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| Bai 6.2: Sw hinh thanh va phat trién ciia sao
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(4 ; 1. Qua trinh tién hoa
dKhi Hydrogen cua modt ngodi
sao chay hét luwong hydro, sé
tro thanh sao kénh do va tiép

tuc nung chay Hel.

dSau d6 s€ la qua trinh chay
cac nguyén tO0 nang hon,
nang hon. Sau khi chay hét
cac nguyen td, qua trinh tiép
theo s€ phu thudc vao khoi ——
) X . e Temperature
leong cua mo1 ngd1 sao.

T

Luminosity
-
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1.1. Su phat trién cua cac ngoi sao twong tw mat troi

(DBé mit sup do cua mot ngdi sao
Blus Supergiarts protostar hudng dén nhiét 4o khi do
ngo1 sao bat dau burc xa ra anh sang do

1,000,000

%
%

10,000 -

100 -

(2)Protostar trd nén nhd hon, dién tich bé
mat giam, nhi¢t d0 bé mat tang lén va
luc nay ng01 sao lai tiép tuc burc xa nang

| lvong nhiéu hon trén modi don vi thé

Luminosity relative to the Sun

0.01 | .8,
% tich. Khi cac qua trinh két thuc,
- White Dwarfs
\ ' luminosity ctia sao gan nhu khong doi
0.0001 | 1 1 1 1
Temperature 40,000K 20,000K 10,000K 6,000K 3,000K
Spectral Type 0 B A F G K M

(3)Ngéi sao di chuyén vao diy chinh



i d 1.1. Sy phat trién cua cac ngoi sao twong tu mat troi
L . | T
ML | (4) Ngdi sao & Main sequence va bat dau
. A Blue Supergiants , . , . .
% qua trinh nung nong Hydro thanh Heli qua
oo G cac phan trng nhiét hach. Lugng Heli trong
E g L B, o5 101 tang 1én va nhiét d sao tang 1én, sao di
T mlf 1 chuyén trén duong Main Sequence 1én phia
£ I trén ve phia trai.
o Y,
g 1} 1 N7 A
g e (5) Sao tr¢ thanh sao kénh do (Red Giant)
- [ ~ khi Heli bi nung néng thanh Carbon
0.01 |- A 1
- White Dwaﬂs\ X (6) Carbon nung ndéng thanh Oxygen bén
0.0001 L—1 . - : - trong 101, ngd1 sao trd nén kém on dinh
Temperature  40,000K 20,000K 10,000K 6,000K 3,000 K
Spectral Type 0 B A F G K M
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d : 1.1. Su phat trién cua cac ngoi sao twong tw mat troi
: m g
PHQG-HCM /000,600
| P Blue Supergiants
| |
e :%'/_\ (7) Khi khong con nang luong
S L % Red Giants s » o e .. ) N .
% 6 N7 & 101, bao ngoai cia ngdi sao bi
| + | thoi bay vao khong gian
£ "o, —>planetary nebula
S ol N
g | Co
i 8 %&%ﬁmr&aﬁaﬁwpﬂo va
0.01 - . B .
e Sﬁ co lai , kich thudc bang Trai
. \ ’ dat, tro thanh sao lun trang
0001 L I ! I I

Temperature 40,000 K 20,000K 10,000 K 6,000 K 3,000 K
Spectral Type 0 B A F G K M



¢ KHQ
. < o

<.

<RUONG 4
'VngN 1%

1.2. Cac ngdi sao khoi lwgng thap
(0.05 — 0.5 khoi lwong mat troi)

d Poi vbi cac ngdi sao khoi lugng thap, qua trinh chuyén doi
khi Hydrogen sang Heli bo1 cac phan trng nhi€t hach twong tu
nhu mit troi. Tuy nhién véi cac sao khoi luong 16n thi chi
10% khoi luong sao 1a dung cho phan tng nhiét hach.

[ Con do1 voi cac ngdi sao co khoi lvong nho thi cac dong doi Iuu

cua cac ngodi1 sao giup cho qua trinh nhi¢t hach dién ra lau hon

Thoi gian song ciia sao trong diy chinh (main sequence) kéo dai

‘ lau hon
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1.2. Cac ngoi sao khoi lugng thap
(0.05 — 0.5 khoi lwgng mat troi)

PHQG-HCM

0 Sao khoi lugng thap khong du dé duy tri ap suat cho nhiét
dd 100 triéu do K dé cho phan rng nhi€t hach cua Heli xay
ra, do d6 sau phan tng nhiét hach cua Hydro két thiic, Hydro
chuyén hoa hoan toan thanh Helium va sao s& chuyén thanh
sao lun do (red dwarf — 0.1 solar mass).

3 Sau d6 1a qua trinh sup do dan dan trong khoang vai tram ty
nam va cuo1 cung la tr¢ thanh sao lun trang white dwarf.



_ 1.2. Cac ngoi sao khoi lugng thap
Yom (0.05 — 0.5 khoi lrong mat troi)

A D6i voi cac ngdi sao khoi luong gap
trén 2 1an mat troi, khi nhién liéu da
can kiet, 16p vo ngoai cua ngd1 sao s€
bi thoi bay dé lai phan 18i ngdi sao

QL&i con lai chinh 1a sao lun trang,
dugc nung nong béi nhiét giai
phong tu su co lai cua trong luc va
ban dau co thé rat nong. Sau do lanh
dan va mo di.
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1.2.1. Sao lun tring (White drawfs)
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O Tai tdm cia tinh van hanh tinh 13 mot ngdi sao trang hodc trang xanh.

 Chung c6 do sang khong qua — 0.02 ban kinh mat troi

O Khoi luong 0.17 — 1.33 khdi lugng Mit troi, do d6 can dén cac kinh thién
van nang suat 1én dé quan sat

O Chung dang tién dén trang thai cudi cung ctia cudc doi mot ngdi sao 1a sao
[Un trang.

1 Khi phan trng hat nhan két thuc, tAm ngo1 sao s€ co lai dudi tac dung cua
trong luc

O Kich thude sao lun trang tir 0.008 lwong mit troi

0 Mat do khoi ctua white drawf 1a vo cung 16n (10°g/cm?)



- 1.2.1. Sao lun tring (White drawfs)

1C6 mat d6 vat chat vo cung dac, gép mot triéu 1an mat dé nude. Co
kho1 lugng twrong duwong Mat troi, kich thudc cling chi bang Trai dat.

/Khoi luong 16n nhat co thé bang 1.4 khoi luong Mit troi, dugc biét
dén nhu gidi han Chandrasekhar (Chandrasekhar limit).
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1.2.1. Sao lun tring (White drawfs)

Y3iN f

0 Sao lun trang 1a nhitng sao nhd, ban kinh khoang 500 km, dic va co6 do trung rat
yeu. sao nay phat ra anh sang trang do chuyén dong cua cac electron. Nhi¢t do bé
mat khoang 10.000 K.

0 Sao lun trang 1a thién thé duoc tao ra khi cac ngdi sao co khdi luong thap va trung
binh, khoi lugng nho hon hoac bang 1,4 khoi lugng Mat tro1 (gid1 han
Chandrasekhar).

O Céac ngdi sao nay khong du ning dé sinh ra nhiét 46 ¢ 15i can thiét dé nung chay
cacbon trong cac phan g tong hop hat nhan sau khi chiing chuyén thanh cac sao
kénh do trong giai doan d6t chay He. Cudi giai doan nay, nira bén ngoai cta sao
kénh d6 sé& bj déy ra khong gian tao thanh cac tinh van, Pé lai déng sau mot 101 tro
chtra chu yéu 1a C va O,, d6 chinh 1a sao lin trang

T




1.2.1. Sao lun tring (White drawfs)

Hinh. Sao lun trang
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{4 ; 1.2.2.Sao lun den (Black drawfs)

PHQG-HCM

Sao lun den 1a giai doan cudi cia
sao Iun trang. Sau khi sao lun trang
phat tan hét dong ning cia cac
electron, n6 nguoi dan di va co lai
thanh mot khoi cau den khong thé thay
bang mat thuong.

Chi c6 thé quan sat bang kinh thién
van trong vung hong ngoai

Hinh. Sao lun den
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1.3. Cac ngoi sao bién doi (Variable stars)

YN f3-°

3 Vao giai doan cudi cung cua cudc doi minh, cic ngdi sao trd nén
kém on dinh va c6 su dao dong trong kich thudc ciia chung. Khi
kich thudc sao ting 1én, dién tich bé mat s& ting 1én, va
luminosity co thé ting 1én theo. Tuy nhién, trong cung lic do,
nhiét 36 bé mit giam xudng, do d6 luminosity giam theo quy luat
ltuy thura 4, sao ¢6 mau do.

1 Nguoc lai khi kich thudce sao giam xudng, mau sac sao s€ chuyén
qua mau xanh va luminosity s¢ tang.



{d % 1.3.Cac ngoi sao bién ddi (Variable stars)

PHQG-HCM <

Sao blen quang la cac sao co do sang thay doi, deu dan hoac khong

/\ /\ Ay 4 \ V \ A
Y ’ a%h Va's a a ave Qo h aWa AA -. 2 - .A a2 Y O} YY)
eu . 1 kv b (1C 19 00 Sang Co d Vdl 210 110dC Vd e

Bién do dao dong c6 thé tir 15 dén 17 cap sao. Co ba nhom sao bién
quang chu yéu

e Sao bién quang co gian

e Sao bién quang bdc phat

e Sao bién quang che khuat

Hinh . Sao bién quang




2.7 1.3. Céc ngdi sao bién ddi (Variable stars)

Variable Star

@ 0@

vAva

—

brightness

time ———p
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e € 1,3, Cac ngoi sao bien doi (Variable stars)
o s Blue Supergiants
100001 Instability Strip i RR Lyrae VarlabIGSZ
2 0 . 2 Y5 khoi lugng mat troi
: [ o Chu ky 0.2 — 2 ngay
° 4’6,;,
"g 11 e
| : Wh‘ite Dwarfs 2

Temperature 40,000 K 20,000K 10,000K 6,000K 3,000 K
Spectral Type 0 B A F G K M
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1.4. Tinh van Hanh tinh (Planetary nebula)

J

Cuoi cung ngdi sao trd nén bat 6n nhat va mot phan vat
chat bén ngoai ngo1 sao bi thdi ra ngoai (g16 mat tro1) khong
gian hinh thanh tinh van hanh tinh (Planetary nebula)

Tinh van hanh tinh 12 mot trong cac vat thé dep nhat ma
ta quan sat trong vu tru

d  Khoang 1500 tinh van da dugc quan sat

Jd  Du doan c6 khoang 50 000 tinh van trong toan thién ha
chung ta, tuy nhién ching b1 che khuat bd1 cac dam may bui

J
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1.4. Tinh van Hanh tinh (Planetary nebula)

Cat's Eye Nebula : Abell 39 |

—

Ring Nebula

19



- _} 1.4. Tinh van Hanh tinh (Planetary nebula)

Horse Head Nebula . Helix Nebula
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1.5. Sw phat trién ciia cac ngdi sao khoi lwong 16n (> 8 Solar mass)

Nhiét d trong 13i cia cac ngdi sao tang 1én nhiéu so voi cac ngodi
sao khoi luong nhd, diéu nay cho phép viéc nung ndéng cac nguyén to
nang
O 16 trd thanh Ne 20
Ne 20 tr¢ thanh Mg 24
Mg 24 tr¢ thanh Si 2s
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1.5. Sy phat trién cua cac ngoi sao khoi lwong 16n (> 8 Solar mass)

Cac ng61 sao khoi luong cao cO thé Sk i

dot chay cac nguyén td0 nang hon, Fiyiogen fUmion

nang hon cho dén khi no6 tao thanh 1 REMRATER

~e O A A N 0 o Carbon fusion

101 sat bén trong (khong con kha nang 5 i

dot chay va tao ra bat ctr gi bén trong). Neon fusion |

, Magnesium ___ RS ._,_,

Khoéng con nang luong dé duy tri, 101 i

Silicon fusion

s€ sup do va ngo1 sao phat no.

Iron ash
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1.6. Sieu tan tinh (Supernova)

0 Khi cap sao tuyét doi tir -18 giam manh xudng
6-8 moi nim va ngdi sao dan dan mo di.

3 Nhitng Supernova xay ra 44 nim mot lan trong
Galaxy, nhung do su che lép cua bui trong mat
phang Galaxy do d6 ta chi c6 thé quan sat 10-
20% cua supernova.
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1.6. Sieu tan tinh (Supernova)

O  Vu nd cha mot siéu tan tinh 1a
mot trong cac hién tuong dep nhat
trong vu tru. Vu nd cua mot ngol1
sao don giai phong luwong anh
sang tuong duong voi tong luong
anh sang cua tat ca cac ngdi sao
trong 1 thién ha cong lai. Supernova 1987a

d  Trong 1 thién ha, c6 1 vai su
ki€n sicu tan tinh phat nd mo1 thé
ky (100 nam)

T
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1.6. Sieu tan tinh (Supernova)

0 NO siéu tan tinh 13 phuong cach chinh dé cac
nguyén t0 kim loai nang nhu Oxygen, carbon,

sat, ... thoat khoi ngdi sao va trd thanh bui trong
vu tru.

1 Néu khong c6 hién tuong nd si€u tan tinh, s€
khong c6 cac nguyén to kim loa1 thoat ra khoi 101
cua mot ngo1 sao.




Sau khi no siéu tan tinh, 16p vo
cia ngdi sao sé& bi thoi bay ra
khoang khong vii tru, va trang thai
ké tiép s& phu thudc vao khoi
lwong ban dau ciia ngdi sao.

] A neutron star (Sao Neutron)

] A black hole (H6 den)

Chandra satellite X-ray
image of Cassiopeila A

T
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1.7.1. Sao Neutron

DThe‘mh phﬁn la cac neutrons. Trong luc rat
manh lam cho cac electrons va protons két
hgp vo1 nhau hinh thanh neutrons.

DSao neutron chiu anh huong cua cac hat
nhan nguyén t6 khong 106.

DChﬁng quay nhanh, mot so phét ra anh
sang trong vung song vo tuyén (radio),
duoc biét dén nhu 1a an tinh (pulsars)

T
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1.7.1. Sao Neutron

O Thién thé nho (c6 ban kinh khoang 10.000 km) c6 mat do vat chat rat 16n do
duoc cau tao hau hét tir neutron.

1 Vu co lai nay dan dén mot vu nd sao si€éu méi va két thac 1a sao neutron.

O Lan dau tién sao neutron dugc phat hién dudi dang phat xa xung dién tir nén
con goi1 la Pulsar.

3 phat hién ra gan 1000 Pulsar phat xa xung dién tir. Pulsar 1a cac sao xoay rat

nhanh, n6 bi€u hién nhu mot nguoén song radio, dugc phat ra di€u dan ¢ cac
chu ky ngan.
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1.7.2. L6 den

V3N p>

d Lo den hinh thanh khi mot
ngdi sao khoi luong 16n két thic
vong do1 cua no

O  C6 rat nhiéu sao ton tai trong
hé thong sao d6i Binary system.

d  Trong hé thong sao d6i, néu

mot ngot sac nanh 16 den thi
no s¢ hut vat chat cua ngo1 sao 8 .

< . < N A X Material accreting on fo a black hole
con lai hinh thanh dia vat chat * " from a companion star.

xoan O0c quanh 16 den
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1.7.2. L6 den
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O H6 den 1a két qua co lai cua cac ngdi sao co
khoi luong 16n hon bon lan khoi luong Mait
troi. Luc hap dan lam ngdi sao co lai thanh
mot diém c6 mat d6 vo han, luc hép dan 1am
cho khong modt vat thé nao co thé thoat ra
ngoai, ké ca anh sang.

O Truong hap dan ma hd den tao ra rat 16n, vi
vay, mot vat muon thoat ra khoi hd den phai
c6 van toc thodt 16n hon van toc anh sang e
trong chan khong. Hinh. Ho den
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2. Thoi gian song cua mot ngoi sao

Toc do cho cac phan tmg hat nhan trong cac
ngo1 sao tang 1én nhanh chong theo nhiét do.

Vi du: Rigel c6 khdi lwgng gap 17 1an mit troi va do trung (luminosity) gap 41000
lan mat tro1. Thot glan song cua mat tro1 vao khoang 10 ty nam trong day chinh
(main sequence). Do do thot gian song cua Rigel 1a:

(17/41000) x 10 ty nam = 4 tri€u nam




% 3. Bai tap

PHQG-HCM

Bai 3.1: Mit troi ¢6 c4 hin thA _

no O cach nguo1 quan sat 1 don vi thi€n van.

a) Tim cap sao tuyét doi M cuia Mat troi.

b) Nguo1 ta go1 (m-M) la mo dun khoang cach cua
thién thé. Tinh md dun khoang cach ctia Mt troi.
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Bai 3.2: T mat dat ngudi ta do duoc hang s6 Mit Troi (da hiéu

chinh phan mat mat do khi quyén hap thu) 1a agp = 1,95

cal/cm?phat. Hay tinh cong suat blrc xa toan phan ctia Mat troi
Lo (gia tr1 nay con go1 la do trung)




% 3. Bai tap
Bai 3.3: Proton 1a mot thanh phan trong tia vii
tru di tor Mat troi dén Trai dat, g1a S nO cO nang
luong 10 MeV. Hay:
a)U6c¢ tinh thoi gian dé n6 dén duoc mat dat?
b)Khi di vao tir quyén Trai dat, quy dao ciia nd
s€ ra sao? (Van allen)

T
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3. Bai tap

Bai 3.4: Xac dinh cap Sao tuyet d6i cua sao Chirc Nit (ng01 sao o

trong chom Thién Cam) biét rang nd & cach ta 8 ps va cé cap sao nhin
thay m = +0,04.

Bai 3.5: Sao o ctia chom Trang Si c6 cap sao nhin thady m = 0,41, cap

sao tuyet d6i M = -5,47.

a) Hay tinh khoang cach dén sao a.

b) Doi chiéu véi dit kién vé Mat troi ¢ bai so6 1, cho biét thuc chat
Mt trdi hay sao o sang hon va sang hon bao nhiéu 1an?

T




% 3. Bai tap
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Bai 3.6: Tinh ban kinh sao 3 trong chom sao Nhan
M3 theo ban kinh Mit troi, biét rang sao B co cap
sao0 M = -5; nhiét d0 T = 21000 K, con Mat tro1 co
Mo = +4,8; To = 5800 K




