt, American 
Geophysical Union (AGU), 

courtesy of Emilio Segre Visual Archives 
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Inge Lehmann was a Danish seismologist–a physicist who studied waves in the Earth’s crust–active in 
the mid-20th century.  She is most remembered for her theory of the Earth’s solid inner core, based on 
her work on seismic waves caused by earthquakes.  
 
Inge Lehmann was born in Copenhagen, Denmark on May 13, 1888. As a youth she attended a uniquely 
co-educational school run by Niels Bohr’s aunt, Hanna Adler. Inge graduated from the Univeristy of 
Copenhagen in 1920 after studying mathematics, physics, chemistry and astronomy. She began 
researching seismology in 1925, which was irregular in Denmark, where seismic activity was low. By 
1928, she had been appointed chief of the seismology department of the Royal Danish Geodetic 
Institute. During her career, it became common for the international seismologic community to share 
earthquake data, and her work at Danish observatories was crucial in this endeavor. Northern Europe is 
located in one of the prime “corridors” to receive earthquake data from the highly active South Pacific, 
so seismology here was important, if not popular. She became a central figure in global seismology 
during the first half of the 20th century while working in Denmark. 
 
During this time–in 1936 specficially–Lehmann published a paper that detailed the arrival of certain 
seismic waves in regions thought impossible. This phenomena occurred when P waves entered the core 
and were then deflected after reaching a certain depth. This led Lehmann to hypothesize that there was 
a solid inner core within Earth’s liquid outer core, a hypothesis that was corroborated decades later.  
 
Lehmann retired from the Geodetic Institute in 1953 at age 65. Following World War II, US funding for 
seismology was majorly increased in order to develop ways to monitor secret nuclear tests. Lehmann 
spent many months working with the Lamont Geologial Observatory (now Lamont-Doherty Earth 
Observatory) and several other American institutions to further this goal. Even after retirement 
Lehmann proved to be one of the most important figures in the seismologic community.  
 
Inge Lehmann was a very important seismologist in the 20th century. Her work and her attitude towards 
her gender (being a non-factor in her work as a scientist), are models that students and sciencitists 
today should emulate.1 
 

Engage: 5-10 Minutes 
The teacher will split the class into pairs and distribute slinkies. Students will examine how P 
(longitudinal) and S (transverse) waves function by making waves between partners through the 
slinkies. 
What is the teacher doing? 
Introduce the class to seismic P and S waves, 
including: 

What are the students doing? 
Observe the introduction of P and S waves, 
including their properties and how they relate to 
seismic events like earthquakes. 

                                                           
1 Bruce A. Bolt, “Inge Lehmann. 13 May 1888–21 February 1993,” Biographical Memiors of the Fellows of the Royal 
Society 43 (1997): 287-301, DOI:  10.1098/rsbm.1997.0016. Accessed via UCLA’s “Contributions of 20th Century 
Women to Physics” online archive and exhibit: http://cwp.library.ucla.edu/articles/bolt.html. 

Introduction 

Instructions 
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• P waves cause compressions and (their 
opposite,) rarefactions in material as they 
pass thorugh, in the direction the wave is 
travelling. 

• S waves cause the material they pass 
through to move perpendicular to the 
direction of the wave 

 
Split students into pairs. Give each pair one slinky, 
and have each student hold one end. Instruct 
each pair to stand 10-12 feet apart, with the 
slinky stretched between them. 

• To demonstrate P waves, have students 
take turns using their off-hand to gently 
hit the end of the slinky towards their 
partner. 

• To demonstrate S waves, have students 
take turns quickly (but gently) shaking 
their end of the slinky up-and-down 
once.  

 
Once students have demonstrated both types of 
waves, collect the slinkies and return students to 
their seats. 

 
Split into pairs, each pair receiving one slinky. 
Each student in a pair hold one end of the slinky, 
then back apart until partners are 10-12 feet 
apart, with the slinky stretched between. 
 
To demonstrate P waves, use the hand not 
holding the slinky to gently hit the end of the 
slinky, TOWARD the other partner (like driving a 
nail, if the slinky were a nail). The slinky should 
compress and expand as the created wave 
travels through it. Take turns demonstrating this. 
 
To demonstrate S waves, hold the slinky with 
both hands and gently (but quickly) shake the 
slinky up-and-down one time. The wave will 
move across the slinky, moving it up then down 
as it travels. Take turns demonstrating this. 
 
Return slinkies to the teacher then return to 
seats. 

 
Explore: 20-30 Minutes 

Students will read Inge Lehmann’s obituary, located in the Supplemantal Materials. Teachers will 
provide students with the Discussion Questions (also found in the Supplemental Materials) to help 
guide reading. 
What is the teacher doing? 
Distribute copies of Inge Lehmann’s obituary 
from the Royal Astronomical Society (found in 
the Supplemental Materials). 
 
Also distribute copies of the Discussion Questions 
for students to consider and answer as they 
complete the reading (also found in the 
Supplemental Materials). 

What are the students doing? 
Receive copies of the obituary of Inge Lehmann. 
Read through the document. 
 
Simultaneously receive the Discussion Questions 
from the teacher. Answer the questions in order 
to guide reading of the document. 

 
Explain: 10-15 Minutes 

The teacher will lead a discussion in which Inge Lehmann’s life and accomplishments are reinforced. 
This discussion should end by highlighting her discovery of Earth’s solid inner core. The teacher will 
also review the Discussion Questions, if desired, collecting student responses for evaluation. 
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What is the teacher doing? 
Review Lehmann’s life and work with the class. 
Important information to consider includes: 

• Early co-educational experience 
• Entry into geodesy (the mathematical 

measurement and examination of the 
Earth’s shape, spatial orientation, and 
gravitational field) and seismology, and 
early work in Denmark (including helping 
found the Danish Geophysical Society) 

• Collaboration with Maurice Ewing 
• Discovery of Earth’s solid inner core in 

1936  
• Awarded Bowie Medal in 1973, for 

“outstanding contributions to 
fundamental geophysics and unselfish 
cooperation in research” 

 
If desired, collect student responses to the 
Discussion Questions, then review the correct 
answers with the class. 

What are the students doing? 
Review Inge Lehmann’s life and accomplishments 
as a class. Be sure to internalize her education, 
entry and work in geodesy and seismology in 
Denmark, her collaboration with Maurice Ewing, 
the discovery of the solid inner core in 1936, and 
her being awarded the Bowie Medal in 1973. 
 
If instructed, submit responses to the Discussion 
Questions to the teacher for evaluation. Review 
the correct answers as the teacher presents 
them. 

 
Elaborate: 10-15 Minutes 

Teachers will use Incorporated Research Institutions for Seismlogy (IRIS’) Seismic Waves tool 
(http://ds.iris.edu/seismon/swaves/) to demonstrate how P and S waves interact with the Earth’s 
core. If possible, teachers should have students sit at computers individually and explore the model 
themselves. 
What is the teacher doing? 
Access the IRIS Seismic Waves tool on a projected 
computer screen, or if individual computers are 
available, have students access the tool 
themselves. 
 
There is a control interface on the right-side of 
the screen. Have students set the “Waves 
Shown” option to standard. Have them press the 
Play button, and observe the simulation. 
 

What are the students doing? 
Either observe the Seismic Waves tool via the 
projector, or access it on individual computers.  
 
Set the “Waves Shown” option in the control 
interface to standard. Press Play and observe the 
simulation.  

Students should observe how the P waves 
interact with the inner core, specifically how they 
are reflected. Emphasize that Lehmann and her 
peers observed this phenomenon, but at the time 
thought the entire core was liquid. Lehmann’s 
theory of a solid inner core explained the 
irregularities observed in the P waves’ behavior. 

Observe how P waves interact with the inner 
core and how they are reflected. Remember that 
Lehmann and her peers recognized this 
phenomenon, but did not know of the existence 
of the solid inner core (until Lehmann theorized 
its existence). 
 

http://ds.iris.edu/seismon/swaves/
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If desired, the Seismic Waves tool also contains 
brief explanations and graphics of seismic waves’ 
paths and the layers of Earth: click on the “Here” 
link in the upper right of the window (or access 
via provided hyperlink)  

• If the user hovers over the “P Phases” 
button with the mouse pointer, the paths 
of these waves are displayed, including 
their interaction with the core. The PKIKP 
wave path shows how the inner core 
significantly reflects the wave, and 
redirects it into the P wave “shadow 
zone,” which is what Lehmann noticed.  

If instructed, observe the graphics and 
explanations of wave paths and shadow zones 
located within the Seismic Waves tool. Observe 
the “P Phases” portion of the tool, and note the 
PKIKP wave path. This wave track shows how the 
outer core refracts P waves, which then move to 
the inner core and are again redirected, 
ultimately arriving in the “shadow zones” where 
Lehmann observed them. 

 
Evaluate:  

Opportunities for evaluation emerged during the explanation section of this lesson, as teachers may 
elect to collect student responses to the Discussion Questions and evaluate them. 

 

 
• Williams, C.A.; Hudson, J.A.; and Jeffreys, B.S.; “Inge Lehmann (1888-1993),” Quarterly Journal of 

the Royal Astronomical Society 35 (1994): 231-234. (Found in Supplemental Materials) 
• Incorporated Research Institutions for Seismology (IRIS) hosts the Seismic Waves visualization 

tool, which allows users to simulate an earthquake and observe how the seismic waves travel 
through the Earth’s layers. The tool also has descriptive information and videos about the 
Earth’s layers, seismic waves, and “shadow zones”: http://ds.iris.edu/seismon/swaves/ 
 

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

1. Give a short summary of Inge Lehmann’s major discoveries and her contributions to geophysics. 
2. How did Lehmann’s location in Denmark affect her position within the scientific community?  
3. Lehmann’s youth was spent at a school where boys and girls were treated as total equals. How 

do you think this experience affected her career and her perception of her work? 
4. What effects did World War II and The Depression have on Lehmann’s scientific research? 
5. Why was Lehmann’s meeting and work with Maurice Ewing such a milestone for her? 

 

 
• Byer, Nina and Williams, Gary A., ed. Out of the Shadows: Contributions of Twentieth-Century 

Women to Physics. Cambridge, UK and New York: Cambride University Press, 2006. 
• Swaby, Rachel. Headstrong: 52 Women Who Changed Science-And the World. New York: 

Broadway Books, 2015. 

Required/Recommended Reading and Resources 
 

Discussion Questions 
 
 
 

Further Reading and Additional Resources 

 

 
 
 

http://ds.iris.edu/seismon/swaves/help/moreInfo.html?mobile=0
https://www.iris.edu/hq/
http://ds.iris.edu/seismon/swaves/
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N/A 
 

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

Speaking & Listening 
CCSS.ELA-LITERACY.SL.9-10.1 Initiate and participate effectively in a range of collaborative 

discussions (one-on-one, in groups, and teacher-led) with diverse 
partners on grades 9-10 topics, texts, and issues, building on 
others' ideas and expressing their own clearly and persuasively. 

CCSS.ELA-LITERACY.SL.11-12.1 Initiate and participate effectively in a range of collaborative 
discussions (one-on-one, in groups, and teacher-led) with diverse 
partners on grades 11-12 topics, texts, and issues, building on 
others' ideas and expressing their own clearly and persuasively. 

History/ Social Studies 
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. 

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.9-10.3 Analyze in detail a series of events described in a text; determine 
whether earlier events caused later ones or simply preceded them. 

CCSS.ELA-LITERACY.RH.9-10.4 Determine the meaning of words and phrases as they are used in a 
text, including vocabulary describing political, social, or economic 
aspects of history/social science. 

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

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.RST.11-
12.7 

Integrate and evaluate multiple sources of information presented 
in diverse formats and media (e.g., quantitative data, video, 
multimedia) in order to address a question or solve a problem. 

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. 

Science & Technical Subjects 

Extensions 

 

 
 
 

Common Core Standards 

 

 
 
 

http://www.corestandards.org/
http://www.corestandards.org/ELA-Literacy/SL/9-10/1/
http://www.corestandards.org/ELA-Literacy/SL/11-12/1/
http://www.corestandards.org/ELA-Literacy/RH/9-10/1/
http://www.corestandards.org/ELA-Literacy/RH/9-10/2/
http://www.corestandards.org/ELA-Literacy/RH/9-10/3/
http://www.corestandards.org/ELA-Literacy/RH/9-10/4/
http://www.corestandards.org/ELA-Literacy/RH/9-10/7/
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/RST/11-12/7/
http://www.corestandards.org/ELA-Literacy/RST/11-12/7/
http://www.corestandards.org/ELA-Literacy/RST/11-12/9/
http://www.corestandards.org/ELA-Literacy/RST/11-12/9/
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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.9-10.5 Analyze the structure of the relationships among concepts in a 
text, including relationships among key terms (e.g., force, friction, 
reaction force, energy). 

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-
12.6 

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. 

 

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

Dimension One: Practices 1. Ask questions and define problems 
2. Use models 
3. Plan and carry out investigation 
4. Analyze and interpret data 
5. Construct explanations 
6. Obtain, evaluate and communicate information 

Dimension Two: Crosscutting 
Concepts 

1. Patterns 
2. Cause and Effect 
3. System and System Models 
4. Energy and Matter: Flows, Cycles, and Conservation  
5. Stability and Change of Systems 

Dimension Three: Disciplinary 
Core Ideas 

ESS2: Earth’s Systems 
ESS2.A: Earth Materials and Systems 
PS4: Waves and Their Applications in Technologies for 
Information Transfer 
PS4.A: Wave Properties 

 

Next Generation Science Standards 

 

 
 
 

http://www.corestandards.org/ELA-Literacy/RST/9-10/2/
http://www.corestandards.org/ELA-Literacy/RST/9-10/5/
http://www.corestandards.org/ELA-Literacy/RST/11-12/2/
http://www.corestandards.org/ELA-Literacy/RST/11-12/2/
http://www.corestandards.org/ELA-Literacy/RST/11-12/6/
http://www.corestandards.org/ELA-Literacy/RST/11-12/6/
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

