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LEcTURE 1.1 ¢ SUN 'i-,S'OLAR WIND
(Mem)i”o) = C'oh‘fex‘t for Aerouohj

® Sun as 2 stir — formation of Solor Systew
--=" Nc lmla Hj,«)‘“t(&is . The grwiéﬂfional (oz,‘énc{:[aa,

of an inter-stellsr gls cloud (78’2 H"'Hc) 7 other c/emeq'fc)

Figure 4.20 Solar System Formation The condensation
ﬂ'\eory of planet formation (not drawn 1o scole; Pluto not shown
in part e}. {a) The solar nebula after it has contracied and
flattened to form a spinning disk (Figure 4.17b). The large blob
in the center will become the Sun. Smaller blobs in the outer
fegions may become jovian planets. (b) Dust grains act as
condensation nuclei, forming clumps of matter that collide, stick
together, and grow info moon-sized planetesimals. {c) Strong
winds from the still-forming Sun expel the nebular gas.

(d) Planetesimals continue to collide and grow. {e) Over the
course of a hundred million years or so, planetesimals form a
few large planets that travel in roughly circular orbits.

[ From ASTROVONY, Chaisson v Mc Ml ,2001)

The Terrestrial (rocky) wnd

Jovita (3353"“-5) lanets formed
ik tregions of different tem/craiarc

FIGURE 8.9 Temperature differences in the solar nebula led to different kinds
of condensed materials, sowing the seeds for two different kinds of planets.

Rocks and metals condense,
hydregen compounds stay vaporizer.

T ._:\.‘

[ from COSMIC PERSPECTIVE,
Beuncit ot 3l oo 1]
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Average Distance Average Equatorial  Average Density

Planet from Sun (AU) Temperature®  Relative Size Radius (km) {g/cm3) Composition Moons  Rings?

Mercury 0.387 700K . 2,440 543 Rocks, metals 0 No
Venus 0723 740K . 6,051 5.24 Rocks, metals 0 No
Earth 1.00 290K . 6,378 552 Rocks, metals 1 No
Mars 1.52 240K . 3,397 393 Rocks, metals 2 {tiny) No

Most asteroids 2-3 170K . =500 1.5-3 Rocks, metals ? No

Jupiter 520 125K . 71,492 1.33 H, He, hydrogen 16 Yes

compounds®

Saturn 9.53 95K . 60,268 0.70 H, He, hydrogen 18 Yes

compounds*

Uranus 19.2 60K ® 25,559 1.32 H, He, hydrogen 17 Yes

compounds®

Neptune 30.1 60K @ 24,764 1.64 H, He, hydrogen 8 Yes

compounds*
Pluto 395 40K 1,160 20 Ices, rock 1 No
Most comets 0-50,000 afewKs a few km? <1? Ices, dust ? No

Table 14.1 Basic Properties of the Sun

Dis‘l‘:zuc ‘Fron Ear“:

Radius (Rg,,,) 696,000 km {about 109 times the ( mein = 1 A. u) s 150 010‘ Nl«
radius of the Earth)
Mass (M} 2 X 1030 kg {about 300,000 times
Sun the mass of the Earth) L igl\‘t ‘quycl ‘t {me
Luminosity {Lg,,.) 3.8 X 10% watts to Eaw ’l: h = ® mmin u‘{le S
Composition {by 70% hydrogen, 28% helium,
percentage of mass) 2% heavier elements
Rotation rate 27 days (equator) to 31 days (poles)
Surface temperature 5,800 K (average); 4,000 X {sunspots)
Core temperature 15 million K
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ELECTROMAGNETIC RADIATION

The Sun emits radiation over the entire electromagnetic spectrum [see Figure] .
The portions of the spectrum associated with space environment activity are the
very short wavelengths (X-rays and extreme ultraviolet) and the longer
wavelengths (radio waves). Energy at these wavelengths contribute less than one
percent of the sun's total energy output; but during active solar conditions, it is
increased radiation at these wavelengths that cause a noticeable impact on the near-
earth environment. However, even during the most active solar periods, the sun's
total energy output measured outside the earth's atmosphere is nearly constant (to
within 0.1%/decade).

VISIBLE LIGHT
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.i, ULTRA VIOLEY RADIATION CURVE OF THE SUN
GAMMA, X RAY,
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A WAVELENGTH
DISTRIBUTION OF-RADIATED POWER IN THE SOLAR SPECTRUM
(ABOVE NUMBERS ARE PERCENTAGES OF THE SOLAR CONSTANT) .
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Observations of Solar UV/EUV/X-RAXS
2 srmbasel activity: Yohokoh, SoHO, VARS

The Changing Sun: Yohokoh-SXT, 1991 - 1995
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Plasma +Magnetic Fiells

esciping from Sun = SOLAR WIND

[from SchuuK«Vagy, 2000]

Polar Coronal Hole

Ry o~ X-Rays From Hot
Coronal Loops

Coronal Loops
Figure 2.2 Schematic diagram of the magnetic field topology

in the solar corona and the associated coronal features. The
solid curves with arrows are the magnetic field lines.?
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Table 2.1. Solar spectral regions.

Radio A > 1mm
Far Infrared 10pum <A < 1mm
Infrared 0.75um < A < 10 um
Visible 0.3 um < A <0.75 um
Ultraviolet (UV) 1200 A < A < 30004
Extreme ultraviolet (EUV) 100A <A < 12004
Soft x-rays 1A <1 <100A
Hard x-rays r<1A

Note: A =10""m.

Table 2.2. Energy and mass loss from
the Sun.”

3.8 x 1026 watts
4.1 x 10%° watts
7.0 x 10'® watts
4.2 x 10° kgs™!
1.3 x 10° kg s™!

Radiated power
Solar wind power
CME power

Mass loss (radiation)
Mass loss (particles)

Table 2.3. Solar wind parameters near the Earth.1°

Interplanetary

Magnetic Field Parameter Average Low-Speed  High-Speed
IMF n{cm=3) 8.7 11.9 3.9
utkms™t) 468 327 702
N ::nh nu(em=2s~1) 38x10° 39x108 2.7 x 108
@ —_— Tp(K) 12 x10° 034x10° 23 x 10°
_ T.(K) 14 x 10 1.3 x 10° 1.0 x 10°
(1/2mpu)nu(ergcm=2s~1)  0.70 0.35 1.13
l B 217 1.88 1.24
Vakms™!) 44 38 66
Vs(kms™!) 63 44 81
Figure 2.6 Schematic diagram of the Sun—Earth system in
the Sun’s ecliptic plane. The solar wind is in the radial
direction away from the Sun and the magnetic field lines Above current sheet
bend into spirals as the Sun slowly rotates.
Sun
Below current sheet
2z > u 3

Above

Earth

Earth Orbit
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Figure 9.14 Sunspots This photograph of the Sun, taken

during a period of maximum solar activity, shows several

groups of sunspots. The largest spots in this image are more

than 20,000 km across, nearly twice the diameter of Earth.
Typical sunspots are only about half this size. (Palomar
Observatory)

(b)

vl

AN AVAVAVAVAVATLY
t VU X 6

Figure 9.15 Sunspots, Up Close (a) The largest pair of
sunspots in Figure 9.14. Each spot consists of a cool, dark inner
region called the umbra surrounded by a warmer, less dark
region called the penumbra. The spots appear dark because
they are slightly cooler than the surrounding photosphere.

{b} A high-resolution, true-color image of a single sunspot
shows details of its structure as well as the surface granularity
surrounding it. This spot is about the size of Earth. (Palomar

Observatory)
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North pole

Solar rotation d>

Figure 9.16 Sunspot Magnetism Sunspot pairs are linked by
magpnetic field lines. The Sun’s magnetic field lines emerge from
the surface through one member of a pair and reenter the Sun
through the other member. The leading members of all sunspot
pairs in the solar northern hemisphere have the same polarity
{labeled “N“ or “S”, as described in the text). If the magnetic field
lines are directed info the Sun in one leading spot, they are
inwardly directed in all other leading spots in that hemisphere.
The same is frue in the southern hemisphere, except that the
polarities are always opposite those in the north.

South pole

North Pole

South Pole

Figure 9.17 Solar Rotation The Sun’s differential rotation wraps and distorts the solar magnetic field. Occasic?no"y, the field
lines burst out of the surface and loop through the lower atmosphere, thereby creating a sunspot pair. The underlying pattern of the
solar field lines explains the observed pattern of sunspot polarities. (If the loop happens to occur near the edge of the Sun and is seen
agoinst the blackness of space, we see a phenomenon called a prominence, see Figure 9.20.)

[f""‘“ Chiissca +Mc Millh, 200‘1]
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TNMDICES OF SoLAR AcTiviTy usep v AERoNOM Y

'IJea//jJ continuous monitoring of the Say from
space 2t AUl waiveleagths in UV[/Euv/K-riys needed.
Ouc Ji'ffl'cu/'l‘j is /ohj-i‘crm calibration of detectors
+hyt clegfmfe with time iy space.

o Grouac//aa.ml ",proxies " sought for Years to do this:
(@) Zutich (" Wolf ") Sunspet Number (R)

@) 2800 MHz (“Ottiws*) Radio Flux (Fl,,,,,)

= (0.7 cim

(3) Visible |ight siquitur q., Calciun gl i d
+ ;‘f/‘ct:s jz'(‘ Sagrah‘:iéw?ia‘?(/ Oéscct—:z Z(aé J.fe e

---By fir the moast w{n/c/j used Is Fi1o0.2
It is 5aoJ for long time Sc.l/e_s/ ie., sSolir cyele.
Tt is wot good for short time sciles,i.c, diy-to- diy,
~-~ Thus, EWV Aflux is estimitel /oj “sea (ng
wcturl observations (when wiilsbk ) by Fao.y.

At solir miuimum, Fro.n 2 70 Units
A‘{? solir MAXI ki, Fio-? %200 Units

o: 'AVCl"lge ! F(O.Q x .1 L{O b(,m'l%
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Fig. 5. Global night-time minimum and daytime maximum exospheric tempera-
tures derived, through the use of the present models, from the densities
obtained from the drag of three artificial satellites, plotted against the
smoothed 10, 7-cm solar flux Fqg 7. To obtain the data points, all
variations except the diurnal variation were suppressed by using the
equations associated with the models, The straight line through the

" minimum temperatures is represented by the equation
Tmin = 379° + 3,24° Fio 7 (see Eq. (14)); the one through the maxima,
by Tmax = 1.30 Tmin.



EXPLORER | (1958 ALPHA)

M.J.D. 800 40000 200 400
36000 : 31000 38000 ’ 39000 ‘ 40000 35O fEOMID : S
~'3T ATMOSPHERIC DENSITY REDUCED TO' z+350 km EXPLORER | I ' LOGARITHM OF DENSITY, REDUCE°| : _ o
1958 Alpha . S Y. s 3 A . [}
. o . . £, £ s .
Al b ) . . J' g, -.‘\\\'/ H R
00y a| PP P U U | FLULR VIR N RS
o 0 -u RTRW T, oy 1o ¥y 7 v {7/‘ s ;
gom MY A A A = TR o 1o o A : ‘f\,‘ i
“ -l "W ol , e 53 ‘J" {.”o’-. .
R U —asol = % ¢
’ Rl
2000° Exosm-i.émc TEMPERATURE 1400 T
G EXOSPHERIC TEMPERATURE
1500* N : 4 : 4
CERE B s ¥ o R
© .-...'. ,..:?.‘. N IZOO’? ‘ ¢__f. 14 '_&‘ : ¥
(K I R x o % ¢ RYED %
“’; D .o KiN 2 T & t s J;' "&n"‘\ TEUNMR e L
1000° ; — st 2 ex LA i ya: AYFS . A $h33
- e A R w8 < ( K) .,:,‘ ‘. DY, 5 P .a\ . : i $ \q
MYV R A A o AT AL : A N S i il
@I i Y 1000 3 i ¢ Tep) S f
7 H . La \'i‘\'. SV
Soo® MR } g ) , G 4
: i R :'«,
- 'J k4 3 8
\/?\ 800 ¢ :? H
200 %162 i
SOLAR FLUX \J
(smoothed) ,-\/\v !
Froz AT 10.7-cm WAVELENGTH )
100
—
— o DIURNAL VARIATION /' (normalized)
[+] 1 1 i 1 X Il 1] 1 J. A L
1958 (959 1960 1961 (962 1963 1964 1965 1966 [967 1968 50 _ /\
(A T) oP \/\ N \/¥
i K
Fig.6. Ten-day means of the densities obtained from the drag of the -50 \/SEM" ANNUAL \/
Explorer 1 satellite and of the exospheric temperatures derived
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of this figure is to illustrate the variations of density and 10.7-cm SOLAR FLUX N .
temperature with the solar cycle (see bottom curve), it was not o - : 5
deemed necessary to redo the temperature diagram by means 200 |—=-
of the present models; the difference would be hardly noticeable, i
MJD is the Modified Julian Day (JD minus 2 400 000, 5), Fro.7 S
. o
, ool L.y
Fig. 7. Densities obtained from the drag of the Explorer 1 satellite and
exospheric temperatures derived from them by use of older models. — T
Since the purpose of this figure is to illustrate the 27 -day oscillations : GEOMAGNETIC INDEX
and the geomagnetic effect superimposed on the diurnal variation, it 100 — !
was not deemed necessary to redo the temperature diagram by use
of the present models; the difference would be hardly noticeable. The Ap
schematic diagrams of the diurnal and semi-annual variations are also

from older models,
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