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Goals Muc tiéu

m Understand the expansion of the universe

B Understand that there is no centre of the
universe

® Understand the Hubble-Lemaitre Law

® Understand how to detect dark matter

m Hi€u sir giin n® clia vii tru

= Hiéu rang khong c6 trung tAm clia vii tru
s Hiéu Pinh ludt Hubble-Lemaitre

m Hi€u cach phat hién vat chat t0i




Presentation Bai thuy€t trinh

This workshop is about:

The origin of the universe: the Big Bang

The galaxies: they do not “move” through space, the space is that expands
The Hubble’s Constant : v = H x d

There is no centre of the universe

The cosmic microwave background (CMB)

Gravitational lenses.

Chul dé clia bai giang nay 12 vé:

Nguln g0Oc clla vii tru: Vu n0 16'n

C4c thién ha: ching khéng "di chuyén" trong khéng gian, khéng gian mo
tOng

Hang s0 clia Hubble: v=H x d
Khoéng c6 trung tAm cla vii tru
Neén vi song vii tru (CMB)
Théu kinh hip dan.




Models, predictions, verification: Experiment with a tablecloth
Mo hinh, dw doan, xac minh: Thir nghi€ém v&i khin trai ban

Prediction: if you pull a tablecloth very
quickly nothing on the table will fall down. If
we are able to verify this, our prediction is

i
| fulfilled.
= Dw doan: n€éu ban kéo mot chi€c khin trai
s ban rat nhanh, khong c6 gi ttén ban sé roi

xulng. Néu ching t6i c6 thé xac minh diéu
nay, dw doan cuia ching t6i sé dwogrc tra 10ri.

If one pulls the tablecloth quickly, frictional forces do not have time to act on the objects
on the table, which explains why they do not fall. The experiment is successful because
physics is a science which predicts what will happen.

The Physics that we developed on the Earth is the

same one that we apply to the rest of the Universe.

Néu ngrdi ta kéo nhanh chi€c khin trdi ban thi lrc ma sat khong c6 thdi gian tac
dung 1én cac vat trén ban, diéu nay gidi thich tai sao chung khéng roi. Thi nghiém
thanh cong vi vt Iy 1a khoa hoc dw doan nhirng gi sé xay ra. 99
Vat Iy ma chiing ta phat tri€n trén Trai ddt cling gibng nhw vat Iy ma ching ta 4 L
cho phin con 1ai clla Vii try. Dt




Movement towards the red
Chuyén d0ng vé phia doé

Light absorption is different for each chemical
element. The light absorption spectrum presents
characteristic lines for each chemical element.

When we observe the light from galaxies, we can
see that the lines are shifted toward the red end
of spectrum. The further away the galaxy, the
greater the redshift.

This is interpreted as a result of the galaxy’s
movement away from us.

Sw hap thu anh sang khac nhau d6i v@i tirng
nguyén t6 héa hoc. Quang pho haP thu anh sang
cho thdy cac vach dic trirng cho tirng nguyén t0
hoéa hoc.

Khi chung ta quan sat anh sang tlr cac thién ha,
chung ta c6 thé thay rang cac vach bi dich
chuyén vé phia dau mau doé cua uang pho
Thién ha cang xa, dich chuyén d0 cang 16n.

B1eu nay dworc hiéu 1a két qua clia s di chuyén
cla thién ha ra xa chung ta.




Movement towards the red
Chuyén d0ng vé phia doé

Nearby galaxies have relatively small and irregular movements: the Large
Magellanic Cloud +13 km/s, the Small Magellanic Cloud -30 km/s, Andromeda
Galaxy -60 km/s, M32 +21 km/s.

In the Virgo cluster, (50 million lyr away), all galaxies are moving away from us
at speeds of between 1000 and 2 000 km/s.

In the Coma Berenice supercluster (300 million lyr away) the speeds are
between 7 000 and 8 500 km/s.

Cac thién ha 14n cdn c6 chuyén dfng twong ddi nhd va khong déu: Pam may
Magellan Lé&'n +13 km/s, Pam may Magellan Nho -30 km/s, Thién ha Tién nir
-60 km /s, M32 +21 km/s.

Trong cum sao X Nit, (cach 50 tri€u ndm a.s.), tat ca cac thién ha dang di
chuyé€n ra xa chiing ta v&i tdc @4 tir 1 000 dén 2 000 km/s.

Trong siéu dam Coma Berenice (& khodng cach 300 tri€u nim a.s.), tdc do
nam trong khoang tir 7 000 dén 8 500 km/s.




Movement towards the red
Chuyén d0ng vé phia doé

In the opposite direction, M 74 moves away at 800 km/s and M 77 at 1130
km/s.

If we observe distant and faint galaxies, the recession velocity is even greater:
the galaxy NGC 375 moves away at 6 200 km/s, NGC 562 at 10 500 km/s and
NGC 326 at 14 500 km/s.

Independent of the direction in which we observe, all except the very close
galaxies are moving away from us.

Ngwoc lai, M 74 chuy€n d0ng ra xa v&i vin t0c 800 km/s va M 77 v&i vin tOc
130 km/s.

Néu ching ta quan sat cac thién ha & xa va mo, van tdc chuyén dfng tham
chi con 16'n hon: thién ha NGC 375 di chuyén ra xa v&i tdc @0 6 200 km/s,
NGC 562 & toc @0 10 500 km/s va NGC 326 & toc d0 14 500 km/s.

Khong phu thuQc vao hird'ng ma chiing ta quan sat, tit ca ngoai trilr cac thlen
ha rdt gan dang di chuyén ra xa ching ta. '




Doppler Effect Hi€éu rng Doppler

In the same way as in the tablecloth example, we can apply other physical
principles to the study of the universe.

Twong t¥ nhw trong vi du vé khin trai ban, ching ta c6 thé ap dung cac
nguyén tac vat Iy khiac d€ nghién ctru vii tru.
If an ambulance, a motorcycle or a train

is approaching, we will hear a higher
pitched sound. When they move away we
hear a lower pitched sound.

V

Néu xe cap cltu, xe may hodc tau hda

dang d€n gan, ching ta sé nghe thdy Am @
thanh c6 cwong d0 cao hon. Khi ching
di chuyé€n ra xa, ching ta nghe thdy Am
thanh c6 Am d0 thap hon.

Higher pitch = the wavelength is shortened k
Cao d0 cao hon = bwdc séng ngan lai

Lower pitch = the wavelength is lengthened

Am d0 thdp hon 2 bwdc song dwore kéo dai



Activity 1: Doppler Effect
Hoat dong 1: Hiéu irng Doppler

* The Doppler effect can be heard by rotating an alarm clock or
b Wm i j— buzzer in a horizontal plane.
' * When it approaches the listener, A is shortened and the pitch of
the sound is higher.
* When it moves away, A is stretched and the pitch of the sound is
lower.
* This happens with the sounds of motorcycles, ambulances,
~ trains...
~~ *C6 th€ cam thdy hiéu tng Doppler bang cach xoay dong ho bso
" thirc hodc cdi theo midt phing ndm ngang.
- + Khi n6 d€n gin ngwdi nghe, A ngdn va cao dd clia Am thanh
cao hon.
* Khi né dich chuyén ra xa, A dai ho'n va cao @0 clia Am nhé hon.
* Diéu nay xady ra v&i Am thanh clla xe may, xe clru thirong, tau
hoa ...

In the experiment, the Doppler effect is due to relative source-receiver

displacement and is highlighted with sounds. In the case of the expansion of the
Universe, the effect occurs with electromagnetic waves .
Trong thi nghiém, hiéu trng Doppler 12 do sw dich chuyén twworng doi gilra ” é

ngudn va bd thu va dworc 1am n6i bat bang 4m thanh. Trong trird'ng ho'p vii trug § e
gian n0, hiéu rng xay ra v0ri séng di€n tir -




Activity 2: “Stretching” of photons
Hoat d0ng 2: "Sw kéo dai" cua cac photon

The universe, when it expands, “stretches” the photons in it.

You can make a model of that stretching using a semi-rigid cable of the type used in
domestic wiring.

The longer the photon’s path, the more they are stretched.

Vi tru, khi gidn n@, "kéo dai" cac photon trong no.

Ban c6 thé€ tao mé hinh kéo din d6 bang cach st dung day nira cirng loai dworc sir
dung trong hé thdng diy dién trong nwdc.

Pwong di cla photon cang dai, ching cang bi kéo dai.
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Hubble-Lemaitre Law
Dinh luat Hubble-Lemaitre

Between 1920 and 1930, George Lemaitre
and Edwin Hubble realized that the
most distant galaxies are moving away
faster than nearby ones.

Hubble-Lemaitre Law:
v=Hxd

TW nim 1920 dén nam 1930, George
Lemaitre va Edwin Hubble nhan ra
rang cAc thién ha xa nhat dang di
chuyén ra xa nhanh hon cac thién ha
gan do.

Luat Hubble-Lemaitre: v = H x d

The galaxies don’t move through the
space: it is the space which expands,
dragging the galaxies.

Cac thién ha khéng di chuyén trong
khong gian: chinh khéng gian gian
n@, kéo theo cac thién ha.




Activity 3: The universe in an elastic band
Hoat d0ng 3: Vii tru trong mOt sQi diy dan hoi
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Activity 4: The universe in a balloon
Hoat ddng 4: Vi tru trong mOt qua bong

The distance between the galaxies increases with the expansion.
The galaxies are not moving through the balloon

Locating ourselves in any “galaxy” on the balloon

we see that the others move away from us.

Khoang cach giira cac thién ha ting 1én v&i sw gidn no.

Cac thién ha khéng di chuyén xuyén qua qua béong

Dinh vi ban than trong bat ky “thién ha” nao trén qua bong, chiing ta thay f @ra a
nhitng ngw i khac di chuy€n ra xa ching ta. Y




Expansion of the universe
S gidin nO’ cUa vii tru

1) The distance to the nearest galaxies can be obtained from the period-luminosity
relation of the Cepheid variable stars (discovered by Henrietta Leavitt, at Harvard,
early in 20th century)

1) Khodng cach dén cac thién ha gn nhat c6 thé thu dworc tlr quan hé d0 sang theo chu

ky clla cac sao bi€n quang Cepheid (dwoc phat hi€én b&i Henrietta Leavitt, tai Harvard,

dau thé ky 20

= From the light curve it is possible to obtain the period P

= From the relation period-luminosity we can get the absolute
magnitude M

With M and m, it is possible to measure the distance to the

galaxy d=10"M*"/5 parsec

To determine distances of the most distant galaxies the

astronomers can use a particular type of supernova (type Ia)

which have similar peak luminosities.

= Twr dwdng cong anh sang c6 thé bi€t chu ky P

= T quan hé @0 sang theo chu ky, ching ta c6 thé thu dwgrc cip

sao tuyét d6i M

V&i M va m, c6 thé do khoang cach t&i thién ha d = 10 (m-M +

5) / 5 parsec

Dé xac dinh khodng cach t&i cac thién ha xa nhdt, cic nh % a
vin c6 thé sit dung mQt loai siéu tin tinh cu th€ (loai Ia) ¢} 5 e .
sang dinh xac dinh. N

>
-3.57 * .
— LMC Cepheid
_~

Log (4.76 days) = 0.68

0 jogp !



Expansion of the universe
Sw giin no cua vii tru

2) The recession velocity is measured from the shift of the absorption lines in the
spectrum, using the equation:

2) Van tdc chuyén dOng ra xa dwrgrc do tir sw dich chuyén clia cac vach hdp thu trong
quang pho, stt dung phwrong trinh: v= (AA/ L)X C




Expansion of the universe
S gidin nO’ cUa vii tru
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(from Freedman et al, 2001, ApJ, vol 553, p47)

3. The Hubble constant is the slope of the function graph: v= H, x d, where H, is
the rate of expansion of the universe: H, = 72 km/s.Mpc

3. Hang s6 Hubble 1a dd ddc clia d6 thi ham s0: v = H, x d, trong d6 H, 12 tc dees
gidn n® cua vi tru: Hy = 72 km / s.Mpc




Activity 5: Calculation of the Hubble-Lemaitre constant
Hoat d0ng 5: Tinh hang s6 Hubble-Lemaitre

Blue = Universe
before expanding
= Vi tru trwoc
gian no

Red = 'Universe
after expanding =
= Vu tru sau gian
no’




Activity 5: Calculation of the Hubble-Lemaitre constant
Hoat d0ng 5: Tinh hang s6 Hubble-Lemaitre

Coordinates d=distance
X,y fo origin
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The Big Bang Vu NO 1o'n

If we go back, there was a time when everything was united:
universe in expansion.

Georges Lemaitre, solving the equations of relativity, came to the
idea of an expanding universe that began as a “cosmic egg”.

Neéu chung ta quay nglrQ'c thoi gian, cO mOt thoi di€m ma moi
thit hg’p nhat: vii tru dang giin no.

Georges Lemaltre, khi g1a1 cac phll’O’ng trinh cla thuyet twrong
d6i, da nay ray twdng vé mot vii tru giin nd bat ddu nhw mot
“qua trlrng v teu”.

LEMAITRE . EINSTEIN



The Big Bang Vu N0 16

Name of the Big Bang: big explosion.

Fred Hoyle, with certain anti-religious prejudices, thought
it seemed too consistent with the idea of a Creator.

S & T made a competition to rename it. There were 12 000
proposals. None was bettet!

Tén clla Vu no 16'n: vu no 16n.

Fred Hoyle, v@i nhitng dinh ki€n chOng t6n gidao nhat
dinh, cho rang né cé vé qua phu hop v&i y twong vé mot
Pang Sang tao.

S & T da thwre hién mét cudc thi d€ d6i tén né. D3 cb
12000 dé xuat. Khéng c6 cai tén nao hay hon!




The Big Bang Vu N0 16

= Before the Big Bang? We do not know anything.

m  What was the cause? Why did it happen? Why does it observe the same
physical laws everywhere?

m  Physics is about how the existing things work, not about why do they exist.

m Physics studies the matter from its origin (since the Big Bang), not before,
nor does it study the reason or purpose of why it exists. These are
philosophical and religious questions but not scientific questions.

Trwd'c vi nd 1'n? Chiing ta khong biét diéu gi.

Nguyen nhan no la gl:’ Tai sao no xay ra? Tai sao no6 tudn theo cic quy ludt
vat Iy gibng nhau & khap moi noi?

Vat 1y 1a vé cach nhirng thit tOn tai hoat ddng th€ nao, vat Iy khong tra 10
ciu hoi tai sao chung tOn tai.

Vat Iy hoc nghién citu vat chat tlr nguOn gdc clia n6 (k€ tir vu nd Big Bang),
chw khong phai trwdc do, cung khong nghlen ctru ly do hodac muc dlch tai

sao no tOn tai. Pay la nhll‘ng ciu hodi thudc vé tri€t hoc va ton gido chike
khong phai 1a nhitng ciu hoi khoa hoc. "




The Big Bang Vu N0 16

Fluctuation of the quantum vacuum?
Emptiness is not nothing, it exists.

Multiple universes? Indemonstrable by definition.
Dao d0ng cua chin khong lwrgrng tir?
TrOng khong khong c6 nghia 1a khong c6 gi, n6 ton tai.

Da vii tru? Khong thé thé chitng minh dwgc ngay tlr dinh nghfa.




Evolution of the universo
Ti€n héa cua vii tru

After a fraction of a
» Second

After 30,000 years

After 13,700 milion years
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Development of the universe in a year
Swr phat tri€n clla vii tru trong 1 nim

Origin of Origin of Oxygen
the universe solar system atmosphere

October
\| November
December

Origin of
our galaxy

-

-—
-
o, -~ DECEMBER
atmosphere _. =~ plants
-—

s M el Bl Skl B Pl S S
23 1 24 | 25 |1 26 | 27 | 28 | 29 ,

First First Dinosaurs wiped out,
trees and dinosaurs mammals take over
reptiles

Last 10 minutes

Early Neanderthals All of human
homo-sapiens history
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Cosmic Microwave Background (CMB) Radiation
Birc xa phong nén vii tru (CMB)

Radiation which became free at 380 000 years after the Big Bang.

Over time, as space expands, the CMB photons expanded in their wavelength.
They are now in the microwave region.

Birc xa dwore tir do vao 380 000 nim sau vu nd Big Bang.

Theo thoi gian, khi khong gian giin n@, bwdc song cila chung ciing gian ra.

Bay gi0r bw@c song cua chung dang ¢ trong vung vi ba.




Cosmic Microwave Background (CMB) Radiation
Birc xa phong nén vii tru (CMB)

= The COBE, WMAP and
PLANCK missions made a map
of the sky of CMB radiation,
every time with more detail.
They detected small fluctuations:
imprints of lumps of matter from
which galaxies began to form.

m Cac nhiém vu khong gian COBE,
WMAP va PLANCK d3 1ap ban
do bau trori birc xa CMB, v&i a0
chi ti€t ngay cang 10'n. Ho phat
hién ra nhitng bi€n ddng nho: dé
12 dAu 4n clla cac dam vat chat
ma tl¥ d6 cac thién ha bat diu
hinh thanh.




Activity 7: Cosmic background radiation
Hoat dong 7: Birc xa phong nén vii tru
* More than 300 000 years after the Big Bang, the photons

separated from matter and began to travel freely through the
universe.

*By expanding the space, photons extended their wavelength,
currently A = 2 mm, equivalent to T = 2.7 K = -270 °C.

*Horn 300 000 nim sau Vu n0 16'n, cac photon tach khai vat chat
va bat dau di chuyén tw do trong vii tru.

*V&i sir giin n@ khong gian, bwdc song clla ching bi kéo dai ra,
hi€n taila A = 2 mm, twrong dwong voi T = 2,7 K = -270 ° Copesg




Activity 7: Cosmic background radiation
Hoat dong 7: Bltc xa phong nén vii tru

We can detect CMB with an analogue TV. In an empty channel, one out of
ten points comes from microwave background radiation. A similar effect
can be heard on a VHF radio which is tuned off-station.

Chiing ta c6 thé phat hién CMB bang TV kiéu twong twr. Trong mdt kénh
trOng, mot trong s6 mwoi diém dén tir birc xa phéng nén vi ba. Ban c6 thé
nghe thdy hiéu rng twong tw trén dai VHF dwgc do ngoai kénh clia dai.




Dark Mater: Spin table which compensates for the attraction of terrestrial gravity
Vat chat: Ban quay bu cho strc hut clla trong lwe clia Trai dat

Black Holes are
invisible, but we know
that they exist because
their gravitational force
makes the stellar
systems to move around
them.

L0 den khong thé nhin
thdy, nhirng ching ta
biét rang ching ton tai
b@i vi lwc hdp dan clia
chung lam cho cac hé
sao chuyén dfng xung
quanh chung.

Although the dark matter
is invisible, one way to
detect it is by observing
and studying the motion
of the spiral arms of
galaxies.

Mac du vat chat t0i la vo
hinh, nhwrng mot cach
dé phat hién ra né 12
quan sat va nghién ctru
chuy€n d0ng clia cac
canh tay xoan dc clia cac
thién ha.




Another way to detect dark matter: gravitational lensing
Mot cach khac dé phat hi€n vat chat t0i: thau kinh hap dan

Gravitational Lens in Abell 2218 HST - WFPC2

PF95-14 . ST Scl OPO - April 5, 1995 - W. Couch (UNSW), NASA

The gravitational lens acts like an optical lens, its mass distorts the
surrounding space and deflects the light of a distant object.

Th&u kinh hdp dan hoat ddng gifng nhw thiu kinh quang hoc, khoi lwong e
cla n6 lam bi€n dang khong gian xung quanh va lam 1éch hwéng anh sing &AL
clla mOt vat & xa.




Gravitational lenses

Thau kinh hdp dan
Light always follows the shortest possible path
If the surface is curved, the path is curved.
Anh sang luén di theo dwrorng ngan nhit c6 thé

Neéu bé mat cong, dworng truyén ciing sé cong.




Why light bends when passing near a body?
Tai sao anh sang bi udn cong khi di qua gan
mot vat?

= If there is a mass, the space is
curved and the shortest path
between two points is a curve.

= A similar situation can be seen
using an Earth globe.

‘Néu c6 khoi lwgng, khong gian
la du’O’ng cong va dwong di ngan
nhdt gilra hai di€m 12 mQt dwong
cong.

- Tinh hudng twong ti ciing co
the thdy khi stt dung qua dia cau.




How do gravitational lenses work?
Cac thau kinh hap dan hoat ddng nhw thé nao?

= A convex optical lens focuses parallel rays of light into one point: the focus.
= A gravitational lens (e.g. galaxy or group/cluster of galaxies) focuses the
light rays into a line instead of a point; this can introduce
several distortions in the image.
Mot thau kinh quang hoc 16i hdi tu cac tia sang song song vao mot di€m: tiéu
diém.

Théu kinh hdp dan (vi du: thién ha hodc nhém/cum thién ha) tap tru
tia sang thanh m0t dwong thay vi m0t di€m; cai nay c6 thé gy ra
mOt sO bi€n dang khi tao anh clia vat.
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Position changes and multiplication
Thay d0i vi tri va @0 phong dai

_simagen 1

Q0957+561 Component B

.

Lensing Galaxy

observador

4 = | .

QO957+561 Component A

= The deflection produces the apparent position of star, galaxy or quasar.

» Gravitational lenses are not perfect, the largest ones can produce multiple
images.

« Sw 1éch hwdng tao ra vi tri bi€u ki€n clla ngbi sao, thién ha hodc chuln tinh.

- Cac thau kinh hdp dan khéng hoan hdo, nhirng thdu kinh 1&'n nhit cé t na
ra nhiéu hinh anh.



Deflection D0 1éch

observador

imagen en arco [

= If the deflecting body is an extended astronomical source, the resulting images
are a set of bright arcs.

= If the lens system is perfectly symmetrical, the rays converge and the result is a
ring - an Einstein Ring.

= If the deflecting body is a star or a quasar, the image is a point.

-Néu nguon thién vin c6 kich thwé'c (khéng phai nguén di€m), cac hinh anh thu
dworc cua n6 1a mot tap ho'p cac cung sang.

= Néu hé thau kinh d6i xtrng hoan toan, cac tia h0i tu va két qua tao nén mot
vong — g0i la Vanh Einstein.

= Néu nguon 12 mdt ngdi sao hodc mot chuln tinh, thi hinh anh chi 12 mdt di€m




Activity 8: Simulation of the deformation with the foot of a wine glass
Hoat d0ng 8: M6 phléng si bi€n dang v&i chin clla mdt ly rivgru

If we place the base of a wine glass on a graph paper we can see the
deformation.

Néu chiing ta dat dé ctia mot ly rirgru trén mot to gidy ké 6 vudng,
chiing ta c6 thé thiy sw bi€n dang.




Activity 8: Looking through the “bottom of a
wine glass”
Hoat d0ng 8: Nhin qua "day ly rwrgru"

Just cut the bottom off the glass.
Chi cin cat day khoi kinh.




Arc fragment Einstein Cross

Manh Cung  Chir thap Eistein



Activity 9: Simulation of the space deformation with a glass of wine
Hoat d0ng 9: M6 phléng sw bi€n dang trong khong gian v&i mét ly rirgu

If you put a glass of white wine on graph paper and look through the
wine, you can see this deformation.

Néu ban dat mot ly rirgu trang lén glay ké 6 vudng va nhin qua ly
rirQru, ban c6 thé thdy s bi€n dang nay.




Activity 9: Fix a flashlight and move slowly while
looking through a glass of wine
Hoat dong 9: C6 dinh dén pin va di chuyén cham khi
nhin qua cOc tirQ'u

This simple model shows that “matter” can reproduce distortions in images
observed through it.

M6 hinh don gidn nay cho thdy “vat chdt” cé thé tao ra cac bién dang hinh anh
khi quan sat qua no.

(The wine can be replaced by another translucent liquid)
(Rwou c6 thé dwoce thay thé bang mdt chit 10ng m khac)




Activity 9: Fix a flashlight and move slowly while looking through a glass of
wine
Hoat ddng 9: C6 dinh dén pin va di chuyén chdm khi nhin qua cOc rirgru
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Cung V6 dinh hinh Chir thap Einstein

Einstein’s Ring
Vanh Einstein




A theme outside the workshop: Why is the sky dark at night?
MOt chli dé bén ngoai hdi thdo: Tai sao bau trdi t0i den vao ban dém?

In 1923 Olbers suggested that if:

B The universe is infinite in extent.
B The stars are uniformly distributed throughout the universe.

B All stars have a similar luminosity throughout the universe,
then...

Nim 1923 Olbers dé nghi rang néu:

Vi tru 1a v6 han.
Cac ng6i sao phan bd ddong déu khap vii tru.

Tat ca cac ngdi sao déu c6 d0 sang gidng nhau trong toan vii try,
V‘a. LN ]




A theme outside the workshop: Why is the sky dark at night?
Mot chul dé bén ngoai h0i thdo: Tai sao bau tr¢i tdi den vao ban dém?

during the night.
... MOt vii tru v6 han sé c6 vo s0 vat thé va bau trri s€ sang trong dém.




Why i1s the sky dark at night?
Tai sao bau trori t0i den vao ban dém?

Then :

B Any point on the sky would be bright, not dark, since there would be
always a distant star shining.

B The number of stars in each “onion layer” of the sky is proportional to
12, and their light is inversely proportional to 2, where each layer
provides the same amount of light at the Earth. If there are an infinite
number of layers, the sky should appear bright at night.

B Saudo:

B Bat ky di€m nao trén bau tr¢i sé sang, khong t0i, vi s€ luén c6 mot ngoi
sao O xa chiéu sang.

B S6 lwgng cac ngdi sao trong mOi "1¢p vO hanh" clia bau trdvi ty 18
thudn v&i % va anh sang clla chung ty 1& nghich vi 12, trong d6 moi
16'p cung cdp cung mOt lwrg'ng anh sang cho Trai dat. Néu cé vo s0 16p,
bau tr@’i sé sang vao ban dém.




Why i1s the sky dark at night?
Tai sao bau trori t0i den vao ban dém?

But there are errors in this reasoning:

m  The stars look redder the further away they are because of the expansion. They
are less luminous because their distance.

= But above all, the universe doesn’t have an infinite age. There are no infinite layers
of stars.

Edgar Allan Poe was the one who correctly explains the phenomena in his essay
“Eureka”, published in 1848.

The night can be dark!

Nhuwng c6 106i trong 1y ludn do:

Cac ng6i sao cang O xa tréng cang do0 vi st giain nd. Chung mo hon vi & khoang cach
10n.

Nhuwng trén tat ca, vii tru khong c6 tudi 1a v6 han. Do d6, Khong c6 v han cac 16°p sao

Edgar Allan Poe 1a ngwoi da gidi thich chinh xac cac hién twong trong ti€ulud
“Eureka”, xudt ban nim 1848. —

Pém van c6 thé toi!



Thank you very much

for your attention!
Xin chan thanh cam
on sy chu y lang
nghe cua cac thay
co!
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