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Vii tru 12 tat thay:

Khong gian
Thoi gian
Vat chat
Nang Iwrong

N6 van dang ti€n héa khong ngirng.
MOi vat thé trong vii tru thay d0i cling
vOri hiéu bi€t clla ching ta vé chung.




Chwa day mOt th€ ky trird’c, chung ta m@i quan
sat di dé worc lworng dwgc Vit tru va nghién ciru
khoa hoc vé no.
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Chl vai thap nién tro’ 1ai diy, chung ta m&i co6 thong
tin vé Vi tru va bat dau c6 thé nghién ctru vé né.
Trrdrc d6 tat ca chi la suy doan.




Trwc giac cla chung ta nhin Vi tru khéng phai la
mo hinh Big Bang.

Trong lich str, cic nén vin hoa déu thir ly gidi Vi tru. Vi
du ngw¢ri Babylon tin rang Trai ddt phang véi mot s0
ving cao 1én, tat ca dwgrc cac con voi d0 va chung lai
dirng trén mot con riia bao quanh b&i mdt con ran. Piéu
nay gidi thich dwgrc ddng dat 1a do cac con voi tr@ minh.




Thir nghi€ém mo6 hinh

Chi c6 kh@i cau m&i luén do
Bong clla con voi va con ria bong hinh tron nhw trong hién
khong th€é nao glong bong
Trai dat do 1én Mat tring

two'ng nguyét thwrc




Cac tién trinh clla khoa hoc

B Phan anh thirc ti€n (vao trong tw duy)

B Suy twr vé cic van dé ta gdp trong tw nhién

B Thi¥ nghiém

B Suy nghi vé két qua

B Cong bo tri thitc m@i qua cac bai bao

B Khi nhikng ngwoii khic déng gop cho y tirong
cla minh, tri thirc dwgrc cung c0, cing nhw
khi chung ta nhan ra sai lam




Mb hinh chuan vé Big Bang
B M6 hinh nay 12 do'n gian nhat dé c6 thé
giai thich cac quan sat sau:
* Sw gidn n0’ cua vii tru
* Birc xa nén vii tru
e Tiphan nguyén t0 héa hoc
* Tinh dang hwé'ng clia vii trul

B Cing co6 cac mo hinh khac

0 Khoa hoc khong nham dat
dwoc chan 1y tuyét doi — do 1a
thir khong thé dat dwoc ‘




Sw giin nO’ cua vii tru

d Vi tru dworc hinh
thanh tir 14 ty nam
trwrdrc.

Téng hop hat nhan

Hinh thanh V{ tru

O Moi thit bat ddu khi g

ning lwong dwoce giai 2

phéng tir hw khong. = He Mst Troi
d Vi tru gidn nor va

ngu0i dan di. Hién tai 3 K
O Két qua 1a ning lwgng Thoi gian

d6 dwo'c chuyén héa R el

thanh vat chat.




Nganh vat ly nghién ctlru trén |
Trai DAt va ap dung né ra toan
vi tru goi la Vat ly thién van.

Albert Einstein phat hién ra
rang ning lweng c6 thé chuyén
héa thanh vat chat va ngrorc
1ai. Ngay tir thu® dau cla vii
trl, nang lwong trong chan
khong da chuyén héa thanh vat

Quy doi ning lwgng va vat chat

chat.
E = mc?
, A ~ ~ quark , lepton
Trong cac sao, vat chat chuyén 0 S

thanh nang lwo'ng, nén chiung
t0a sang.




Ban dau, tat ca vat chat
déu o’ dang ion
Sau d6 chiung két hop |
lai thanh cic nguyén tir k 1

trung hoa vé dién. s, B .

Cac nguyén tir tao

thanh dam may ma 3
ttong do, cac thien ha g = @ - o
dau tién va cac ngbi sao @ @‘ e
hinh thanh. S M il
Sau do, cac hanh tinh da (nhll’ Trai Dat)

hinh thanh va sau d6 la sw sOng dau tién.




Bién doi h6a hoc
Proton, neutron va electrons hinh thanh trong phut dau tién
cla Vi tru. Ching tao thanh cic nguyén tit don gidn nhat la
H va He.

E = mc?

H hinh thanh boi mot proton p*

4 H tao thanh He + 2v + 2e* + 2y
» Cac nguyén t0 khac hinh thanh trong cic sao qua phan trng
nhiét hach.
» Cac nguyén tl* ndng nhat, nhw uranium, hinh thanh khi cac
sao phat nO va cic hat ban ra va cham v&i nhau tao thanh cic
nguyén t0 mai.
» Hang ty nim sau Big Bang, cic nguyén t0 khic ngoai hydro
va heli hinh thanh do cac sao ti€n hoa. 03




Vat ly va vir tru hoc

Ta c6 thé gidi thich vat chat thong thwong dwgc tao
thanh tlr cac hat quark, t0 hop lai thanh proton, neuton
va lepton (bao gOm electron) va chiing twong tac voi
nhau, vi du théng qua lwc dién tr.

lepton  electron  neutrino Liwc dién tir

quarks up down Lwc manh

baryon proton neutron Lwc manh, Iwc yéu

M6 hinh do'n gidn nay cho phép ta hi€u vé Vii tru thud

va ngworc 1ai.
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Quan sat cho chung ta biet:

O Tinh chat vat Iy clia cac thién thé

4 Kich thwdrc va khoang cach

0 Thoi gian va tudi tho

1 Toc dd gidn n® clia Vi tru

( Nhiét d0 clla birc xa nén

 Thanh phan héa hoc

[ Cau tric cua Vil tru

[ Vi sao bau trovi 1ai tOi

( Sw t0n tai clla vat chat t0i va ning lwong toi




Mat Troi

Vat thé dwoc
nghién ctru nhi€u
nhat 13 vat thé
sang nhit (nén dé
nghién ctru nhat).

Mat Trori va cac
ngoi sao con lai 1a
cac thién thé
dwoc biét dén
nhiéu nhat.




Ngoai hanh tinh

Ngoai cac sao, trong
vai chuc nam tro’ 1ai
day, hang tram hanh
tinh da dwg'c tim ra
dang quay quanh
mOt ng6i sao, khong
do chung phat sang
ma do chung lam
léch quy dao cua sao
cting nhw dwong
truy€én anh sang.




Sw sOng

Mot dac diém khac
clla Vi1 tru 12 sw sOng.
Chung ta chwa tim ra
dworc sw sdng ngoai
Trai Dat.

Chung ta tin rdng cin
nwrd'c dé sw sOng nay
n® vi n6 cho phép
trao d0i chat va tao
nén cac phan tir phirc
tap




Vat chat lién sao

Khoang khé‘)ng gilta cac sao khﬁng hé trdng rOng. N6
chira dady vat chat lién sao ma tlr d6 sinh ra cac ng01 Sa0
moi.

Cac sao sinh ra bén trong cac
dam may khi va bui. Cac dam
mAy bi nén lai dé tao thanh sao
m@i. Chung trdi qua phan 16'n
cudc doi dé chuyén hoéa 16i
hydro thanh heli va nang lwg'ng.

Sau dod, chung tao nén cacbon, nit®’ va oxy, la
nhitng nguyén t0 tao nén ching ta.




Vong dori clla m@t sao kiéu Mat Trori
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Khi mQt sao can ki€t nang lu'O'ng, n6 phun ra khéng
gian xung quanh cac phan ti¥ dwg'c chung tao ra bén
trong. Sau moi th€ hé sao, khong gian lién sao no'i cac
sao m@i sinh ra 1ai thém d6i dao cac nguyén t0 2

nang hon.




Cum sao

Nhiéu sao tu 1ai thanh cum g6ém tir 100 dén 100.000 sao

Cum sao mo Hop
Trang Strc

Cum sao cau
Omega Centaurif T

s e ..
-
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Thién ha xodn Xoay Nwéc
Source: Hubble Space Telescope

Thién ha

Quan theé tuyét vori
nhat 12 cac thién ha.
Thién ha dang xoan
nhw thién ha cia chung
ta c6 horn 100 ty sao,
mOi sao 1ai c6 hanh
tinh, vé tinh, sao choi,
khi va bui va phan 16'n
con 1ai 1a cai goi la vat
chat t0i. |




Ang sQ'i

Vi tru dan

Ot

N

oi

Cac nhom thién ha phan bo trong m
QR

tru dan

va



Vii tru gifng nhr mdt bOn tam day
bot v&i vat chat bao quanh cac
khong gian khong co thién ha, va
theo thoi gian, khoang trong do

...vi Vii tru gidn n®. Khong gian gilta cac
cum thi€n ha tang 1én va Va tru ngay cang ZIES
phén tan. €




M6 hinh vu tru dang sQ1

3 T

Source: Millennium Project Max Planck Institute.
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Cum va siéu cum
thién ha nam
trong cac soi,
gifng nhw nam
trén mat bong
bong. M6 hinh
nay phu hgp v&i
quan sat.




Cau truc clla vil tru

m Sao nam theo cum

= Cum sao nam trong thién ha.

m Thién ha tao thanh cum gOm tir vai dén vai
nghin cai.

m Cau tric 16'n nhat cliia Vil tru 13 cac soi tao
thanh ttr cum va siéu cum thién ha.




Thang do trong Vii tru yemseans

Ta c6 thé wéc x

lu’O’ng d0 dai mot et -

met, bang cO mot _ :
dira bé, ciing nhll' - ‘a 1000 km la quang
d0 dai kilomét, g & dwong may bay bay
nhw thé nghln lan dU’O’c trong vai gio.
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Dé t¢&i Mat Tring, ta can 3
ngay, va tir Mat Troi di Sao
Méc thi mat nhiéu nim.

Our Solar System

Khoang cach dén cac sao lan
can gdp nhw thé hang nghin
1An.




Qua khr cua Vi tru tinh
bang nam tw hién tai

Big Bang 14 000 000 000

Cac thien ha hinh thanh 13 000 000 000

Hé Mat Tr0i hinh thanh 4 600 000 000

Su sOng trén Trai Dat xudt 3 800 000 000
hién

Dang sOng phitc tap xudt hién 500 000 000

Khling long xuat hién 350 000 000

Tuyét chiing & Ky Phin Trdng 65 000 000

Ngudi hién dai xudt hién 120 000

Con ngw i xudt hi€n rat mudn gan day




Quan sat vi tru

Ban c6 thé dung hinh anh dé xac dinh vi tri hoac mau
sac hodc d0 sang clla mQt ngbi sao.

Quang ph6 c6 thé xac dinh dwge L L o
t0c d0 clla sao théng qua hiéu bng * - - - . s =
Doppler cua anh sang. 5 \ B i
Phin tich birc xa ma sao hoac e \' S 3
thién ha phat ra, phan xa hay hdp = . - . . "

thy, ta c6 thé biét dwgc ban chdt  + ¢, . -

cua chuang. SRR




Cac tru c0t cua M6 Hinh Chuan
Sw giin n®’ cUa vii tru
Hiéu irng Doppler dich sang hwd'ng mau do
cho bi€t sw giin n& (N€u sao d€n gan ngr @i
quan sat, anh sang cila né sé dich sang mau
xanh va ngwr@'c 1ai sé dich sang d0).
Cac nhém thién ha di chuyén ra xa nhau va cang
xa thi chiing di chuyén cang nhanh.

Thanh phan héa hoc clia Vii tru

Trong nhitng phut dau tién clla Vi try, chi c6 H va
He hinh thanh. Sw giin n®’ da nglrng qua trinh d6
1ai: blrc xa mat ning lwgng va khong thé chuyén
héa thanh proton hay neutron dwgc nira. C, N va
O dworc tao thanh bén trong cac sao va dwgrc tron
1an vao méi trirdrng lién sao khi ngoi sao chét di.

VLD




Singularity

Gian no’ cua Vii tru

Vii tru gian n0 va photon birc
xa bl kéo gian ra. Nhirng tia
gamma bwoc song siéu ngan
trong qua khir gio’ ddy da thanh
nhirng song vo tuyén.

Po d0 giin n0’ cua Vii tru, ta co
thé tinh dwgc tudi clia n6 1a 14 ty
nam. U'0'c doan nay con chinh
xac ho'n cd tudi do dwoc clla cac
sao gia nhat.




Birc xa vo tuyén nén vii tru (CMB)

= Chwong trinh
COBE, WMAP va
PLANCK vé ban do
birc xa CMB trong
bau tr¢i. M0i 1An né
cac chi tiét hon, n6
lai phat hién cac
thing giang nho:
dau vét cac dam vat
chdt ma tir d6 tao
nén cac thién ha.




Vi ttu co bién khong?

Piéu kién cin cho sw 0n dinh
clia Vi1 tru 12 no6 ti€p tuc gian
n®. N€u khong n6 sé nglrng
tOn tai nhw ta thay bay gio’. Sw
giin n® cua Vi tru 1a mot
trong cac tru c0t cila mo hinh
chuin vé Big Bang.

nhwng...khong co tam
tir d6 gian no’ ra K1)




Lwrc hdp dan cé bao trum Vii try?

Vi trtu bao goém khoi

lworng, nén nod co lwc
: * - " hdp dan khdng 16 hut
| B 3 Ao maQi vat 1ai v&ri nhau.

Big Bang gian no
bu trlr v&i Iwre hap
dan.

Vi tru dang ting tOc giin n® va ngudn ning lwong
dirng dang sau d6 hién chwa dwoc bi€t dén.




Khi quan sat cac thién ha & xa, ta thdy chung clla qua
khir. Cac thién ha & gan khac cac thién ha & xa.
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s N 2w Thién ha o xa thi nho #*
Thién ha xoan O0c 0’ gan va khong dinh hinh §




Ti€énhéa ., . ... :
Co6 mot gi01 han ma ta
khong thé biét dworc
thong tin vé Vi tru
dang sau no.

Ta khong thé quan sat
dworc cac sao ma anh
sang tl¥ chung t¥i
ching ta mat hon 14
ty nam.

Neéu Vi tru cila chiing ta nhd, ta chi c6
thong tin vé mQt phan nho clla n6. Va néu
n6 vo tdn thi phan do6 sé rdt bé.




Phan v6 hinh clia Vu tru la
95%, ¢O6m vat chat t0i va ning
lwong t0i, dwgc nhan ra nho
chuyén dOng cla cic thién thé
hiru hinh.

Chung ta khong biét chung
dugc lam tw vat lieu gi.




Mat bién ay bién
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GiOng nhw ta la nha
sinh vat hoc bién c6 thé thay nhiéu diéu

nhwng chi c6 thé nhin da dang hon
thay mat bién




A n A o
Vat chat to1
Ta biét vé n6 khi ma v&i moi thién th€ dworc phat hién,
c6 hang nghin thién thé khac nira ta khong bi€t thong tin
gi vé ching, ngoai khoi lwg'ng ching cé. Ta khong biét
dwoc hinh dang va phin b0 khoi lwgng clia ching.
pesconon or o ams cossmo e wmasee o o oo s INGUWOVA ta cho rdng vt
chat t0i phan bo theo
dang s@i. Mau xanh la
i TN B cac thién ha o xa.
w7 Ty Pwong mau vang 1A
G e O dwong truyén anh
“.- |  sang cla ching. Khong
] ¢6 vat chit t6i thi
chiing sé thang.




Cac sao quay quanh tAm thién VAt chat t0i v6 hinh
ha vi khoi lwong clla n6 hut nhwng c6 thé phat
chiing. Cum thién ha gan v&i  hién dwoc qua lrc
nhau ciing b&i Iwrc hip dan. hdp dan.

W
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Co6 cac vat quay quanh vat khac ma ta khong thé thay.

Vi du nhw c6 cac sao va cac nhém sao quay quanh 10
den O tAm cac thién ha.




Mot hoi dong ¢6m hon 200 nha
khoa hoc va 60 co’ quan nghién
cltu & 18 quoc gia da tham gia
vao du an Event Horizon

& Telescope, gOm 8 kinh thién vin
vO tuyén trén Trai Dat

(WIDE-FIELD )

Tam cua M87, cich ta 53,5 Blrc anh dau
triu ndm ang sang tién cua mot 10
(credit: NASA/CXC/Villanova University/]. - A ~ ~
Neilsen) den si¢u nang da

“Bong” va chan troi sw
kién clia 10 den siéu ndng
& tAm cla M87 nang gdp
Mat Tro1 6,5 triéu ldn

(credit: Event Horizon Telescope)

duoc gioi thiéu
& mOt budi hop

bao ngay
10/04/2019



Tién hoéa cua Vi tru

Trong th@i gian dai tdi, Vii tru sé ti€p tuc gian nd. Toc
d0 giin n0 ting theo th¢i gian. Ning lwgng dirng sau
viéc ting tOc nay hién chwa dwgrc 15, ta g0i n6 1a ning
lwgng t0i.

Sau hang nghin ty nim, moi vat chat lién sao sé bi tiéu
tOn hét va khéng con sao m@i nao hinh thanh nivra.

Proton s€ phan ri va 10 den sé& bdc hoi.

Vi tru sé rat bao la, chira day vat chat xa la va séng vo
tuy€n niang lwong thap.




Hinh dang cua Vi tru phu thugc vao
hang SO Vi tru

(dworc ly thuyét lam phat
dy doan va phu hop voi
guan sat)




Swr ti€n hoa phu thudc vao viéc Vi tru chira gi

Hang so6 vii tru

()

tong

=1.0

Nguyén t6 ning
0.03%

VR Neutrino
. .

Vat chat toi
25%

Nang lwong toi
70%




M5 hinh thanh c6ng: Big Bang

(dw doan — kiém nghi€m)

*Su gian no: ‘
chirng minh vao dau tk XX béi E. Hubble.

*Birc xa nén vii tru:
Phat hién trong tk XX béi A. Penzias va R. Wilson.

*Thanh phan nguyén to:
chirng minh vao tk XX.

o Cau truc I6n: phat hién vao cudi tk XX.




Dinh ménh cua Vi tru
(cac kich ban kha di)

- Big Crunch (ngworc 1ai v&ri giin no)

* Phang, chét nhiét (giin né dirng lai)

e V6 tin, phang, giin n& mai maii
(kich ban dwgc dong y rOng rai)

* Big Rip (giin n® ting t0c)

Twong lai phu thuOc vao thanh phan
cla Vil tru, vao mat d0 t&i han va sw
tOn tai clla vat chat toi.




Hinh dang va mat d0 cua Vi tru

Tdng t6c béi
ndng lwong 1oi
(Big Rip)

Phang, vat chit chi phdi Vi tru, gidn no bi giam
toc (chét nhiét) - BI BAC BO

Kich thuéc VU tru

Ddo nguoc cua gidn né (Big Crunch) - tirng
mét thoi BI BAC BO

Thoi glan
Twong lai—

Credit: Daniel Thomas - Mapping the sky



Lich st Vi tru

Afterglow Light
Pattern

400,000 yrs.

Dark Ages

Development of
Galaxies, Planets, etc.
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Dark Energy

Accelerated Expansion

Big Bang Expansion

13.7 billion years



L.0i két

Chung ta dang
sOng trong mot
thoi ky tuyét
vO'i ma ta co
th€ suy nghi vé
Vii tru bang
cac dinh luat
vat ly.




Cam on vi d4 lang nghe!
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