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CLPIE
Muc tieu
m Understand the difference between apparent
magnitude and absolute magnitude.
m Phin biét cap sao bi€u ki€n va tuyét doi
®m Understand the Hertzsprung-Russell diagram
- a color /magnitude diagram.
= Hiéu bi€éu d6 H-R — biéu d6 mau sac/cap sao
m Understand concepts such as supernova,

neutron star, black hole and pulsar.

m Hiéu siéu tin tinh, sao neutron, 10 den, pulg . ¥
Y
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Activity 1: Simulating parallax
M6 phOng thi sai

Keep your thumb pointing upward with your arm outstretched.

Keep looking, first only with your left eye open, then only with your right eye. What do
you see?

Now move your finger halfway up to your nose and repeat the observation. What do you
see?

Gilr ngon tay cai cia ban hwdng 1én trén v@i canh tay dang rOng.

Hiy nhin, ddu tién chi bang mat trai md, sau &6 chi mat phai. Ban thiy gi?

Bay gi® di chuy€én ngén tay clla ban 1én nilra bén miii va 1dp 1ai quan sat. Ban §



Parallax

Parallax is the apparent difference in
the position of an object when viewed
from different locations.

Nearhy star

Parallax angle m The position of a nearby star on the sky

appears to change when viewed from
Earth now and then six months later.

m Thus we can measure the distance to
nearby stars.

m Thi sai 12 st khac biét td rang vé vi tri
clla mQt dOi twong khi nhin tl¥ cac vi tri
khac nhau.

m Vi tri cia m@t ng6i sao gan trén bau
tr0i dwo'ng nhw thay d0i khi nhin tir

Source: Columbia University. ,
Trai dat hién tai va sau d6 sau thang.




Parallax
Thi sai

position B

150 000 000

= 30939720937 064 km = 3,26 L.
21/(360°x60x60) m ly

1 parsec = 3.26 light years (ham anh sang)
d=1/p




Activity 2: Law of inverse square
Hoat dong 2: Dinh ludt nghich dao binh phwong

A star emits radiation in all directions. The intensity (I) received at a
distance D, per unit of surface area, is the luminosity L. (power) of the star,
divided by the area of a sphere centred on the star.

MOt ngdi sao phat birc xa theo moi hwd'ng. Cwong dd (I) nhan dwgc o
khoang cach D, trén mOt dorn vi dién tich bé mat, 12 dd sang L (cong suat)
clla ng6i sao, chia cho di€n tich clia hinh cau c6 tAm & vi tri ngdi sao.




Activity 2: Law of inverse square
Hoat d0ng 2: Pinh luat nghich ddo binh phu'O'ng

When the distance is doubled, the
corresponding area is four times larger, and
the light intensity (the incident light per unit
area) will become four times smaller.

The intensity of light is inversely proportional
to the square of the distance from the source.

Khi khodng cach dwgrc ting 1én gdp d6i, dién
tich twong trng 1&'n ho'n bon 1dn va cworng dd
anh sang (anh sang t@i trén moOt don vi dién
tich) s€ nhé hon bon lan.

Cwong dd anh sang ti 1€ nghich vé&i binh
phwong khodng cach tir ngudn.




System of magnitudes
Hé cap sao

The stars show different brightnesses. , SR

The brightest star that you see may be of g .. P . A
small luminosity and be close, or of large P b AT 4 £t R
luminosity and be distant. it TSRt

The brightness is defined as : 3 ‘* LTt :

C4ac ngbi sao hi€n thi d0 sang khac nhau.
Ng6i sao sang nhat ma ban nhin thay cé thé
c6 d0 sang nhé va & gan, hodc c6 dd sang
10'n va & xa.

PO sang dwoc dinh nghia la:




System of magnitudes

Hipparchus was born in Nicaea (how
known as Iznik, Turkey) in 190 BC. It
is believed that he died in Rhodes,
Greece, in 120 BC.

About 125 years BC, he defined the
system of magnitudes.

Hippatchus sinh ra 0 Nicaea (nay la
Iznik, Tho Nhi Ky) vao nim 190
trwwd’c Céng nguyén. Ngwoi ta tin
rang ong qua doi & Rhodes, Hy Lap,
vao nam 120 trwwd'c Céng nguyén.

Khoang 125 nim trwwdc Cong nguyén,
ong da dinh nghia hé cap sao.




System of magnitudes
HEé cap sao

Hipparchus called the brightest stars 15t magnitude, those less bright 274
magnitude and continued until the faintest, which he called 6™ magnitude.
Hipparchus g0i nhitng ng6i sao sang nhat 1a cap 1, nhitng sao kém sang
thir 2 va ti€p tuc cho d€n khi m& nhat, ma 6ng goi 1a cap 6.

That system, slightly changed, is used today: the greater the magnitude,
fainter the star.

Hé thOng phan cp sao nay, c6 thay d8i mot chut, van dwore sit dung
ngay nay: cap sao cang l&'n, ngdi sao cang md.

Astronomers refer to the brightness of a star when talking about its
magnitude.

Cac nha thién vin hoc dé cap dén dd sang clla mQt ngdi sao khi ndi vé
cap sao.




System of magnitudes
HEé cap sao

In 1850, Robert Pogson suggested that a difference of 5
magnitudes should be exactly equal to the brightness ratio of 100

to 1.

This is the formal definition of the magnitude scale that is used
by astronomers today.

Nim 1850, Robert Pogson dé xudt rang sw chénh 1éch 5 cip phai
chinh xac bang ty 1& d0 sang 100 trén 1.

DAy 1a dinh nghia chinh thitc clia thang do cap sao dwgrc str dung
b&i cac nha thién vian hoc hién nay.




Pogson’s Law
Dinh luat Pogson

From the computational point of view, it is useful to use the logarithmic
scale to write this relation:
TWr quan di€m tinh toan, s€ rat hitu ich khi st dung thang do logarit dé
vi€t mOi quan hé nay:

2.51og (B;/B,) =m, - m,

For example:

* Sirius, the brightest star on the sky, has a magnitude of -1.5
* The magnitude of Venus is -4

* The magnitude of the Moon is -13

* The magnitude of the Sun is -26.8

Vi du:

Sirius, ngdi sao sang nhat trén bau trdi, c6 cap sao -1,5

Cap sao clla sao Kim 1a -4

Cap sao clla Mat tring 1a -13

Cap sao clia Mat trori 12 -26,8




Apparent and absolute magnitude
Cap sao bi€u ki€n va tuyét doi

A very powerful but distant star can have the same Apparent Magnitude (m) as another
fainter star but closer statr.

Astronomers have established the concept of Absolute Magnitude (M) where the star is
imagined to be at a distance of 10 parsecs (32.6 light years) from us.

With the Absolute Magnitude we can now compare the "real brightness' of two stars, or
equivalent to it, its power or luminosity.

The mathematical relationship between m and M is:
M=m+5-5logd

where d is the real distance to the star.

Mot ngdi sao rdt manh nhwrng 0’ xa c6 thé c6 cung Cap sao Bleu ki€n (m) nhw mdt ngdi
sao khac m®& hon nhwng & khodng cach gan hon.

Cac nha thién van da th1et 1ap khai niém Cap sao tuyét d6i (M) trong do ngdi sao dworc
twdng tweng 1a & khodng cach 10 parsec (32,6 nim anh sang) tir ching ta.

V@i Cap sao tuy€t doi, gior day ching ta co thé so sanh "do sang thurc” cuia hai ngdi sao,
hodc twong dwong v&i no, cong sudt hodc dd sang clia né.

MO@i quan hé toan hQc gilta m va M la:
M=m+5-5logd
trong d6 d 1a khodng cach thirc dén ngbi sao.




Activity 3: stellar colors
Hoat d0ng 3: mau sao




Activity 3: Stellar colours
Hoat d0ng 3: mau sao

The stars show different colors according to their temperature

Cac ngoi sao hi€n thi mau sac khic nhau tiy theo nhiét @6 clia chiing

A T=2898 x10°mK
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Intermediate temperature stars present maximum emission in green light, but they
also emit a lot of red and blue light, the result is an average of the visible wavelengths
and the sum of all the colors of the spectrum is white.

Cac ngdi sao c6 nhi€t dd trung binh c6 mirc phat xa ctrc dai dwdi anh sang xanh luc,
nhwng ching ciing phat ra nhiéu anh sang d6 va xanh lam, két qua 12 trung binh clla
cac bwdc song nhin thdy va két ho'p clia tit cd cic mau clia quang phd 13 mau trang.

) F )
. .

That is why there are no green stars!
D6 1a 1y do tai sao khong c6 nhirng ngdi sao xanh!



Spectral classes
Loai pho

Temperature /| K
(Class)

38.000

Spec+ra| Class Types for Stars

Class O ClassB Class A Class F Class G Class K Class M

Relationship between spectral classification, temperature and color of stars.
Phén loai ph0, nhiét @6 va mau sac clia cac ngbi sao.



Hertzsprung-Russell Diagram
Bi€u d0 Hertzsprung-Russell

The stars can be represented in an empirical diagram
. . . -« superficial temperature
using their surface temperature (or spectral type) in 25,000 10,000 8000 6000 5000 4000 3000

function of their brightness (or absolute magnitude). "
/l)cnc:l\ m .
telgeuse
In general, the stars occupy certain regions of the .\/"mm
diagram. B
Arcturus Md‘-‘&’;n ‘)ﬁn

The star position helps you to know the type of star and .
its evolutionary stage. ! SHEA S ¢ . " \Pollux

*~Procyon A

Cac ngbi sao c6 thé dwoc bi€u dién trong mdt biéu do
thwrc nghiém bang cach str dung nhiét 6 bé mit clia
chiing (hoac loai quang ph0) theo ham clia d sang
(hodc cdp sao tuyét ddi) clia chung.

absolute magnitude
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No6i chung, cic ng6i sao chi€ém mOt sd viing nhat dinh
clla biéu do.

u 7 A o o« A . 0 o o o« A O5Bo s FO GO KO MO MS
V1 tri ngdi sao giap ban biet loai sao va giai doan tién e
hoa clila no.

spectral type




Stellar Evolution
Formation of a Red Giant
Sw ti€n héa clla sao
Sw hinh thanh clla m0t sao khong 16 d6

Sun R =0.7 millon km

. The stars evolve

........ e in different ways

Orbit of Mars‘"\, Arcturus R = 20 millon km depending on
R = 227 millon km

their mass.

: Cac ng6i sao tién
Red Giant \ héa theo nhiéu
cach khac nhau

Antares R = 300 millon km

tay thulc vao
khoi lwo'ng cllges
R chung. ‘




Stellar Evolution
Formation of the White Dwarf
Sw ti€én héa clla sao
Sw hinh thanh clia Sao Lun trang

A star of low or intermediate mass such as the Sun, evolves into a white
dwarf. This is a form of non-catastrophic stellar death.

MOt ngdi sao c6 khoi lwong thap hodc trung binh nhw Mat trdi, ti€n
héa thanh sao lun trang. Piy 12 m0t dang sao ché€t khong tham khoc.




Helix Nebula
Tinh van Xoan Oc

Credit: NASA/ ESA/HST =

The central object, small and white is a white dwarf, a dead star, which no longer
produces energy by fusion and is visible only due to its very high temperature.

Vat thé€ trung tAm, nhé va trang 12 mdt ngdi sao lun trang, mdt ngdi sao chét, khong
con tao ra ning lwg'ng bang phan trng nhiét hach va chi c6 thé nhin thiy dwo'c doges
nhiét d0 rat cao clla né. L




Cat’s Eye Nebula Tinh vin mat méo

The Cat’s Eye Nebula is a planetary nebula of great beauty. Here you can
see the photo in the visible region (left, Hubble Space Telescope) and X-
rays (right, Chandra telescope).

Tinh vin Mat méo 13 mot tinh van hanh tinh c6 vé dep tuyét vori. O’ diy e
ban c6 thé xem anh clia n6 trong viing kha kién (bén trai, Kinh vién vong fAL
Khong gian Hubble) va tia X (bén phai, kinh thién vin Chandra).




Activity 4: The age of the open clusters
Hoat ddng 4: Tu0i clia cAc cum mo’

You can determine the age of a stellar
cluster by comparing the HR diagram
with other diagrams of clusters whose
ages are known.

Ban c6 thé xac dinh tudi cia mO0t cum
sao bang cach so sanh bi€u d6 HR clia
cum v@i cac so @6 khac cila cac cum
c6 tubi da biét.




Activity 4: The age of the open clusters
Hoat dong 4: Tuli clia cac cum mo’

Kappa Crucis

* Draw a square of 4 cm of side centred on the
cluster.

* Measure the brightness of the chosen star by
comparing it with the points in the guide.

* Estimate the colour of the chosen star using
the colour guide for comparison.

*Vé mOt hinh vuéng canh 4 cm c6 tim trén
cum.

* Po d0 sang clia ngdi sao d4 chon bang cach
so sanh né v&i cac di€m trong hwwd'ng dan.

 Udrc tinh mau clia ngdi sao d4 chon bang
cach str dung hird'ng dan mau dé so sanh.



Activity 4: The age of the open clusters
Hoat dong 4: Tuli clia cac cum mo’

e L.ocate that star in the
grid on the right.

* Repeat with other
stars.

*Xac dinh vl tri ngdi sao
d6 trong lwdri bén phai.

 Lap l1ai v&i cac ngbi
sao khac.

\‘
‘.-----'"



Activity 4: The age of the open clusters
Hoat dong 4: Tu0i clia cac cum mo’

Compare your measured diagram with the ones below. How old is your cluster?
So sanh s d0 do dworc clla ban v&i so’ @6 bén dwdi. Cum clla ban bao nhiéu
tu0i?

Old Age Cluster (>3000 M Yec

Color of the star

char 1)
cha rt)

Bl'if_‘]l'ﬁ | Size in the
E;il'ig |‘1+ | Size in '|'|"I|'f

] v




Relation between the mass and the death of the stars

M6i quan hé giita khoi lwgng va cai chét clla cac sao

Small star Red giant Plcme‘l'ary W hite Dwarf

Neutron Star

Stellar Cloud
with Protostars

Supernova Black Hole

Large Red
Star supergiant



The death of massive stars
Cai chét clla nhirng ngbi sao 1o'n

M1: The Crab Nebula in Taurus, is the remnant of the supernova
observed in 1054 AD.
M1: Tinh vin Con Cua & chom Kim Ngtru, 1a tan tich clla siéu tin
tinh dwrg’c quan sat vao nam 1054 sau Cong Nguyén.




Star ready to explode as a supernova
Ng6i sao san sang bung nd thanh mot siéu tin tinh




1.600 millions of km Burning
|« »| segments:

Hydrogen

Helium

Carbon

Neon

Oxygen

Silicon

Iron core

N Orbit of Jupiter

Characteristics of a star ready to explode as a supernova
Dac diém clia mQt ng6i sao san sang phat n0 thinh mot
si€u tan tinh




A star of 20 solar masses lasts:

* 10 million years fusing hydrogen into helium
inside its core (main sequence)

* 1 million years burning (fusing) helium

* 300 years burning (fusing) carbon

* 200 days burning (fusing) oxygen

* 2 days in consuming silicon: then the explosion of
the supernova is imminent.

Mot ng6i sao c6 khéi lirgng 20 1an khoi mat trdri tOn tai:

10 triéu ndm t6ng ho'p hydro thanh heli
bén trong 16i clla n6 (dai chinh)

1 tri€u ndm dot (t0ng hop) heli
300 nim @6t (tdng ho'p) carbon
200 ngay dot (tOng hg'p) oxy

2 ngay tiéu thu silicon: sau d6 s bung no cla
siéu tin tinh s€ xay ra.




Supernova 1987A Siéu tan tinh 1987A

‘. e

.

<1 %o O Anglo-Australian Observatory.";

The supernova 1987A was observed in 1987 in the Large Magellanic Cloud. The
cloud is at 168,000 l.y. The light need 168,000 years to reach the Earth.

Siéu tan tinh 1987A dw@'c quan sat vao nam 1987 trong Pam may Magellan Lon.
Pam may cach 168.000 n.a. Anh sang tir &6 cin 168.000 nim d€ dén dworc Trai dat.



Supernova 1987A 10 years later
Si€u tan tinh 1987A 10 nam sau

-
The material ejected after the explosion moves away at high speed away
from the star.
This photo of SN 1987A was taken by the Hubble Space Telescope in
1997.
Vat chat bi day ra sau vu n0 di chuy€n ra xa ng6i sao v&i t0c d0 cao.
Bi¥c anh SN 1987A nay dworc chup b&i Kinh vién vong Khong gian
Hubble vao nam 1997.



January 15, 2005 July 7, 2005 : June 7, 2011
. . sN2005cs . . SN2011dh

Examples of supernovae in a distant galaxy. On average, in each galaxy, one
supernova forms per century.

In the Milky Way, there have been no detections of supernovae over the last 400
years.

Vi du vé siéu tan tinh trong mdt thién ha xa x4i. Trung binh, trong m0i thién ha,
mot siéu tin tinh dwoc hinh thanh moi thé ky.

Trong Dai Ngin ha, khong c6 phat hién nao vé siéu tin tinh trong sudt 400 nim
qua.



Activity 5: Simulation of the supernova explosion
Hoat ddng 5: M6 phéng vU n0 siéu tin tinh

When a star explodes as a supernova, the light
atoms of the outer layers fall into the inner heavier
atoms. They then bounce off the solid core.

Khi m@t ngdi sao phat n0 thanh m@t siéu tin tinh,
cac nguyén tlr nhe clla cac 10p bén ngoai 0 vao
cac nguyén tlr ndng hon bén trong. Sau d6 chiung
bat ra khéi 16i ran.

In this model, the floor represents the solid core of a neutron stat.
The basketball would be a heavy bouncing atom, which pushes the
light atom that comes from above, represented by the tennis ball.

Trong mé hinh nay, san dai dién cho 15i rdn clla mdt ngdi sao
neutron. Qua béng r0 s€ 1a mdt nguyén ti¥ ndy ndng, day nguyén tir
nhe di tl¥ phia trén, dwgc bi€u thi bang qua béng tennis.




Neutron Stars Sao neutron

Another form of
stellar death is
the neutron stars
or the pulsars

Mot dang sao
chét khac 1a sao
neutron hoac sao
Xung

Neutron star

fluid nucleus

(protons,
neutrons and
electrons)

6x10'® kgim®

------
-

surface
(glass)

outer crust
inner crust (glass)

(neutron-rich) 4x10"* kg/m?
2.5x10'® kg/m®




Neutron Stars Sao neutro

" Neutron star of
solar mass

White dwarf of sb'la'r mass

Size Comparison
So sanh kich thwdc




Pulsars Sao xun

/ Rotation axis 4
[

Radio
telescope

=~

Neutron

i)

Magnetic field

|

How the radiation emitted by a pulsar is seen from the

Earth.
Jocelyn Bell Burnell, the discoverer of pulsars in 1967.

Lam thé€ nao birc xa phat ra b&i m0t sao xung dworc
nhin thay tlr Trai dat.

Jocelyn Bell Burnell, ngw@’i phat hién ra sao xung vao
nam 1967.



Activity 6: Simulation of a pulsar
Hoat d0ng 6: M6 phOng mdt sao xung

A pulsar is a neutron star, very massive and rotating rapidly. It
emits radiation but the source is not fully aligned with the axis of
rotation, so that the emission spins as a lighthouse.

If the beam is oriented towards the Earth, we see a variable
radiation that repeats several times per second.

Sao xung 12 mQt ngdi sao neutron, rat 1&'n va quay nhanh. N6
phat ra birc xa nhwwng ngu6n khong hoan toan thang hang véi
truc quay, do d6 birc xa quay nhw mo0t ngon hai ding.

Néu hwé'ng chum tia vé phia Trai dat, chung ta thady mot birc xa
bi€n thién 1dp lai vai 1an trong mot gidy.

Turning




3td form of stellar death: Black Holes
Dang chét sao thit 3: HO den

John Mitchell and Simon Laplace proposed the
possibility of the gravitational collapse of
supermassive objects at the end of their life.

They called these objects black holes, being invisible
in the optical range, since their gravitational force is
so big that nothing can escape from them, not even
the light.

John Mitchell va Simon Laplace d3 dé xuat kha ning
xay ra st suy sup hip dan clla cac vat th€ siéu khoi
lwgng vao cudi cufc doi clia chung.

Ho goi nhitng vat thé nay 12 10 den, 13 vat thé vé hinh
trong pham vi quang hoc, vi Itrc hdp dan clia ching
16'n @€n n6i khong gi c6 thé thoat ra khoi, ké ca anh
sang.




Stellar Evolution: Black Holes
Ti€n héa sao: L0 den

-

There are supermassive black holes at the centres of galaxies

C6 nhikng 10 den siéu 1&'n & trung tim clia cac thién ha



Activity 7: Simulation of the curvature of space and of a black hole
Hoat dng 7: Mb phOng dd cong clia khong gian va clia 10 den

It is possible to simulate
the curvature of space
created by a black hole
using a piece of elastic
fabric (Lycra) and a water
balloon.

Cé6 thé m6 phong dd cong
clia khéng gian do 10 den
tao ra bang cach st dung
mOt manh vai dan hoi
(Lycra) va mQt qua bong
nwoec.

The path of the tennis ball is not in a straight line but a curve.
Pwong di cla qua béng tennis khéng phai 1a mt dwong
thang ma la mQt dworng cong.



Activity 7: Simulation of the curvature of space and of a black hole
Hoat ddng 7: Mb phong dd cong clia khong gian va clia 10 den

An elastic net sold in
pharmacies can be also
used.

If we loosen the elastic net,
the well is greater and it
simulates a black hole.

Ciing c6 thé st dung lwdi
dan hoi ban & cac hiéu
thudc.

Neéu chung ta n@i 10ng
lwdi dan hoi, gi€éng sé 16n
hon va n6 mé phong mot
10 den.




Thank you very much
for your attention!
Xin cdm o'n s chu ¥ lang nghe
clla cac thay co!
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