Fulivta [Mete

Jital Spesctrahalic: i,
o window am th ©20)

0 b




)*

%

$

&



- /0 ./01 - .

444445
4444 70
58
444444444 90
4444444444444 95
444 4 ;
887
8/:
850
81/
$ 4444444 8:8
8>8
8>,
/05

/01






A C
D #
;>; 000 85> 1>9 000
777 500
97 5;. « $ ' 1/
8;>.( = A
2 (
' %
) ) E DI97F@

199; G /97 E 1107F@(

*&(

5:1.(
) )D
[/
199;%
%
199;% E



SUPERGIANTS

L L
e%a  os

MaiN
SEQUENCE

WHITE DWARFS

. a'\l l:,

m
-l
-l
-
E
)]
0
z
z
=
=

=0 00D 10 00O sS0O00

TEMPERATURE, TK

'# 7:7180 " H (

3 (*/
80



80.

80;

%l

89

71

*& L

)+

00 %( !
K



Internal structure:
core

radiative zone
convection zone

Prominence

Coronal Hole

+ L$LD?**D2 L(

Subsurface flows

Photosphere

Chromosphere




80.

K 5
!
$
# 2E Fox
0/1 '895 000
810000 7810

81 ;00 000%

!
5>0 000 (I

0/1

50.

00

09



09

/00 000

90.

10



# I
199:%
|

:00D8700
0:D8: 5 81
!
05D01
" +7? DAAL(

2

11

100



>,

810

*

B% /8

12



' 7000 5100%(
199:%

L$L D L(

13

)X



SDO HMI 24-Jon—-2015

N D
?
D /00 881
2"- 5000 ?
8
w5 0/5

07/ "L :

)DA D 8>>0(

14



15



9/0 = D6 '

( $
BA -OL 881,:00 5000 2" - M

16



8>>1 /0/0 L /08;

17



/08: "

0

8/0(

K

+ 2L

@

Cycle 24 Sunspot Number (V2.0) Prediction {2016/10)

K6@( ?
I

2005
Hathaway NASA/ARC

18

/5

17



I5E> Sclar Cyele sunspet Number Progression
Observed doto through Feb 2018

175

1540

==l
| ——
e

125

100 T1Ul ¢N
75 y
Mq\ . i

50 l bt

- ihﬂx -/W gl WAL
; ok | i,

VAN T I VI R L BV A I S Y SN N N LR

%E::&-‘

Sunspot Number

'I‘»AIIIIIIIIIIIIIIIIIIIIIIIII

™ ya™
— Smoathed Monthly Values —— Menthly “aolues —— Predicted Yalues {Smoothed}
Updated 2018 Mar 5 NDMISWF‘C Boulder,CO US4
/700
PQ RS PQTRSUVW D
D (
) )
I
'$ a( 17X (
80000 / 0 000%
:000%
7:00%
80 000% /0 000%
70 000%
*
= /087

19



Structure of the atmosphere

corona

transition region /

.....

Py
domain
fluctosphere

weak fre'llds“

-

sphere

L N PN ‘ R
Swacion ™= internetwork
Zone \ /
.~ ' I o
supergranulation | Wedemeyer-8hm et al. 2008) |
Corona Wedemeyer-Bohm 2004
Transition region _
“Interface region”
Chromosphere
Photosphere (=> new IRIS spacecraft)
o+ 7D D K D
A /005( "
3
' 07 8X(
$a ;1;7X
$
6
( t(

20



@ +

$ a
70 000%

21



)6

22

)*




23



24



8:0

25



%

3 '@B2(
80
* !
2
)2 A )

*=870/ /088+

26



800 000%
%

2
+
2 L$L
!
D
% (
|
80
20
N80 (
3 '@B2(
|
D
A
6
K '& %

27

85 D 808;

18 *

/089



28



D6

D@

3

@B2'

‘@B2(

29

$LD-* @L(



/00 510 ,

+?* *(

30



DB B 6 %6L '8:8 (™
DA A L '8:0 ('& *(
D 800 (-6 @ D
D D
L
J0D10

]

'$(
* +
D 810D '51D ( B K '&*
D B L 6

31

75

D& *(



32



708/087 6" )"

A* /000(
!

51

'6

33

HB B

) D



a
+ A* /000(

1:7X

34



$#

8D L$L'L

L$L

$

[ 8>>1
?**

L$L

35



L$L 2 ‘2!
705 ['5 />1 898X

;0000 / %

* 2 L$L 705X
+ LSLD?* *(

36



/ID 2=2L" 2 =2

2=2L
'L 100;(
D 2
A(
3 @B2 3
& 3
@ @B2
8L /085
#
* +
D
D

2=2L A

17

/08;

37

% *

*(

=2L +

'@B2(

B *(



*7

38

[:5X



7D L' L (

L 2% *x

NL 88" /080  * -@ 58
@ @

S '$B (

N * * % *(

nN2& 2! 2 2(

$B '$ B (! L$LD

80 80 22 '2!

*L L 705X

39



40

LD* *

&

705X



5D

% * -B *_(

@B2

41



%

8:1>

%

C o

42

195

100



9000X(

D

)A

9.
50.

3)

& "7:00X(
‘a 9000X(
D
A

'K % (

17. 7:00D

7:5:X

43



8D

/D

7D

L!

44

rL(

(+



5D

1D

+ 2D

45



2K "2#

/000%
80 000%

>11; (

@ % '@ % 7(
/000
+

100
1100%

46



%

7(

%

a7



) ) 3

/1 D/5X

80X

‘%l
/10X

BL?L,

1:/ X

8 0D8 /X

@
%/ -(
|

%

7>77 - X
@ %

/5000

48



49



C

10D

500 000b 'c/78 000 G c5;/ 000(

8,10 * !
$
100 !  8000D 8100b "
8900(
$
'$ 6L /
@ @ % $

800
/00 000

cl:0 ¢8800 D

50



@ % 7>77;:X @ $ 7>:5>X <
Y6L /Z$ G$

@ %
? L ? L(
6 * &*
8>9; /081 #
I 2B(
2K '2# K ( 8X
% 7 '0 81X(
L /081 6
L- 3 D '
( ?LD% 6
=E 70 0000

710 8800 ! @ $
* 8X @
% ' , DD/ ( /8 re
) @ % /18) DK
- D 8>:8(

5> 15/ 5X'@ (
:15/X
# =
@@ @BL

51



$d

52

LB (-

a-d - g



1:/:X

8/ [/
"ol 80 / +

7;5;1'800,>;( E 79>9X

53

al



51

54

1:/:X'$

8100

al



55



6 $ a
"K$B 8D8 /X
A* /000

$d

$d 5::8 75X

$S

)'D@ )

/9 /081
$d

56



57



$d

$d

58

$

g 575059X



59



1::>>9

1:>1 >5X

60

L_ll
L$L



2 (

'$(

61



$

1:91X

62



%

7>

63

77

X

7> 5>X



64



$

8>/5

89
8:>0

65

'S ((



$  *| $
$ =
$J $ 8::>
3
) ) *
H 8>/>
8:>/ 8 A
% L 80:0
1, I /
10
% L $ @ &
6 * @ = @
@ - (
% $J6 L 8:>0
K $ 8)A Z
$

66

80



? $
B 2
$ A
2
@ % &
! $
B K J 8 >0
B 6
O $
$ 8>7:
*  8>/0 $ %
$
"8 ( 8>/5

67

:0D



—

/000

/50

5000

/000

68

+

+ A* /000(



/50 3

69



777X, 7 $ a # 007X, !
! 80R 008;X , !
1R !

70



)*

$7

$C

1%

71

700 ,

@@



72



73



74



880

/500

(*D

@@

1%

75

$,%

'D



& <
@ $
$ +
8D 3
/D
7D
5D* + Q@ @BL #
K
$ a @ %
K
$ a@ %
# # #
(
!
'ID 7(
#
? 3
# =D&

76



8100b /0 (

! =D&
5000D9000X * @
80 BL =
&
$ ' &D
A 6 ! (
L
/D700b 'c/70D/50(
" $ 99 & D=
810b
5000D9/00X
!
!
?
$
$ ) )
|
! (
6 =
$ ? 885,>00
|
D* =
$
$

77



5000X

700
+

8/00

78

%

>0,:10



O *
2@
& 2
"6- 17
+
D
8,800
D
$a @ %* 8
/ *
800
8/ @ 8>/0
8000 >7
10;
0/),R
* 3 800 : 80
$
D
|
2
$ #
# $
'80D81 L
#
# 3

79



3
A 3
#
10b  100b
AB

80

,5e(



800b

78 :

'8 /1Z(

81



L 100
8000b 'c190D8810(

3 80

+. ., ,8190

82



/D

7D

(

100!

83



9:1K

800

84



7/ '8>/0
781 H
3
E"-1000>5: H
E"-1000>89 H
K "
# !
8000
H >89 H
100
1
8000 '‘8>/0,>7
o/
/
$
+ ! 80R
J ! 5;
DINAN
* 100
58/ 05
?2#
! 5:1 1
80R

! 55D5;1R B% 58 18
* 895 L
3 D
81

( 8*&

7/1IN H

# > b5:
80 D
59

/( fo1 !
80

'8>/0,5 ;;1(
5) 80
S

OKL
80R

85



Ee7 ,80000 M
K +
De X 100
(1
D
DM
2 +K E500 leE ;1001 M E 50

E ;100! 7!500,80000!50 E 8> 1R

86

17/0



8D

50F(

2

1%

87



88

2

Dll



$
$ n
!
#
+
! D
(
#
I+
10 D

10! 85 E 90 K
1.0

89

/000

90



D@

80

*

90



-+ 8/0,8000 | 8+ I/ + | 7D7A+

| 5+ 811 >15 1+ 8:00 ,
l= (
= J 3 |
D |
#
3
@ D @
'B§(
# +
DA #
B/
D$
#

91



885,>00 ?

) D

92



93



94



8D- +

DK

D$

95



Y@

7z -

96

S51F



)
(

g8EQ/Eg

)

97

8(

0/,08



gE e/

g E e /(
2 8/00
89F *
7( 8 +
g E  '811000!80 DO i(
E 1000 ! 8/00(,'80000000 ! /(j
O07E891F
! * !
+
*Ei' g, 80 P9 k,8:0j

*E' 89 1F,8/00! 80 D918(1k,8:0 E 87>X,
* D

g # 0' g ES§

98

I

7(

1000X

'5(

k,8:0

' E 0



D
(
D 1
D |
!
@ #
800 , ' !
891b"' 2 ( 10!10
100
10 ! 10 /500
2 L
[:1D/>>b(
8/00 , 2 (
K
/500 , '+ (
8:00,/500
#

99

(



D 70R 80R
3 # o (
!
I N 55D
5:1R
+
3
# 10 10! 85( 90
* :0
9D9 1 !
2 "6- 17
700b " c750( 6
:0 91 2 00
(
$= 6L/ /10b

100



# /500 , 10 #

:00 70
I 5:1R B% 58(
#g( +
8D* +
|5(
*Ei 0,'/500!80 D918(j 1 k,8:0
E '8 1 800000,/5( ! 7 85,8:0
E9/ :: X,
/D - +
- X,
-E gl (
+
-E 0,i/500!80 D91 8(1:00j
E;>5X, E000:>X,R
5:1R ! +

-E000;>!5;1E007/X, !

7G 1000 ;1;
+
=Ee, DeE !
A +
DeE D! -
D- 3
" 70

DeEOO70!;>5E0/8
1000X+
=Ee,0/8 E1000,0/8 E/7:0>

101

1

X

9



17 X'$ a (+
=E:1;7,0/8 E 78/1/
" 81 +

DeEOO81!;>5E080
= E e,0 80 E 1000,0 80 E 10000

17 X'$ a (+
=E;1:7,080E:1;70

$= '
( *
00/X,!  5:1R !
= E 71D57000 *
$=
!
'JOD81R (
(
"K$B
D
K
#
$

102

08>

70R

/500

0 0/1(



:00

103

+@ A (



K
' 9 ( D
100 59
@@
2 6
$= 3 !
5:0
2
K
710
+
711 "0@
@@ @BL
$
@@ @BL
# t2( !
8:00
#
2
80. ' D (

104

9 1D:

1.0

D510

% 807*L



@BL

B%

@@

58

5D80.(

@@ @BL

B%
B% 58

18

OKL * 895

105

& 1

18(

OKL *

* 895 BB(

2
10.

8/

7>00X(
|



@M/01* @@ B% 58

@M /95 *- @@ B% 18
1 + (

106



$ 1/D17.
:0. $ a 1000X $d
L B% 18
#
B% 58
* ! @BL 2! BM 895 --H
'OKL * 895( 2
@M /95 B%18' +"-=D (+
(
@@ ! @M 0>:A_ 7:1/9
100 3 59
* 7:.59E009;

6

107



/00

/71

800

B% 18 - 10
+:159E8:

/00

100

+ J
/00 800 +
800,/00E01

59101E

108



+
D
!
A
S) 2#
/) I
+
K 55R | "B% 18(
"E'00055!/0;/;1(,/ E517
K 5;1R ! 'B%58(
"E'0005;1!1/0;/;1(,/ E 5:0
1R ! 'OKL* 895(
"E'0001:;!/0;;1(,/ E ;05
* 80D81
!
[
#
J
8>/0 ,81 E 8/: ?
810D
8;0 /1
K B% 18 ' =*
I ( 91 !
M | 8/:191E>0 ! 8 :0191E 8/00 !
* < |
8/00 !

109



K 8/ 817; |
8>/0 |

110



6@ B%
&A/0

OKL * &A 70 !
6@

111



70

8D

/D K

7D

81R
5D

:0

1R

909 1

100

/500

/) 71D8/

9D:
80D
90D:0 9+ 2

10! 10

112



8 $="'" % = (+

/[ 6L/ '6L I+ -

7 L*=@*?

* 6 '— (

113

6L /
H(
!
(
3
#
881
(
!
@ %
aD? D$d I
|
!
(@)



* W

$a $d ? 8 |/

0 *$

I

1 880

114

't 2#]



D
D

D

80/,100

L 2:0
010 #
3
K 90,100

L*

115

2:0



D /0!800

! 90,100
3 H /00>
6 ? >
#
3
# 70
7 18 + L
K 90 100
!
:0 100
*
K 90,100 2500 2 3

116



8D
/500
2 L ' ( /10b
!
! #
B
10 L
/D
6@ 10! ;0 /0
# > (
# D L '
( D
B7
+ |
! 1
(
| !
BS

117



6@

+/5117>0

118

8000b



7D @

# K2:0( :0
/10b !

$ 6L /

5D A!

119

2:0'



800,100 *
Al'

120

:02



121



D!
L
10:
! 7.
(,10: " !
7
B7 !
5 1091" (
78 '8/1Z(
$=
D! !

122

L*

vZ(

5/
#

1091
01:0!



87

3

(
2!

8/0F

90

OKL * 895(

8/0F

123

:0,;00

' 170

811/0

S51F



! 9 #
1
E0 -
791X, #
0089 X, ! = 150 $
$=
008> X, ! (
!
!
3 7 8/0 F

124

B% 58  $
'57900(
6 >>

78 '8/1Z(



MD<
891b
6@
/0D70b
!
!
D!
:0b L*
I
!
10: '/Z(
L 2:0(

125



, 8190

126



127



9D "

D @
D@
D@

128



6@ #

78 '8/1Z(
(
J
(
$=
X
80 $
&
=D&
@ %
$= )
C6
D
:00b ' c;:0(
L (
8D B!
$
I
D!
(+
D= 500 2
D= K2:0
DL D! "
D2 /500 , '
D 8 7017
D

129

$ a 1/
( =D&
(
) #
I
B $==
" (
+
!
( c/10
( c700
c800
c700
c80
c50



+ c8000

/D6
D= 2,500 2 c500
D= K2:0 c100
DL D! c/00
D2 /500 , " ( c700
D 8 7017 " c80
D c50
+ c8510
2
(K
80 70.
#
Q@
-J + c8000D8100
D $ a
$ a
'$d $ g?8 /B "8@ % $ (
(
+), +
6L / '6L /( $=
I
:0 500 "1( 90 @ 500
"19( 3
&
'@ % ¥
' 10 ( 500
K 2:0
L=L?2:0 $=

130



131

6L /

@@



" 0@
91 K2:0

/500 , L

88

132



B8

133



81

#
# - 88
NS+
A $= '$ =
* " :0,500
(
810 b # 8:00
890b &
500b" c¢511(
, %
* K
#
!
! - :0,50
;0,581

134

880

I

800,100



135



136



1o,

& '& 6  $(

700

137

8/00

5/0



&6

138



&6

90

88

139

71



140



8D"

141

&6



142




! oL / 790
90,500 1:0 K :0,:00
3 81D70R
6@
! $a
3
(
$ a +
#
! #

143



144



/D

145



+,, /000 , m

146



147



! $ a(
=L
YKZ 'K (
"/
(I
#
<00
B% 58

6@
91 81

148

B% 18 91



8/

YKZ

7D5

149



8/0 '

150

(
A !
$
!
!
I 8/00
8/00 ! M ! |
< |
$
M !
' $ = B%
! 5:1 # 0 0/>X
0 08>X ( K
< |
M !
>0!18/:0 !
>0M" 1 (
#
E 8.0 E91
M ! 80!'91ES8/00 ! K



>,0!18/00 !

151



152



8D $ A
$
!
A
$
AB6
6
.,
/D =
@A
@, $ (

153



)

)

8/00

154

(<



+) I i jil0]
i i i10j !

* * 'AK(
8/00 " )$)
' ! 10
(
! M
(
810
( +) |/ $ 810 8/00)
! 810
8/00 "
!
@, $ (
Il D

155



7G B'

KD$ <

CE/>5/1

C E9n E/8;0

156



+
5DA* 6 3
A* 3 D H
6 '&%(
I
8>>
" +
+,, LA , ,8711>
71 (
+,, |, 77>l A*6 3 8>>7 1C
EO
"5 (
+,, | 7> ## : A*6 3 8>> 7D
S5 1C EO

157



LL-

158



70 70D70
/1D71 80 !

159



160

A*



A*

161



162

1%



+) $ $
@ %
$C)
+ $
|
$ a
8X 07Xl
$ ==
007 008>X, ! '
( B% ! 5:1 55R
|
#
0 0/1X 50
8X /0 01X A
+ ! $ a
008>1X, ! 8 | 6@
18 8X
18 [
#
! # 70 |

163



70

I a 2/2+345

I

@

70
% @

164

B 8/ /08/



165



166



$a “1;/17 X( 3
0/9X
11,/ :0X( # X

167



* /8 108;

168



'@ (
'@ (

169



170



+6L / H ; /085

171



16 .42(3-.5

$a

$d

172

/9 1085+

2+



173



$d

174



175



l'g .-.73.85

$d
$ g 5750 59X

©+
]
+

176



177



9

"(

$d $

"+ 144:38/

?
B /I /08;

14:/3:.5

8( 1.>91X

178



179



85 /08;

180



#(.:/832(5

* 5>19 ;8X
$d

181



182



@ '7( ( H [ /08/

9 0 0/>X
0 895X
7>71:8X  7>77 ;X' 7( #
/7 STT7T7IX @

/000
72

183



184

%



185



* @ '7(' 7577 :X( H /5 /08:
6L / 0 079X ?
@ %
1 1X(

A @ "7(
L 8:/08: 6L/$

186



187



I -:243.:5

188



+Q 3

%

189



! 0079X

7>:> X $ e 7>90 0X

190



/085 @ $
0/X 855X

191



8D 6

"™ 67 AB6(

192



58
$ a -B
800( !
/0
/0
o/8
08

) a@ ) 6

|

L 3
A ( ‘& B (

! $ a $= +

193



194



/D

195



A*

-B
!

#

) )
! <' a aM <

+

8D - ok
/DL M
7D

5D

196



L $B

8>0

197



O
#
# 1
=a ;0 000(
" 897 :70/X 0]
+ 3
$ B% 58 8/:0180 /5
88
3
! ( 11
2 L
! = E 800000
!
#

198



LD$B (

!
+ LD$B (

/089 *=/;
: /08

199



2
; 1089

$a

*=[,97

810

*= [,97+
90 2="
>00

200



B:8 (+

D
" ;89 7X " #
B% 58 8/:0!
80/5 ! 00/X, !
+
3

+ D

A* 3

201



pe
pe 08/

202



8,800(

;897 75X

203

/1



pe E 0 8/>;

AE 08/>.180 E +:(-%
555>71977

000/'80 ¥ E /%

555>71977
*= [:97 +(-@A)./% B
B @)
L
8>90 B
K &* ? =
D

?
q( "

+

+, L /00 10 ./0/
089.- ./0 /0O ./0 ./0/089
+++A+7(4

204



70

/0 /08>

205

/0



% B $ G

2 - N G" G

HB - * D D$

HBB B D A* /000G/ 087
G

?7**G D

https://nssdc.qgsfc.nasa.gov/planetary/factsheet/sunfact.html

NASA — Stereo
https://stereo.gsfc.nasa.gov/

NASA- SDO

206



https://sdo.gsfc.nasa.gov/

NASA — The chromosphere
https://eclipse2017.nasa.qov/chromosphere

6 = DL D
http://www.astrosurf.com/spectrohelio/index-en.php

University of Chicago Photographic Archive- Kenwood Observatory

Frederick Veio — Leonard Higgins — The spectrohelioscope.org
+. ,

207



208

/0



