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BCTYII

Metomuuni BkaziBku «ENGLISH FOR STUDENTS OF PHYSICS AND
ASTRONOMY. (PART 3. ASTRONOMY» po3po0ieHi 10 MpaKTUYHUX 3aHATHh Ta
CaMOCTiitHOI poOOTH 3 HaBYAJIbHOI AUCHUILUIIHM «IHO3eMHa MoBa (3a mpodeciiHuM
CIIPSIMyBaHHSIM)» JJIsl 3100yBadiB mepiioro (6akagaBpChbKOT0) PiBHS BHUINOI OCBITH
JeHHOI popMu HaBYaHHA creniaabHoCcTl 104 «Pi3uka Ta aCTPOHOMIS.

Metoro kypcy  «lHozemMHa MmoBa (3a mnpodeciiHUM CHPSIMYBaHHSIM)» €
dbopmyBaHHS y 3100yBadyiB KOMYHIKATUBHOI KOMIIETEHTHOCTI, HEOOXITHOI s
CIIJIKYBaHHS Y 3HAMOMUX/TUIIOBUX CUTYAIlISAX, K1 3yCTPIYalOThCS B aKaJeMIYHOMY Ta
npodeciiiHoMy KOHTEKCTaXx.

MeToau4HI BKa3iBKHM CKJIQJIAIOThCA 3 9 pO3MiIiB, B KOXKHOMY € aBTCHTUYHHUI
TEKCT 3a CIEeLIAJIbHICTIO, TIUTAaHHS J0 TEKCTY, MepeiK TEPMIHIB JUIs YIOCKOHAJICHHS
(dhaxoBO1 JICKCUKH, JIGKCHYHI BIPAaBH Ta BIPaBH HAa IIEPEKIIaJl, a TaKOX 3aBIaHHS
CIpsIMOBaHI Ha BJIOCKOHAJICHHS HABUYOK TMOIIyKy iHdopMmamii B IHTEepHeTi, ii
BiJIOOPY 1 KPUTHUYHOTO OI[IHIOBAHHSI.

MeroanuHi BKa3iBKM JIONMOMAararTh CTBOPUTH YMOBU JJii OOTOBOPEHHS
BOXKJIMBUX MUTaHb 3 ACTPOHOMIi aHTJIHMCHKOIO MOBOIO, JOMOMArarloTh MiJBUIIUTH
e(eKTUBHICTh NMPO(PECIMHOTO CHUIKYBaHHS Ta (OPMYBAaHHS y 37100yBaydiB KOMILIEKCY
3HaHb, YMIHb, HEOOXIJTHUX JJIs MOAANIBIIOT NPO(eCIMHOIT JISIBHOCTI.



Unit 1.

I. Read and translate the text. Learn the new vocabulary

The Birth of Modern Astronomy

Astronomy is defined as the study of the objects that lie beyond our planet Earth
and the processes by which these objects interact with one another. We will see, though,
that it is much more. It is also humanity’s attempt to organize what we learn into a clear
history of the universe, from the instant of its birth in the Big Bang to the present
moment. In considering the history of the universe, we will see again and again that
the cosmos evolves; it changes in profound ways over long periods of time. For
example, the universe made the carbon, the calcium, and the oxygen necessary to
construct something as interesting and complicated as you. Today, many billions of
years later, the universe has evolved into a more hospitable place for life. Tracing the
evolutionary processes that continue to shape the universe is one of the most important
(and satisfying) parts of modern astronomy.

The ultimate judge in science is always what nature itself reveals based on
observations, experiments, models, and testing. Science is not merely a body of
knowledge, but a method by which we attempt to understand nature and how it
behaves. This method begins with many observations over a period of time. From the
trends found through observations, scientists can model the particular phenomena we
want to understand. Such models are always approximations of nature, subject to
further testing. As a concrete astronomical example, ancient astronomers constructed
a model (partly from observations and partly from philosophical beliefs) that Earth was
the center of the universe and everything moved around it in circular orbits. At first,
our available observations of the Sun, Moon, and planets did fit this model; however,
after further observations, the model had to be updated by adding circle after circle to
represent the movements of the planets around Earth at the center. As the centuries
passed and improved instruments were developed for keeping track of objects in the
sky, the old model (even with a huge number of circles) could no longer explain all the
observed facts, a new model, with the Sun at the center, fit the experimental evidence
better. After a period of philosophical struggle, it became accepted as our view of the
universe.

Astronomy made no major advances in medieval Europe. The birth and
expansion of Islam after the seventh century led to a flowering of Arabic and Jewish
cultures that preserved, translated, and added to many of the astronomical ideas of the
Greeks. Many of the names of the brightest stars, for example, are today taken from
the Arabic, as are such astronomical terms as “zenith.” As European culture began to



emerge from its long, dark age, trading with Arab countries led to a rediscovery of
ancient texts such as Almagest and to a reawakening of interest in astronomical
questions. This time of rebirth (in French, “renaissance”) in astronomy was embodied
in the work of Copernicus.

Nicolaus Copernicus introduced the heliocentric cosmology to Renaissance
Europe in his book De Revolutionibus Orbium Coelestium (On the Revolution of
Celestial Orbs), published in 1543, the year of his death. Copernicus wanted to develop
an improved theory from which to calculate planetary positions, but in doing so, he
was himself not free of all traditional prejudices. Although he retained the Aristotelian
idea of uniform circular motion, Copernicus suggested that Earth is a planet and that
the planets all circle about the Sun, dethroning Earth from its position at the center of
the universe.

Many of the modern scientific concepts of observation, experimentation, and the
testing of hypotheses through careful quantitative measurements were pioneered by a
man who lived nearly a century after Copernicus. Galileo Galilei, a contemporary of
Shakespeare, was born in Pisa. Like Copernicus, he began training for a medical career,
but he had little interest in the subject and later switched to mathematics. He held
faculty positions at the University of Pisa and the University of Padua, and eventually
became mathematician to the Grand Duke of Tuscany in Florence. Galileo was the
father of both modern experimental physics and telescopic astronomy. He studied the
acceleration of moving objects and, in 1610, began telescopic observations,
discovering the nature of the Milky Way, the large-scale features of the Moon, the
phases of Venus, and four moons of Jupiter. Although he was accused of heresy for his
support of heliocentric cosmology, Galileo is credited with observations and brilliant
writings that convinced most of his scientific contemporaries of the reality of the
Copernican theory.

The new ideas of Copernicus and Galileo began a revolution in our conception
of the cosmos. It eventually became evident that the universe is a vast place and that
Earth’s role in it is relatively unimportant. The idea that Earth moves around the Sun
like the other planets raised the possibility that they might be worlds themselves,
perhaps even supporting life. As Earth was demoted from its position at the center of
the universe, so, too, was humanity. The universe, despite what we may wish, does not
revolve around us. Most of us take these things for granted today, but four centuries
ago such concepts were frightening and heretical for some, immensely stimulating for
others. The pioneers of the Renaissance started the European world along the path
toward science and technology that we still tread today. For them, nature was rational



and ultimately knowable, and experiments and observations provided the means to

reveal its secrets.

Vocabulary
the Big Bang
to evolve [1'volv]
profound [pra'faund]
carbon ['ka:.ban]
ultimate [ al.t.mat]
observation [ ob.zo'ver.fan]
medieval [ med.'i:.val]
expansion [1k'spzn.fon]
to emerge [1'ms3:d3]
heliocentric [ hi:.li.ou'sen.trik]
prejudice ['preds.o.dis]
celestial orb [s1'les.ti.al 2:b]
circular ['s3:.kjo.lor]
to dethrone [di'Oraovn]
universe ['ju:.nrvs:s]
quantitative ['kwon.tr.ta.tiv]
heresy ['her.a.si]
contemporary [ken'tem.par.ar.i]
vast [va:st]
to demote [di'mout]

immensely [1'mens.li]

(From https://openstax.org/details/books/astronomy)

BEJIMKHUIA BUOYX
PO3BUBATHCS
rIOOKHUH

BYTJICIIh
OCTaTOYHUU
CIIOCTEPEKCHHS
CepeAHbOBIUHUIM
PO3IIUPCHHS
BUHHKATH
reTOICHTPUIHUI
yHepeKEHHS
HeOecHa KyJis
KpyroBUU

CKUHYTH 3 TIPECTOITY
Bceecsit

KIJIbKICHUH

€pech

Cy4acHUM
BEJIMYC3HUM
MMOHWKYBATH B TIOCAII

HaJA3BUYalHO


https://openstax.org/details/books/astronomy

to tread [tred] CTyIIaTH

to reveal [ri'vi:l] BUSIBIIATH

Exercise 1. Answer the following questions

1. How is Astronomy defined? 2. Why is it also a humanity’s concept? 3. What
will we see again and again in considering the history of the universe? 4. What did the
Universe make? 5. Has the Universe evolved into a more hospitable place for life?
6. What is the ultimate judge in science? 7. What is science? 8. How can scientists
model the particular phenomena we want to understand? 9. What did ancient
astronomers construct? 10. Why did the model have to be updated? 11. What was the
new model that fit the experimental evidence better? 12. Did Astronomy make major
advances in medieval Europe? 13. Where are many of the names of the brightest stars
taken from? Why? 14. Was the rebirth of Astronomy embodied in the works of
Copernicus? 15. What did Nicolaus Copernicus introduce? 16. What did he want to
develop? 17. Was Nicolaus Copernicus free of all traditional prejudices? 18. What did
Copernicus suggest? 19. What can you say about Galileo Galilei? 20.When did Galileo
Galilei begin telescopic observations? 21. What was Galileo Galilei accused of? Why?
22. What did the new ideas of Copernicus and Galileo do? 23. Does the Universe
revolve around us? 24. What did the pioneers of the Renaissance do? 25. What
provided the means to reveal the secrets of the Universe?

Exercise 2. Find English equivalents in the text

OyTH BU3HAYEHUMH SIK, JIEHKATH 32 MEXKAMHU, B3AEMOJIISITA OJIUH 3 OJIHUM, YiTKa
ictopiss BcecBiTy, rinuOOKO 3MiHIOBaTHCS, €BONIOLIOHYBaTH, (opmyBath BcecBiT,
0a3zyBaTHCsi Ha CIIOCTEPEKCHHSX, EKCIEPUMEHTaX, MOJENAX 1 BUIPOOYyBaHHSX,
MPOTSITOM IEBHOTO MEPI0Jy Yacy, MOJISTIOBATH KOHKPETHI SABUIIA, PyXaTHUCS HABKOJIO
HUX TI0 KPyroBux opOiTax, cepelHbOBiUHA €Bpoma, PO3KBIT KyJIbTYp, MOBTOPHE
BIIKPDUTTSL CTApOJABHIX TEKCTIB, TMPEJICTABUTH TEIIONECHTPUIHY KOCMOJIOTIIO,
OOYHMCIUTH TIOJIOKEHHS IJIAHET, Cy9acHI HAyKOBI KOHIIETIII1, TIEPEHTH 10 MaTEMAaTHKH,
o0liiMaTH Mocaau BHKJIaAaya, eKCIepuMeHTalbHa (Pi3uKa, TeIEeCKOMYHa aCTPOHOMIS,
BEJIMKOMAacITabHi 0coOJMBOCTI, OyTHM 3BUHYBAYEHUM, HPHUCKOPEHHS PYyXOMHUX
00’exTiB, npupona Yymanpkoro [Insxy, HAyKOBl Cy4acHHMKH, 3aCIyrOBYyBaTH, CTaTH
OUYEBHUJIHUM, OyTH MOHWKEHUM Yy TMOCajl, CIPUMMATH peul sIK HaJleXHe, CTPAIlHI Ta
€pEeTHYHI, HaJaBaTHU 3aCOO0M, PO3KPUBATH TAEMHHUIII.



Exercise 3. Match up the half of the sentence on the left with its ending on

the right

1. Astronomy is a science

a) is always the same, regardless of the
relative motion of the source and the
receiver.

2. ltis not certain who first conceived
of the idea of combining two or more
pieces of glass

b) noting and predicting the positions of
the Sun, Moon, and planets, originally
for calendrical and astrological purposes
and later for navigational uses and
scientific interest.

3. Until the invention of

the telescope and the discovery of

the laws of motion and gravity in the
17th century, astronomy was primarily
concerned with

c) to produce an instrument that enlarged
images of distant objects, making them
appear nearer.

4. A key theoretical development for
20th-century astronomy and cosmology

d) that encompasses the study of all
extraterrestrial objects and phenomena.

5. The theory of relativity grew out of
contradictions

e) were made in 1608 by the Dutch
spectacle maker Hans Lippershey
(1570-1619).

6. Einstein assumed, first, that all
uniformly moving reference frames are
equally valid for doing physics and,
second, that the speed of light

f) with a three-power magnification
(3%), which made distant objects appear
three times nearer and larger.

7. The first such “spy glasses” (now
called telescopes) that attracted much
notice

g) between electromagnetic theory
(worked out by Scottish physicist James
Clerk Maxwell in the 1860s) and what
people thought they knew about
relativity of motion.

8. Galileo heard of the discovery and,
without ever having seen an assembled
telescope, constructed one of his own

h) was the development of the theory
of relativity, from 1905 to 1915, which
eventually led to an explanation of the
origin of the universe.

9. W.ith his telescope, Galileo was able

1) so that we see different parts of its
daylight side at different times. noting
and predicting the positions of
the Sun, Moon, and planets, originally
for calendrical and astrological purposes
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https://www.britannica.com/place/Sun
https://www.britannica.com/place/Moon
https://www.britannica.com/science/planet
https://www.britannica.com/science/calendar
https://www.britannica.com/topic/astrology
https://www.britannica.com/technology/navigation-technology
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https://www.britannica.com/topic/astrology

and later for navigational uses and
scientific interest.

10. Within a few months, he had found |]) could belong to the realm of celestial
that Venus goes through phases like the | bodies.

Moon, showing that it must revolve
about the Sun,

11. Galileo also observed the Moon and | k) to carry out the test of the Copernican
saw craters, mountain ranges, valleys, theory, based on the phases of Venus.
and flat, dark areas
12. These discoveries showed that the ) that he thought might be water.
Moon might be not so dissimilar to
Earth—suggesting that Earth, too,

Exercise 4. Translate the following sentences into English

1. ActpoHOoMis — O/Ha 3 HaWcTapillUX HayK, fKa BUHHUKJIA 3 HPAaKTHUYHUX
notped JII0/ICTBA.

2. Oco0MMBO BETMKOTO PO3BUTKY JAocsria acTpoHoMis y CtapomasHiii ['peii.

3. HapomxkeHnHs cy4acHOi acTpoHOMIii TIOB'SI3yIOTh 3  BIJIMOBOIO  Bij
reorieHTpruHOi cuctemu cBiTy [1Tonemes (I1 cTomiTTs) 1 3aMiHOIO 11 TeTIOIEHTPUYHOO
cuctemoro Mukonas Konepuuka (cepenuna XVI cTomiTTs), 3 MOYaTKOM JOCTIIKEHb
HeOeCcHUX T 3a gormomororo teneckona (["amineo [Maminet, mouarok XVII cromirtrs) 1
BIJIKPUTTSIM 3aKOHY BcecBITHBOTO TsKiHHA (Icaak HeroTon, kinens X VII cromiTTs).

4. BinkpuTTs 1HIOUX TaJakTUK CTajJ0  TOIITOBXOM JJIsi  PO3BUTKY
N03araJJakTU4YHOI acTpoHOMIi. J[OCHIIPKEHHsI CIEKTPIB rajJakTUK Aano 3mMory EnBiHy
Xab6my 1929 poky BUSABUTH SBHILE «PO30IraHHS TalakTUK», AK€ 3TOJOM 37100yJI0
MIOSICHEHHSI Ha OCHOBI 3arajikHOTO pO3IIMpeHHs BeecBiTy.

5. ¥ XX cTomTTi acTpOHOMIsl MOJUIHIIACS Ha 1Bl OCHOBHI rajy3i: CIOCTEPEKHY
1 TeopeTruny. CriocTepexHa acCTpOHOMIs 30cepePKeHa Ha CIIOCTEPEKEHHIX HeOECHUX
TiJ1, SIK1 TIOTIM aHAJI3YIOTh 33 JJOTIOMOTOI0 OCHOBHHUX 3aKOHIB (PI3UKH.

6. TeopeTnyHa acTPOHOMISI 30pIEHTOBAHA HA PO3POOKY Mojeel (aHATITHIHUX
Y1 KOMI'FOTEPHUX ) [T ONUCY aCTPOHOMIYHHUX 00'€KTIB 1 SBMILL.

/.1I1 nB1 TUIKU JOMOBHIOIOTH OJIHA OJHY: TEOPETHYHA ACTPOHOMIS IIyKae
MOSICHEHHS pe3yJIbTaTaM CIIOCTEPEKEHb, a CIIOCTEPEKHY aCTPOHOMIIO 3aCTOCOBYIOTH
JUTSL TIATBEPIKEHHS TEOPETUYHNUX BUCHOBKIB 1 T1IIOTE3.

8. HaykoBo-TexHiuHa peBomtomiss XX CTOJITTS Majla HAJA3BHYAMHO BEITUKHIMA
BILJIUB HA PO3BUTOK aCTPOHOMII B IJTOMY Ta OCOOJIMBO acTPO(i3UKH.

9. CTBOpeHHSI ONTHYHUX 1 PaIIOTENECKOIIIB 3 BUCOKOIO PO3JLILHOIO 3/1aTHICTIO,
3aCTOCYBaHHS pakeT 1 IITyYHUX CYNyTHUKIB 3emil Juisi 1mo3aaTMochepHux
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https://www.britannica.com/technology/navigation-technology
http://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BF%D0%B5%D1%80%D0%BD%D1%96%D0%BA
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http://uk.wikipedia.org/wiki/%D0%86%D1%81%D0%B0%D0%B0%D0%BA_%D0%9D%D1%8C%D1%8E%D1%82%D0%BE%D0%BD
http://uk.wikipedia.org/wiki/%D0%95%D0%B4%D0%B2%D1%96%D0%BD_%D0%93%D0%B0%D0%B1%D0%B1%D0%BB
http://uk.wikipedia.org/wiki/%D0%95%D0%B4%D0%B2%D1%96%D0%BD_%D0%93%D0%B0%D0%B1%D0%B1%D0%BB

ACTPOHOMIYHHUX CHOCTEPEXKEHb MPU3BEIN 0 BIIKPHUTTS HOBUX BHJIIB KOCMIYHUX TUI:
paJiorajlakTUK, KBa3apiB, IyJIbCapiB, KEpET PEHTTEHIBCHKOTO BUIPOMIHIOBAHHS
TOIIIO.

10. Bbynum po3poOisieHi ocHOBH Teopii eBosroiii 3ip 1 kocMoronii CoHsSYHOT
cucremd.  HalGinpmmuM  gocsirHeHHSAM — acTpodizuku XX — CTOMNITTS cTaja
peATHUBICTChKA KOCMOJIOT1SI — Teopist eBotoIlii BeecBiTy B miomy.

(From https:// my-astronomy.ucoz.ua/index/astronomija_jak_nauka)

Exercise 5. Read the following interesting pieces of information. Share
your opinion with the classmates

Diamond, one of the hardest and most lustrous materials on Earth, is formed
under extreme pressure and heat deep beneath the surface of the planet. But it turns out
that diamonds are not exclusive to our own planet and may be found throughout the
Solar System, Galaxy and beyond. Scientists have proposed that diamonds may be
formed in the atmospheres of both Uranus and Neptune. Astronomers have discovered
the presence of hydrocarbons in both atmospheres and, under the right conditions, they
become the building blocks of diamonds.

(From https://www.rmg.co.uk/stories/topics/15-awe-inspiring-astronomy-discoveries)

Speaking

e Speak about the birth of Astronomy.
e Speak about awe-inspiring astronomy discoveries.
e Speak about Galileo Galilei, Copernicus, Newton.

Unit 2.
I. Read and translate the text. Learn the new vocabulary
Laws of Planetary Motion

At about the time that Galileo was beginning his experiments with falling bodies,
the efforts of two other scientists dramatically advanced our understanding of the
motions of the planets.

11


https://www.rmg.co.uk/stories/topics/15-awe-inspiring-astronomy-discoveries

These two astronomers were the observer Tycho
Brahe and the mathematician Johannes Kepler. Together,
they placed the speculations of Copernicus on a sound
mathematical basis and paved the way for the work of
Isaac Newton in the next century.

https://www.researchgate.net/figure/Tycho-
Brahe-1546-1601_figl 241470218

Three years after the publication of Copernicus’ De
Revolutionibus, Tycho Brahe was born to a family of
Danish nobility. He developed an early interest in
astronomy and, as a young man, made significant
astronomical observations. Among these was a careful
study of what we now know was an exploding star that
flared up to great brilliance in the night sky.

https://www.nmspacemuseum.org/

inductee/johannes-kepler/

His growing reputation gained him the patronage of the Danish King Frederick
I1, and at the age of 30, Brahe was able to establish a fine astronomical observatory on
the North Sea island of Hven. Brahe was the last and greatest of the pre-telescopic
observers
in Europe.

At Hven, Brahe made a continuous record of the positions of the Sun, Moon, and
planets for almost 20 years. His extensive and precise observations enabled him to note
that the positions of the planets varied from those given in published tables, which were
based on the work of Ptolemy. These data were extremely valuable, but Brahe didn’t
have the ability to analyze them and develop a better model than what Ptolemy had
published. He was further inhibited because he was an extravagant and cantankerous
fellow, and he accumulated enemies among government officials. When his patron,
Frederick 11, died in 1597, Brahe lost his political base and decided to leave Denmark.
He took up residence in Prague, where he became court astronomer to Emperor Rudolf
of Bohemia. There, in the year before his death, Brahe found a most able young
mathematician, Johannes Kepler, to assist him in analyzing his extensive planetary
data.

12
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Johannes Kepler was born into a poor family in the German province of
Wiirttemberg and lived much of his life amid the turmoil of the Thirty Years’ War. He
attended university at Tubingen and studied for a theological career. There, he learned
the principles of the Copernican system and became converted to the heliocentric
hypothesis. Eventually, Kepler went to Prague to serve as an assistant to Brahe, who
set him to work trying to find a satisfactory theory of planetary motion—one that was
compatible with the long series of observations made at Hven. Brahe was reluctant to
provide Kepler with much material at any one time for fear that Kepler would discover
the secrets of the universal motion by himself, thereby robbing Brahe of some of the
glory. Only after Brahe’s death in 1601 did Kepler get full possession of the priceless
records. Their study occupied most of Kepler’s time for more than 20 years. Through
his analysis of the motions of the planets, Kepler developed a series of principles, now
known as Kepler’s three laws, which described the behavior of planets based on their
paths through space. The first two laws of planetary motion were published in 1609 in
The New Astronomy. Their discovery was a profound step in the development of
modern science.

The First Two Laws of Planetary Motion

The path of an object through space is called its orbit. Kepler initially assumed
that the orbits of planets were circles, but doing so did not allow him to find orbits that
were consistent with Brahe’s observations. Working with the data for Mars, he
eventually discovered that the orbit of that planet had the shape of a somewhat flattened
circle, or ellipse. Next to the circle, the ellipse is the simplest kind of closed curve,
belonging to a family of curves known as conic sections.

Kepler’s second law deals with the speed with which each planet moves along
its ellipse, also known as its orbital speed.

If a planet moves in a circular orbit, the elastic line is always stretched the same
amount and the planet moves at a constant speed around its orbit. But, as Kepler
discovered, in most orbits that speed of a planet orbiting its star (or moon orbiting its
planet) tends to vary because the orbit is elliptical.

Kepler’s Third Law

Kepler’s first two laws of planetary motion describe the shape of a planet’s orbit
and allow us to calculate the speed of its motion at any point in the orbit. Kepler was
pleased to have discovered such fundamental rules, but they did not satisfy his quest to
fully understand planetary motions. He wanted to know why the orbits of the planets
were spaced as they are and to find a mathematical pattern in their movements—a
“harmony of the spheres” as he called it. For many years he worked to discover
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mathematical relationships governing planetary spacing and the time each planet took
to go around the Sun.

Kepler’s three laws of planetary motion can be summarized as follows:
Kepler’s first law: Each planet moves around the Sun in an orbit that is an

ellipse, with the Sun at one focus of the ellipse.

Kepler’s First Law

All planets move around the Sun in elliptical orbits with the Sun
at one of the foci

= oo
Plane

t
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\\

Fig.1. Kepler’s first law
https://www.sciencefacts.net/keplers-first-law.html

* Kepler’s second law: The straight line joining a planet and the Sun sweeps out
equal areas in space in equal intervals of time.

Kepler’'s Second Law
A planet sweeps out equal areas in equal intervals of time
g Al
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:,/:\raa 1
7
/
(
\\‘ Aphelion

Fig.2. Kepler’s second law
https://www.sciencefacts.net/keplers-second-law.html

Kepler’s third law: The square of a planet’s orbital period is directly
proportional to the cube of the semi major axis of its orbit.

Kepler’s Third Law
The square of the orbital period of a planet is proportional to the
cube of the orbit's semi-major axis
“— - —
@ -
y Planet 2 e
/ 5 \\
[ = \
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\\ Y \ b )
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Fig.3. Kepler’s third law
https://www.sciencefacts.net/wp-content/uploads/2022/04/Keplers-Third-Law.jpg
(From https://openstax.org/details/books/astronomy)
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Vocabulary

observer

speculation [ spek.jo'ler.fon]
nobility [nou'bil.a.ti] [na'bil.o.ti]
flare up

brilliance ['bril.jons]

patronage [ 'pet.ro.nid3z] [ per.tron.idz]
to inhibit [in"hib.1t]

cantankerous [ kaen'taen.kor.os]
turmoil ['t3:.moil]

theological [ 0i:.9'lod3.1.Kal]
reluctant [rr'lak.tant]

curve [k3:v]

conic ['kon.ik]

ellipse [i'lips]

quest [kwest]

criocrepiray
CHEKYJIALIT
JIBOPSTHCTBO
criajlaxyBaTu
OJIUCK
naTpoHaT
rajibMyBaTH
CBapJIMBUU
CMyTa
TEOJIOTTYHUH
HEOX04e
KpHBa
KOHIYHHI
eJIIC

KBCCT

Exercise 1. Answer the following questions

1. What dramatically advanced our understanding of the motions of the planets?
2. Who were these two astronomers? 3. When was Tycho Brahe born? 4. What was he
interested in? 5. Why was Brahe able to establish a fine astronomical observatory on
the North Sea island of Hven? 6. What did Brahe make? 7. Did Brahe have the ability
to analyze his valuable data? 8. Why did Brahe decide to leave Denmark? 9. Who did
he meet in Prague? 10. What can you tell about Johannes Kepler? 11. Why did Kepler
go to Prague? 12. Why was Brahe reluctant to provide Kepler with much material at
any one time? 13. When did Kepler got possession of the priceless records? 14. How
long did Kepler study them? 15. What did Kepler develop? 16. When were the first
two laws of planetary motion published? 17. What is called object’s orbit? 18. What
did Kepler initially assume? 19. What does Kepler’s second law deal with? 20. Did



Kepler’s first two laws of planetary motion satisfy his quest to fully understand
planetary motions? 21. What did he want to know? 22. What is Kepler’s third
law?

Exercise 2. Find English equivalents in the text

MaJ{IHHS TU1, pyX IUIAHET, MilIHA MaTeMaTU4Ha OCHOBA, MPOKJIACTH ILIAX IS,

PO3BUHYTH paHHIA 1HTEpeC 10 AacTpPOHOMIi, 3pOOUTH 3HAYHI ACTPOHOMIUHI
CIIOCTEPEKEHHS, PETeNbHE AOCTIDKCHHS, 3ipKa, 110 BUOyXa€; 3aCHYBAaTH 4YIOBY
aACTPOHOMIYHY 00CepBaTOPito, 3/1MCHIOBATH Oe3MepepBHU 3amuc mojoxeHHs: CoHIIA,
Micsns Ta miaHeT; ony0JIiKoBaH1 TaOJuIll, 3aCHOBaH1 Ha poOOTi, HAI3BUYANWHO IIHHI
JaHl, OCEJIUTHCS, HAN3MIOHIMMUK MOJIOJUN MaTeMaTHK, JOIOMOITH HOMYy B aHali3l
HOro OOMMPHUX IUIAHETHUX JAHUX, JIMXONITTS BIMHH, HABYATHCS JUIS TEOJIOTIYHOT
Kap’€py, BUBYATU NMPUHIUINHK cucTeMu KomepHuka, CIyKUTH MOMIYHUKOM, 3HAUTH
3aJI0BUTbHY TEOPil0 PyXy IUIAHET, M030aBUTH YAaCTHHHU CJIaBH, OTPHMATH IIOBHE
BOJIOJIHHS O€3I[IHHUMHU 3amucaMu, PO3pPOOUTH CEpil0 MPUHIIMIIIB, TIIMOOKUN KPOK,
OyTH y3rOJKEHUM 13, CIUIOIIEHE KOJIO, PyXaTUCs MO0 KPYyrosiid opOiTi, 00UKCITIOBATH
MIBUAKICTb HOTO PYXY, 3HAXOAUTH MaTeMaTUYHY 3aKOHOMIPHICTb, y3araJlbHIOBaTH SIK,
omucyBaTH (3MiTaTH) pIiBHI IUIOII B IPOCTOpi, 3a PIBHI MPOMDKKH dYacy, OyTH

IPOTOPILIHHUM J0.

Exercise 3. Match up the half of the sentence on the left with its ending on
the right

1. Tycho Brahe’s accurate observations
of planetary positions

a) provided the data used by Johannes
Kepler to derive his three fundamental
laws of planetary motion.

2. Kepler’s laws describe

b) the behavior of planets in their orbits.

3. Kepler himself never numbered
these laws

c¢) or specially distinguished them from
his other discoveries.

4. A radius vector joining any planet to
the Sun

d) sweeps out equal areas in equal
lengths of time.

5. The squares of the sidereal periods
(P) of the planets

e) are directly proportional to the cubes
of their mean distances (d) from the Sun.

6. Kepler’s first law means

f) that planets move around

the Sun in elliptical orbits.
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https://www.britannica.com/science/planet
https://www.britannica.com/place/Sun
https://www.britannica.com/science/ellipse
https://www.britannica.com/science/orbit-astronomy

7. Knowledge of these laws, especially | g) when he formulated his famous law of
the second (the law of areas), proved gravitation between Earth and

crucial to Sir Isaac Newton in 1684-85, | the Moon and between the Sun and the
planets, postulated by him to have
validity for all objects anywhere in
the universe.

8. The usefulness of Kepler’s laws h) as well as to stellar systems
extends to the motions of natural and and extrasolar planets.

artificial satellites,
9. It may be noted that Kepler’s laws i) to all other inverse-square-law forces
apply not only to gravitational butalso | and, if due allowance is made for
relativistic and quantum effects, to the
electromagnetic forces within the atom.

10.Sun is a star around which j) Earth and the other components of
the solar system revolve.

11.The Sun is classified asa G2 V star, | k) and the V representing a main
with G2 standing for the second hottest | sequence, or dwarf, star, the typical star
stars of the yellow G class—of surface | for this temperature class.

temperature about 5,800 kelvins (K)—
12.Planet, (from Greek planétes, 1) broadly, any relatively large natural
“wanderers”), body that revolves in an orbit around
the Sun or around some other star and
that is not radiating energy from
internal nuclear fusion reactions.

Exercise 4. Translate the following sentences into English

1. Morann Kennep Bu3Hauus, mo Mapc pyxaerbcs HaBkono COHIIA 10 ellIcy,
a moTiM OyJIO JOBEAEHO, 110 ¥ 1HIII TUIAHETH TEX MAIOTh €IINTUYHI OpOITH.

2. llepmmii 3akon Kemepa. Bei tutanetu obepraroThesi HaBkosio COHIIS 1O
emincax, a CoHlle po3TaioBaHe B OTHOMY 3 (POKYCIB ITUX EJIIICIB.

3. Opb6ita 3emui mae maneHbkuil ekcreHtpucurer ¢ =0,017 1 maibke He
BIJIPI3HSETHCS BIJ KOJa, TOMY BiJcTaHb MiX 3emieio Ta COHIIEM 3MIHIOETHCS B
HEBEIMKUX Mexax Big rmin =0,983 a. o. B mepureunii go rmax = 1,017 a. o. B adenii.
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https://www.britannica.com/biography/Isaac-Newton
https://www.britannica.com/science/Newtons-law-of-gravitation
https://www.britannica.com/science/Newtons-law-of-gravitation
https://www.britannica.com/place/Earth
https://www.britannica.com/science/moon-natural-satellite
https://www.britannica.com/dictionary/postulated
https://www.britannica.com/science/universe
https://www.britannica.com/science/satellite
https://www.britannica.com/science/extrasolar-planet
https://www.britannica.com/science/quantum
https://www.britannica.com/science/atom
https://www.britannica.com/science/star-astronomy
https://www.britannica.com/place/Earth
https://www.britannica.com/science/solar-system
https://www.britannica.com/science/kelvin
https://www.britannica.com/science/dwarf-star
https://www.britannica.com/science/temperature
https://www.britannica.com/science/orbit-astronomy
https://www.britannica.com/place/Sun
https://www.britannica.com/science/star-astronomy
https://www.britannica.com/science/energy
https://www.britannica.com/science/nuclear-fusion

4. Op6ita Mapca mae OUTbIINN €KCIIEHTPUCUTET, a came 0,093, ToMy BiACTaHb
Mk 3emiero Ta Mapcom il 4ac IpOTUCTOSIHHSL Moke OyTu pizHoro — Big 100 muH
KM J0 56 MJIH KM.

5. CynyTHUKH IIJIaHET TEX PYXarThCA MO ETINTUYHUX OpOiTax, MpUIoOMy Yy
b okyci KOXXKHOT OpOITH PO3MIIIECHHUH IIEHTP BIAMOBIIHOI MUIAHETH.

6. dpyruii 3akon Kemnepa. Pagiyc-BekTop TutaHeTH 3a 0JJHAKOB1 TPOMIXKKH 4acy
OTIMCYE PIBHI ILIOIIII.

/. TonoBHU Hachigok Apyroro 3akoHy Kermsepa mosisrae B Tomy, 10 mij 4ac
pyXy IUIaHETH 10 OpOITi 3 YACOM 3MIHIOETHCS HE TIJIbKH B1/ICTaHb M1aHeTH Big CoHIl,
asie 1 1i JTiH1lHA Ta KyTOBA IIBUIKOCTI.

8. Hpyruit 3akon Kemepa ¢akTuyHO BU3HAYA€ BigoMud (I3WYHUNA 3aKOH
30€epeKEeHHS CHEPrii: cyMa KIHeTUYHOI Ta MOTEHITIaIbHO1 €HEPT1l B 3aMKHEHIH CHCTEeMI1
€ BEJIMYMHOIO CTaJIOIO.

9. KineTnuHa eHepris BU3HAYAETHCS IMIBUAKICTIO IJIAHETH, a MOTCHIliaIbHA —
BIJICTaHHIO MDXK Tu1aHeTor0 Ta CoHlleM, TOMY Npu HaOmmkeHH1 A0 COHIIS MIBUAKICTD
IUTAHETH 3POCTAE.

10. Tperiit 3axkon Kemnepa. KBagparu cuaepuuHux mnepioaiB oOepTaHHS
riaHeT HaBKoy1o COHLA BIAHOCATHCS SIK KyOU BEJIMKUX MIBOCEH IXHIX OpOIT.

(From https://subjectum.eu/textbook/astronomy)

Exercise 5. Read the following interesting pieces of information. Share
your opinion with the classmates

Kepler’s Laws have been used to discover exoplanets.

By observing the motion of stars and studying changes in their brightness,
astronomers have been able to apply Kepler’s Laws to detect and characterize planets
orbiting stars outside our solar system. This has led to the discovery of thousands of
exoplanets.

(https://facts.net/science/physics/15-astounding-facts-about-keplers-laws-of-
planetary-motion/)

Speaking

Speak about Laws of Planetary motion.
Speak about Tycho Brahe.
Speak about Johann Kepler.
e Speak about how Kepler’s work inspired future generations of astronomers and
scientists.
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Unit 3.
I. Read and translate the text. Learn the new vocabulary
Earth and Sky

In order to create an accurate map, a mapmaker needs a way to uniquely and simply
identify the location of all the major features on the map, such as cities or natural
landmarks. Similarly, astronomical mapmakers need a way to uniquely and simply
identify the location of stars, galaxies, and other celestial objects. On Earth maps, we
divide the surface of Earth into a grid, and each location on that grid can easily be found
using its latitude and longitude coordinate. Astronomers have a similar system for
objects on the sky. Learning about these can help us understand the apparent motion of
objects in the sky from various places on Earth.

Prime
Meridian

Washington, DC of longitude

Longitude

Equator

Fig. 1. Latitude and Longitude of Washington, DC.
(https://www.collegesidekick.com/study-guides/astronomy/earth-and-sky)

Earth’s axis of rotation defines the locations of its North and South Poles and of its
equator, halfway between. Two other directions are also defined by Earth’s motions:
east is the direction toward which Earth rotates, and west is its opposite. At almost any
point on Earth, the four directions—north, south, east, and west—are well defined,
despite the fact that our planet is round rather that flat. The only exceptions are exactly
at the North and South Poles, where the directions east and west are ambiguous
(because points exactly at the poles do not turn). We can use these ideas to define a
system of coordinates attached to our planet. Such a system, like the layout of streets
and avenues in Manhattan or Salt Lake City, helps us find where we are or want to go.
Coordinates on a sphere, however, are a little more complicated than those on a flat
surface. We must define circles on the sphere that play the same role as the rectangular
grid that you see on city maps. A great circle is any circle on the surface of a sphere
whose center is at the center of the sphere. For example, Earth’s equator is a great circle
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on Earth’s surface, halfway between the North and South Poles. We can also imagine
a series of great circles that pass through both the North and South Poles. Each of this
circles is called a meridian; they are each perpendicular to the equator, crossing it at
right angles. Any point on the surface of Earth will have a meridian passing through it.
The meridian specifies the east-west location, or longitude, of the place. By
international agreement (and it took many meetings for the world’s countries to agree),
longitude is defined as the number of degrees of arc along the equator between your
meridian and the one passing through Greenwich, England, which has been designated
as the Prime Meridian. The longitude of the Prime Meridian is defined as 0°.

Why Greenwich, you might ask? Every country wanted 0° longitude to pass
through its own capital. Greenwich, the site of the old Royal Observatory, was selected
because it was between continental Europe and the United States, and because it was
the site for much of the development of the method to measure longitude at sea.
Longitudes are measured either to the east or to the west of the Greenwich meridian
from 0° to 180°. As an example, the longitude of the clock-house benchmark of the
U.S. Naval Observatory in Washington, DC, is 77.066° W.

Places in the Sky Positions in the sky are measured in a way that is very similar to
the way we measure positions on the surface of Earth. Instead of latitude and longitude,
however, astronomers use coordinates called declination and right ascension. To
denote positions of objects in the sky, it is often convenient to make use of the fictitious
celestial sphere. The sky appears to rotate about points above the North and South Poles
of Earth—points in the sky called the north celestial pole and the south celestial pole.

sssssssss

Celestial
equator
Ecliptic |

South celestial pole

Fig.2. Celestial poles
https://www.quora.com/

Halfway between the celestial poles, and thus 90° from each pole, is the celestial
equator, a great circle on the celestial sphere that is in the same plane as Earth’s equator.
We can use these markers in the sky to set up a system of celestial coordinates.
Declination on the celestial sphere is measured the same way that latitude is measured
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on the sphere of Earth: from the celestial equator toward the north (positive) or south
(negative). So Polaris, the star near the north celestial pole, has a declination of almost
+90°. Right ascension (RA) is like longitude, except that instead of Greenwich, the
arbitrarily chosen point where we start counting is the vernal equinox, a point in the
sky where the ecliptic (the Sun’s path) crosses the celestial equator. RA can be
expressed either in units of angle (degrees) or in units of time. This is because the
celestial sphere appears to turn around Earth once a day as our planet turns on its axis.
Thus the 360° of RA that it takes to go once around the celestial sphere can just as well
be set equal to 24 hours. Then each 15° of arc 1s equal to 1 hour of time. For example,
the approximate celestial coordinates of the bright star Capella are RA 5h = 75° and
declination +50°. One way to visualize these circles in the sky is to imagine Earth as a
transparent sphere with the terrestrial coordinates (latitude and longitude) painted on it
with dark paint. Imagine the celestial sphere around us as a giant ball, painted white on
the inside. Then imagine yourself at the center of Earth, with a bright light bulb in the
middle, looking out through its transparent surface to the sky. The terrestrial poles,
equator, and meridians will be projected as dark shadows on the celestial sphere, giving
us the system of coordinates in the sky.

(From https://openstax.org/details/books/astronomy)

Vocabulary

accurate ['ak.ja.rot] TOYHI
mapmaker KapTorpad
uniquely [ju: 'ni:k.li] OJTHO3HAYHO
landmark ['leend.ma:k] OpIEHTHUDP

grid ciTKa

latitude HIPOTA

UK ['let.r.tfu:d] US ['let.o.tu:d]

longitude ['loy.gr.tfu:d] ['lon.d3r.tfu:d] JIOBroTa
apparent [o'paer.ant] OUYEBUTHUM
ambiguous [em 'big.ju.as] HEOIHO3HAYHUM
rectangular [rek ten.gjo.lar] TPSIMOKY THHH
clock-house poXiaHa
benchmark ['bentf.ma:k] OpieHTHD


https://openstax.org/details/books/astronomy

declination [ dek.l1'ner.fan] CXUJICHHS

right ascension [rait o'sen.fon] IPSIME CXOJIKCHHS
fictitious [fik tif.os] GbikTUBHUI

vernal equinox ['v3:.nal "ek.wi.noks] BECHSHE PIBHOJICHHS
ecliptic [r'kliptik] CKIIIITHKA

Exercise 1. Answer the following questions

1. What does a mapmaker need in order to create an accurate map? 2. What do
astronomical mapmakers need? 3. What do we divide the surface of Earth into? 4. What
do astronomers have? 5. What does Earth’s axis of rotation define? 6. Are the four
directions well defined? 7. What are the only exceptions? 8. What does a system of
coordinate help us do? 9. Are coordinates on sphere a little more complicated? 10.
What is a great circle? 11. What is called a meridian? 12. What does the meridian
specify? 13. How is the longitude defined? 14. How is the longitude of the prime
meridian defined? 15. Why was Greenwich selected? 16. How are longitudes
measured? 17. How are places in the sky positions measured? 18. What coordinates do
astronomers use? 19. Why is it often convenient to make use of the fictitious celestial
sphere? 20. Where does the sky appear to rotate about? 21. Where is the celestial
equator? 22. How is the declination on the celestial sphere measured? 23. What
declination does Polaris have? 24. What is right ascension? 25. How can RA be
expressed? 26. How can one visualize these circles in the sky?

Exercise 2. Find English equivalents in the text

CTBOPHUTH TOYHY KapTy, BU3HAUWUTH PO3TAIIyBAaHHS BCiX OCHOBHUX OO’€KTIB Ha
KapTi, TPUPOJHI OPIEHTUPH, BUHAUUTH PO3TAITyBAaHHS 31POK, TaJaKTUK Ta 1HIIUX
HEeOeCHUX O00’€KTIB, KOOPJAMHATH IIUPOTH Ta JOBIOTH, MaTH TOAIOHY CHCTEMY,
BUIUMUN pyX O0’€KTIB, pi3HI MiCId Ha 3eMili, BiCh 0OepTaHHS 3eMJli, BU3HAYHUTH
CUCTEMY KOOpJMHAT, CXeMa BYJHUIb 1 TPOCIEKTIB, BU3HAYUTH Koja Ha cdepi,
OpsIMOKYTHA CITKA, y LEHTpl cpepu, mpoitu yepe3 obunasa IliBHiuHuMi 1 [liBneHHMi
MOJIFOCH, TEPHEHIUKYJIAPHI O €KBAaTOpa, MIXKHAPOJHA Yroja, METOJ| BUMIPIOBAHHS
JIOBIOTH Ha MOp1, BUKOpHUCTaHHS (IKTUBHOI HeOecHOi cdepu, HEOECHI MOJFOCH,
BCTAHOBJICHHSI CHUCTEMHU HEOECHUX KOOPAMHAT, MOXKHAa BUPA3UTH B OJMHHMII KyTa
(rpamycu) ado B OJUHHII Yacy, Bi3yasli3yBaTH Ii KoJjia Ha HEOI.
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Exercise 3. Match up the half of the sentence on the left with its ending on

the right

1. The basic unit of astronomical time is
the day—either the solar day (reckoned
by the Sun)

a) have nearly the same angular size
(about 1/2°).

2. Apparent solar time is based on the
position of the Sun in the sky, and mean
solar time

b)is based on the average value of a solar
day during the year.

3. By international agreement, we define
24 time zones around the world,

c)or the sidereal day (reckoned by the
stars).

4. The convention of the International
Date Line is necessary

d)to reconcile times on different parts of
Earth.

5. The fundamental
calendar is

problem of the

e)to reconcile the incommensurable
lengths of the day, month, and year.

6. Most modern calendars, beginning
with the Roman (Julian) calendar of the
first century BCE, neglect the problem of
the month

f)to coexist with the older Ilunar

calendars’ system of months.

7. Today, most of the world has adopted
the Gregorian calendar established in
1582 while finding ways

g)only during the night; other phases are
visible during the day as well.

8. The Moon’s monthly cycle of phases
results from the changing angle of its
illumination by the Sun. The full moon is
visible in the sky

h)and concentrate on achieving the
correct number of days in a year by using
such conventions as the leap year.

9. Because its period of revolution is the
same as its period of rotation,

i) when the Moon moves between the
Sun and Earth, casting its shadow on a
part of Earth’s surface.

10. The Sun and Moon

J) each with its own standard time.

11. A solar eclipse occurs

k)the Moon always keeps the same face
toward Earth.
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Exercise 4. Translate the following sentences into English

1. V nepmomy HabmmkeHH1 3emiist Mae GopMmy KyJi.

2. Ane nacmpapii 4yepe3 oOepTaHHS BOHA JEIIO CIUTIOCHYTa Ol MOMIOCIB i
OITyKJIa 0111 eKBaTopa.

3. Tomy 3a3Buuail popmMy 3emili MOJAIOTH K €IINCOi 00epTaHH — EIIC, 10
00epTaeThCcsi HABKOJIO MaJIOl OCi.

4. Maca 3emJ1i BIIHOCHO HeBeNuKa — npuoiu3Ho B 318 paziB MeHIa, HiXK Maca
KOmiTepa, Hali6ib1101 MIaHeTH B COHSAYHIN CUCTEMI.

5. BonmsiHa mapa ¥ modacTu BYTJICKMCIIHM Ta3 3aTpUMYIOTh Y HWKHIX IIapax
aTMoc(epH 3HaYHY KUIbKICTb TeIlIa, IK€ BUIIPOMIHIOE 3€MIISL.

6. Kpatepu, HalMOmMMpEHININI €JIeMEHT MICAYHOTO penbedy, yTBOpEHi
BHACIJIIJIOK MaJiHHS METCOPHUTIB.

7. IloBepxHio Micdlsl BKpUBa€e MIAp NYXKOi PEYOBUHU — PEroJiT, IO
CTPYKTYPOIO ¥ XIMIYHUM CKJIQJIOM OJIU3BKHU 10 36MHHUX BYJIKaHIYHHUX MTOPII.

8. Micsip JexuTh HalOIMK4Ye 10 3emili, TOMY BIH CTaB MEpIIMM HEOECHUM
TIJIOM, JIO SIKOTO CIpsIMyBaJi KocMiuHi armapatu (1958).

9. Hamry maHeTHy CHCTeMY CXEMaTHYHO MOXKHAa YSBUTH Tak: B il HEHTpi
MicTuThCsl COHIIE, HABKOJIO SIKOTO 00€pPTalOThCS BiCIM IIJIAHET.

10. 3aBpsku rpasiTamiiHid B3aemonii CoHIle yTpUMY€ BCi Tila TUIAHETHOI
CUCTEMH, 10 00EPTAIOTHCSI HABKOJIO HBOTO.

(From https://lib.iitta.gov.u/713280/1/18-24 Astronomy_Workbook P-7.pdf)

Exercise 5. Read the following interesting pieces of information. Share
your opinion with the classmates

The name Earth is at least 1,000 years old. All of the planets, except for Earth,
were named after Greek and Roman gods and goddesses. However, the name Earth is
a Germanic word, which simply means “the ground.”

e |f the Sun were as tall as a typical front door, Earth would be the size of a
nickel.
e Earth is a rocky planet with a solid and dynamic surface of mountains,
canyons, plains and more. Most of our planet is covered in water.
e Earth's atmosphere is 78 percent nitrogen, 21 percent oxygen and 1 percent
other ingredients—the perfect balance to breathe and live.
(https://science.nasa.gov/earth/facts)
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Speaking

e Speak about Earth and Sky.
e Speak about the system of coordinates of our planet.
e Speak about Gregorian calendar and its accuracy.

Unit 4.
I. Read and translate the text. Learn the new vocabulary

The Seasons

One of the fundamental facts of life at Earth’s midlatitudes is that there are
significant variations in the heat we receive from the Sun during the course of the year.
We thus divide the year into seasons, each with its different amount of sunlight. The
difference between seasons gets more pronounced the farther north or south from the
equator we travel, and the seasons in the Southern Hemisphere are the opposite of what
we find on the northern half of Earth. With these observed facts in mind, let us ask
what causes the seasons. Many people have believed that the seasons were the result
of the changing distance between Earth and the Sun. This sounds reasonable at first: it
should be colder when Earth is farther from the Sun. But the facts don’t bear out this
hypothesis. Although Earth’s orbit around the Sun is an ellipse, its distance from the
Sun varies by only about 3%. That’s not enough to cause significant variations in the
Sun’s heating. To make matters worse for people in North America who hold this
hypothesis, Earth is actually closest to the Sun in January, when the Northern
Hemisphere is in the middle of winter. And if distance were the governing factor, why
would the two hemispheres have opposite seasons? As we shall show, the seasons are
actually caused by the 23.5° tilt of Earth’s axis.

Note that our axis continues to point the same direction in the sky throughout the
year. As Earth travels around the Sun, in June the Northern Hemisphere “leans into”
the Sun and is more directly illuminated. In December, the situation is reversed: the
Southern Hemisphere leans into the Sun, and the Northern Hemisphere leans away. In
September and March, Earth leans “sideways”—neither into the Sun nor away from
it—so the two hemispheres are equally favored with sunshine.

How does the Sun’s favoring one hemisphere translate into making it warmer
for us down on the surface of Earth? There are two effects we need to consider. When
we lean into the Sun, sunlight hits us at a more direct angle and is more effective at

25



heating Earth’s surface. You can get a similar effect by shining a flashlight onto a wall.
If you shine the flashlight straight on, you get an intense spot of light on the wall. But
if you hold the flashlight at an angle (if the wall “leans out” of the beam), then the spot
of light is more spread out. Like the straight-on light, the sunlight in June is more direct
and intense in the Northern Hemisphere, and hence more effective at heating.

The second effect has to do with the length of time the Sun spends above the
horizon. Even if you’ve never thought about astronomy before, we’re sure you have
observed that the hours of daylight increase in summer and decrease in winter. Let’s
see why this happens.

An equivalent way to look at our path around the Sun each year is to pretend that
the Sun moves around Earth (on a circle called the ecliptic). Because Earth’s axis is
tilted, the ecliptic is tilted by about 23.5° relative to the celestial equator. As a result,
where we see the Sun in the sky changes as the year wears on. In June, the Sun is north
of the celestial equator and spends more time with those who live in the Northern
Hemisphere. It rises high in the sky and is above the horizon in the United States for
as long as 15 hours. Thus, the Sun not only heats us with more direct rays, but it also
has more time to do it each day.

The Northern Hemisphere’s gain is the Southern Hemisphere’s loss. There the
June Sun is low in the sky, meaning fewer daylight hours. In Chile, for example, June
Is a colder, darker time of year. In December, when the Sun is south of the celestial
equator, the situation is reversed.

CHANGING SEASONS ON EARTH

Fig. 1. Changing seasons on Earth
(https:// www.alamy.com/ stock-photo/ earth-orbit-sun-seasons.html?sortBy=relevant)

Many early cultures scheduled special events around the summer solstice to
celebrate the longest days and thank their gods for making the weather warm. This
required people to keep track of the lengths of the days and the northward trek of the
Sun in order to know the right day for the “party.” Now it is the Arctic Circle that has
the 24-hour night and the Antarctic Circle that has the midnight Sun. At latitude 23° S,
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called the Tropic of Capricorn, the Sun passes through the zenith at noon. Days are
longer in the Southern Hemisphere and shorter in the north. In the United States and
Southern Europe, there may be only 9 or 10 hours of sunshine during the day. It is
winter in the Northern Hemisphere and summer in the Southern Hemisphere.

Many cultures that developed some distance north of the equator have a
celebration around December 21 to help people deal with the depressing lack of
sunlight and the often dangerously cold temperatures. Originally, this was often a time
for huddling with family and friends, for sharing the reserves of food and drink, and
for rituals asking the gods to return the light and heat and turn the cycle of the seasons
around. Many cultures constructed elaborate devices for anticipating when the shortest
day of the year was coming. Stonehenge in England, built long before the invention of
writing, is probably one such device.

Picture 2. Stonehenge
(https:// www.istockphoto.com/uk/search/2/image-film?phrase=stonehenge)

In our own time, we continue the winter solstice tradition with various holiday
celebrations around that December date. Halfway between the solstices, on about
March 21 and September 21, the Sun is on the celestial equator. From Earth, it appears
above our planet’s equator and favors neither hemisphere. Every place on Earth then
receives roughly 12 hours of sunshine and 12 hours of night. The points where the Sun
crosses the celestial equator are called the vernal (spring) and autumnal (fall)
equinoxes.

(From https:// openstax.org/ details/books/ astronomy)

Vocabulary
hypothesis [har' pp6.2.51S] rimoresa
tilt [tlt] HaXHJT
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to lean into HAXUJISTUCS

to illuminate [1'lu:.mi.nert] BUCBIT/IIOBATH

flashlight ['fla /. lart] JTIXTapuK

horizon [ha'rar.zon] TOPU30HT

gain [gem] TOCUJICHHS

solstice ['sol.stis] COHIICCTOSIHHS

to huddle ['had.al] 30upaTHcs pa3om

elaborate [i'laeb.or.ot] MafCTEPHO 3pO0JICHUI, PETEIHHO
BUPOOJICHUI

to anticipate [en 'tiS.1.pert] nepea0avYnuTH

hemisphere ["hem.1.sfior] MiBKYJTi

vernal ['v3:.nal] BECHSIHUI

autumnal [ o:"tam.nal] OCIHHIH

equinox UK /'ek.wr.noks/ PIBHOJICHHS

US /'ek.wa.na:ks/

Exercise 1. Answer the following questions

1. What is one of the fundamental facts of life at Earth’s midlatitudes? 2. Do we
divide the year into seasons? 3. What causes seasons? 4. What have some people
believed? 5. Why would two hemispheres have the opposite seasons? 6. Where does
the Northern Hemisphere lean into in June? 7. When does the Earth lean “sideways”?
8. What two effects do we need to consider? 9. What happens when you hold a
flashlight at an angle? 10. What does the second effect have to do with? 11. Why is the
ecliptic tilted? 12. Where is the Sun in June? 13. When is the Sun low in the sky?
14. What did many early cultures do? 15. Where does the Sun pass through the zenith
at noon? 16. Why do people in many cultures have a celebration around December,
21? 17. What can you say about elaborate devices for anticipating the shortest day of
the year? 18. Stonehenge in England is probably one such device, isn’t it? 19. Do we
continue the winter solstice tradition with various holiday celebrations around that
December date? 20. What are the points where the Sun crosses the celestial equator?
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Exercise 2. Find English equivalents in the text

OJIMH 13 PyHIaMeHTaIbHUX (DAKTIB KUTTS, MPOTITOM POKY, pi3HA KIIBKICTh
COHSIYHOTO CBITJIA, pe3yJbTaT 3MIHU BiAcTaHl MK 3emiieto Ta CoHLIeM, CIIPUYUHSITH

3HA4HI 3M1HU B HarpiBaHH1 COHIIS, OTIPIIYBAaTH CUTYAIIlI0, KEPYIOUHid (haKTOp, HaXUJI

3€MHO1 0C1, MPOTATOM POKY, 1] OLIII IPSIMUM KYTOM, BIIHOCHO HEOECHOTO €KBaTOPa,

y [liBHI4HI# miBKyi, BTpaTa MiBACHHOI MiBKYJII, JITHE COHLIECTOSHHS, BIJCTE)XXYBAaTH

TpI/IBaJIiCTB IlHiB, TpOl'[iK Ko3ep0ra, BIIOPATHCA 3 THITIOYOI0 HECTAuyel0 COHSIYHOTI'O

CBITJIAa, Yac MJis CIUIKYBaHHS 3 POJAMHOIO Ta JPY3sIMHU, 3aJ0BIO JI0 BHUHAWJICHHS

MIMCEMHOCT1, HEOECHUI €KBaTOP, BECHSIHE Ta OCIHHE PIBHOCHHSI.

Exercise 3. Match up the half of the sentence on the left with its ending on

the right

1. The seasonal effects

a) for a few minutes longer than 12
hours, and below the horizon for fewer
than 12 hours.

2. As we travel north or south, the
seasons

b) our weather involves the air and water
covering Earth’s surface, and these large
reservoirs do not heat up instantaneously.

3. At the North Pole, all celestial objects
that are north of the celestial equator

c) followed by 6 months of darkness.

4. The Sun is north of the celestial
equator from about March 21 to
September 21,

d) to see a little way “over the horizon.”

5. Each year there are 6 months of
sunshine at each pole,

e) and evening twilight extends until the
Sun sinks more than 18° below the
horizon.

6. In reality, however, the atmosphere
has the curious effect of allowing us

f) so at the North Pole, the Sun rises
when it reaches the vernal equinox and
sets when it reaches the autumnal
equinox.

7. This effect is a result of refraction, the
bending of light

g) are always above the horizon and, as
Earth turns, circle around parallel to it.
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8. Because of this atmospheric refraction
(and the fact that the Sun is not a point of
light but a disk),

h) passing through air or water.

9. In addition, the atmosphere scatters
light and

1) the Sun appears to rise earlier and to
set later than it would if no atmosphere
were present.

10. Astronomers define morning twilight
as beginning when the Sun is 18° below
the horizon,

J) provides some twilight illumination
even when the Sun is below the horizon.

11. At the equinoxes, for example, the
Sun appears to be above the horizon

k) are different at different latitudes on
Earth.

12. The hottest months in the Northern
Hemisphere are July and August. This is

I) become more pronounced, until we
reach extreme cases in the Arctic and

because Antarctic.

Exercise 4. Translate the following sentences into English

1. Pik — oguHuLs Yacy, 3a Ky 3emiisl 3[1IMCHIOE TOBHUM 00epT HaBKk0oJ10 COHIlS
10 ENNTUYHIN TPAEKTOPII.

2. Pix TpuBae 365 ni6 5 ron 48 xB 46 c.

3. Tpaexropist pyxy 3emii HaBkojo COHIII HE € 17€aIbHO KPYTOBOIO, TOMY
KUTBKICTh COHSIYHOI €HEeprii, sika MocsTae MIaHETH, 3MIHIOETHCS TTPOTIATOM POKY, IO
PU3BOUTH JIO SIBUINA 3MiH TP POKY.

4. A pa3om 3 ocobmuBocTAMH (opMmHu 3eMill Ta SBUIIEM HAXWUITy IJIAHETH 0
TUTONITUHU OOEpTaHHS II¢ SIBUIIC MPU3BOJUTH JO BHHUKHEHHS IIUPOTHOI MOSCHOCTI
(3aJIeKHICTh KJIIMATy Bij reorpadiqyHoi MIUPOTH).

5. Takox piunuit pyx 3emMiii IpU3BOJIUTH 0 3MIHU MOJyAeHHOT BUCOTH COHIlS
HaJ TOPU30HTOM IPOTSITOM POKY.

6. ®opma 3emiti — reoin (Kyssi, NPUILTIOCHYTA Ha MOJTI0CAX).

7. 3eMHa BiCh HaXWJICHA JI0 TUTOIIMHKA OPOITH i1 KyToM 66°33'.

8. CaMe HaxXWJI MPU3BOAUTH J0 3MIHH KIJILKOCTI CBITJIA, OJICPIKYBAHOTO TIEHO YU
1HIIIO0 MIBKYJICIO MPOTSITOM POKY, OCKIJIBKH OJ[HA MIBKYJIS TUTAHETH O1IbIIe
OCBITJIIOETHCS, HIXK 1HIIIA.

9. Sk HacmigoOK, HA OUTBIIII YaCTHHI IJIAHETH B1IOYBa€ThCA 3MiHA KIIIMATy
IIPOTSATOM POKY.
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10. Yac, xonu ozHa 3 MiBKyJb HailOinbIie ooepHeHa 10 CoHILs, HA3UBAETHCS
COHICCTOAHHSM.
(From https:// geography.ed-era.com/nauka_geografiya/ ruh_zemli_u_kosmos/
rychnyu_ruh_zemli)
Exercise 5. Read the following interesting pieces of information. Share
your opinion with the classmates

Seasonal changes influence animal behavior, migration patterns, and
reproduction cycles. Many animals, for example, hibernate in the winter to preserve
energy, while others move to warmer climates.

Some animals, such as deer, mate in the fall to prepare for breeding in the spring.
The shifting of the seasons can also affect animal food sources, threatening their
existence.

(https:// www.havefunwithhistory.com/ facts-about-the-seasons/)

Speaking
e Speak about seasons.
e Speak about seasonal festivities and rituals.
e Speak about how seasons have an impact on our lives.

Unit 5.
I. Read and translate the text. Learn the new vocabulary
Eclipses of the Sun and Moon

One of the coincidences of living on Earth at the present time is that the two
most prominent astronomical objects, the Sun and the Moon, have nearly the same
apparent size in the sky. Although the Sun is about 400 times larger in diameter than
the Moon, it is also about 400 times farther away, so both the Sun and the Moon have
the same angular size—about 1[2°. As a result, the Moon, as seen from Earth, can
appear to cover the Sun, producing one of the most impressive events in nature. Any
solid object in the solar system casts a shadow by blocking the light of the Sun from a
region behind it. This shadow in space becomes apparent whenever another object
moves into it. In general, an eclipse occurs whenever any part of either Earth or the
Moon enters the shadow of the other. When the Moon’s shadow strikes Earth, people
within that shadow see the Sun at least partially covered by the Moon; that is, they
witness a solar eclipse. When the Moon passes into the shadow of Earth, people on the
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night side of Earth see the Moon darken in what is called a lunar eclipse. Let’s look at
how these happen in more detail.

Full moon

e j%;_ég.,./’ (as seen

from Earth)

Figure 1. Geometry of a Lunar Eclipse.
(The Moon is shown moving through the different parts of Earth’s
shadow during a total lunar eclipse. Note that the distance the Moon
moves in its orbit during the eclipse has been exaggerated here for
clarity).

(https://courses.lumenlearning.com/suny-astronomy/chapter/eclipses-of-the-sun-and-moon/)
The shadows of Earth and the Moon consist of two parts: a cone where the
shadow is darkest, called the umbra, and a lighter, more diffuse region of darkness
called the penumbra. As you can imagine, the most spectacular eclipses occur when an

object enters the umbra.

If the path of the Moon in the sky were identical to the path of the Sun (the
ecliptic), we might expect to see an eclipse of the Sun and the Moon each month—
whenever the Moon got in front of the Sun or into the shadow of Earth. However, as
we mentioned, the Moon’s orbit is tilted relative to the plane of Earth’s orbit about the
Sun by about 5° (imagine two hula hoops with a common center, but tilted a bit). As a
result, during most months, the Moon is sufficiently above or below the ecliptic plane
to avoid an eclipse. But when the two paths cross (twice a year), it is then “eclipse
season” and eclipses are possible.

The apparent or angular sizes of both the Sun and Moon vary slightly from time
to time as their distances from Earth vary. Much of the time, the Moon looks slightly
smaller than the Sun and cannot cover it completely, even if the two are perfectly
aligned. In this type of “annular eclipse,” there is a ring of light around the dark sphere
of the Moon. However, if an eclipse of the Sun occurs when the Moon is somewhat
nearer than its average distance, the Moon can completely hide the Sun, producing a
total solar eclipse. Another way to say it is that a total eclipse of the Sun occurs at those
times when the umbra of the Moon’s shadow reaches the surface of Earth.
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If the Sun and Moon are properly aligned, then the Moon’s darkest shadow
intersects the ground at a small point on Earth’s surface. Anyone on Earth within the
small area covered by the tip of the Moon’s shadow will, for a few minutes, be unable
to see the Sun and will witness a total eclipse. At the same time, observers on a larger
area of Earth’s surface who are in the penumbra will see only a part of the Sun eclipsed
by the Moon: we call this a partial solar eclipse. Between Earth’s rotation and the
motion of the Moon in its orbit, the tip of the Moon’s shadow sweeps eastward at about
1500 kilometers per hour along a thin band across the surface of Earth. The thin zone
across Earth within which a total solar eclipse is visible (weather permitting) is called
the eclipse path. Within a region about 3000 kilometers on either side of the eclipse
path, a partial solar eclipse is visible. It does not take long for the Moon’s shadow to
sweep past a given point on Earth. The duration of totality may be only a brief instant;
it can never exceed about 7 minutes.

}
,‘

@)

1 2 3 a
(b)

Figure 2. Solar Eclipse. (a) The shadow cast by a spherical
body (the Moon, for example) is shown. Notice the dark umbra
and the lighter penumbra. Four points in the shadow are
labeled with numbers. In (b) you see what the Sun and Moon
would look like in the sky at the four labeled points. At position
1, you see a total eclipse. At positions 2 and 3, the eclipse is
partial. At position 4, the Moon is farther away and thus
cannot cover the Sun completely; a ring of light thus shows
around the Sun, creating what is called an “annular” eclipse.
(https://courses.lumenlearning.com/suny-astronomy/chapter/eclipses-of-the-sun-and-moon/)

What can you see if you are lucky enough to catch a total eclipse? A solar eclipse
starts when the Moon just begins to silhouette itself against the edge of the Sun’s disk.
A partial phase follows, during which more and more of the Sun is covered by the
Moon. About an hour after the eclipse begins, the Sun becomes completely hidden
behind the Moon. In the few minutes immediately before this period of totality begins,
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the sky noticeably darkens, some flowers close up, and chickens may go to roost. As
an eerie twilight suddenly descends during the day, other animals (and people) may get
disoriented. During totality, the sky is dark enough that planets become visible in the
sky, and usually the brighter stars do as well. As the bright disk of the Sun becomes
entirely hidden behind the Moon, the Sun’s remarkable corona flashes.

Eclipse
path

Figure 3. Geometry of a Total Solar Eclipse. The Sun is drawn at lower left and the Earth at
upper right. Surrounding the Earth is a blue circle for the Moon’s orbit, with the Moon drawn
at a point directly between the Sun and Earth. The Earth’s shadow is a dark grey cone
extending from the night side of Earth toward the upper right, away from the Sun. The Moon’s
shadow is a dark grey cone extending from the night side of the Moon away from the Sun to a
point on Earth’s surface labeled
(https://courses.lumenlearning.com/suny-astronomy/chapter/eclipses-of-the-sun-and-moon/)

The total phase of the eclipse ends, as abruptly as it began, when the Moon
begins to uncover the Sun. Gradually, the partial phases of the eclipse repeat
themselves, in reverse order, until the Moon has completely uncovered the Sun.

Figure 3. The Sun’s Corona. The corona (thin outer atmosphere) of the Sun is visible during a
total solar eclipse. (It looks more extensive in photographs than it would to the unaided eye.)
(credit: modification of work by Lutfar Rahman Nirjhar)
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(https://courses.lumenlearning.com/suny-astronomy/chapter/eclipses-of-the-sun-and-moon/)

We should make one important safety point here: while the few minutes of the
total eclipse are safe to look at, if any part of the Sun is uncovered, you must protect
your eyes with safe eclipse glasses or by projecting an image of the Sun (instead of
looking at it directly).

(From https:// openstax.org/ details/books/ astronomy)

Vocabulary

apparent [o per.ant]

a lunar eclipse ['lTu:.nor 1'Klips]

OYEBUIHUU

MICSYHE 3aTEMHEHHS

a cone [koaon] KOHYC

umbra ['am.bra] TiHb

diffuse [d1'fju:z] auQy3HUH
penumbra [p1'nam.brsg] MiBTIHB

plane [plein] TUTOIIIMHA
hula hoop [ hu:.ls hu:p] o0pyu

to vary ['vea.ri] BapiroBaTH
aligned [2'laind] BUPIBHSHI

to intersect [ in.to'sekt] TIePEeTUHATHCS

eclipse path [1'klips pa:6]

OUIAX 3aTCMHCHHA

instant ['1n.stant] MHTTEBUI

to exceed [ik'si:d] HICPEBUIIYBaTH
spectacular [spek taek.ja.lor] BHJIOBUIITHUI
to brag about [brag o 'baut] XBAJIUTHUCS

to silhouette [ sil.u'et]

edge [ed3]
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totality [tou 'teel.a.ti] MOBHE 3aTEMHEHHS, (ha3a MOBHOTO

3aTCMHCHHAA
to roost [ru:st] cijiaTy Ha ciman
eerie twilight ['1o.ri "twar.lart] MOTOPOIIIHI CyTiHKH
to descend [di'send] CITyCKaTHUCS
corona [ka'rau.na] plural COHSTYHA KOpOHA
coronae uk [-ni:]
to flash flaf] OmuMaTH

Exercise 1. Answer the following questions

1. What do the Sun and the Moon have? 2. Why can the Moon be seen from
Earth? 3. What does any solid object in the solar system do? 4. When does this shadow
in space become apparent? 5. When can people see the Sun at least partially covered
by the Moon? 6. What is called “a lunar eclipse’? 7. What does the shadow of Earth
and the Moon consist of? 8. When do the most spectacular eclipses occur? 9. How is
the Moon’s orbit is tilted relative to the plane of Earth’s orbit? 10. What is the result of
it? 11. What happens when the two paths cross? 12. Why does the Moon look slightly
smaller than the Sun? 13. When can the Moon completely hide the Sun? 14. When does
the total eclipse of the Sun occur? 15. When does the Moon’s darkest shadow intersect
the ground at a small point on Earth’s surface? 16.What do we call a partial solar
eclipse? 17. What does the tip of the Moon’s shadow do? 18. What is called the eclipse
path? 19. Where is a partial solar eclipse visible? 20. What is the duration of totality?
21. When does the solar eclipse start? 22. What happens during the period of totality?
23. When does the Sun’s remarkable corona flash? 24. When does the total phase of
eclipse end? 25. What is one important safety point here?

Exercise 2. Find English equivalents in the text

JIBa HAWBUAATHIIIMX ACTPOHOMIYHUX 00’€KTa, MaTH OJHAKOBUU BUAUMHUI
pO3Mip, MaTH OAHAKOBUN KyTOBHM po3mip, 3akpuBatu COHIlE, CITOCTEPIraTh COHSIYHE
3aTEeMHEHHS, MICSYHE 3aTEeMHEHHS, po3CisiHa 00JacTh TEMpPSBU, OAYUTH 3aTEMHEHHS
Conns ta Micsiist moMicais, YHUKHYTH 3aT€MHEHHS, MOBHICTIO OXOMHTH, JOCSTTH
noBepXHI 3emull, OyTH MNpaBUIBHO BHUPIBHIHUM, YACTKOBE COHAYHE 3aT€MHEHHS,
obepranHs 3emii, pyx Micsus 1o #oro opOiTi, MEPEeBUIIUTH, 3JIOBUTH TOBHE
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3aTCMHCHHS, BHUMAOJILOBYBATUCA TIPOTH Kparw JHCKa COHI_ISI, CTaTH TIOBHICTIO

CXOBaHUM, 3aKIHYUTHCA PanToBo, Biakputu CoHile, 6e3MedHi OKyIsIpH.

Exercise 3. Match up the half of the sentence on the left with its ending on

the right

1. The corona is the Sun’s outer
atmosphere, consisting of sparse gases

a) so at the Moon’s distance (an average
of 384,000 kilometers), it could cover
about four full moons.

2. Only when the brilliant glare from
the Sun’s visible disk is blotted out by
the Moon during a total eclipse

b) lunar eclipses are observed far more
frequently from a given place on Earth
than are solar eclipses.

3. A lunar eclipse occurs

C) its umbra is larger, so that lunar
eclipses last longer than solar eclipses.

4, Earth’s dark shadow 1s about 1.4
million kilometers long,

d) making the darkening even more
dramatic.

5. Because a lunar eclipse can be seen
(weather permitting) from the entire
night side of Earth,

e) when the Moon enters the shadow of
Earth.

6. But because Earth is larger than the
Moon,

f) the pearly white corona is visible.

7. The Moon is opposite the Sun,
which means the Moon will be in full
phase before the eclipse,

g) and the sequence of events is
reversed.

8. About 20 minutes before the Moon
reaches the dark shadow,

h) how closely the Moon’s path
approaches the axis of the shadow.

9. As the Moon begins to dip into the
shadow,

1) each partial phase consumes at least 1
hour, and totality can last as long as 1
hour and 40 minutes.

10. After totality, the Moon moves out
of the shadow

j) that extend for millions of miles in all
directions from the apparent surface of
the Sun.

11. The total duration of the eclipse
depends on

K) it dims somewhat as Earth partly
blocks the sunlight.

12. For an eclipse where the Moon goes
through the center of Earth’s shadow,

I) the curved shape of Earth’s shadow
upon it soon becomes apparent.
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Exercise 4. Translate the following sentences into English

1. IToBHe 3aTeMHEHHS BIIOYBA€THCS, SIKIO MicCSIp MOTpAIIsie y TiHb 3eMIll
MOBHICTIO, COHSYHE IPOMIHHS YIPOJOBXK IIEBHOIO 4Yacy B3arajl He IMOTparuisie
0e31ocepeIHbO A0 HOTO MOBEPXHI.

2. Ilix yac Takoro 3aTeMHEHHS MOBepXHs Micsls cTae TEMHO-YEPBOHOIO, aje
Micsip He 3HUKA€E MOBHICTIO.

3. eMHO-uepBOHE 3a0apBIICHHS 3yMOBJICHE CIAOKUM CBITIIOM, SIKE PO3CIFOETHCS
Kpi3b aTMochepy 3emii.

4. Tlpupona 1pOTO SBUINA TOII0HA IO IPUPOIH 3arPaBH, 3aBISKH SKiid HEOO €
YEPBOHUM JICAKUI Yyac micis 3axoay 1 10 cxoxy CoHIsl.

5. s OL[IHKH SICKPaBOCTI Micsis M1 qac 3aTEMHEHHS
BUKOPHCTOBYETHCS MIKayia JlaHKOHa.

6. HacTkoBe 3aTeMHEHHsI HAcTa€, KOJW y TiHb IOTPAIUISIE JIUIIEC YacTHHA
Micsus.

7. Ilpu TakoMy THITi 3aTEMHEHHSI, HaBITh B MaKCUMaJIbHIH (pa3i, yactrHa Micsis
JIMIIIAE€THCS B MIBTiHI, 1 OCBITJIFOETHCS IPSIMUMU COHSTYHUMHU MPOMEHSIMHU.

8. dkmo Micsup 3axXOOMTh TIALKM [0 HAImIBTIHI 3eMil, 3aTeMHEHHS
HA3UBaIOTh MIBTIHHOBUM.

9. Taki 3aTeMHEHHS MAaJIONOMITHI ¥ iX (IKCYHOTh JuIe 3a JOMOMOTOIO
puIaaiB.

10. TpuBamicTs TOBHOrO 3aTeMHEHHS Micsamsl Moke OyTH pi3HOIO,
Haioapire — 1 roguaa 40 XBUIKH.

(From https://uk.wikipedia.org/wiki/Micsaune _3amemmentsi)

Exercise 5. Read the following interesting pieces of information. Share
your opinion with the classmates

e A solar eclipse occurs when the Sun, the Moon, and Earth are aligned, or in

Syzygy.
e A solar eclipse only happens at New Moon.
o Eclipse totalities are different lengths.
(https://www.astronomy.com/observing/25-facts-you-should-know-about-the-
total-solar-eclipse-on-april-8-2024/)
Speaking

e Speak about the Sun and the Moon eclipses.
e Speak about myths of eclipses.
e Speak about types of solar eclipses.
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Unit 6.
I. Read and translate the text. Learn the new vocabulary
The Behavior of Light

Coded into the light and other kinds of radiation that reach us from objects in the
universe is a wide range of information about what those objects are like and how they
work. If we can decipher this code and read the messages it contains, we can learn an
enormous amount about the cosmos without ever having to leave Earth or its immediate
environment. The visible light and other radiation we receive from the stars and planets
IS generated by processes at the atomic level—by changes in the way the parts of an
atom interact and move. Thus, to appreciate how light is generated, we must explore
how atoms work. There is a bit of irony in the fact that in order to understand some of
the largest structures in the universe, we must become acquainted with some of the
smallest. Notice that we have twice used the phrase “light and other radiation.” One of
the key ideas is that visible light is not unique; it is merely the most familiar example
of a much larger family of radiation that can carry information to us. In everyday
language, “radiation” is often used to describe certain kinds of energetic subatomic
particles released by radioactive materials in our environment. (An example is the kind
of radiation used to treat some cancers.) But this is not what we mean when we use the
word “radiation” in an astronomy text. Radiation, as used in this book, is a general term
for waves (including light waves) that radiate outward from a source. Newton’s theory
of gravity accounts for the motions of planets as well
as objects on Earth. Application of this theory to a
variety of problems dominated the work of scientists
for nearly two centuries. In the nineteenth century,
many physicists turned to the study of electricity and
magnetism, which are intimately connected with the
production of light. The scientist who played a role in
this field comparable to Newton’s role in the study of
gravity was physicist James Clerk Maxwell, born and
educated in Scotland (Figure 1).

Fig.1. James Clerk Maxwell (1831-1879)

(https://www.researchgate.net/figure/
Portrait-of-James-Clerk-Maxwell-)

Inspired by a number of ingenious experiments that showed an intimate
relationship between electricity and magnetism, Maxwell developed a theory that

describes both electricity and magnetism with only a small number of elegant
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equations. It is this theory that gives us important insights into the nature and behavior
of light.

James Clerk Maxwell showed that whenever charged particles change their
motion, as they do in every atom and molecule, they give off waves of energy. Light is
one form of this electromagnetic radiation. The wavelength of light determines the
color of visible radiation. Wavelength (1) is related to frequency (f) and the speed of
light (c) by the equation ¢ = Af. Electromagnetic radiation sometimes behaves like
waves, but at other times, it behaves as if it were a particle—a little packet of energy,
called a photon. The apparent brightness of a source of electromagnetic energy
decreases with increasing distance from that source in proportion to the square of the
distance—a relationship known as the inverse square law.

Inverse Square Law

=3

SOURCE

Intensity =

Fig.2. Visual propagation of light following the inverse square law
(https://www.researchgate.net/figure/Visual-propagation-of-light-following-the-inverse-square-
law fig2 320926645)

The electromagnetic spectrum consists of gamma rays, X-rays, ultraviolet
radiation, visible light, infrared, and radio radiation. Many of these wavelengths cannot
penetrate the layers of Earth’s atmosphere and must be observed from space, whereas
others—such as visible light, FM radio and TV—can penetrate to Earth’s surface. The
emission of electromagnetic radiation is intimately connected to the temperature of the
source. The higher the temperature of an idealized emitter of electromagnetic radiation,
the shorter is the wavelength at which the maximum amount of radiation is emitted.
The mathematical equation describing this relationship is known as Wien’s law: Amax
= (3 x 10°)/T. The total power emitted per square meter increases with increasing
temperature. The relationship between emitted energy flux and temperature is known
as the Stefan-Boltzmann law: F = 6T 4 .

Spectroscopy in Astronomy. A spectrometer is a device that forms a spectrum,
often utilizing the phenomenon of dispersion. The light from an astronomical source
can consist of a continuous spectrum, an emission (bright line) spectrum, or an
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absorption (dark line) spectrum. Because each element leaves its spectral signature in
the pattern of lines we observe, spectral analyses reveal the composition of the Sun and
stars.

When electrons move from a higher energy level to a lower one, photons are
emitted, and an emission line can be seen in the spectrum. Absorption lines are seen
when electrons absorb photons and move to higher energy levels. Since each atom has
its own characteristic set of energy levels, each is associated with a unique pattern of
spectral lines. This allows astronomers to determine what elements are present in the
stars and in the clouds of gas and dust among the stars. An atom in its lowest energy
level is in the ground state. If an electron is in an orbit other than the least energetic
one possible, the atom is said to be excited. If an atom has lost one or more electrons,
it is called an ion and is said to be ionized. The spectra of different ions look different
and can tell astronomers about the temperatures of the sources they are observing.

If an atom is moving toward us when an electron changes orbits and produces a
spectral line, we see that line shifted slightly toward the blue of its normal wavelength
in a spectrum. If the atom is moving away, we see the line shifted toward the red. This
shift is known as the Doppler effect and can be used to measure the radial velocities of
distant objects.

(From https://openstax.org/details/books/astronomy)

Vocabulary
to decipher [dr'sar.far] po3mudpyBaru
to become acquainted 03HAHOMHUTHUCH

[br'kam o'kwein.tid]

unique [ju: ni:k] YHIKaJIbHAN
outward ['aot.wad] HA30BHI

to account for BITHOCUTHCS 110
ingenious [n'd3i:.ni.as] reHiaTbHUHT
flux [flaks] MOTIK
dispersion [dr'sp3:.fan] JHCIIepCis
radical ['reed.1.kal] panuKanbHAN
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Exercise 1. Answer the following questions

1. How is the visible light and other radiation we receive from the stars and
planets generated? 2. Is the visible light unique? 3. How is the word “radiation” used
in everyday language? 4. Does it have the same meaning in an astronomy text? 5. What
does Newton’s theory of gravity account for? 6. When did many physicists turn to the
study of electricity and magnetism? 7. Who played a role in this field comparable to
Newton’s role in the study of gravity? 8. What did Maxwell develop? 9. What does
Maxwell’s theory give us? 10. What did James Clerk Maxwell show? 11. What is light?
12. What does the wavelength of light determine? 13. How does electromagnetic
radiation behave? 14. What is a relationship known as the inverse square law? 15. What
does electromagnetic spectrum consist of? 16. How can many of these wavelengths be
observed? 17. What is intimately connected to the temperature of the source? 18. What
1s known as Wien’s law? 19. What is the relationship between emitted energy flux and
temperature? 20. What is a spectrometer? 21. What can the light from an astronomical
source consist of? 22. What do spectral analyses reveal? 23. When are photons emitted?
24. What is associated with a unique pattern of spectral lines? 25. What does the
spectral analysis allow astronomers to determine? 26. When is an atom said to be
excited? 27. What is called an ion? 28. What can the spectra of different ions tell
astronomers? 29.When is the line shifted slightly toward the blue of its normal
wavelength in a spectrum? 30. What can Doppler effect be used to measure?

Exercise 2. Find English equivalents in the text

IIUPOKHH CIIeKTp iHDOopMarii, 6e3mocepesHE OTOUEHHS, SIK TCHEPYETHCS CBITIIO,
HAWOUIBIN CTPYKTYypH y BcecBiTi, onmcatu MeBHI BUAM €HEPTETUIHUX CyOaTOMHHUX
YaCTUHOK, TOSICHEHHS Teopii TpaBiTailii, pi3HOMAaHITHI MpoOJeMH, BHUBUYEHHS
rpaBiTailii, po3poOUTH TEOPIIO, JIMIIIE 3 HEBEIUKOI KUIBKICTIO €JIETaHTHUX PIBHSHB,
BAXJIMBI B1JIOMOCTEH NpO MPUPOJY Ta MOBEAIHKY CBITJIa, BUIPOMIHIOBAHHS XBHJIb
eHeprii, BU3HAYEHHS KOJIbOPY BUJMMOIO BHUIIPOMIHIOBaHHS, 3aKOH OOEpPHEHUX
KBaJIpaTiB, MPOHUKHEHHS B IIApH 3€MHOI aTMocdepH, BUKOPHCTOBYBATH SIBUIIC
mucnepcii, BusiButh ckinan COHI Ta 31pOK, IEPEHTH 0 BUIUX CHEPTETUIHUX PIBHIB,
YHIKaJIbHUIA MAJTIOHOK CTIEKTPAIbHUX JIiHIN, Y XMapax ra3y Ta muiIy cepea 31ipokK, OyTH
10HI30BaHUM, CHEKTPU PI3HUX 10HIB, TPOXM 3MILIYBaTH, BHUMIPIOBAaTH pajialibHi
IIBUIKOCTI BIAJAJIEHUX 00’ €KTIB.
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Exercise 3. Match up the half of the sentence on the left with its ending on

the right

1.Lightis

of a
optical

a) beginning in the 1600s,
practical science of optics and
instrument design.

2.The speed of light in a vacuum is

b) with electromagnetic radiation of a
certain range of wavelengths visible to
the human eye.

3.A rainbow is formed

c) electromagnetic radiation that can be
detected by the human eye.

4.Light from the Sun warms the Earth,
drives global weather patterns, and

d) and temporal information.

5.1n physics colour is associated
specifically

e) a fundamental physical constant, and
the currently accepted value is
299,792,458 metres per second, or about
186,282 miles per second.

6. Light transmits spatial

f) initiates the life-sustaining process of
photosynthesis; about 1022 joules of
solar radiant energy reach Earth each
day.

7. In most everyday circumstances, the
properties of light

g) when sunlight is refracted by spherical
water droplets in the atmosphere; two
refractions and one reflection, combined
with the chromatic dispersion of water,
produce the primary arcs of colour.

8. At that level aquantum theory is
needed

h) can be derived from the theory of
classical electromagnetism, in  which
light IS described as
coupled electric and magnetic

fields propagating through space as a
traveling wave.

9. A detailed understanding of the nature
of light was not needed for the
development,

1) the apparent frequency of sound waves
from an approaching source is greater
than the frequency emitted by the source
and that the apparent frequency of a
receding source is lower.
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10. The basic element in

geometrical optics is

J) to explain the characteristics of light
and to explain the interactions of light
with atoms and molecules.

11. Through his careful investigation
of the refraction of white light as it
passed through a glass prism, Newton
was famously credited with

k)the  light ray, ahypothetical
construct that indicates the direction of
the propagation of light at any point in
space.

12. In 1842 Austrian
physicist Christian Doppler established

I) the discovery that white light consists
of a spectrum of colours.

that

Exercise 4. Translate the following sentences into English

1. Bci mxepena CBiTIa BUIPOMIHIOIOTH O€3KOJIBOPOBI IMy4YKH MPOMEHIB, SIKi
JIFOIMHA HAa3WBaE CBITIIOM.

2. CBITIO — 1€ €NIeKTPOMArHiTHI XBHJII BHUIUMOTO CIEKTpPYy. Y BHUIUMUIN
Jiara3oH BXOJATh €IEKTPOMArHITHI XBWJII 1O COPUIMAIOTHCS JIFOJCHKUM OKOM, II€
BKJIaJIa€Thesl B iHTepBai yactor 7,5x1014 — 4x1014 ' 1 qoBxkuny xBuii Big 390 mo
750 HaHOMETPIB.

3. Y ¢i3uri TepMiH «CBITJIO» OXOIUTIOE Iie 1H(paYepBOHI Ta yIbTpadioneToBi
00J1acTi CIEKTPY.

4.V XVII croniTri BUHUKAE TeplIa HayKoOBa TEOpis, SKa TMOSCHIOE, SIK
PO3KIIaaeThCs CBITIIO HA KOJILOPOBUIA criekTp. Ll Teopist akTyanbHa i 10 choroHi. i
po3poonukom OyB I. Huioron (1642-1726) — oawn 3 HaWBWAATHIMUX (i3UKiB 1
MaTeMaTHKiB ernoxu [IpocBiTHUIITBA.

5. PO3rasiHYBIIM CIIEKTP COHAYHOTO IPOMEHIO, MOXHA Y HbOMY PO3PI3HHUTH CiM
KOJIBOPIB, SKI TUIABHO MEPEXOJSATh OJUH Y JAPYTH: YepBOHUHN, OpaH)KEBUH, )KOBTHIA,
3CJICHUH, OJJAKUTHUM, CHHIH 1 ()10JICTOBHUH.

6. Byno BcTaHOBIEHO MO KOJHOPH CHEKTPY 3aBXKAM 3HAXOISATHCSA Yy TIEBHIM
HOCJIITOBHOCTI.

7. CBITJIOBHI MOTIK — 1€ YaCTHHA MOTOKY MPOMEHIB, SIKa COPUIMAETHCS
JIIOJTMHOIO SIK CBITJIO 1 XapaKTEPU3YETHCS MOTYKHICTIO CBITJIOBOI'O BUITPOMIHIOBAHHSI.

8. Cuna cBiTJIa — 11e HIIJIbHICTh CBITJIOBOTO MOTOKY 1 MMPOCTOPI.

9. OcBITJIEHICTH — I1€ HIUIBHICTH CBITJIa HAa MMOBEPXHI 00’ €KTA.

10. SlckpaBicTh — 11€ BiIHOIICHHS CHJIA CBITJIA JI0 TIJIAIIl MTOBEPXHI.
(From https://suzirya.org/2020/14/philosophy/480)
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Exercise 5. Read the following interesting pieces of information. Share
your opinion with the classmates

e The Greek philosopher was not completely wrong. Like all living things,
humans are bioluminescent: We glow. We are brightest during the afternoon, around
our lips and cheeks. The cause may be chemical reactions involving molecular
fragments known as free radicals.

e Bioluminescence is the largest source of light in the oceans; 90 percent of
all creatures who live below about 1,500 feet are luminous.

e World War Il aviators used to spot ships by the bioluminescence in their
wakes. In 1954 Jim Lovell (later the pilot of Apollo 13) used this trick to find his
darkened aircraft carrier.

(https://www.discovermagazine.com/the-sciences/20-things-you-didnt-know-

about-light)

Speaking

e Speak about the behavior of light.
e Speak about the radiation and spectra.
e Speak about spectroscopy in astronomy.

Unit 7.
I. Read and translate the text. Learn the new vocabulary
Telescopes

There are three basic components of a modern system for measuring radiation
from astronomical sources. First, there is a telescope, which serves as a “bucket” for
collecting visible light (or radiation at other wavelengths).

Just as you can catch more rain with a garbage can than with a coffee cup, large
telescopes gather much more light than your eye can. Second, there is an instrument
attached to the telescope that sorts the incoming radiation by wavelength. Sometimes
the sorting is fairly crude. For example, we might simply want to separate blue light
from red light so that we can determine the temperature of a star. But at other times,
we want to see individual spectral lines to determine what an object is made of, or to
measure its speed. Third, we need some type of detector, a device that senses the
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radiation in the wavelength regions we have chosen and permanently records the
observations.

The history of the development of astronomical telescopes is about how new
technologies have been applied to improve the efficiency of these three basic
components: the telescopes, the wavelength-sorting device, and the detectors. Let’s
first look at the development of the telescope. Many ancient cultures built special sites
for observing the sky (Figure 1).

At these ancient observatories, they could measure the positions of celestial
objects, mostly to keep track of time and date. Many of these ancient observatories had
religious and ritual functions as well. The eye was the only device available to gather
light, all of the colors in the light were observed at once, and the only permanent record
of the observations was made by human beings writing down or sketching what they
saw.

Fig.1. Machu Picchu is a fifteenth century Incan site located in Peru.
(https://unsplash.com/s/photos/machu-picchu)

While Hans Lippershey, Zaccharias Janssen, and Jacob Metius are all credited
with the invention of the telescope around 1608—applying for patents within weeks of
each other—it was Galileo who, in 1610, used this simple tube with lenses (which he
called a spyglass) to observe the sky and gather more light than his eyes alone could.
Even his small telescope—used over many nights—revolutionized ideas about the
nature of the planets and the position of Earth.

Telescopes have come a long way since Galileo’s time. Now they tend to be
huge devices; the most expensive cost hundreds of millions to billions of dollars. The
reason astronomers keep building bigger and bigger telescopes is that celestial
objects—such as planets, stars, and galaxies—send much more light to Earth than any
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human eye (with its tiny opening) can catch, and bigger telescopes can detect fainter
objects. The most important functions of a telescope are (1) to collect the faint light
from an astronomical source and (2) to focus all the light into a point or an image. Most
objects of interest to astronomers are extremely faint: the more light we can collect, the
better we can study such objects. Telescopes that collect visible radiation use a lens or
mirror to gather the light. Other types of telescopes may use collecting devices that
look very different from the lenses and mirrors with which we are familiar, but they
serve the same function. In all types of telescopes, the light-gathering ability is
determined by the area of the device acting as the light-gathering “bucket.” Since most
telescopes have mirrors or lenses, we can compare their light-gathering power by
comparing the apertures, or diameters, of the opening through which light travels or
reflects. The amount of light a telescope can collect increases with the size of the
aperture. A telescope with a mirror that is 4 meters in diameter can collect 16 times as
much light as a telescope that is 1 meter in diameter. (The diameter is squared because
the area of a circle equals nd 2 /4, where d is the diameter of the circle.)

After the telescope forms an image, we need some way to detect and record it so
that we can measure, reproduce, and analyze the image in various ways. Before the
nineteenth century, astronomers simply viewed images with their eyes and wrote
descriptions of what they saw. This was very inefficient and did not lead to a very
reliable long-term record; you know from crime shows on television that eyewitness
accounts are often inaccurate. In the nineteenth century, the use of photography became
widespread. In those days, photographs were a chemical record of an image on a
specially treated glass plate. Today, the image is generally detected with sensors similar
to those in digital cameras, recorded electronically, and stored in computers. This
permanent record can then be used for detailed and quantitative studies. Professional
astronomers rarely look through the large telescopes that they use for their research.

Astronomers and engineers are working on the technologies that will allow us to
explore even more distant parts of the universe and to see them more clearly (Fig.2).
These powerful new instruments will enable astronomers to tackle many important
astronomical problems. For example, they should be able to tell us when, where, and
how often planets form around other stars.
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Fig.2. Webb’s telescope structure fully deployed in the clean room at NASA
Goddard. Credit: NASA, Chris Gunn.

(https://webbtelescope.org/news/milestones/mission-
timeline#:~:text=Construction%200n%20Webb%20began%20in,testing%20to%20meet%20require
d%20specifications)
They should even be able to provide us images and spectra of such planets and
thus, perhaps, give us the first real evidence (from the chemistry of these planets’

atmospheres) that life exists elsewhere.

(From https://openstax.org/details/books/astronomy)

Vocabulary
to measure ['me3.or] BUMIPIOBATH
bucket ['bak.it] BiJIpO
garbage ['ga:.bid3] CMITTS
crude [kru:d] HEIPOAyMaHU

to be credited with

BITHOCHUTH JI0 YUIXOCh JOCATHEHD

a spyglass ['spar.gla:s] mig30pHa TpyoOa
fainter [feinta] ciaOkimre
aperture ['ap.oa.tfor] niagparma
inaccurate [m'eak.jo.rat] HETOYHO
quantitative [ 'kwon.tr.ta.trv] KIIBKICHUM

to tackle ['tak.al] BUPIIIyBaTH
evidence ['ev.1.dons] JIOKa3u
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Exercise 1. Answer the following questions

1. What are three basic components of a modern system for measuring radiation
from astronomical sources? 2. What is the history of the development of astronomical
telescopes about? 3. What have many ancient cultures done? 4. What could they do in
the ancient observatories? 5. Did many of these ancient observatories have religious
and ritual functions as well? 6. How were observations made at that time? 7. Who is
credited with the invention of the telescope? 8. What did Galileo do? 9. Have telescopes
come a long way since Galileo’s time? 10. Why do astronomers keep building bigger
and bigger telescopes? 11. What are the most important function of a telescope? 12.
What do telescopes use? 13. What determines the light-gathering ability in telescopes?
14. Does the amount of light a telescope can collect increase with the size of the
aperture? 15. What happens after the telescope form an image? 16. How did early
astronomers analyzed the images? 17. In the nineteenth century photographs were a
chemical record of an image on a specially treated glass plate, weren’t they? 18. How
Is the image detected today? 19. What are astronomers and engineers working
on? 20. What will these powerful instruments enable astronomers to tackle?

Exercise 2. Find English equivalents in the text

BUMIPIOBATH BUIIPOMIHIOBAHHS BiJl aCTPOHOMIUHMX JKEpesl, 30MpaTy BUANME
CBITJIO, 1HCTPYMEHT, NPHUKPIIUICHUH O TeJIECKOmna, COpPTYBaTH  BXIJHE
BUIIPOMIHIOBAHHS 32 JIOBKUHOIO XBWJI1, OyTH TOCUTH TPyOrM, BU3HAYATH TEMIIEPATYPY
3ipKM, TIOCTIMHO 3amMCyBaTH CIOCTEPEXKEHHS, TMOKpallyBaTH e(QEKTUBHICTD,
CTapoJIaBH1 KYJIbTYpH, CIIOCTEpIraTd 3a HEOOM, BUMIPIOBATU MOJIOKEHHS HEOECHUX
00’€KTIB, BUKOHYBAaTU PENITiiiHI 1 puUTyalibHI (YHKIII, MaJlOBaHHS, MPUIHUCYIOThH
BUHAWJICHHS TEJIECKOIA, BUKOPUCTAHHS MPOCTOI TPyOM 3 JIiH3aMH, CIIOCTEpIiraTu 3a
HEOOM, MITBAPIN J0JApiB, MOXKYTh BUSBIISATH ClaOKimn 00’ €KTH, 30MpaTH BHANME
BUIIPOMIHIOBaHHS, BUKOHYBAaTH Ti cami (yHKI1, po3mip amepTyp, BUMIPIOBATH,
BIJITBOPIOBATH Ta aHAN3yBaTH 300pakKeHHS PI3SHUMHU CIOCO0aMU; AyXe HaJIHHHMA
JIOBTOCTPOKOBHH 3amuC, XIMIYHHUH 3aMuC 300pa’KeHHS, MO’KHAa BUKOPUCTOBYBATH JJISI
JETAIbHUX 1 KUIBKICHUX JTOCIIIJIKEHb, BUPIIIEHHS 0ararb0X BaKJIMBUX aCTPOHOMIYHUX
npo0ieM, OTpUMAaTH 300paKeHs 1 CIEKTPH TaKUX TUTAHET.

Exercise 3. Match up the half of the sentence on the left with its ending on
the right

1. A telescope collects the faint light | a) clear weather, dark skies, low water
from astronomical sources vapor, and excellent atmospheric seeing
(low atmospheric turbulence).

2. Light is then directed to a detector, b) by turbulence in Earth’s atmosphere.
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3. The light-gathering power of a

telescope is determined

c) aradio antenna (often a large, curved
dish) connected to a receiver.

4, The site for an astronomical
observatory must be carefully chosen for

d) by the diameter of its aperture, or
opening—that is, by the area of its largest
or primary lens or mirror,

5. The resolution of a visible-light or
infrared telescope is degraded

e) and brings it to a focus, where an
instrument can sort the light according to
wavelength.

6. Visible-light detectors include the

f) are the premier X-ray and gamma-ray
observatories, respectively.

7. A spectrometer disperses the light into
a spectrum

g) human eye, photographic film, and
charge-coupled devices (CCDs).

8. A radio telescope is basically

h) to be recorded for detailed analysis.

9. Infrared observations are made with
telescopes aboard aircraft and in space,

i) as well as from ground-based
facilities on dry mountain peaks.

10. The largest-aperture telescope in
space is the Hubble Space telescope
(HST), the most significant infrared
telescope is Spitzer, and Chandra and
Fermi

J) and a new generation of visible-
light/infrared telescopes with apertures
of 24.5 to 39 meters in diameter.

11. The James Webb Space Telescope, a
6-meter successor to Hubble

K) where a permanent record is made.

12. Astronomers are building the LSST
to observe with an unprecedented field of
view

I) was scheduled for launch in 2018.

Exercise 4. Translate the following sentences into English

1. JIBa OCHOBHUX TPEHJU CY4YacHOI aCTPOHOMII MOJSATAIOTh Y AOCHIKEHH]

€K30IUIAaHET 1 BITAJIEHUX TAJIAKTHK.

2. Y apyroMmy BUIaJKy HEOOX1HI CIIPaB/l BEJIHUKI TEIECKOIMH.

3. Big mkepen cBiTiia, po3TalIOBaHUX Jy>K€ Jajeko, J0 Hac J0JIiTae
HaJA3BUYAWHO Masio (DOTOHIB, TOMY BOHU MalOTh OUTBII ThbMSIHUN BUTJIS, HIXK HEOECH1
TiJ1a MOPIBHIOBAHOI CBITHOCTI, pO3TAIlIOBaHi OJMKUe.

4. I11o6 ix 3apeecTpyBaTH, HEOOXITHO JOBrO HAKOMUYYBAaTH ClAaOKe CBITIIO,
110 i1 B HUX.

5. Jlo Toro »x moBepxHsi, sika MOro “JOBUTH”, MOBUHHA MATU SIKOMOTa OUIbIILY
IOy .
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6. Hubble Bxe HamaB Ham peski IikaBi BIOMOCTI Hpo IIe: came HOMY
HaJeXaTh 300paKEHHS HAMBIJIAJIEHIIINX B1JIOMUX TaJlaKTUK.

/. 3HaXOOUTH HAWOUIBLI paHHI TaJIAKTUKW CKIIAJHO IlI€ W TOMY, 110 BOHU
BiJIJIaJIeH1 B1Jl HAC Ha KOJIOCAJIbHY BIJICTaHb 1 JI0 TOTO % 3a po3MipaMu HabaraTo MeHIIII
HaBIThH 32 KApPJIMKOBI CUCTEMU B HAIIMX HAWOIMKUMUX OKOJIUIISX.

8. [lnst iXHBOTO BUABIICHHSI HEOOXiAHI IHCTPYMEHTH HOBOTO TIOKOJIIHHS, SIK1
BXKE OTPpUMAJM Ha3By ‘‘HAJA3BUUYAWHO BEIUKHUX TEJIECKOMIB”: IXHBOI IMOTYKHOCTI
MOBUHHO BUCTA4MTH, 11100 BUBUUTH OLIBII PaHHIO €MOXYy €BOJIIOIIi BcecBiTy — Kommn
HaWnepIl raJakTUYH1 CTPYKTYPH TUIBKY OYMHAIU (POPMYBATHCS.

9. He Tak BaxJIMBO OTpUMAaTH 300pa’K€HHS HAMBIAJAJICHIIINX TaJaKTUK, SK
MO00AYHUTH PI3HUITIO MK HUIMH — CaM€ 3a TaKUMHU BIIMIHHOCTSIMU MOHa B1JICTCKHUTH,
KOJIM B HUX TMOYUHAIOTHCS mMporecu (OpMyBaHHS 3IpOK, KOJIM caml TallaKTHUKU
MOYHNHAIOTH B3aEMOJIISITH M1 COOOIO TOIIIO.

10. /Ins mporo HEOOXIAHO MOPIBHATH CHEKTPU PIZHUX TalaKTUK 1 iXHIX
YJaCTHH.

(http://www.streetastronomy.com.ua/articles/teleskopy-novogo-pokolinnya-
yakoyu-bude-astronomiya-majbutnogo.html)

Exercise 5. Read the following interesting pieces of information. Share
your opinion with the classmates

« Almost all modern scientific telescopes are networked to the internet,
enabling astronomers to easily access their data and control them remotely.

. Telescopes can be separated in several categories, most notably type of its
mount and electromagnetic spectrum it is observing (Optical, Radio, X-Ray, Gamma-
ray and high-energy particle telescopes).

. Scientific telescopes are not always solitary instruments. They can be built
as large arrays of telescopes that collect visible light or radio signals over large
distances. The most famous telescope observatory of that type is Very Large Array
(VLA) in New Mexico. It has 27 antenae with dish diameters of 25m.

(http://www.historyoftelescope.com/telescope-facts/interesting-facts-about-

telescopes/)

Speaking

e Speak about the history of the development of telescopes.
e Speak about types of telescopes.

e Speak about modern telescopes.
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Unit 8.
I. Read and translate the text. Learn the new vocabulary
Black Holes and Curved Spacetime

Let’s begin with a thought experiment. We want to know what speeds are
required to escape from the gravitational pull of different objects. A rocket must be
launched from the surface of Earth at a very high speed if it is to escape the pull of
Earth’s gravity. In fact, any object—rocket, ball, astronomy book—that is thrown into
the air with a velocity less than 11 kilometers per second will soon fall back to Earth’s
surface. Only those objects launched with a speed greater than this escape velocity can
get away from Earth. The escape velocity from the surface of the Sun is higher yet—
618 kilometers per second. Now imagine that we begin to compress the Sun, forcing it
to shrink in diameter. Recall that the pull of gravity depends on both the mass that is
pulling you and your distance from the center of gravity of that mass. If the Sun is
compressed, its mass will remain the same, but the distance between a point on the
Sun’s surface and the center will get smaller and smaller. Thus, as we compress the
star, the pull of gravity for an object on the shrinking surface will get stronger and
stronger When the shrinking Sun reaches the diameter of a neutron star (about 20
kilometers), the velocity required to escape its gravitational pull will be about half the
speed of light. Suppose we continue to compress the Sun to a smaller and smaller
diameter. (We saw this can’t happen to a star like our Sun in the real world because of
electron degeneracy, i.e., the mutual repulsion between tightly packed electrons; this is
just a quick “thought experiment” to get our bearings). Ultimately, as the Sun shrinks,
the escape velocity near the surface would exceed the speed of light. If the speed you
need to get away is faster than the fastest possible speed in the universe, then nothing,
not even light, is able to escape. An object with such large escape velocity emits no
light, and anything that falls into it can never return. In modern terminology, we call
an object from which light cannot escape a black hole, a name popularized by the
America scientist John Wheeler starting in the late 1960s (Figure 1).
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Fig. 1. This artist’'s impression depicts a rapidly spinning supermassive black hole
surrounded by a thin disc of rotating material, the leftovers of a Sun-like star.

ESO, ESA/Hubble, M. Kornmesser/N. Bartmann
(https://www.npr.org/2023/04/13/1169469591/goodbye-fuzzy-donut-the-famous-first-black-hole-

photo-gets-sharpened-up)
The idea that such objects might exist is, however, not a new
one. Cambridge professor and amateur astronomer John
Michell wrote a paper in 1783 about the possibility that stars
with escape velocities exceeding that of light might exist.
And in 1796, the French mathematician Pierre-Simon,
marquis de Laplace, made similar calculations using
Newton’s theory of gravity; he called the resulting objects
“dark bodies.”

Fig. 2. John Michel

(1724-1793)

https://ar.inspiredpencil.com/pictures-
2023/john-mitchell-black-holes

While these early calculations provided strong hints that something strange should be
expected if very massive objects collapse under their own gravity, we really need
general relativity theory to give an adequate description of what happens in such a
situation.

General relativity tells us that gravity is really a curvature of spacetime. As
gravity increases (as in the collapsing Sun of our thought experiment), the curvature
gets larger and larger. Eventually, if the Sun could shrink down to a diameter of about
6 kilometers, only light beams sent out perpendicular to the surface would escape. All
others would fall back onto the star. If the Sun could then shrink just a little more, even
that one remaining light beam would no longer be able to escape collapsing star is a
black hole in this view, because the very concept of “out” has no geometrical meaning.
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The star has become trapped in its own little pocket of spacetime, from which there is
no escape. The star’s geometry cuts off communication with the rest of the universe at
precisely the moment when, in our earlier picture, the escape velocity becomes equal
to the speed of light. The size of the star at this moment defines a surface that we call
the event horizon. It’s a wonderfully descriptive name: just as objects that sink below
our horizon cannot be seen on Earth, so anything happening inside the event horizon
can no longer interact with the rest of the universe.

_ Events inside the event horizon can never again affect
{ events outside it. The characteristics of an event horizon
were first worked out by astronomer and mathematician
d Karl Schwarzschild (Figure 2). A member of the German
Z army in World War |, he died in 1916 of an illness he
5 contracted while doing artillery shell calculations on the
¥ Russian front. His paper on the theory of event horizons was
A among the last things he finished as he was dying; it was the
first exact solution to Einstein’s equations of general
relativity. The radius of the event horizon is called the
Schwarzschild radius in his memory.

Fig.2. Karl Schwarzschild

(1873-1916)

https://mathshistory.st-
andrews.ac.uk/Biographies/Schwarzschi

Id/pictdisplay/

The event horizon is the boundary of the black hole; calculations show that it
does not get smaller once the whole star has collapsed inside it. It is the region that
separates the things trapped inside it from the rest of the universe. Anything coming
from the outside is also trapped once it comes inside the event horizon. The horizon’s
size turns out to depend only on the mass inside it. If the Sun, with its mass of 1 Msun,
were to become a black hole (fortunately, it can’t—this is just a thought experiment),
the Schwarzschild radius would be about 3 kilometers; thus, the entire black hole would
be about one-third the size of a neutron star of that same mass. Feed the black hole
some mass, and the horizon will grow—but not very much.

Doubling the mass will make the black hole 6 kilometers in radius, still very tiny
on the cosmic scale. The event horizons of more massive black holes have larger radii.
For example, if a globular cluster of 100,000 stars (solar masses) could collapse to a
black hole, it would be 300,000 kilometers in radius, a little less than half the radius of
the Sun. If the entire Galaxy could collapse to a black hole, it would be only about 1012
kilometers in radius—about a tenth of a light year. Smaller masses have
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correspondingly smaller horizons: for Earth to become a black hole, it would have to
be compressed to a radius of only 1 centimeter—Iless than the size of a grape. A typical
asteroid, if crushed to a small enough size to be a black hole, would have the
dimensions of an atomic nucleus.

General relativity predicts that the rearrangement of matter in space should
produce gravitational waves. The existence of such waves was first confirmed in
observations of a pulsar in orbit around another neutron star whose orbits were
spiraling closer and losing energy in the form of gravitational waves. In 2015, LIGO
found gravitational waves directly by detecting the signal produced by the merger of
two stellar-mass black holes, opening a new window on the universe.

(From https://openstax.org/details/books/astronomy)

Vocabulary
to shrink /frmk/ CKOPOYYyBaTHUCS
a neuron /'njua.ron/ HEHPOH
degeneracy /di'dzen.or.a.si/ BUPOKCHHS
repulsion /r1'pal.fan/ BiJIMNITOBXYBAaHHSI
to get our bearings /'bea.rmz/ 30piEHTYBATHUCS
to exceed /1k'si:d/ NIePEBUIITYBATH
a leftover /'left ou.vor/ 3aITUTIIKA
marquis /'ma:.kwis/ MapKi3
a light beam CBITJIOBHIA TTPOMIHb
precisely /pri‘sais.li/ TOYHO
shell 000JIOHKA
scale MacimTab

a globular cluster /'glob.ja.lar 'klas.tor/  kynboBe cKym4eHHs

LIGO (Laser Interferometer Ja3epHo-iHTephepoMeTpuIHa
Gravitational-Wave Observatory) rpaBiTalliiHO-XBUJIHOBA 00CEpPBATOPIs
merger /'m3:.dzar/ 3ITUTTS

curvature /'ks:.va.tfor/ BUKPHBIICHHSI
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Exercise 1. Answer the following questions

1. What speed must a rocket be launched from the surface of Earth if it is to
escape the pull of Earth’s gravity? 2. What speed should any object have to escape the
pull of gravity? 3. What is the escape velocity from the surface of the Sun? 4. What
will happen if the Sun is compressed? 5. When will the velocity required to escape its
gravitational pull be about half the speed of light? 6. What is electron degeneracy?
7. When would the escape velocity near the surface exceed the speed of light? 8. When
isn’t light able to escape? 9. What do we call such an object in modern terminology?
10. Who was this name popularized by? 11. What did John Michel write? 12. Who
made similar calculations using Newton’s theory of gravity? 13. Do we really need
general relativity theory to give an adequate description of what happens in such a
situation? 14. What does general relativity tell us? 15. What happens as gravity
increases? 16. What would happen if the Sun could shrink down to a diameter of about
6 kilometers? 17. When does the star’s geometry cut off communication? 18. What
does the size of the star at this moment define? 19. Events inside the event horizon can
never again affect events outside it, can’t they? 20. Who were the characteristics of an
event horizon first worked out? 21. What is called the Schwarzschild radius? 22. What
Is the event horizon? 23. The horizon’s size turns out to depend only on the mass
inside it, doesn’t it?  24. Will doubling the mass make the black hole 6 kilometers in
radius? 25. Do smaller masses have correspondingly smaller horizons? 26. When could
a typical asteroid be a black hole? 27. What does general relativity predict?  28.
When was the existence of such waves first confirmed? 29. What did LIGO find in
2015?

Exercise 2. Find English equivalents in the text

ySIBHUW €KCIIEPUMEHT, YHUKHYTHU BIUIMBY I'paBiTallii pi3HUX 00’ €KTIB, yHUKHYTH
BIUIMBY CWJIM TSDKIHHS 3€MJI1, 3SMEHIITUTUCS B AlaMeTpl, BIICTaHb BiJI LICHTPY Baru Iiei
MacH, JOCATTH AlaMeTpa HEHUTPOHHOI 31pKH, B3a€EMHE BIIIITOBXYBAaHHS MK IIIJILHO
yHNaKOBaHUMH €JIEKTPOHAMHU, MEPEBUIIUTH IBUKICTh CBITJIA, YHUKHYTH YOPHOI JIIpH,
JaTH aJeKBaTHUN OIWC, BUKPUBIECHHS MPOCTOPY-Yacy, OJWH TPOMIHb CBITJA, IO
3QJIMIITUBCSA; BJIACHA MaJIeHbKa KWINIEHS MPOCTOpY-dacy, pemrTa BcecBiTy, TOpU30HT
NOJI1if, AMBOBMHA OMKCOBA HAa3Ba, MEpPIIEe TOUYHE PIIICHHS PIBHSIHb 3arajibHOi TEOpIi
BiIHOCHOCTI EifHIIITEIHA, MeXa YOpHOi JipH, pemTu BeecBiTy, cTaTh YOpHOO A1POIo,
Iy’)Xe KpuXiTHa B KOCMIYHOMY MaciTabi, kyiaboBe ckymdeHHs 13 100 000 3ipok,
PYWHYBATHCS 10 YOPHOI AIpH, MAaTH PO3MIpH aTOMHOTO S7Ipa, IEPEeTPyIyBaHHs MaTepii
B IPOCTOP1, CTBOPIOBATH IpaBiTalllifH] XBHUII, IIJITXOM BUSIBIIEHHS CUTHAITY, HOBE BIKHO
y BcecairTi.
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Exercise 3. Match up the half of the sentence on the left with its ending on

the right

1. Black Holes Theory suggests that
stars with stellar cores more massive than
three times the mass of the Sun at the
time they exhaust their nuclear fuel

a) a point of infinite density and zero
volume,

2. The surface surrounding a black hole,
where the escape velocity equals the
speed of light,

b) nothing sticks out of a black hole to
give us clues about what kind of star
produced it or what material has fallen
inside.

3. Nothing, not even light,

c) we would pass through the event
horizon.

4. At its center, each black hole is
thought to have a singularity,

d) will collapse to become black holes.

5. Matter falling into a black hole
appears, as viewed by an outside
observer,

e) indicate that the mass of its invisible
companion is greater than 3Msun.

6. However, if we were riding on the
infalling matter,

f) can escape through the event horizon
from the black hole.

7. As we approach the singularity,

g) is called the event horizon, and the
radius of the surface is called the
Schwarzschild radius.

8. The best evidence of stellar-mass
black holes comes from binary star
systems in which (1) one star of the pair
is not visible, (2) the flickering X-ray
emission is characteristic of an accretion
disk around a compact object, and (3) the
orbit and characteristics of the visible
star

h) are found in the centers of large
galaxies.

9. Black holes with masses of millions
to billions of solar masses

1) its mass, its spin (rotation), and
whether it has any electrical charge.
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10. Physicists like to say “black holes
have no hair,” meaning that

J) that black holes go about sucking
things up with their gravity.

11. The only information a black hole
can reveal about itself is

k) the tidal forces would tear our bodies
apart even Dbefore we reach the
singularity.

12. Much of the modern folklore about
black holes is misleading. One idea you

I) to freeze in position at the event
horizon.

may have heard is

Exercise 4. Translate the following sentences into English

1. Yopna nipa — e o0'eKT, rpaBiTallisl IKOro HACTUIBKU CUJIbHA, IO OJHA 3
YaCTHUHOK HE MOK€ HOTO OKUHYTH.

2. OTHOCTOPOHHS MEXKa Y TIPOCTOpi-uaci HAaBKOJIO YOPHOI JIpH, Ky HE 37aTHE
NIEPETHYTH HABITH CBITJIO, HA3UBAETHCSI TOPU3OHTOM IO,

3. BBaxkaeTpcsi, 1O BcepeAMHI YOPHOI Aipu

HECKIHYEHHO CTHUCHYTa 001acTh, y SIKiM TIpaBiTalliiiHe MOJi€ CTa€ HECKIHYEHHUM, a

ICHy€ CHUHTYJSIPHICTh

HETIepepBHA TEOMETPIis POCTOPY-9acy 3HUKAE.

4, Koauuit 3 BIIOMUX HaM 3aKOHIB (PI3UKH y 111l TOYII HE OyJie TISTH.

5. YopHi nipyu — pO3MOBCIOKEH] 00’ €KTH y acTpo(i3HIll Ta MAIOTh ITUPOKHIA
CHEKTp Mac.

6. HaliMeHII1i 3 HUX — YOPHI Jipy 30pSHOI MacH, SIKi yTBOPIOIOTHCS BHACIIIOK
IPaBITAL[IHHOTO KOJIANCY MAaCUBHOI 31pKHU.

7. Ixus maca nexuth y fianaszoHi Big 5 10 10 cOoHIYHUX Mac.

8. HagmacuBH1 4OopHi Aipu 3 MacaMu BiJl OJTHOTO MUJIbIIOHA COHSAYHUX ICHYIOTh
y IEHTPax Maihke yCixX BEIMKHX TaJlaKTHK.

9.V uenrpi Yymamnpkoro IInsxy Takox € Taka Jipa, BOHa HAa3WBAETHCA
Crpinens A*, i Maca ekBiBaJICHTHA MPUOIU3HO 4 MIJTbHOHAM COHSAYHUX.

10. MexaHi3Mm (GopMyBaHHS TaKUX 00’ €KTIB JTUIIAETHCS 3araKo0 JJIT BUCHUX.
BBakaeTbcs, 110 HAJMAacUBHI YOpHI JIIpUM 3 ABISIOTBCA Ha CBIT OJHOYACHO 3
TTaKTUKAMH, y SIKHX BOHU (POPMYIOTHCS.

(https://nauka.ua/card/shcho-take-chorna-dira)
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Exercise 5. Read the following interesting pieces of information. Share
your opinion with the classmates

o If you fell into a black hole, you would never escape.

e |f you got really close to a black hole, anything that passes too close, from a
wandering star to a photon of light, or even a human, gets captured. Scientists call
this point of no return around a black hole the event horizon. The closest known black
hole to Earth is believed to be 1,000 light-years away, so don't fret — we are not getting
sucked in.

(https://new.nsf.gov/science-matters/5-black-hole-facts-blow-your-mind)

Speaking

e Speak about Black Holes.
e Speak about a Black Hole Myth.
e Speak about Space time and Gravity.

Unit 9.
I. Read and translate the text. Learn the new vocabulary
Life in the Universe

As we have learned more about the universe, we have naturally wondered
whether there might be other forms of life out there. The ancient question, “Are we
alone in the universe?” connects us to generations of humans before us. While in the
past, this question was in the realm of philosophy or science fiction, today we have the
means to seek an answer through scientific inquiry. In this lesson, we will consider
how life began on Earth, whether the same processes could have led to life on other
worlds, and how we might seek evidence of life elsewhere. This is the science of
astrobiology. The search for life on other planets is not the same as the search for
intelligent life, which (if it exists) is surely much rarer. Learning more about the origin,
evolution, and properties of life on Earth aids us in searching for evidence of all kinds
of life beyond that on our planet.

The universe was born in the Big Bang about 14 billion years ago. After the
initial hot, dense fireball of creation cooled sufficiently for atoms to exist, all matter
consisted of hydrogen and helium (with a very small amount of lithium). As the
universe aged, processes within stars created the other elements, including those that
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make up Earth (such as iron, silicon, magnesium, and oxygen) and those required for
life as we know it, such as carbon, oxygen, and nitrogen. These and other elements
combined in space to produce a wide variety of compounds that form the basis of life
on Earth. In particular, life on Earth is based on the presence of a key unit known as an
organic molecule, a molecule that contains carbon. Especially important are the
hydrocarbons, chemical compounds made up entirely of hydrogen and carbon, which
serve as the basis for our biological chemistry, or biochemistry. While we do not
understand the details of how life on Earth began, it is clear that to make creatures like
us possible, events like the ones we described must have occurred, resulting in what is
called the chemical evolution of the universe.

What Made Earth Hospitable to Life? About 5 billion years ago, a cloud of gas
and dust in this cosmic neighborhood began to collapse under its own weight. Out of
this cloud formed the Sun and its planets, together with all the smaller bodies, such as
comets, that also orbit the Sun (Figure 1). The third planet from the Sun, as it cooled,
eventually allowed the formation of large quantities of liquid water on its surface.

Fig.1. Comet Hyakutake. Comet impacts can deliver both water and a variety of interesting
chemicals, including some organic chemicals, to Earth.
(https://www.mreclipse.com/Comets/Hyakutake/HY96-211w.JPG)

The chemical variety and moderate conditions on Earth eventually led to the
formation of molecules that could make copies of themselves (reproduce), which is
essential for beginning life. Over the billions of years of Earth history, life evolved and
became more complex. The course of evolution was punctuated by occasional planet
wide changes caused by collisions with some of the smaller bodies that did not make
it into the Sun or one of it accompanying worlds. Mammals may owe their domination
of Earth’s surface to just such a collision 65 million years ago, which led to the
extinction of the dinosaurs (along with the majority of other living things). The details
of such mass extinctions are currently the focus of a great deal of scientific interest.
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Through many twisting turns, the course of evolution on Earth produced a creature
with self-

Pty e e o e consciousness, able to ask questions

exoplanet atmospheres without life

about its own origins and place in the
cosmos. Like most of Earth, this
creature is composed of atoms that
were forged in earlier generations of
e , : | stars—in this case, assembled into both
b oSN #* VB its body and brain. We might say that

’ % e through the thoughts of human beings,
the matter in the universe can become
aware of itself.

Fig.2. Pathways to making oxygen-rich
exoplanet atmospheres without life.

(Mlustration by J. Krissansen-Totton).
(https://news.ucsc.edu/2021/04/exoplanet-
atmospheres.html)

Think about those atoms in your body for a minute. They are merely on loan to
you from the lending library of atoms that make up our local corner of the universe.
Atoms of many kinds circulate through your body and then leave it—with each breath
you inhale and exhale and the food you eat and excrete. Even the atoms that take up
more permanent residence in your tissues will not be part of you much longer than you
are alive. Ultimately, you will return your atoms to the vast reservoir of Earth, where
they will be incorporated into other structures and even other living things in the
millennia to come. This picture of cosmic evolution, of our descent from the stars, has
been obtained through the efforts of scientists in many fields over many decades. Some
of its details are still tentative and incomplete, but we feel reasonably confident in its
broad outlines. It is remarkable how much we have been able to learn in the short time
we have had the instruments to probe the physical nature of the universe.

Our study of astronomy has taught us that we have always been wrong in the
past whenever we have claimed that Earth is somehow unique. Galileo, using the newly
invented technology of the telescope, showed us that Earth is not the center of the solar
system, but merely one of a number of objects orbiting the Sun. Our study of the stars
has demonstrated that the Sun itself is a rather undistinguished star, halfway through
its long main sequence stage like so many billions of others. There seems nothing
special about our position in the Milky Way Galaxy either, and nothing surprising
about our Galaxy’s position in either its own group or its supercluster. The discovery
of planets around other stars confirms our idea that the formation of planets is a natural
consequence of the formation of stars. We have identified thousands of exoplanets—
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planets orbiting around other stars, from huge ones orbiting close to their stars
(informally called “hot Jupiters”) down to planets smaller than Earth. A steady stream
of exoplanet discoveries is leading to the conclusion that earthlike planets occur
frequently—enough that there are likely many billions of “exo-Earths” in our own
Milky Way Galaxy alone. From a planetary perspective, smaller planets are not unique.
Philosophers of science sometimes call the idea that there is nothing special about our
place in the universe the Copernican principle. Given all of the above, most scientists
would be surprised if life were limited to our planet and had started nowhere else. There
are billions of stars in our Galaxy old enough for life to have developed on a planet
around them, and there are billions of other galaxies as well. Astronomers and
biologists have long conjectured that a series of events similar to those on the early
Earth probably led to living organisms on many planets around other stars, and possibly
even on other planets in our solar system, such as Mars. If the Copernican principle is
applied to life, then biology may be rather common among planets.

Taken to its logical limit, the Copernican
principle also suggests that intelligent life like
us might be common. Intelligence like ours
has some very special properties, including an
ability to make progress through the
application of technology. Organic life around
other (older) stars may have started a billion
years earlier than we did on Earth, so they may
have had a lot more time to develop advanced

Fig.3. Enrico Fermi, an Itlian technology such as sending information,
American physicist (1901-1954) probes, or even life-

(https://study.com/academy/lesson/enrico-
fermi-biography-inventions-
contributions.html)

forms between stars. Faced with such a prospect, physicist Enrico Fermi asked a
guestion several decades ago that is now called the Fermi paradox: where are they?

If life and intelligence are common and have such tremendous capacity for
growth, why is there not a network of galactic civilizations whose presence extends
even into a “latecomer” planetary system like ours? Several solutions have been
suggested to the Fermi paradox. Perhaps life is common but intelligence (or at least
technological civilization) is rare. Perhaps such a network will come about in the future
but has not yet had the time to develop. Maybe there are invisible streams of data
flowing past us all the time that we are not advanced enough or sensitive enough to
detect. Maybe advanced species make it a practice not to interfere with immature,
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developing consciousness such as our own. Or perhaps civilizations that reach a certain
level of technology then self-destruct, meaning there are no other civilizations now
existing in our Galaxy. We do not yet know whether any advanced life is out there and,
if it is, why we are not aware of it.

Whether or not we ultimately turn out to be the only intelligent species in our
part of the Galaxy, our exploration of the cosmos will surely continue. An important
part of that exploration will still be the search for biomarkers from inhabited planets
that have not produced technological creatures that send out radio signals. After all,
creatures like butterflies and dolphins may never build radio antennas, but we are happy
to share our planet with them and would be delighted to find their counterparts on other
worlds. Whether or not life exists elsewhere is just one of the unsolved problems in
astronomy. A humble acknowledgment of how much we have left to learn about the
universe is one of the fundamental hallmarks of science. This should not, however,
prevent us from feeling exhilarated about how much we have already managed to
discover, and feeling curious about what else we might find out in the years to come.
Our progress report on the ideas of astronomy ends here, but we hope that your interest
in the universe does not. We hope you will keep up with developments in astronomy
through media and online, or by going to an occasional public lecture by a local
scientist. Who, after all, can even guess all the amazing things that future research
projects will reveal about both the universe and our connection with it?

(From https://openstax.org/details/books/astronomy)

Vocabulary
realm [relm] cdepa
dense [dens] IITBHUH
creature ['kri:.tfar] icroTa
to punctuate ['papk.tfu:.ert] niepepuBaTh
collision [ka'l13.an] 3ITKHEHHS
extinction [ik'stik.[an] BUMHPAHHS
a dinosaur ['dar.na.so:r] JIMHO3aBP
self-consciousness [ self'kon.[as.nas] CaMOCBIJIOMICTb
to forge [fo:d3] KyBaTH
to inhale [mnheil] BIUXHYTH
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to excrete [1k 'skri:t] BUUIATH

tissue [ 'tif.u:] ['tis.ju:] TKaHHHA

descent [d1'sent] CITYCK

tentative ['ten.to.tiv] HE3IHCHECHHUH, TPOOHUI
to probe [prauvb] 30H1yBaTH
undistinguished [, an.dr'sti.gwift] HEBUPA3HHM

exoplanet ['ek.sou plen.it] CK30ILTaHeTa

to conjecture [kon'dzek.tfar] 3/10TayBaTUCS

fortunate ['fo:.tfon.ot] MOIIACTHIIO

exceedingly [1k'si:.dm.li] HaJ[3BUYAHO

immature [ 1m.o'tfvar] HEe3pTl

consciousness [ 'kon.fas.nas] CBIZIOMICTh

a counterpart [ 'kaon.ta.pa:t] BiJIMTOBITHHK; IIIOCH JI0OpE, 110

MOETHYETHCS 3 IHITUM; 0c00a, sKa
3aiiMa€ aHaJIOT14HY TI0CaTy

hallmark ["ho:l.ma:k] BiIMITHUH 3HAK

exhilarated [1g'zil.a.rer.tid] 30y KeHHI

Exercise 1. Answer the following questions

1. What is the ancient question that connects us to generations of humans before
us? 2. What kind of a question was that in the past? 3. What will we consider in this
lesson? 4. What aids us in searching for evidence of all kinds of life beyond that on our
planet? 5. When was the Universe born? 6. What did all matter consist of? 7. What
created the other elements? 8. What is life on Earth based on? 9. What made earth
hospitable to life? 10. What led to the formation of molecules that could make copies
of themselves? 11. How was the course of evolution punctuated? 12. What is currently
the focus of a great deal of scientific interest? 13. What did the course of evolution
produce? 14. How can the matter in the universe become aware of itself? 15. How do
atoms of many kinds circulate through your body and then leave it? 16. Is it remarkable
how much we have been able to learn in the short time? 17. What has our study of
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astronomy has taught us? Give examples. 18. What are exoplanets? 19. What is the
discovery of exoplanets leading us to? 20. What is the Copernican principle? 21. What
guestion did Enrico Fermi ask? 22. How many solutions have been suggested to
Fermi paradox? 23. Is the search for biomarkers from inhabited planets still an
important part of our exploration of the cosmos? 24. What is one of the unsolved
problems in astronomy? 25. What is a humble acknowledgment? 26. Do you feel
curious about what else we might find out in the years to come?

Exercise 2. Find English equivalents in the text

a1 popmu KutTs, OyTH y BeecBiTi, HaykoBa (paHTacTHKa, IIyKaTH BiAMOBIIbL
yepe3 HaAyKOBHM 3aluT, IIyKAaTH JOKa3u ICHYBaHHS KHUTTS JCiHJIE, acTpoOi1oJioris,
Benukuit BuOyX, CTBOpIOBaTH IHIIN €JIEMEHTH, BUPOOJATH Pi3HOMAHITHI CIOIYKH,
Oloximisl, CTBOPIOBATH TaKl ICTOTH, SK MH; XIMi4Ha eBOOLIs BcecBiTy, XimiuHa
PI3HOMAHITHICTb 1 IOMIPHI YMOBHU Ha 3€MJIl, CIPUYMHEH] 31TKHEHHAMHU 3, BAMUPAHHS
IMHO3aBpiB, OyTHM 310paHUM Yy, IUPKYJIIOBaTH Kpi3b Ballle TUIO, Yy HACTYIHI
TUCSYOJIITTS, BiTIyBaTH ce0e JOCTaTHHO BIICBHEHO, IIEHTP COHSAYHOI CHCTEMH, TOCUTh
HEMOMITHUM 3ipKa, MPUPOJHUNA HACHIIIOK YTBOPEHHS 3IPOK, TPAIUISATHCS 4YacTo,
3aCTOCOBYBATHUCS /IO JKHUTTS, JOCUTH MOIIUPEHE, PO3YMHE JKUTTS, MaTH JIEAKl JTyxKe
0COOJIMB1 BJIACTHBOCTI, PO3BHBATH IIEPEIOBI TEXHOJIOTIl, HEBUANUMI MOTOKH JaHUX,
HAJCWIATA PAJIOCUTHAIH, BiIUyBAaTH HATXHEHHS, CKPOMHE BU3HAHHS, MEPIOANYHI
myOJTigH1 JIeKIiT, MalOyYTHI TOCITITHUTIBKI TTPOCKTH.

Exercise 3. Match up the half of the sentence on the left with its ending on
the right

1. Life on Earth is based on the presence | a) that if life could develop on Earth, it

of a key unit known as should be able to develop in other places
as well.

2. Our solar system formed about 5 b) after the end of heavy bombardment,

billion years ago if not sooner.

3. Life is made up of c) from a cloud of gas and dust enriched

by several generations of heavier element
production in stars.

4. The Copernican principle, which d) chemical combinations of these

suggests that there is nothing special elements made by stars.

about our place in the universe, implies

5. The Fermi paradox asks why, e) an organic molecule, a molecule that
contains carbon, especially complex
hydrocarbons.
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6. The study of life in the universe,
including its origin on Earth,

f) if life iscommon, more advanced life-
forms have not contacted us.

7. Life as we know it requires water,
certain elemental raw materials (carbon,

g) has served to make many scientists
optimistic about the chances that life

hydrogen, nitrogen, oxygen, phosphorus, | could exist elsewhere.
and sulfur), energy,

8. Carbon-based (or organic)
molecules are abundant in space

9. Life appears to have spread around
our planet within 400 million years

10. The actual origin of life—the
processes leading from chemistry to
biology—

11. This proliferation of life into so
many environmental niches, so
relatively soon after our planet became
habitable,

12. Despite many UFO reports and
tremendous media publicity,

h) and an environment in which the
complex chemistry of life is stable.

1) there is no evidence that any of these
are related to extraterrestrial visits.

J) and may also have been produced by
processes on Earth.

k) is not completely understood.

I) is called astrobiology.

Exercise 4. Translate the following sentences into English

1. XKutta -
CaMOBIITBOPEHHS 3a JIOMIOMOTOI0 TIEBHUM YHHOM KOJIOBAaHUX MOJIEKYJI 1 10 OOMIHY 3

€ BHUCOKOOPraHi30BaHUW CTaH pPEUYOBMHM, 3AaTHUU 1O
HABKOJIMIITHIM CEPEIOBUIIEM PEYOBHUHOIO, CHEPTi€I0 Ta iH(hOopMalli€lo.

2. KutTs Ha 3eMITi IPYHTYETHCS Ha CIIOJyKaxX BYTJICIIO, PO3YMHHUKOM JIS SIKUX
ciayrye Boaa. Kepyrouuch mporiecaMd caMoO BIATBOPEHHS HYKJIETHOBOI KHCJIOTH —
JHK, sxi 3a BeIWYe3HOrO0 pPO3MAITTA YCHOTO JKMUBOTO BUKOPUCTOBYIOTH IS
IPOrpaMyBaHHS 1HIWBITyaTbHOTO PO3BUTKY OpPraHi3MiB OJHAKOBY ,,MOBY~ — OJIMH 1
TOM K€ T€HETUYHUN KOJI.

3. 3emuist 3HaxoauThes Big CoHIg Ha ayxe 3py4uHii Biacrani — 149 600 000 kwm.

4, Came Ha I1I{ BIACTaHI cepeaHs TeMmIepaTypa Taka, IO JI03BOJISIE BOJI
3HaXOJIUTUCH Y PIIKOMY CTaHi.

5. Jlo mporo Tpeba 101aTh BaXKIUBICTh IIaHET-TiraHTiB y COHSYHIN CUCTEMI. Ix
HAsIBHICTH CTIpUs€ cTadumi3alii opOitu 3emi.

6. FOmitep sk HaliMacHBHIIIA IJIAHETA MPUTATYE 0 ceOe METCOPUTH, K1 MOTIIU
0 MOBHICTIO 3pyHHYBAaTH 3E€MJIIO.

7. JocnimkeHHs MOKa3y0Th, 1110 OLIBIIICTD 31p y HaIIii ["aiakTuil BXOASITh 10
CKJIaJly KpaTHUX cCUCTeM. Lle CBITUUTh Ipo Te, 110 Y OLILIIIOCTI BUTIAIKIB TPOTO30pSIHA
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XMapa, B sKid ige QopmyBaHHS 30pi, po30MBaeTbca Ha (parMEeHTH TakK, MO0
YTBOPIOETHCS 0JIpa3y KiJbKa 00’ €KTIB.

8. [lobauntn mnaHeTw OUISA 1HIMIMX 31p JyXe BaXKO, 00 iXHS SICKPaBICTh
Habarato MeHIIa, HiXK SCKPaBICTh OCHOBHOI'O CBITHIIA.

9. Po3eHTanb BBakae, IO BCIO CTPYKTypy BcecBiTy Ta #oro ictopito
BHU3HAYAIOTh YOTHPU (PYH/IaMEHTaNbHI B3a€MOJIIi — rpaBiTalliifiHa, eleKTpOMarHiTHa,
CHJIbHA 1 c1a0Ka, a TAaKOXK CITIBBIHOIIIEHHS:

- MIX Macoro eJeKTpOHa 1 MPOTOHA

- MIX Macor HEUTpOHa 1 MPOTOHA

- PO3MIPHICTIO (HI3UYHOTO MPOCTOPY.

10. IIle 1934 p. aBctpiiicekuit BueHuit K. ['egens chopmynoBap TeopeMy mpo
HEMOBHOTY HAIIIUX 3HaHb, KA MIPOTOJIONIYE: ,,)KOJIHA CHCTEMa HE MOKe OYTH MI3HAHOIO
JI0 KIHIISI 3CePEAMHN — 1103a 3B A3KOM 1i 3 IHIMUMH CHCTeMaMHt BUIIOTO mopsaky”. Lle
O3Hayae, MO0 HE MOKHA BHYEPITHO OIMHCATH CBIT, Y SKOMY J>KHBE JIIOJIMHA, HE
BUMIIIOBIIIN 32 HOTO MEXKI.

(https://my-astronomy.ucoz.ua/index/zhittja_u_vsesviti/0-13)

Exercise 5. Read the following interesting pieces of information. Share
your opinion with the classmates

e There are more stars in the universe than grains of sand on all the beaches
on Earth. That’s at least a billion trillion!

e The universe has no centre and is constantly expanding (getting bigger)
every second — making it impossible to reach the edge.

e The Earth is about 4.5 billion years old — but that’s only a third of the age
of the universe — which is 13.5 billion years old!

e The Earth is tiny in comparison with the rest of the universe — it could fit
into the sun 1.3 million times. How small does that make you feel?

(https://www.natgeokids.com/uk/discover/science/space/universe-facts/)

Speaking

e Speak about life in the Universe.

e Speak about Astrobiology.

e Speak about life beyond our planet.
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Hasuanvne suoanns

ENGLISH FOR STUDENTS OF PHYSICS
AND ASTRONOMY
(PART 3. ASTRONOMY)

METOJIMYHI BKA3IBKI

70 IPAKTUYHUX 3aHATh Ta CAaMOCTIHHOI poOOTH
3 HaBYAJIbHOI JUCLMILTIHU ««]HO3eMHa MOBa (3a MpoQeCIiHUM CIIPSIMYBAaHHSM)» IS

3100yBayiB Mmepioro (0akaJaBpChKOro) piBHS BUINOI OCBITH crieniaiibHocTi 104
«®D1i3uKa Ta aCTPOHOMISD»

Yriaanau
Ky3nenona ['anuna IletpiBHa

B asmopcuxiii peoaxyii

[Migmucano go apyky 01.09.2025 p.
®dopmar 60x84/16. Ilanip odceTHmiA.
Ludposuii npyk. ['apuitypa Times.
YwM. apyk. apk. 4,06. Haknaz 30.
3amosienns Ne 0925-09/01.

Bupasuunrso: Onai+
65101, m. Oneca, Byn. Inrnesi, 6/1,
ten.: +38 (095) 559-45-45,

e-mail: office@oldiplus.ua

Ceigourso JIK Ne 7642 Bix 29.07.2022 p.
3aMOBIIEHHS KHUT: b
tein.: +38 (050) 915-34-54, +38 (068) 517-50-33
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e-mail: book@oldiplus.ua



