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“Every atom in your body came from a star that exploded. And,
the atoms in your left hand probably came from a different star
than your right hand. It really is the most poetic thing | know
about physics: You are all stardust. You couldn’t be here if stars
hadn’t exploded, because the elements - the carbon, nitrogen,
oxygen, iron, all the things that matter for evolution and for life -
weren’t created at the beginning of time. They were created in
the nuclear furnaces of stars, and the only way for them to get
into your body is if those stars were kind enough to explode. So,
forget Jesus. The stars died so that you could be here today.”

— Lawrence M. Krauss
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Hydrogen-1 705 700
Helium-4 275 200
Carbon-12 3032
Nitrogen-14 1105
Oxygen-16 5920
Neon-20 1548
Sodium-23 33
Magnesium-24 513
Aluminum-27 58
Silicon-28 653
Sulphur-32 396
Argon-36 77
Calcium-40 60
lron-56 1169
Nickel-58 49
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Figure 2.1 The Pleiades cluster. Image: Digitized Sky Survey NASA/ESA/AURA/Caltech.
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Figure 2.2 Artist’s impression of the solar nebula. Image: Ames Research Centre, NASA.



ALMA's Most Detailed Image of a Protoplanetary
Disc

Evidence for planet formation in Earth-like orbit around young star
31 March 2016

This new image from the Atacama Large Millimeter/submillimeter Array (ALMA) shows the finest detail ever seen in
the planet-forming disc around the nearby Sun-like star TW Hydrae. It reveals a tantalising gap at the same
distance from the star as the Earth is from the Sun, which may mean that an infant version of our home planet, or
possibly a more massive super-Earth, is beginning to form there.
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NASA's Webb Findings Support Long-Proposed Process of Planet Formation

November 08, 2023 10:00AM (EST) | Release ID: 2023-144

COMPACT DISK EXTENDED DISK

Drifting pebbles deliver water to the inner regions of planet-forming disks

How are planets born? Scientists have long proposed that ice-covered pebbles are the seeds of planet formation. These icy
solids are thought to drift toward the newborn star from the cold, outer reaches of the disk surrounding it. The theory predicts
that, as these pebbles enter the warmer region closer to the star, they would release significant amounts of cold water vapor,

delivering both water and solids to nascent planets.

Now, the James Webb Space Telescope has witnessed this process in action, revealing the connection between water vapor in
the inner disk and the drifting of icy pebbles from the outer disk. This finding opens exciting, new vistas into the study of rocky

planet formation.
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D= RO (With 6 in radians and R is the Earth-Sun distance.)

30/(60 X 57.3) rad
=8.7%X 10 *rad

D=1.5X108x8.7 X 10 *km
=1 308 900 km

Y fe {1 D =1,391,978km
R ~700,000km




< N PH i =
MmG/R* = mv*/R

M=vR/G
v=2nR/P
M=4r’R*/GP-
=4%(3.14159)2 X (1.496 X 10'")}/6.67 X 1071 % (3.156 X 107)2kg
=1.99 X 10¥%kg
iRTITIER M =2x10"kg

M=2,00000 00000 00000 00000 00000 00000-T 7z,



2 K PH %
Volume = 4/3nr’
= 4/3 (700 000 000)*
=1.4x10m’
So the density is:
=M/V

=2xX10"1.4x10kgm™*
=1428kgm™*
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Figure 2.3 Black body radiation curves.
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peak

~ 500nm

I'=2.9X10°A K (where A, is in nanometres)
= 2.9 X 10°/500K
= 5800K

E=gAT*
= 5671 X107 X4 XHX (695X 10%)* < T*
T={4%10%/[5.671 X 1075 X 4 X X (6.95 X 10|+
= (4 X 10%/3.44 x 10'") /4
=5839K

I T =5780K
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Diameter = 1391978 km
Mass =2 xX 10"kg
Density = 1400kgm
Luminosity = 3.86 X 10°*W
surface Temperature = 5780 K




Fraunhofer:

2 16665F: AU i i 70 i B O

» 18044F: William Wollaston & Hi & 25 /W Yt 2%
% 19114F: Joseph Fraunhofer#? i i& {7 I £

+ Gustav Kirchoff & Robert Bunsen: Hg4: 5]

N A} Y
TR RSt N . FraunhoferZt
-W -
Figure 2.4 The solar spectrum showing the Fraunhofer lines. The peak intensity is in the yellow
part of the spectrum close to the strong pair of sodium D lines in the centre of the spectrum.
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8x10°K <7 <2x10’

'H+'H —>*D+ée" +v
‘D+'H —>3He+y
3He+3He —4He +2'H

1//
I Il/'\/J_,

4'H —>4He +2e" +2v+2Y

A =4x1.007825—4.002603 =0.02870 Amu =26.73 Me
(ffiiH 7 RE%: ~0.7%)
y=2620MeV ~ v=0.53MeV 2




,\P’w vV, (electron neutrino)

@
\:

@ / 2H B B* (positron)

~He @® neutron
@® proton

Figure 2.5 The three steps in the proton-proton cycle. Steps 1 and 2 are carried out
twice to provide the two *He, nuclei required for the third step.
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Sudbury Neutrino Observatory (SNO)
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KUNGL. English

VETENSKAPS English (pdf)
AKADEMIEN
THE ROYAL SWEDISH ACADEMY OF SCIENCES Swedish
Swedish
(pdf)

Press Release

6 October 2015

The Royal Swedish Academy of Sciences has decided to award the Nobel
Prize in Physics for 2015 to

Takaaki Kajita
Super-Kamiokande Collaboration
University of Tokyo, Kashiwa, Japan

and

Arthur B. McDonald
Sudbury Neutrino Observatory Collaboration
Queen's University, Kingston, Canada

“for the discovery of neutrino oscillations, which shows that neutrinos have
mass”
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Bruno Pontecorvo

Citizenship

Alma mater

Known for

22 August 1913
Marina di Pisa, Italy

24 September 1993 (aged
80)

Dubna, Moscow Oblast,
Russia

Italy, Britain, Soviet Union

University of Rome La
Sapienza

Neutrino oscillation

Pontecorvo—Maki—
Nakagawa—Sakata matrix

neutrinos. In a 1959 paper, he argued that the electron neutrino (ve) and the

muon neutrino (vp) were different particles. Solar neutrinos were detected by the
Homestake Experiment, but only between one third and one half of the predicted
number were found. In response to this solar neutrino problem, he proposed a
phenomenon known as neutrino oscillation, whereby electron neutrinos became
muon neutrinos. The existence of the oscillations was finally established by the
Super-Kamiokande experiment in 1998. He also predicted in 1958 that
supernovae would produce intense bursts of neutrinos, which was confirmed in
1987 when Supernova SN1987A was detected by neutrino detectors.
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Daniel K. Inouye

2020/02
Foundation | S0lar Telescope

The Inouye Solar Telescope sees large bubbling cells the size of
Texas but can also see tiny features as small as Manhattan Island.
This is the first time these tiny features have ever been resolved.
The Inouye Solar Telescope is showing us three times more
detail than anything we've ever seen before. For more
information about this telescope, visit www.nso.edu
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NASA's Parker Solar Probe becomes first spacecraft to
'touch' the sun

By Ashley Strickland, CNN
L 9 ) Updated 0343 GMT (1143 HKT) December 15, 2021
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Figure 2.10 The winding of the Sun’s magnetic field due to the differential rotation of the Sun.
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Averaged Yearly Sunspot Numbers: 1610 to 2000
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Figure 2.12 The averaged sunspot numbers over the last 400 years.

400 Years of Sunspot Observations

Modern
Maximum

Maunder & } ! |

Dalton
Minimum

Minimum y |

E-2 B
§ »

. : % ) ""!.' \qu) 3 1&&,@“ \‘k \

-—

1650 1700 1750 1800 1850 1900 1950

KBS 35 BRAAR AR R IS 2R 2

1600

2000



ABH= M 2 SA4157

Jdlinl

< TR IR
i BT ES gz o
EIE =

il EEAED BAH &5 S EEm
| .
Q
o 200 — aiiiia
£ ZEERE® e
; BENOSFEE S
O Il
g ™ \'+BES
o \
O
o
2 100
<

50
0
1750 1800 1850 1900 1950 2000
(C) by dr Adam Michalec YearS

Cracow Observatory, 1890



C)

Temperature change (°

K15

|

Holocene warming

l%ﬁﬂﬁﬂ
S =

FRE ELHEER

REXEEFRCESHIARENSENSIR

FIFFBROBHAER?

Medieval
warming

10.000

8.000 6.000 4.000
Years before present

0



H L ORBHEDE . A PH RS Bk = B4R

H 3H
Ha 6563A X il




3
Earth to Scale

SYEHEFNHEE, HXoS5WERER L, RIUNER. BIOXENENR.




% N PHFE DT
@) |&E[X: 1

][] K X B H) B
® Ff B IDORE U R HE
®1022-10%°J, 73 %f-/ N

® NIEHE T i H SR M
» H@P s (CME)

@+ 1. it. He. O. Fe%:

® K v~c/2, A1t )L EhBAHER

@fG=E. FHim. LENTFARS. HUEW. B 7
24 (Quebec?, 1989.3)

ity

huad

L)




b
o
>
=
—
=
5
E
=
r
8
2
O
=
®
N ot
W
@
L]
=
=
[ e
=
w
Q
=




KBRS A ) o




NASATZ N E A RS K B #ZE 28 051 &




5 R K BHME %

On July 19, 2012

a medium-size flare
rccurred on the sun




k. “IXIRKTEH
(IR 26 FERROG I B Y R et v
BH—— R K B A BH X
T R DXL R S e A
T AR 73K
o e A K R v e i LR
TR F o WERIER
BT W ORI A, KK
FLERECR T o X FHER
SIS BV VANE TN
PH 2, Sk oA E. 7

2024: KPFHIE BN RAE




H &g (CME)

2012 Jul 23 00:30:00.000 (UTC)

HEA.HEZYRMES (coronal mass ejection, CME) @XBFTXHHZEXEBHNAEEFS
FARMEIZNIREAINSR, (3K)E: STEREO-A/EUVI + COR2)




() 12B14HEEREB8 A4, IEI5 AL 2020/12/14
B X2 M8 F Y R = AR
(CME) , XE1860F LI GEHXEEBH
EIUEICME,, IER—T, 20142904
ﬁ%ﬁ,ﬁMEiwggm(ﬁg%%
B) EAMERSAHENEETS, 2it R
REARBMALSERRANS AR CME 2 KX FH £ 5 KA HI R %
%oﬁﬁ¢gﬁiﬂgﬁﬁ&ﬁﬁii e R A s KR CMES
®R, FFEEAXSERAEOHIEEER 1 A i
promcanig bt nsn i inmeeall /LRI
CMERBE —H%, EERATA, X
ZHMTENEREEEEESN, AT
RIS B BT R E TR AR S
MUETE (FUEIFEBCMENE S
KRB RENEREIRES—)

s

SOHO/LASCO SOHO/LASCO Diff.




2

HiE, fReF! WE— TG, CMEHROMBEMAPBENEHAXRIE?
cme@BIEXPENERZ L

ABERRRER

ABERBEAMNER (BFER) , X032 cmeigB? cmelIRIFRENANLSD Z/LKR, &
BTABEROLETASD, HE

)
. ABERNGESHRNO+—FFAM, CMERREMRE+—FEFH. EEHEETK, BES
PILBE—RTLESY, @hFXR

CMERIBAIE DM ER FRIL D 2 — R, FAEXSEEN T

M ARKERZERE? BAKPAR/LFHEFE, cmeRABFEERME?

)
. FRNT, RER

cmef) & EHHIHE LR E— T HER



1 5 H XA AL Rl it % () 0 05 bt e 5515 o 801 4 2 1l 3l 4

Ll 2=

(] RO NQEIS

R, BERNSARRNLRDAARAR,
BArAAR. ERAREANYEEA RASRRERELN | BAE AN ._ah‘\}i“;z%i'gﬁ

TR

EPFPEAPAST B AIGEInEE, (1T 00| H RS HE
|BENR (FFIR-M) HFetieg, O

[EPF PR PESY B AL IR BT R 3138 HIZ6KAM K LA
EFPO00KBRIERIE N BT NN BB R EREE,

{61 00) || RSO B ER B ACBRIS FB AR 23 6 R IRR
SHMBRANSAIAHAREE, (12

2023F9H27H, EFBFAFES MR RN S

mF O B8 e maees IR EA , m“>

i 103 ) rrrrery
BATERNEEE, MFF IR MRRENZESMNE LS LT AT R T £ T 1T T TTTT 1T TP ITIIIIIIT :
BRAXMROERIEERFR, TENRMEGRANEEN

P e
BS!@J@JU



H &4 F i 51







2ty
— . mReR T EeY  ome

Radio oise
Emission

YA ERFIE E 05T

WiF: OF 898 15%

ARRIVAL
TIMES > O 8 MINUTES 15 MINUTES

KRR “=Fd”  GRF 2. AR EEZ KO







X RZRS

BAHNREXSWA

AERIEET ' 7 PR B

ABERE B iRST

RERETTHF
BMEOBEEERRRIND

WML BETIN

FRARRREZEH

ESA%k
BAHRFPHBE BN ER

EEESETIN

neE




+ o't (Aurora)
® L1t (Aurora Borealis)
® 12 (Aurora Australis)
® Aurora—[ % tHEE Yt & i
® Borealis—[# J& L X
® Australis—[+ ] |/

Figure 2.15 An auroral display. Image: Wikipedia Commons.
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Figure 2.14 The path of solar wind particles towards the polar regions of the Earth.
Image: Wikipedia Commons.
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Annular Solar Eclipse over Utah

Image Credit & Copyright: MaryBeth Kiczenski

Explanation: Part of the Sun disappeared eatlier
this month, but few people were worried. The
missing part, which included the center from
some locations, just went behind the Moon in
what is known as an annular solar eclipse.

Featured here is an eclipse sequence taken as the

Moon was overtaking the rising Sun in the sky.
The foreground hill is Factory
Butte in Utah, USA. The rays flaring out from the
Sun are not real -- they result from

camera aperture diffraction and are known
as sunstar. The Moon is real, but it is artificially
brightened to enhance its outline -- which helps
the viewer better visualize the Moon's changing
position during this ring-of-fire eclipse. As
stunning as this eclipse sequence is, it was
considered just practice by the astrophotographer.
The reason? She hopes to use this experience to
better photograph the total solar eclipse that will
occur over North America on April 8, 2024.
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