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UNIT |

THE STUDY OF PHYSICS

What is Physics?

1. a) Read and translate the text into Ukrainian using the dictionary and

paying attention to the underlined words and word combinations.

Physics is a natural science that studies matter, energy and the fundamental forces
of nature. It helps us understand how the world around us works, from the smallest
particles to the vast universe. In the broadest sense, physics is concerned with all aspects
of nature on both the macroscopic and submicroscopic levels. Its scope of

study encompasses not only the behaviour of objects under the action of given forces but

also the nature and origin of gravitational, electromagnetic, and nuclear force fields. Its

ultimate objective is the formulation of a few comprehensive principles that bring together

and explain all such disparate phenomena. Physics explains why the sky is blue, how
electricity flows, and even how planets move in space. It is one of the oldest sciences
and plays a crucial role in modern technology.

The word physics comes from the Latin physica (‘study of nature'), which itself is
a borrowing of the Greek gvoixi (phusike 'natural science'), a term derived from ¢doic
(phusis ‘origin, nature, property").

Physics covers a wide range of phenomena, from elementary particles (such

as quarks, neutrinos and electrons) to the largest superclusters of galaxies. Included in

these phenomena are the most basic objects composing all other things. Therefore,
physics is sometimes called the "fundamental science”. Physics aims to describe the

various phenomena that occur in nature in terms of simpler phenomena. Thus, physics


https://www.merriam-webster.com/dictionary/encompasses
https://www.britannica.com/science/strong-force
https://www.merriam-webster.com/dictionary/comprehensive
https://www.merriam-webster.com/dictionary/disparate
https://en.wikipedia.org/wiki/Phenomenon
https://en.wikipedia.org/wiki/Elementary_particle
https://en.wikipedia.org/wiki/Quark
https://en.wikipedia.org/wiki/Neutrino
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Supercluster

aims to both connect the things observable to humans to root causes, and then connect
these causes together.

Physics is the basic physical science. Until rather recent times physics and natural

philosophy were used interchangeably for the science whose aim is the discovery and
formulation of the fundamental laws of nature. As the modern sciences developed and
became increasingly specialized, physics came to denote that part of physical science

not included in astronomy, chemistry, geology, and engineering. Physics plays an

important role in all the natural sciences, however, and all such fields have branches in
which physical laws and measurements receive special emphasis, bearing such names

as astrophysics, geophysics, biophysics, and even psychophysics. Physics can, at base,

be defined as the science of matter, motion, and energy. Its laws are typically expressed

with economy and precision in the language of mathematics.

Modern physics began in the early 20th century with the work of Max Planck in

guantum theory and Albert Einstein's

theory of relativity. Both of these
theories came about due to

" inaccuracies in classical mechanics in

\ certain situations. Classical

e iy i
) ' -~

mechanics predictéd that "[he speed of light depends on the motion ALB E RT
of the observer, which could not be resolved with the constant [IRSENINYNSIIA

Father Of The Modern Scientific Age

speed predicted by Maxwell's equations of electromagnetism. This

discrepancy was corrected by Einstein's theory of special relativity, which replaced

classical mechanics for fast-moving bodies and allowed for a constant speed of light.

Black-body radiation provided another problem for classical physics, which was

corrected when Planck proposed that the excitation of material oscillators is possible

only in discrete steps proportional to their frequency. This, along with the photoelectric

effect and a complete theory predicting discrete energy levels of electron orbitals, led to

the theory of quantum mechanics improving on classical physics at very small scales.
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https://www.britannica.com/science/physical-science
https://www.britannica.com/science/astronomy
https://www.britannica.com/science/chemistry
https://www.britannica.com/science/geology
https://www.britannica.com/technology/engineering
https://www.britannica.com/science/astrophysics
https://www.britannica.com/science/geophysics
https://www.britannica.com/science/biophysics
https://www.britannica.com/science/psychophysics
https://www.britannica.com/science/matter
https://www.britannica.com/science/motion-mechanics
https://www.britannica.com/science/energy
https://www.britannica.com/science/mathematics
https://en.wikipedia.org/wiki/Modern_physics
https://en.wikipedia.org/wiki/Max_Planck
https://en.wikipedia.org/wiki/Albert_Einstein
https://en.wikipedia.org/wiki/Classical_mechanics
https://en.wikipedia.org/wiki/Classical_mechanics
https://en.wikipedia.org/wiki/Speed_of_light
https://en.wikipedia.org/wiki/Maxwell's_equations
https://en.wikipedia.org/wiki/Special_relativity
https://en.wikipedia.org/wiki/Black-body_radiation
https://en.wikipedia.org/wiki/Photoelectric_effect
https://en.wikipedia.org/wiki/Photoelectric_effect
https://en.wikipedia.org/wiki/Energy_levels
https://en.wikipedia.org/wiki/Atomic_orbital

Importance of Physics

Physics is important in many fields, including engineering, medicine and
environmental science. It helps scientists develop new materials, improve medical
technology and understand climate change. Without physics, we would not have
computers, smartphones, airplanes or even modern transportation.

Advances in physics often enable new technologies. For example, advances in the
understanding of electromagnetism, solid-state physics and nuclear physics led directly
to the development of technologies that have transformed modern society, such as
television, computers, domestic appliances, and nuclear weapons; advances in
thermodynamics led to the development of industrialization; and advances in mechanics
inspired the development of calculus.

Everyday Applications

Even in daily life, physics is everywhere. When we drive a car, use a smartphone,
or cook food, we apply the principles of physics. Engineers use physics to design strong
buildings and bridges, while doctors use physics to create medical imaging techniques
like X-rays and MRIs:.

Studying Physics

Learning physics requires curiosity, logical thinking and problem-solving skills.
Scientists or students study theories, conduct experiments and apply mathematical
formulas to explain natural phenomena. While physics can be challenging, it is also
fascinating and rewarding because it helps us understand the universe better.

In conclusion, physics is a fundamental science that explains the laws of nature. It
influences technology, daily life and scientific discoveries. By studying physics, we gain

knowledge that helps us create a better future.

¢ MRIs — magnetic resonance imaging: a system for producing electronic pictures of the organs inside a person's

body, using radio waves and a strong magnetic field.



b) Translate the italicized paragraph into Ukrainian (in writing).

¢) Put 5 questions to the text.

N

. Remember a synonymous series for different words from the text.

1. Physics — natural science, fundamental science, physical science.
2. Matter — substance, material, physical entity.

3. Energy — power, force, vitality.

4. Fundamental — essential, basic, primary, core.

5. Scope — range, extent, area, field.

6. Behaviour — actions, conduct, movement, response.

7. Phenomena — events, occurrences, happenings, processes.

8. Explain — clarify, describe, interpret, define.

9. Ultimate — final, supreme, highest, definitive.

10. Origin — source, beginning, foundation, cause.

11. Object- goal, aim, purpose, target.

12. Role — function, purpose, responsibility, significance.

13. Technology — innovation, advancement, machinery, engineering.
14. Discovery — finding, breakthrough, invention, revelation.

15. Influence — impact, effect, significance, contribution.

16. Theory — concept, hypothesis, framework, principle.

17. Classical — traditional, conventional, established, historical.

18. Mechanics — dynamics, physics of motion, kinematics.

19. Develop — create, advance, improve, innovate.



20. Applications — uses, functions, implementations, practical uses.

a) Choose the correct synonym. Each sentence contains a word that can be

replaced with a synonym from the given list. Replace the word in bold so that the

meaning of the sentence remains the same.

The goal of physics is to describe natural phenomena in simple terms.

Scientists made many important findings in the 20th century.

The extent of physics includes everything from small particles to galaxies.

The source of energy in stars is nuclear fusion.

Quantum mechanics was developed due to difficulties in classical physics.

Many scientific concepts were first just theories.

. Physics has a strong impact on modern society.

1
2
3
4
5. Engineers use physics for the creation of modern technologies.
6
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9

. Studying physics can be challenging, but it is also very rewarding.

10.Scientists work to improve medical technology using physics.

3. Using the dictionary transcribe and translate the key words and words

combinations:

Word

Transcription

Translation

elementary particles

quark

neutrino

electron

to encompass

Maxwell's equation

black-body radiation

due to inaccuracies



https://en.wikipedia.org/wiki/Elementary_particle

solid-state physics

Einstein's theory of special

relativity

frequency

a constant speed of light

the motion of the observer

oscillator

discrepancy

discrete steps

fast-moving body

photoelectric effect

nuclear force

4. Match the words with their definitons:
1) Physics —
2) Matter —
3) Energy —
4) Quantum mechanics —
5) Electromagnetism —
6) Relativity —
7) Thermodynamics —
8) Technology —
9) Mechanics —
10) Experiment —

a) The science that explains the laws of nature, studying matter, energy, and

fundamental forces.

10


https://www.britannica.com/science/strong-force

b) Anything that has mass and takes up space.

¢) The ability to do work or cause change.

d) A field of physics that describes the behavior of particles on a very small scale, such
as electrons and photons.

e) The study of electric and magnetic fields and their interactions.

f) A theory developed by Albert Einstein that explains the relationship between space,
time, and gravity.

g) The study of heat, work, and energy transfer in systems.

h) The application of scientific knowledge to create tools, machines, and innovations
that improve life.

1) The branch of physics that deals with the motion of objects and forces acting upon
them.

J) A scientific process in which observations and measurements are made to test a

hypothesis.

5. Give English equivalents to the meanings of the following words and word

combinations.

PeuoBuna

Eneprisa

KBanToBa MexaHika

Enexktpomaruerusm

TepmoanHamMika

Teopist BIIHOCHOCTI

[TepenoBi TexHOMOTI]

ITocTiiiHa MBUAKICTH

Pyx criocrepexeHHs

di3uKka TBEPIOTO TijIa
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Marepis

Marsetusm

[IpakT4HE 3aCTOCYBAHHS HAYKH

6. Find synonyms to the words and word combinations.

Science, substance, power, small-scale physics, electricity and magnetism, theory

of space-time, heat transfer science, innovation, study of motion, scientific text,

fundamental knowledge, physical world, discovery, modern devices, logical thinking,

technological progress, wave-particle duality, energy transformation, gravitational

theory, practical application of science.

7. Choose the correct answer:

1. What does physics study?

A) Heat transfer science.
B) Matter, energy, and fundamental forces.
C) Fundamental knowledge.

D) Human psychology.

2. Why is physics called the "fundamental science"?

A) It explains natural phenomena using simpler concepts.
B) It was the first science to be discovered.
C) It only studies microscopic particles.

D) It focuses only on theoretical models.

3. Which scientist developed the theory of relativity?

A) Isaac Newton.
B) Niels Bohr.
C) Albert Einstein.

D) James Clerk Maxwell.

4. Which branch of physics deals with the behavior of particles on a very small scale?

12




A) Thermodynamics.
B) Electromagnetism.
C) Quantum mechanics.
D) Classical mechanics.
5. What did Max Planck contribute to modern physics?
A) The theory of evolution.
B) The concept of discrete energy levels (quantum theory).
C) The laws of motion.
D) The discovery of electricity.
6. Which of the following is an everyday application of physics?
A) Cooking food.
B) Observations and measurements.
C) Relationship between space, time, and gravity.
D) Energy transfer in systems.
7. What problem in classical physics led to the development of quantum mechanics?
A) The incorrect prediction of black-body radiation.
B) The inability to explain human emotions.
C) The lack of understanding of chemical reactions.
D) The failure to describe the speed of sound.
8. How does physics help in medicine?
A) By developing medical imaging techniques like X-rays and MRISs.
B) By writing medical textbooks.
C) By designing better hospital uniforms.
D) By creating new food recipes.
9. Why is studying physics important?
A) It helps us understand the universe and develop new technologies.
B) It only teaches us about stars and planets.

C) It is useful only for scientists.
13



D) It helps people learn foreign languages.
10. Which major physics theory explains the motion of fast-moving objects and the
nature of space-time?

A) Classical mechanics.

B) Special relativity.

C) Thermodynamics.

D) Quantum mechanics.
11. Which of the following is the best way to translate the sentence?
Physics plays an important role in the development of new technologies.

A) ®i3uKa BiJIIrpae BAKIUBY POJb Y PO3BUTKY HOBUX TEXHOJIOTIH.

B) ®13uka qocinipKye BaKIMBY pOJib HOBUX TEXHOJIOTIH.

C) ®i3uka B3a€MO/IIE 13 PO3BUTKOM HOBHUX BaXKJIMBUX TEXHOJIOTIH.

D) ®i3uka 3aliMaeThCsl BUBYEHHAM HOBUX BaXKJITMBUX TEXHOJIOTIH.
12. The word combination a constant speed of light in the text is translated into
Ukrainian as

A) crana mBHIKICTH CBITJIA.

B) mBuakicTs CBITIIA.

C) HenocTiiHA MBHUAKICTh CBITIIA.

D) ¢i3uvHa MIBUIKICTH CBITIA.

8. Translate the following sentences into Ukrainian:
1. Without physics, we would not have airplanes, electricity, or modern

transportation.
2. Advances in physics have led to the development of computers, smartphones,

and medical imaging technologies.
3. Classical mechanics could not explain the constant speed of light, which led to

the creation of special relativity.

14



4. Quantum mechanics explains the behavior of very small particles like electrons
and photons.
5. Albert Einstein developed the theory of relativity, which changed our

understanding of space and time.

9. Translate the following sentences into English:

1. JlocarneHHs (i3WKU TPU3BEIM JO PO3BUTKY KOMII IOTEpIB, CMapTOHIB 1
TEXHOJIOT1M MeIMYHOI Bi3yaizalii.

2. Kiacmuna MexaHika HE MOIVIa TIOSICHHTH TIIOCTIMHY IIBHJKICTH CBITIA,
BHACIIIJIOK YOro 0yJIO CTBOPEHO CHEIliadbHy TEOPit0 BiIHOCHOCTI.

3. AnbOept EiHIITEHH pO3pOOMB TEOPIIO BIAHOCHOCTI, SIKa 3MIHHWJIA HaIle
ySIBJICHHS TIPO MIPOCTIp 1 Yac.

4. BuBueHHs (i3UKM J0MIOMarae Ham Kpaiie po3yMiTu BcecBiT 1 MoAepHI3yBaTH
Cy4acHi TEXHOJIOTTi.

5. BueHl BUKOpPUCTOBYIOTH €KCIIEPUMEHTH Ta MaTeMaTudHi (opmynud s

MMOACHCHHS IIPUPOAHNX SABUIII.

10. Answer the questions to the text.
. What does physics study?
. Why is physics called the "fundamental science"?
. Why is physics important in understanding the natural world?
. Which two major theories led to the development of modern physics?
. How did Albert Einstein contribute to physics?
. What role does physics play in technology and daily life?
. Why was quantum mechanics developed?

. How do scientists study and explain natural phenomena in physics?

© 00 N O O B~ W N PP

. What are some real-life applications of physics in everyday life?

10. What are some fundamental forces in physics?
15



11. How do physicists use experiments and mathematical models to explain physical

phenomena?

11. Write a short summary of the text «\WHAT IS PHYSICS» (See the

scheme below) and be ready to present it.

Information File - How to Write a Summary

Title Start with the title of the article, book, or document you
1. Introduction are summarizing.

Author Mention the author's name.

Purpose Briefly state the purpose or main idea of the original
text.

Key Points Identify and present the main points or arguments of the
text. Focus on the most important elements that convey
the overall message.

2. Main Body Supporting  Include relevant supporting details that help explain the

Details key points. Avoid unnecessary specifics or minor details.

Logical Maintain a logical flow in your summary. Present the

Flow information in the same order as it appears in the
original text to ensure coherence.

Restate Summarize the main idea or purpose of the text in a

Main Idea  concise manner.

_ Significance Highlight the significance or implications of the text's
3. Conclusion main points. Explain why the text is important or
relevant.

Final If appropriate, include any final thoughts or reflections

Thoughts on the text. This can be a brief statement on the overall

impact of the content.

Tips for Writing a Summary

Be Concise: Keep your summary brief and to the point. Aim for clarity and

brevity.

Use Your Own Words: Paraphrase the original content to avoid plagiarism and

demonstrate your understanding.

16




Avoid Personal Opinions: Focus on summarizing the original text without
inserting your own opinions or interpretations.
Check for Accuracy: Ensure that your summary accurately represents the

original content. Double-check for any factual errors.

Example Summary

Title: "Exploring the Branches of Physics: From Classical Mechanics to Quantum
Physics"

Author: Unknown

Purpose: The text provides an overview of various branches of physics,
highlighting key concepts and their significance in scientific research and real-world
applications.

Summary: Physics is a foundational science that encompasses various branches,
each describing different natural phenomena. Classical mechanics, developed by
Newton and Galileo, focuses on the motion of macroscopic objects and the forces acting
upon them. Quantum mechanics, introduced by scientists like Planck and Einstein,
explores the behavior of particles at the atomic and subatomic levels, challenging
classical intuition with principles such as wave-particle duality and quantum
entanglement. Other branches include electromagnetism, which studies electric and
magnetic fields; thermodynamics, which examines energy transfer and temperature; and
astrophysics, which investigates celestial objects. By understanding these diverse
branches, students gain a comprehensive insight into the universe's underlying

principles, bridging classical theories with modern discoveries.

SPEAKING
1. Guidelines for Discussion

1. Connect physics to real life.

17



Discuss how physics influences everyday activities, such as driving a car, using a
smartphone, or cooking food. Can you think of other examples?

2. Explore famous scientists and their contributions.

Talk about Albert Einstein, Max Planck, and other physicists. How did their
discoveries change our understanding of the world?

3. Debate the impact of physics on technology.

How has physics contributed to modern inventions like computers, medical
Imaging, and space travel? What future technologies might be possible thanks to
physics?

4. Discuss challenges in learning physics.

What makes physics difficult for some students? Are there effective ways to make
it easier and more interesting?

5. Speculate on the future of physics.

What are some unsolved mysteries in physics, such as dark matter or quantum

mechanics? How might future discoveries change the world?

2. Render the following text into English. Summarize its main idea in one

sentence.

®di3uka — 1e hyHIaMeHTalIbHA HayKa, 110 BUBYAE NMPUPOAY, MATEPit0, EHEPrito Ta
B3a€EMO/III0 MDDK HUMH. BOHA MOSICHIOE, SIK MPAIIOE CBIT HABKOJIO HAC — BiJ PyXy IUIAHET
0 TIOBEMIHKA HaWMEHIIMX YacTUHOK. Di3uKka € OCHOBOK 0aratbox I1HIIHUX
MPUPOJHUYHMX HAYK, 30KpemMa Ximii, 010JIoTii Ta acTpOHOMIi, ajke BCl TMPOIECH Yy
BcecBiTi mianopsaIKOBYIOThCS 11 3aKOHAM.

CyuacHa (¢i3uka MOAUISETHCS Ha JBa OCHOBHI HaNpsAMH: KJacuuHy (Hi3UKy, M0
OMHCY€ MAaKpOCBIT (MexaHiKa, OINTHKAa, TEPMOJMHAMIKa), Ta Cy4dacHy OI3UKY, SKa

JOCIIIKY€E MIKPOCBIT (KBAHTOBA MEXaHIKa, TEOPIis BIJHOCHOCTI, (Di3MKa €JIEeMEHTApHUX
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gacTUHOK). Ll1 7aB1 Tuiku (i3UKU JOMOBHIOIOTH OJIHA OJIHY 1 JONOMAararTh MOSCHUTH
MIUPOKUMA CIIEKTP MPUPOJHUX SIBUII.

3HaueHHS (I3MKKM y CyYacHOMY CBITI BaXXko mepeorinuTu. Came 3aBIsKu
JOCSITHEHHSIM  111€] HayKd CTajdd MOXJIMBUMHU Cy4YacHI TEXHOJIOTii: cMapTdoHHu,
KOMIT 10Tepu, MeauuHa niarHoctuka (MPT, peHTren), cymyTHUKOBHIA 3B 530K, JIa3epH,
€JIEKTPUYHA €HEpris Ta 6araTo iHIIOro. [HXXKeHepr BUKOPUCTOBYIOTh 3aKOHH (D13UKH AJIs
CTBOPEHHS MIITHUX MOCTIB 1 XMapo4oCiB, aBIaKOHCTPYKTOPH — JIJIsi PO3POOKH JIITAaKiB, a
acTpodi3zuku — 111 BUBYCHHS BeecBiTy.

OKpiM IPaKTUYHOTO 3aCTOCYBaHHS, (Pi3MKa Mae BEJIMKE 3HAUCHHS JJI1 HAYKOBOTO
Mi3HaHHS CBiTY. BoHa jgomomarae HaM pO3IMIMPUTH MEXKI 3HaHb MPO KOCMOC, OYyJIOBY
Marepii, TEMHY €HEprilo Ta rpasiTauiiiHi XBuil. PI3UKA TOCTIMHO NPALIOIOTh HaJ
HOBUMH BIJIKPUTTSMH, K MOXKYTh 3MIHUTH Hallle MaiiOyTHE.

BuBueHHs (13MKM pO3BUBAE JIOTIYHE MUCIEHHS, aHAIITUYHI 3/1I0HOCTI Ta BMIHHS
pO3B’si3yBaTH CckiaaHi 3agadvi. [[i HaBUMYKKM HEOOXIiJHI HE JHIINE B Hayll, a U Yy
MOBCSAKJICHHOMY KHTTI Ta 0araThox mpodecisix. Tomy ¢izuka — 11e He MPOCTO HaBYAJIbHA

JUCIUIUIIHA, a KJIFOY 10 PO3YMIHHS MPUPOJU Ta TEXHOJOTTYHOTO MPOTPeCy JIFOICTBA.

EXTENDED READING

1.1: Read and translate the following texts, focusing on the use of scientific
terminology. Carefully select the most appropriate Ukrainian equivalents for the
given terms. Create a plan for each text. Formulate the topic sentence for each text
and outline its main idea.

Text 1
Influence of physics on related disciplines
Because physics elucidates the simplest fundamental questions in nature on which

there can be a consensus, it is hardly surprising that it has had a profound impact on
19
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other fields of science, on philosophy, on the worldview of the developed world, and, of
course, on technology.

Indeed, whenever a branch of physics has reached such a degree of maturity that
its basic elements are comprehended in general principles, it has moved from basic to

applied physics and thence to technology. Thus almost all current activity in classical

physics consists of applied physics, and its contents form the core of many branches
of engineering. Discoveries in modern physics are converted with increasing rapidity

into technical innovations and analytical tools for associated disciplines. There are, for

example, such nascent fields as nuclear and biomedical engineering,

quantum chemistry and quantum optics, and radio, X-ray, and gamma-ray astronomy, as

well as such analytic tools as radioisotopes, spectroscopy, and lasers, which all stem

directly from basic physics.
Apart from its specific applications, physics — especially Newtonian mechanics —

has become the prototype of the scientific method, its experimental and analytic

methods sometimes being imitated (and sometimes inappropriately so) in fields far from
the related physical sciences. Some of the organizational aspects of physics, based partly

on the successes of the radar and atomic-bomb projects of World War 11, also have been

Imitated in large-scale scientific projects, as, for example, in astronomy and space
research.

The great influence of physics on the branches of philosophy concerned with
the conceptual basis of human perceptions and understanding of nature, such

as epistemology, is evidenced by the earlier designation of physics itself as natural

philosophy. Present-day philosophy of science deals largely, though not exclusively,

with the foundations of physics. Determinism, the philosophical doctrine that

the universe is a vast machine operating with strict causality whose future is determined
in all detail by its present state, is rooted in Newtonian mechanics, which obeys that

principle. Moreover, the schools of materialism, naturalism, and empiricism have in

large degree considered physics to be a model for philosophical inquiry. An extreme
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position is taken by the logical positivists, whose radical distrust of the reality of

anything not directly observable leads them to demand that all significant statements
must be formulated in the language of physics.

The uncertainty principle of quantum theory has prompted a reexamination of the

question of determinism, and its other philosophical implications remain in doubt.

Particularly problematic is the matter of the meaning of measurement, for which recent
theories and experiments confirm some apparently noncausal predictions of standard
guantum theory. It is fair to say that though physicists agree that quantum theory works,

they still differ as to what it means.

Text 2

Influence of related disciplines on physics

The relationship of physics to its bordering disciplines is a reciprocal one. Just

as technology feeds on fundamental science for new practical innovations, so physics
appropriates the techniques and instrumentation of modern technology for advancing
itself. Thus experimental physicists utilize increasingly refined and precise electronic
devices. Moreover, they work closely with engineers in designing basic scientific

equipment, such as high-energy particle accelerators. Mathematics has always been the

primary tool of the theoretical physicist, and even abstruse fields of mathematics such

as group theory and differential geometry have become invaluable to the theoretician

classifying subatomic particles or investigating the symmetry characteristics

of atoms and molecules. Much of contemporary research in physics depends on the

high-speed computer. It allows the theoretician to perform computations that are too
lengthy or complicated to be done with paper and pencil. Also, it allows
experimentalists to incorporate the computer into their apparatus, so that the results of
measurements can be provided nearly instantaneously on-line as summarized data while

an experiment is in progress.
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1.2* Comprehension Questions:

— How does physics influence technological advancements and applied sciences?

— In what ways has the scientific method in physics been adopted by other
disciplines?

— What are some examples of analytical tools and innovations that have emerged
directly from physics?

— Why do physicists still debate the meaning of quantum theory, even though

they agree that it works?

1.3* Vocabulary and Terminology:
- Define the following terms: engineering, gamma-ray astronomy, universe, Space
research, standard quantum theory, implication.

- Translate the key terms into your native language and use them in sentences.

1.4* Write a brief summary of influence of physics on related disciplines

mentioned in the text.

1.5* Discussion Prompts:

1. Physics and Other Disciplines: In what ways has physics contributed to
advancements in other scientific fields? Can you think of any recent technological
innovations that originated from physics?

2. Scientific Method and Its Influence: Do you think applying the scientific
method of physics to other disciplines (like social sciences) is always appropriate? Why
or why not?

3. Determinism vs. Quantum Mechanics: How does the uncertainty principle
challenge the traditional deterministic view of the universe? Do you believe the universe

operates under strict laws, or is there room for randomness?
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4. Ethical Implications of Physics in Technology: Physics has led to both
beneficial technologies (e.g., medical imaging) and destructive ones (e.g., nuclear
weapons). How should society balance scientific progress with ethical responsibility?

5. Philosophy and Science: Given that physics has deeply influenced philosophy,
do you think scientific discoveries should shape our understanding of reality, or should

philosophy remain independent of science?

1.6* Research and Presentation:

Prepare a presentation ""The Impact of Physics on Modern Technology and Society™.

- Explore how fundamental discoveries in physics have led to technological
advancements.

- Analyze real-world applications of physics in fields like medicine, engineering, and
space exploration.

- Discuss ethical and societal implications of physics-driven innovations (e.g.,

nuclear energy, artificial intelligence, quantum computing).

1.7* Read and translate the following information about some physics fun facts.

Some Physics Fun Facts Only Physicists Know

— Bananas contain potassium, and since potassium decays, that makes them slightly
radioactive. Consuming many millions of bananas in a short period of time would
reach a lethal dose.

— All of humanity could fit in a sugar cube. Because atoms are 99% empty space.

A hydrogen atom, for example, is about 99.9999999999996% empty space.

THE SPEED OF LIGHT IN A
VACUUM IS 299.,792.458
METERS PER SECOND,

THE UNIVERSE IS
ESTIMATED TO BE AROUND
13.8 BILLION YEARS OLD.
= - -_—

WHICH IS ROUGHLY
23 EQUIVALENT TO 671 MILLION
MILES PER HOUR.



— The sun doesn't require oxygen to burn. Its energy is generated through nuclear
fusion. A process that occurs due to the extreme heat and pressure in its core.

— A teaspoonful of neutron star would weigh billions of tons on Earth.

— You can yell at your soup to warm it up. However, sound waves carry minimal
energy, so the effect would be unnoticeable.

— The Earth's magnetic field, which protects us from solar storms and cosmic
radiation, is generated by the movement of molten iron in its outer core.

— Time goes faster at the top of the building than at the bottom. The further away
you are from the force of gravity, the faster time will pass for you, and vice versa.

— Newton once put a needle in his eye to check the influence on his vision. He
stuck a blunt needle into his eye socket and recorded seeing colored circles and other
visual phenomena.

— The sun's color changes while setting or rising due to a phenomenon called
scattering. This means that shorter wavelengths of light scatter away, and only longer
wavelengths of light reach our eyes. Resulting in a yellow-orange sunset.

— The smell of space has been described as seared steak, hot metal, and welding
fumes. The reason is polycyclic aromatic hydrocarbons (PAHs). These molecules are
by-products of dying stars.

— When helium is cooled to absolute zero, it turns into what's known as a
superfluid. It streams against gravity, crawling up and over the sides of compartments.

— Mars' two moons are named Phobos and Deimos, actually meaning fear and
panic.

— Light travels the fastest, which is not entirely true. Light slows down slightly

when it passes through an absorbing medium like water or glass.

IT TAKES A PHOTON AROUND
THE SKY IS BLUE BECAUSE SUNLIGHT 170,000 YEARS TO SURFACE THE
IS SCATTERED IN ALL DIRECTIONS BY SUN FROM ITS CORE
GASES AND PARTICLES IN THE AIR.

24 AND SIMPLY EIGHT MINUTES TO
REACH OUR EYES FROM THE
SURFACE.

BLUE LIGHT IS SCATTERED MORE THAN
OTHER COLORS BECAUSE IT TRAVELS
AS SHORTER, SMALLER WAVES.



— |If you hold up a grain of sand at arm's length, the patch of sky it covers
contains 10,000 galaxies! Each galaxy contains 10 million to a thousand billion stars.

Conclusion:

These physics fun facts are just a taste of the incredible world where everything
from tiny atoms to the vast universe is governed by the laws of physics. It's not just
about complex equations (though those can be fascinating too); physics is about
understanding the very fabric of reality.

The next time you see a bright sunset (light waves!), feel the pull of gravity (yes,
it's real!), or simply throw a frisbee (motion and forces!), remember the power of
physics.

After all, science is everywhere, and it can be a whole lot of fun!

1.8* Rephrase in English. Make a project about essential facts about Physics.
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UNIT 2

KEY BRANCHES OF PHYSICS
Part 1

TEXT
Exploring the Branches of Physics

1. a) Read and translate the text using the dictionary:
Physics, the foundational science, encompasses a vast array of branches that

describe the natural phenomena governing our universe. Beginning with classical

mechanics, which delves into the motion of macroscopic objects and the forces acting
upon them, the field extends to the sophisticated realm of quantum mechanics, where the

behavior of particles at the atomic and subatomic levels defies classical intuition.

Classical mechanics, developed by pioneers like Newton and Galileo, laid the

groundwork for understanding motion and energy. This branch covers topics such as

kinematics, dynamics, and thermodynamics, providing critical insights into everyday

phenomena and engineering applications. As our understanding deepened, physicists

ventured into electromagnetism, exploring electric _and magnetic fields and their

interactions.
As we delve into the fascinating world of physics, it's essential to explore the

different branches that make up this vast field of study. Each branch offers unique

insights and principles that help us understand the complexities of the universe. From
the foundational concepts of classical mechanics to the enigmatic nature of quantum
mechanics, each discipline plays a crucial role in advancing our knowledge and
technology. Let's embark on this journey by examining the key branches of physics and

their significance:
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Classical Mechanics is the branch of physics that deals with the motion of
macroscopic objects. It encompasses concepts such as kinematics, dynamics, and energy
conservation. Developed by Newton and Galileo, it forms the foundation for many
engineering applications and helps explain everyday phenomena, from the motion of
planets to the mechanics of machines.

Electromagnetism explores the behavior of electric and magnetic fields and their
interactions. Pioneered by Maxwell, this branch of physics covers a wide range of

topics, including electric circuits, electromagnetic waves, and magnetic fields.

Applications of electromagnetism are found in technologies such as generators, motors,
and communication systems.

Thermodynamics is the study of heat, energy, and work. It involves
understanding the laws of thermodynamics, which describe how energy is transferred

and transformed. Key concepts include temperature, entropy, and heat engines.

Thermodynamics is crucial in fields such as engineering, chemistry, and environmental
science.
Quantum Mechanics is the branch of physics that deals with the behavior of

particles at the atomic and subatomic levels. It introduces principles like wave-particle

duality, quantum entanglement, and the uncertainty principle. Quantum mechanics
challenges classical intuition and has led to the development of technologies such as

semiconductors and quantum computers.

Relativity, developed by Einstein, consists of two theories: special relativity and
general relativity. Special relativity addresses the behavior of objects moving at high

speeds and introduces concepts such as time dilation and length contraction. General

relativity extends these ideas to include gravity, describing it as the curvature of
spacetime. Relativity has profound implications for our understanding of the universe.

Astrophysics is the study of celestial objects and phenomena beyond Earth's

atmosphere. It encompasses the physics of stars, galaxies, black holes, and the overall
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structure of the universe. Astrophysics seeks to answer fundamental questions about the

origin, evolution, and fate of the cosmos, using tools such as telescopes and satellites.
Particle Physics explores the fundamental particles that make up matter and the

forces that govern their interactions. This branch of physics investigates the smallest

building blocks of the universe, such as quarks, leptons, and bosons. Research in particle

physics is conducted using high-energy particle accelerators and has led to discoveries
like the Higgs boson.

Nuclear Physics focuses on the properties and behavior of atomic nuclei. It

involves the study of nuclear reactions, radioactive decay, and the forces that hold nuclei
together. Applications of nuclear physics include nuclear energy, medical imaging, and
radiation therapy. Understanding nuclear processes is essential for both power
generation and scientific research.

Statistical Mechanics combines principles of probability and physics to explain

the behavior of large ensembles of particles. It bridges the gap between microscopic and
macroscopic phenomena by describing how individual particle interactions lead to

observable properties such as temperature and pressure. Statistical mechanics is

fundamental in understanding phase transitions and critical phenomena.
Biophysics applies the principles of physics to study biological systems. It
focuses on understanding the physical mechanisms underlying biological processes at

the molecular and cellular levels. Topics in biophysics include the structure and function

of proteins, DNA, and membranes. Biophysics plays a crucial role in advancing fields

such as molecular biology, medicine, and biotechnology.

b) Translate the italicized paragraphs into Ukrainian (in writing).
¢) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.
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Notes:

1. Sir Isaac Newton (1643-1727) was a pioneering English scientist who
made significant contributions to physics and mathematics. He formulatedjs
the three laws of motion and the law of universal gravitation, which laid the
foundation for classical mechanics and explained the motion of celestiall
bodies. Newton also developed calculus independently of Leibniz, conducted
groundbreaking research in optics, and invented the reflecting telescope. His
work, particularly in his book "Philosophiee Naturalis Principia Mathematica," has had a profound and
lasting impact on modern science.

2. Galileo Galilei (1564-1642) was an Italian astronomer, physicist, and

mathematician who played a crucial role in the scientific revolution. He is best
known for his pioneering use of the telescope to observe celestial bodies, leading
to significant discoveries such as the moons of Jupiter, the phases of Venus, and
he detailed observations of the Moon's surface. Galileo's support for the
heliocentric model of the solar system, proposed by Copernicus, challenged the
geocentric view and led to conflicts with the Catholic Church. His work in kinematics and dynamics laid
the groundwork for classical mechanics, and his contributions to the scientific method emphasized
experimentation and observation. Galileo's legacy as the "father of modern observational astronomy" and
"father of modern physics" continues to influence science to this day.

3. James Clerk Maxwell (1831-1879) was a Scottish physicist best known for his formulation of the
classical theory of electromagnetic radiation. He unified the existing knowledge
of electricity and magnetism into a single theoretical framework, encapsulated in
Maxwell's equations. These equations describe how electric and magnetic fields
are generated and altered by each other and by charges and currents. Maxwell's
work laid the foundation for modern physics and paved the way for significant
advancements in understanding light, radio waves, and electromagnetic fields. His

contributions also extended to the kinetic theory of gases, where he developed the

Maxwell-Boltzmann distribution, describing the statistical distribution of particle

speeds in a gas. Maxwell's innovative approach and profound insights have had a  **™${gzsgre)

lasting impact on both theoretical and experimental physics.

29




4. Albert Einstein (1879-1955) was a German-born theoretical physicist whose groundbreaking work
m d ; }2 for developing the theory of relativity, which includes the famous equation
Aay 3 ’

3 i@? a8 B E-mc/2. Einstein's general theory of relativity, which describes gravity as
<8

o
= °F
&

revolutionized our understanding of the physical world. He is best known

the curvature of spacetime, has had a profound impact on modern physics
i%and our understanding of the universe. In addition to his work on relativity,
Einstein made significant contributions to the development of quantum
mechanics, particularly through his explanation of the photoelectric effect,
for which he was awarded the Nobel Prize in Physics in 1921. Einstein's innovative ideas and deep insights
have made him one of the most influential scientists in history.

5. The Higgs boson, often referred to as the "God particle,” is a  HIGGS BOSON

NEUTRON
B Gluon

oo
~—> Quarks

fundamental particle discovered in 2012 at the Large Hadron Collider secron

(LHC) at CERN. It plays a crucial role in the Standard Model of particle :: = <
¥ 3

physics by explaining the origin of mass. The Higgs boson is associated " -
with the Higgs field, an invisible field that permeates the universe. When particles interact with this field,
they acquire mass. The discovery of the Higgs boson confirmed the existence of the Higgs field and
validated the mechanism proposed by physicist Peter Higgs and others in the 1960s. This discovery has
profound implications for our understanding of the fundamental structure of matter and the forces that

govern the universe.

2. Synonym Groups for Physics Vocabulary:

Select five key terms from the text. For each term, create a list of 2 to 6 synonyms
that capture the same or similar meanings within the context of physics. Below are
examples to guide you:

1. Physics - Physical science - Natural philosophy

2. Phenomena — Events — Occurrences - Manifestations

3. Universe — Cosmos — Space - World

4. Classical Mechanics - Traditional mechanics - Newtonian mechanics
5. Quantum Mechanics - Quantum physics - Quantum theory

6. Motion — Movement — Locomotion - Kinetics
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7. Energy — Power — Vitality - Force

8. Fields — Domains — Areas - Regions

9. Interactions — Reactions — Connections — Exchanges

10. Particles — Atoms — Molecules - Subatomic particles

3. Using the dictionary transcribe and translate the key words:

Word
Foundation
Principles
Macroscopic
Atomic

Transcription Translation

Subatomic
Kinematics
Dynamics

Entropy
Conservation
Wave-particle duality
Quantum entanglement
Uncertainty principle
Time dilation
Space-time curvature
High-energy

4. Match the words with their definition:

1. Foundational

2. Macroscopic

a) The branch of mechanics concerned with the forces and

torques and their effect on motion.

b) Relating to objects that are large enough to be seen with

the naked eye.
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3. Subatomic

¢) The bending of space and time around massive objects,

as described by Einstein's theory of general relativity.

7. Wave-particle duality

8. Quantum entanglement

4. Kinematics d) A measure of the disorder or randomness in a system.

5. Dynamics e) The branch of mechanics that describes the motion of
objects without considering the forces causing the motion.

6. Entropy f) A principle stating that it is impossible to simultaneously

know the exact position and momentum of a particle.

g) The concept that particles can exhibit both wave-like and

particle-like properties.

h) Serving as the basis or groundwork for something.

9. Uncertainty principle

1) A phenomenon where particles become interconnected
such that the state of one particle instantly influences the

state of another, regardless of the distance between them.

10. Space-time curvature

J) Pertaining to particles smaller than an atom.

5. Give English equivalents to the meanings of the following words and word

combinations:

(dyHaMeHTa/IbHa HayKa

TIPUPO/HI SBUILIA

TOBe/liHKa YaCTUHOK

PyX Ta eHepris

IH)KeHepHi rporpamu

30epe>keHHsI eHepril

e/IeKTPUYHI CXeMU
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TEerI0

eHepris nepeiaeTbes i IepeTBOPIOETHCS

eKoJIoTid

Ha aTOMHOMY Ta Cy0aTOMHOMY piBHSIX

KOPITy CKYJISIPHO-XBU/TbOBUH Ayasti3Mm

MPUHLIKWIT HEBU3HAYEHO CTi

HariBIIPOBIJHUK

TIpeIMeTH, 110 PyXarOThCsl Ha BEJIUKIW IBUAKOCTI

3aTsAryBaHHS 4yacy

CKOPOYEHHSI IOBXKUHU

HebecHi 00'eKTH

CYITyTHUK

Marepis

aTOMHI si/ipa

paZliocaKTUBHUM po3Maz,

TIPUHLIMITA UMOBIPHOCTI

Ha MOJIeKY/IIPHOMY Ta KJIITUHHOMY PiBHSX

TTHK

6. Find synonyms to the words and word combinations:
1. Encompass -

2. Macroscopic -

3. Extend -

4. Sophisticated -
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5. Behavior -

6. Intuition -

7. Insights -

8. Principles -

9. Interactions —

10. Pioneers -

11. Advent -

12. Groundbreaking -

7. Choose the correct answer:
1. Which branch of physics deals with the motion of macroscopic objects and the
forces acting upon them?
A) Quantum Mechanics
B) Electromagnetism
C) Classical Mechanics
D) Astrophysics
2. What principle is introduced in quantum mechanics that challenges classical
intuition?
A) Thermodynamics
B) Quantum Entanglement
C) Time Dilation
D) Space-time Curvature
3. Which scientist is known for developing the theories of special and general
relativity?
A) Newton
B) Galileo
C) Planck

D) Einstein
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4. What is the primary focus of astrophysics?
A) Study of electric and magnetic fields
B) Study of celestial objects and phenomena
C) Study of heat, energy, and work
D) Study of atomic nuclei
5. Which branch of physics investigates the smallest building blocks of the universe?
A) Thermodynamics
B) Particle Physics
C) Nuclear Physics
D) Electromagnetism
6. What concept does classical mechanics primarily cover?
A) Kinematics and dynamics
B) Quantum superposition
C) Space-time curvature
D) Nuclear decay
7. Which phenomenon is described by the uncertainty principle?
A) The behavior of large celestial bodies
B) The exact position and momentum of a particle
C) The conservation of energy
D) The interactions between electric and magnetic fields
8. What is one of the main applications of electromagnetism?
A) Study of atomic nuclei
B) Understanding the structure of DNA
C) Technologies like generators and communication systems
D) Analysis of chemical reactions
9. Which is the best way to translate the following sentence:
Classical mechanics, developed by pioneers like Newton and Galileo, laid the

groundwork for understanding motion and energy.
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A) KnacuuHa mexaHika, po3poOrneHa mioHepamu, sK-OT HbioroH i Tasmiseid,
3aK/iajia OCHOBH 11 PO3YMIHHS PyXy Ta eHepril.

B) KnacuuHa mexaHika, CTBOpeHa MiOHepaMH, TakuMu siK Heroton i Taminen,
3aK/iasa IMiAIPYHTSA /i PO3YMiHHS PyXy Ta eHeprii.

C) Knacuuna mexaHika, 3acHOBaHa mMmioHepamu, sk HeroToH i Tasisiel, 3aknana
dbyH/IaMeHT /151 BUBUEHHS pyXy Ta eHepril.

D) KnacruHa MexaHikKa, po3po0/ieHa ImoHepamMu, TakuMH siK HeroToH i [astinei,
3aK/1asia OCHOBY [IJIs1 OC/TI/PKEHHSI PyXY Ta eHeprii.

10. Which is the best way to translate the following sentence:

The 20th century heralded a revolutionary shift with the advent of quantum
mechanics, introduced by scientists like Planck, Einstein, and Schrédinger.

A) 20-e CTOJMITTS O3HAaMEHyBa/i0 PEBOJIIOLIIMHUM 3CYB 3 TIOSIBOKO KBAHTOBOI
MeXaHiKH, 3arpoBa/ykeHOl BYUeHUMH, TakuMu sIK [1naHk, Evinmreitn i llpeginrep.

B) 20 cTOniTTS NpUHECIO PeBOMIOLIMHUAK 3/71aM i3 3arpoBa/KeHHSIM KBaHTOBOI
MeXaHIKH, IKy CTBOPW/IM BUeHi, Taki sk [Inank, EviHinrenH i [pexinrep.

C) 20 cTosiTTd O3HaAMEHYBa/Ji0 PEBOIOLIIMHUK TMOBOPOT i3 TMOSIBOKO KBaHTOBOI
MeXaHIiKH, 3arpoIrOHOBAaHOI BYUeHUMH, TaKUMU K [1nank, EvninrenH i [lpeginrep.

D) 20-e cTomiTTS TIpU3BENO [0 PEBOJIIOL[IMHOIO PO3BUTKY 3 BUHHUKHEHHSIM
KBAaHTOBOI MeXaHiK{, 3alpoOBa/)KeHOI BUEHUMH, TakuMU sK I[lnaHk, EuHmTeNH i

[Ipeninrep.

8. Translate the following sentences into Ukrainian:

1. Quantum mechanics defies classical intuition by introducing principles such as
wave-particle duality and quantum entanglement.

2. Thermodynamics involves the study of energy transfer, temperature, and the
laws governing these processes.

3. Classical mechanics, developed by pioneers like Newton, provides critical

insights into everyday phenomena and engineering applications.
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4. Astrophysics explores the behavior and properties of celestial objects, including
stars, galaxies, and black holes.
5. The uncertainty principle states that it is impossible to simultaneously

determine the exact position and momentum of a particle.

9. Translate the following sentences into English:

1. EjleKTpoMarHeTu3M € OCHOBOIO 0araThbO0X CyuaCHHX TEXHOJIOTiM, BK/IFOUAIOUH
reHepaTopu Ta CUCTEeMHU 3B'SI3KY.

2. Po3BUTOK acTpo(i3vKu [03BOJSMB BUEHHMM Kpallle 3pO3yMIiTH CTPYKTYpy Ta
eBoJ/IoLit0 BeecsiTy.

3. CrarucTvyHa MexaHiKa BUKODHMCTOBYE MMOBIDHICHI MeTOAU [Ji OIUCY
TTOBeIiIHKY BeJIMKMX aHCaMO/TiB YaCTUHOK.

4. KpacvyHa MexaHika rpa€ K/IIOUOBY pOJib B IHXKEHepPHUX po3paxyHKax 1
IPOEKTYyBaHHI MallUH.

5. HocnimkeHHS 4YaCTUHOK [03BOJISE BUEHWM 3pO3YyMIiTU (yH/AaMeHTaslbHi

B3a€EMOZ|ii B TIPUPOA|.

10. Answer the questions to the text.
1. What is the primary focus of classical mechanics?
2. Which scientists are credited with the development of classical mechanics?
3. How does quantum mechanics differ from classical mechanics?
4. What are some key principles introduced by quantum mechanics?
5. Who were the prominent scientists that contributed to the advent of quantum
mechanics?
6. What does electromagnetism study, and what are its applications?
7. How did the 20th century revolutionize physics with the introduction of quantum
mechanics?

8. What are the main areas of focus within astrophysics?
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9. What does the uncertainty principle state about particles?

10. How does relativity challenge our understanding of space and time?

11. Write a short summary of the text (See the scheme in the Information File

(Ex. 11, P. 16) and be ready to present it.

EXTENDED READING*

1.1* Read and translate the following text. Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian
equivalents to the above-mentioned terms:

Text
New Discoveries and Innovations

Physics continues to evolve with groundbreaking research and discoveries that
push the boundaries of our understanding. Here, we delve into some recent
advancements across various branches of physics, showcasing how these developments
are shaping the future of science and technology.

Quantum Computing Advancements: Recent research in quantum computing has

led to significant strides in creating more stable

Bits
QUBIT 0o qubits, the fundamental wunits of quantum
The Quantum Bit 0 information.  Scientists at major research
institutions have developed new error-correction
techniques, bringing us closer to the realization of practical quantum computers. These
advancements promise to revolutionize fields such as cryptography, materials science,

and complex system simulations.
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Revolutionizing Materials with Superconductors: Superconductivity has always
fascinated physicists due to its potential to dramatically
enhance electrical efficiency. Recent discoveries of high-

temperature superconductors have opened new avenues for

Pseudogap

research. Researchers are now exploring the use of these ;=

liquid o

materials in developing ultra-efficient power grids,

advanced magnetic resonance imaging (MRI) machines, and powerful particle
accelerators, paving the way for unprecedented technological advancements.
Unveiling the Mysteries of Dark Matter: One of the most intriguing questions in

What Is Dark Matter? cosmology is the nature of dark matter. Recent

Dark matter is a hypothetical form of invisible matter that
exerts gravitational effects on light and ordinary matter.

observational data from telescopes and space missions

electron WIMP

""" PEhave provided new insights into the distribution and

neutron

antimatter
neutrino (@l proton

behavior of dark matter in the universe. Scientists are

Visipe Matte!

The Universe consists of 5% matter, 27% dark

atte,and 68% dark enrgy. MMemploying cutting-edge techniques, such as weak
gravitational lensing and high-energy particle detectors, to shed light on this elusive
component of the cosmos.

Breakthroughs in Astrophysics: The study of black holes has seen remarkable
progress with the first-ever image of a black hole captured by the Event Horizon
Telescope (EHT). This groundbreaking achievement has confirmed several predictions
of Einstein's general theory of relativity and opened new research paths in understanding
the behavior of matter and energy in extreme gravitational fields. Additionally, the
discovery of gravitational waves continues to provide valuable information about cosmic
events, such as neutron star mergers.

Nanotechnology and Condensed Matter Physics: The

Everyehing you neeq to know X . .
bout. graphene field of condensed matter physics has seen significant
& advancements in nanotechnology, particularly in the

-
é
U®-8  carbon nanowubes
X &

piaond 4 (5 e W development of two-dimensional materials like graphene.
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These materials exhibit extraordinary electrical, thermal, and mechanical properties,
making them ideal for applications in flexible electronics, advanced sensors, and energy
storage devices. Ongoing research aims to harness these properties for commercial and
industrial use, driving innovation in various sectors.

Innovations in Thermodynamics and Energy Systems: Thermodynamics
remains a vital area of research, with scientists exploring new ways to improve energy
conversion and efficiency. Recent studies have focused on the development of
thermoelectric materials, which can directly convert heat into electricity. These materials
hold the potential to revolutionize waste heat recovery systems, enabling more

sustainable and efficient energy usage in industries and transportation.

1.2* Comprehension Questions:
1. What recent advancements have been made in quantum computing, and what
potential applications do they have?
2. Explain the significance of the first-ever image of a black hole and its impact on our
understanding of general relativity.
3. What are some potential applications of high-temperature superconductors mentioned

in the text?

1.3* Vocabulary and Terminology:
- Define the following terms: qubit, dark matter, Event Horizon Telescope,
gravitational waves, nanotechnology.

- Translate the key terms into your native language and use them in sentences.

1.4* Write a brief summary of the advancements in one of the fields

mentioned in the text (e.g., quantum computing, superconductivity, astrophysics).

1.5* Discussion Prompts:
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- Discuss the implications of dark matter research for our understanding of the universe.
What challenges do scientists face in studying dark matter?
- Reflect on how nanotechnology and condensed matter physics are transforming the

development of new materials and their applications in various industries.

1.6* Research and Presentation:
Choose one of the recent advancements in physics mentioned in the text and
conduct further research on it. Prepare a presentation to share your findings with the

class.
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UNIT 3

KEY BRANCHES OF PHYSICS
Part 2

TEXT

Advanced Concepts and Modern Applications

1. a) Read and translate the text using the dictionary:

As we explore the fundamental branches of physics, it's essential to delve deeper
into advanced concepts and their modern applications. The interplay between classical
theories and contemporary discoveries has paved the way for groundbreaking

advancements in science and technology.

Advanced Quantum Mechanics: Building on the foundational principles of

quantum mechanics, advanced topics include

-10'cm  ~10"cm -10°cm  <10"cm

quantum field theory and quantum computing.

Quantum field theory extends the concepts of particle

Proton
Atom Nucleus (neutron) Quark

physics by describing particles as excitations in

underlying fields. Quantum computing leverages the Electron <10"cm

principles of superposition and entanglement to perform computations far beyond the
capabilities of classical computers.
Electrodynamics extends electromagnetism by studying the behavior of electric

and magnetic fields in dynamic situations. It encompasses the interactions of charges

and currents, the propagation of electromagnetic waves,

Radar operation

oy and the principles of waveguides and antennas.
A ™ Electrodynamics is crucial for understanding and

developing advanced communication systems, radar
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technology, and microwave engineering.

Statistical Mechanics bridges the microscopic and

Plasma

macroscopic worlds by using statistical methods to describe A
o > o7
: . : s
the behavior of large ensembles of particles. This branch of ° g
Gas o %
physics provides insights into the thermodynamic properties ~n ot 5
c § S‘”ﬂn,., %
of systems, such as entropy, temperature, and pressure. It is  £f 2 | Haud )2
v @
. . o, o, e "? '\U‘Q
essential for understanding phase transitions, critical e gl
Qoll

phenomena, and the behavior of gases, liquids, and solids.

Condensed Matter Physics focuses on the properties of solid and liquid states of

matter. It explores phenomena such as

superconductivity, magnetism, and crystallography.

| This field has led to the development of advanced

materials with unique properties, such as graphene,

and has significant implications for electronics,
nanotechnology, and quantum materials.

Cosmology, a subfield of astrophysics, investigates the

“Normal Matter"

large-scale structure and evolution of the universe. It

addresses fundamental questions about the origin, //.__A'h
3

23%

Dark Matter ;\ g N
composition, and fate of the universe. Key concepts include l\\-\@

the Big Bang theory, dark matter, dark energy, and the s Sk -

cosmic microwave background radiation. Modern cosmology

combines observational data with theoretical models to unravel the mysteries of the

COSMOS.
High-Energy Physics, also known as particle physics, studies the fundamental

particles and forces that make up the universe. Experiments

Supersymmetry
faee conducted in particle accelerators, such as the Large Hadron
Collider, aim to discover new particles and understand their
' & 9
@ @
O“°*"w e
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interactions. This field has led to the discovery of the Higgs boson and continues to

explore phenomena such as supersymmetry and extra dimensions.

Interdisciplinary Research: Physics continues to intersect with other scientific

disciplines, leading to interdisciplinary research areas such as biophysics, geophysics,

and materials science. Biophysics applies physical principles to understand biological

systems, geophysics explores the physical properties of the Earth, and materials science
investigates the structure and properties of materials for various applications.

In conclusion, the study of advanced concepts in physics and their modern
applications highlights the dynamic and ever-evolving nature of this field. By integrating
classical theories with contemporary discoveries, physicists continue to push the
boundaries of our understanding, leading to innovative technologies and profound

insights into the fundamental workings of the universe.

b) Translate the italicized paragraphs into Ukrainian (in writing).
¢) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.

Notes

1. The Big Bang theory is the prevailing cosmological model tha

BIG BANG THEORY
describes the origin and evolution of the universe. According to S

this theory, the universe began approximately 13.8 billion yearsg® °* o3 Blion

ago from an extremely hot and dense singularity. It then rapidlyjl

~ 300 MILLION YEARS LATER

expanded and cooled, leading to the formation of subatomic FESTARS 3 GALAXicS

particles and eventually atoms. As the universe continued to ; > - A

COMBINED INTO ATOMS

eo° FIRST SECONDS AFTER BIG BANG
e BIRTH OF SUBATOMIC PARTICLES

expand, gravitational forces caused matter to coalesce into stars,

galaxies, and larger cosmic structures. The theory is supported by

~13,8 BILLION YEARS AGO
BIG BANG

several key observations, including the cosmic microwave

background radiation, the abundance of light elements, and the redshift of distant galaxies, which indicate
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that the universe is still expanding.

2. The Large Hadron Collider (LHC) is the world's largest and most powerful particle accelerator, located
at CERN (the European Organization for Nuclear Research) near Geneva, Switzerland. It consists of a 27-
kilometer ring of superconducting magnets and is designed to collide protons and heavy ions at
unprecedented energies. The LHC aims to explore fundamental questions about the universe by recreating
conditions similar to those just moments after the Big Bang. Key discoveries include the Higgs boson,
which confirmed the existence of the Higgs field, providing insights into the origin of mass. The LHC
continues to push the boundaries of particle physics, uncovering new particles and enhancing our

understanding of fundamental forces.

Large Hadron Collider
View looking south. Not to scale.

= Particles pick up speed in the Super
- Proton Synchrotron before being
transferred into the collider tunnel in
Detector opposite directions.
Detector
/ m. Super Proton Particle beams are guided through
Synchrotron petector & \ the collider by 9,600 supercooled

magnets.

\ Collider tunnel /
Particles collide in four detectors at
nearly the speed of light.

Detector detailed below

2. Synonym Groups for Physics Vocabulary:

Select 5 key terms from the text. For each term create a list of 2 to 6 synonyms
that capture the same or similar meanings within the context of physics. Below are
examples to learn and to guide you.

1. Cosmology - Astrophysical Cosmology - Physical Cosmology - Cosmological
Studies

2. Entropy — Disorder - Entropic Measure - Thermodynamic Entropy

3. Dark Matter - Invisible Matter - Non-Luminous Matter - Hidden Mass

4. Entanglement — Intertwinement — Interconnection

5. Waveguide — Conduit - Transmission Line

6. Phonon - Quantum of Sound - Lattice Vibration
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7. Quasiparticle - Collective Excitation - Effective Particle

8. Superconductor - Perfect Conductor - Zero-Resistance Material
9. Diffraction - Bending of Waves — Scattering

10. Coherence — Consistency - Phase Relationship

11. Oscillation — Vibration — Fluctuation

12. Spectroscopy - Spectrum Analysis - Light Analysis

3. Using the dictionary transcribe and translate the key words:

Word Transcription Translation

Superposition

Entanglement

Waveguide
Phonon

Quasiparticle

Superconductor

Diffraction

Coherence

Oscillation

Spectroscopy

Advanced

Advanced

Fundamental

Propagate

Excite
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4. Match the words with their definition:

1. Quantum Computing

a) The residual thermal radiation from the Big Bang,
filling the universe almost uniformly and providing

evidence for its origin.

2. Electromagnetic Waves

b) Waves of electric and magnetic fields that propagate
through space and carry energy. Examples include light,

radio waves, and microwaves.

3. Kinetic Theory:

4. Crystallography

¢) A change in the physical state or phase of a substance,
such as from solid to liquid or liquid to gas, often
accompanied by changes in properties like density and

energy.

d) A theory that describes the behavior of gases in terms
of the motion of their individual molecules, explaining

properties such as pressure and temperature.

5. Gravitational Waves

e) A measure of the disorder or randomness in a system,
often associated with the second law of thermodynamics,

indicating the direction of spontaneous processes.

6. Phase Transition

f) A theoretical framework in particle physics that
proposes a symmetry between fermions and bosons,
potentially explaining various fundamental forces and

particles.

7. Cosmic Microwave

Background

g) Ripples in the fabric of spacetime caused by the
acceleration of massive objects, predicted by Einstein's

general theory of relativity.

8. Supersymmetry:

h) The science and engineering of manipulating materials
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at the atomic or molecular scale, often involving

structures with dimensions less than 100 nanometers.

9. Nanotechnology i) A type of computation that harnesses the principles of
quantum mechanics, such as superposition and

entanglement, to perform operations on data.

10. Entropy j) The study of the structure, properties, and formation of

crystals, often using techniques such as X-ray diffraction.

5. Give English equivalents to the meanings of the following words and word

combinations:
repesoBi KOHLIerLil

CyyYacHI BiJKpUTTS

HOBAaTOPChKIi JOCITHEHHS B HayL|i

BUKODUCTOBYBATU Barkesli

MIPUHLIMIM CyTIepro3uLii

BHKOHYBATHU o0unc/IeHHs

B3a€EMO/id 3aps/iB 1 CTPyMiB

XBWJIEBO/IU 1 aHTEHU

repesioBi CUCTeMU 3B'3KY

eHTPOITis

da3oBi nepexoau

TOBe/jiHKa rasiB, PiJUH 1 TBePAUX TiJ

(i3uKa KOH/IEeHCOBAaHOTO CTaHY
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TBep/JYH i piJKUI CTaHU PEUOBUHU

Ha/MPOBIJHICTh

MaciTabHa CTpyKTypa

TIOXO/PKeHHs, CKaz i goss Beecsity

Teopisi BeJIMKOTO BUOYXY

di3rKa BUCOKUX eHeprin

Benukuli aHIpOHHUM KO/Tauziep

rnnepeTruHaTucsd 3

MIKIUACLUMITIHAPHI HAPSAMKU [0 CJTiIKEHb

IHHOBALIiMHI TeXHOJIOTI1

6. Find synonyms to the words and word combinations:
. Advanced -

. Describe -

. Dynamic -

. Expand -

. Investigate

. Discover -

. Fundamental -

. Significant -

© 00 N O U1l A W N R

. Interactions -

10. Structure -

7. Choose the correct answer:
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1. What principle allows quantum computers to perform operations beyond the
capabilities of classical computers?
A) Superposition and Entanglement
B) Classical Mechanics
C) Waveguides
D) Thermal Conduction
2. Which branch of physics extends electromagnetism by studying electric and
magnetic fields in dynamic situations?
A) Quantum Mechanics
B) Electrodynamics
C) Statistical Mechanics
D) Cosmology
3. What does the kinetic theory describe?
A) The propagation of electromagnetic waves
B) The behavior of gases in terms of the motion of their individual molecules
C) The structure of crystals
D) The interaction of electric and magnetic fields
4. What is studied in crystallography?
A) The structure, properties, and formation of crystals
B) The behavior of subatomic particles
C) The principles of superposition and entanglement
D) The expansion of the universe
5. Which theory predicts gravitational waves?
A) Quantum Field Theory
B) General Theory of Relativity
C) Kinetic Theory
D) Maxwell's Equations

6. What is a phase transition?
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A) A change in the physical state or phase of a substance
B) The behavior of electric and magnetic fields
C) The statistical distribution of particle speeds in a gas
D) The residual thermal radiation from the Big Bang
7. What is the cosmic microwave background?
A) A quantum field
B) Ripples in spacetime caused by massive objects
C) Residual thermal radiation from the Big Bang
D) An advanced communication system
8. What does supersymmetry propose?
A) A symmetry between fermions and bosons
B) The behavior of gases
C) The bending of waves
D) The statistical methods to describe large ensembles of particles

9. Which is the best way to translate the following sentence:

Quantum computing leverages the principles of superposition and entanglement
to perform computations far beyond the capabilities of classical computers.

A) KsaHToBi 00UMC/IeHHSI BHKOPMCTOBYIOTb TIPHHLIAIIA CYTI€PIO3WILi Ta
3aITyTaHOCTi 7yIA BUKOHAHHS OOUWC/IeHb, sIKi 3HAUHO TIEPEBUIIYIOTh MOKIMBOCTI
KJIaCUYHKUX KOMIT'HOTepiB.

B) KBaHTOBe mporpamMmyBaHHSI BUKOPUCTOBYE TPUHIUTIN HA/ITIO3UI]iT Ta 34eryieHHs
[/ BUKOHAHHS OOUMC/eHb, sKi 3HAYHO TIEPEeBUIIYIOTb MOX/IMBOCTI KIaCUUHUX
KOMIT'FOTEePiB.

C) KsaHToBi 00uMCleHHS 3aCTOCOBYIOTb TIPUHLIAIIA ~ CYTIEpPHO3MIli  Ta
3aruUIyTaHOCTI /11 IPOBeZleHHsI PO3PaxyHKIB, SIKI 3HAYHO TMOCTYMNAKThCA MOXK/IUBOCTIM

KJIaCUYHHUX KOMIT'FOTepiB.
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D) KBaHTOBe 00uMCIeHHS] BUKOPUCTOBYE TIPUHIUIIN CYTIEPIIO3ULIil Ta 3UeryieHHs
Ul TIpPOBeJleHHs PO3PaxyHKiB, fKi 3HAYHO TIePEeBUILYIOTb MOXX/IMBOCTI K/IaCUUYHUX
KOMIT'FOTepiB.

10. Which is the best way to translate the following sentence:

Crystallography, the study of the structure, properties, and formation of crystals,
has led to the development of advanced materials with unique properties.

A) Kpucranorpadisi, A0CIii)KeHHSI CTPYKTypH, BJIaCTUBOCTEM 1 YTBOpeHHs
KPUCTa/iB, TIpuUBejia [0 PO3BUTKY IlepeJOBUX MaTepiasiB 3 yHIKaJbHUMU
B/IaCTUBOCTSIMU.

B) Kpucranorpadisi, BUBUeHHsI CTPYKTYPH, BJIaCTUBOCTel i yTBOpeHHsI KPHUCTaJliB,
Tpy3Besa 10 CTBOPeHHs IepeoBUX MarepiasliB 3 yHiKaJbHUMU B/IaCTUBOCTSIMU.

C) Kpucranorpadisi, gocaigykeHHs CTPYKTypPH, XapaKTePUCTHUK i YTBOpPeHHS
KPUCTaJiB, TIpM3Besa [0 PpoO3po0OKMA TepeJoBUX MarepialiB 3  yHiKaJbHUMU
XapaKTepruCTUKaMU.

D) Kpucranorpadisi, [g0C/Ii)KeHHS CTPYKTypH, BJaCTUBOCTeM 1 YTBOpeHHs
KPUCTaJiB, TpHBeJAa [0 PpO3POOKM TMepejoBUX MarepiasiB 3  yHiKaJbHUMU

B/IaCTUBOCTAMM.

8. Translate the following sentences into Ukrainian:

1. Quantum field theory offers a framework that describes particles as excitations
in underlying fields, enabling a deeper understanding of particle interactions.

2. Electrodynamics encompasses the study of electromagnetic waves and their
propagation through various media, playing a crucial role in modern communication
technologies.

3. In statistical mechanics, the distribution of particle speeds in a gas can be
described using the Maxwell-Boltzmann distribution, a fundamental concept in

thermodynamics.
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4. The discovery of superconductivity has revolutionized the field of condensed
matter physics, leading to the development of materials with zero electrical resistance.

5. Cosmology investigates the large-scale structure of the universe, examining
phenomena such as dark matter, dark energy, and the cosmic microwave background

radiation.

9. Translate the following sentences into English:

1. KBaHTOBa MexaHika BiJjJKpWjia HOBI T'OpPU3OHTU i1 PO3YMiHHSI MIKDPOCBITY,
OIMUCYIOUH TIOBE/iHKY UaCTUHOK Ha aTOMHOMY Ta Cy0aTOMHOMY PiBHSIX.

2. XBW/I€BOAU BUKOPUCTOBYIOTBCS [i/Is1 HAllpaBJ/IeHHS €JIeKTPOMarHiTHUX XBU/Ib Y
Te/IeKOMYHIKallinHUX CUCTeMax 3 MiHIMa/JIbHUMU BTpaTaMH eHepril.

3. POHOHM € KBaHTYBaHHSM KOJIMBaHb aTOMIB y KPHUCTAJIiUHIA pelIiTLi, 0
Jl0TrioMarae OInvcaTy TeruvIoNpOoBiIHICTb MaTepiasiB.

4. CyriepripoBiJHUKU MalOTh YHiKa/IbHY BJIACTUBICTb, 1110 J03BOJISIE IM IIPOBOAUTU
eJIEKTPUYHUN CTPYM 6e3 JKOZHOTO OTopy MpH Ay>Ke HU3bKUX TemIlepaTypax.

5. TemHa Marepis 3a/MIIAE€TbCS OJHI€0 3 HAWOINBIIMX 3araJokK CydacHOI
KOCMOJIOTi1, OCKiJIbKY i1 BIIJIMB MOKHA CIIOCTepiratv uepes rpaBiTalliliHi B3aeMOJii, aje

BOHA HeBUAVMaA [JIsA TeJIe CKOIIIB.

10. Answer the questions to the text?

1. What principles do quantum computers utilize to perform computations beyond
the capabilities of classical computers?

2. How does electrodynamics extend the study of electromagnetism?

3. What does the kinetic theory describe in terms of particle behavior?

4. What is the focus of crystallography in condensed matter physics?

5. How are gravitational waves generated according to the general theory of
relativity?

6. What defines a phase transition in the context of thermodynamics?
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7. What is the significance of the cosmic microwave background in cosmology?

8. What does the theoretical framework of supersymmetry propose in particle
physics?

9. How has the discovery of superconductivity impacted the development of
advanced materials?

10. What role do phonons play in the study of thermal conductivity in materials?

11. Write a short summary of the text (See the scheme in the Information

File — Ex. 11, P. 16) and be ready to present it.

SPEAKING

1. Guidelines for Discussion:

1. Explore the Evolution of Quantum Mechanics:

Discuss the historical development of quantum mechanics and its revolutionary
impact on the understanding of the microscopic world. Highlight key principles like
wave-particle duality, superposition, and entanglement.

2. Analyze the Implications of Electrodynamics:

Examine how electrodynamics extends the study of electromagnetism to dynamic
situations. Discuss its applications in modern communication technologies and the
significance of electromagnetic waves.

3. Investigate the Role of Statistical Mechanics:

Delve into the importance of statistical mechanics in bridging the microscopic and
macroscopic worlds. Discuss how it describes the thermodynamic properties of systems
and its applications in understanding phase transitions.

4. Evaluate the Discoveries in Condensed Matter Physics:
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Discuss the advancements in condensed matter physics, focusing on phenomena
like superconductivity and the development of advanced materials. Explore how these
discoveries have impacted technology and materials science.

5. Understand the Contributions of Cosmology:

Explore the field of cosmology and its investigation into the large-scale structure
and evolution of the universe. Discuss key concepts such as the cosmic microwave

background, dark matter, and dark energy.

2. Translate the following text into English:
a) Express the main idea of the text in one sentence
b) Write a short summary of the text in English

di3Ka € OCHOBHOI HayKOM, 1110 [0C/IiMIKye (yHJaMeHTalbHi 3aKOHU Ta
TIPUHLIUIIY, K1 KepPYHOTb BCECBITOM. LI ramysb OXOIUIFOE BUBUEHHS Pi3HUX SABUIL|, Bif
pPyXy Ta B3aeMO/il MaKpOCKOIIYHHUX O0'€KTiB [0 TOBe[iHKA Cy0AaTOMHHX YaCTHUHOK.
OcHoBu (i3uKM 3aK/iaau Taki BueHi, ik Icaak HproToH, Anbbept ElHinTeiiH i Makc
ITnask, uui poboT chopmyBasu 6a3nc KJIaCHIHOI Ta CydacHOI (i3uKH.

OpHUM i3 KIHOUOBUX TMOHSTH Y (Pi3ULIi € eHepris, sika MOyKe TIPOSIBASITUCS Y Pi3HUX
(dopmax, Takux SIK KiHeTHYHa, TNMOTeHL|iiiHa, TerioBa Ta ejeKTpoMarHiTHa. BuBueHHs
eHepril Ta ii mepeTBOpeHb JIEXKUTh B OCHOBI 6ararbox (hisuHMX Teopili i 3aKOHIB, TaKUX
K 3aKOHU 30epe)keHHs eHeprii Ta 3aKOHM TepMOAWHaMiKu. [li TPUHIUNM MaloTh
LIMPOKe 3aCTOCYBaHHA Yy IIOBCAKJEHHOMY JKWATTI Ta Hayli, BK/IOUAlOUd TeXHIKY,
eHepreTUkKy Ta MeJULIHY.

[HIIMM Ba)KIMBUM acrieKToM (i3vKu € BUBUEHHsI MaTepii Ta ii BIaCTUBOCTE.
@i3UKU AOC/IKYOTh CTPYKTYPY aTroMiB, MOJIEKYJ 1 TBepAUX TiJjl, L]0 [A03BOJSAE Kpalle
PO3yMITH MaTepia/M Ta iXHi BJaCTUBOCTI. Lle cripusie po3BUTKY HOBHUX TEXHOJIOTIU Ta
MarepiasiB, Ki BUKOPUCTOBYIOTECS B IIPOMUC/IOBOCTI, €/IeKTPOHILl Ta HAHOTeXHOJIOTiSX.

CyuacHa (pi3vka TakoX BUBYa€ (PyHAAMeHTa/lIbHI CUIH, SIKi KEPYIOTb B3a€EMOJI€I0

Mi)K yacTHHKaMH. [0 HUX Haje)kaTh TpaBiTallisi, e/leKTpoMarHeTH3M, cjiabka Ta CHU/IbHA
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gnepHa B3aemofisa. JocmigykeHHA LUX CWI Joromara€ 3pO3yMITA CTPYKTYpy Ta
€BOJIIOLIII0 BCECBITY, BijJj aTOMHUX sifiep [0 rajakTUK.

Takum uwHOM, (i3vKa € Ha/A3BHYAMHO OaraTorpaHHOI HAyKOO, SIKa TIOCTiMHO
PO3IIMPIOE Hallli 3HaHHS TIPO HaABKOJIMILIHIM CBIiT Ta HOro 3akoHU. BoHa moenHye
TEOPeTUUHI [JOCTIIIKEeHHS 3 eKCIIepUMEHTAa/IbHUMU CIIOCTEPEeXXeHHSIMU, BiJKpHUBarOuu

HOBI TOPU30HTH [I/11 HAYKOBOTO MPOrpecCy Ta TeXHOJIOTIYHMX iHHOBALIiN.

Text

1.1.* Read and translate the following text. Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

Exploring the Large Hadron Collider: Unveiling the Mysteries of the Universe

The Large Hadron Collider (LHC) is the world's most powerful particle
accelerator, located at the European Organization for Nuclear Research (CERN) near
Geneva, Switzerland. This colossal machine, with a circumference of 27 kilometers
(about 17 miles), is buried underground and operates at temperatures colder than outer
space.

The primary goal of the LHC is to explore the fundamental particles and forces
that make up our universe. By accelerating protons and heavy ions to nearly the speed of
light and then colliding them, scientists can recreate conditions similar to those just after
the Big Bang. These high-energy collisions allow physicists to study particles like the
Higgs boson, which was discovered at the LHC in 2012 and helps explain how other
particles acquire mass.

One of the key experiments at the LHC is the ATLAS detector, which is designed
to observe a wide range of particles and phenomena produced by the collisions. Another

important experiment is the CMS (Compact Muon Solenoid) detector, which focuses on
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measuring the properties of the Higgs boson and searching for signs of new physics
beyond the Standard Model.

The LHC also plays a crucial role in the search for dark matter, a mysterious
substance that makes up about 27% of the universe but has not yet been directly
detected. By analyzing the data from the collisions, scientists hope to uncover clues
about the nature of dark matter and its interactions with ordinary matter.

In addition to its scientific goals, the LHC is a marvel of engineering and
technology. Thousands of magnets, including 1232 dipole magnets and 392 quadrupole

magnets, are used to steer and focus the
. . The LHC + 154 Dipole Magnets in
particle beams around the accelerator ring. CMS each sector —a total

of 1232

These magnets operate at superconducting R
* 4 major experiments —
ATLAS, ALICE, CMS
and LHCb

temperatures, requiring a sophisticated cooling

system that uses liquid helium to maintain the

* Atemperature of 1.9K
(-271 C) is kept inside
the cold mass of the
magnets

necessary conditions. = The LHC continues

to push the boundaries of our understanding of ATLAS
the universe, providing valuable insights into the fundamental building blocks of matter
and the forces that govern their interactions. As research progresses, the LHC will

remain at the forefront of particle physics, helping to unlock the secrets of the cosmos.

1.2* Comprehension Questions:
- What is the primary goal of the LHC, and how do scientists achieve it?
- Describe the role of the ATLAS and CMS detectors at the LHC.

- Why are superconducting magnets important for the operation of the LHC?

1.3* Vocabulary and Terminology:
- Define the following terms: particle accelerator, Higgs boson, dipole magnet,
quadrupole magnet.

- Translate the key terms into your native language and use them in sentences.
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1.4* Summarize the text about the LHC in your own words in 5-6 sentences.

1.5* Discussion Prompts:

Discuss the potential implications of discovering new particles at the LHC. How
might these discoveries impact our understanding of the universe?

Debate the ethical considerations of using such advanced technology and the

significant resources required for experiments like those conducted at the LHC.
1.6* Creative Writing:

Imagine you are a scientist working at CERN. Write a diary entry describing a day

in your life and the excitement of working on groundbreaking experiments at the LHC.
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UNIT 4

QUANTUM MECHANICS AND ITS APPLICATIONS

TEXT
Unlocking the Mysteries of the Subatomic World

1. a) Read and translate the text using the dictionary:
Quantum mechanics is a fundamental branch of physics that explores the behavior

of matter and energy at the atomic and subatomic levels. This field has revolutionized

our understanding of the universe, revealing a realm where particles can exist in multiple
states simultaneously, and interactions occur in ways that defy classical logic.
Key Concepts in Quantum Mechanics

1. Superposition: One of the most

Tkl G0 BT RN Y(r, f) = 1/(1')( -

v

intriguing  principles of quantum @
mechanics is superposition, which states

that particles, such as electrons, can exist

»
. . . & -~ X;x’»
in multiple states at once. It is only when  ing jv() = 7 U

» > i ff[
L U(ry o Fnt) = e EYR Y(rn)
VI a e

a measurement is made that the particle
"collapses" into a definite state.

2. Entanglement: Another fascinating phenomenon is quantum entanglement,

rype o «g\ CE ™ rype where two or more particles become interconnected in
ef \

such a way that the state of one particle instantly

%“ Ymﬂuences the state of the other, regardless of the

distance between them. This "spooky action at a

ﬁct/on Hctmn

distance," as Albert Einstein famously described it, has profound implications for

communication and information processing.
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3. Wave-Particle Duality: Quantum mechanics also
introduces the concept of wave-particle duality, which suggests L

-

that particles can exhibit both wave-like and particle-like /"7 \1"'- . / /

® _o®

properties depending on the experimental setup. This duality is

best illustrated by the famous double-slit experiment, where

particles such as electrons create an interference pattern when passed through two slits,

demonstrating their wave-like behavior.
Applications of Quantum Mechanics

1. Quantum Computing: Quantum mechanics forms the backbone of quantum

computing, a cutting-edge technology that leverages the
principles of superposition and entanglement to perform Quantum 6

computations far beyond the capabilities of classical

computers. Quantum computers have the potential to By

revolutionize fields such as cryptography, optimization, ﬁh‘

and material science by solving complex problems in a

fraction of the time.

2. Semiconductors: The development of semiconductors, which are the building

; blocks of modern electronics, is rooted in quantum
Semiconductors

— e mechanics. Understanding the behavior of electrons in

Semiconductor Semiconductor

materials has led to the creation of transistors, diodes, and

integrated _ circuits, which power everything from

smartphones to supercomputers.

3. Quantum Cryptography: Quantum cryptography exploits the principles of

quantum mechanics to create highly secure Quantum
State Quantum Channel
Preparation

State
Detection

communication channels. By using e ntangled /

particles to exchange encryption keys, quantum("ﬁ = M
Alice Bob
cryptography ensures that any attempt to \‘< Authemcatedissimchanne. >
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eavesdrop on the communication can be detected, providing unparalleled security for

sensitive information.

4. Medical Imaging: Quantum mechanics has also played a_crucial role in the

mriscannercutaway  leyelopment of advanced medical imaging techniques

.t guch as Magnetic Resonance Imaging (MRI). By

,‘/\U #% understanding the interactions between atomic nuclei

5.~ _ and magnetic fields, MRI provides detailed images of
—_— the body's internal structures, aiding in the diagnosis
and treatment of various medical conditions.
5. Quantum Sensors: Quantum Sensors

leverage the sensitivity of quantum states to measure

—

physical quantities with exceptional precision. These "
sensors are used in various applications, including I .
navigation, climate monitoring, and fundamental
research in physics.

Future Prospects and Research: The field of quantum mechanics continues to be

a hotbed of research and innovation. Scientists are exploring new ways to harness

quantum phenomena for practical applications, such as developing more stable qubits
for quantum computers and creating new materials with unique properties. The potential
for breakthroughs in this field remains immense, promising to unlock new technologies
and deepen our understanding of the universe.

In conclusion, quantum mechanics is a transformative field that challenges our
conventional understanding of the physical world. Its applications span across various

industries, driving technological advancements and opening new frontiers in science

and engineering. As research progresses, the impact of quantum mechanics on our lives

is bound to grow, ushering in a new era of innovation and discovery.

b) Translate the italicized paragraphs into Ukrainian (in writing).
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¢) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.

2. Synonym Groups for Physics Vocabulary:

Select 5 key terms from the text. For each term, create a list of 2 to 6 synonyms
that capture the same or similar meanings within the context of physics. Below are
examples to learn and to guide you.

. Superposition — Overlapping — Coexistence

. Sensitive — Precise — Accurate — Fine-tuned - Delicate

. Secure — Safe — Protected — Reliable - Guarded

. Semiconductors - Electronic Components - Conductive Materials
. Explore — Investigate — Examine — Study — Research

. Revolutionize — Transform — Innovate — Change — Modernize
. Leverage — Utilize — Employ — Use — Apply

. Perform — Execute — Conduct - Carry out — Implement

© 0 N O Ul kA W N

. Fundamental — Essential — Basic — Primary — Core

10. Cutting-edge — Advanced — Innovative — State-of-the-art - Leading-edge

3. Using the dictionary transcribe and translate the key words:

Word Transcription Translation

realm

simultaneously

intriguing

measurement

Einstein
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exhibit

leverage

diodes

circuit

entangled

crucial

diagnosis

sensitivity

qubit

advancement

4. Match the words with their definition:

1. Quantum Mechanics

a) A phenomenon in quantum mechanics where two or
more particles become interconnected in such a way
that the state of one particle instantly affects the state of

the other, regardless of the distance between them.

2. Superposition

b) The basic units of quantum information, analogous to
bits in classical computing, but capable of representing

0, 1, or any quantum superposition of these states.

3. Entanglement

c) A principle of quantum mechanics where a particle
can exist in multiple states simultaneously until it is
measured, at which point it collapses into one definite

state.
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4. Wave-Particle Duality

d) A field of computing that leverages the principles of
quantum mechanics, such as superposition and
entanglement, to perform computations that are far
more efficient than those possible with classical

computers.

5. Quantum Computing

6. Semiconductors

7. Quantum Cryptography

e) Devices that utilize quantum states to measure
physical quantities with exceptional precision, used in
applications such as navigation, climate monitoring, and

fundamental physics research.

f) A concept in quantum mechanics that suggests
particles, such as electrons, can exhibit both wave-like
and particle-like properties depending on the

experimental setup.

g) A technique that uses principles of quantum
mechanics to secure communication by allowing the
detection of any eavesdropping attempts, thus providing

unparalleled security.

8. Qubits

h) A medical imaging technique that uses the principles
of quantum mechanics to create detailed images of the
internal structures of the body by measuring the

interactions between atomic nuclei and magnetic fields.

9. Magnetic Resonance

Imaging (MRI)

i) A fundamental branch of physics that studies the
behavior of matter and energy at the atomic and
subatomic levels, revealing phenomena such as

superposition and entanglement.
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10. Quantum Sensors j) Materials that have electrical conductivity between
that of conductors and insulators. They are the
foundation of modern electronics, including transistors

and diodes.

5. Give English equivalents to the meanings of the following words and word

combinations:

riepeioBi KOHLIeMLil
CyyYacHI BiJKpUTTS

HOBAaTOPChKIi JOCITHEHHS B HayL|i

BHUKOPHUCTOBYBATH BayKeJli

TIPUHLIUIIA CYTIePITO3ULIiT

BHUKOHYBdTHU o0unc/IeHHs

B3a€EMOZ IS 3aps/iB 1 CTPyMiB

XBHWJIEBOOU 1 aHTeHU

riepeioBi CUCTEMU 3B'A3KY

eHTPOITiA

da3oBi nepexoau

TOBe/jiHKa rasiB, piilUH i TBepAUX TiJ

(hi3rKa KOH/IeHCOBAaHOTO Cepe/I0BUIIIA

TBEPAMM i PiJKMA CTaHU PeYOBUHU

HaATPOBIAHICTb

MacimiTabHa CTPyKTypa
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TIOXO/)KeHHs, CKJiaz 1 goss BeecBiTy

TeOopisi BeJIUKOTO BUOYXy

(i3rKa BUCOKUX eHepriu

Benvikuit aipoHHUM Konauzep

rnnepeTruHaTucd 3

MDKIUCLUIUTIHAPHI HallPSIMKYU [0 C/IiIKeHb

iHHOBALilHI TeXHOJOTI1

6. Find synonyms to the words:
1. Behavior -
2. Phenomenon -
3. Measurement -
4. Reveal -
5. Understand -
6. Exhibit -
7. Advanced -
8. Secure -
9. Exceptional -

10. Intriguing -

7. Choose the correct answer:

1. What is superposition in quantum mechanics?
A) The principle that particles can exist in multiple states simultaneously until
measured
B) The concept that particles travel in straight lines

C) The idea that particles have fixed positions
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D) The theory that particles do not interact with each other
. What is quantum entanglement?

A) The phenomenon where particles travel in circles

B) The interaction between particles and magnetic fields
C) The state where two or more particles instantly influence each other regardless
of distance

D) The movement of particles in a wave-like manner

. Which experiment best illustrates wave-particle duality?
A) Double-slit experiment

B) Photoelectric effect experiment

C) Rutherford's gold foil experiment

D) Stern-Gerlach experiment

. Which of the following is an application of quantum computing?
A) Solving complex problems in cryptography

B) Enhancing photographic resolution

C) Improving fuel efficiency in cars

D) Analyzing weather patterns

. What are semiconductors used for in modern electronics?
A) Storing thermal energy

B) Building transistors and integrated circuits

C) Generating nuclear power

D) Detecting gravitational waves

. What does quantum cryptography provide?

A) Enhanced speed of data transmission

B) Highly secure communication channels

C) Efficient data compression

D) Improved satellite navigation

. What are qubits in quantum computing?
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A) Traditional binary units of information

B) Quantum units capable of representing 0, 1, or a superposition of these states
C) Mechanical switches in classical computers

D) Elements that store optical data

. How does Magnetic Resonance Imaging (MRI) utilize quantum mechanics?

A) By creating magnetic fields to measure atomic nuclei interactions

B) By generating electrical currents to monitor brain activity

C) By using sound waves to image internal structures

D) By employing lasers to detect blood flow

. Which is the best way to translate the following sentence:

Quantum mechanics reveals a realm where particles can exist in multiple states
simultaneously.

A) KBaHTOBa MexaHiKa BiZkpyBa€ 00/1acTb, /ie YaCTUHKA MOXYTh OJHOUYaCHO
nepeOyBaTH B [IeKi/IbKOX CTaHaX.

B) KBaHTOBa MexaHika MOKa3ye CBiT, /e YaCTUHKHA MOXXYThb iCHYBaTH OZHOYAaCHO B
pi3HUX CTaHax.

C) KsanToBa MexaHika PO3KPHBAE 1]apHHY, [le YaCTUHKN MOKYTh OJJHOUACHO OyTH
B JIEeKIJIbKOX CTaHaXx.

D) KBaHToBa MexaHika [JEMOHCTPYE, II0 YaCTUHKA MOXKYTh OFHOYAacHO OyTu B
Pi3HUX MICLSIX.

10. Which is the best way to translate the following sentence:

Quantum entanglement allows particles to instantaneously affect each other
regardless of distance.

A) KBaHTOBa 3arulyTaHIiCTh Z03BOJIIE YAaCTUHKAM MHWTTEBO BIIMBAaTH OAWH Ha
OZIHOTO He3aJsIe)KHO BiJl BiICTaHI Mi>K HUMHU.

B) KBaHTOBa 3arutyTaHiCTh [103BOJISIE YaCTUHKAM Oe3ITocepeHb0 BIUIMBATH OfHA

Ha OJHY He3aJie)KHO BiJ BiIcCTaHl MiXK HUMH.
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C) KBaHTOBa 3ariyTaHiCTh [|03BO/ISIE YaCTUHKAM MUTTEBO B3a€EMO/ISITU OJVH 3
OIHMM He3aJIeXKHO BiJl BiZICTaHl MK HUMHU.
D) KgaHTOBa 3amiyTaHICThb [JO3BOJIIE YaCTWUHKaM MMTTEBO BIUIMBAaTU OJHA Ha

O[IHY He3aJie;KHO BiJ| IXHbOI BiJ|CTaHi.

8. Translate the following sentences into Ukrainian:

1. The phenomenon of quantum entanglement allows particles to remain
connected and influence each other instantaneously over vast distances.

2. Researchers are leveraging quantum computing to solve complex problems that
are beyond the capabilities of classical computers.

3. Wave-particle duality reveals that particles like electrons can exhibit both
wave-like and particle-like behaviors depending on the experimental conditions.

4. Advances in medical imaging technologies, such as MRI, are heavily reliant on
principles derived from quantum mechanics.

5. Semiconductors play a crucial role in modern electronics, thanks to our

understanding of electron behavior in different materials.

9. Translate the following sentences into English:

1. TlpuHIMI KBAHTOBOI CyIeprio3wIiii [[03BOJIIE YaCTHHKaM IepebyBaTd B
JeKIJIbKOX CTaHaxX OHOYAaCHO [0 MOMEHTY BUMipIOBaHHSI.

2. KBaHTOBI KOMITHOTEpU MOXKYTb BUPpILIyBaTU HaJCKIaJAHI 3ajaui, gKi €
HeIOCSPKHUMU /1 KJIACUYHUX KOMITHOTepiB.

3. Edekr KBaHTOBOI 3aryTaHOCTi 3abe3reuye MUTTEBHM BIUIMB OJHOTO CTaHY
YaCTUHKHM Ha iHIINM, He3a/1e)KHO Bij| BiICTaHi Mi>K HUMH.

4. XBWIbOBa MNpUpOJAa YaCTUHOK IiATBEPIKYETbCS uepe3 iHTepQepeHLiiHi
Bi3epyHKM y JOC/IiAl 3 ABOMA LIIJTAHAMU.

5. CyuacHa meauyHa Bisyasmisaljig, Taka Kk MPT, IpyHTyeTbCd Ha TNpUHLMIIAX

KBAHTOBOI MEXaHiKH /I/Is1 CTBOPEHHS JleTabHUX 300pa’keHb BHYTPIIIHIX CTPYKTYP Tisa.
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10. Answer the questions to the text?

1. What fundamental principles does quantum mechanics explore at the atomic
and subatomic levels?

2. How does the principle of superposition impact the state of a particle until it is
measured?

3. What is quantum entanglement, and how does it influence interconnected
particles?

4. Describe the concept of wave-particle duality and its significance in quantum
mechanics.

5. How do quantum computers utilize superposition and entanglement to perform
complex computations?

6. What role do semiconductors play in modern electronics, and how is this
related to quantum mechanics?

7. Explain the benefits of quantum cryptography in securing communication
channels.

8. How has quantum mechanics contributed to advancements in medical imaging
techniques like MRI?

9. What makes quantum sensors exceptionally precise, and what are some of their
applications?

10. Discuss the potential future prospects and research areas in the field of

quantum mechanics.

11. Write a short summary of the text (See the scheme in the Information

File — Ex. 11, P. 16) and be ready to present it.

SPEAKING

1. Guidelines for Discussion:
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1. Discuss the Principles of Superposition and Entanglement:
Explore the implications of superposition and entanglement in quantum
mechanics. How do these principles challenge classical notions of particle states
and interactions?

2. Examine the Applications of Quantum Computing:
Evaluate the potential of quantum computing in solving complex problems. What
are some real-world applications, and how might they revolutionize industries
such as cryptography, optimization, and material science?

3. Analyze the Impact of Quantum Mechanics on Modern Electronics:
Discuss the role of quantum mechanics in the development of semiconductors and
other electronic components. How has our understanding of electron behavior in
materials led to technological advancements?

4. Explore the Advancements in Medical Imaging:
Investigate how principles of quantum mechanics have contributed to medical
imaging technologies like MRI. What are the benefits of these advancements for
diagnosis and treatment in healthcare?

5. Evaluate the Precision of Quantum Sensors:
Examine the development and applications of quantum sensors. How do these
sensors leverage quantum states for high-precision measurements, and in what

fields are they particularly useful?

2. Translate the following text into English:
a) Express the main idea of the text in one sentence

b) Write a short summary of the text in English

HogiTHi TexHos10Tii Ta KBAHTOBA MeXaHikKa
KBaHTOBa MexaHika € BaK/IMBOK Trany33t0 (Qi3uKd, 1[0 AOCTIIKYE

dbyHgamMeHTalbHI BIaCTUBOCTI MaTepii Ta eHeprii Ha aTOMHOMY i CyDaTOMHOMY DiBHSIX.
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BoHa 3HaXoAuTh CBOE BifmoOpa)keHHs y OaraTb0X CyuyaCHHUX TEXHOJOTiSIX, BiKpUBarOuu
HOBIi TOPU30HTH /11 iHHOBALil i JOC/Ti/[)KeHb.

OpHuM 3 HaMLiKaBIlIMX HAMpsIMKIB 3aCTOCYBaHHS KBaHTOBOI MeXaHIKM €
po3poOKa KBaHTOBMX KOMIT'tOTepiB. BOHM BMKOPHCTOBYIOTH KBAaHTOBI 0iTH, ab0 Ky0OiTH,
AKi MaloTh 37aTHICTh TepeOyBaTyd B CTaHi Cymepriosuilii, 1[0 A03BOJSE 3/ilCHIOBATH
o0umc/ieHHs 3i 3HAUHO BUIIOIO IIBHJKICTIO TOPIBHSHO 3 KJIACUYHUMU KOMIT'HOTepPaMU.
KBaHTOBi KOMM'IOTepY MalOTh TIOTeHI[ia/l 3MiHWUTH KpunTorpadito, OINTHUMi3allito
JIOTiCTUUHUX CHCTEM Ta MOJIe/TFOBaHHS CK/IaJIHAX 6i0o/IOTiuHUX TTpOLieciB.

KeanToBa KpumnTorpadiss € Iile OJHi€l0 Ba)X/IMBOK Trajy33t0, Jle TPUHLIUIHN
KBAaHTOBOI MeXaHIKU 3HaxO[ATh CBOE 3aCTOCYyBaHHA. BUKOpPUCTOBYrOUM 3arulyTaHi
YaCTUHKY, KBaHTOBa KpunTorpadisi 3abe3reuye Haj3BU4aiiHO Oe3mneuHuid 0OOMiH
indopmMmatiiero, ockinbKu Oyab-sKa cripo0a repexoryieHHs JaHUX HeraiiHO BUSIB/ISIETHCSI.

CyyacHi [JOCSATHeHHS B Ta/y3i HAHOTEXHOJIOTIM TaKOK 3HAUHOK MipOro
IPYHTYIOTbCSI Ha KBaHTOBili MexaHilli. Po3pobka HOBUX MarepiasiB, Takux siK TpadeH,
BIJKDMBAa€ HOBI MOK/IMBOCTI [Jif CTBOPEHHSI THYYKOI eJIEKTPOHIKH, BHUCOKOUYT/IUBUX
CEeHCOpIiB 1 eHeproeeKTMBHUX TNPUCTPOIB. Taki MarepiaJi MawTh YHIKaJ/bHI
BJIACTUBOCTI, fIKi 3MIHIOIOTh IIAXIJ O IH)KeHepHUX PillleHb Y Pi3HUX raay3sx.

Haperuri, KBAaHTOBI C€HCOpPU [eMOHCTPYIOTb BUCOKY TOUHICTb Y BUMIPHOBAHHAX
¢isMyHMX BesMuMH. BOHM 3HaXOAATh 3aCTOCYBaHHS Yy HaBiralidiHUX CHCTeMax,
MOHITOPUHTY KJIIMaTUYHUX 3MiH Ta (QyHAaMeHTaJbHUX [AOCTiHKeHHSIX Yy Gi3uli.
3aB[sIKM KBAaHTOBUM CeHCOpaM, MW MOXeMO OTPUMYBAaTh [jaHi 3 HaJ3BUYalHOIO

TOUHICTIO, 11]0 BiJKPUBA€ HOBI TOPU30HTH [I/11 HAYKOBUX [10CJIiIKEHb.

EXTENDED READING*

1.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:
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Text 1
Quantum Sensors: Redefining Precision in Measurement
Quantum sensors represent a cutting-edge technology that leverages the principles
of quantum mechanics to achieve unprecedented accuracy in measuring various physical
quantities. These sensors capitalize on the unique properties of quantum states, such as
superposition and entanglement, to detect minute changes in the environment with

exceptional precision.

[pace segment] One of the most notable applications
N‘
53 ) of quantum sensors is in the field of
) ‘ ocal Mobile
GPS Service Provider
il Satemt; Eﬁiﬂ?ﬁid }J\\ o % metrology, where they are used to redefine

A A )
standard units of measurement. For

[User Segment] GSM/GPRS
m, Communication , . .
. instance, atomic clocks, which are a type of
/ Tecing quantum  Sensor, utilize the vibrations of
Broadband,W.F. i atoms to keep time with extraordinary

accuracy. This precision is crucial for global positioning systems (GPS),
telecommunications, and even financial transactions that rely on precise timekeeping.

In the medical field, quantum sensors have revolutionized imaging technologies.
Techniques like magnetic resonance imaging (MRI) benefit from the high sensitivity of
quantum sensors to detect the faintest magnetic fields produced by atomic nuclei in the
body. This allows for detailed and non-invasive imaging of soft tissues, aiding in the
early diagnosis and treatment of various medical conditions.

Quantum sensors are also making significant strides in environmental monitoring.
They can measure gravitational fields with incredible accuracy, which is essential for
applications such as detecting underground resources, monitoring sea level changes, and
studying geological processes. Additionally, these sensors can detect changes in electric
and magnetic fields, providing valuable data for climate research and atmospheric

studies.
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Another exciting application is in navigation systems. Quantum accelerometers
and gyroscopes offer highly precise measurements of movement and orientation,
enhancing the accuracy of inertial navigation systems used in submarines, aircraft, and
autonomous vehicles. This precision ensures reliable navigation in environments where
GPS signals may be unavailable or unreliable.

Research in quantum sensors continues to advance, with scientists exploring new
materials and techniques to enhance their capabilities. For example, the development of
diamond-based quantum sensors has shown promise in detecting single molecules and
studying biological processes at the nanoscale. These advancements hold the potential to
transform various industries, from healthcare to defense, by providing tools that offer
unparalleled sensitivity and accuracy.

In summary, quantum sensors are redefining the standards of precision
measurement across multiple fields. Their ability to exploit quantum phenomena for
high-accuracy detection opens up new possibilities for scientific research, technological
innovation, and practical applications, marking a new era of precision in the

measurement of physical quantities.

1.2* Comprehension Questions:

1. What fundamental principles do quantum sensors leverage to achieve high
precision in measurements?

2. How do atomic clocks, as a type of quantum sensor, contribute to GPS and
telecommunications?

3. Explain how quantum sensors are used in magnetic resonance imaging (MRI)
and their benefits for medical diagnostics.

4. In what ways do quantum sensors enhance environmental monitoring and
geological studies?

5. Describe the role of quantum accelerometers and gyroscopes in improving

navigation systems.
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1.3* Vocabulary and Terminology:

a) Define the following terms

b) Match the terms to their definitions

1. Quantum State

a) The study of measurement and its

application.

2. Superposition

b) The ability of a particle to exist in

multiple states simultaneously.

3. Entanglement

4. Metrology

5. Inertial Navigation Systems

c) A highly sensitive device used to

measure physical quantities with precision.

d) A technology used for highly accurate

positioning and navigation.

e) The phenomenon where particles
become interconnected and influence each

other instantaneously.

1.4* Write a brief summary of the text in your own words in 5-6 sentences.

1.5* Discussion Prompts:

1. Discuss the potential impact of quantum sensors on future technological

advancements. How might they change industries such as healthcare, defense, and

environmental science?

2. Explore the ethical considerations of using highly sensitive quantum sensors for

surveillance and data collection. What measures can be taken to ensure privacy and

security?

3. Reflect on the challenges scientists face in developing and implementing

quantum sensors. What are some potential solutions to these challenges?
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4. Debate the importance of government funding and support for research in
quantum technologies. How can public and private sectors collaborate to drive
innovation in this field?

5. Analyze the role of interdisciplinary collaboration in the development of
quantum sensors. How do physicists, engineers, and other scientists work together to

advance this technology?

1.6* Research and Presentation:

Conduct research on the current advancements in quantum sensors. Focus on one
specific application, such as medical imaging, environmental monitoring, or navigation
systems. Prepare a detailed presentation explaining how quantum sensors are being

utilized in this field, and discuss their benefits and challenges

Text 2

2.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

Innovative Materials: Unlocking the Potential of Graphene

The development of new materials has always been a cornerstone of technological
advancement, and graphene stands out as one of the most promising breakthroughs in
recent years. This remarkable material, composed of a single layer of carbon atoms
arranged in a two-dimensional honeycomb lattice, has captured the attention of scientists
and engineers worldwide due to its exceptional
properties and diverse applications.

One of the most exciting prospects of

graphene lies in the creation of flexible electronics.

76

3D Printed

Components




Traditional electronic devices, with their rigid components, often face limitations in
terms of durability and adaptability. Graphene's extraordinary mechanical strength,
combined with its flexibility, opens up new possibilities for bendable and stretchable
electronics. Imagine smartphones that can be folded or worn on the wrist, or wearable
health monitors that conform seamlessly to the contours of the body. These innovations
are no longer confined to the realm of science fiction but are becoming tangible realities
thanks to graphene. In addition to flexible electronics, graphene's high electrical
conductivity and sensitivity make it an ideal material for developing highly sensitive
sensors. These sensors can detect a wide range of physical, chemical, and biological
signals with unparalleled precision. For instance, graphene-based sensors can be used to
monitor environmental pollutants, detect hazardous gases, or even diagnose diseases
through the analysis of biological markers. The versatility and accuracy of graphene
sensors hold immense potential for enhancing safety, health, and environmental
monitoring. Energy efficiency is another area where graphene demonstrates its
transformative capabilities. The material's high surface area and exceptional electrical
properties enable the development of advanced energy storage devices, such as
supercapacitors and batteries. These graphene-based devices can store and deliver
energy more efficiently than their traditional counterparts, leading to longer-lasting
batteries for electronic devices and more efficient energy storage solutions for renewable
energy systems. The impact of graphene on energy technology could significantly
reduce our reliance on fossil fuels and contribute to a more sustainable future.
Research and development in the field of graphene continue to unveil new
T ReG Semeor it scroen ik applications and possibilities. Scientists

W . .& are exploring ways to integrate graphene

Flexible Display
Touch Panel

Solar cell, Battery
Supercapacitor
2 =

cremeai=enso=with other materials to create composite

structures with enhanced properties.

LED lighting

These efforts aim to overcome challenges

Automobile
Air plane components




related to large-scale production, stability, and cost-effectiveness, paving the way for
widespread adoption of graphene-based technologies.  In conclusion, the
development of graphene and similar innovative materials is revolutionizing various
industries, from electronics to energy storage and environmental monitoring. As research
progresses, the full potential of graphene will likely be realized, driving a new era of
technological innovation and offering solutions to some of the most pressing challenges

of our time.

2.2* Comprehension Questions:

1. What are the unique properties of graphene that make it suitable for flexible
electronics?

2. How can graphene-based sensors benefit environmental monitoring and health
diagnostics?

3. Explain the role of graphene in advancing energy storage devices like super
capacitors and batteries.

4. What challenges do scientists face in the large-scale production and cost-
effectiveness of graphene-based technologies?

5. Describe how the integration of graphene with other materials can enhance

their properties.

2.3* Vocabulary and Terminology:

a) Define the following terms b) Match the terms to their definitions
1. Graphene a) The ability to conduct electricity efficiently.
2. Mechanical Strength b) A material composed of a single layer of

carbon atoms arranged in a honeycomb lattice.

3. Electrical Conductivity c) Devices that store and deliver energy, such
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as batteries and super capacitors.

4. Energy Storage Devices d) The measure of a material's ability to

withstand mechanical stress.

5. Composite Structures e) Structures made by combining two or more

materials to enhance their properties.

2.4* Summarize the text about the Potential of Graphene in your own words

in 5-6 sentences.

2.5% Discussion Prompts:

1. Discuss the potential impact of graphene on the future of flexible electronics.
What are some possible applications, and how might they change our daily lives?

2. Explore the ethical and environmental considerations of large-scale graphene
production. What steps can be taken to ensure sustainable and responsible use of this
material?

3. Reflect on the interdisciplinary collaboration required for graphene research
and development. How do scientists, engineers, and industry professionals work
together to bring graphene-based technologies to market?

4. Debate the importance of government funding and support for research in
innovative materials like graphene. How can public and private sectors collaborate to
drive progress in this field?

5. Analyze the role of graphene in improving energy efficiency and sustainability.
How can graphene-based energy storage devices contribute to reducing our reliance on

fossil fuels?

2.6* Research and Presentation:
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Conduct research on the latest advancements in graphene-based flexible
electronics. Prepare a presentation explaining how these devices work, their benefits,

and potential challenges.
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UNIT V

THERMODYNAMICS

TEXT

Thermodynamics: fundamental concepts, properties and relations

1. a) Read and translate the text using the dictionary.

Thermodynamics is a science of the relationships between heat, work, energy and

temperature. It deals with the transfer of
Therm Odyn dIMICS | energy from one place to another and from one
form to another. The key concept is that heat is

a form of energy corresponding to a definite

amount of mechanical work.

Thermodynamics is not concerned about how and at what rate these energy
transformations are carried out. It is based on the initial and final states undergoing the
change. It should also be noted that thermodynamics is a macroscopic science. This
means that it deals with the bulk system and does not deal with the molecular

constitution of matter.

Thermodynamics is classified into the following four branches:
e Classical Thermodynamics
e Statistical Thermodynamics
e Chemical Thermodynamics
e Equilibrium Thermodynamics
Classical Thermodynamics. In classical thermodynamics, the behaviour of

matter is analyzed with a macroscopic approach. Units such as temperature and pressure
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are taken into consideration, which helps the individuals calculate other properties and
predict the characteristics of the matter undergoing the process.

Statistical Thermodynamics. In statistical thermodynamics, every molecule is
under the spotlight, i.e. the properties of every molecule and how they interact are taken
into consideration to characterize the behaviour of a group of molecules.

Chemical Thermodynamics is the study of how work and heat relate to each
other in chemical reactions and in changes of states.

Equilibrium Thermodynamics studies the transformations of energy and matter
as they approach the state of equilibrium.

Basic Concepts of Thermodynamics.

Thermodynamic System is a specific portion of matter with a definite boundary. The
system boundary may be real or imaginary, fixed or deformable. There are three types
of systems:

» Isolated System — An isolated system cannot exchange energy and mass with its

surroundings. The universe is considered an isolated system.

o Closed System — Across the boundary of the closed system, the transfer of energy
takes place but the transfer of mass doesn’t take place. Refrigerator, COMpression
of gas in the piston-cylinder assembly are examples of closed systems.

o Open System — In an open system, the mass and energy both may be transferred
between the system and surroundings. A steam turbine is an example of an open
system.

A particularly important concept is thermodynamic equilibrium. For example,
the gas in a cylinder with a movable piston will be at equilibrium if the temperature and
pressure inside are uniform and if the restraining force on the piston is just sufficient to
keep it from moving. The system can then be made to change to a new state only by an
externally imposed change in one of the state functions, such as the temperature by
adding heat or the volume by moving the piston. A sequence of one or more such steps

connecting different states of the system is called a process. In general, a system is not in
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equilibrium as it adjusts to an abrupt change in its environment. For example, when a

balloon bursts, the compressed gas inside is suddenly far from equilibrium, and it
rapidly expands until it reaches a new equilibrium state. However, the same final state
could be achieved by placing the same compressed gas in a cylinder with a movable
piston and applying a sequence of many small increments in volume (and temperature),
with the system being given time to come to equilibrium after each small increment.
Such a process is said to be reversible because the system is at (or near) equilibrium at
each step along its path, and the direction of change could be reversed at any point. This
example illustrates how two different paths can connect the same initial and final states.
The first is irreversible (the balloon bursts), and the second is reversible. The concept of

reversible processes is something like motion without friction in mechanics. It represents

an idealized limiting case that is very useful in discussing the properties of real systems.
Many of the results of thermodynamics are derived from the properties of reversible
processes.

Thermodynamic properties are defined as characteristic features of a system,
capable of specifying the system’s state. Thermodynamic properties may
be extensive or intensive.

e Intensive properties are properties that do not depend on the quantity of matter.

Pressure and temperature are intensive properties.

¢ In the case of extensive properties, their values depend on the mass of the system.

Volume, energy, and enthalpy are extensive properties.

As mentioned before, thermodynamics is a branch of physics that studies heat,
energy, and their transformations. It explains how energy is transferred between systems
and how it affects matter. This study plays a crucial role in everyday life and
technology, from engines and refrigerators to weather patterns and biological processes.

It helps us understand how energy flows and how to use it efficiently.

b) Translate the italicized paragraph into Ukrainian (in writing).
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c) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.

2. Synonyms in Physics Vocabulary.

a) Below is a list of physics-related words from the text. Match each word with its
closest synonym.
1. Transformation
a) Transfer
b) Conversion
¢) Conduction
2. Macroscopic
a) Large-scale
b) Atomic
c) Invisible
3. Interaction
a) Movement
b) Connection
¢) Isolation
4. Boundary
a) Limit
b) Surface
c) Mass
5. Characteristic
a) Force
b) Property
c) Energy
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b) Fill in the blanks with the correct synonym:

1. The (conversion / isolation / pressure) of energy from one form to
another is a key principle of thermodynamics.

2. In classical thermodynamics, we analyze matter on a (microscopic /
large-scale / molecular) level.

3. A closed system has a fixed (volume / boundary / density) that
separates it from its surroundings.

4. Heat (transfer / expansion / storage) occurs when thermal energy
moves from a hotter object to a colder one.

5. A system reaches (motion / equilibrium / reaction) when all its
properties remain constant over time.

6. The energy (conversion / isolation / storage) process allows one form
of energy to change into another.

7. Temperature and pressure are (intensive / extensive / molecular)
properties because they do not depend on the system’s mass.

8. The law of energy conservation states that energy cannot be (created /
transformed / destroyed), only converted from one form to another.

9. A gas expands when its (volume / mass / boundary) increases due to
heat absorption,

10. In thermodynamics, a process that happens spontaneously and cannot be reversed

is called (reversible / irreversible / periodic).

3. Using the dictionary transcribe and translate the key words and words

combinations:

Word Transcription Translation

heat

transfer of energy
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molecular constitution

pressure

compression

thermodynamic

equilibrium

reversible

irreversible

volume

friction

motion

enthalpy

mass

extensive

intensive

undergo

state

isolation

interaction

boundary

energy conservation

4. Match the words with their definitons:
1) Thermodynamics
2) Macroscopic
3) Thermodynamic system__
4) Equilibrium
5) Closed system
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6) Intensive property
7) Reversible process
8) Isolated system

9) Extensive property

10) Irreversible process

a) A specific portion of matter with a defined boundary.

b) A property that does not depend on the amount of matter in a system.

¢) The study of heat, work, and energy transformations.

d) The state where all properties of a system remain stable unless disturbed.

e) A property that depends on the amount of matter in a system, such as volume or
energy.

f) The study of matter and energy on a large-scale level, without focusing on
molecules.

g) A process that occurs in such small steps that the system remains in equilibrium at
each stage.

h) A system that cannot exchange energy or mass with its surroundings.

1) A system where energy is transferred, but mass remains constant.

J) A process that happens spontaneously and cannot return to its original state without

external influence.

5. Give English equivalents to the meanings of the following words and word

combinations.

Tepmoaunamika

Temora

PoGora

Enepris

[lepenaua eneprii

87



Temmneparypa

TCpMO,ZIHHaMiLIHa CHCTCMa

PiBHOBara

MakpocKOmiYyHUHN TiaXi]1

CraTtuctuuna TCpMOI[I/IHaMiKa

XimMiyHa TepMOJAMHAMIKA

TepmoauHaMivuHi TIpoliecH

Bigkpura cucrema

[301p0BaHa cucTemMa

3akpuTa cuctemMa

Tuck

O0’em

PeBepcuBHM npoLiec

IppeBepcuBHUIL npoLec

TepmoaunaMika piBHOBaru

6. Read the statements below and decide whether they are true (T) or false

(F) based on the text. If a statement is false, correct it.

1. Thermodynamics studies the relationships between heat, work, energy, and
temperature.

2. Thermodynamics focuses on the microscopic properties of individual molecules.
3. There are three main branches of thermodynamics.

4. Anisolated system can exchange energy but not mass with its surroundings.
5. Aclosed system allows both mass and energy transfer across its boundaries.

6. A reversible process occurs in small steps, keeping the system near equilibrium
at all times.

7. Temperature and pressure are examples of extensive properties.
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8. A steam turbine is an example of an open system.
9. Equilibrium thermodynamics studies systems that are far from equilibrium.
10. The first law of thermodynamics states that energy cannot be created or

destroyed, only transformed.

7. Choose the correct answer:
1. What does thermodynamics study?
A) Only the behavior of gases.
B) The relationships between heat, work, energy, and temperature.
C) The movement of electrical charges.
D) The motion of objects in space.
2. Which of the following is not a branch of thermodynamics?
A) Classical Thermodynamics.
B) Chemical Thermodynamics.
C) Mechanical Thermodynamics.
D) Statistical Thermodynamics.
3. Which type of system does not exchange mass or energy with its surroundings?
A) Open system.
B) Closed system.
C) Isolated system.
D) Equilibrium system.
4. What is an example of a closed system?
A) A steam turbine.
B) A refrigerator.
C) A balloon bursting.
D) The universe.
5. What happens in a reversible process?

A) The system stays in equilibrium at each step.
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B) The system undergoes an irreversible transformation.
C) The process occurs suddenly and cannot be reversed.
D) Energy is destroyed.
6. Which property depends on the amount of matter in a system?
A) Pressure.
B) Temperature.
C) Volume.
D) Density.
7. What is required for a system to reach thermodynamic equilibrium?
A) Constant energy input.
B) Equal temperature and pressure throughout the system.
C) An isolated boundary.
D) Rapid energy transfer.
8. What happens when a balloon bursts?
A) The system remains in equilibrium.
B) The process is reversible.
C) The gas expands rapidly and reaches a new equilibrium state.
D) The balloon remains intact.
9. Which of the following is the best way to translate the sentence?
Thermodynamics does not focus on the specific mechanisms or rates of energy
transformations.
A) TepmonuHamika HE 30CEPEIKYEThCS HAa KOHKPETHMX MexaHI3Max abo
IIIBUJIKOCTI TICPETBOPECHD CHEPTi.
B) Tepmonunnamika 30cepeKy€eTbCs Ha KOHKPETHUX MeXaHi3Max a00 MIBUIKOCTI
MePETBOPEHb CHEPTI.

C) TepMmoanHamika BHBYAa€ KOHKPETHI MEXaHI3MU a00 IIBUAKICTH MEPETBOPEHb

€HEeprIi.
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D) Tepmonunamika (YHKI[IOHyE€ Ha OCHOBI KOHKPETHMX MexaHI3MIB  abo
IIIBUJIKOCTI IIEPETBOPEHb CHEPTI].
10. The word combination irreversible process in the text is translated into Ukrainian as
A) 3BOpOTHIii mporiec.
B) He3BopoTHiii iporiec.
C) memnocTiitHuit poriec.

D) TepMoarHaMiuHHI poIIEC.

8. Translate the following sentences into Ukrainian:

1. Thermodynamics is a fundamental branch of physics that examines how heat,
work, and energy interact within different systems, focusing on their transformations
rather than the specific mechanisms behind these changes.

2. Although thermodynamics does not analyze the microscopic behavior of individual
molecules, statistical thermodynamics provides a bridge between macroscopic properties
and molecular interactions, allowing for a deeper understanding of energy distribution.

3. The classification of thermodynamic systems — isolated, closed, and open — is
based on their ability to exchange mass and energy with their surroundings, with the
universe itself being considered an ideal example of an isolated system.

4. A key principle in thermodynamics is equilibrium, which is achieved when a
system's temperature, pressure, and other properties remain uniform unless influenced
by external forces, as seen in a gas confined within a cylinder with a movable piston.

5. Reversible processes, which occur in infinitesimally small steps maintaining near-
equilibrium conditions, serve as an idealized model in thermodynamics, contrasting with

irreversible processes that involve rapid changes and energy dissipation.

9. Translate the following sentences into English:
1. TepmoaunaMika — 1€ po3aia (Pi3UKH, 0 BUBYAE B3aEMO3B’SI30K MIXK TEILIOTOIO,

po0OOTOI0, EHEPTIEI0 Ta TEMIIEPATYPOIO, & TAKOK CIIOCOOU iIXHBOTO MEPETBOPEHHSI.
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2. OCHOBHUM NPHUHIIMIIOM TEPMOJMHAMIKHA € 30€pEKEHHsI €Heprii, 3riHO 3 SKUM
EHEePIis JUIIE 3MIHIOE CBOIO (hOPMY.

3. TepmoauHaMiuHI CHUCTEMH TMOAUISIOTHCS Ha 130JIbOBaHI, 3aKpPHUTI Ta BIIKPHUTI
3aJIeKHO BiJI TOTO, YU OOMIHIOIOTHCS BOHM MAacOl0 Ta EHEPri€l0 3 HABKOJUIIHIM
CEPEIOBHUIIIEM.

4. PeBepcuBHI mporiecd BIIOYyBalOTHCS dYepe3 HAA3BHYAWHO Mayli 3MIHH CTaHy
CUCTEMH, JO3BOJISIOUM MiATPUMYBATH PIBHOBAary Ha KO)KHOMY €Talli, IO € BaKJIMBUM
I 171eaTi30BaHUX MojeNiel y (i3uili.

5. TepmoarHaMivH1 BIACTUBOCTI MOAUIAIOTHCS HA IHTEHCUBHI, TaKl SIK TeMIleparypa i
THCK, K1 HE 3aJIeXaTh BiJl MacH CUCTEMH, Ta €KCTEHCUBHI, HAIPUKJIad, 00’€M 1 eHepris,

3HAUEHHS SIKMX 3MIHIOETHCS PA30M 13 PO3MIPOM CHUCTEMHU.

10. Answer the questions to the text.
. What is the main focus of thermodynamics?
. How does thermodynamics define heat in relation to energy?
. What are the four main branches of thermodynamics?
. How does classical thermodynamics differ from statistical thermodynamics?
. What are the three types of thermodynamic systems, and how do they differ?
. Why is the universe considered an isolated system?
. What is thermodynamic equilibrium, and how can it be achieved?

. What is the difference between a reversible and an irreversible process?

© 00 N o o B~ W N P

. Which properties are classified as intensive and which as extensive?

10. Why is thermodynamics considered a macroscopic science?

11. Write a short summary of the text “Thermodynamics: fundamental
concepts, properties and relations” (See the scheme in the Information File — ex. 11

p. 16) and be ready to present it.
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SPEAKING

1. Guidelines for Discussion:

1. Discuss the practical applications of thermodynamics in everyday life. How
do refrigerators, car engines, and air conditioners use thermodynamic principles?

2. Compare and contrast the three types of thermodynamic systems. In what
situations would an open, closed, or isolated system be most relevant?

3. Debate the significance of reversible vs. irreversible processes. Why are
reversible processes considered ideal, and how do they differ from real-world processes?

4. Analyze the role of equilibrium in thermodynamics. How does a system
reach equilibrium, and why is it important in scientific and industrial applications?

5. Explore the connection between classical and statistical thermodynamics.

How does statistical thermodynamics help explain macroscopic thermodynamic laws?

2. Translate the following text into English:

a) Express the main idea of the text in one sentence.

b) Write a short summary of the text in English.

Tepmogunamika — 1€ po3ain (i3uKH, SKHM BHBYAE TEIJIO, €HEPril0 Ta iXHi
neperBopeHHs. BoHa nonomarae 3po3yMmiTH, SIK €HEpris MepeacThesa MK 00'eKTaMu Ta
SK 3MIHIOETBCSI CTaH pedoBWHH. L[ Hayka BakiamBa I OaraThbox Taily3eid, TaKuX SK
EHepreTHKa, TEXHIKa, XiMis Ta HaBITh 010J10T1s.

TepMmoauHaMiKa Ma€ YOTUPHU OCHOBHI 3aKOHH.

Hynvosuil 3axon MOSICHIOE, IO SIKIO JBa TiJla MAalOTh OJHAKOBY TEMIIEpaTypy 3
TPETIM TIJIOM, TO BOHHM TaKOXX MarOTh OJIHAKOBY TeMIlepaTypy Mix coboro. lle
JoroMarae BU3Ha4aTH TEMIIEpaTypy 3a JOMOMOTOI0 TEPMOMETPIB.

Ilepwuti 3akon TOBOPUTH, IO CHEPTiS HE 3HHMKAE 1 HE 3’SBIIETHCSA 3 HIYOrO, a
JUIIe MepexoauTh 3 oAHlel popmu B iHITy. Hanpukinaz, y JBUTYHI aBTOMOO1IS XiMiYHA

€HEPris MaJbHOTO NEPETBOPIOETHCS] HA MEXAHIYHY POOOTY.
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Jpyeuii 3axkon TOSACHIOE, IO TEIUIO 3aBXIU MEPEXOAUTH BIJl rapsyoro Tijia 10
XOJIOJHOTO, a HE HaBMNakW. TakoX BiH BBOAUTH IOHATTA EHTPOIIi — IOKa3HHUKa
HEBITOPSAIKOBAHOCTI CUCTEMH, KU 3aBXKIU 3pOCTAE.

Tpemiii 3axon CTBEPIKYE, 1110 IPU TEMIIEPATYP1 A0COIIOTHOTO HYJIS PyX MOJIEKYJI
MPUIUHSAETHCS 1 SHTPOTIS 1/1€aJIbHOT0 KPUCTAlIa CTa€ HYJIbOBOIO.

VY TepMoanHaMilll ICHY€ TPU OCHOBHI TUITU CHCTEM.

[3onvoeana cucmema HE MOXE OOMIHIOBATHCS HI €HEPri€lo, HI  Macoro
(manpuxnan, BcecBit). 3akpuma cucmema Moxke OOMIHIOBATHCS CHEPri€ro, ajie HE
Macoro (Hampukiaja, KacTpyJisd 3 KpUIIkoro). Binkpura cuctema Moxke 0OMIHIOBATUCS SIK
EHEpri€lo, TaK 1 Macoro (HaNpUKIIal, KUIJITYUNA YalfHUK, 3 SIKOTO BUXOJAUTH Napa).

TepMmoauHaMiyHI TMPOLECH MOXKYTb OyTH pesepcuéni, KOIU BiIOyBarOThCS
MOBUIBHO 1 CUCTEMA 3AJIMIIAETHCS OJIM3BKOIO IO PIBHOBAru (HapUKIIaJ, CTUCHEHHS ra3y
y TOpIHI) Ta HepesepcusHi — BIAOYBAIOThCA IIBUAKO, 1 CUCTEMAa BTpaya€e PiBHOBAry
(manpuknan, BUOYX MOBITPSHOT KYJIbKH).

TepMonnHaMika BUKOPHUCTOBYETbCA B OaraThboXx cepax: B €HEpreTuml — s
poOOTH ABUTYHIB, TYpOiH, XOJOAWIBHUKIB; ¥ XiMIl — JJI aHaJi3y XIMIYHUX peaKiiil; y
Oiloyorii — JJIs TOSICHEHHST OOMIHY pEUYOBHMH B OpraHi3Mi; y METEOpojorii — s
BHBUYEHHS TIOTOIU Ta KIIIMaTy.

TepmoauHaMika goromMarae 3po3yMiTH, SIK MPALIO€ EHEPris y NPUPO/Il Ta TEXHILII.
BoHa nosicHio€ OCHOBHI IPUHITUIHN TEIJIOBUX MPOIECIB 1 BUKOPUCTOBYETHCS y Oararbox

chepax HAIIOTO KUTTH.

EXTENDED READING*

1.1* Read and translate the following text. Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:
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Text 1
Three thermodynamics' laws

The most important laws of thermodynamics are:

The zeroth law of thermodynamics. When two systems are each inthermal
equilibrium with a third system, the first two systems are in thermal equilibrium with
each other. This property makes it meaningful to use thermometers as the “third system”
and to define a temperature scale.

The first law of thermodynamics, or the law of conservation of energy. The

change in a system’s internal energy is equal to the difference between heat added to the

system from its surroundings and work done by the system on its surroundings. In other
words, energy can not be created or destroyed but merely converted from one form to
another.

The second law of thermodynamics. Heat does not flow spontaneously from a

colder region to a hotter region, or,

Laws of Thermodynamics equivalently, heat at a given temperature cannot
Zeroeth law First law ; .
: Conservation of Energy be converted entirely into work. Consequently,

Two systems in equilibrium with a Energy can change forms, but is
third system are in thermal neither created nor destroyed.
equilibrium with each other. total

: : ol e N . . .
BamdbaR/AL G o cd  per unit temperature, increases over time
Second law Third law toward some maximum value. Thus, all closed

Entropy of an isolated system always| Entropy of a system approaches a
increases. constant as temperature approaches
absolute zero.

the entropy of a closed system, or heat energy

systems tend toward an equilibrium state in

heat flow

B —> o | =

which entropy is at a maximum and no energy

is available to do useful work.

The third law of thermodynamics. The entropy of a perfect crystal of

an element in its most stable form tends to zero as the temperature approaches absolute

zero. This allows an absolute scale for entropy to be established that, from

a statistical point of view, determines the degree of randomness or disorder in a system.
Any physical system will spontaneously approach an equilibrium that can be

described by specifying its properties, such as pressure, temperature, or chemical
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composition. If external constraints are allowed to change, these properties generally
change. The three laws of thermodynamics describe these changes and predict the
equilibrium state of the system. The first law states that whenever energy is converted
from one form to another, the total quantity of energy remains the same. The second law

states that, in a closed system, the entropy of the system does not decrease. The third law

states that, as a system approaches absolute zero, further extraction of energy becomes

more and more difficult, eventually becoming theoretically impossible.

1.2* True (T) or False (F)?

1. The zeroth law of thermodynamics explains the concept of thermal
equilibrium.

2. The first law of thermodynamics states that energy can be created or
destroyed.

3. Entropy in a closed system always decreases over time.

4. The third law of thermodynamics states that entropy reaches zero at absolute

zero temperature.

5. _ Asystem can extract unlimited energy as it approaches absolute zero.

6. ______ Heat naturally flows from a colder body to a hotter body without external
influence.

7. The second law of thermodynamics limits the efficiency of heat engines.

8. Athermometer works as a "third system" to measure temperature according

to the zeroth law.
Q. All physical systems tend to reach equilibrium over time.
10. The three main laws of thermodynamics describe energy conservation,

entropy, and absolute zero conditions.

1.3* Comprehension Questions:

1. Why is the zeroth law of thermodynamics important for measuring temperature?
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2. How does the second law of thermodynamics explain the concept of entropy?
3. What happens to a system’s energy as it approaches absolute zero, according to the

third law of thermodynamics?

1.4* Vocabulary and Terminology:
- Define the following terms: Zeroth law, thermal equilibrium, temperature scale,
the first law of thermodynamics, conservation of energy, internal energy, the second law
of thermodynamics, entropy, closed system, absolute zero.

- Translate the key terms into your native language and use them in sentences.

1.5* Write a brief summary of the fundamental laws of thermodynamics

mentioned in the text.

1.6* Discussion Prompts:
1. If energy cannot be created or destroyed (first law), why do we still need fuel
and other energy sources to power machines and devices?
2. The second law states that entropy always increases — does this mean that
achieving perfect efficiency in any machine is fundamentally impossible? Why or why

not?

1.7* Research and Presentation:
Prepare a presentation about energy, efficiency and the nature of thermodynamic

systems conducting further research on them. Share your findings with the class.

Text 2
2.1* Read and translate the following text. Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:
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Temperature

The concept of temperature is fundamental to any discussion of thermodynamics,
but its precise definition is not a simple matter. For example, a steel rod feels colder than
a wooden rod at room temperature simply because steel is better at conducting heat
away from the skin. It is therefore necessary to have an objective way of measuring
temperature. In general, when two objects are brought into thermal contact, heat will
flow between them until they come into equilibrium with each other. When the flow of
heat stops, they are said to be at the same temperature. The zeroth law of
thermodynamics formalizes this by asserting that if an object Ais in simultaneous
thermal equilibrium with two other objects B and C, then B and C will be in thermal
equilibrium with each other if brought into thermal contact. Object A can then play the
role of a thermometer through some change in its physical properties with temperature,

such as its volume or its electrical resistance.

With the definition of equality of temperature in hand, it is possible to establish a
temperature scale by assigning numerical values to certain easily reproducible fixed
points. For example, in the Celsius (°C) temperature scale, the freezing point of pure
water is arbitrarily assigned a temperature of 0 °C and the boiling point of water the

value of 100 °C (in both cases at 1 standard atmosphere). In the Fahrenheit (°F)

temperature scale, these same two points are assigned the values 32 °F and 212 °F,

respectively. There are absolute

temperature scales related to the second

law of thermodynamics. The absolute

scale related to the Celsius scale is called

the Kelvin (K) scale, and that related to
the Fahrenheit scale is called the Rankine (°R) scale. These scales are related by the
equations K = °C + 273.15, °R = °F + 459.67, and °R = 1.8 K. Zero in both the Kelvin

and Rankine scales is at absolute zero.
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2.2*% Comprehension Questions:
1. How does the zeroth law of thermodynamics help define temperature?
2. Why does a steel rod feel colder than a wooden rod at the same temperature?
3. What is the difference between absolute temperature scales and traditional scales like

Celsius and Fahrenheit?

2.3* Vocabulary and Terminology:
- Define the following terms: thermal equilibrium, heat flow, temperature scale,
Kelvin scale, electrical resistance.

- Translate the key terms into your native language and use them in sentences.

2.4* Summarize the text about temperature in your own words in 5-6

sentences.

2.5% Discussion Prompts:

1. Since absolute zero is theoretically the lowest possible temperature, do you
think it is possible to ever reach it? Why or why not?

2. Different materials feel hotter or colder to the touch even when they are at the
same temperature. How does this affect the way we perceive temperature in everyday

life?

2.6* Creative Writing:

A World Without Temperature: What If Heat Couldn’t Flow?

Imagine a world where the concept of temperature does not exist — where heat
never transfers from one object to another, and thermal equilibrium is never reached.
How would this affect daily life, technology, and even human survival? Describe what

such a world might look like and how people would adapt to this strange reality.
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UNIT VI

HEAT TRANSFER

TEXT

What is Heat Transfer?

1) Read and translate the text using the dictionary.

Heat transfer is the movement of thermal enerqgy, in the form of heat, between

physical systems with different temperatures using four distinct mechanisms —

conduction, convection, and radiation. Heat transfer impacts almost every aspect of

modern life, from cooking food or
CONVECTION CONDUCTION _ )
the transfer of heat through the transfer of cooli ng a |apt0p to genera“ ng

a fluid (liquid or gas) caused heat or electric current from

by molecular motion one substance to another electricity in a pOWEf p|ant_ Eve ry

by direct contact.

day, the heating of the Earth by

g | solar radiation from the sun is a

\\/ RADIATION process of heat transfer, just as

~N energy that is radiated or .

tonsmittedinthe fomof ~ StOrms  are caused by convection
rays or waves or particles

' currents in the earth's atmosphere.

Heat transfer occurs as a

natural phenomenon in any situation where there are temperature differences between

two systems, as described in the second law of thermodynamics. Engineers also use heat

transfer devices to move energy in the form of heat from one place to another, delivering
heat where needed and removing it where it can cause problems. The safety, efficiency,
and performance of products are driven by keeping the temperature of each part of a

product within a desired temperature range.
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Heat transfer is fundamentally about moving energy in the form of heat from one
system to another. The discipline looks at the amount of energy that is stored or
transferred in the form of heat and at the different ways that the energy is moved through
the systems.

Here are some important terms used in heat transfer and their meaning.

Convection currents refer to a fluid that sees a local temperature increase and

corresponding density drop due to heating. The density drop creates a buoyancy force

that causes the warmer fluid to rise until it cools. Then, as regions cool, the density
decreases, and the fluid region is pulled down by negative buoyancy. These currents can
easily be seen in a pot of boiling spaghetti, where the convective currents cause the pasta
to twist and turn in the water.

The heat capacity of a system is the amount of heat needed to raise the

temperature of the system by one degree. The higher the heat capacity, the more energy
needed to increase its temperature. It is an important value in heat transfer because it
reveals how materials respond to heat and how fast the object can heat up or cool down.

Heat flux measures the amount of energy transferring through a unit area. It is the
total heat divided by the area of a surface where it is being measured. It is a critical
value in heat transfer because it tells engineers the amount of energy traveling from one
object to another or from an object to a fluid.

Heat generation is the creation of thermal energy through multiple processes,

including chemical reactions, combustion, nuclear fusion, nuclear fission,

thermoelectrics, electrical resistance, mechanical friction, or pressure changes in a fluid.

The heat transfer coefficient (h) of a surface measures the relationship between

the heat flux between a surface and fluid touching the surface and the temperature
difference between the surface and the fluid. The value can be calculated if you know
the velocity and the thermal properties of the fluid. It is sometimes referred to as the film

coefficient.
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Just as heat transfer deals with

Phase Changes
B __g the movement of heat from one

GAS system to another, mass transfer deals
with the movement of mass. This is
important in heat transfer because any

mass moving between systems has an

internal thermal energy that moves

y | LIQUID with the mass. Air moving over a heat
SOLID j 6 66 66 sink is both mass transfer and heat
transfer.

When matter transitions from one state to another, it undergoes a phase change.
Strictly speaking, phase change is not heat transfer, but it is used with heat transfer to
control temperatures in systems. The changes in molecular bonds inside the material
changing phase absorb energy if going from solid to liquid (melting) or liquid to gas
(boiling or vaporizing), and release energy if transitioning from gas to liquid
(condensation) or liquid to solid (freezing). Engineers often use phase change to remove
or add heat to a system.

The thermal conductivity (k) of a material is a measure of the ability of that

material to conduct heat. The inverse of thermal conductivity is thermal resistivity.

b) Translate the italicized paragraph into Ukrainian (in writing).
c) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.

2. Synonyms in Physics Vocabulary.
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a) Select five key terms from the text. For each term, create a list of 2 to 6
synonyms that capture the same or similar meanings within the context of physics.
Below are examples to guide you:

- Heat transfer — energy exchange, thermal transmission, heat flow, thermal
movement.

- Conduction — direct transfer, thermal diffusion, heat flow, thermal conduction.

- Convection currents — fluid circulation, thermal flow, buoyant motion, heat-driven
movement.

- Radiation — electromagnetic emission, thermal radiation, radiant energy, infrared
emission.

- Phase change - state transition, phase shift, phase transition, material

transformation.

b) Match the synonyms:

1. Heat transfer a) Energy exchange

2. Conduction b) Direct transfer

3. Convection ¢) Fluid circulation

4. Radiation d) Electromagnetic emission
5. Heat capacity e) Thermal storage

6. Heat flux f) Energy flow

7. Thermal conductivity g) Heat transmission

8. Phase change h) State transition

9. Heat generation 1) Thermal production

10. Heat sink j) Cooling system
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3. Using the dictionary transcribe and translate the key words and words

combinations:

Word Transcription Translation

advection

conduction

convection

radiation

convection currents

a buoyancy force

heat flux

velocity

combustion

chemical reactions

nuclear fusion

nuclear fission

electrical resistance

mechanical friction

phase change

thermal conductivity

thermal resistivity

4. Match the words with their definitons:

1) Heat transfer a) The ability of a material to conduct heat.

2) Conduction b) The total heat divided by the area of a surface

where it is measured.

3) Convection currents ¢)The movement of thermal energy between systems

with different temperatures
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4) Radiation

d) The circulation of fluid caused by temperature
differences.

5) Heat capacity

e) The amount of energy needed to raise the

temperature of a system by one degree.

6) Heat flux

) The transfer of heat through direct contact

between materials.

7) Heat generation

g) The process of producing thermal energy through

combustion, friction, or other means.

8) Heat transfer coefficient

h) A measure of how efficiently heat is transferred

between a surface and a fluid.

9) Phase change

1) The transition of matter from one state (solid,

liquid, gas) to another.

10) Thermal conductivity

J) The transfer of heat through electromagnetic

waves.

5. Give English equivalents to the meanings of the following words and word

combinations.

TETUIONPOBITHICTh

KOHBEKIIIA

pajiamiifHe TerI000MIHIOBaHHS

KOHBEKIIIIHI IIOTOKH

TEILIOEMHICTD

TEIUIOBUH ITOTIK

reHepalris Teria

Koe(]illieHT Terionepeaayi

dazoBuii nepexia

Maca
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TETJIOMPOBITHICTh MaTepiaty

TETUIOBUM OITip

MOTJIMHAHHSA €Heprii

€JIEKTPOMAarHiTHE BUIPOMIHIOBAHHS

TCILIOBUM po3man

KUIIIHHSI

KOHIEHCAIllA

BHITaAPOBYBAHHA

IIJTaBJICHHSA

3aMep3aHHs

6. Read the statements below and decide whether they are true (T) or false

(F) based on the text. If a statement is false, correct it.

1. Heat transfer occurs only in solids.

2. Convection involves the movement of fluids due to temperature
differences.

3. Radiation does not require a medium to transfer heat.

4. Thermal conductivity measures how well a material resists heat transfer.

5. The Sun heats the Earth mainly through conduction.

6. _ Heat capacity is the amount of energy needed to raise an object’s

temperature by one degree.

7. Conduction is the dominant heat transfer method in metals.

8. Phase change, such as melting or freezing, does not involve heat
transfer.

9.  Aheatsink is used to remove excess heat from a system.

10. _ Heat flux measures the amount of energy transferred per unit area.
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7. Choose the correct answer:
1. Which of the following is NOT a method of heat transfer?
A) Conduction
B) Convection
C) Radiation
D) Reflection
2. What is the main heat transfer mechanism in metals?
A) Convection
B) Conduction
C) Radiation
D) Evaporation
3. Heat transfer by convection occurs in:
A) Solids only
B) Liquids and gases
C) Metals only
D) Vacuum
4. Which type of heat transfer does not require a medium?
A) Conduction
B) Convection
C) Radiation
D) All of the above
5. The amount of heat required to raise the temperature of an object by one degree is
called:
A) Heat capacity
B) Thermal conductivity
C) Heat flux
D) Phase change
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6. What happens to a fluid when it is heated?
A) It becomes denser and sinks.
B) It expands and rises.
C) It contracts and remains still.
D) It turns into a solid.
7. Which of the following materials is the best conductor of heat?
A) Wood
B) Glass
C) Copper
D) Plastic
8. What is the process called when a liquid turns into a gas?
A) Condensation
B) Freezing
C) Evaporation
D) Melting
9. Which of the following is the best way to translate the sentence?
The heat transfer coefficient (h) quantifies how efficiently heat is transferred between a
surface and a fluid in contact with it, based on the heat flux and the temperature
difference between them.

A) KoedimienT Termnonepenadi (h) BusHauae eekTUBHICTh mepeaadi Temia Mixk
IMOBCPXHCIO Ta pi)II/IHOIO, IO 3 HCKO KOHTAKTY€, 3aJIC)KHO BiI[ TCIINIOBOI'O0 IIOTOKY Ta
PI3HHII TEMIEPATyp MK HUMH.

B) Koedimient termmonepenaui — 1i¢ e(QEKTHBHICTh Iepeaadi Teria Mix
IMOBCPXHCIO Ta pi}II/IHOIO, IO 3 HCIO KOHTAKTY€, 3aJIC)KHO Bi}l TCIIJIOBOI'O0 IIOTOKY Ta
PI3HHII TEMIEPATyp MK HUMH.

C) KoedimienTt Temnonepenayi He BU3Ha4Yae e¢()EKTUBHICTh Iepeaadi TeIia Mix
IMOBCPXHCIO Ta pi}II/IHOIO, IO 3 HCIO KOHTAKTY€, 3aJIC)KHO Bi,)l TCIIJIOBOI'O0 IIOTOKY Ta

PI3HHII TEMIEPATyp MK HUMH.
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D) Koedimient Ternonepenaui (h) Bu3Hayae eeKTUBHICTH Mepeaadi Tera Mix
MOBEPXHEIO Ta PiAMHOIO, TEIUTIOBUM ITOTOKOM Ta PI3HHIICIO TEMIIEPATYP MiXK HMH.

10. The word combination thermal decay is translated into Ukrainian as

A) TerToBa 1301115

B) TemnoRa inepiris

C) TenoBe po3MMpPEHHS

D) TernoBuii posma.

8. Translate the following sentences into Ukrainian:

1. Heat transfer is the process by which thermal energy moves from a region of
higher temperature to a region of lower temperature through conduction, convection, or
radiation.

2. The efficiency of heat transfer in a system depends on factors such as the thermal
conductivity of materials, the presence of fluid motion, and the temperature gradient
between interacting surfaces.

3. In conduction, heat is transferred through direct molecular interaction within a
solid or between solids in thermal contact, without the movement of the material itself.

4. Convection involves the bulk movement of fluids, where warmer regions rise due
to lower density while cooler regions sink, creating continuous circulation and
enhancing heat transfer.

5. Radiation differs from conduction and convection as it allows heat transfer
through electromagnetic waves, enabling energy transfer even in a vacuum, such as the

heat received from the Sun.

9. Translate the following sentences into English:
1. Temmonepenaua — 11e MpoIleC MEPEMIIIeHHS TEeIJIoBOi eHeprii Bij objacTi 3

BUILOID TEMIIEPAaTypol0 A0 00JacTi 3 HIDKYOK TEMIEeparypor 3a JIOINOMOTOI)

109



TEIUIONPOBITHOCTI, KOHBEKIII1 200 BUITPOMIHIOBaHHS.

2. EdekTuBHICTh Terionepeaavi 3ajieKUTh BIJ TEIJIOMPOBIIHOCTI MaTepiallis,
PYXY PIAMHU Ta TEMIIEPaTYPHOTO IPai€HTa MIXK TTOBEPXHIAMH, 10 B3a€EMOIIIOTh.

3. Ilpu TemompoBiAHOCTI Tepedada Tersia BiOyBaeThCcs uepes Oe3rmocepeaHto
B3a€EMOJIII0 MOJICKYJ y TBEpJAOMY TiJil a00 MiXX TBEpJAMMHM TijaMH, IO MepedyBaroTh y
KOHTAaKTIi, 0e3 MepeMillieHHs] PeUOBUHH.

4. KoHBeKIIisl BKJIIOYAE MEPEMIIICHHS TeIljla pa3oM 13 IMTOTOKOM PiAuHU a0o Tasy,
KOJIM TeIUIII JIJISHKA MIAHIMAIOThCS Yepe3 MEHIIy TYCTHHY, a XOJOIHIIII
OITyCKaIOThCSI, CTBOPIOIOYH LIUPKYJIALIIO.

5. BunpomiHioBaHHsI, Ha BIIMIHY BiJl TEIIOMPOBITHOCTI Ta KOHBEKIIi, O3BOJISE
nepesaBaTi TEeIUIo 3a JOMOMOTOI0 €JIEKTPOMArHITHUX XBUJIb, IO POOUTH MOYKIMBUM

NepeHECEHHS €HEPrii HaBITh Y BaKyyMi, sIK Y BUIAJIKY 3 eHeprieto CoHIIsl.

10. Answer the questions to the text.

. What are the four main mechanisms of heat transfer?

. How does conduction transfer heat between objects?

. Why does convection occur in fluids but not in solids?

. What is the primary way the Sun transfers heat to the Earth?

. How does the heat transfer coefficient (h) affect the efficiency of heat exchange?

. What is the relationship between heat capacity and temperature change in a system?

. Why is thermal conductivity an important property in materials used for heat transfer?

. What happens during a phase change, and how does it relate to heat transfer?

© o0 N oo o A W N P

. What role does heat flux play in determining energy movement between systems?

10. How do engineers use heat transfer principles to improve product performance and
safety?
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SPEAKING

1. Guidelines for Discussion:

1. Define Key Concepts — Begin by explaining the main types of heat transfer
(conduction, convection, and radiation) and provide real-life examples of each.

2. Use Technical Vocabulary — Incorporate terms like thermal conductivity, heat
flux, phase change, and heat transfer coefficient to make your discussion more precise
and academic.

3. Make Comparison — Discuss the differences and similarities between the heat
transfer mechanisms and how they interact in real-world applications, such as in
engineering or nature.

4. Provide Practical Examples — Relate the discussion to everyday experiences,
such as how a metal spoon heats up in a hot drink (conduction) or how warm air rises in
a room (convection).

5. Encourage Critical Thinking — Ask thought-provoking questions, like
"Which heat transfer method is most efficient in insulating homes?" or "How does heat

transfer impact climate change?", to engage deeper discussion.

2. Translate the following text into English:
a) Express the main idea of the text in one sentence.

b) Write a short summary of the text in English.

Tenonepenaya: 0CHOBHI MeXaHI3MH Ta IX 3HAYCHHA
Tennonepedaua — 1e TpoIeC MEPEMIIICHHS TEIJIOBOT €HEPTil BiJl OHOTO 00'€KTa
70 1HIIOTO Yepe3 PI3HMI0 TeMIiepaTyp. BoHa Bimirpae BaKIMBY poOJb Yy TMPUPOI,
TEXHIIl Ta TOBCSKICHHOMY J>XUTTI. ICHye Tpu OCHOBHI MeXaHi3MHU TeIUIonepeaadi:
TEIJIONPOBIIHICTh, KOHBEKIIISI T BUIIPOMIHIOBAHHSI.
Tennonposionicms BiAOYyBA€THCSI, KOJIM TEILIO MEepEAacThCs Yepe3 0e3mocepeHii

KOHTaKT MDK YacTHHKaMu. Halikpaie Temiao MpOBOJSTH METalld, TOMY, HAIpHUKIIA,
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pyuYKa METaJIeBOi JIOKKH, 3aJIMILEHOT B rapsiioMy CyIli, HIBUAKO HarpiBaeThes. [Ipote
TaKl Marepiajiu, SIK JepeBo ab0 IUIACTHK, MAlOTh HU3bKY TEIJIOMPOBIAHICTD 1 AIIOTH SIK
130JISITOPH.

Konsexyis xapakrepHa st piauH 1 rasziB. Koinu Bojma y KacTpylli HarpiBa€Thbes,
rapsidi mapy MiJHIMAIOTBCS Bropy, a XOJOJHI OIYCKAaIOThCS, YTBOPIOIOYH KOHBEKITIIHI
MOTOKU. AHAJOTIYHUNA MPOIeC BiOYBA€eThCs 1 B aTMocdepi 3eMili, CTBOPIOIOYH BITPH,
OKE€aHIYH1 Teuli Ta HaBITh IMOTOTY.

Bunpominioeannsa miepenae TEIoO Yepe3 eNeKTPOMArHiTHI XBWIi, 0e3 moTpedu y
¢13uuHOMY KOHTaKTi. HalisickpaBilmii mpukIiag — COHSIYHE CBITIO, SKE HarpiBae 3eMiio.
[ jpxepena BUIIPOMIHIOBAHHSI BKJIIOYAIOTH 1H(padepBOHI oOirpiBadi, Oararts ado
HaBITh TEILIO JIFOACHKOTO TJIA.

Ilpakmuune 3acmocysanus mennonepedaui. PO3yMiHHS —Teruionepenadi €
HaJ3BUYANHO BaXUJIMBUM Yy Oaratbox cdepax. Y OyaiBHUUTBI BHKOPUCTOBYIOTh
TEIJIO130JIALINHI Marepiany, 00 3MEHIIUWTH BTpaTH Temja B 3UMOBUN mepiog. B
1HXKEHepIi 11e 3HAHHS JI0TIOMarae CTBOPIOBaTU €(hEKTUBHI OXOJIOKYBAIbHI CUCTEMHU JUIS
€JIEKTPOHIKM Ta JBUTYHIB. Y MeAUIMHI Tepmorpadis A03BOJSE BHUSIBIATH 3alalibHi
MIPOIIECH B OpPTraHi3Mi, BUKOPUCTOBYIOUH MPUHITUIT TEIJIOBOTO BUIIPOMIHIOBAHHS.

TakuM uyuMHOM, Teronepenada € (pyHIaMEHTaIbHUM (I3UMYHUM IPOLIECOM, IO
BIUIMBAE HA PI3HI ACMEKTH HAIIOTO XHUTTSA — BIJ KJIIMATUYHUX 3MIH JI0 TEXHOJIOT1H, sIKi

MU BUKOPpHUCTOBYEMO HIOJHA.

EXTENDED READING*¥*

1.1* Read and translate the following text. Pay attention to the use of

terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:
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Radiation is the transfer of
A S RIS heat by means of electromagnetic
waves. If something radiates, it
protrudes or spreads outward from a
point of origin. The transfer of heat
by radiation involves the carrying of
energy from an origin to the space
surrounding it. The energy is carried
by electromagnetic waves and does
NVVVV\NVVV\M /\/\/V\/\ not involve the movement or the
interaction of matter. Thermal

SOLAR RADIATION TERRESTRIAL RADIATION
Shorter Wavelength Longer Wavelength radiation can occur through matter

(higher frequency) emits  (lower frequency) emits or through a region of space devoid
MORE ENERGY LESS ENERGY

of matter (a vacuum). In fact, the
heat received on Earth from the sun is the result of electromagnetic waves traveling
through the space between the Earth and the Sun.

All objects radiate energy in the form of electromagnetic waves. The hotter the
object, the more it radiates. The sun obviously radiates more energy than a hot mug of
coffee. The temperature also affects the wavelength and frequency of the radiated
waves. Objects at typical room temperature radiate energy as infrared waves. Infrared
energy is invisible to the human eye, but an infrared camera is capable of detecting it.
Thermal photographs or videos of the radiation surrounding a person or animal or a hot
mug of coffee or the Earth illustrate this method of heat transfer. The camera detects the
radiation emitted by objects and represents it by means of a color photograph. The hotter
colors represent areas of objects are emitting thermal radiation at a more intense rate.

Heat affects substances in different ways. First, it changes the temperature of an

object. If heat is transferred from an object to the surroundings, then the object can cool

down and the surroundings can warm up. When heat is transferred to an object by its
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surroundings, then the object can warm up and the surroundings can cool down. Heat,
once absorbed as energy, contributes to the overall internal energy of the object. One
form of this internal energy is kinetic energy; the particles begin to move faster,
resulting in greater kinetic energy. This more vigorous motion of particles is reflected by
a temperature increase. The reverse logic applies as well. Energy, once released as heat,
results in a decrease in the overall internal energy of the object. The second thing that
heat does is that it contributes to changes in state of a substance. The addition of heat to
a sample of matter can cause solids to turn to liquids and liquids to turn to gases.
Similarly, the removal of heat from a sample of matter can cause gases to turn to liquids
and liquids to turn to solids. Each of these transitions between states occur at specific
temperatures - commonly referred to as melting point temperature, freezing point

temperature, boiling point temperature and condensation point temperature.

1.2* Comprehension Questions:

1. What is radiation, and how does it transfer heat?

2. Why does radiation not require matter to transfer heat?

3. How does the Sun transfer heat to the Earth?

4. How does the temperature of an object affect the amount of radiation it emits?

5. What type of electromagnetic waves do objects at room temperature emit?

6. How can infrared radiation be detected if it is invisible to the human eye?

7. What happens when heat is transferred from an object to its surroundings?

8. How does heat absorption affect the internal energy and motion of particles in
an object?

9. What are the four main phase changes mentioned in the text?

10. Why do substances change state at specific temperatures?

1.3* Vocabulary and Terminology:
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a) Define the following terms: melting point, boiling point, Kkinetic energy,
infrared waves, thermal radiation.

b) Translate the key terms into your native language and use them in sentences.

c) Below are 10 sentences with missing words. Use the given terms to complete

each sentence correctly.

Radiation
Electromagnetic waves
Thermal radiation
Infrared waves

Kinetic energy

Internal energy

Heat transfer

Phase change

© © N o 0 &~ w b E

Melting point
10. Boiling point

d) Fill in the blanks:
1. The Sun transfers heat to the Earth through , allowing us to feel

warmth even in space.

2. can travel through a vacuum, making it possible for heat from the Sun
to reach us.

3. The process of allows objects to emit heat in the form of invisible
waves.

4. cameras can detect heat emissions from living beings, even in

complete darkness.

5. When an object is heated, its particles move faster, increasing their

115



6. The total energy stored inside a substance, including its thermal and molecular
motion, is called

7. occurs when heat moves from a hotter object to a cooler one.

8. When ice turns into water, it undergoes a from solid to liquid.

9. The of a substance is the temperature at which it changes from solid
to liquid.

10. Water reaches its at 100°C, turning into steam.

e) Answer the questions:
1. What is radiation in terms of heat transfer?
A) The transfer of heat through direct contact.
B) The transfer of heat by movement of fluids.
C) The transfer of heat by electromagnetic waves.
D) The transfer of heat through solids only.
2. Why can radiation occur in a vacuum?
A) Because it does not require matter to transfer heat.
B) Because particles move faster in a vacuum.
C) Because air molecules carry the heat.
D) Because heat energy is absorbed by space.
3. Which of the following objects radiates the most energy?
A) A cup of cold water.
B) A warm mug of coffee.
C) The Sun.
D) A piece of ice.
4. What type of electromagnetic waves do objects at room temperature mostly
emit?
A) Ultraviolet waves.

B) Infrared waves.
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C) X-rays.
D) Radio waves.
5. How can infrared radiation be detected?
A) By using a regular digital camera.
B) By measuring the temperature with a thermometer.
C) By using an infrared camera.
D) By observing the object’s color with the naked eye.
6. What happens to an object when it absorbs heat from its surroundings?
A) It cools down.
B) It remains at the same temperature.
C) It warms up as its internal energy increases.
D) It turns into a solid.
7. Which statement is true about changes in state due to heat transfer?
A) Removing heat from a gas turns it into a solid immediately.
B) Adding heat to a liquid can turn it into a gas.
C) A substance does not need heat to change state.
D) All substances change state at the same temperature.
8. What happens to the kinetic energy of particles when an object is heated?
A) It decreases as the object cools.
B) It remains constant.
C) It increases as the particles move faster.
D) It causes the object to freeze.
9. Which of the following temperatures is NOT related to a phase change?
A) Boiling point.
B) Freezing point.
C) Room temperature.
D) Melting point.

10. How does a thermal camera display temperature differences?
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A) By using a thermometer inside the camera.

B) By detecting electromagnetic waves and converting them into colors.
C) By measuring the object's density.

D) By sensing visible light emitted by the object.

1.4* Based on what you have learned, write a short summary (3-5 sentences)
explaining how radiation and heat transfer work. Use at least three of the terms from

the list above in your summary.

1.5* Discussion Prompts:

1. How do conduction, convection, and radiation affect daily activities like cooking,
heating homes, or using electronic devices?

2. How can we use knowledge of heat transfer to develop sustainable energy
solutions?

3. Technological applications of heat transfer:

- How do engineers apply heat transfer principles in designing engines, spacecraft, or
cooling systems?

- Why is infrared technology important in medical, military, and industrial
applications?

- What future innovations could improve heat management in electronics, buildings,

or renewable energy systems?

1.6* Research and Presentation:
Step 1: Choose a topic
Select one of the following topics or propose your own:
- The three mechanisms of heat transfer: conduction, convection, and radiation.

- The role of thermal radiation in climate change and the greenhouse effect.
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- How heat transfer is used in engineering (e.g., cooling systems, insulation,
energy efficiency).
- Infrared technology and its applications in medicine, security, and industry.
- The impact of heat transfer on everyday life (e.g., cooking, home heating,
weather patterns).
Step 2: Conduct research
- Find reliable sources (scientific articles, textbooks, online research, experiments).
- Take notes on key concepts, real-world examples, and interesting facts.
- Use visuals (diagrams, images, graphs) to support your findings.
Step 3: Prepare Your Presentation
Introduction: Briefly introduce your topic and its importance.
Main content: Explain key concepts, provide examples, and use visuals.
Conclusion: Summarize main points and discuss possible applications or future
developments.
Be ready to answer questions from your audience.
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UNIT VII
ELECTRICITY & MAGNETISM

TEXT

Electromagnetism: Basic Principles

1. a) Read and translate the text using the dictionary.

Electromagnetism is an interaction that occurs between particles with electric

charge via electromagnetic  fields. The word electromagnetism comes from a

combination of the Greek words elektron, meaning "amber" and magnetis lithos,
meaning "Magnesian stone," a magnetic iron ore. The ancient Greeks were familiar with
electricity and magnetism but considered them two separate phenomena.

Basic Principles of Electricity

Electricity is the phenomenon associated with either stationary or moving electric
charges. The source of the electric charge could be an elementary particle, an electron
(which has a negative charge), a proton (which has a positive charge), an ion, or any
larger body that has an imbalance of positive and negative charge. Positive and negative
charges attract each other (e.g., protons are attracted to electrons), while like charges
repel each other (e.g., protons repel other protons and electrons repel other electrons).

Familiar examples of electricity include lightning, electrical current from an outlet or

battery, and static electricity. Common Sl units of electricity include the ampere (A) for
current, coulomb (C) for electric charge, volt (V) for potential difference, ohm () for
resistance, and watt (W) for power. A stationary point charge has an electric field, but if
the charge is set in motion, it also generates a magnetic field.

Basic Principles of Magnetism

Magnetism is defined as the physical phenomenon produced by moving electric

charges. Also, a magnetic field can induce charged particles to move, producing an
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electric current. An electromagnetic wave (such as light) has an electric and magnetic

component. The two wave components travel in the same direction but are oriented at a
right angle (90 degrees) to one another.

Like electricity, magnetism produces attraction and repulsion between objects.
While electricity is based on positive and negative charges, no known magnetic
monopoles exist. Any magnetic particle or object has a "north™ and "south" pole, with
the directions based on the orientation of the Earth's magnetic field. Like magnet
poles repel each other (e.g., north repels north), while opposite poles attract one
another (north and south attract).

Familiar examples of magnetism include a compass needle's reaction to Earth's

magnetic field, the attraction and repulsion of bar magnets, and the field surrounding

electromagnets. Yet, every moving electric charge has a magnetic field, so the orbiting

electrons of atoms produce a magnetic field, there is a magnetic field associated with
power lines, and hard discs and speakers rely on magnetic fields to function. Key SlI
units of magnetism include the tesla (T) for magnetic flux density, weber (Wb) for
magnetic flux, ampere per meter (A/m) for magnetic field strength, and henry (H) for
inductance.

The electromagnetic force is one of the four fundamental forces of nature. It is the

dominant force in the interactions of atoms and molecules. Electromagnetism can be

thought of as a combination of electrostatics and magnetism, which are distinct but

closely intertwined phenomena. Electromagnetic forces occur between any two charged
particles. Electric forces cause an attraction between particles with opposite charges and
repulsion between particles with the same charge, while magnetism is an interaction that
occurs between charged particles in relative motion. These two forces are described in
terms of electromagnetic fields. Macroscopic charged objects are described in terms

of Coulomb's law for electricity and Ampere's force law for magnetism; the Lorentz

force describes microscopic charged particles.
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The electromagnetic force is responsible for many of the chemical and physical

phenomena observed in daily life. The electrostatic attraction between atomic nuclei and

their electrons holds atoms together. Electric forces also allow different atoms to

combine into molecules, including the macromolecules such as proteins that form the

basis of life. Meanwhile, magnetic interactions between the spin and angular

momentum magnetic moments of electrons also play a role in chemical reactivity; such

relationships are studied in spin chemistry. Electromagnetism also plays several crucial

roles in modern technology: electrical energy production, transformation and
distribution; light, heat, and sound production and detection; fiber optic and wireless
communication; sensors; computation; electrolysis; electroplating; and mechanical

motors and actuators.

Notes:

1. SI units (The International System of Units) is a

@ @ system of measurement based on 7 base units: the
metre (length), kilogram (mass), second (time),

o @ ampere (electric current), kelvin (temperature),

e @ mole (quantity), and candela (brightness).

2. Coulomb’s law of magnetism states that, if two magnetic

poles of strengths m1 and m2 are held apart at a distance r then m, F M,
CH)—— )
|

directly proportional [+ r |

the force of attraction or repulsion between the two poles is

Ampere’s Law

mq mz

to the product of Fek =0

) =) Right hand thumb rule
Conducting T i T
|

wire

their pole strengths and inversely proportional to the
= _—

B

distance square between them.

Integral form: me = pol Thumb points in the
. X S, direction of the . , .
iferentialform: TXE=so] - etectric comencand 3. Ampere's force law for magnetism states that the force
: ectric curent Ingers curl aroun
R the current indicatin . . .
SR thediection ot e OF attraction or repulsion between two current-carrying

u,: Permeability of free space magnetic field

J: Current density

St
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wires is proportional to their lengths and the current flowing through them. A current-carrying

conductor placed in a magnetic field will experience a force that is perpendicular to both fields.

4. The Lorentz force law is the combination of electric and

magnetic force on a point charge due to electromagnetic

Lorentz Force

O v=0m/s

fields. It is a physical effectthat occurs in the vicinity of

electrically neutral, current-carrying conductors causing

moving electrical charges to experience a magnetic force.

b) Translate the italicized paragraph into Ukrainian (in writing).
c) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.

2. Synonyms in Physics Vocabulary.
a) These synonym groups will help you improve understanding of the interconnected
terms in electromagnetism. Remember them.
1. Electricity — electric power, electrical energy, electric charge flow, current.
2. Magnetism — magnetic force, magnetic attraction, magnetic effect, magnetic
interaction.
3. Attraction — pull, drawing force, magnetic pull, electrostatic attraction.
4. Repulsion — push, repelling force, electrostatic repulsion, magnetic repelling.
5. Electric charge — charge, electrical load, electron imbalance.
6. Magnetic field — magnetic force field, magnetic influence, magnetic area.
7. Electromagnetic force — electromagnetic interaction, electromagnetic effect.

8. Potential difference — Vvoltage, electrical potential, electric tension.
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9. Resistance — electrical resistance, impedance, opposition to current.

10. Conductor — electrical conductor, current carrier, conductive material.

11. Insulator — non-conductor, dielectric material, electrical barrier.

12. Electromagnetic wave — electromagnetic radiation, light wave, energy wave.
13. Power — electrical power, energy output, work rate.

14. Induction — electromagnetic induction, magnetic influence, electrical generation.

b) Below are several key terms related to electromagnetism. Find synonyms or
closely related words based on the text. Some words may not have direct synonyms but
can be explained using other terms from the text or from the list above.

Electricity, magnetism, attraction, repulsion, electric charge, magnetic field,

electromagnetic force, potential difference, induction, resistance.

¢) Choose the correct synonym from the word bank to complete each sentence.

Word Bank: current, potential difference, attraction, repulsion, resistance.

1. The movement of electric _ through a circuit generates power.
2. The force that pulls opposite charges together is called

3. occurs when two like charges push away from each other.

4. Abattery createsa __ to drive electric current.

5. Some materials have high , making it harder for electricity to flow.

3. Using the dictionary transcribe and translate the key words and words

combinations:

Word Transcription Translation

electric charge

electromagnetic fields
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imbalance

electrical current

resistance

electromagnetic wave

repulsion

repel

inductance

electrostatic attraction

atomic nuclei

electrolysis

electroplating

macromolecule

hold atoms together

insulator

impedance

4. Match the words with their definitons:

1. Attract a) A tool with a needle that always points north, used
for showing direction.
2. Compass b) To pull something closer.

3. Generator

c) A power plant that produces electricity from
moving water that turns turbines connected to

generators.

4. Hydroelectric plant

d) A machine that turns motion into electricity.

5. Lines of force

e) The end of a magnet where lines of force flow out.

6. Nuclear power

f) Invisible lines of magnetic force that flow through

and around a magnet, forming a magnetic field.
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7. Permanent magnet g) A factory that makes electricity by splitting or

joining.
8. Repel h) To push something away.
9. Temporary magnet 1) A material that is always magnetic.
10. North pole J) A material that is magnetic only while in the

magnetic field produced by an electric current or a

permanent magnet.

5. Give English equivalents to the meanings of the following words and word

combinations.

EnekrpuuHui 3apsij

Hampyra

Crpym

Omip

[ToTyxHICTB

MarsdiTHe 11071€

EnexrpuyHe rosne

[IpoBigHUK

[30s19TOD

EnlekTpoMarHiTHa XBUJIA

MarsiTHuH TOTIiK

[HAYKTUBHICTD

Awmriep

BonwT

Om

EJ'IeKTpOCTaTI/IllHC IIPUTATaHHA

EJ'IeKTpOCTaTI/IIIHe BiJIH_ITOBXYBaHHSI
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EnexrpoMarniTHa B3aemomist

6. Read the statements below and decide whether they are true (T) or false (F)

based on the text. If a statement is false, correct it.

1. ____ The term "electromagnetism” comes from Latin words meaning "electric
stone."

2. The ancient Greeks believed that electricity and magnetism were the same

phenomenon.

3. Electricity involves both stationary and moving electric charges.

4. Like charges attract each other, while opposite charges repel each other.

5. A moving electric charge creates both an electric field and a magnetic field.

6. ____ Magnetism is caused by moving electric charges.

7. Magnetic poles exist separately, just like electric charges.

8. ___ Electromagnetic force is one of the four fundamental forces of nature.

9. ___ Atoms and molecules interact mainly due to gravitational force.

10. __ Electromagnetism is widely used in modern technology, including electrical

energy production and communication.

7. Choose the correct answer:

1. What does electromagnetism describe?
A) The interaction between gravitational and electric forces.
B) The interaction between electric charges and magnetic fields.
C) The movement of heat through conductors.
D) The effect of sound waves on charged particles.

2. The word "electromagnetism” comes from Greek words meaning:

A) "Electric force and magnetic energy".
B) "Lightning and iron".
C) "Amber and Magnesian stone™.
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D) "Electricity and conduction™.
3. What is a fundamental characteristic of electric charge?
A) Only electrons have charge.
B) Like charges attract, and opposite charges repel.
C) Opposite charges attract, and like charges repel.
D) Charges do not interact with each other.
4. What happens when an electric charge moves?
A) It generates a gravitational field.
B) It creates both an electric and a magnetic field.
C) It loses its charge.
D) It stops interacting with other charges.
5. Which of the following is NOT a unit used in electromagnetism?
A) Ampere (A)
B) Volt (V)
C) Newton (N)
D) Tesla (T).
6. How do magnetic poles behave?
A) A north pole can exist without a south pole.
B) Like poles repel, and opposite poles attract.
C) Magnetic poles do not interact with each other.
D) They create electric charges.
7. What is the role of the electromagnetic force in nature?
A) It is weaker than the gravitational force.
B) It has no impact on atomic or molecular interactions.
C) Itis responsible for holding atoms and molecules together.
D) It only works in artificial environments.
8. Which law describes the force between two electric charges?

A) Ohm’s Law.
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B) Coulomb’s Law.
C) Faraday’s Law.
D) Newton’s Third Law

9. What happens when a magnetic field interacts with a moving electric charge?
A) It produces a gravitational effect.

B) It induces an electric current.
C) It neutralizes the charge.
D) It stops the charge from moving.

10. Which of the following is an example of electromagnetism in daily life?

A) A stretched rubber band.

B) A compass needle pointing north.

C) Water boiling at 100°C.

D) The force of friction between two surfaces.

11. Which of the following is the best way to translate the sentence?

Key SI units of magnetism include the tesla (T) for magnetic flux density, weber
(Wb) for magnetic flux, ampere per meter (A/m) for magnetic field strength, and henry
(H) for inductance.

A) KmrouoBi omuuuiti S| s MarHeTusMmy BKItodaroTh Tecia (T) ais MarHiTHOT
inaykuii, Beoep (WD) anst marniTHOTrO MoTOKY, amriep Ha Metp (A/ m) 1Jis HANPYKEHOCTI
Mar”iTHoro nosst Ta reupi (H) 11t iHIyKTUBHOCTI.

B) OcnoBaumu opuauLsIME MixkHapoaHoi cuctremu onuuullh (Sl) € tecna (T) mis
MarHiTHOI iHaykiii, Beoep (WD) mis marHiTHOrO MOTOKY, amrep Ha meTp (A/m) mis
HaIMPYXEHOCT1 MarHiTHOTO ToJIst Ta TeHpi (H) nmst i1HyKTUBHOCTI.

C) Kmtowori onunuii S| st MaruetTusMy BiitodaroTh BoJbT (W) miist MarHiTHOT
inaykiii, Beoep (WD) s maraiTHOrO MoTOKY, amrep Ha MeTp (A/ m) i HAPy»KeHOCTi

MarHiTHOTo oJjs Ta re’pi (H) ais iHIyKTUBHOCTI.
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D) KirouoBi omuuuii Sl s eeKTpUKH Ta MarHeTu3Mmy BKIO4aroTh Tecia (T)
T MarHiTHoI iHAykiii, Beoep (Wb) mis maruitTHoro moToky, ammep Ha Metp (A/ m) as

HaMpPy>KEHOCT1 MarHITHOTO ToJjs Ta re’pi (H) m1st iHIyKTUBHOCTI.

8. Translate the following sentences into Ukrainian:

1. An electric charge can originate from an elementary particle, such as an
electron with a negative charge, a proton with a positive charge, an ion, or any larger
object that has an uneven distribution of positive and negative charges.

2. Electromagnetism is essential in modern technology, contributing to the
generation, conversion, and distribution of electrical energy and involving in the
production and detection of light, heat, and sound, as well as in fiber optic and wireless
communication, sensors, computing, electrolysis, electroplating, and the operation of
electric motors and actuators.

3. Electromagnetism can be viewed as a fusion of electrostatics and magnetism,
two separate yet deeply interconnected phenomena.

4. Electric forces enable atoms to bond and form molecules, including
macromolecules like proteins, which serve as the foundation of life.

5. A motionless point charge creates an electric field, but when it starts moving, it

also produces a magnetic field.

9. Translate the following sentences into English:

1. EnextpomarHiTHa cuja € OJHIEIO 3 YOTUPbOX (PYHIAMEHTAILHUX CHJI IPUPOIH.

2. Pyxomwuii enekTpuyHu 3apsij] CTBOPIOE SIK €JIEKTPUYHE, TaK 1 MarHITHE TIOJIC.

3. MarHiTHe 1oJjie MOX€ 3MYCHUTH 3apsPKeHI YaCTUHKH PYyXaTHUCs, CTBOPIOIOYH
€JIEKTPUYHUN CTPYM.

4. TlpoTtunexHi eNEKTpUYHI 3apsiiM TPUTATYIOTbCS, a OJHAKOBI 3apsau

BIJIIITOBXYIOTHCSI.
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5. EnexkTpoMarHiTHi XBWJI MarOTh €JIEKTPUYHY Ta MAarHiTHY CKJIaJIOBl, SIKi

pyxaroTbes mig KyroMm 90 rpaayciB ojiHa 10 OJHOI.

10. Answer the questions to the text.
. What is electromagnetism, and how does it relate to electric charge?
. What is the origin of the word "electromagnetism"?
. How did the ancient Greeks perceive electricity and magnetism?
. What are the main differences between electric and magnetic forces?
. What happens when an electric charge is set in motion?
. Which Sl units are used to measure different aspects of magnetism?
. How does the electromagnetic force influence atomic and molecular interactions?

. What are some real-world applications of electromagnetism in modern technology?

© 00 N OO O B~ W N P

. How do magnetic poles behave compared to electric charges?

10. What laws describe the interactions of electric and magnetic fields?

11. Write a short summary of the text “Electromagnetism: Basic Principles”

(See the scheme in the Information File — ex. 11 p. 16) and be ready to present it.

SPEAKING
1. Guidelines for Discussion:

1. Use Key Terms.
Try to include important vocabulary from the text, such as electric charge, magnetic
field, induction, resistance, Coulomb’s law, etc.

2. Give Examples.
Support your points with real-life examples, like how electromagnets are used in MRI
machines, speakers, or electric motors.

3. Connect to Everyday L.ife.
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Discuss how electromagnetism affects daily activities, such as using a smartphone,
charging a battery, or seeing lightning.

4. Compare and Contrast.
Highlight the differences and similarities between electricity and magnetism, or static
and moving charges.

5. Ask Questions.
Engage others by asking follow-up questions, such as How would technology change if
electromagnetism didn’t exist?

6. Relate to History.
Mention key scientists like Faraday, Maxwell, or Tesla, and how their discoveries
shaped our understanding of electromagnetism.

7. Stay Open-Minded.

Respect different viewpoints and try to build on others’ ideas during the discussion.

2. Translate the following text into English:
a) Express the main idea of the text in one sentence

b) Write a short summary of the text in English.

EnekTpoMarHeTusM: 0OCHOBHM Ta 3HAYEHHSA

Enextpomarnetusm — 1e (QyHIaMeHTaldbHa B3a€EMOJIS MIK EJIEKTPUYHUMH 1
MarHiTHUMU TOJISIMU, 1110 BUHUKAE BHACIIJIOK PYXY €JIEKTPUUHUX 3apsiB. BiH € onHier0
3 YOTUPHOX OCHOBHUX CHJI TPHUPOAM TIOPAJ 13 TpaBITAIl€l0, CUJILHUMU Ta CIA0KUMHU
SIICPHUMH B3aEMO/TISIMU.

OCHOBHM €NeKTpOMarHeTu3My 3akja/ieHl B piBHAHHAX MakcBesa, siki OMUCYIOTh
B32€MO3B 30K €JIEKTPUYHUX 1 MArHITHUX TOJIB, a TAKOXK iXHIO MOBEIIHKY B MPOCTOPI Ta
qaci. EnekTpudHe moje CTBOPIOETHCA HEPYXOMUMH 3apsHKCHUMU YaCTUHKAaMH, TOI 5K
MarHiTHE TO0Ji€ BUHHUKAE TPU PYCl 3apsAHKEHUX YaCTHMHOK a00 3MiHAX €JIEKTPUYHOTO

I10JI4.
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3akoH ®apajiest Mpo eIEKTPOMATrHITHY 1HIYKIIIIO MTOSCHIOE, SIK 3MiHA MarHiTHOTO IMOTOKY
MOXK€ CTBOPIOBATH CIEKTPUYHHUNA CTpyM Y TpOBigHWKY. lle sBuIme mmpoxo
BUKOPHCTOBYEThCSI B TEHEpaTopax eJNeKTpoeHeprii Ta TpaHcopmaropax. 3akoH
Amriepa, y CBOIO 4Yepry, OMHCYE, SK EJICKTPUYHUN CTPyM CTBOPIOE MarHiTHE IOJe
HABKOJIO TIPOBITHUKA.

EnextpomarniTHa B3aeMOjisl Bifirpa€ KIIOYOBY pOJIb y Cy4YacHIM TEXHOJOTII.
BoHa BUKOPHCTOBYETHCS B EJICKTPOABUTYHAX, Palio3B’s3Ky, MEIUYHUX TpUiIanax
(manpuxnan, MPT-ckanepax), komm’toTepax Ta 0aratbox iHImMX chepax. OKpiM IHOTO,
CJIEKTPOMATHITHI XBUJIl, JIO SIKHX HAJEXaTh PaJlOXBHWJII, MIKPOXBWII, 1H(payepBoHE
BUIIPOMIHIOBaHHS, BUJIUME CBITJIO, YIbTpadioyeT, peHTIeHIBChKI Ta raMMa-IpoMeHi, €
OCHOBOIO JIJIsl 0araTb0X TEXHOJIOT1H 3B 3Ky Ta JIIarHOCTHKHU.

TakuM YMHOM, €JIEKTPOMATHETU3M € HEBIJI €MHOI0 YaCTUHOIO MPUPOIU 1
TEXHOJOTIYHOTO mporpecy. MOro BHBYEGHHS JONOMArae pO3LIMPIOBATH HAyKOBi

TOPU30HTHU Ta BJOCKOHAIIOBATH CyYaCHI TEXHOJIOTII.

EXTENDED READING*

1.1* Learn something new with these facts of electricity!
Read and translate the following texts. Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms.

1. Ever wondered how fast does electricity travel? The answer is the speed of
light!

It has been proven that electricity travels at the same speed as light, which totals
an astonishing 670,616,629 miles per hour. To break this down further, 670,616,629

miles per hour equals 300 million meters per second!

133



So, how does electricity travel so quickly? Well, it is all down to a combination of
electrons and an electric current. A flow of electricity is made from many minuscule
particles, otherwise known as electrons. When static, the electrons actually move
incredibly slowly. However, whenever you use an electrical device, it will be equipped
with a wire, which is what enables the electrons to travel from your power supply to
your device. The flow is technically known as an electric current, which will only begin
its journey when you turn on your device.

2. Lightning is caused by the discharge of electricity in the atmosphere.

Lightning is, in fact, caused by one huge electric current. While the clouds may
seem to be peacefully moving across the sky, they are actually deceptively active. With
ever-changing weather conditions, water and ice are forced up into the atmosphere by
warm air currents and then forced back down by gravity. During their travels, the pair
become compressed in the clouds, circulating not only around but also inside.

Over time, an electric charge starts to build up inside the clouds — similar to when
you rub a balloon against a surface to create static electricity. Inside the clouds, there are
now positive electric charges building up at the top and negative resting along the
bottom. These then try their hardest to reach each other in an attempt to neutralize.

On a normal day, this isn’t a problem; however, on a stormy day, the turbulent
winds cause the electric charges to separate. The negative charges start moving towards
the ground, known to scientists as a ‘stepped leader.” In the meantime, an ‘upward
leader’ forms on the earth below, pushing positive charges up into the air. When these
meet, they create a giant electric current, which shoots up into the cloud — this is known
as lightning!

3. Electricity was first discovered in 600 BC.

There are many reports that state different dates regarding the discovery of
electricity. However, according to Universe Today, electricity dates back as far as 600
BC with the Ancient Greeks. The Greeks concluded that by rubbing fur against amber

made from fossilized tree resin, they could create their own form of static electricity.
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In addition to the Greek discovery, it is also thought that the Romans may have used
electricity to create batteries. Back in the 1930s, archaeologists tracked down a set of
posts that were designed with copper sheets hidden inside. Experts believe that the
Romans used these pots as batteries to power lights.

4. Electric cars actually date back as far as 1832.

While most see electric vehicles as a relatively new invention, they actually date
back as far as the 1800s. Between 1828 and 1835, Hungarian and American innovators
were the first to experiment with small-scale electric cars. Budding inventor, Robert
Anderson, developed the first crude electric vehicle in 1832; however, it wasn’t until the
1870s that the car became ‘driveable’ and able to transport passengers from A to B.

More than 60 years after its first invention, the electric vehicle started to grow in
popularity. Models were finally easy to drive and no longer gave off a pungent smell of
pollutants. They were particularly sought-after amongst women, who wanted a stylish
vehicle to travel around the city. By the next century, it is thought that electric cars
accounted for up to one-third of all vehicles on the roads! For more information on the
history behind the electric car, take a look at Energy.Gov for a detailed timeline.

5. Electric eels can produce up to a 600-volt shock.

While this fact may seem a little peculiar, it was too interesting not to include in our
article! Despite the name, electric eels are actually a type of fish, but this doesn’t change
the fact that they can be incredibly dangerous. Each eel is born with around 6,000
specialized cells known as electrocytes; these are capable of producing an enormous
electrical charge of up to 600 volts. Luckily, the eels only release this charge when they
are either hunting or spot a predator.

6. 54% of all electricity is wasted.

We’re always encouraged to try our very hardest to make the most out of the
energy we use, but why? Based on a recent report by The Association for Decentralized
Energy, a vast 54% of energy is wasted every single year in the UK, which amounts to a

shocking £9.5 billion. When this is broken down further, per household alone, this could
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be as much as £354, which is more than half the average electricity bill of those living in
the UK,

While this is most definitely a surprising statistic, there are many super easy ways
to begin to save energy in the home. From unplugging gadgets when they are no longer
In use to washing clothes at a lower temperature, you can start making savings in no
time.

7. It’s the water in the body that causes an electric shock.

Having worked as electricians in Milton Keynes for several years, you would be
surprised how many emergency calls we receive from customers who have given
themselves an electric shock. While we’re all cautious to ensure that we stay safe around
electrics, did you know that the cause of a shock is actually the water inside your body?
As humans, our bodies are made up of up to 60% water, which makes us fantastic
conductors of electricity. High-powered electricity is always on the lookout for the path
which offers the least resistance and if we come into contact with it, this means that it
goes straight to the water flowing through the body, resulting in an electric shock. In
return, the muscles begin to tighten, and the lungs become narrower, causing an instant
and dangerous reaction.

8. Electricity plays a role in your heartbeat.

Every function and movement within the body is triggered through signals,
including your heart. Each time that your heart is given the go-ahead to beat, blood is
pumped around the body. This signal is passed through the body anywhere from 40-
something to over 100 times a minute. This particular function is, in fact, caused by your
body’s own electricity.

The heart’s electrical system is made up of three key structures; these are
scientifically known as the S-A Node, A-V Node and His-Purkinje System. The S-A
Node, also known as the heart’s natural pacemaker, is a collection of cells which is in
the upper-right of your heart. These cells are responsible for sending the signals to tell

your heart to beat. The signals then travel to the A-V Node, which is a form of ‘bridge’
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for the electricity to pass through. Lastly, once this reaches the His-Purkinje System,
your heart will beat.

9. LED lightbulbs use 80% less electricity
When using a conventional lightbulb, only around 10% of the electricity used to power
the bulb actually goes on light — a huge 90% is wasted through heat. This is just one of
the many reasons why more and more homeowners are opting to switch to LED
alternatives, not to mention how much better they are for the environment!

Trading in your regular old lightbulbs for LEDs comes alongside an array of
benefits. Not only do they use more than five times less energy, but they also last 25
times longer and cost six times less.

10. Some electrics should be tested every 12-24 months.

If you’re a business or commercial premises owner, you need to ensure that
electrical devices are regularly PAT tested to guarantee their safety. During a PAT test,
electrical appliances are assessed through visual inspections and electronic tests. They’ll
then be marked as either pass or fail. There are no set rules regarding the time period for
checking as it differs based on the industry that you’re in. For example, equipment in
schools should be tested every 12 months, whereas those in an office can be every 48
months.

As specialists in PAT testing in Milton Keynes, Heath Electrical Services are always
more than happy to visit you on-site to check that all appliances are in good working
order. All electricians are NICEIC registered, which means that all testing will be

completed to the highest standard.

1.2* Comprehension Questions:
1. At what speed does electricity travel, and why does it move so quickly?
2. How does lightning form, and what role do electric charges play in this process?

3. When and how was electricity first discovered, according to historical reports?
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4. Who developed the first crude electric vehicle, and when did electric cars become
more popular?

5. How do electric eels generate an electric shock, and for what purposes do they use it?
6. What percentage of electricity is wasted annually in the UK, and how can people
reduce energy waste?

7. Why does the human body conduct electricity so well, and how does this lead to
electric shocks?

8. How does electricity play a role in the human heartbeat, and what structures control
this function?

9. Why are LED lightbulbs considered more energy-efficient than traditional bulbs?

10. What is PAT testing, and why is it important for electrical safety in businesses?

1.3* Vocabulary and Terminology:

- Define the following terms: electricity, electric current, electrons, lightning,
static electricity, electric charge, electromagnetic waves, induction, electric vehicle,
electric eel, energy waste, conductor, electric shock, heartbeat electrical system, LED
lightbulb, PAT testing.

- Translate the key terms into your native language and use them in sentences.

1.4* Write a brief summary of key discoveries and applications of electricity in

our everyday life.

1.5* Discussion Prompts:
1. Electricity is essential in both nature and technology. In what ways does electricity
impact daily life, and how would the world be different without it?
2. Energy efficiency is a growing concern. What are some practical ways individuals

and businesses can reduce electricity waste, and why is this important?
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3. The history of electricity dates back centuries. Which historical discovery or

invention related to electricity do you find most interesting, and why?

1.6* Research and Presentation:
Choose one fact of the fascinating facts about electricity mentioned in the text and
conduct further research on it. Prepare a presentation about its role in nature and

technology to share your findings with the class.
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UNIT VIII

RENEWABLE ENERGY SOURCES

TEXT

Sustainable Power of the Future

1. a) Read and translate the text using the dictionary:

Renewable energy sources are key to creating a sustainable and environmentally
friendly future. Unlike fossil fuels, which are limited and harmful to our planet,
renewable energy comes from natural sources that are plentiful and cause minimal

pollution. Some of the main types of renewable energy include solar, wind,

hydroelectric, geothermal, and biomass energy.
Solar Energy is harvested from the sun using solar panels

or mirrors that concentrate sunlight. These technologies convert

sunlight into electricity. Over recent years, solar technology has
improved a lot, making solar panels more efficient and affordable.

Solar energy is used everywhere, from home rooftops to vast solar

farms. Innovations in solar batteries have made it easier to store

¥ | energy for later use, ensuring that people have power even when

the sun isn’t shining. Solar energy helps reduce carbon emissions and gives people the

ability to produce their own electricity.

Wind Energy is created by using wind turbines to convert the wind's kinetic

energy into electrical power. Advances in wind

How Does Wind Energy Work?

\\\\\ d blows past The kinetic energy
is transformed into
lca

technology have produced more efficient and e o
powerful turbines that can generate electricity

even with low wind speeds. Offshore wind farms,
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which are built in the ocean where winds are stronger and more consistent, are
becoming increasingly popular. Wind energy is now a major contributor to the world’s

energy supply and provides a clean, renewable source of power. The growth of the wind

industry has also created many jobs in manufacturing, installation, and maintenance.

Hydroelectric Energy comes from harnessing the power of moving water,

usually from rivers or dams. This form of energy has

LN (‘.@r‘ﬁ been used for decades and is one of the most reliable

Distribution

+ and efficient sources of renewable power. Recently,

- new technologies have been developed for small-scale

hydroelectric systems, making it possible to generate

*electricity in remote and rural areas. Hydroelectric

power not only provides clean energy but also helps
with water management and flood control.
Geothermal Energy uses heat from within the Earth to produce electricity and

provide heating. This energy is accessed by

geothermal

drilling wells to tap into hot water and steam Sewerpian

reservoirs beneath the Earth's surface <—°°°""9

provide a steady supply of power. Recen

advancements have made it possible to use

geothermal energy in areas with lower temperatures, expanding its potentlal Geothermal
plants have a small environmental impact and produce very little pollution.

Biomass Energy is generated from organic

materials like plant and animal waste, wood, and

. agricultural residues. These materials can be converted

«zinto biofuels, biogas, and bioenergy through various

Cycle of

biomass ~.._processes. Biomass energy provides a way to utilize

P
{3 1 z —
2 5 e~ | Vs
Trees and plants energy - o
Bmmasspowefplanl
= EE 4
woos P! -
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waste materials and reduce greenhouse gas emissions. Recent advancements include

more efficient conversion processes and the use of algae as a source of biofuel. Biomass
energy is a versatile and renewable energy option that can be integrated into existing
energy systems.

In summary, renewable energy sources are essential for tackling climate change,

ensuring _energy security, and promoting environmental sustainability. The
advancements in solar, wind, hydroelectric, geothermal, and biomass energy
technologies have made them more efficient, affordable, and accessible. By harnessing
these natural sources, we can move towards a cleaner and more sustainable energy
future, reducing our dependence on fossil fuels and mitigating the effects of climate

change.

b) Translate the italicized paragraphs into Ukrainian (in writing).
¢) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.

2. Synonym Groups for Physics Vocabulary:

Select 5 key terms from the text. For each term, create a list of 2 to 6 synonyms
that capture the same or similar meanings within the context of physics. Below are
examples to learn and to guide you.

1. Photovoltaic (PV) cells - Solar cells - Solar panels - PV modules -
Photovoltaic modules

2. Kinetic Energy - Motion energy - Dynamic energy - Movement energy -
Mechanical energy

3. Electricity Generation - Power production - Energy generation - Electrical

output - Power generation
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4. Renewable Energy - Green energy - Sustainable energy - Eco-friendly energy
- Clean energy

5. Greenhouse Gas Emissions - Carbon emissions - GHG emissions - Carbon
dioxide emissions - Climate emissions

6. Sustainable — Eco-friendly — Green — Renewable - Environmentally
friendly

7. Advancements — Progress — Developments — Innovations — Improvements

8. Efficient — Effective — Productive — Proficient — Competent

9. Reduction — Decrease — Diminution — Lessening — Minimization

10. Mitigating — Alleviating — Reducing — Lessening - Easing

3. Using the dictionary transcribe and translate the key words:

Word Transcription Translation

renewable

sustainable

fuel

efficient

advancements

turbines

supply

maintenance

hydroelectric

electricity

reservoirs
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advancements

environmental

algae

versatile

4. Match the words with their definition:

1. Photovoltaic (PV) Cells

2. Kinetic Energy

a) The release of gases, such as carbon dioxide and
methane, into the atmosphere that contribute to the

greenhouse effect and global warming.

b) Electricity generated by harnessing the energy of
flowing water, typically from rivers or dams, to spin

turbines connected to generators.

3. Electricity Generation

4. Renewable Energy

5. Greenhouse Gas Emissions

c) A technology that uses mirrors or lenses to
concentrate a large area of sunlight onto a small area to
generate thermal energy, which can then be used to

produce electricity.

d) Devices that convert sunlight directly into electricity
through the photovoltaic effect. They are the

fundamental components of solar panels.

e) The heat derived from the Earth's internal geothermal
processes. This energy can be harnessed for electricity

generation and direct heating applications.

6. Concentrated Solar Power

f) Fuels produced from organic materials, such as plant
and animal biomass, through processes like fermentation

and anaerobic digestion. Common examples include
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ethanol and biodiesel.

7. Offshore Wind Farms g) The energy possessed by an object due to its motion.
In the context of wind energy, it is the energy harnessed

from moving air.

8. Geothermal Energy h) Energy obtained from natural sources that are
replenished on a human timescale, such as sunlight,

wind, rain, tides, waves, and geothermal heat.

9. Hydroelectric Power i) Wind turbines located in bodies of water, typically on
the continental shelf, that harness wind energy to
generate electricity. They benefit from stronger and

more consistent winds compared to onshore wind farms.

10. Biofuel j) The process of producing electrical power from
various energy sources, such as fossil fuels, nuclear, or

renewable sources like solar, wind, and hydro.

5. Give English equivalents to the meanings of the following words and word

combinations:

eKOJIOTiUHO uncTe MalbyTHE

ri[poejieKTpUYHA, TeoTepMasibHa eHepris Ta

eHepris 6iomacu

MepeTBOPIOBAaTU  COHSIYHE  CBITIO B

e/IeKTPUKY

OisibI epeKTUBHUM i JOCTYTIHUN

KiHeTUUYHA eHepris BITpy

MOTY>KHi TypbiHU
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reHepyBaTH eJIeKTPOeHeprito

Bi/IHOBJIIOBaHe [[)KepeJio eHeprii

BUT'OTOB/IEHHSI, MOHTa)X i 00C/TyTOBYBaHHS

MaJli riZipoesIeKTpOCUCTeMU

BO/IHE TOCIIOZIapCTBO

KOHTPOJIb 3d ITOBEHAMU

I1i /] TTOBepXHer0 3emil

OCTaHHI JOCATHEHHS

reoTepMasibHi yCTaHOBKHU

BIIV/IMB Hd HABKOJ/IMIITHE CepeOBUILE

TIPOL[eCH TIepeTBOPEHHS

OiorajmBo

yHiBepcaJbHUK

TIPUPOJHI [pKepeJsia

3a/1e>KHICTh Bl,[[ BHWKOITHOI'O I1a/IMBa

HaC/IJKW 3MIHU K/TIIMarty

ICHyHOUl eHepreTUyYHi CUCTeMU

6. Find synonyms to the words and word combinations:
1. Important -
2. Create -
3. Energy -
4. Technology -

5. Clean -
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6. Reduce -
7. Improve -
8. Reliable -
9. Protect -
10. Cost -

7. Choose the correct answer:
1. What are solar panels primarily used for?
A) Storing wind energy
B) Converting sunlight into electricity
C) Producing geothermal heat
D) Generating biomass energy
2. Which renewable energy source uses wind turbines to generate electricity?
A) Solar energy
B) Geothermal energy
C) Wind energy
D) Biomass energy
3. What is one of the main benefits of hydroelectric power?
A) It uses fossil fuels
B) It produces high carbon emissions
C) It provides clean energy and helps with water management
D) It relies on geothermal heat
4. Geothermal energy is derived from:
A) Solar radiation
B) The Earth's internal heat
C) Wind currents
D) Ocean tides

5. Biomass energy is generated from:
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A) Fossil fuels
B) Organic materials such as plant and animal waste
C) Nuclear reactions
D) Geothermal reservoirs
6. Which of the following is NOT a renewable energy source mentioned in the
text?
A) Wind energy
B) Solar energy
C) Nuclear energy
D) Geothermal energy
7. What advancements have made solar panels more efficient and affordable?
A) Fossil fuel technology
B) Innovations in solar technology
C) Increased use of nuclear power
D) Traditional energy sources
8. How do wind turbines contribute to the energy supply?
A) By storing solar energy
B) By converting kinetic energy from wind into electrical power
C) By generating heat from the Earth's core
D) By decomposing organic materials
9. Which is the best way to translate the following sentence:
Renewable energy sources help reduce greenhouse gas emissions.
A) BigHoBMIOBaHi JyKepesia eHeprii JornoMaratoTb 3MeHIIMTHA BUKUAW TTapHUKOBHUX Ta3iB.
B) BizHoB/t0OBaHI /yKepesia eHeprii miBUILYI0Tb BUKUY TAPHUKOBUX Ta3iB.
C) BigHosstoBaHi mxepesia eHeprii 30ibIIy 0T BUKHM TADHUKOBUX Ta3iB.
D) BigHoB/tOBaHi /i)kepesia eHeprii He BIJIMBAalOTh HAa BUKW/IA NTAPHUKOBUX Ta3iB.
10. Which is the best way to translate the following sentence:

Wind turbines convert kinetic energy from wind into electrical power.
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A) BiTpoBi TypOiHM NEpETBOPIOIOTh KIHETUYHY €HEPril0 BITPY Ha CJICKTPUUHY CHEPTIIO.
B) BitpoBi Typ6iHu IEPETBOPIOIOTH KIHETUYHY €HEPTiI0 BITPY Ha TEIJIOBY €HEPTito.
C) BitpoBi TypOiHu NEepeTBOPIOIOTh KIHETHUHY €HEPTII0 BITPY Ha MEXaHIYHY €HEpriio.

D) BiTpoBi TypOiHM NEpEeTBOPIOIOTH KIHETUUHY €HEPTrito BITPY Ha XIMIYHY €HEPTIIO.

8. Translate the following sentences into Ukrainian:

1. The development of wind turbines has significantly improved our ability to
harness wind energy efficiently.

2. Solar panels are becoming more widespread due to their decreasing costs and
increasing efficiency.

3. Geothermal energy offers a reliable and sustainable way to generate electricity
from the Earth's internal heat.

4. Biomass energy provides a renewable solution by converting organic waste
materials into usable fuel.

5. Advancements in hydroelectric power have made it possible to generate clean

energy from small-scale water sources.

9. Translate the following sentences into English:

1. T'igpoenexkTpocTaHiii BUKOPUCTOBYIOTh €HEPril0 MNPOTOYHOI BOAM JUIS
BHPOOHUIITBA YMCTOI Ta BiTHOBIIOBAHOI CJICKTPOCHEPTI.

2. OcraHHI [JOCATHEHHS B Tally3l OloMacH 3poOMJIM TMPOLEC MEPETBOPEHHS
OpraHIYHUX BI1IXO/AIB HA MAJIUBO O1IbIT €PEKTUBHUM.

3. OdmopHi BiTpoBI ¢depMH MarOTh MOTEHIlAl TEHEpyBaTH 3HAYHI KIJIBKOCTI
€JICKTPOEHEPTii 3aBASKHA CHIIBHUM 1 CTaOUTLHUM BITPaM HaJl OKEaHOM.

4. TeorepMalibHI EIEKTPOCTAHINT 3a0e3MeuyloTh CTAIMA JDKEPENIO EHeprii,
BUKOPHUCTOBYIOUH BHYTPIIIHE TETLJIO 3EeMJI.

5. 3MeHIIeHHS! BUTPAT 1 MiJABUILEHHS €()EKTUBHOCTI COHSIYHUX MaHeel CIpHsie ixX

IITUPOKOMY BIPOBAIXKEHHIO TI0 BChOMY CBITY.
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10. Answer the questions to the text?
1. What are the primary benefits of renewable energy sources compared to fossil fuels?
2. How do photovoltaic (PV) cells convert sunlight into electricity?
3. What technological advancements have improved the efficiency of solar panels in
recent years?
4. Why are offshore wind farms becoming more popular compared to onshore wind
farms?
5. How does hydroelectric power contribute to both clean energy production and water
management?
6. What makes geothermal energy a reliable and sustainable source of electricity?
7. How is biomass energy generated from organic materials?
8. In what ways have advancements in biomass technology improved the efficiency of
converting waste into fuel?
9. What role do solar batteries play in enhancing the reliability of solar energy?

10. How do wind turbines convert the kinetic energy of wind into electrical power?

11. Write a short summary of the text (See the scheme in the Information

File — ex. 11 p. 16) and be ready to present it.

SPEAKING

1. Guidelines for Discussion:

1. Explore the Environmental Benefits of Renewable Energy:

Discuss how renewable energy sources, such as solar and wind power, contribute
to reducing greenhouse gas emissions and mitigating climate change. What specific
environmental advantages do these technologies offer compared to fossil fuels?

2. Evaluate the Economic Impact of Renewable Energy:
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Analyze the economic benefits of investing in renewable energy technologies.
How do advancements in solar, wind, and other renewable sources create job
opportunities and stimulate economic growth? Consider both short-term and long-term
economic impacts.

3. Investigate the Technological Advancements in Renewable Energy:

Examine recent technological innovations in renewable energy, such as
improvements in solar panel efficiency or the development of offshore wind farms. How
have these advancements enhanced the reliability and accessibility of renewable energy?

4. Discuss the Challenges and Solutions in Implementing Renewable Energy:

Identify the major challenges associated with the widespread adoption of
renewable energy sources. What are some potential solutions to overcome these
obstacles, such as advancements in energy storage or grid integration?

5. Consider the Future of Renewable Energy:

Reflect on the future prospects of renewable energy technologies. What emerging
trends and innovations could shape the future of renewable energy? How can
governments, industries, and individuals contribute to the transition towards a more

sustainable energy landscape?

2. Translate the following text into English:
a) Express the main idea of the text in one sentence;

b) Write and be ready to present a short summary of the text in English.

BuUKOpHCTaHHSA IITYYHOTO iHTE/IeKTY
AJIs1 OMITUMI3allii BiJHOB/IIOBAHUX )KepeJ/l eHeprii
3 po3BUTKOM TexHosorik mryuHuii iHTesnekt (IIII) 3HaxoguTh Bce OisbIie
3aCTOCYBaHb Yy PIi3HUX ranys3sax. BiJHOB/IOBaHI [Kepejia eHeprii He € BUHATKOM.

Bukopucranusi Il pans ontumizailii BUPOOHUWIITBA, PO3IMOALTY Ta CIIOKABAHHS
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Bi/IHOB/IFOBAHOI eHeprii CTa€ K/IHOUOBHUM €/IeMEHTOM Yy CTBOPEHHI CTiMKOI eHepreTU4HOl
CUCTEMHU.

OpHuM i3 HavBakMBIMX 3actocyBaHb LI y cdepi BiiHOBIIOBaHOI eHEpreTUKU
€ aHaJli3 Be/JMKMX MacCHBIiB JlaHMX Ta MporHo3yBaHHs. IIITyyHul iHTe/NeKT 37areH
00pobsiATH faHi 3 pi3HUX [pKepes, TaKUX SK MeTeOpOJIOTiuHi CTaHIlii, JaTYMKA Ha
BiTpOBHX TypbOiHaX Ta COHSUHUX TIAHeJsIX, Ta CTBOPIOBAaTH TOYHi IMPOTHO3U IOJ0
BUPOOHMIITBA eHepril.

Il Mo)ke TaKoXK JOTMOMOTTH OINTUMi3yBaThU pPOOOTY eHEepreTUYHUX Mepex.
BUKOpUCTOBYIOUM a/JrOPUTMM MAIIMHHOIO HAaBYaHHS, €HepreTWuYHi KOMIIaHil MOXYTb
aBTOMAaTHUYHO PEeryJ/ir0BaTU PO3IMOAL eHeprii, BpaxOByHOUM 3MiHHI YMOBM IIOMUTY Ta
npono3uii. Ile mornomMarae 3MeHIIMTH BTPAaTU eHeprii, MiJABUIIUTHA e(eKTUBHICTb
poboTtu Mepexki Ta 3abe3neunTu cTabislbHe MOCTauaHHs e/IeKTPOeHeprii.

[ITyyHyid IHTE/NIEKT TaKOXX MO)Ke CIPUATA MiJABUIEHHIO e(eKTUBHOCTI
BUKOPMCTaHHS BiZJHOB/IIOBaHUX [ykepes eHeprii. Hanpuknaz, anroputmu LI MOXyTb
aHaji3yBaTH [aHi MPO PpOOOTy COHAYHUX TIaHeJed Ta BiTPoBUX TypOiH, BUSIB/ISTH
TIOTeHI[iliHi HeCITpaBHOCTI Ta repegbauaT HEOOXiZHICTh TeXHIUYHOTO 00C/TyroByBaHHS.
Ile m03BO/ISIE 3HU3UTH E€KCIUTyaTalliiHi BUTpaTH Ta 30i/MBIIMTA CTPOK CIy»KOH
obaIHaHHSI.

IITy4yHMid iHTE/NIeKT BiZJKPMBA€E HOBI MOK/IMBOCTI JJIs1 PO3BUTKY BiJJHOB/IFOBAHOI
€HepreTUKA Ta CTBOPEHHS CTIWKOI eHepreTM4Hoi cuctemu. Bukopucrtanns I s
aHaJi3y JaHuX, ONTHUMI3aLlii MepeX, Mi/IBULLIeHHS e()eKTUBHOCTI BUKOPHUCTaHHS PeCypCiB
Ta MOJIe/IFOBaHHSI [J03BOJISIE 3HAUHO MOKPAIIUTHA POOOTY BiTHOB/IIOBAHUX JPKepesl eHepril.
[le cropuse 3HWKEHHIO BUKHW/IB TIADHUKOBUX Tas3iB, IIiJABUILEHHIO €HepreTU4Hol

He3asIe)KHOCTi Ta 3abe3reueHHI0 CTaloro PO3BUTKY il MalOyTHIX TIOKOJTiHb.

EXTENDED READING*

152



1.1* Read and translate the following text. Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

Text 1
Harnessing the Sun: The Role and Benefits of Solar Farms
Solar farms, also known as solar power plants or photovoltaic (PV) power
stations, are large-scale installations designed to convert sunlight into electricity. These
farms consist of vast arrays of solar panels that capture solar energy and transform it into
usable electrical power. Solar farms play a critical role in the transition towards
renewable energy and the reduction of greenhouse gas emissions.

At the heart of a solar farm are
Solar Power Plant

WWW ELECTRICALTECHNOL ransmission - photovoltaic (PV) cells, which are made

Towers & Lines

Sun Light S H’ /\ from semiconductor materials such as

_~ silicon. When sunlight strikes these cells,
it excites the electrons within the
material, creating an electric current.

PV Array

e This direct current (DC) is then

Inverter /
Charge Controller

converted into alternating current (AC)
by inverters, making it suitable for use in homes, businesses, and the electrical grid.
There are two main types of solar farms: utility-scale solar farms and community
solar farms.
1. Utility-Scale Solar Farms: These are large installations that can generate
enough electricity to power thousands of homes and businesses. They are typically built
in areas with high solar insolation and ample space, such as deserts or open fields. The

electricity produced is fed directly into the grid, contributing to the overall energy

supply.
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2. Community Solar Farms: These smaller-scale solar farms allow multiple
households or businesses to share the benefits of solar power. Members of the
community can subscribe to a portion of the solar farm's output, reducing their energy
bills and supporting renewable energy without needing to install panels on their own
properties.

Solar farms offer numerous advantages:

1. Environmental Impact: Solar farms generate clean, renewable energy,
significantly reducing carbon emissions and reliance on fossil fuels. This helps mitigate
climate change and reduce air pollution, leading to improved public health.

2. Energy Independence: By harnessing the power of the sun, solar farms
contribute to energy independence. They reduce the need for imported energy sources
and enhance the stability and security of the energy supply.

3. Economic Growth: The construction and operation of solar farms create jobs
in manufacturing, installation, maintenance, and management. This stimulates local
economies and provides new employment opportunities.

4. Scalability: Solar farms can be scaled up or down based on energy needs and
available space. This flexibility makes them an attractive option for both large utility
companies and small communities.

5. Land Use: Solar farms can be installed on otherwise unused or underutilized
land, such as brownfields, abandoned industrial sites, or agricultural land with low
productivity. This optimizes land use and brings new value to these areas.

Despite their benefits, solar farms face challenges such as land availability, initial
investment costs, and intermittency due to weather conditions. However, ongoing
advancements in solar technology, energy storage solutions, and grid integration are
addressing these issues. Innovations such as bifacial panels, floating solar farms, and
solar tracking systems are enhancing the efficiency and viability of solar farms.

In conclusion, solar farms are a vital component of the renewable energy

landscape. They offer a sustainable and environmentally friendly solution to meet the
154



world's growing energy demands. As technology continues to advance, solar farms will

play an increasingly important role in shaping a clean and sustainable energy future.

1.2* Comprehension Questions:
What are the main components of a solar farm and how do they work to generate
electricity?

1.What are the main components of a solar farm and how do they work to
generate electricity?

2. Explain the difference between utility-scale solar farms and community solar
farms.

3. What are the environmental benefits of solar farms?

4. How do solar farms contribute to energy independence?

5. What challenges do solar farms face, and what advancements are being made to
address them?

1.3* Vocabulary and Terminology:

a) Define the following terms b) Match the terms to their definitions
1. Photovoltaic (PV) cells a) Devices that convert sunlight directly into
electricity.
2. Inverters b) Systems that transform direct current (DC) from

solar panels into alternating current (AC).

3. Utility-scale solar farms c) Large installations that generate enough

electricity to power thousands of homes.

4. Community solar farms d) Smaller-scale solar farms that allow multiple

households to share solar power.

5. Bifacial panels e) Panels that capture sunlight from both sides for

increased efficiency.
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1.4* Write a brief summary of the text in your own words in 5-6 sentences.

1.5* Discussion Prompts:

1. Discuss the potential economic impacts of solar farms on local communities.
How do they create jobs and stimulate economic growth?

2. Explore the technological advancements that have improved the efficiency of
solar farms. What innovations are enhancing their viability and performance?

3. Reflect on the role of solar farms in achieving energy independence. How do
they reduce reliance on imported energy sources?

4. Debate the challenges and potential solutions in the development and
implementation of solar farms. What obstacles need to be overcome for their widespread
adoption?

5. Analyze the environmental benefits of solar farms. How do they contribute to

reducing greenhouse gas emissions and mitigating climate change?

1.6* Research and Presentation:

Explore the role of interdisciplinary collaboration in the development of solar
farms. Identify how engineers, environmental scientists, and policymakers work together
to advance this technology. Present your findings and discuss the importance of

teamwork in achieving sustainable energy solutions.

Text 2

2.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

Harnessing the Wind's Kinetic Energy
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The wind's kinetic energy, often referred to as wind energy, is the energy
possessed by moving air. This form of energy has been utilized for centuries, from
sailing ships and windmills to modern wind turbines that generate electricity. Wind
energy is a clean, renewable, and abundant source of power that plays a crucial role in
the global transition to sustainable energy systems.

Kinetic energy is the energy that an object possesses due to its motion. In the
context of wind energy, the kinetic energy of the wind is derived from the movement of
air molecules. The amount of kinetic energy in the wind depends on the speed and mass
of the moving air. Faster and denser winds carry more energy, making them ideal for
power generation.

Wind turbines are the

primary technology wused to

Control system
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Senssiim==ilie Turbine Gearbox Generator Power interface Grid

s ——

miponse Machmnical ooy B rotor, a nacelle, and a tower.

convert the wind's kinetic energy

into electrical power. A wind

turbine consists of several key

components, including blades, a

Here's a step-by-step breakdown
of how wind turbines work:

1. Capture: As the wind blows, it moves the turbine blades, causing them to
rotate. The blades are designed to capture as much wind energy as possible by efficiently
converting the wind's kinetic energy into mechanical energy.

2. Rotation: The rotating blades turn the rotor, which is connected to a shaft
inside the nacelle. The nacelle houses the generator and other mechanical components.

3. Generation: The shaft turns the generator, which converts the mechanical
energy into electrical energy. This process involves the interaction of magnetic fields

and conductors within the generator.
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4. Transmission: The generated electricity is transmitted through cables to a
substation, where it is transformed into a higher voltage for distribution through the
power grid.

5. Distribution: The electricity is then distributed to homes, businesses, and
industries, providing a clean and renewable source of power.

Wind energy offers numerous advantages that

EFFICIENT

e @ make it an attractive option for power generation:
= 1. Renewable and Sustainable: Wind is a
°".i‘£.’J§”° Wind Energy S?;?L%i“.ﬁi . .
e Advantages natural, inexhaustible resource that can be harnessed
B @A 12)::pewithout depleting the Earth's resources.
i @ @ 2. Low Environmental Impact: Wind energy

produces no greenhouse gas emissions or air pollutants, making it an environmentally
friendly alternative to fossil fuels.

3. Economic Benefits: The wind industry creates jobs in manufacturing,
installation, and maintenance. It also provides income for landowners who lease their
land for wind farms.

4. Energy Independence: Wind energy reduces reliance on imported fossil fuels,
enhancing energy security and stability.

5. Scalability: Wind farms can be built onshore and offshore, allowing for
flexibility in site selection and scalability based on energy needs.

Despite its benefits, wind energy faces challenges such as intermittency, visual
and noise impacts, and land use conflicts. However, ongoing research and technological
advancements are addressing these issues. Innovations in turbine design, energy storage
solutions, and grid integration are improving the efficiency and reliability of wind
energy systems.

In conclusion, the wind's kinetic energy is a powerful and sustainable resource that has

the potential to significantly contribute to global energy needs. By harnessing this
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natural force, we can reduce our carbon footprint, promote energy independence, and

pave the way for a cleaner and more sustainable future.

2.2* Comprehension Questions:

1. What is kinetic energy and how is it related to wind energy?

2. Explain the process of how wind turbines convert the wind's kinetic energy into
electrical power.

3. List the advantages of wind energy mentioned in the text.

4. What are some challenges faced by wind energy, and how are they being
addressed?

5. How does wind energy contribute to energy independence?

2.3* Vocabulary and Terminology:

Define the following terms Match the terms to their definitions
1. Kinetic energy a) The energy an object possesses due to its motion.
2. Wind turbines b) Devices that convert the wind's kinetic energy into

electrical power.

3. Rotor c) The component of a wind turbine that houses the

generator and other mechanical parts.

4. Nacelle d) The rotating part of a wind turbine that captures

wind energy.

5. Alternating current (AC) e) The type of electrical current used in homes and

businesses, converted from direct current (DC).

2.4* Summarize the text in your own words in 5-6 sentences.
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2.5* Discussion Prompts:

1. Discuss the environmental benefits of wind energy compared to traditional
fossil fuels.

2. Explore the economic impact of the wind energy industry on local
communities. How does it create jobs and stimulate economic growth?

3. Reflect on the technological advancements in wind turbine design. How have
these innovations improved the efficiency and reliability of wind energy?

4. Debate the potential solutions to the challenges faced by wind energy, such as
intermittency and land use conflicts.

5. Analyze the role of wind energy in reducing carbon emissions and combating

climate change.

2.6* Research and Presentation:
Select a real-world case study of a successful wind farm project. Analyze the
impact of this project on the local community, environment, and energy supply. Present

your findings with supporting data and evidence.
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UNIT IX

NANOTECHNOLOGY

TEXT

Exploring the World of Nanotechnology

1. a) Read and translate the text using the dictionary:

Nanotechnology, often referred to as "nano," is a rapidly advancing field of
science and engineering that involves the manipulation and control of matter on an
atomic and molecular scale. This cutting-edge technology operates at the nanometer
scale, with one nanometer being one-billionth of a meter, or about 100,000 times smaller
than the diameter of a human hair. The unique properties of materials at this scale open
up a myriad of possibilities for innovation across various industries.

At the core of nanotechnology is the ability to precisely control and manipulate

individual atoms and molecules. This level of control allows scientists and engineers to

create materials with specific properties and functions that are not possible with bulk

materials. Nanotechnology leverages principles from physics, chemistry, biology, and

engineering to design and fabricate nanoscale devices and structures.
Applications of Nanotechnology
1. Medicine and Healthcare: Nanotechnology has the potential to revolutionize

Nanosystems medicine by enabling targeted drug delivery
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Gene Therapy Applications mnmscs CAN De engineered to deliver drugs directly to

in Healthcare

systems, early disease detection, and advanced

diagnostic tools. For instance, nanoparticles

cancer cells, minimizing side effects and

iseases
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improving treatment efficacy. Additionally, nanoscale sensors can detect biomarkers of
diseases at very early stages, allowing for prompt intervention.

2. Electronics and Computing: The miniaturization of electronic components
through nanotechnology has led to significant

advancements in computing power and efficiency. —Nanotecs impact on Electronics and Computing

Nanoscale transistors, which are the building blocks Mgz &R, Nreeeerone  cnalerges

Law ﬁlﬁoel Batronic Considerations

of modern processors, have enabled the development

of faster and more powerful computers,

smartphones, and other electronic devices. Eocyend e, Mot e
Green Electronics ~ Thermal
Computing Management

Nanotechnology also plays a crucial role in the

development of flexible and wearable electronics.

3. Energy and Environment: Nanotechnology offers innovative solutions for

The Role of Nanotechnology in Energy and Environment energy generation, Storagg, and Conservation. For

example, nanomaterials are used to create more

Energy Storage

g sorenersy efficient solar cells, batteries, and fuel cells.

Energy Efficiency

Envirormental Additionally, nanotechnology can help address

Remediation
Challenges and Risks

environmental challenges by enabling the

development of advanced water purification systems and air filters that can remove

pollutants at the nanoscale.
4. Materials Science: The ability to manipulate matter at the nanoscale has led to
the creation of materials with enhanced properties,

such as increased strength, flexibility, and

Nanoparticles Metallic
.Quamum Dots nanoparticles

conductivity. Carbon nanotubes and graphene are

Metal oxide
nanoparticles

prime examples of nanomaterials with exceptional \

Carbon Nanotubes

mechanical and electrical properties. These ré;;;r‘

Engineering
nanoparticles

Graphene

materials have applications in aerospace -

Core-shell
nanoparticles

automotive, construction, and many other

Fullerene

industries.
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5. Consumer Products: Nanotechnology is also making its way into everyday
consumer products, including cosmetics, textiles, and food packaging. For instance,

nanoscale additives can improve the UV protection and durability of sunscreens, while

antimicrobial nanocoatings can extend the shelf life of food products by preventing

bacterial growth.

~

Despite its vast potential, nanotechnology also poses challenges and raises
ethical considerations. The long-term health and environmental impacts of
nanoparticles are still not fully understood, necessitating thorough research and

requlation. Additionally, the ethical implications of manipulating matter at such a

fundamental level require careful consideration, particularly in terms of privacy,
security, and equity.

The future of nanotechnology is incredibly promising, with ongoing research and
development expected to yield even more groundbreaking innovations. As scientists and
engineers continue to explore the nanoscale, new applications and possibilities will
emerge, further transforming industries and improving quality of life.

In conclusion, nanotechnology represents a frontier of science and engineering

that holds the potential to revolutionize various aspects of our lives. By harnessing the
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unique properties of matter at the nanoscale, we can develop innovative solutions to

some of the most pressing challenges facing humanity today.

b) Translate the italicized paragraphs into Ukrainian (in writing).
¢) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.

2. Synonym Groups for Physics Vocabulary:

Select 5 key terms from the text. For each term, create a list of 2 to 6 synonyms
that capture the same or similar meanings within the context of physics. Below are
examples to learn and to guide you:

1. Nanotechnology — Nanoengineering — Nanoscience — Nanotech - Molecular
engineering

2. Manipulation — Control — Handling — Alteration — Modification

3. Nanometer — Nanometre — nm - One-billionth of a meter - Tiny scale

4. Semiconductor - Conductive material - Semiconductor material - Integrated circuit
base - Transistor foundation

5. Nanoparticles - Nano-sized particles — Nanoclusters — Nanograins — Nanoobjects
6. Diagnostic Tools - Diagnostic devices - Testing tools - Diagnostic instruments -
Medical diagnostic equipment

7. Miniaturization — Downsizing - Reduction in size — Shrinking — Compacting

8. Nanoscale Sensors - Nano sensors - Tiny sensors - Molecular sensors - Miniature
Sensors

9. Materials Science - Material engineering - Material studies - Material technology -
Material research

10. Ethical Considerations - Moral considerations - Ethical issues - Ethical concerns -

Ethical implications
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3. Using the dictionary transcribe and translate the words:

Word

Transcription Translation

molecular

nanometer

diameter

myriad

precisely

efficacy

miniaturization

efficient

purification

conductivity

derospace

durability

antimicrobial

equity

exceptional

4. Match the words with their definition:

1. Manipulation

2. Nanometer

a) To bring about a significant and fundamental change in a
field or industry, often through innovative methods or

technologies.

b) The ability to accomplish a task or produce a result with
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the least amount of wasted resources, effort, or energy.

3. Revolutionize

c¢) Having the ability to kill or inhibit the growth of

microorganisms, such as bacteria, viruses, and fungi.

4. Diagnosis

d) The action of controlling or influencing something in a

skillful manner, often for a specific purpose.

5. Miniaturization

e) Capable of bending easily without breaking; adaptable to

change or variation.

6. Efficiency

f) The process of making something much smaller in size,
particularly in the context of electronic components and

devices.

7. Purification

g) To improve or augment something, making it better in

quality, value, or effectiveness.

8. Flexible h) A unit of measurement equal to one-billionth of a meter,
commonly used to measure objects and distances at the
atomic and molecular scale.

9. Enhanced i) The process of removing impurities or contaminants from

a substance, making it clean and pure.

10. Antimicrobial

j) The identification of the nature and cause of a disease or

condition, typically through examination and testing.

5. Give English equivalents to the meanings of the following words and word

combinations:

r'a/1Iy3b HAYKH Td TEXHiKI/I, 10 MBHUAOKO

PO3BHUBAETLCA

B aTOMHOMY Ta MOJIeKY/IIPHOMY MacIiTaoi
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OfjHa MifbsIp/IHA YaCTUHA MeTpa

VHIKa/IbHI BJIaCTUBOCTI MaTepiais

B OCHOBi HAHOTEXHOJIOTiH

1Ii/TbOBA JI0CTAaBKa JIiKiB

IHCTPYMEHTH [iarHOCTHUKH

no6iuHi edekTH

HaHOPO3MIpPHI JaTYMKU

obumc/roBaibHA TIOTYXKHICTb Ta e(DeKTUBHICTh

HaHOPO3MIPHI TPaH3UCTOPU

TIOTY>KHI KOMIT 0Tepu

BUpIllIa/IbHA POJIb

BUPOOHULITBO, 30epiraHHs Ta 30epekeHHsI

eHeprii

COHsIuHi OaTapei

CUCTEMa OUYHIIEHHA BOAU

3a0py/IHIOIOUi peYOBUHH

THYYKICTb

TIPOBIIHICTh

MeXaHiyHi Ta eJIeKTpUYHI BIaCTUBOCTI

HAHOPO3MipHi J00aBKH

3aXUCT Bif YP-BUIIPOMIHIOBAHHS

AHTUMIKPOOHi HAHOTIOKPUTTSI
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TepMiH MPUAATHOCTI XapuOBUX MPOAYKTIB

6. Find synonyms to the words:
1. Transform -

2. Fundamentals -
3. Precise -

4. Fabricate -

5. Diagnosis -

6. Innovate -

7. Application -
8. Revolutionize -
9. Capability -
10. Prospect -

7. Choose the correct answer:
1. What is the primary focus of nanotechnology?
A) Manipulating and controlling matter on a microscopic scale
B) Creating large-scale industrial machinery
C) Developing new agricultural techniques
D) Exploring outer space
2. What unit of measurement is commonly used in nanotechnology?
A) Centimeter
B) Millimeter
C) Nanometer
D) Kilometer
3. How can nanoparticles be used in medicine?

A) To build new infrastructure
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B) To enable targeted drug delivery systems
C) To create fossil fuels
D) To design new fashion trends
4. What role does nanotechnology play in electronics and computing?
A) Reducing food waste
B) Improving the efficiency of solar panels
C) Miniaturizing electronic components and increasing computing power
D) Enhancing agricultural yields
5. Which of the following is an application of nanotechnology in the energy
sector?
A) Building skyscrapers
B) Enhancing fuel cell efficiency
C) Developing new flavors for food
D) Printing books
6. What is a major challenge associated with nanotechnology?
A) Lack of interest from scientists
B) Long-term health and environmental impacts
C) Difficulty in finding funding for research
D) Limited applications in real-world scenarios
7. What is one way nanotechnology can improve consumer products?
A) By increasing the shelf life of food products through antimicrobial nanocoatings
B) By creating new genres of music
C) By developing faster internet connections
D) By designing new architectural styles
8. What is a potential ethical consideration related to nanotechnology?
A) The taste of new food products
B) Privacy and security concerns

C) The popularity of nanotechnology among teenagers
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D) The aesthetics of nanotechnology devices
9. Which is the best way to translate the following sentence:
Nanotechnology involves the manipulation of matter on an atomic and molecular
scale.
A) HaHOTexHOJOTiSI BK/IKOUAE MaHIMy/ALii 3 MaTepierd Ha aTOMAapHOMYy Ta
MOJIEKYJIIPHOMY PiBHSIX.
B) HaHoTexHo/Oris1 0XOM/IFO€ BUBUEHHS TI/IaHeT i 3ipoK.
C) HaHOTeXHOJIOTisI 3aMMa€THCSI CTBOPEHHSM BEJIUKUX OyZiBeTbHUX CTIOPY/I.
D) HaHoTtexHoJ10Tist POKYCy€ThCSI HA BUBUEHHI K/TIMaTUUHUX 3MiH.
10. Which is the best way to translate the following sentence:
Nanoparticles can be engineered to deliver drugs directly to cancer cells.
A) HaHouacTMHKH MO)KHa pO3poOUTH /11 JOCTaBKH JiKiB 0e3rmocepesHbo /0 PaKOBUX
KJIITHH.
B) HaHOYaCTHHKY BUKOPUCTOBYIOThLCS ZJIsI Oy/IiBHUI[TBA BEJIMKMX MOCTIB.
C) HaHouyaCTHHKY MOXKYTb IOTIOMOI'TU B YTU/Ti3allii BigX0/iB.

D) HaHOuYaCTHUHKHU CIYTYIOTh /151 MOKPALeHHS IKOCTI TOBITPSI.

8. Translate the following sentences into Ukrainian:

1. Nanotechnology enables the creation of materials with enhanced properties that
are not possible at the macroscopic scale.

2. Researchers are developing nanoparticles that can target and destroy cancer
cells with minimal side effects.

3. Advancements in nanotechnology are revolutionizing the electronics industry
by enabling the production of more powerful and energy-efficient devices.

4. Nanomaterials such as graphene and carbon nanotubes have exceptional
mechanical and electrical properties, making them valuable in various industries.

5. Ethical considerations in nanotechnology include assessing the long-term

health and environmental impacts of nanoparticles.
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9. Translate the following sentences into English:

1. HanorexHoJiorii [03BOMSIOTE CTBOPIOBAaTH BHCOKOe(eKTHBHiI Oarapei 3
TPUBA/IUM TEPMiHOM C/TYKOU Ta MIBUAKUM 3apsiyKaHHSIM.

2. Po3poOka HaHOMarepiajliB 3 aHTUMIKPOOHMMM BIACTMBOCTSMH JOTIOMAarae
3MEHIILIWUTH TIOIUPeHHs iH(eKIill y MeIMUHUX 3aK/iajax.

3. HanopoGot MOXyThb OyTM BUKODHCTaHi i TIPOBEEHHSI CKJ/Ia[HUX
XIpypriuHux rpoueayp 3 MiHiMa/JbHUM PU3UKOM [IJI TAL[i€HTIB.

4. 3acToCyBaHHsS HAaHOTEXHOJOTiM y BUPOOHMIITBI COHSYHUX TaHesel [103BOJISE
TMiJBULLMTH IX e(P)eKTUBHICTh Y TTIePETBOPEHHI COHSTYHOI eHeprii Ha eJIeKTPUKY.

5. HaHorexHosorii BiIKpMBaKOTb HOBI MOK/IUBOCTI [Jid CTBOPDEHHS JIETKUX Ta

MIL[HUX MaTepiasiB fjist OyZ[iBHUI[TBA Ta TPAHCIIOPTY.

10. Answer the questions to the text?
1. What is nanotechnology and at what scale does it operate?
2. How can nanoparticles be used in medicine to improve treatment?
3. What role does nanotechnology play in the development of electronics and
computing?
4. How does nanotechnology contribute to the creation of more efficient energy sources?
5. What materials with exceptional properties have been created using nanotechnology?
6. Which industries use nanotechnology to improve their products and processes?
7. What are the main advantages of using nanotechnology in everyday consumer
products?
8. What challenges and ethical issues arise with the use of nanotechnology?
9. How can nanotechnology help address environmental problems?
10. What are the future prospects of nanotechnology and how might it impact various

industries?
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11. Write a short summary of the text (See the scheme in the Information

File — ex.11 p. 16) and be ready to present it.

SPEAKING

1. Guidelines for Discussion (Suggestions for Discussion):

1. Explore the Applications of Nanotechnology:
Discuss the various applications of nanotechnology in different fields such as medicine,
electronics, energy, materials science, and consumer products. How has nanotechnology
transformed these industries? Provide specific examples to illustrate the impact of
nanoscale innovations.

2. Evaluate the Ethical Implications of Nanotechnology:
Analyze the ethical considerations related to the use of nanotechnology. What are the
potential risks and benefits of manipulating matter at the nanoscale? Discuss issues such
as privacy, security, environmental impact, and long-term health effects. How can these
challenges be addressed through regulation and responsible innovation?

3. Investigate Technological Advancements in Nanotechnology:
Examine the latest technological advancements in nanotechnology. How have recent
innovations improved the efficiency, effectiveness, and scalability of nanotechnology
applications? Explore developments such as targeted drug delivery systems, nanoscale
sensors, and advanced nanomaterials. What future advancements can we expect?

4. Discuss the Economic Impact of Nanotechnology:
Evaluate the economic implications of nanotechnology. How does the development and
commercialization of nanotechnology influence job creation, industry growth, and
global competitiveness? Consider both the short-term and long-term economic impacts
of nanotechnology across various sectors.

5. Consider the Future Prospects of Nanotechnology:
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Reflect on the future prospects and potential of nanotechnology. How might continued
advancements in nanotechnology shape the future of science, technology, and society?
Discuss emerging trends, potential breakthroughs, and the role of interdisciplinary

collaboration in driving nanotechnology forward.

2. Translate the following text into English:
a) Express the main idea of the text in one sentence;

b) Write a short summary of the text in English and present it.

BB HAHOTEXHOJIOTiM Ha 30epe)XKeHHs JOBKL/IsA

CyuacHi HaHOTeXHOJIOTii BiZIKPUBAlIOTb HOBI MOXK/JIHUBOCTI [/ 30epekeHHsS
JOBKi/uisg Ta 60poThOM 3i 3MiHaMu KiimMary. BUkopucTaHHS HaHOMaTepiasiiB y cucTeMax
OUMIL[eHHSI BOJIY ZI03BOJIsIE€ e(heKTUBHO BUJAJISATH 3a0pPY/AIHIOIOUi PeUOBUHU, TaKi K BaXKKi
MeTa/ii Ta OpraHiuHi 3abpysHtoBaui. HanodineTpu 3matHi inkTpyBaT HaBiTh
HalApiOHiII yacTUHKY, 3abe3meuyroun ynucTy Ta 6e3mneuHy BOAy /ST CIIOKUBAHHSI.

OpHiero 3 KrouoBUX 006/1acTel 3aCTOCYBaHHSI HAHOTEXHOJIOTiH € po3po0OKa HOBUX
MaTepiamB s eHepro3bepe>keHHs Ta MiABUINEHHS e(eKTUBHOCTI BUKOPHCTAHHS
eHeprii. Haripukiag, HaHOMarepiajy BUKOPUCTOBYIOTbCSI [Jjisi CTBOPEHHSI Oi/ibiil
edeKTUBHUX COHSIUHMX IaHesiell Ta GaTrapei, 1110 f103BoJisie 30epiratu Oisbliie eHeprii Ta
3MeHIUyBaTyh BTpatu. Lle cnpusie 3HWKeHHIO BUKW/IIB MTAPHUKOBUX ras3iB Ta 3MEHIIeHHIO
3a/1e)KHOCTI BiJi BAKOITHMX BU/IIB I1a/I1MBa.

KpiM TOro, HaHOTeXHO/OTii MOXyTh OyTH BHKODHCTaHi /i1 MOHITOPHHTY Ta
3HIKeHHs PiBHS 3a0pyaHeHHsS TOBiTps. HaHOuaCTMHKM B KarasiizaTtopax [103BOJISIOTH
MiABUIIUTHA e(eKTUBHICTb OUUILIeHHsI BUXJIOMTHUX ra3iB aBTOMOOI/IB Ta MPOMMC/IOBUX
MiANPUEMCTB, 3MEHILUYIOUM piBeHb LWIKIAJMBUX BUKUAIB. Taki TexXHO/Oril MaroThb
TOTEeHL]ia/1 3HAYHO MMOKPALUTH SAKICTh MOBITPSA B MICTax 1 3HU3UTU PUSUKU 1S 3[,0POB'S

HacCeJIeHH.
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B MalibyTHbOMYy HaHOTEXHOJOTii MOXYTh CTaTH BakK/IMBUM IHCTPYMEHTOM Jisi
30epe)KeHHsI JIOBKI/IJII Ta CTajoro PO3BUTKY. 3aBASKHU TMOCTIMHUM [JOC/i/PKEHHSIM Ta
iHHOBAL[iSIM, MU MO)XeMO OYiKyBaTH TOSIBy HOBUX pillleHb, sIKi JOTIOMOXYTh 30epertu

HaIIly TJIaHeTy /11 MarOyTHiX TTOKOJTiHb.

EXTENDED READING*

1.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

Text 1

The Fascinating World of Carbon Nanotubes

Carbon nanotubes (CNTs) are cylindrical nanostructures composed of carbon
atoms arranged in a hexagonal lattice. These remarkable materials have captivated
scientists and engineers due to their extraordinary mechanical, electrical, and thermal
properties. Discovered in the early 1990s, carbon nanotubes have since become a focal
point of research and innovation, with applications spanning a wide range of industries.

Structure and Properties. Carbon nanotubes come in two primary forms: single-
e walled nanotubes (SWCNTs) and multi-walled
nanotubes (MWCNTs). SWCNTs consist of a

a

5
-
=2
S
5

single layer of carbon atoms rolled into a

cylinder, while MWCNTs comprise multiple

concentric layers. The unique structure of CNTs

Single-walled
carbon nanotube carbon nanotubes
(SWCNT) (MWCNT)

imparts several exceptional properties:
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1. Mechanical Strength: Carbon nanotubes are incredibly strong and lightweight.
They possess a tensile strength up to 100 times greater than that of steel, making them
ideal for reinforcing composite materials.

2. Electrical Conductivity: CNTs can exhibit metallic or semiconducting
behavior depending on their chirality (the angle at which the graphene sheet is rolled).
This makes them valuable for use in nanoscale electronic devices, transistors, and
conductive films.

3. Thermal Conductivity: Carbon nanotubes have excellent thermal conductivity,
surpassing that of diamond. This property makes them suitable for applications requiring
efficient heat dissipation, such as thermal management in electronic devices.

Application. The exceptional properties of carbon nanotubes have led to their
exploration in various fields:

1. Electronics: Carbon nanotubes are used to develop next-generation transistors,
sensors, and flexible electronic circuits. Their ability to conduct electricity efficiently
and their nanoscale dimensions make them ideal for miniaturized electronic devices.

2. Materials Science: CNTs are incorporated into composite materials to enhance
their mechanical strength and durability. For instance, adding CNTs to polymers, metals,
and ceramics can significantly improve their performance in aerospace, automotive, and
construction applications.

3. Energy Storage: Carbon nanotubes are being researched for their potential in
energy storage devices such as batteries and supercapacitors. Their high surface area and
excellent electrical conductivity can improve the efficiency and capacity of these
devices.

4. Medical and Biotechnology: CNTs are explored
for drug delivery systems, biosensors, and imaging agents.
Their unique properties allow for targeted delivery of

therapeutic agents, enhanced sensitivity in detecting
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biological molecules, and improved imaging contrast in medical diagnostics.

5. Environmental Applications: Carbon nanotubes are used in water purification
systems and air filters. Their high surface area and adsorption capacity enable them to
remove contaminants and pollutants effectively.

Challenges and Future Prospects. Despite their promising properties, carbon
nanotubes face challenges such as high production costs, difficulties in achieving
uniformity, and concerns about their environmental and health impacts. Ongoing
research aims to address these issues by developing cost-effective synthesis methods,
improving the consistency of CNTs, and assessing their safety.

The future of carbon nanotubes is incredibly promising. As research and
development continue to advance, CNTs are expected to play an increasingly significant
role in various technological innovations, from advanced electronics to sustainable
energy solutions.

In conclusion, carbon nanotubes represent a frontier of materials science with the
potential to revolutionize multiple industries. Their extraordinary properties and
versatile applications make them a key component in the quest for new and improved

technologies.

1.2* Comprehension Questions:

1. What are carbon nanotubes and what are their primary forms?

2. Explain the mechanical, electrical, and thermal properties of carbon nanotubes.
3. How are carbon nanotubes used in the field of electronics?

4. Describe the role of carbon nanotubes in energy storage devices.

5. What are the main challenges associated with the production and use of carbon

nanotubes?

1.3* Vocabulary and Terminology:
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a) Define the following terms

b) Match the terms to their definitions

1. Carbon nanotubes (CNT5s)

2. Single-walled nanotubes (SWCNT5)

a) Cylindrical nanostructures composed of

carbon atoms in a hexagonal lattice.

b) A property that determines whether a carbon
nanotube exhibits metallic or semiconducting

behavior.

3. Multi-walled nanotubes (MWCNT5)

4. Tensile strength

5. Chirality

c) Carbon nanotubes that consist of a single

layer of carbon atoms rolled into a cylinder.

d) The resistance of a material to breaking

under tension.

e) Carbon nanotubes that have multiple

concentric layers of carbon atoms.

1.4* Write a brief summary of the text in your own words in 5-6 sentences.

1.5* Discussion Prompts:

1. Discuss the potential applications of carbon nanotubes in various industries.

How can their unique properties be leveraged for technological advancements?

2. Explore the economic impact of incorporating carbon nanotubes into materials

science. How might CNTs influence the manufacturing and performance of composite

materials?

3. Reflect on the ethical and environmental considerations associated with the

production and use of carbon nanotubes. What measures can be taken to ensure their

safe and responsible use?
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4. Debate the challenges and potential solutions in the large-scale production of
carbon nanotubes. How can researchers and engineers overcome these obstacles to make
CNTs more accessible?

5. Analyze the future prospects of carbon nanotubes. What emerging trends and

innovations could further expand their applications and impact?

1.6* Research and Presentation:
Compare and contrast carbon nanotubes with another nanomaterial, such as
graphene. Highlight the advantages and limitations of each. Prepare a presentation to

explain your analysis and provide recommendations based on your research.

Text 2

2.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian
equivalents to the above-mentioned terms:

Ethical Considerations of Nanotechnology
Nanotechnology, the science and

Ethical Considerations in Nanotechnology
engineering of manipulating matter at the

Ethical Frameworks
Environmental Impact . .
e ’ nanoscale, holds immense potential for
Intellectual Property and ‘ ) \ . . ] ]
e\ Heanhanwafew innovation across a wide range of fields,
__l

\

Economic Dispertes . @ including medicine, electronics, energy, and
Privacy and Surveillance

DuatUse iermas @ materials science. However, alongside its

raises important ethical considerations that must be addressed to ensure its responsible

promising applications, nanotechnology also

development and use.
One of the primary ethical concerns surrounding nanotechnology is the potential

impact on human health and safety. Nanoparticles, due to their small size, can easily
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penetrate biological membranes and accumulate in tissues and organs. The long-term
effects of exposure to nanoparticles are not yet fully understood, and there is a need for
comprehensive research to evaluate their toxicity and biocompatibility. Ensuring the
safety of workers involved in the production and handling of nanomaterials is also
crucial. Ethical considerations demand stringent safety standards and regulations to
protect both the public and the environment from potential risks associated with
nanotechnology.

The environmental implications of nanotechnology are another significant ethical
concern. The production, use, and disposal of nanomaterials can result in the release of
nanoparticles into the environment, where they may interact with ecosystems in
unpredictable ways. The potential for nanoparticles to cause harm to wildlife, soil, and
water systems must be thoroughly investigated. Developing sustainable practices for the
lifecycle management of nanomaterials, including recycling and safe disposal, is
essential to minimize their environmental footprint. Ethical stewardship requires a
proactive approach to understanding and mitigating the environmental impact of
nanotechnology.

Nanotechnology-enabled devices, such as nanoscale sensors and surveillance
technologies, raise ethical questions related to privacy and security. The ability to collect
and transmit vast amounts of data at the nanoscale introduces the potential for misuse
and unauthorized access to personal information. Ensuring that the deployment of such
technologies respects individuals' privacy rights and adheres to ethical standards is
paramount. Robust safeguards and transparent policies must be established to protect
against privacy infringements and ensure that nanotechnology is used in a manner that
upholds ethical principles.

The equitable distribution of the benefits of nanotechnology is another critical
ethical consideration. There is a risk that advanced nanotechnology applications may
disproportionately benefit affluent individuals and communities, exacerbating existing

social and economic inequalities. Ensuring that the advantages of nanotechnology, such
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as improved medical treatments and sustainable energy solutions, are accessible to all
segments of society is essential. Ethical considerations call for policies and initiatives
that promote inclusivity and equitable access to nanotechnology's benefits, regardless of
socioeconomic status.

The rapid pace of nanotechnology development necessitates robust regulatory
frameworks and governance structures to address its ethical implications. Policymakers,
scientists, industry leaders, and the public must collaborate to establish guidelines and
regulations that ensure the responsible development and use of nanotechnology. This
includes ethical oversight, public engagement, and transparency in decision-making
processes. By fostering a culture of ethical responsibility, society can harness the
potential of nanotechnology while safeguarding against its potential risks.

In conclusion, the ethical considerations of nanotechnology encompass a wide
range of issues, from health and safety to environmental impact, privacy, equity, and
governance. Addressing these ethical concerns is crucial to ensuring the responsible and
sustainable development of nanotechnology. By prioritizing ethical principles and
engaging in interdisciplinary collaboration, society can unlock the transformative
potential of nanotechnology while upholding the values of safety, equity, and

environmental stewardship.

2.2* Comprehension Questions:

1. What are the primary health and safety concerns associated with
nanotechnology?

2. How can the environmental impact of nanotechnology be minimized?

3. What privacy and security issues are raised by nanotechnology-enabled
devices?

4. Why is it important to ensure equitable access to the benefits of

nanotechnology?
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5. What role do regulatory frameworks play in addressing the ethical implications

of nanotechnology?

2.3* Vocabulary and Terminology:

a) Define the following terms

1. Nanoparticles

b) Match the terms to their definitions

a) Tiny particles measured in nanometers, often

used in nanotechnology applications.

2. Biocompatibility

b) The ability of a material to be compatible

with living tissue without causing harm.

3. Ecosystems

c) Communities of living organisms interacting

with their physical environment.

4. Surveillance technologies

5. Equity

d) Technologies used to monitor and collect

data, often raising privacy concerns.

e) Fairness in the distribution of resources and

opportunities.

2.4* Summarize the text in your own words in 5-6 sentences.

2.5* Discussion Prompts:

1. Discuss the potential health risks associated with the exposure to nanoparticles.

How can researchers ensure the safety of workers and the public?

2. Explore the environmental challenges posed by nanotechnology. What

sustainable practices can be implemented to mitigate these impacts?

3. Reflect on the ethical considerations related to privacy and security in

nanotechnology. How can we balance technological advancement with the protection of

personal information?
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4. Debate the importance of equitable access to nanotechnology's benefits. What
measures can be taken to prevent social and economic disparities?

5. Analyze the role of regulation and governance in the responsible development
of nanotechnology. What policies and guidelines should be established to address ethical

concerns?

2.6* Research and Presentation:
Investigate emerging trends and potential future ethical considerations in
nanotechnology. What new challenges might arise as nanotechnology continues to

advance? Present your findings and discuss possible solutions.
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UNIT X

ASTROPHYSICS AND THE UNIVERSE

TEXT

Astrophysics and the Marvels of the Universe

1. a) Read and translate the text using the dictionary:

Astrophysics, the branch of astronomy that deals with the physics of celestial
objects and phenomena, seeks to understand the fundamental nature of the universe.
From the birth of stars to the mysteries of black holes, astrophysics explores the vast and

awe-inspiring cosmos, revealing the intricate workings of the universe and our place

within it.

The Birth and Death of Stars. Stars are the[E " Massive Star
fundamental building blocks of galaxies, and understanding en
their life cycles is crucial to comprehending the evolution
of the universe. Stars are born in vast clouds of gas and
dust, known as nebulae, through the process

gravitational collapse. As the material within a nebula contracts, it heats up and

eventually ignites nuclear fusion in the core, giving birth to a new star. Throughout their

lifetimes, stars undergo various stages, from the main sequence to the red giant phase,

ultimately culminating in either a supernova explosion or the shedding of outer layers to

form a white dwarf, neutron star, or black hole.

The Enigmatic Black Holes. Black holes are among the

most mysterious and fascinating objects in the universe. Formed

from the remnants of massive stars that have undergone
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supernova explosions, black holes are regions of space where gravity is so intense that
nothing, not even light, can escape. The boundary surrounding a black hole, known as

the event horizon, marks the point of no return. Inside a black hole, the laws of physics

as we know them break down, making them a subject of intense study and speculation.

Black holes play a crucial role in shaping galaxies and influencing the behavior of

nearby matter, offering profound insights into the nature of space and time.

Dark Matter and Dark Energy. Despite significant advancements in
astrophysics, much of the universe remains a mystery. One of the greatest enigmas is the

existence of dark matter and dark energy. Dark matter, Composition of the Universe

Dark matter Dark
27% matter Ordinary

which does not emit or absorb light, is believed to

27% matter
“ 5% Ordinary matter
4% H and He
make up about 27% of the universe's mass-energy Sieoter
Dark energy &

content. It exerts gravitational forces that affect the ** _ ®

-
l ] al
motion of galaxies and galaxy clusters. Dark energy, @ ereroy

68%

on the other hand, is thought to be responsible for the accelerated expansion of the
universe, accounting for approximately 68% of the universe's mass-energy content.
Understanding these elusive components is essential for unraveling the true nature and
fate of the universe.

Exploring Exoplanets. The discovery of exoplanets, planets orbiting stars outside

our solar system, has revolutionized our understanding of the

universe. Astrophysicists have identified thousands of exoplanets,

“@lsome of which reside in the_habitable zones of their parent stars,
Strange Exoplanets o ) ) )
. _— here conditions may be suitable for life as we know it. Advanced

Tres-2b HAT-P-7b
Dar OB its star backwards

telescopes and observational techniques have enabled scientists to

study the atmospheres, compositions, and potential habitability of

these distant worlds. The search for extraterrestrial life and the study of exoplanets offer

exciting possibilities for discovering new forms of life and expanding our knowledge of

planetary systems.
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The Cosmic Web. The universe is structured

intricate

on a vast scale, with galaxies forming
networks known as the cosmic web. This web-like
structure consists of filaments, clusters, and voids,
spanning billions of light-years. Galaxies are no
randomly distributed but are organized into this vas
cosmic tapestry. Studying the cosmic web provides
valuable insights into the large-scale structure of the

universe, the formation and evolution of galaxies, and the distribution of dark matter.
Understanding the cosmic web is essential for developing comprehensive models of the
universe's origin and evolution.

Astrophysics is a field that continually pushes the boundaries of human
knowledge and imagination. By exploring the mysteries of the universe, from the birth
and death of stars to the enigmatic nature of black holes, dark matter, and dark energy,
astrophysics provides profound insights into the fundamental workings of the cosmos.
The discovery of exoplanets and the study of the cosmic web further enrich our
understanding of the universe and our place within it. As we continue to unravel the
secrets of the universe, astrophysics will remain at the forefront of scientific discovery,

inspiring wonder and curiosity for generations to come.

b) Translate the italicized paragraphs into Ukrainian (in writing).
¢) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.

2. Synonym Groups for Physics Vocabulary:
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Select 5 key terms from the text. For each term, create a list of 2 to 6 synonyms
that capture the same or similar meanings within the context of physics. Below are
examples to learn and to guide you:

1. Astrophysics - Astronomy - Celestial science - Space physics — Cosmology

2. Celestial objects - Heavenly bodies - Astronomical bodies - Cosmic entities - Stellar
objects

3. Gravitational collapse - Gravitational contraction - Collapse due to gravity -
Gravitational implosion - Gravity-induced collapse

4. Nuclear fusion - Atomic fusion - Fusion reaction - Nuclear combination - Fusion
process

5. Black holes — Singularities - Space-time singularities - Gravitational wells - Cosmic
voids

6. Dark matter - Invisible matter - Non-luminous matter - Hidden mass - Mysterious
matter

7. Dark energy - Anti-gravitational force - Cosmic repulsion - Mysterious energy -
Energy causing expansion

8. Exoplanets - Extrasolar planets - Alien planets - Otherworldly planets - Planets
beyond the solar system

9. Cosmic web - Universe's large-scale structure - Galactic network - Celestial network -
Intergalactic web

10. Nebulae - Gas clouds - Star-forming regions - Interstellar clouds - Stellar nurseries

3. Using the dictionary transcribe and translate the words:

Word Transcription Translation

celestial objects

awe-inspiring
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intricate workings

cycles

nebulae

neutron

remnants

horizon

advancements

exert

expansion

unravel

reside

suitable

extraterrestrial life

4. Match the words with their definition:

1. Cosmos

A type of compact star composed mostly of neutrons,
formed by the gravitational collapse of a massive star

after a supernova explosion.

2. Main sequence

3. Red giant

The property of being compatible with living tissue

without causing harm.

The resistance of a material to breaking under tension.

4. White dwarf

A continuous and distinctive band of stars that appears on
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5. Neutron star

plots of stellar color versus brightness. Most stars,

including the sun, are main-sequence stars.

Groups of galaxies held together by gravitational forces,

often containing hundreds or thousands of galaxies.

6. Habitable zone

A late phase in a star's life cycle where it expands and

cools after using up its hydrogen fuel.

7. Tensile strength

8. Biocompatibility

Regions in space where gas and dust are contracting

under gravity to form new stars, often seen as nebulae.

The universe seen as a well-ordered, harmonious whole.

9. Stellar nurseries

A small, dense star that is the remnants of a low or
medium mass star after it has expended all its central

nuclear fuel and lost its outer layers.

10. Galaxy clusters

The region around a star where conditions may be
suitable for life as we know it, typically where liquid

water can exist.

5. Give English equivalents to the meanings of the following words and word

combinations:

HeOecHi 00'ekTH

TYMaHHOCTI

SlepPHUM CUHTE3

Ha/IHOBa

YOPHI Aipu

188




TeMHa Marepis

nipupoga Beecsity

BeJIMUe3HUH i BpayKatouuii KOCMOC

XMapHu rasy Ta Mmuaay

CTUCKATHUCA

HarpiBaTucs

TIPOXOAWTH Pi3HI CTafii

YepBOHUWU TiraHT

BHUOYX

HEWTPOHHA 3ipKa

3a/TMLLKHU 31POK

3a3HaBaTU BUOyXiB

rpasiTaLjis

TOYKd HEIMOBEepHEHHSA

MOPYILIyBaTH 3aKOHU (Pi3UKHU

CBITJIOBI POKH

3a Me>xamu COHSIUHOI CUCTeMM

TIpUAATHUHN 1S )KUTTS

I103a3eMHe XUTTA

6. Find synonyms to the words:
1. Expand -

2. Accelerate -
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. Fundamental -
. Phenomena -

. Cosmos -

. Mysteries -

. Insights -

. Significant -

© o N o U1 B~ W

. Reveal -
10. Structure:
11. Vast -

12. Ignite -

7. Choose the correct answer:
1. What initiates the birth of a new star?
A) The collision of two black holes
B) The gravitational collapse of a nebula
C) The explosion of a supernova
D) The merging of galaxies
2. What marks the boundary surrounding a black hole?
A) The singularity
B) The Schwarzschild radius
C) The event horizon
D) The accretion disk
3. What is believed to make up about 27% of the universe's mass-energy content?
A) Dark energy
B) Ordinary matter
C) Cosmic rays

D) Dark matter
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4. What accounts for the accelerated expansion of the universe?
A) Dark matter
B) Neutron stars
C) Dark energy
D) Black holes
5. What are exoplanets?
A) Planets within our solar system
B) Dwarf planets
C) Planets orbiting stars outside our solar system
D) Planets that have collided with other planets
6. Which region around a star may have conditions suitable for life?
A) The red giant zone
B) The habitable zone
C) The neutron star zone
D) The black hole zone
7. What is the structure of the universe on a vast scale called?
A) The galactic core
B) The cosmic web
C) The event horizon
D) The dark matter halo
8. What type of star is formed from the remnants of a low or medium mass star?
A) Neutron star
B) Black hole
C) Red giant
D) White dwarf
9. Which is the best way to translate the following sentence:
Astrophysics seeks to understand the fundamental nature of the universe.

A) Actpodisurka riparde 3p03yMiTH OCHOBOIIO/IOXKHY TIpUpoAy BcecsiTy.
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B) Actpodisrka BuBUa€ pyx mnaHeT B COHSUHIN CHUCTeMi.
C) Actpodiszurka A0C/iI)Ky€e MeTeopOoJIOTiuHi sIBUILIA.
D) Actpodisuka 30cepeKy€eTbCsl HA BUBUEHHI KTIMaTUYHUX 3MiH.
10. Which is the best way to translate the following sentence:
The discovery of exoplanets has revolutionized our understanding of the universe.
A) BiiKpUTTs eK30I/IlaHeT 3MyCHJ/I0 Hac TIeperissHyTH Hallle po3yMiHHS (i3uKHu.
B) BigkpuTTs eK3o01/1aHeT BiZIKpX/I0 HOBi TOPU30HTU B TEXHOJIOTISIX.
C) BigkputTs eK30I/1aHeT CTa/I0 PEBOJIIOL[iIMHUM IJ1s HAIIoro po3ymiHHA BcecsiTy.

D) BigkpuTTs eK30IlaHeT PO3IIMPUIIO Hallli 3HaHHS NP0 aTMOC(epHi sBUIIIa.

8. Translate the following sentences into Ukrainian:

1.The intricate life cycle of stars, from their formation in nebulae to their dramatic
death as supernovae, reveals much about the evolution of galaxies.

2. Astrophysicists utilize advanced telescopes to observe distant exoplanets and
study their potential to harbor life.

3. The mysterious nature of dark matter and dark energy continues to challenge
scientists, as they seek to understand these elusive components of the cosmos.

4. Black holes, with their immense gravitational pull, can significantly influence
the motion and behavior of nearby celestial objects.

5.The cosmic web, an extensive network of galaxies and filaments, provides

valuable insights into the large-scale structure of the universe.

9. Translate the following sentences into English:

1. JocnimkeHHs: TeMHOI Marepil 103BOJ/IsIE BYUEHUM Kpallle PO3yMiTH rpaBiTaLiiiHi
B3aeMO/il y BesIMKUX MaciiTabax BcecsiTy.

2. CyuacHi TeJileCKOIM J0INOMararmTh aCTPOHOMaM BUSIBJIITA HOBI €K30I/IaHeTH Ta

aHasi3yBaTU ixHi atMocdepHu.
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3. 30psHI TYMaHHOCTI € perioHaMHd IHTEeHCMBHOTO 30pPeyTBOPDEHHH, [e
HapO/)KYIOThCSA HOBI CBIiTHJIA.

4. TemHa eHepris Bifirpae K/Ir0uoBy poJib Y IIPUCKOPEHOMY po3LIKpeHHi Bcecsiry,
IT10 3a/MIIIAETHCS OJIHI€0 3 HAMOIMBIIIMX 3araZilok KOCMOJIOTTi.

5. lanakTuky (pOpMyIOTh CK/IaZIHY KOCMiUHY MaByTHUHY, 1110 BK/ItOYA€ (ilaMeHTH i

CKYTIUeHHs], sIKi yTBOPIOIOTh MacIlITabHY CTPYKTYpy BcecsiTy.

10. Answer the questions to the text?
1. What is the primary focus of astrophysics?
2. How are stars born within nebulae?
3. What are the main stages in the life cycle of a star?
4. How do black holes form from the remnants of massive stars?
5. What is the significance of the event horizon in a black hole?
6. What percentage of the universe's mass-energy content is believed to be dark matter?
7. How does dark energy influence the expansion of the universe?
8. What are exoplanets, and why are they significant in astrophysics?
9. Describe the structure of the cosmic web and its importance in understanding the
universe.

10. What role do advanced telescopes play in the study of distant exoplanets?

11. Write a short summary of the text (See the scheme in the Information

File — ex.11 p. 16) and be ready to present it.

SPEAKING

1. Guidelines for Discussion:

1. Exploring the Life Cycle of Stars:
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Discuss the various stages in the life cycle of stars, from their formation in
nebulae to their final stages as white dwarfs, neutron stars, or black holes. What
processes drive these transformations, and how do they impact the surrounding
interstellar medium?

2. Understanding Black Holes:

Analyze the nature of black holes, including their formation, structure, and the
concept of the event horizon. How do black holes influence the behavior of nearby
matter and light? What are the current theories and observations about what happens
beyond the event horizon?

3. Investigating Dark Matter and Dark Energy:

Explore the mysteries of dark matter and dark energy. What evidence supports
their existence, and what role do they play in the structure and evolution of the universe?
Discuss the methods used by astrophysicists to study these elusive components and the
challenges they face.

4. The Search for Exoplanets:

Discuss the discovery and study of exoplanets. What techniques are used to detect
and characterize exoplanets? What have we learned about their diversity and potential
habitability? How does the search for exoplanets contribute to our understanding of
planetary systems and the possibility of extraterrestrial life?

5. The Cosmic Web and Large-Scale Structure of the Universe:

Examine the concept of the cosmic web and its significance in astrophysics. How
are galaxies distributed within this vast network, and what does it reveal about the
formation and evolution of the universe? Discuss the role of dark matter in shaping the

large-scale structure of the cosmos.

2. Translate the following text into English:
a) Express the main idea of the text in one sentence;

b) Write a short summary of the text in English and present it.
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Besuki 3aragiku actpogisuku

AcTtpodisvka € HayKOBOIO rajy33o, 1[0 BuBYa€ (i3nuHy Tpupoay HebOeCHHX
00'eKTiB Ta SIBHMII], HAMArarOuMCch po3KpUTH PyHAAMeHTa/lbHi 3akoHH Bcecsity. OfHiero 3
HalOinpIMX 3arafoK acTpodi3vKy € TpUpoJa TeMHOI MaTepii i TemMHOI eHeprii. TemHa
Marepisi, sika He BUIPOMIHIOE i He TIOTJIMHAE CBiT/a, CTAHOBUTH NMpUOMM3HO 27% Macu-
eHepril BcecBity. BoHa BIuMBa€ Ha pyX rajlakKTUK 1 IXHIX CKyl4eHb 3aB[sKU CBOIM
rpaBiTariiniuM cwiaM. TemMHa eHepris, sika ckiagae Omu3bko 68% Macu-eHeprii
Bcecsity, BiAnoBizia€ 3a NprcKopeHe PO3LIKMPEeHHST KOCMOCY.

HocnipkeHHss UYOpPHUX [ip 3a/JMIIAETbCS OJHIE0 3 HaWILIKaBIlIUX TeM
actpo(isvku. YopHi [ipy¥ YTBOPIOIOTBCSI 3 PpEIUTOK MaCUBHUX 3ipOK IMiC/s IXHiX
Ha/IHOBUX BUOyXiB. BOHM MarOTh HACTiILKU TIOTY)KHY TpaBiTalfiliHy CuWTy, 110 Hillo,
HaBITb CBIT/I0, HE MO)Ke€ YHUKHYTHU IXHbOTO TsDKIHHA. [10AisTYHMM TOPU30HT YOPHOI Jipy
Bi/I3Haua€ TOUKY HENOBEPHEHHs, MiC/s KOl 3BHYavHi (Di3WMUHI 3aKOHU I1epecTarTh
[iATU. BYBUEHHS YOpPHUX Jip JoroMara€ po3KpUTH TaEMHHULIL IIPOCTOPY i yacy.

OcranHiMu pokamu actpodisvka 3HAYHO TIPOCYHy/Jacsi B AOC/iIKeHHi
eK30I/IaHeT — IJIaHeT, 1110 00epTaroThbCs HABKOJIO 3ipOK 3a Mekamu Harioi CoHsYHOI
CUCTeMU. BUKOPUCTOBYHOUM CydaCHI TejleCKOINM, BU€HI BUSIBUIU TUCHYl €K3OIlIaHeT,
JlesKi 3 IKHUX 3HAXO[ATbCS B 30HAX JKUTTA CBOIX 30psAHUX cucTeM. Lle BiKpUTTA Mae
Ba)K/IMBe 3HAUEeHHs [Jig PO3YMIHHA Pi3HOMAaHITHOCTI MJIAHETHUX CHUCTeM 1 MOK/IUBOCTI
ICHYBaHH$ 1103a3eMHOI'0 JKUTTS.

TakvuM uyMHOM, acTpo@i3vKa TIPOJOBKYE PO3KpHMBAaTH 3axOIUIFOIOUl TAeEMHMLI
BcecBiTy, BUBUarOuUM >KUTTA 3IPOK, YOPHI [ipU, TEMHY MaTepit0 Ta eHeprit0, a TaKOoX
ek3oryiaHeTd. Ko)kHe HOBe BiJKpUTTsSI Hab/vykae Hac /10 po3yMiHHS (yHAaMeHTalIbHUX

3aKOHiB, 1110 KepyIOTb KOCMOCOM, Ta HAIIIOTO MiCL[sl B HbOMY.

EXTENDED READING*
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1.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

Text 1
Unveiling the Enigma of Dark Energy

Dark energy, a mysterious and pervasive force, is one of the greatest enigmas in
modern astrophysics and cosmology. This elusive phenomenon is believed to be
responsible for the accelerated expansion of the universe, challenging our understanding
of the fundamental forces that govern the cosmos. Despite its profound implications,
dark energy remains largely unexplained, sparking a quest to uncover its true nature and
origins.

The concept of dark energy emerged from observations of distant supernovae in
the late 1990s, which revealed that the universe's expansion was not slowing down, as
previously thought, but accelerating. This groundbreaking discovery contradicted the
prevailing notion that gravitational forces should gradually decelerate cosmic expansion.
Instead, an unknown force appeared to be driving galaxies apart at an ever-increasing
rate. Scientists coined the term "dark energy" to describe this mysterious force, which is
estimated to constitute approximately 68% of the universe's total mass-energy content.

Dark energy is thought to permeate all of space, exerting a repulsive pressure that
counteracts the attractive force of gravity. This repulsive pressure accelerates the
expansion of the universe, leading to the observed phenomenon of galaxies moving
away from each other at increasing speeds. The precise nature of dark energy remains a
subject of intense debate and investigation. Some theories propose that dark energy is a
property of space itself, while others suggest it may be related to the vacuum energy
predicted by quantum field theory. Alternative explanations include modifications to

general relativity or the existence of a new, unknown particle or field.
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The study of dark energy poses significant challenges due to its elusive and
pervasive nature. Unlike dark matter, which can be detected through its gravitational
effects on visible matter, dark energy does not interact with light or other forms of
electromagnetic radiation. This makes it incredibly difficult to observe directly. Instead,
scientists infer the presence of dark energy through its influence on cosmic expansion
and the large-scale structure of the universe. Advanced observational techniques, such as
measurements of the cosmic microwave background radiation and large-scale galaxy

surveys, are employed to study dark energy's effects and

Bproperties.

Unlocking the mysteries of dark energy is a central

Yresearch endeavors, including next-generation space
telescopes and precision cosmological surveys, aim to shed
light on this enigmatic force. Projects like the Dark Energy Survey (DES) and the
European Space Agency's Euclid mission are designed to map the distribution of
galaxies and measure cosmic expansion with unprecedented accuracy. These efforts will
provide valuable insights into the nature of dark energy and its role in the evolution of
the universe.

In conclusion, dark energy represents one of the most profound and challenging
puzzles in our quest to understand the cosmos. Its discovery has revolutionized our
perception of the universe, prompting a reevaluation of fundamental physical laws and
theories. As scientists continue to explore this mysterious force, each new discovery
brings us closer to unraveling the secrets of dark energy and the ultimate fate of the

universe.

1.2* Comprehension Questions:
1. What is dark energy, and why is it considered one of the greatest enigmas in

modern astrophysics?
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2. Describe the observations that led to the discovery of dark energy in the late
1990s.

3. How does dark energy influence the expansion of the universe?

4. What are some theories that attempt to explain the nature of dark energy?

5. What challenges do scientists face in studying dark energy?

1.3* Vocabulary and Terminology:

a) Define the following terms b) Match the terms to their definitions

1. Dark energy e) Observational studies that aim to map

the large-scale structure of the universe.

2. Cosmic expansion c) The force exerted by dark energy that

counteracts gravity.

3. Repulsive pressure b) The increase in the distance between

galaxies over time.

4. Quantum field theory d) A theoretical framework that describes

how fields interact with particles.

5. Cosmological surveys a) The mysterious force believed to drive

the accelerated expansion of the universe.

1.4* Write a brief summary of the text in your own words in 5-6 sentences.

1.5* Discussion Prompts:

1. Discuss the significance of the discovery of dark energy for our understanding
of the universe. How did it change our perception of cosmic expansion?

2. Explore the different theories proposed to explain dark energy. Which theory do

you find most convincing, and why?
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3. Reflect on the challenges faced by scientists in detecting and studying dark
energy. What advanced techniques are used to investigate its effects?

4. Debate the potential implications of dark energy for the future of the universe.
How might the accelerated expansion influence the ultimate fate of the cosmos?

5. Analyze the role of international collaboration in the study of dark energy. How

do global research projects contribute to our understanding of this enigmatic force?

1.6* Research and Presentation:

Investigate emerging technologies and methodologies that could advance the
study of dark energy. Discuss how these innovations might help unravel the mysteries of
this force and present your findings.

Text 2

2.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

Understanding the Cosmic Web
The cosmic web is a vast and intricate structure that forms the large-scale
foundation of the universe. Comprising galaxies, galaxy clusters, and intergalactic
filaments, the cosmic web weaves a complex and beautiful tapestry that spans billions of
light-years. Understanding this grand design is crucial for unraveling the mysteries of

the universe's formation, evolution, and underlying physics.
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The cosmic web consists of three main components:
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filaments, nodes, and voids. Filaments are elongated structures

composed of galaxies, gas, and dark matter, spanning

v

vast distances across the universe. Nodes, located at the

— intersections of filaments, are regions with a high

5 © concentration of galaxies and galaxy clusters. Voids are
large, relatively empty spaces between filaments, containing very few galaxies. This
intricate network forms the scaffolding upon which the universe is built. Studying
the cosmic web requires advanced observational techniques and powerful telescopes.
Astronomers use various methods to map and analyze this vast structure. One
common approach is galaxy redshift surveys, which measure the redshifts of galaxies to
determine their distances and positions in three-dimensional space. By creating detailed
maps of galaxy distribution, scientists can trace the underlying structure of the cosmic

web.

The CMB has highest redshift of anything Add itiOﬂ&' Iy, the CosmiC microwave
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and the formation of the cosmic web.
Observations of the CMB reveal the distribution of matter shortly after the Big Bang,
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allowing scientists to understand how initial density fluctuations evolved into the web-
like structure we see today. Dark matter plays a crucial role in shaping the cosmic web.
Although invisible, dark matter exerts gravitational forces that influence the distribution
and movement of galaxies. Without dark matter, the cosmic web could not have formed
in its current structure. Observations of galaxy rotation curves, gravitational lensing, and
large-scale structure formation provide indirect evidence of dark matter's presence and
its impact on the cosmic web.

Understanding the cosmic web has profound implications for cosmology and our
understanding of the universe's fundamental nature. The distribution and evolution of the
cosmic web offer insights into the underlying physics that govern the universe, including
the nature of dark matter and dark energy. Studying the cosmic web also helps scientists
test and refine theoretical models of cosmic evolution, providing a deeper understanding
of the universe's history and future.

The cosmic web is a breathtaking and intricate structure that reveals the grand
design of the universe. By studying this vast network of galaxies, filaments, and voids,
scientists can gain valuable insights into the formation, evolution, and underlying
physics of the cosmos. As observational techniques and technologies continue to
advance, our understanding of the cosmic web will continue to grow, unveiling new

mysteries and deepening our appreciation of the universe's majestic complexity.

2.2* Comprehension Questions:

1. What is the cosmic web, and what components does it consist of?

2. How did the cosmic web originate after the Big Bang?

3. Describe the main components of the cosmic web: filaments, nodes, and voids.
4. What methods do astronomers use to study and map the cosmic web?

5. How does dark matter influence the structure and formation of the cosmic web?

2.3* Vocabulary and Terminology:
201



Define the following terms

Match the terms to their definitions

1. Cosmic web

c) Regions at the intersections of filaments with

high concentrations of galaxies and clusters.

2. Filaments

e) Invisible matter that exerts gravitational
forces, influencing galaxy distribution and

movement.

3. Nodes

4. Voids

b) Elongated structures made of galaxies, gas,

and dark matter, spanning vast distances.

a) The large-scale structure of the universe,
composed of galaxies, galaxy clusters, and

intergalactic filaments.

5. Dark matter

d) Large, relatively empty spaces between

filaments.

2.4* Summarize the text in your own words in 5-6 sentences.

2.5* Discussion Prompts:

1. Discuss the significance of understanding the cosmic web for cosmology and

our knowledge of the universe's formation and evolution.

2. Explore the role of advanced telescopes and observational techniques in

mapping the cosmic web. What challenges do astronomers face in studying such a vast

structure?

3. Reflect on the importance of dark matter in shaping the cosmic web. How do

scientists infer the presence of dark matter through observations?
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4. Debate the potential implications of studying the cosmic web for future
cosmological theories and models. How might new discoveries reshape our
understanding of the universe?

5. Analyze the interplay between filaments, nodes, and voids within the cosmic
web. How do these components interact and influence the large-scale structure of the

CosSmos?

2.6* Research and Presentation:

Conduct research on one of the major observational projects studying the cosmic
web, such as the Sloan Digital Sky Survey (SDSS) or the Large Synoptic Survey
Telescope (LSST). Prepare a presentation explaining the project's goals, methods, and

findings.
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UNIT XI

PARTICLE PHYSICS

TEXT

The Fascinating World of Particle Physics

1. a) Read and translate the text using the dictionary.

Particle physics is a branch of physics that seeks to understand the fundamental
building blocks of the universe and the forces that govern their interactions. It delves

into the subatomic realm, exploring the particles that make up atoms and the interactions

that bind them together. By studying these tiny particles,

Standard Model of Elementary Particles
teractions fo

physicists aim to unravel the mysteries of the universe's = .. e ek

structure and origins. ‘oo [o|e|®
i S
At the heart of particle physics lies the concept of -~ @ = - ® e
fundamental particles - those that are not composed of other ‘e & & z;J
particles. According to the Standard Model of particle physics, - % ‘% ‘% wb

the fundamental particles can be categorized into two main

groups: fermions and bosons.

1. Fermions: These particles make up matter. Fermions are further divided into
quarks and leptons. Quarks combine to form protons and neutrons, which are the

building blocks of atomic nuclei. There are six types of quarks: up, down, charm,

strange, top, and bottom. Leptons include electrons, muons, tau particles, and their

corresponding neutrinos.

2. Bosons: These particles are force carriers. They mediate the fundamental forces

of nature. The four fundamental forces are the electromagnetic force, weak nuclear
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force, strong nuclear force, and gravitational force. Each force is associated with its

corresponding boson: photons for electromagnetic force, W and Z bosons for weak
nuclear force, gluons for strong nuclear force, and the hypothetical graviton for
gravitational force.

The Standard Model of particle physics is a theoretical framework that describes
the behavior and interactions of fundamental particles. It successfully explains three of
the four fundamental forces (excluding gravity) and has been validated by numerous

experiments. Key components of the Standard Model include:

1. Electromagnetic Force: Mediated by photons, this force

MAGNETIC
FIELD
FORCE

governs the interactions between charged particles and is responsible ;

for phenomena such as electricity and magnetism.

uclear Force) 2. Weak Nuclear Force: Mediated by W and Z bosons, this

1, Strong 2, Weak
A

force is responsible for processes such as beta decay in radioactive

. atoms. It plays a crucial role in nuclear reactions and the synthesis
w: @i ¢ of elements in stars.

3. Strong Nuclear Force: Mediated by gluons, this force

binds quarks together to form protons and neutrons. It also holds protons and neutrons

together within atomic nuclei, making it essential for the stability of matter.
While the Standard Model has been remarkably successful, it does not include

gravity, which is described by the theory of general relativity. The search for a theory

that unifies all fundamental forces, including gravity, is one of the major goals of
modern physics.

To study fundamental particles, physicists use particle accelerators and
colliders. These machines accelerate particles to extremely high speeds and then collide
them, allowing scientists to observe the resulting interactions and particle behavior.
Some of the most famous particle accelerators include:

1. Large Hadron Collider: Located at CERN near Geneva, Switzerland, the LHC

is the world's largest and most powerful particle collider. It has made significant
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discoveries, including the Higgs boson in 2012, which confirmed the existence of the
Higgs field responsible for giving particles mass.
2. Tevatron: Located at Fermilab in the United States, the')_» e
i

~ _1 -

Tevatron was a major particle collider that operated until 2011. ItpiSSEIESEETE=

4 %
wlprom
R
S

ons
< Do

contributed to the discovery of the top quark and advanced the
understanding of particle physics. =

Despite its successes, the Standard Model has limitations and leaves several
questions unanswered. Physicists are exploring theories and phenomena beyond the
Standard Model, including:

1. Dark Matter and Dark Energy: Observations suggest that ordinary matter
constitutes only about 5% of the universe, while dark matter and dark energy make up

the remaining 95%. Understanding the nature of these mysterious components is a

major focus of current research.

2. Supersymmetry: This theoretical framework proposes that every particle in the
Standard Model has a corresponding superpartner with different spin properties.
Supersymmetry aims to address some of the limitations of the Standard Model and
provide a pathway to unifying fundamental forces.

3. String Theory: This theoretical framework

String Theory
suggests that fundamental particles are not point-like, but <

P - Strings
Quark

°
rather one-dimensional "strings" that vibrate at different @, @ 8o
frequencies. String theory seeks to unify all fundamental e sem
forces, including gravity, into a single coherent framework.

Particle physics is a field that continues to push the boundaries of human
knowledge and explore the fundamental nature of reality. By studying the smallest
constituents of matter and their interactions, physicists aim to answer profound questions
about the universe's origin, structure, and underlying principles. As research progresses
and new discoveries are made, the fascinating world of particle physics promises to

reveal even deeper insights into the mysteries of the space.
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NOTES
1. Photons are the elementary particles that serve as the quantum carriers of e

[ visible light_| [ Xmys | [ Gamma rays |
: .

A

the electromagnetic force. They are massless and travel at the speed of light
in a vacuum, embodying the dual nature of both particles and waves. This O %Ay &
duality allows photons to exhibit properties of classical waves, such as, ., o;u0m " M i
|Ex =1.24 10fev.m
interference and diffraction, as well as particle-like behaviors, such as the
photoelectric effect, where they can knock electrons out of atoms. As mediators of electromagnetic
interactions, photons play a crucial role in phenomena ranging from the transmission of light and radio
waves to the binding of electrons within atoms.

2. Bosons are a category of fundamental particles characterized by their integer spin, as opposed to

fermions, which have half-integer spin. They are responsible for mediating

E, the fundamental forces of nature. Unlike fermions, bosons can occupy the

Bose~Einstein
Condenstate

same quantum state simultaneously, a property that leads to phenomena like

Fermi
Sea

the condensation of particles in Bose-Einstein condensates. Notable
— @i examples of bosons include photons, which mediate the electromagnetic
force; W and Z bosons, which mediate the weak nuclear force; gluons, which mediate the strong
nuclear force; and the Higgs boson, which is associated with the Higgs field that imparts mass to other
particles.

3. Gluons are the elementary particles responsible for mediating the strong
nuclear force, which is the force that holds quarks together to form protons and

neutrons. These force carriers are themselves massless and possess a property

known as color charge, which they exchange between quarks to maintain the

integrity of atomic nuclei. Gluons operate within the framework of quantum
chromodynamics (QCD), a theory that describes the interactions between quarks
and gluons. Their ability to bind quarks together is crucial for the stability of matter, preventing

protons and neutrons from disintegrating and allowing for the existence of the atomic nucleus.

b) Translate the italicized paragraphs into Ukrainian (in writing).
¢) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.
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2. Synonym Groups for Physics Vocabulary:

Select 5 key terms from the text. For each term, create a list of 2 to 6 synonyms
that capture the same or similar meanings within the context of physics. Below are
examples to learn and to guide you.

1. Fundamental particles - Elementary particles - Basic particles - Primary particles -
Indivisible particles

2. Fermions - Matter particles - Subatomic particles - Quark-lepton particles - Building
block particles

3. Bosons - Force carriers - Mediator particles - Interaction particles - Gauge particles

4. Electromagnetic Force - Electric force - Magnetic force - Electromagnetic
interaction - EM force

5. Weak Nuclear Force - Weak interaction - Weak force - Beta decay force - W and Z
boson force

6. Strong Nuclear Force - Strong interaction - Strong force - Nuclear binding force -
Gluon force

7. Particle Accelerators - Particle colliders - Particle smashers - High-energy
accelerators - Atom smashers

8. Standard Model - Particle physics model - Fundamental interaction model -
Elementary particle framework - Subatomic particle theory

9. Dark Matter - Invisible matter - Non-luminous matter - Hidden mass - Unknown
matter

10. Supersymmetry — SUSY - Symmetrical particles - Supersymmetric theory -

Symmetry model

3. Using the dictionary transcribe and translate the key words:

Word Transcription Translation

fermions
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bosons

electromagnetic force

nuclear force

particle accelerators

Large Hadron Collider

supersymmetry

bind

mediates

accelerate

subatomic

hypothetical

mysterious

coherent

leptons

4. Match the words with their definition:

Fermions A fundamental particle associated with the Higgs field, which
gives mass to other particles. The discovery of the Higgs boson at

the Large Hadron Collider in 2012 confirmed its existence.

Bosons Particles that make up matter, including quarks and leptons. They
follow the Pauli exclusion principle, which states that no two
identical fermions can occupy the same quantum state

simultaneously.
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Quarks

Dark matter

A fundamental force mediated by gluons, responsible for binding
quarks together to form protons and neutrons, and for holding

protons and neutrons together within atomic nuclei.

Elementary particles that combine to form protons and neutrons.
There are six types (or "flavors") of quarks: up, down, charm,

strange, top, and bottom.

Leptons

A fundamental force mediated by W and Z bosons, responsible
for processes such as beta decay in radioactive atoms. It plays a

key role in nuclear reactions and element synthesis in stars.

Higgs boson

A form of matter that does not emit or interact with
electromagnetic radiation, making it invisible to current detection
methods. It is believed to constitute a significant portion of the

universe's total mass.

Strong nuclear force

Electromagnetic

force

Particles that mediate the fundamental forces of nature. Unlike
fermions, bosons can occupy the same quantum state, and they
include particles such as photons, W and Z bosons, gluons, and

the Higgs boson.

Machines that accelerate charged particles to high speeds and
collide them to study fundamental interactions and particles.
Examples include the Large Hadron Collider (LHC) and

Tevatron.

Weak nuclear force

A fundamental force mediated by photons, responsible for
interactions between charged particles. It governs phenomena

such as electricity, magnetism, and light.
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Particle accelerators A family of elementary particles that include electrons, muons,
tau particles, and their corresponding neutrinos. Leptons do not

participate in strong nuclear interactions.

5. Give English equivalents to the meanings of the following words and word

combinations:

e/ieMeHTapHI YaCTUHKHU

T€OpeTHUYHAd OCHOBA

TIPUCKOPIOBAY YaCTUHOK

(i3nyHi nporecu

B3a€eEMOZig Marepii

(yHIaMeHTa/IbHI CU/IK TIPUPOAU

rpaBiTalliiHa CHA/Ia

e/IeKTPOMAarHiTHI sBUILIA
3arajibHa Teopisi BiJHOCHOCTI

e/IeKTPOMarHiTHe BUTIPOMiHIOBaHHS

KBAaHTOBAa MeXaHiKa

eKCIIepUMeHTaJIbHI BIIKPUTTS

6. Find synonyms to the words:
1. Interactions -
2. Govern -
3. Particles -

4. Forces -

211



5. Accelerate -

6. Observe -

7. Mysterious -

8. Detection -

9. Decay -

10. Hypothetical -

7. Choose the correct answer:
1. What are fermions responsible for?
A) Mediating fundamental forces
B) Making up matter
C) Emitting electromagnetic radiation
D) Forming dark matter
2. Which particles mediate the strong nuclear force?
A) Photons
B) W and Z bosons
C) Gluons
D) Gravitons
3. What discovery confirmed the existence of the Higgs field?
A) Discovery of dark matter
B) Detection of the Higgs boson
C) Observation of neutrinos
D) Identification of quarks
4. What is the primary focus of the Standard Model of particle physics?
A) Describing gravity
B) Explaining the fundamental particles and their interactions
C) Understanding dark matter and dark energy

D) Analyzing large-scale cosmic structures
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5. Which fundamental force is not included in the Standard Model?

A) Electromagnetic force

B) Weak nuclear force

C) Strong nuclear force

D) Gravitational force
6. What is the main purpose of particle accelerators?

A) To observe celestial bodies

B) To accelerate particles to high speeds and study their interactions

C) To detect gravitational waves

D) To measure the temperature of the Earth’s core
7. Which theoretical framework suggests that every particle has a corresponding
superpartner?

A) String Theory

B) General Relativity

C) Supersymmetry

D) Quantum Electrodynamics
8. What percentage of the universe is believed to be composed of dark matter and dark
energy?

A) 5%

B) 20%

C) 50%

D) 95%
9. Which is the best way to translate the following sentence:

Quarks combine to form protons and neutrons, which are the building blocks of
atomic nuclei.

A) Kpapku KOMOiHYIOTBCS, 1100 YTBOPUTU TIPOTOHM i HEWUTPOHH, $IKi €

OyzmiBeIbHUMH O/I0KaMU aTOMHHX SIZIEP.
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B) KBapku 006'eqHYyIOThCS, 111006 YTBOPUTH €1eKTPOHM i (POTOHM, ITI0 € OCHOBOIO
CBIT/IOBUX SIBULL].

C) KBapku mNO€IHYIOTbCA [Jis CTBODEHHSI aTOMiB i MOJIeKY/, IO CK/aZJarTh
Marepito.

D) KBapku 3'eiHy1OTbCS, 11[00 YTBOPUTH YaCTUHKW TEMHOI MaTepii y BCeCBITi.
10. Which is the best way to translate the following sentence:

The discovery of the Higgs boson at the Large Hadron Collider confirmed the
existence of the Higgs field.

A) BigkputTs 6030Ha Xirrca Ha BenmkoMy afgpoHHOMY Komaiepi ITiITBepAUIIO
ICHyBaHH4 1oJ1a Xirrca.

B) Bigkpurtd uyacTMHOK TeMHOI Marepii Ha Benvkomy agpoHHOMY Kosawzjepi
TiATBepPAW/I0 iICHYBaHHS TeMHOI eHeprii.

C) BusiBneHHs1 HEMTPOHIB Ha TPUCKOPIOBaYi YaCTWUHOK MiATBEPAU/IO iCHYBaHHS
T0JIS1 HEUTPUHO.

D) Bigkpurtsa 6030Ha Xirrca Ha npuckoproBaui yactuHOK B CIIIA migTBepamio

icHyBaHHs1 6030Ha ¢oTOHa.

8. Translate the following sentences into Ukrainian:

1. The Large Hadron Collider (LHC) is the world's most powerful particle
accelerator, capable of accelerating particles to near-light speeds to study their
interactions.

2. Neutrinos are nearly massless subatomic particles that rarely interact with
matter, making them extremely difficult to detect.

3. Supersymmetry proposes that each particle in the Standard Model has a
corresponding superpartner with different spin properties.

4. String theory suggests that the fundamental constituents of the universe are not

point particles, but rather one-dimensional "strings" that vibrate at different frequencies.
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5. Dark matter is believed to constitute approximately 27% of the universe,

influencing the formation and behavior of galaxies through its gravitational effects.

9. Translate the following sentences into English:

1. Benuki ajpoHHI KojlaWJepu [O3BOJSIOTh [AOC/IIJHUKAM [leTaJlbHO BUBYATH
dbyHAaMeHTaIbHi B3a€MOZIT MiXK Cy6aTOMHUMH YaCTUHKAMU.

2. TemMHa MaTepisl 3a/IMIIIAETHCS OAHIEO 3 HAMOL/IBIIIKMX 3arafjok cydacHoi i3uku,
OCKIi/IbKU 1T HEMOXK/TMBO 6e3rocepejHbO CIIOCTepirary.

3. ®epMioHU ¥ 6030HU € ABOMa OCHOBHUMHU KjlacaMy ejieMeHTapHUX YaCTHHOK,
1[0 MarOTh Pi3HI KBAHTOBI BJIACTUBOCTI.

4. CrangaptHa Mojenb (i3UKM YaCTMHOK YCIIITHO TIOSICHIOE  OifbIIIiCTh
CIIOCTepeKyBaHUX SIBULL], ajie BCe 11]e He BK/IKOUA€ rpaBiTaliiHy B3aEMOJIO.

5. CynepcuMeTpisi € TeOPeTUYHOK) KOHLIEML[i€r0, SIKa MPUITYCKA€E ICHYBaHHS

TapTHePIiB /1151 KOXKHOI BiZIOMOI eJieMeHTapHOI YaCTUHKU.

10. Answer the questions to the text

1. What are the two main categories of fundamental particles in the Standard
Model of particle physics

2. How are fermions categorized, and what particles belong to each category?

3. Which particles are responsible for mediating interactions, and what are they
called in particle physics?

4. What role does the electromagnetic force play, and which boson mediates it?

5. What is the weak nuclear force, and which processes does it govern?

6.What function does the strong nuclear force serve, and which particles mediate
it?

7. What is the Large Hadron Collider, and what discovery confirmed the existence

of the Higgs field?
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8. What are the limitations of the Standard Model, and which fundamental force is
not included in it?

9. What is supersymmetry, and which issues in the Standard Model does it attempt
to address?

10. What role does dark matter play in the universe, and how does it influence the

formation of galaxies?

11. Write a short summary of the text (See the scheme in the Information

File — ex. 11 p. 16) and be ready to present it.

SPEAKING

1. Guidelines for Discussion:

1. Exploring Fundamental Particles:

Discuss the distinction between fermions and bosons. What are their roles in the
Standard Model, and how do they contribute to the structure and behavior of matter?
Consider the implications of quarks and leptons as the building blocks of matter.

2. Understanding Fundamental Forces:

Analyze the four fundamental forces: gravitational, electromagnetic, weak
nuclear, and strong nuclear forces. How do these forces interact with particles, and what
are their specific roles in the universe? Delve into the mediating particles (bosons) for
each force and their significance.

The Standard Model and Its Limitations:

Evaluate the successes and limitations of the Standard Model of particle physics.
What phenomena does it explain well, and what areas remain unresolved or incomplete?
Consider the absence of gravity in the Standard Model and the quest for a unified theory.

Particle Accelerators and Discoveries:
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Discuss the role of particle accelerators like the Large Hadron Collider (LHC) in
advancing our understanding of particle physics. What key discoveries have been made
using these accelerators, and how have they shaped our knowledge of fundamental
particles and forces?

Beyond the Standard Model: Theories and Mysteries:

Explore theories and concepts beyond the Standard Model, such as
supersymmetry, string theory, dark matter, and dark energy. How do these ideas aim to
address the limitations of the Standard Model, and what are the potential implications

for our understanding of the universe?

2. Translate the following text into English:
a) Express the main idea of the text in one sentence;

b) Write a short summary of the text in English and present it.

di3nka yacTuHOK: 3arno/ieHHs y ()yH/JaMeHTa/IbHI CK/1afioBi BececBity

@i3nKa YaCTUHOK - 1je raay3b (Di3vkH, sKa BUBYA€ HaWMeHI CKiaJoBi Bcecsity
Ta CWIH, fKI KepyroTh 1X B3aemMoAisMu. PyHaaMeHTa/lbHI YaCTUHKU, TaKl K KBapKH 1
JIETITOHW, € OCHOBOIO BCiX MarepianbHUX 006'ekTiB. KBapkyd yTBOPIOIOTH ITPOTOHU i
HEWTPOHH, a JIETITOHU BK/IKOYAIOTh €/1eKTPOHH, MIOOHM, Tay-YaCTUHKW Ta HeUTpuHo. Lli
YaCTUHKHY B3a€EMO/IiFOTh OJHA 3 O/IHOIO 3a ZI0TIOMOTOK0 YOTHPHLOX (hyHAaMeHTabHUX CHJI:
rpaBiTalLliifHOl, eJIeKTPOMarHiTHOI, C/1abKo1 siiepHOT Ta CHU/IbHOI siIEPHON.

CranpaptHa Mojie/ib (Pi3MKKM UYaCTUHOK - 1le TeOpeTHYHa OCHOBA, sIKa OIUCYE
NOBe/IiHKY 1[UX (DyHAaMeHTa/bHUX YaCTUHOK i iX B3aeMopii. BoHa ycriliHO MOsICHIOE
TPU 3 UOTHUPHOX (DyHZaMeHTa/bHUX CU/I (BUK/IIOUAlOUd IpaBiTallit0) Ta MiATBep/KeHa
YMC/IEHHUMH ekcriepuMeHTamMu. OpHak CraHJapTHa MoJe/lb Ma€ CBOi OOMe)KeHHS,
HalpuKJ/aJ, BOHA He BK/IOYAE TeMHY Marepit0 Ta TeMHY eHeprito, sKi CTaHOBJATb

GispiicTs Macu BeecBiTy.
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[IpyckoproBaui uyacTUHOK, Taki sK Benukui azpoHHud kosavgep (BAK),
Bi/lirparoTh K/IFOUOBY POJIb Y BUBUEHHI (i3uku yacTuHOK. BAK 103B0JIsIE MPHUCKOPIOBAaTU
YaCTHMHKMU [0 HAaJ|3BUYaiHO BUCOKUX IIBUAKOCTEM Ta 3IlITOBXYBAaTU IX, IO J03BOJISE
CIioCTepiraTu 3a pe3y/ibTaTaMM LIUX B3aemofii. OAHMM 3 HaMBHU3HAUHIIIMX BiJKPUTTIB
3a gomomoroto BAK cTano migTBepaKeHHsI icHyBaHHs 0030Ha Xirrca, 110 IMiITBepPAN/IO
icHyBaHH4 1osig Xirrca, sKe Bi/INOBiZla€ 3a Macy YaCTHUHOK.

[Toripu ycnixu CraHgapTHOI Mojeii, (i3WKK MPOJOBXKYIOTh IIIyKaTH Teopii, 1110
BUXOJATH 3a i1 Mexi. CynepcumeTtpisi, Teopisi CTPYH Ta JOC/IKeHHs TeMHOlI Marepii €
OCHOBHMMM HarpsiMKaMHu Cy4acHUX JAOCJi/pKeHb y (i3ul]i yacTUHOK. Lli Teopii MarOTh
TOTeHI[ial BUPIMMTH iCHyroWi TIpoOG/sieMd Ta JaTW BiJgNOBiAi Ha mMTaHHS, SKi
3a/IMIIAIOTBCA  BiIKDUTUMH, HaOmKaroud Hac /[0 PO3yMiHHA (yHAaMeHTaabHOI

CTpyKTypu Bceecsiry.

EXTENDED READING*¥*

1.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

Text 1
Key Components of the Standard Model

The Standard Model of particle physics is a theoretical framework that describes
the fundamental particles and their interactions, providing a comprehensive
understanding of the building blocks of the universe. This model has been remarkably

successful in explaining the behavior of subatomic particles and has been validated
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through numerous experiments. The key components of the Standard Model can be
categorized into particles, forces, and interactions.

The Standard Model classifies fundamental particles into two main groups:
fermions and bosons.

Fermions: These particles are the constituents of matter. Fermions are further
divided into two subcategories: quarks and leptons.

Quarks: There are six types (or flavors) of quarks: up, down, charm, strange, top,
and bottom. Quarks combine to form protons and neutrons, which are the building
blocks of atomic nuclei.

Leptons: There are six types of leptons, including electrons, muons, tau particles,
and their corresponding neutrinos. Leptons do not participate in strong nuclear
interactions and are responsible for various fundamental processes.

Bosons: These particles are force carriers and mediate the fundamental forces of
nature. There are several types of bosons, each associated with a specific force:

Photons: Mediate the electromagnetic force, which governs the interactions
between charged particles.

W and Z bosons: Mediate the weak nuclear force, which is responsible for
processes such as beta decay in radioactive atoms.

Gluons: Mediate the strong nuclear force, which binds quarks together to form
protons and neutrons and holds these particles within atomic nuclei.

Higgs boson: Associated with the Higgs field, which gives mass to other
particles. The discovery of the Higgs boson in 2012 at the Large Hadron Collider (LHC)
confirmed its existence and its role in the Standard Model.

The Standard Model describes three of the four fundamental forces that govern
particle interactions:

Electromagnetic Force: This force is mediated by photons and governs
interactions between charged particles. It is responsible for phenomena such as

electricity, magnetism, and light.
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Weak Nuclear Force: Mediated by W and Z bosons, this force is responsible for
processes such as beta decay and plays a crucial role in nuclear reactions and the
synthesis of elements in stars.

Strong Nuclear Force: This force is mediated by gluons and is responsible for
binding quarks together to form protons and neutrons. It also holds protons and neutrons
together within atomic nuclei, ensuring the stability of matter.

The interactions between fundamental particles are governed by the exchange of
force-carrying bosons. These interactions can be classified based on the forces involved:

Electromagnetic Interactions: Involving the exchange of photons between
charged particles, these interactions are responsible for the behavior of atoms and
molecules.

Weak Interactions: Involving the exchange of W and Z bosons, these
interactions are essential for processes such as beta decay and neutrino interactions.

Strong Interactions: Involving the exchange of gluons, these interactions bind
quarks together and hold atomic nuclei intact.

Higgs Mechanism: The interaction between particles and the Higgs field,
mediated by the Higgs boson, provides particles with mass.

While the Standard Model has been highly successful, it has certain limitations.
For example, it does not include gravity, which is described by the theory of general
relativity. Additionally, the Standard Model does not account for dark matter and dark
energy, which constitute the majority of the universe's mass and energy. To address these
gaps, physicists are exploring theories beyond the Standard Model, such as
supersymmetry, string theory, and quantum gravity.

The Standard Model of particle physics provides a comprehensive framework for
understanding the fundamental particles and forces that make up the universe. By
classifying particles into fermions and bosons and describing their interactions through
fundamental forces, the Standard Model has revolutionized our understanding of the

subatomic world. As research continues, physicists aim to uncover new insights and
220



address the limitations of this model, further expanding our knowledge of the universe's

fundamental nature.

1.2* Comprehension Questions:
1. What are the two main groups of fundamental particles in the Standard Model?
2. How are quarks categorized, and how many types of quarks are there?
3. Describe the role of bosons in the Standard Model and name the bosons associated
with the fundamental forces.
4. Explain the electromagnetic force and its mediating particle.
5. What processes are governed by the weak nuclear force, and which particles mediate
it?
6. How does the strong nuclear force contribute to the stability of matter, and which
particles mediate this force?
7. What is the significance of the Higgs boson in the Standard Model?
8. What are the limitations of the Standard Model, and which fundamental force is not
included in it?
9. How do particle accelerators contribute to our understanding of particle physics?

10. What are some theories and concepts being explored beyond the Standard Model?

1.3* Vocabulary and Terminology:

a) Define the following terms b) Match the terms to their definitions

1. Fermions a) Force carriers that mediate the fundamental

forces of nature.

2. Bosons b) Particles that are the constituents of matter.

3. Quarks c) Elementary particles that combine to form

protons and neutrons.
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4. Leptons d) A family of particles including electrons and

neutrinos.

5. Higgs boson e) The particle associated with the Higgs field,

responsible for giving mass to other particles.

1.4* Write a brief summary of the text in your own words in 5-6 sentences.

1.5* Discussion Prompts:

1. Discuss the significance of quarks and leptons as the building blocks of matter.
How do their interactions shape the structure of the universe?

2. Explore the role of the Higgs boson and the Higgs field in the Standard Model.
How did the discovery of the Higgs boson impact our understanding of particle physics?

3. Reflect on the importance of particle accelerators like the Large Hadron
Collider in advancing particle physics. What key discoveries have been made using
these machines?

4. Analyze the limitations of the Standard Model. What are the challenges faced
by physicists in developing a unified theory that includes gravity?

5. Discuss the potential implications of theories beyond the Standard Model, such
as supersymmetry and string theory. How might these theories address the unanswered

questions in particle physics?

1.6* Research and Presentation:

1. Conduct research on the six types of quarks and their properties. Prepare a
presentation detailing their characteristics, interactions, and roles in forming protons and
neutrons.

2. Explore the role of interdisciplinary collaboration in particle physics research.

Identify how physicists, engineers, and computer scientists work together to conduct
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experiments and analyze data at facilities like CERN. Present your findings and discuss

the importance of such collaboration.

Text 2

2.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

Quantum Gravity: Bridging Quantum Mechanics and General Relativity

Quantum gravity is a field of theoretical physics that aims to unify the principles
of quantum mechanics with general relativity to describe the fundamental nature of
gravity at the quantum scale. This ambitious endeavor seeks to reconcile the two pillars
of modern physics: Einstein's theory of general relativity, which describes gravity as the
curvature of spacetime caused by mass and energy, and quantum mechanics, which
governs the behavior of particles at the smallest scales. Despite their individual
successes, these theories are fundamentally incompatible in their current forms,
necessitating a new framework to fully understand the quantum aspects of gravity.

The Challenges of Unification. One of the major challenges in developing a
theory of quantum gravity is the incompatibility between general relativity and quantum
mechanics. General relativity operates on a classical level, describing the smooth,
continuous fabric of spacetime, whereas quantum mechanics deals with discrete
particles and probabilistic events. At the Planck scale, where the effects of both quantum
mechanics and gravity become significant, the classical description of spacetime breaks
down, requiring a quantum theory of gravity.

Approaches to Quantum Gravity. Several theoretical approaches have been

proposed to tackle the problem of quantum gravity. Some of the most prominent include:
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String Theory: One of the most well-known attempts to unify quantum mechanics
and gravity, string theory posits that fundamental particles are not point-like objects but
rather one-dimensional "strings" that vibrate at different frequencies. These vibrations
correspond to different particles, and the interactions between strings can potentially
describe all fundamental forces, including gravity.

Loop Quantum Gravity (LQG): Loop quantum gravity is an approach that
attempts to quantize spacetime itself. It suggests that spacetime is composed of discrete
loops or networks of quantum states, known as spin networks. LQG aims to provide a
background-independent description of quantum gravity, meaning it does not rely on a
predefined spacetime structure.

Causal Dynamical Triangulations (CDT): This approach uses a method called
triangulation to model the quantum properties of spacetime. CDT breaks down
spacetime into smaller, discrete units called simplices and studies how they interact and
evolve. This method aims to preserve the causal structure of spacetime while
incorporating quantum effects.

Holographic Principle: Inspired by black hole thermodynamics, the holographic
principle suggests that the information describing a volume of space can be encoded on
its boundary. This idea has led to the development of the AdS/CFT correspondence,
which proposes a relationship between a gravity theory in a higher-dimensional "bulk"
space and a lower-dimensional quantum field theory on the boundary.

Experimental Challenges. One of the significant obstacles in the study of
quantum gravity is the lack of experimental evidence. The effects of quantum gravity are
expected to be significant only at extremely small scales, such as the Planck length
(approximately 1.616 \times 10/7{-35} meters), making direct observation or
experimentation currently beyond our technological capabilities. As a result, most
research in quantum gravity remains highly theoretical.

Implications and Future Prospects. A successful theory of quantum gravity

would have profound implications for our understanding of the universe. It could
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potentially resolve singularities, such as those found at the centers of black holes or the
Big Bang, where classical general relativity breaks down. Additionally, it could provide
insights into the nature of spacetime, the origin of the universe, and the fundamental
structure of reality.

The quest for a theory of quantum gravity continues to be one of the most exciting
and challenging endeavors in theoretical physics. As researchers explore new ideas and
develop innovative mathematical frameworks, the potential for groundbreaking
discoveries remains high. The unification of quantum mechanics and general relativity
promises to revolutionize our understanding of the cosmos and unlock new realms of

knowledge about the universe's deepest mysteries.

2.2* Comprehension Questions:
1. What is the main goal of quantum gravity in theoretical physics?
2. Why are general relativity and quantum mechanics considered incompatible at the
quantum scale?
3. Describe the primary idea behind string theory and how it attempts to unify quantum
mechanics and gravity.
4. What is loop quantum gravity (LQG) and how does it conceptualize spacetime?
5. Explain the approach of causal dynamical triangulations (CDT) in studying quantum
properties of spacetime.
6. What is the holographic principle, and how does it relate to the AdS/CFT
correspondence?
7. Why is experimental evidence for quantum gravity currently challenging to obtain?
8. How could a successful theory of quantum gravity impact our understanding of
singularities, such as those in black holes or the Big Bang?
9. What are some potential implications of a unified theory of quantum gravity for our

understanding of the universe?
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2.3* Vocabulary and Terminology:

Define the following terms

Match the terms to their definitions

1. Quantum gravity

2. General relativity

3. Quantum mechanics

a) A theory proposing that fundamental particles
are one-dimensional "strings" that vibrate at

different frequencies.

b) The theory describing gravity as the curvature

of spacetime caused by mass and energy.

¢) The branch of physics governing the behavior

of particles at the smallest scales.

4. String theory

d) The idea that the information describing a

volume of space can be encoded on its boundary.

5. Holographic principle

e) A field of theoretical physics aiming to unify

quantum mechanics with general relativity.

2.4* Summarize the text in your own words in 5-6 sentences.

2.5* Discussion Prompts:

1. Discuss the significance of reconciling general relativity with quantum

mechanics. How would a unified theory of quantum gravity advance our understanding

of fundamental physics?

2. Explore the various approaches to quantum gravity, such as string theory, loop

quantum gravity, and causal dynamical triangulations. What are the strengths and

limitations of each approach?

3. Reflect on the challenges of obtaining experimental evidence for quantum

gravity. What technological advancements or discoveries might help overcome these

challenges?
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4. Analyze the potential implications of the holographic principle for our
understanding of spacetime and information theory. How does the AdS/CFT
correspondence contribute to this understanding?

5. Debate the philosophical and scientific implications of a successful theory of
quantum gravity. How might it change our perception of the universe and our place

within it?

2.6* Research and Presentation:

1. Conduct research on the Planck scale and its significance in quantum gravity.
Prepare a presentation detailing the key concepts, including the Planck length, Planck
time, and Planck energy.

2. Explore the role of interdisciplinary collaboration in quantum gravity research.
Identify how physicists, mathematicians, and computer scientists work together to
develop theoretical models and conduct simulations. Present your findings and discuss

the importance of such collaboration.
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UNIT XII

CLIMATE CHANGE AND GLOBAL WARMING

TEXT

Understanding Climate Change and Global Warming: A Physics Perspective

1. a) Read and translate the text using the dictionary:

Climate change and global warming are critical issues facing our planet today, and
their understanding is deeply rooted in the principles of physics. These phenomena result
from complex interactions between the Earth's atmosphere, oceans, and land, driven by
physical processes that govern the behavior of gases, radiation, and energy.

The Greenhouse Effect. At the heart of global

warming lies the greenhouse effect, a fundamental

Human
Enhanced

sreenhouse Gas - CONCept in atmospheric physics. The Earth's atmosphere

contains greenhouse qases such as__carbon dioxide

(CO,), methane (CH,), and water vapor (H,O). These

‘ gases are capable of absorbing and re-emitting infrared

radiation, which is a form of thermal radiation.

When solar radiation reaches the Earth, it is absorbed by the surface and re-
emitted as infrared radiation. Greenhouse gases trap some of this infrared radiation,
preventing it from escaping back into space. This process warms the atmosphere and the

surface of the Earth, much like a greenhouse traps heat to nurture plants. While the

greenhouse effect is a natural and necessary phenomenon that keeps our planet
habitable, the excessive increase in greenhouse gases due to human activities has

intensified this effect, leading to global warming.
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Outgoing (infrared)

Energy Balance and Radiative Forcing. The concept of

Incoming (solar)

energy balance is crucial in understanding climate change.

The Earth's climate system is in a delicate equilibrium, where

the energy received from the Sun is balanced by the energy
radiated back into space. Any imbalance in this energy budget can lead to changes in the

climate.

Radiative forcing is a measure of the change in energy balance caused by factors
such as greenhouse gas emissions, aerosols, and changes in solar radiation. Positive
radiative forcing, primarily driven by increased greenhouse gas concentrations, leads to

warming, while negative radiative forcing, influenced by factors like volcanic eruptions

and aerosols, can cause cooling. The net effect of these forces determines the overall
change in the Earth's climate.

Feedback Mechanisms. Climate change involves
various feedback mechanisms that can amplify or
dampen the effects of warming. One significant feedback

mechanism is the ice-albedo feedback. Ice and snow have

high albedo, meaning they reflect a large portion of

[ty 4[]
\ incoming solar radiation. As global temperatures rise, ice

and snow melt, reducing the Earth's albedo and causing
more solar radiation to be absorbed by the surface, further warming the planet.

Another critical feedback mechanism is the water vapor

Haher water vpee coresriraons
g mare bt

feedback. Warmer temperatures increase the rate of evaporation, ___ /v

leading to higher concentrations of water vapor in the ‘

atmosphere. Since water vapor is a potent greenhouse gas, this p—
—

enhances the greenhouse effect and accelerates warming.
Thermal Expansion and Sea-Level Rise. Physics also

explains the phenomenon of sea-level rise, a direct

229



consequence of global warming. As the Earth's temperature increases, the oceans absorb

much of this heat, causing the water to expand—a process known as thermal expansion.

Additionally, the_melting of glaciers and polar ice caps adds more water to the oceans.

Both thermal expansion and the influx of meltwater contribute to rising sea levels,
posing significant risks to coastal communities and ecosystems.
Mitigation and Adaptation. Addressing climate change requires a combination of

mitigation and adaptation strategies. Mitigation involves
ADAPTATION @ MITIGATION

MANAGE THi
IMATE

reducing greenhouse gas emissions through the adoption of

renewable energy sources, energy efficiency, and
sustainable practices. Adaptation focuses on adjusting to (&) = *wx@
the impacts of climate change, such as building resilient
infrastructure, protecting natural ecosystems, and preparing for extreme weather events.
Understanding climate change and global warming from a physics perspective
provides valuable insights into the processes driving these phenomena. By applying the
principles of atmospheric physics, energy balance, and feedback mechanisms, scientists
can better predict and address the impacts of climate change. As we strive to mitigate
and adapt to these challenges, a thorough understanding of the underlying physical
principles is essential for developing effective solutions and ensuring a sustainable

future for our planet.

b) Translate the italicized paragraphs into Ukrainian (in writing).
¢) Translate the underlined words and word combinations into Ukrainian (in
writing).

d) Put 5 questions to the text.

2. Synonym Groups for Physics Vocabulary:
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Select 5 key terms from the text. For each term, create a list of 2 to 6 synonyms
that capture the same or similar meanings within the context of physics. Below are
examples to learn and to guide you.

1. Greenhouse effect - Thermal radiation trapping - Heat retention - Atmospheric
warming - Greenhouse phenomenon

2. Radiative forcing - Energy imbalance - Radiation impact - Climatic forcing -
Radiative influence

3. Feedback mechanisms - Feedback loops - Climatic feedbacks - Regulatory
mechanisms - Response systems

4. Thermal expansion - Heat-induced expansion - Temperature-driven expansion -
Thermal growth - Expansion due to heating

5. Sea-level rise - Ocean level increase - Rising sea levels - Coastal flooding - Oceanic
elevation

6. Mitigation - Reduction — Alleviation — Diminishment — Abatement

7. Adaptation - Adjustment — Acclimatization — Modification — Adaptability

8. Greenhouse gases - Heat-trapping gases - Climatic gases - Atmospheric gases -
Warming gases

9. Energy balance - Energy equilibrium - Energy budget - Thermal balance - Heat
distribution

10. Global warming - Climate heating - Planetary warming - Global temperature rise -

Climatic warming

3. Using the dictionary transcribe and translate the key words:

Word Transcription Translation

Greenhouse effect

Infrared radiation
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Atmosphere

Global warming

Climate change

Carbon dioxide

Methane

Water vapor

Radiative forcing

Energy balance

Albedo

Sea-level rise

Thermal expansion

Mitigation

Adaptation

4. Match the words with their definition:

1. Greenhouse effect

a) A measure of the influence of a factor (such as
greenhouse gases) on the balance of incoming and outgoing
energy in the Earth's climate system; typically measured in

watts per square meter.

2. Infrared radiation

b) The increase in volume of a substance (such as water)
due to an increase in temperature, which contributes to sea-

level rise in the context of climate change.
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3. Atmosphere

4. Radiative forcing

c) Efforts and actions taken to reduce or prevent the
emission of greenhouse gases, aiming to limit the

magnitude or rate of long-term climate change.

d) A type of electromagnetic radiation with wavelengths
longer than visible light but shorter than microwave
radiation; it is emitted by objects based on their

temperature.

5. Carbon dioxide

e) The increase in the average level of the world's oceans,
primarily caused by thermal expansion of seawater and

melting of ice from glaciers and ice caps.

6.Feedback mechanisms

f) The layer of gases surrounding the Earth or another
planet, held in place by gravity, and composed primarily of

nitrogen, oxygen, and trace gases.

7. Thermal expansion

8. Sea-level rise

9. Mitigation

g) The process of adjusting to actual or expected climate
change and its effects, in order to reduce harm or exploit

beneficial opportunities.

h) A colorless, odorless gas (CO,) produced by burning
carbon-based fuels, respiration, and other processes; it is a

significant greenhouse gas contributing to global warming.

i) Processes that can either amplify (positive feedback) or
diminish (negative feedback) the effects of climate change
by interacting with various components of the climate

system.
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10. Adaptation j) The process by which certain gases in the Earth's
atmosphere trap infrared radiation, leading to the warming

of the Earth's surface and lower atmosphere.

5. Give English equivalents to the meanings of the following words and word

combinations:

IIporHosysaru

I[TocumoBatu

BurnpomiHtoBatu

Ilormiuaru

CTiVKi NpakKTUKH

BigHoB/tOBasIbHI IXKepesia eHeprii

ExcTpemarsibHi NOTo/iHI sIBULLIA

[TpubepexxHi 30HK

TaHeHHs TbOJJOBHKIB

['mobanbHi Temrieparypu

[TepBuHHiI hakTOpHU

KnimaTuHa cucrema

[Tpomixkok vacy

AtmocdepHi ripoLiecu

3eMHa MoBepxHs

TeryioBe BUIIPOMIHIOBAHHS

[TapHUKOBI rasu
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6. Find synonyms to the words:
Influence -
Expansion -
Emissions -
Sustainable -
Contribute -
Significant -
Increase -
Atmosphere -
Mitigate -

Concentration -

7. Choose the correct answer:
1. What is the primary driver of the greenhouse effect?
A) Ozone layer depletion
B) Greenhouse gas emissions
C) Volcanic eruptions
D) Solar radiation
2. Which of the following gases is NOT considered a greenhouse gas?
A) Carbon dioxide (CO,)
B) Methane (CH,)
C) Oxygen (O,)
D) Water vapor (H,O)
3. What is radiative forcing?
A) The force exerted by the Earth's magnetic field
B) The measure of the change in energy balance caused by factors such as greenhouse
gases

C) The impact of gravity on atmospheric pressure
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D) The reflection of solar radiation by the Earth's surface
4. What is the effect of thermal expansion on sea levels?
A) Decreases sea levels
B) Has no impact on sea levels
C) Increases sea levels
D) Stabilizes sea levels
5. Which feedback mechanism is associated with the melting of ice and snow?
A) Water vapor feedback
B) Ice-albedo feedback
C) Carbon feedback
D) Ocean-atmosphere feedback
6. What is the primary goal of mitigation in the context of climate change?
A) Increasing greenhouse gas emissions
B) Reducing greenhouse gas emissions
C) Monitoring weather patterns
D) Studying ocean currents
7. How does dark matter influence the structure of the cosmic web?
A) By emitting visible light
B) Through its gravitational forces
C) By blocking solar radiation
D) Through chemical reactions
8. What role does adaptation play in addressing climate change?
A) Reducing the amount of solar radiation reaching Earth
B) Adjusting to the impacts of climate change
C) Eliminating all greenhouse gases
D) Increasing the Earth's albedo
9. Which is the best way to translate the following sentence:

Thermal expansion is a major factor contributing to sea-level rise.
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A) TenioBe po3IIMPeHHST € OCHOBHUM (PAKTOPOM, 1[0 COIPUSIE TTiIBUILIEHHIO PiBHS MOpSI.
B) TemmepaTypHe pO3IIMpeHHS € OCHOBHOIO TIPUUYMHOIO TIi/IBUILIEHHSI TemIlepaTypu
3emiIi.
C) TerutoBe BUTIPOMiHIOBAHHSI CIIPHSIE 30i/IbITIEHHIO TI/IOI JThOJOBHKIB.
D) TerioBuii BIJIMB € Ba>KIUBUM (PAKTOPOM 3MiHU KJTiMarTy.

10. Which is the best way to translate the following sentence:
Mitigation involves reducing greenhouse gas emissions to limit global warming
A) Mirpaijiss BK/IIOUAa€ 3MeHILIEHHS BUKW/IB TIaDHUKOBUX Ta3iB [isi 0OMeXKeHHs
r7106a/1bHOTO TIOTETUTiHHS.
B) Mirpaijis BK/IOUa€ 3MiHM y BHKODPHCTaHHI 3eMJ/Ii [T 3MeHIIeHHsS I7100a/15HOTOo
TOTEeIUTiHHS.
C) INom'siKilleHHsI BK/IFOUYA€ 3MEHIIIeHHsS BHKHW/[iB ITAapHUKOBUX Tra3iB I 0OMeXXeHHS
r7106a/TbHOTO TIOTETUTiHHS.
D) Ilom'skilleHHS BK/IIOYUAa€ ITiBUINIEHHS BUKH/IB [/ PEryaroBaHHS I71006a/Jb5HOTO

MOTeIIiHHA.

8. Translate the following sentences into Ukrainian:

1. The increased emissions of carbon dioxide and methane are key drivers behind
the intensification of the greenhouse effect.

2. Radiative forcing plays a crucial role in determining the balance between
incoming solar radiation and outgoing infrared radiation in the Earth's climate system.

3. Thermal expansion of seawater, combined with the melting of polar ice caps,
contributes significantly to the ongoing rise in sea levels.

4. Effective mitigation strategies, such as transitioning to renewable energy
sources and enhancing energy efficiency, are essential to combat global warming.

5. Understanding the feedback mechanisms within the climate system, such as the
ice-albedo effect, is vital for predicting future climate changes.

9. Translate the following sentences into English:
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1. TlapHUKOBI Ta3y, Taki K MeTaH i BYIVIEKUC/IWH ra3, 3HaYHO MOCUJTIOIOThH e(dheKT
r7106a/1bHOTO TIOTETUTiHHS.

2. PajialilHui BIUVIMB € BaK/IMBUM UWHHUKOM Y BHU3HAU€HHI €HepPreTU4YHOro
6aslaHCy KIiMaTUYHOI CUCTeMH 3eMJTi.

3. TerioBe pO3LIMpEHHs OKeaHiB, IOpsJ i3 TaHeHHSIM JIbOLOBUKIB, CYTTEBO
BIUIMBAE Ha IiJBUILIEHHS PiBHS MOPSI.

4. EdekTuBHI cTparterii MOM'sIKIlIeHHS, Taki sK IlepexiJi Ha BiZHOBIHOBa/IbHI
[>Kepeia eHeprii, MarOTh BUpillla/ibHe 3HAueHHS Mg 6opoThbu 3 r106anbHUM
TOTeIJIiHHSM.

5. Po3yMiHHSI MexaHi3MiB 3BOPOTHOTO 3B'I3Ky B KJIiIMaTU4HIN CACTEMi, HAlIPUKJ/IaZ,

edexTy anbbe/o, € K/IFOUOBUM /[I7Is TPOrHO3yBaHHS MaiOyTHIX 3MiH K/1iMarty.

10. Answer the questions to the text:

1. What is the greenhouse effect, and how does it contribute to global warming?

2. Which greenhouse gases are primarily responsible for the intensification of the
greenhouse effect?

3. How does radiative forcing influence the energy balance of the Earth's climate
system?

4. What role does thermal expansion play in sea-level rise, and what other factors
contribute to this phenomenon?

5. How does the ice-albedo feedback mechanism amplify the effects of global
warming?

6. What are some effective mitigation strategies to reduce greenhouse gas
emissions?

7. What is the significance of understanding feedback mechanisms within the
climate system?

8. How do human activities impact the concentration of greenhouse gases in the

atmosphere?
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9. What are the potential consequences of rising sea levels for coastal
communities and ecosystems?
10. Why is it essential to understand the physical principles behind climate change

for developing effective solutions?

11. Write a short summary of the text (See the scheme in the Information

File — ex.11 p. 16) and be ready to present it.

SPEAKING

1. Guidelines for Discussion:

1. Exploring the Greenhouse Effect:

Discuss the fundamental principles of the greenhouse effect, including the role of
greenhouse gases in trapping infrared radiation. How does this process contribute to
global warming, and what are the primary sources of these gases?

2. Impact of Radiative Forcing:

Analyze the concept of radiative forcing and its significance in the Earth's energy
balance. What factors contribute to positive and negative radiative forcing, and how do
they influence climate change?

3. Thermal Expansion and Sea-Level Rise:

Examine the relationship between thermal expansion and sea-level rise. How does
the warming of ocean waters lead to expansion, and what are the additional factors
contributing to rising sea levels? Discuss the potential impacts on coastal communities
and ecosystems.

4. Mitigation Strategies:

Discuss various mitigation strategies to reduce greenhouse gas emissions and

combat global warming. What are the roles of renewable energy sources, energy
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efficiency, and sustainable practices in these efforts? Evaluate the effectiveness of these
strategies and potential challenges in their implementation.

5. Understanding Feedback Mechanisms:

Explore the different feedback mechanisms within the climate system, such as the
ice-albedo feedback and water vapor feedback. How do these mechanisms amplify or
dampen the effects of climate change? Discuss the importance of understanding these

feedbacks for accurate climate modeling and prediction.

2. Translate the following text into English:
a) Express the main idea of the text in one sentence;

b) Write a short summary of the text in English and present it.

3MiHa K/TiMarTy Ta 1o0a/ibHe noTervTiHag: Pi3UYHi aceKTH

3MiHa KiMaTty Ta riobasibHe TTOTeIUTiHHA € CepHOo3HMMU BUK/IMKAMH JJIs HaIlloi
TJIaHeTH, i IX po3yMiHHsA 0a3yeTbcss Ha TpUHLMINAX ¢i3vku. OCHOBHUM PpYIIiMHAM
akTOopoM 1100a/IbLHOTO TIOTETUTIHHSI € TTapHUKOBUM e(deKT, SIKWM BUHUKAE uYepe3
30i/bIlIeHHs] KOHLIeHTpallii MapHUKOBUX rasiB y armocdepi 3emmi. Ili rasu, Taki siK
Byrnekucivmi ra3 (CO,), meran (CH,) Ta BomsHa mnapa (H,O), mnormvHaroTh i
BUIPOMIHIOIOTh iH()pauepBOHE BUIIPOMIHIOBaHHS, SIKe HAJXOAWUTh BiJl MOBEPXHi 3eMIi.
Ile crnpuuunHsie HarpiBaHHsA aTMochepH i MOBepxHi IUIaHeTH, IMOAIOHO J0 TOro, SIK
TIApHYK YTPUMYE TeIUIO /i1 POC/IVH.

EHepreTruHuii 6asiaHC € KTFOUOBUM TIOHATTSM y PO3yMiHHI 3MiHM K/limMary. 3eMHa
K/IIMaTU4YHa CUCTeMa IiJATPUMYE Jie/liKaTHy piBHOBary MK eHepri€ro, siKka HaIXO4WUTb BiJ|
CoHIls, Ta eHepriero, sika BUIIPOMIHIOETLCSI Ha3aZ y KocMoc. byab-sikuii aucbanaHc y
1[bOMY eHepreTUYHOMY OFO/KeTi MOyke TIPU3BECTH /10 3MiH KiimMary. Pagiatiilinuii BIive,

KU BUMIpIOE 3MiHy eHepreTMUHOro 0OajaHCy, CIpUuMHeHYy ¢akTopaMu, TaKUMM $IK
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BUKW/W TTADHUKOBUX rasiB i aepo30/1iB, BiJjirpa€ BakK/IMBY POJib Y BU3HAYEHHI CTYyIeHs
TIOTerUTiHHS a00 OXOJ/IO/IPKeHHS KJ/TiMary.

MexaHi3MU 3BOPOTHOI'O 3B'SI3Ky TaKOXK BiJIirpatOTh 3HAYHY POJIb Yy 3MiHi KJliMary.
OmuH 3 TakMx MeXaHi3MmiB - 1 edeKT ampbeno ibomy. Jli Ta CHIr MarOTh BHCOKE
anbbeo, TOOTO BOHM Bi[OMBAIOTH BEJIMKY UAaCTUHY COHSIUHOTO BUIPOMiHIOBAaHHS. 3
MiZBULLEHHSIM TeMrlepaTypy Jiifi Ta CHIT TaHyTb, 3HIWKYHOUM anbbemo 3emsmi i
CTIPUYMHSIIOUM 30i/bllIeHHS TTOT/IMHAHHS COHSIYHOTO BUMPOMiHIOBaHHS, 1[0 1ile OisbIie
HarpiBa€e riaHeTy. [HIIMM BaX/IMBUM MeXaHi3M - Ll 3BOPOTHMM 3B'I30K 3 BOZSHONO
1aporo: 3 IIi/IBUIL[eHHSIM TeMIiepaTypu Oifblile BOAW BUTAPOBYETHCS, 30ibIIyr0Un
KOHLIEHTPALIit0 BOJISTHOI TTapy B aTMOCQepi, 1[0 MOCU/TIOE TADHUKOBUM e(eKT.

Takum 4YMHOM, pO3yMiHHS (Di3MYHMX MPOLIECiB, IO JieKaTb B OCHOBI 3MiHM
KJIiMaTy Ta T/7100a/bHOTO TIOTEeIUIiHHS, € HaA3BUYaliHO Ba)KIMBUM [/ PO3POOKU
e(eKTUBHUX 3axO0/iB I]0[0 3MEeHILIeHHS BUKWU/iB TTapHUKOBUX Ta3iB i ajanTarlii o 3MiH
KJIiMary. BukopucTtaHHsi ~ BiJIHOB/IIOBaHUX  [pKepesn  eHeprii, TTiIBULLIEHHS
eHeproe()eKTUBHOCTI Ta BIPOBA/KEHHSI CTIMKUX TIPAaKTHUK € K/IFOUOBUMHU KpDOKaMH Yy
6opoTebi 3 T00ANMBbHUM TIOTEITIHHSAM Ta 3abe3redeHHi CTaJOro MalOyTHBOTO ISt

HAaIIol IJIaHeTH.

EXTENDED READING*

1.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

Text 1
Positive and Negative Radiative Forcing: Understanding Their Impact on Climate
Radiative forcing is a crucial concept in climate science that describes the

influence of factors on the Earth's energy balance. It measures the change in energy flux
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in the atmosphere due to natural and human-induced activities. Radiative forcing is
typically quantified in watts per square meter (W/m?), and it can be positive or negative,

leading to warming or cooling effects, respectively.

Sol, -
viiadsi Net Energy Imbalance =

Energy In - Energy Out Positive radiative forcing occurs when there is an

A

increase in the net energy flux into the Earth's climate

Greenhouse Gasses

system, causing the planet to warm. This type of forcing

Absorbed
and

o&’
@ \0 i . . . .
e s 4 E2 can be driven by various factors, including:
y andcgea r:b"y'l%?ed

L= The primary contributors to positive radiative

forcing are greenhouse gases such as carbon dioxide (CO,), methane (CH,), and nitrous
oxide (N,O). These gases trap infrared radiation emitted by the Earth's surface,
preventing it from escaping into space and thereby warming the atmosphere.

Certain aerosols, such as black carbon (soot), absorb sunlight and heat the
atmosphere. These particles can settle on snow and ice, reducing their albedo
(reflectivity) and causing additional warming by increasing the absorption of solar
radiation.

Deforestation and urbanization can lead to positive radiative forcing by altering
the surface albedo. For example, replacing forests with croplands or urban areas reduces
the amount of solar radiation reflected back into space, increasing the net energy
absorbed by the Earth's surface.

Negative radiative forcing, on the other hand, occurs when there is a decrease in
the net energy flux into the Earth's climate system, leading to cooling. Several factors
contribute to negative radiative forcing:

1. Aerosols and Particulate Matter: Certain

Aerosols form cloud

types of aerosols, such as sulfate aerosols, reflect sunlight Aan;u;;;iw/ \cggd;gsgggg;ucm
scatter sunlight

back into space, reducing the amount of solar radiation . w}

reaching the Earth's surface. This effect, known as o comgermec idiect coolng effect

aerosol direct radiative forcing, has a cooling influence on the climate.

242



2. Volcanic Eruptions: Major volcanic eruptions release

large quantities of sulfur dioxide (SO,) into the stratosphere,

temporary cooling. The cooling effect from volcanic
& : eruptions can last for several years, depending on the

magnitude of the eruption.

3. Cloud Cover Changes: Increased cloud cover can

lead to negative radiative forcing by reflecting more solarfi§s
radiation back into space. This process, known as cloud albedo
effect, helps to cool the Earth's surface.

The overall impact of radiative forcing on the Earth's climate depends on the
balance between positive and negative forcing factors. Human activities, such as the
burning of fossil fuels and deforestation, have significantly increased positive radiative
forcing, leading to global warming. However, natural processes and certain human-
induced activities, such as the emission of reflective aerosols, contribute to negative
radiative forcing and help offset some of the warming.

Understanding positive and negative radiative forcing is essential for
comprehending the complex interactions within the Earth's climate system. By
examining the factors that contribute to warming and cooling, scientists can better
predict and mitigate the impacts of climate change. Effective climate policies and
actions require a nuanced understanding of radiative forcing to balance the competing

influences and ensure a stable and sustainable climate for future generations.

1.2* Comprehension Questions:
1. What is radiative forcing, and why is it important in the context of climate
science?

2. How do greenhouse gas emissions contribute to positive radiative forcing?
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3. Explain how aerosols can have both positive and negative radiative forcing
effects.
4. What is the impact of volcanic eruptions on radiative forcing?

5. How does increased cloud cover contribute to negative radiative forcing?

1.3* Vocabulary and Terminology:

a) Define the following terms b) Match the terms to their definitions

1. Radiative forcing c) Tiny particles or droplets in the atmosphere that

can reflect or absorb sunlight.

2. Greenhouse gas emissions b) Gases released into the atmosphere that contribute

to the greenhouse effect.

3. Aerosols d) The reflectivity of a surface, usually referring to

how much sunlight is reflected.

4. Albedo e) Natural events that release large quantities of gases

and particles into the atmosphere.

5. Volcanic eruptions a) The measure of change in energy flux in the

atmosphere due to natural and human activities.

1.4* Write a brief summary of the text in 5-6 sentences.

1.5* Discussion Prompts:

1. Discuss the role of greenhouse gases in positive radiative forcing. How do they
affect the Earth's energy balance and contribute to global warming?

2. Explore the dual role of aerosols in radiative forcing. How can aerosols both

warm and cool the climate? Provide examples.
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3. Reflect on the effects of volcanic eruptions on the climate. How do these events
contribute to negative radiative forcing, and what are the short-term and long-term
impacts?

4. Analyze the importance of cloud cover in climate regulation. How does
increased cloud cover lead to cooling, and what factors influence cloud formation?

5. Debate the overall impact of human activities on radiative forcing. How do our

actions influence the balance between positive and negative radiative forcing?

1.6* Research and Presentation:

1. Conduct research on the impact of specific greenhouse gases on radiative
forcing. Prepare a presentation detailing how different gases contribute to positive
radiative forcing and their relative importance in global warming.

2. Explore the role of interdisciplinary collaboration in studying radiative forcing.
Identify how climatologists, chemists, and engineers work together to understand and
address the impacts of radiative forcing on climate change. Present your findings and

discuss the importance of such collaboration.

Text 2

2.1* Read and translate the following texts Pay attention to the use of
terminology in the text. Be attentive while choosing the adequate Ukrainian

equivalents to the above-mentioned terms:

The Principles of Atmospheric Physics
Atmospheric physics is a branch of meteorology that focuses on understanding the
physical processes and phenomena occurring in the Earth's atmosphere. By applying the
fundamental principles of physics, scientists can gain insights into weather patterns,

climate behavior, and atmospheric dynamics. The following are some of the core
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principles of atmospheric physics that play a crucial role in shaping our understanding of
the atmosphere:
The behavior of gases in the atmosphere is governed by the gas laws, such as

Boyle's Law  Boyle's law, Charles's law, and the ideal gas
Charles's Law
V « 1/P| law. These laws describe the relationships

mmmmm

on (C50)
.

between pressure, temperature, and volume M

i -4 1 E for ideal gases. The Earth's atmosphere is

composed of a mixture of gases, including
nitrogen (78%), oxygen (21%), and trace amounts of other gases such as carbon dioxide,
methane, and water vapor. Understanding the composition and behavior of these gases is
essential for studying atmospheric processes.

Thermodynamics is the study of energy and heat transfer, which are fundamental
to atmospheric physics. The first law of thermodynamics, also known as the law of
energy conservation, states that energy cannot be created or destroyed, only transformed.
In the atmosphere, heat is transferred through conduction, convection, and radiation.
Conduction occurs when heat is transferred through direct contact, convection involves
the movement of heated air masses, and radiation is the transfer of energy through
electromagnetic waves.

The atmosphere behaves as a fluid, and fluid dynamics principles are crucial for
understanding wind patterns and atmospheric circulation. The Navier-Stokes equations
describe the motion of fluid substances and are used to model atmospheric flows. These
equations take into account factors such as pressure gradients, Coriolis force (due to the
Earth's rotation), and friction. The general circulation of the atmosphere, including trade
winds, jet streams, and cyclones, can be explained using fluid dynamics.

Atmospheric pressure decreases with altitude due to the decreasing weight of the
overlying air. This relationship is described by the barometric formula, which provides
an exponential decrease in pressure with height. Understanding atmospheric pressure

variations is important for weather forecasting and aviation. The troposphere, the lowest
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layer of the atmosphere, experiences the most significant changes in pressure and is
where most weather phenomena occur.

The Earth's energy budget is a balance between incoming solar radiation and
outgoing infrared radiation. The Sun emits shortwave radiation, which is absorbed by
the Earth's surface and re-emitted as longwave infrared radiation. Greenhouse gases in
the atmosphere trap some of this infrared radiation, leading to the greenhouse effect.
This energy balance is crucial for maintaining the Earth's climate and is influenced by
factors such as albedo (reflectivity) and cloud cover.

Atmospheric stability refers to the tendency of air parcels to rise or sink, which is
influenced by temperature gradients and buoyancy. Stable atmospheres resist vertical
motion, while unstable atmospheres promote it. Lapse rates, which describe how
temperature changes with altitude, are key to determining stability. Weather systems,
such as thunderstorms, hurricanes, and frontal systems, are driven by instability and the
interaction of air masses.

The water cycle is a fundamental process in atmospheric physics, involving the
evaporation, condensation, and precipitation of water. Humidity, or the amount of water
vapor in the air, plays a critical role in weather patterns and cloud formation. Relative
humidity, dew point, and specific humidity are important metrics for understanding
moisture content in the atmosphere. The phase changes of water release or absorb latent
heat, influencing atmospheric dynamics.

The principles of atmospheric physics provide a framework for understanding the
complex interactions and processes within the Earth's atmosphere. By applying concepts
from thermodynamics, fluid dynamics, and radiation, scientists can unravel the
mysteries of weather patterns, climate change, and atmospheric behavior. Continued
research in this field is essential for improving weather forecasting, mitigating the

impacts of climate change, and enhancing our knowledge of the natural world.

2.2* Comprehension Questions:
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1. What are the main components of the Earth's atmosphere, and what percentages

do they represent?

2. Explain the first law of thermodynamics and its significance in atmospheric

physics.

3. How do the Navier-Stokes equations contribute to our understanding of

atmospheric circulation?

4. Describe the relationship between atmospheric pressure and altitude, and

explain the significance of the barometric formula.

5. What is the Earth's energy budget, and how does it relate to the greenhouse

effect?

2.3* Vocabulary and Terminology:

a) Define the following terms

b) Match the terms to their definitions

1. Gas laws

b) The branch of physics that deals with

energy and heat transfer.

2. Thermodynamics

e) The balance between incoming solar

radiation and outgoing infrared radiation.

3. Fluid dynamics

¢) The principles governing the motion and

behavior of fluids.

4. Atmospheric pressure

5. Energy budget

d) The force exerted by the weight of the

atmosphere.

a) The study of the relationships between

pressure, temperature, and volume of

gases.

2.4* Summarize the text in 5-6 sentences.
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2.5* Discussion Prompts:

1. Discuss the importance of gas laws in understanding the behavior of gases in
the Earth's atmosphere. How do these laws apply to atmospheric phenomena?

2. Explore the role of thermodynamics in atmospheric physics. How do heat
transfer processes, such as conduction, convection, and radiation, influence weather and
climate?

3. Reflect on the significance of fluid dynamics in modeling wind patterns and
atmospheric circulation. How do the Navier-Stokes equations help predict weather
systems?

4. Analyze the relationship between atmospheric pressure and altitude. How does
this relationship impact weather forecasting and aviation?

5. Debate the importance of the Earth's energy budget in maintaining climate

stability. How do factors such as albedo and cloud cover influence the energy balance?

2.6* Research and Presentation:

1. Conduct research on the composition of the Earth's atmosphere. Prepare a
presentation detailing the major and trace gases, their sources, and their roles in
atmospheric processes.

2. Select a specific weather phenomenon, such as a thunderstorm or hurricane.
Analyze the thermodynamic and fluid dynamic processes involved in its formation and
development. Present your findings.

3. Explore the role of interdisciplinary collaboration in atmospheric physics.
Identify how meteorologists, physicists, and climate scientists work together to study
and predict atmospheric phenomena. Present your findings and discuss the importance

of such collaboration.
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TEST YOURSELF
1. What does physics study?
A) Heat transfer science.
B) Matter, energy, and fundamental forces.
C) Fundamental knowledge.
D) Human psychology.
2. Why is physics called the "fundamental science"?
A) It explains natural phenomena using simpler concepts.
B) It was the first science to be discovered.
C) It only studies microscopic particles.
D) It focuses only on theoretical models.
3. Which scientist developed the theory of relativity?
A) Isaac Newton.
B) Niels Bohr.
C) Albert Einstein.
D) James Clerk Maxwell.
4. Which branch of physics deals with the behavior of particles on a very small scale?
A) Thermodynamics.
B) Electromagnetism.
C) Quantum mechanics.
D) Classical mechanics.
5. What did Max Planck contribute to modern physics?
A) The theory of evolution.
B) The concept of discrete energy levels (quantum theory).
C) The laws of motion.
D) The discovery of electricity.
6. Which branch of physics deals with the motion of macroscopic objects and the forces

acting upon them?
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A) Quantum Mechanics
B) Electromagnetism
C) Classical Mechanics
D) Astrophysics
7. What principle is introduced in quantum mechanics that challenges classical intuition?
A) Thermodynamics
B) Quantum Entanglement
C) Time Dilation
D) Space-time Curvature
8. Which scientist is known for developing the theories of special and general relativity?
A) Newton
B) Galileo
C) Planck
D) Einstein
9. What is the primary focus of astrophysics?
A) Study of electric and magnetic fields
B) Study of celestial objects and phenomena
C) Study of heat, energy, and work
D) Study of atomic nuclei
10. Which branch of physics investigates the smallest building blocks of the universe?
A) Thermodynamics
B) Particle Physics
C) Nuclear Physics
D) Electromagnetism
11. What principle allows quantum computers to perform operations beyond the
capabilities of classical computers?
A) Superposition and Entanglement

B) Classical Mechanics
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C) Waveguides
D) Thermal Conduction
12. Which branch of physics extends electromagnetism by studying electric and
magnetic fields in dynamic situations?
A) Quantum Mechanics
B) Electrodynamics
C) Statistical Mechanics
D) Cosmology
13. What does the kinetic theory describe?
A) The propagation of electromagnetic waves
B) The behavior of gases in terms of the motion of their individual molecules
C) The structure of crystals
D) The interaction of electric and magnetic fields
14. What is studied in crystallography?
A) The structure, properties, and formation of crystals
B) The behavior of subatomic particles
C) The principles of superposition and entanglement
D) The expansion of the universe
15. Which theory predicts gravitational waves?
A) Quantum Field Theory
B) General Theory of Relativity
C) Kinetic Theory
D) Maxwell's Equations
16. What is superposition in quantum mechanics?
A) The principle that particles can exist in multiple states simultaneously until
measured
B) The concept that particles travel in straight lines

C) The idea that particles have fixed positions
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D) The theory that particles do not interact with each other
17. What is quantum entanglement?
A) The phenomenon where particles travel in circles.
B) The interaction between particles and magnetic fields.
C) The state where two or more particles instantly influence each other regardless
of distance.
D) The movement of particles in a wave-like manner.
18. Which experiment best illustrates wave-particle duality?
A) Double-slit experiment
B) Photoelectric effect experiment
C) Rutherford's gold foil experiment
D) Stern-Gerlach experiment
19. Which of the following is an application of quantum computing?
A) Solving complex problems in cryptography
B) Enhancing photographic resolution
C) Improving fuel efficiency in cars
D) Analyzing weather patterns
20. What are semiconductors used for in modern electronics?
A) Storing thermal energy
B) Building transistors and integrated circuits
C) Generating nuclear power
D) Detecting gravitational waves
21. What does thermodynamics study?
A) Only the behavior of gases.
B) The relationships between heat, work, energy, and temperature.
C) The movement of electrical charges.
D) The motion of objects in space.

22. Which of the following is not a branch of thermodynamics?
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A) Classical Thermodynamics.
B) Chemical Thermodynamics.
C) Mechanical Thermodynamics.
D) Statistical Thermodynamics.
23. Which type of system does not exchange mass or energy with its surroundings?
A) Open system.
B) Closed system.
C) Isolated system.
D) Equilibrium system.
24. What is an example of a closed system?
A) A steam turbine.
B) A refrigerator.
C) A balloon bursting.
D) The universe.
25. What happens in a reversible process?
A) The system stays in equilibrium at each step.
B) The system undergoes an irreversible transformation.
C) The process occurs suddenly and cannot be reversed.
D) Energy is destroyed.
26. The word combination thermal decay is translated into Ukrainian as
A) TerioBa 1301115
B) TemnnoBa inepiis
C) TemyioBe po3MIUPEHHS
D) TennoBwuii po3na.
27. What happens to a fluid when it is heated?
A) It becomes denser and sinks.

B) It expands and rises.
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C) It contracts and remains still.
D) It turns into a solid.
28. Which of the following materials is the best conductor of heat?
A) Wood
B) Glass
C) Copper
D) Plastic
29. What is the process called when a liquid turns into a gas?
A) Condensation
B) Freezing
C) Evaporation
D) Melting
30. Heat transfer by convection occurs in:
A) Solids only
B) Liquids and gases
C) Metals only
D) Vacuum
31. What is radiation in terms of heat transfer?
A) The transfer of heat through direct contact.
B) The transfer of heat by movement of fluids.
C) The transfer of heat by electromagnetic waves.
D) The transfer of heat through solids only.
32. Why can radiation occur in a vacuum?
A) Because it does not require matter to transfer heat.
B) Because particles move faster in a vacuum.
C) Because air molecules carry the heat.
D) Because heat energy is absorbed by space.

33. Which of the following objects radiates the most energy?
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A) A cup of cold water.
B) A warm mug of coffee.
C) The Sun.
D) A piece of ice.
34. What type of electromagnetic waves do objects at room temperature mostly
emit?
A) Ultraviolet waves.
B) Infrared waves.
C) X-rays.
D) Radio waves.
35. How can infrared radiation be detected?
A) By using a regular digital camera.
B) By measuring the temperature with a thermometer.
C) By using an infrared camera.
D) By observing the object’s color with the naked eye.
36. What does electromagnetism describe?
A) The interaction between gravitational and electric forces.
B) The interaction between electric charges and magnetic fields.
C) The movement of heat through conductors.
D) The effect of sound waves on charged particles.
37. The word "electromagnetism" comes from Greek words meaning:
A) "Electric force and magnetic energy".
B) "Lightning and iron".
C) "Amber and Magnesian stone".
D) "Electricity and conduction™.
38. What is a fundamental characteristic of electric charge?
A) Only electrons have charge.

B) Like charges attract, and opposite charges repel.
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C) Opposite charges attract, and like charges repel.
D) Charges do not interact with each other.
39. What happens when an electric charge moves?
A) It generates a gravitational field.
B) It creates both an electric and a magnetic field.
C) It loses its charge.
D) It stops interacting with other charges.
40. Which of the following is NOT a unit used in electromagnetism?
A) Ampere (A).
B) Volt (V).
C) Newton (N).
D) Tesla (T).
41. What are solar panels primarily used for?
A) Storing wind energy
B) Converting sunlight into electricity
C) Producing geothermal heat
D) Generating biomass energy
42. Which renewable energy source uses wind turbines to generate electricity?
A) Solar energy
B) Geothermal energy
C) Wind energy
D) Biomass energy
43. What is one of the main benefits of hydroelectric power?
A) It uses fossil fuels
B) It produces high carbon emissions
C) It provides clean energy and helps with water management
D) It relies on geothermal heat

44. Geothermal energy is derived from:
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A) Solar radiation
B) The Earth's internal heat
C) Wind currents
D) Ocean tides
45. Biomass energy is generated from:
A) Fossil fuels
B) Organic materials such as plant and animal waste
C) Nuclear reactions
D) Geothermal reservoirs
46. What is one way nanotechnology can improve consumer products?
A) By increasing the shelf life of food products through antimicrobial nanocoatings
B) By creating new genres of music
C) By developing faster internet connections
D) By designing new architectural styles
47. What is a potential ethical consideration related to nanotechnology?
A) The taste of new food products
B) Privacy and security concerns
C) The popularity of nanotechnology among teenagers
D) The aesthetics of nanotechnology devices
48. Which is the best way to translate the following sentence:
Nanotechnology involves the manipulation of matter on an atomic and molecular scale.
A) HaHoTexHoOMOrig BK/IKOYA€E MaHIMy/sLii 3 MaTepield Ha aroOMapHOMY Ta
MOJIEKY/ISIPHOMY DiBHSIX.
B) HaHoTexHO/IOTis1 OXOI/IFO€ BUBYEHHS TJIAHET i 3ipOK.
C) HaHOTeXHOJIOTisI 3aMMa€eThCsI CTBOPEHHSIM BEJIUKUX OyZiBeTbHUX CTIOPY/I.
D) HaHoTtexHoJ10risg (POKYCy€eThCSI HA BUBYEHHI K/TIMAaTUUHUX 3MiH.
49. Which is the best way to translate the following sentence:

Nanoparticles can be engineered to deliver drugs directly to cancer cells.
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A) HaHouaCTMHKH MO)KHa pO3poOUTH /11 JOCTaBKM J/iKiB Oe3rmocepeiHbO /0 PaKOBUX
KJIITUH.
B) HaHOYaCTHHKY BUKOPUCTOBYIOThLCS /151 Oy/IiBHUI[TBA BEJIMKUX MOCTIB.
C) HaHouyaCTHHKY MOXKYTb /IOTIOMOITU B YTU/Ii3allii BiXO0/iB.
D) HaHOYaCTHUHKM CIYTYIOTh [I/151 TTIOKPAILL[€HHS STIKOCTI TTOBITPS.
50. What role does nanotechnology play in electronics and computing?
A) Reducing food waste
B) Improving the efficiency of solar panels
C) Miniaturizing electronic components and increasing computing power

D) Enhancing agricultural yields
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ABBREVIATIONS

DNA Deoxyribonucleic Acid

LHC Large Hadron Collider

MRI Magnetic Resonance Imaging

EHT Event Horizon Telescope

CERN European Organization for Nuclear Research
(¢p. Conseil Européen pour la Recherche Nucléaire)

CMS Compact Muon Solenoid

EHT Event Horizon Telescope

GPS global positioning systems

PV photovoltaic cells

CNTs Carbon nanotubes

SWCNTs single-walled nanotubes

MWCNTs multi-walled nanotubes

DES Dark Energy Survey

CMB cosmic microwave background

SDSS Sloan Digital Sky Survey

LSST Large Synoptic Survey Telescope

QCD quantum chromodynamics

LQG Loop Quantum Gravity

CDT Causal Dynamical Triangulations

DC direct current
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MRIs

Magnetic Resonance Imaging

AC

QCD

alternating current

Quantum Chromodynamics
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GLOSSARY OF PHYSICAL TERMS

A

Acceleration - the rate of increase of speed or the rate of change of velocity.
Alternating current - a continuous electric current that periodically reverses direction,
usually sinusoidally.

Ampere - the basic SI unit of electric current; the constant current that, when
maintained in two parallel conductors of infinite length and negligible cross section
placed 1 metre apart in free space, produces a force of 2 x 10-7 newton per metre
between them. 1 ampere is equivalent to 1 coulomb per second.

Amplifier - an electronic device used to increase the strength of the signal fed into it.
Angstrom - a unit of length equal to 10-10 metre, used principally to express the
wavelengths of electromagnetic radiations. It is equivalent to 0.1 nanometre.

Anion - a negatively charged ion; an ion that is attracted to the anode during
electrolysis.

Antimatter - a form of matter composed of antiparticles, such as antihydrogen,
consisting of antiprotons and positrons.

Atom - this entity as a source of nuclear energy.

B

Baryon - any of a class of elementary particles that have a mass greater than or equal to
that of the proton, participate in strong interactions, and have a spin of. Baryons are
either nucleons or hyperons. The baryon number is the number of baryons in a system
minus the number of antibaryons.

Becquerel - the derived Sl unit of radioactivity equal to one disintegration per second.
Boyle's law - the principle that the pressure of a gas varies inversely with its volume at

constant temperature.
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Brownian motion - random movement of microscopic particles suspended in a fluid,
caused by bombardment of the particles by molecules of the fluid. First observed in

1827, it provided strong evidence in support of the kinetic theory of molecules.

C

Calorie - a unit of heat, equal to 4.1868 joules (International Table calorie): formerly
defined as the quantity of heat required to raise the temperature of 1 gram of water by
1°C under standard conditions. It has now largely been replaced by the joule for
scientific purposes.

Capacitance - the property of a system that enables it to store electric charge.

Cathode ray - a valve in which a beam of high-energy electrons is focused onto a
fluorescent screen to give a visible spot of light. The device, with appropriate deflection
equipment, is used in television receivers, visual display units, oscilloscopes, etc.
Centre of gravity - the point through which the resultant of the gravitational forces on a
body always acts.

Centrifugal force - a fictitious force that can be thought of as acting outwards on any
body that rotates or moves along a curved path.

Centripetal force - a force that acts inwards on any body that rotates or moves along a
curved path and is directed towards the centre of curvature of the path or the axis of
rotation.

Charge - the attribute of matter by which it responds to electromagnetic forces
responsible for all electrical phenomena, existing in two forms to which the signs
negative and positive are arbitrarily assigned.

Charles' law - the principle that all gases expand equally for the same rise of
temperature if they are held at constant pressure: also that the pressures of all gases
increase equally for the same rise of temperature if they are held at constant volume. The
law is now known to be only true for ideal gases.

Conductor - a substance, body, or system that conducts electricity, heat, etc.
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Convection - the process by which masses of relatively warm air are raised into the
atmosphere, often cooling and forming clouds, with compensatory downward
movements of cooler air.

Cosmic ray - a radiation of high penetrating power that originates in outer space and
consists partly of high-energy atomic nuclei.

Coulomb - the derived Sl unit of electric charge; the quantity of electricity transported
in one second by a current of 1 ampere.

Current - a flow of electric charge through a conductor.

Cyclotron - a type of particle accelerator in which the particles spiral inside two D-
shaped hollow metal electrodes placed facing each other under the effect of a strong
vertical magnetic field, gaining energy by a high-frequency voltage applied between

these electrodes.

D

Decibel - a unit for comparing two currents, voltages, or power levels, equal to one tenth
of a bel.

Density - a measure of the compactness of a substance, expressed as its mass per unit
volume. It is measured in kilograms per cubic metre or pounds per cubic foot.
Diffraction - a deviation in the direction of a wave at the edge of an obstacle in its path.
Diffusion - the random thermal motion of atoms, molecules, clusters of atoms, etc, in
gases, liquids, and some solids.

Diode - a semiconductor device containing one p-n junction, used in circuits for
converting alternating current to direct current.

Direct current - a continuous electric current that flows in one direction only, without
substantial variation in magnitude.

Doppler effect - a phenomenon, observed for sound waves and electromagnetic
radiation, characterized by a change in the apparent frequency of a wave as a result of

relative motion between the observer and the source.
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E

Earth - a connection between an electrical circuit or device and the earth, which is at
zero potential.

Electricity - any phenomenon associated with stationary or moving electrons, ions, or
other charged particles.

Electromotive force - a source of energy that can cause a current to flow in an electrical
circuit or device.

Electron - a stable elementary particle presents in all atoms, orbiting the nucleus in
numbers equal to the atomic number of the element in the neutral atom; a lepton with a
negative charge of 1.602 176 462 x 10-19 coulomb, a rest mass of 9.109 381 88 x 10—
31 kilogram, a radius of 2.817 940 285 x 10-15 metre, and a spin of.

Energy - a measure of this capacity, expressed as the work that it does in changing to

some specified reference state. It is measured in joules (SI units).

F

Farad - the derived Sl unit of electric capacitance; the capacitance of a capacitor
between the plates of which a potential of 1 volt is created by a charge of 1 coulomb.
Field - a region of space that is a vector field; a region of space under the influence of
some scalar quantity, such as temperature.

Fission - the splitting of an atomic nucleus into approximately equal parts, either
spontaneously or as a result of the impact of a particle usually with an associated release
of energy.

Fluorescence - the emission of light or other radiation from atoms or molecules that are
bombarded by particles, such as electrons, or by radiation from a separate source. The
bombarding radiation produces excited atoms, molecules, or ions and these emit photons

as they fall back to the ground state.
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Force - a dynamic influence that changes a body from a state of rest to one of motion or
changes its rate of motion. The magnitude of the force is equal to the product of the
mass of the body and its acceleration.

Frequency - the number of times that a periodic function or vibration repeats itself in a
specified time, often 1 second. It is usually measured in hertz

Friction - a resistance encountered when one body moves relative to another body with
which it is in contact.

Fuse - a lead of combustible black powder in a waterproof covering (safety fuse), or a
lead containing an explosive (detonating fuse), used to fire an explosive charge.

Fusion - a reaction in which two nuclei combine to form a nucleus with the release of

energy.

G

Gamma ray - electromagnetic radiation having a wavelength of 10-9 centimeters or
less: may be produced by the reactions of nuclei or elementary particles or by the
interaction of high energy electrons with matter.

Generator - any device for converting mechanical energy into electrical energy by
electromagnetic induction, esp a large one as in a power station.

Gravitational wave - a wave-like motion in a gravitational field, produced when a mass
is accelerated or otherwise disturbed; they travel through space-time at the speed of light
and the strongest sources are those with the strongest gravitational fields, although the
waves are very weak; predicted by Einstein in 1916 but not first observed directly until
2015.

Gravity - the force of attraction that moves or tends to move bodies towards the centre

of a celestial body, such as the earth or moon.
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Half-life - the time taken for half of the atoms in a radioactive material to undergo
decay.

Hertz - the derived Sl unit of frequency; the frequency of a periodic phenomenon that
has a periodic time of 1 second; 1 cycle per second.

Hyperon - any baryon that is not a nucleon.

I

Impetus - the force that sets a body in motion or that tends to resist changes in a body's
motion.

Inductance - the property of an electric circuit as a result of which an electromotive
force is created by a change of current in the same circuit (self-inductance) or in a
neighbouring circuit (mutual inductance). It is usually measured in henries.

Inertia - the tendency of a body to preserve its state of rest or uniform motion unless
acted upon by an external force.

Infrared - the part of the electromagnetic spectrum with a longer wavelength than light
but a shorter wavelength than radio waves; radiation with wavelength between 0.8

micrometres and 1 millimetre.

J

Joule - the derived Sl unit of work or energy; the work done when the point of
application of a force of 1 newton is displaced through a distance of 1 metre in the
direction of the force. 1 joule is equivalent to 1 watt-second, 107 ergs, 0.2390 calories,
or 0.738 foot-pound.

K
Kelvin - the basic SI unit of thermodynamic temperature; the fraction 1273.16 of the

thermodynamic temperature of the triple point of water Symbol: K.
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Kinetic energy - the energy of motion of a body, equal to the work it would do if it were
brought to rest. The translational kinetic energy depends on motion through space, and
for a rigid body of constant mass is equal to the product of half the mass times the
square of the speed. The rotational kinetic energy depends on rotation about an axis, and
for a body of constant moment of inertia is equal to the product of half the moment of
inertia times the square of the angular velocity. In relativistic physics kinetic energy is
equal to the product of the increase of mass caused by motion times the square of the
speed of light. The SI unit is the joule but the electronvolt is often used in atomic

physics.

L

Laser - a source of high-intensity optical, infrared, or ultraviolet radiation produced as a
result of stimulated emission maintained within a solid, liquid, or gaseous medium. The
photons involved in the emission process all have the same energy and phase so that the
laser beam is monochromatic and coherent, allowing it to be brought to a fine focus
Lens - a device that diverges or converges a beam of electromagnetic radiation, sound,
or particles.

Lepton - any of a group of elementary particles and their antiparticles, such as an
electron, muon, or neutrino, that participate in electromagnetic and weak interactions
and have a half-integral spin.

Luminescence - the emission of light at low temperatures by any process other than

incandescence, such as phosphorescence or chemiluminescence.

M

Mass - a physical quantity expressing the amount of matter in a body. It is a measure of
a body's resistance to changes in velocity (inertial mass) and also of the force
experienced in a gravitational field (gravitational mass): according to the theory of

relativity, inertial and gravitational masses are equal.
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Matter - substance that occupies space and has mass, as distinguished from substance
that is mental, spiritual, etc.

Meson - any of a group of elementary particles, such as a pion or kaon, that usually has
a rest mass between those of an electron and a proton, and an integral spin. They are
responsible for the force between nucleons in the atomic nucleus.

Microwave - electromagnetic radiation in the wavelength range 0.3 to 0.001 metres:
used in radar, cooking, etc.

Moment - the product of a physical quantity, such as force or mass, and its distance
from a fixed reference point.

Momentum - the product of a body's mass and its velocity.

Muon - a positive or negative elementary particle with a mass 207 times that of an

electron and spin. It was originally called the mu meson but is now classified as a lepton.

N

Neutrino - a stable leptonic neutral elementary particle with very small or possibly zero
rest mass and spin that travels at the speed of light. Three types exist, associated with the
electron, the muon, and the tau particle.

Neutron - a neutral elementary particle with a rest mass of 1.674 92716 x 10-27
kilogram and spin; classified as a baryon. In the nucleus of an atom it is stable, but when
free it decays.

Newton - the derived Sl unit of force that imparts an acceleration of 1 metre per second
to a mass of 1 kilogram; equivalent to 105 dynes or 7.233 poundals.

Nucleon - a proton or neutron, esp one present in an atomic nucleus.

Nucleus - the central portion in the head of a comet, consisting of small solid particles
of ice and frozen gases, which vaporize on approaching the sun to form the coma and

tail.

O
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Ohm - the derived Sl unit of electrical resistance; the resistance between two points on a
conductor when a constant potential difference of 1 volt between them produces a
current of 1 ampere.

Ohm's law - the principle that the electric current passing through a conductor is
directly proportional to the potential difference across it, provided that the temperature

remains constant. The constant of proportionality is the resistance of the conductor.

Particle - a body with finite mass that can be treated as having negligible size, and
internal structure.

Pascal - the derived Sl unit of pressure; the pressure exerted on an area of 1 square
metre by a force of 1 newton; equivalent to 10 dynes per square centimetre or 1.45 x 10—
4 pound per square inch.

Planck constant or Planck's constant - a fundamental constant equal to the energy of
any guantum of radiation divided by its frequency. It has a value of 6.62606876 x 10-34
joule seconds.

Potential difference - the difference in electric potential between two points in an
electric field; the work that has to be done in transferring unit positive charge from one
point to the other, measured in volts.

Potential energy - the energy of a body or system as a result of its position in an
electric, magnetic, or gravitational field. It is measured in joules (SI units), electronvolts,
ergs, etc.

Proton - a stable, positively charged elementary particle, found in atomic nuclei in
numbers equal to the atomic number of the element. It is a baryon with a charge of
1.602176462 x 10-19 coulomb, a rest mass of 1.672 62159 x 10-27 kilogram, and spin.

Q
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Quantum - the smallest quantity of some physical property, such as energy, that a

system can possess according to the quantum theory.

R

Radiation - the emission or transfer of radiant energy as particles, electromagnetic
waves, sound, etc.

Radioactivity - the spontaneous emission of radiation from atomic nuclei. The radiation
can consist of alpha, beta, and gamma radiation.

Radio wave - an electromagnetic wave of radio frequency.

Red shift - a shift in the lines of the spectrum of an astronomical object towards a longer
wavelength (the red end of an optical spectrum), relative to the wavelength of these lines
in the terrestrial spectrum, usually as a result of the Doppler effect caused by the
recession of the object.

Reflection - the act of reflecting or the state of being reflected.

Refraction - the change in direction of a propagating wave, such as light or sound, in
passing from one medium to another in which it has a different velocity.

Relativity - either of two theories developed by Albert Einstein, the special theory of
relativity, which requires that the laws of physics shall be the same as seen by any two
different observers in uniform relative motion, and the general theory of relativity which
considers observers with relative acceleration and leads to a theory of gravitation.
Resistance - the opposition to a flow of electric current through a circuit component,
medium, or substance. It is the magnitude of the real part of the impedance and is
measured in ohms,

Rutherford - a unit of activity equal to the quantity of a radioactive nuclide required to

produce one million disintegrations per second.
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Semiconductor - a device, such as a transistor or integrated circuit, that depends on the
properties of such a substance.

Simple harmonic motion - a form of periodic motion of a particle, etc, in which the
acceleration is always directed towards some equilibrium point and is proportional to the
displacement from this point.

Spectrum - the distribution of colours produced when white light is dispersed by a
prism or diffraction grating. There is a continuous change in wavelength from red, the
longest wavelength, to violet, the shortest. Seven colours are usually distinguished:
violet, indigo, blue, green, yellow, orange, and red.

Static electricity - electric sparks or crackling produced by friction.

Superconductivity - the property of certain substances that have no electrical resistance.
In metals it occurs at very low temperatures, but higher temperature superconductivity
occurs in some ceramic materials.

Superfluidity - the state of being or property of becoming a superfluid.

surface tension - a property of liquids caused by intermolecular forces near the surface

leading to the apparent presence of a surface film and to capillarity, etc.

T
Tau particle - an unstable, negatively charged lepton with a mass of c. 1,777 MeV/c2
(or c. 3,490 times that of an electron) and a mean lifetime of 2.2 x10-13 second.
Tension - a force that tends to produce an elongation of a body or structure.

terminal velocity - the constant maximum velocity reached by a body falling under
gravity through a fluid, esp the atmosphere.

Thermostat - a device that maintains a system at a constant temperature. It often
consists of a bimetallic strip that bends as it expands and contracts with temperature,
thus breaking and making contact with an electrical power supply.

Transformer - a device that transfers an alternating current from one circuit to one or

more other circuits, usually with an increase (step-up transformer) or decrease (step-
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down transformer) of voltage. The input current is fed to a primary winding, the output
being taken from a secondary winding or windings inductively linked to the primary.

Transistor - a semiconductor device, having three or more terminals attached to
electrode regions, in which current flowing between two electrodes is controlled by a
voltage or current applied to one or more specified electrodes. The device is capable of
amplification, etc, and has replaced the valve in most circuits since it is much smaller,

more robust, and works at a much lower voltage.

U
Ultraviolet - the part of the electromagnetic spectrum with wavelengths shorter than

light but longer than X-rays; in the range 0.4 x 10-6 and 1 x 10-8 metres.

Vv

Vacuum - a region containing no matter; free space.

Velocity - a measure of the rate of motion of a body expressed as the rate of change of
its position in a particular direction with time. It is measured in metres per second, miles
per hour, etc.

Viscosity - a measure of this resistance, equal to the tangential stress on a liquid
undergoing streamline flow divided by its velocity gradient. It is measured in newton
seconds per metre squared.

Volt - the derived SI unit of electric potential; the potential difference between two
points on a conductor carrying a current of 1 ampere, when the power dissipated

between these points is 1 watt.

W
Watt - the derived Sl unit of power, equal to 1 joule per second; the power dissipated by
a current of 1 ampere flowing across a potential difference of 1 volt. 1 watt is equivalent

to 1.341 x 10-3 horsepower.
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Wave - one of a sequence of ridges or undulations that moves across the surface of a
body of a liquid, esp the sea: created by the wind or a moving object and gravity.
Wavelength - the distance, measured in the direction of propagation, between two

points of the same phase in consecutive cycles of a wave.

X

X-ray - electromagnetic radiation emitted when matter is bombarded with fast electrons.
X-rays have wavelengths shorter than that of ultraviolet radiation, that is less than about
1 x 10-8 metres. They extend to indefinitely short wavelengths, but below about 1 x 10—

11 metres they are often called gamma radiation.
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	1. a) Read and translate the text using the dictionary.

