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Initial questions

• What lessons exists on education through research in physics?
• What are the future challenges in physics education?
• Reinhard Babel (DAAD) comment: Are these extraordinary times? 

Physicists have responded to extraordinay times. 
• Can we bring a new (modest) perspective to physics education?



Timeline

WWII Now Future

80 years



Ideas at the end of the XIX century









• Caricature of a Privatdozent 
from German satirical 
periodical Fliegende 
Blätter (1848): "A German 
Privatdozent who, wrapped up 
in his hopes, turns into a 
mummy."

To be granted the title Priv.-Doz. by a university, a 
recipient has to fulfill the criteria set by the university 
which usually require excellence in research, teaching, 
and further education. Wikipedia.

https://en.wikipedia.org/wiki/Fliegende_Bl%C3%A4tter
https://en.wikipedia.org/wiki/Fliegende_Bl%C3%A4tter


Humboldtian 
model:The unity of 
teaching and research 
(Einheit von Lehre 
und Forschung)  

• Principles

• Humboldt's educational ideal developed around two central concepts of public 
education: The concept of the autonomous individual and the concept of world 
citizenship. The university should be a place where autonomous individuals 
and World Citizen are produced at or more specifically, produce themselves.

• An autonomous individual is to be an individual who attains self-determination and 
responsibility "The Weltbürgertum is the collective bond, which connects 
autonomous individuals, irrespective of their social and cultural socialization: 
Humboldt says: 'To transform the world as much as possible into one's own 
person is, in the higher sense of the word, living'. The endeavor shall aim at 
working through the world comprehensively, and thereby unfold as a subject. 

• To become a citizen of the world means, to deal with the big questions of 
humanity: to seek peace, justice, and care about the exchange of cultures, other 
gender relationships or another relationship to nature. University education 
should not be job-focused, but educational training that is independent of 
economic interests.

• Academic freedom describes independence of the university from outside 
governmental and economic constraints. The university is to evade government 
influence. Humboldt demands that the scientific institution of higher education 
should lose itself "from all forms within the state". Therefore, his concept of 
university planned, for example, that the University of Berlin should have its own 
goods in order to finance itself and thereby secure its economic 
independence.[rough his use of reason.

• Wikipedia

https://en.wikipedia.org/wiki/Cosmopolitanism
https://en.wikipedia.org/wiki/Cosmopolitanism
https://en.wikipedia.org/wiki/World_citizen
https://en.wikipedia.org/wiki/Cosmopolitanism
https://en.wikipedia.org/wiki/Cosmopolitanism
https://en.wikipedia.org/wiki/Academic_freedom
https://en.wikipedia.org/wiki/Academic_freedom










Lessons (a personal selection)

• Build on previous knowledge, simplify, organize. Nature seems to like 
simplicity
• Rutherford: Create a community, do experiments (DIY), open 

exchange of knowledge.
• Humboldian model of education. An international network of 

physicist, only interrupted by the implications of the bomb.
• Physics is essential to win the war. It ended the war. Winners shaped 

the architecture of the world.
• More?



After the war



Bohr, beyond physics
• When Nazism rose in Germany, many scientists (especially those of 

Jewish origin or who were politically vulnerable) sought refuge abroad. 
Bohr used his personal and institutional influence to assist them.

• Some of the scientists he helped included (among others) Lise Meitner, 
James Franck, Otto Frisch, Victor Weisskopf, George de Hevesy, Edward 
Teller, Stefan Rozental, Guido Beck, and Arthur von Hippel.

• In 1950 he published an “Open Letter to the United Nations”, calling for 
transparency, international cooperation, and control in the peaceful use 
of nuclear energy and in managing atomic weapons.

• Some aspects of later institutions—such as the International Atomic 
Energy Agency (IAEA) and postwar frameworks for scientific exchange—
align with Bohr’s ethos of peaceful, restrained nuclear collaboration.



Post-War Paradigms (c. 1945–
1990). The carrot

• The Second World War not only redrew the 
geopolitical map but also redefined the relationship 
between science, the state, and society.

• The Endless Frontier. This report, established the 
foundational ideology of American science policy for 
the next several decades. Basic research is the 
pacemaker of technological progress and strategic 
advantage. NSF was funded in 1950. 

• This new social contract promised scientists generous 
funding and academic freedom. In return, science was 
expected to provide a steady stream of knowledge and 
innovations that would ensure national security, public 
health, and economic prosperity



McCarthy and the red scare: The stick
• During 1945–1960, the anti-Communist climate led to pressure on scientists who were seen as 
internationalist or politically left-leaning. 

• “Paradoxically, the enormous successes of science in this period stirred great fear that the geese who 
laid such golden eggs might choose also to fill a nest in the Kremlin. Triumphs of science and engineering 
included thermonuclear warheads, intercontinental ballistic missiles, satellites, expensive accelerators 
at Stanford, Berkeley, and Brookhaven, and much more. However, instead of carrots as rewards for 
such achievements, scientists were too frequently shown the stick. This approach took a variety of 
forms: American scientists wishing to travel abroad were at times denied their passports, foreign 
scientists planning to visit this country experienced visa denials, there was interference with 
constitutionally guaranteed freedom of speech and beliefs, loyalty oaths were imposed, the exchange 
of scientific information was sometimes blocked, jobs were lost, loyalty investigations were required 
for employment, grants, and fellowships that involved no classified matter. 

These barriers to the normal flow of scientific activity popped up so often that a fog of uncertainty 
settled over the profession. But it is refreshing to see that, very often, scientists fought back.” 

The repressive political climate of the McCarthy era shaped not only the careers of individual scientists, 
but also the broader relation between science and public life.

The challenges of that era pushed scientists to develop new modes of engagement as public citizens—
something that shaped later scientific activism and policy involvement.

The Pauling case is an example for understanding how academic institutions, political fears, and 
individual agency interacted.



The Physical Science Study Comitee 
(PSSC)



The reason behind the PSSC.

https://www.compadre.org/portal/pssc/docs/Rudolph.pdf











Democratization of physics



The era of big science
Global Collaboration as a Model: The scale of projects at places like 
CERN necessitates global collaboration. It teaches students about 
teamwork, perseverance, and how science can act as a bridge between 
nations, promoting peace.

Countering Misinformation: Science education rooted in the methods of 
Big Science—observation, measurement, analysis, and transparent 
reporting—equips students with the critical thinking skills.

Inspiring the Next Generation: A stairway to heaven



Space race





Lessons (again arbitrary)

• Physics is essential for strategic advantage, wealth and well-being.
• You (anybody, anywhere) can be physicist but hard work is essential.
• The universe is ours to explore, collaboration is key
• In dark times, physics is needed to create citizens 
• A visión of our common house, the planet earth. 



1990-today



Open source
software & 
hardware



DIY & FabLabs

Examples



1. Embrace the Power of Connectivity:
He believed in the potential of the internet to bring people 
together, transcend barriers, and foster global communication.
2. Champion Openness and Accessibility:
He believed that information should be accessible to all, 
without discrimination or restrictions.
3. Promote Digital Empowerment and Inclusion:
He believed that the internet should empower individuals to 
create, share, and engage in ways that enrich their lives.
4. Embrace Innovation and Collaboration:
He believed in the potential of technological advancements to 
drive positive change and improve human experiences.
5. Value Ethical Use of Technology:
He believed that the internet should be a force for good, 
promoting positive interactions and respecting individual 
privacy.
6. Foster Digital Literacy and Education:
He believed that individuals should have the skills and 
knowledge to navigate the digital landscape responsibly.





Lessons (arbitrary)

• Openness accelerates science
• Technology as an enabler and a driver of globalization
• From competition to cooperation
• Physics must serve global challenges. (Example: IPCC)
• Available computing is the new pencil & paper
• Inequalities persist.



Future challenges (some)



Climate change



Science under siege



Sustainability should be embeded in 
education.

Interdisciplinarity and applications in real-world problems
Expansion of physics education into areas such as sustainability, 
climate science, biophysics, and quantum technologies.
Stronger connections between physics and global challenges 
such as the energy transition and climate change.



Inclusion and diversity



The risks of AI





Artificial intelligence vs natural stupidity



End of the 
globalization and 
the post war
architecture



Conclusions

• The recent history of physics provide key principles to think about 
how to integrate research and science.
• In extraordinary times, physicist have risen to the challenge. I argue 

that we are in extraordinary times and we must contribute. Education 
is one of many ways to do it.
• We need to provide tools to students to understand the current 

challenges, many of them global and contribute to the solutions.
• We (El bongó) can contribute a unique perspective on how to build 

capacities to the new generations of scientist. 
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• Camilo Ruiz
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