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Unlocking Animal Magnetism: Could Quantum Physics Explain It?
Description

The Earth’s magnetosphere serves as a navigational guide for various species that possess the ability to
perceive its effects. Recent investigations by physicists have uncovered two distinct types of sensory
mechanisms in animals that operate near the quantum threshold for magnetic field detection. This
discovery holds promise for enhancing human magnetometer technology.

Throughout evolutionary history, magnetoreception has developed as a vital means for organisms to
navigate the globe, manifesting in diverse forms. These include iron-rich cells responding to magnetic
forces, as well as alterations in the photoreceptor chemistry located in the retinal region. The University of
Crete physicists lannis Kominis and Efthimis Gkoudinakis sought to assess how biological adaptations
measure against technological advancements by analyzing the energy resolution limit (ERL) of three
mechanisms, discovering at least two that approach the quantum limits for magnetic detection.

Humans have relied on rudimentary instruments, such as magnetized iron fragments, to navigate the
uncharted for thousands of years, adhering to Earth's magnetic compass. Presently, precisely quantifying
the strength of tenuous or finely confined magnetic fields necessitates a profound understanding of the
quantum facets of electromagnetism. This knowledge not only enhances the sensitivity of our devices but
also equips us to predict the physical constraints posed by any measurement.

Fundamentally, an understanding of the energy inherent in magnetic fields is essential for evaluating their
influences. As our measurement precision increases, quantum uncertainties emerge, seemingly indicating
the Universe's inherent uncertainty as we delve deeper into its complexities. Moreover, the propensity of
quantum systems to entangle with their environments further obscures the energy dynamics imparted by
magnetic fields.

The ERL encapsulates a collection of parameters indicative of a quantum system’s economy within a sensor.
These parameters include uncertainty estimates, the dimensions of the sensed region, and the temporal or
bandwidth limits of measurement. Ultimately, this yields a quantifiable energy over time—akin to Planck's
constant—enabling engineers to evaluate existing technologies for precision and gauge their potential to
meet or surpass established limits.

Kominis and Gkoudinakis view the assessment of a sensor's ERL as an opportune moment to measure
biological magnetoreception against quantum standards. Current theories posit several mechanisms by
which organisms may discern Earth’s magnetic field, identified as induction, radical pair, and magnetite
mechanisms, with a fourth variant combining the latter two.

Induction mechanisms transform magnetic field energy into electrical energy within biological systems,
instigating changes that influence behavior. For instance, a study from 2019 suggested that variations in
Earth's magnetic field could generate subtle voltage differences detectable by hair cells in a pigeon’s inner
ear, thereby influencing its balance.

The radical-pair mechanism, on the other hand, revolves around interactions between unpaired electrons
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associated with different molecules. Under the influence of a magnetic field, the dynamics of these pairs can
shift, affecting chemical reaction pathways and triggering a cascade of biological responses correlated with
magnetic field orientation.

Meanwhile, magnetite-based magnetoreception denotes a more simplistic approach, wherein tiny iron-
based crystals in an organism's cells react to magnetic influences robust enough to affect orientation,
enabling creatures to discern their geographical bearings.

Despite that the field remains largely speculative and research is still ongoing, the potential sensitivity of
each mechanism may lead to innovative techniques for detecting subtle or confined magnetic fields.
Kominis and Gkoudinakis’s calculations indicate that while induction mechanisms fall short of quantum
sensitivity thresholds, those employing radical pairing may be nearing such limits, indicating promising
avenues for technological progress. These findings could illuminate future investigations into the myriad
ways life on Earth has adapted to utilize the invisible magnetism that envelops our planet.

This research was published in PRX Life 3.

Vocabulary List:

1. Magnetosphere /'mag.na.tis.fir/ (noun): The region surrounding the Earth dominated by its magnetic field.

2. Magnetoreception /, mag.na.ta'rep.fan/ (noun): The ability of an organism to detect magnetic fields.

3. Induction /in'dak.fan/ (noun): The process of producing an electric current in a conductor by a changing
magnetic field.

4. Radical /'raed.1.kal/ (adjective): Relating to the fundamental nature or essence of something.

u

. Quantifiable /'kwon.t1.far.a.bal/ (adjective): Capable of being measured or expressed as a quantity.
6. Electromagnetism /1 lek.trov,maeg.na'tt.zam/ (noun): The physical interaction between electrically charged
particles and magnetic fields.

Comprehension Questions

Multiple Choice

1. What does the Earth's magnetosphere serve as for various species?

Option: A. A source of energy
Option: B. A navigational guide
Option: C. A habitat

Option: D. A communication network
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2. Which two sensory mechanisms in animals were found to operate near the quantum threshold for
magnetic field detection?

Option: A. Induction and magnetite

Option: B. Induction and radical pair

Option: C. Radical pair and magnetite

Option: D. Magnetite and photoreceptor chemistry

3. What did physicists from the University of Crete analyze in relation to biological adaptations and
technological advancements?

Option: A. Earth's magnetic field strength

Option: B. Energy resolution limit (ERL) of mechanisms
Option: C. Quantum entanglement

Option: D. Photoreceptor chemistry alterations

4. What is one way in which magnetoreception has developed as a vital means for organisms?

Option: A. Interstellar navigation
Option: B. Chemical energy production
Option: C. Navigating the globe
Option: D. Telepathic communication

5. Which mechanism involves interactions between unpaired electrons associated with different molecules?

Option: A. Induction mechanism
Option: B. Magnetite mechanism
Option: C. Radical-pair mechanism
Option: D. Photoreceptor mechanism

6. What do Kominis and Gkoudinakis consider an opportune moment for measuring biological
magnetoreception?

Option: A. Sensor accuracy

Option: B. Quantum adaptation

Option: C. Compare against quantum standards
Option: D. Energy dynamics

True-False

7. Humans have predominantly used magnetized iron fragments for navigation in recent history.

8. Quantum uncertainties emerge as measurement precision in magnetic fields increases.
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9. Induction mechanisms exhibit quantum sensitivity thresholds.

10. The radical-pair mechanism involves interactions between paired electrons.

11. Magnetite-based magnetoreception is a complex process involving multiple chemical reactions.

12. Kominis and Gkoudinakis propose that radical pairing mechanisms may lead to technological
advancements.

Gap-Fill

13. The University of Crete physicists analyzed the energy resolution limit (ERL) of

mechanisms.

14. Variations in Earth's magnetic field could generate subtle voltage differences detectable by hair cells in
a pigeon’s inner ear, thereby influencing its

15. Kominis and Gkoudinakis suggested that induction mechanisms fall short of

sensitivity thresholds.

16. The environmental entanglement of quantum systems further obscures the energy dynamics imparted
by magnetic

17. The ERL includes uncertainty estimates, dimensions of the sensed region, and temporal or bandwidth
limits of

18. Radical pair mechanisms may be nearing quantum sensitivity thresholds according to Kominis and

Gkoudinakis' calculations, indicating potential for progress.

Answer

Multiple Choice: 1. B. A navigational guide 2. B. Induction and radical pair 3. B. Energy resolution limit (ERL)
of mechanisms 4. C. Navigating the globe 5. C. Radical-pair mechanism 6. C. Compare against quantum
standards

True-False: 7. False
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8. True 9. False 10. False 11. False 12. True
Gap-Fill: 13. three 14. balance 15. quantum 16. fields 17. measurement 18. technological

Vocabulary quizzes

Multiple Choice ( Select the Correct answer for each question. )

1. What are small dark shapes that people may sometimes see moving in their field of vision?

Option: Bacteria
Option: Floaters
Option: Plasma
Option: Antibiotics

2. What term refers to the community of microorganisms that live in and on the human body?

Option: Neurons
Option: Microbiome
Option: Fossils
Option: Herbivores

3. What is a term for an action taken to improve a medical condition or situation?

Option: Resolution
Option: Intervention
Option: Inflation
Option: Mutation

4. What is the ability of an organism to detect magnetic fields for navigation and orientation?

Option: Magnetoreception
Option: Hydration

Option: Erosion

Option: Inversion

5. Which term relates to processes such as thinking learning and remembering?

Option: Cognitive
Option: Metabolic
Option: Synthetic
Option: Conductive

6. What term describes a mutual relationship or connection between two or more things?

Option: Correlations
Option: Distortions
Option: Luminosity
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Option: Repudiation

7. What word describes an increase in the rate or speed of something?

Option: Decelerated
Option: Accelerated
Option: Stagnated
Option: Deviated

8. Which term refers to favoring or making changes that are revolutionary or extreme?

Option: Traditional
Option: Radical
Option: Conservative
Option: Conventional

9. What term refers to the forces or properties that stimulate growth progress or change within a system or
process?

Option: Statics
Option: Dynamics
Option: Kinetics
Option: Mechanics

10. Which term refers to new methods ideas or products introduced for the first time?

Option: Traditions
Option: Concepts
Option: Innovations
Option: Conventions

Gap-Fill ( Fill in the blanks with the correct word from the vocabulary list. )

11. is the rapid increase or spread of something.

12. Doctors often prescribe medications to help pain and discomfort.

13. Yoga and meditation can help expand the mental of individuals.

14. The success of the project was easily through specific metrics.

15. Aging is often associated with the of certain bodily functions.

16. One of the challenges in investing in the stock market is the of future returns.
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17. Mount Everest presents a challenge to even the most experienced climbers.
18. The volcanic caused widespread destruction in the surrounding area.

19. The process of involves reasoning from specific cases to general principles.
20. Technological have revolutionized many aspects of modern life.

Matching Sentences ( Match each definition to the correct word from the vocabulary list. )

21. The rapid of fake news on social media platforms is a growing concern for society.

22. Effective medical can significantly improve a patient's health outcomes.

23. Neglecting regular maintenance can lead to the of machinery over time.

24. Deep in the glacier posed a danger to the team of explorers.

25. The study of Earth's field helps scientists understand magnetic phenomena.

26. His dedication and hard work the values of our organization.

27. The interaction of electrical currents and magnetic fields is a key principle in .

28. The implementation of new technology the pace of production in the factory.

29. Natural such as the auroras are awe-inspiring displays in the sky.

30. The company decided to take a approach to redesigning its business model.

Answer

Multiple Choice: 1. Floaters 2. Microbiome 3. Intervention 4. Magnetoreception 5. Cognitive 6. Correlations

7. Accelerated 8. Radical 9. Dynamics 10. Innovations

Gap-Fill: 11. Proliferation 12. Alleviate 13. Capacities 14. Quantifiable 15. Degeneration 16. Unpredictability
17. Formidable 18. Eruption 19. Induction 20. Innovations

Matching sentence: 1. Proliferation 2. Interventions 3. Deterioration 4. Crevasses 5. Geomagnetic 6. Epitomize
7. Electromagnetism 8. Accelerated 9. Phenomena 10. Radical
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