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Fig. 7-8. A globular star cluster.

That the law of gravitation is true at even bigger distances is indicated in
Fig. 7-8. If one cannot seg_gravitation acting here, he has no soul. This figure

e

shows one of the most beautiful things in the sky—a globular star cluster. All of
the dots are stars. Although they look as if they are packed solid toward the center,
that is due to the fallibility of our instruments. Actually, the distances between
even the centermost stars are very great and they very rarely collide. There are
more stars in the interior than farther out, and as we move outward there are
fewer and fewer. It is obvious that there is an attraction among these stars.
It is clear that gravitation exists at these enormous dimensions, perhaps 100,000
times the size of the solar system. Let us now go further, and look at an entire
galaxy, shown in Fig. 7-9. The shape of this galaxy indicates an obvious iendency
for i's matter to agglomerate. Of course we cannot prove that the law here is

@
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preciselv inverse square, only that there is stll an attraction, at this enormous
dimension, that holds the whole thing together. One may say, “Well, that is all
very clever but why is it not just a ball?” Because it is spinning and has angular
momentum which i1t cannot give up as it contracts; it must contract mostly in a
dlane. (Incidentally, if you are looking for a good problem, the exact cetails of
Aow the arms are [ormed and what determines the shapes of these galaxies has
not been worked cut.) It is, however. clear that the shape of the galaxy is due to
gavitauon even though the complexities of its structure have not yet allowed

Fig. 7-9. A galaxy.
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Figure 2-8. Windows of
transparency in the terres-
trial atmosphere allow
&nly part of the solar spec-
trum to penetrate to the
earth's surface. The curve
specifies the altitude where
the intensity of arriving
radiation is reduced to half
its original value. When the
curve touches the lower
axis (as it does, for ex-
ample, between 1 cm and
10* cm), the atmosphere is
completely transparent.
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Figure 2-7 The electro-
magnetic spectrum,
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Figure 1.2: Atmospheric transmissio_r_l_g,t Mauna Kea, Hawaii (USA), one of the best sites in
the world. The standard IR filters (J, H, and K: see Appendix B) are located in correspon-
dence with the principal transmission windows.
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JAMES WEBB SPACE TELESCOPE %
The First Ligﬁt Machine === e

~ JWST Fast Facts

The James Webb Space Telescope (JWST) is an orbiting
infrared observatory that will take the place of the Hubble
Space Telescope at the end of this decade. It will study the
Universe at the important but previously unobserved epoch
of galaxy formation. It will peer through dust to witness the
birth of stars and planetary systems similar to our own. And
using JWST, scientists hope to get a better understanding of
the intriguing dark matter problem. The JWST is also a key
element in NASA's Origins Program.

Proposed Launch m mored fo 2013
Date: -

Prol.)osed Launch o

Vehicle: =HEss

Mission Duration: 5 - 10 years

Approx 6200 kg, including
observatory, on-orbit

o
-
\
=
5
Total payload mass:, consumables and launch vehicle »
adaptor. v
[a)
Diameter of primary e
Mirror: 6.5m (21.3 ft) 4
Clear aperture of " §'
primary Mirror: 25m - =
- - (4
ana_ry mirror beriliims v
material: 3
Mass of primary about one-third as much as 8
mirror: Hubble's %
Focal length: TBD
Number of primary .8
mirror segments:
Optical resolution: ~0.1 arc-seconds
Wavelength coverage: 0.6 - 28 microns
Size of sun shield: ~22mx 10 m (72 ft x 33 ft)
Otz 1.5 million km from Earth at L2, \/
Point
Operating o
Temperature: <50 K(-370 °F)
~— Cost: $824.8 million Q
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The Atacama Large Millimeter/submillimeter Array  www.se.0w sci/facltic, /alma_

The Atacama Large Millimeter/submillimeter Array (ALMA), one of the largest Q-SBZS
ground-based astronomy projects of the next decade, is a major new facility for

world astronomy. ALMA will be comprised of a giant array of 12-m submillimetre
quality antenngs, with baselines of several kilometres. An additional, compact array
of 7-m and 12-m antennas is also foreseen. Construction of ALMA started in 2003
and will be completed in ;2_-21.—2:. The ALMA project is an international collaboration
between Europe, Japan and North America in cooperation with the Republic of
Chile.

= lewed 0.3—9,6 w
U“\""fo KO OM*W*“S at 5000 w albove sea 3 moreuati)om ALMA
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ESO The European ELT

European Organisation
for Astronomical

Research in the Ao @ Lk 2.m
Southern Hemisphere
oected oleakionsy, 201%

- _ 24 Feb 2009
Science Users Information > Future Facilities > E-ELT

www, eso, otsfrci/-(qolﬁf.'cs/ec&‘:/
THE EUROPEAN EXTREMELY LARGE TELESCOPE ("E-ELT") PROJECT

GA A

SK A

Mission Home
» Summary
» Fact Sheet
» Objectives
» Mission Team

Make this your homepage I\-ﬂ‘\’//gm e»a .'wf 24-Feb-2009 09:2

LAUNCH DATE: Dec-2011
News MISSION END: 2020
LAUNCH VEHICLE:

Soyuz-Fregat
LAUNCH MASS: 2030 kg

MISSION PHASE:

Mission Science
» Galactic Structure

Implementation
» Stars

» Solar System ORBIT: advomiliic RECUASCY
Lissajous-type orbit around L2
Extra-solar ZO).;as.
Planets OBJECTIVES:
To create the largest and most precise three dimensional chart ¢
Spacecraft

Galaxy by providing unprecedented positional and radial velocity
» Payload Module measurements for about one billion stars in our Galaxy and

S SarvicaMottie throughout the Local Group.
[ IMAGES AND VIDEOS |

ission

* SRR The Square Kilometre Array (SKA) will probe the gaseous component of the
" FAG early Universe, thereby addressing fundamental questions in research on
I1¢ K the origin and evolution of the Universe. The SKA will complement planned
MERERESES facilities at other wavelengths, such as ALMA and James Webb Space
« News & meetings  Telescope (JWST). HI, CO and continuum radiation would be observed from

« Documents & the interstellar medium of most of the galaxies the JWST will discover in the
resentatior i dshifts.
presentations infrared at large re
« Timeline ww, Sk&.‘k&/ﬂfagcobe/.ﬂw

« Location & design  Extensive discussion of the science drivers and of the evolving technical
« Pictures & movies  possibilities has led to a concept for the Square Kilometre Array and a set of

; ; i ivi | antenna P A Alae)
aHrEre k desian goals. The SKA will be an interferometric array of individua Credit: Canadian glactic
» Partners & Links an g an aperture with diameter of up to several 1000

. : stations, synthesizi ; / 00
contacts KTometers. A number of configurations are under consideration to distribute

R The 1 million square metres of collecting area. These include 30 stations each with the collecting area
v equivalent to a 200 metres diameter telescope, and 150 stations each with the collecting area of a 90

telescope ( more about design and location proposals ).
?.iﬁ ) 4 ‘;V\A %'L ) o .
sel oo Approximately 50% of the collecting area is to be contained within a centrally—condgnsed inner array -
/ 5km diameter to provide ultrahigh brightness sensitivity at arc-second scale resolution for s_tudles of t
TS . - faint spectral line signatures of structures in the early Universe. Another 25 % of the_coi!ectlng area w
Lolb &1 Conylouphom |0 o within a diameter of 150 km, and the remainder out to 3000 km or more. This high angular

.:>£ :w&z’ am & resolution capability will allow imaging gf faint emission frpm the interstellar medium of distant galaxi
: well as the surface of stars, and the active nuclei of galaxies.
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Figure 1.1: Age of the Universe for two sets of values of the cosmological parameters, matter
density (), cosmological constant (£24), and Hubbl: constant (k), defined as in Chapter 2.
The redshift of the most distant galaxy known is indicated by an arrow labeled with the
year of publication. Until 1997 the galaxies are radio selected. Redshifts are taken from
Minkowski (1960), Spinrad (1982), Chambers et al. (1988), Franx et al. (1997), Weynmann
et 2l (1998), Chen et al. (1999).

o
o2

h/kpc )

n
&
<
(o }]

ize (arcse

o
=
T

s

angular
=
N

0 5 10 15
redshift =z

Fig. 25.5. Angular size as a function of redshift for different values of the density parameter £2 (from
bottom Lo top: € = 0.03, 0.1, 0.2, 0.3, 0.5, 1); solid and dashed curves are as in Fig. 25.4. The quantity
J 1s the reduced Hubble constant.
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Figure 6.1
Distribution of hydrogen in the galactic plane; the density scale is in atoms/cm? (32, 31).
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Figura 4.6: Curva di rotazione del gas anomalo (quadrati yuoti) e curva di rotazione del
disco freddo (quadrati pieni).
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#1G. 1.2, Galactic distribution of pulsars. The location of 330 i i
: te distr ) s pulsars in galactic i
galacnc center is in rmddlc:):. wui.\ galactic latitude (unlabeled except at poles% in 30° Ci(:c):::r]:;et:-
Ahe q;nsc cluster near 60 longitude represents the high sensitivity (but limited coverage) of lhé
reci oﬂlelcscope. From Puisars, by R. N. Manchester and J. H. Taylor. Copyright © 1977 by
W. H. Freeman and Company. Reprinted by permission.

INTENSITY

Figure 11-13 Some pul-
sars have not only a main
pulse but also a subsidiary
pulse called an interpulse.
The pulse shown here is the P
result of averaging many oo i T o
pulses from the pulsar in i e L iy 1 e
the Grab_Nebula, NP 0532. 0 .01 .02 03
observed in visible light.

its period is 0.033 sec. TIME (seconds)
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' l ' l 1 |
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Time (s)

v, 11 Pulse wrmn. Chart record of individual pulses from the 0.714 s pulsar PSR 0329 1 54 w

% 4]0 MRz From Pulsars, by R. N. Manchester and J. H. Taylor. Copynght (& 1977 by W. H.
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TABLE 1.1 Some Important Pulsars

Designaton

Popular Name

Notable Feature(s)

0531+ 21

540 — 093
0833 -45
1913+ 16
1937+ 214
1957 +20
1951+ 32
184519
1237+ 25
164] - 45
0809 + 74
U826 - 34
1919 + 21

1821 - 24

Crab pulsar
(NP 0532)
(NP 0531)

LMC pulsar

Vela pulsar

Hulse-Taylor binary

Millisecond pulsar
Eclipsing pulsar

CTB 80 Pulsar

CP 1919

Pulsar in M28

Fastest known for many years (.033 ) ( (469 )
pulsed emission from radio to y-ray

obvious supernova association

21ant pulses

glitches .

variations in dispersion measure

extremely *‘inefficient’” (10 ° of spin-down
cnergy converted to radio-emission)

Very similar to Crab pulsar, but no glitches!

55 kpc away in LMC

pulsed optical

Supernova association

glitches

pulsed optical and y-ray

First binary pulsar discovered ( 19774 )
evidence of gravitational radiation

consistent with general relativity

Fastest known: 642 rotations/s

Second fastest millisecond pulsar

eclipsed by 0.02 M companion every 9.2 hours
Pulsar inside a wind-blown (?) shell

Presently slowest known: 4.3082 s period
Exceptionally complicated pulse shape

(5 components)

Slow pulsar also having glitches

Both nulls and drifts

Exceptionally wide pulse profile

(=145°)

numerous subpulses drifting back and forth

First pulsar discovered (CP = Cambridge ( 19467 5 g ?-M)A “MIL)

pulsar, a largely discontinued designation)
First pulsar discovered in a globular cluster

/

also a millisecond pulsar

L

(1947 Lyne, e, )
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o CAPITOLO 2. CENTAURUS X-4 E SAX JISO8.A-3658

Model: Black hody - Power law
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(M < iﬂ@\ LECS (cerchi) e MECS (I.)l.lllf.l.) montati sul satellite BeppqSA.X. L.() spettro

¢ coufrontato con un profilo di corpo nero sommato a legge di potenza. Nel
pannello inferiore & indicato il rapporto tra i dati ed il modello presentato
(da Campana et al. 2000).
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Figura 1: Profilo di temperatura i un campione di 21 anunassi i galassie nusurato, nel
corso di questa Tesi, a partire da dati raccolti dal satellite XMM-Newtow.

I raggi sono
cspressi in unita di rigg (vis0 = ryi, ) e

le temperature sono normalizzate alla temperarura
media i ciascun aminasso tra 0.05 e ¢ 0.20 . Amnassi o

iversi sono indicati cor
simmboli o colori difforenti
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[.1 Studio dei GRB 3
Satellite Tempo di vita SLrMInENto intervalilo energetico Campo i vista
L PASSATO
Vela-5B 23 mag 69 - 19 gia 79 3-750keV
Al-Sky Monutor 3-12keV 6.19 % 6.1
s -Ray detector 150-750keV
CO0Ss-B 9 ago 75 - 25 apr %2 2keV-5GeV
©-Ray detectors J0MeV-5GeV
propecaunters 2-i2keV
Ginga G fep BT - L nov 91 1-500keV _
All-Sky Monitor 1-20keV 193¢ 1802
RB detectors 1.5-500keV tutto il cielo
Granat 1 dic 89 - 27 nov 98 2keV-100MeV
SIGMA 0.03-1.3 MeV 11:4% % L0.56°
WATCH 6-120keV tutto il cielo
PHEBUS 0.1-500MeV tutto il cielo
KONUS-B 0.02-8MeV tutto il cielo
TOURNESOL 0.002-20MeV 59 x 5¢
CGRO Goapr 91 - 4 giu 00 30keV-30GeV
G BATSE 20-1000keV tutto il cielo
+ QIR Qm, bs OssE 0.05-10MeV
CM’\' M O 5 Camptel 0.8-30MeV sy
EGRET 40 MeV-10GeV
—
BeppoSAX 30 apr 96 - 30 apr (2 0.1-300keV
NFI 0,1-300keV Lsr
WFC 2-30keV 10° x 40¢
iL PRESENTE
RXTE 30 dic 95 - ora 2-250keV
PCA 2-60 keV
HEXTE 15-250keV
AU-5ky Monitor 2-10 keV tutto il cielo
Chandra 23 lug 99 - 5 anni 0.1-10keV
HRC 0.1-10keV 307 x 30°
XXMM L0 die 99 - 10 anm 0.1-15keV
X-Ray instruments 0.1-15keV
Opt. Monitar 180-650nm il e
HETE-2 9 ott 00 - 2 anmi 0.5-400keV
X-Ray detectors 0.5-25keV
Y -Ray detectors 6-400keV 3 sr
Integral LT att 02 - 10 anni 15keV-10MeV
JEM-X 3-35keV 1.8% x 1.8°
5 Ray anstruments LikeV-10MeV 16° x 16°
IL FUTUR®
Swift lancio nel 2004 2eV-150keV
BAT 15-150keV 2.0 sr
XRT 0.2-10keV 23.6% x 23.6°
LvOoT 170-650nm L7Vxay
Agile lancio nel 2005 30MeV-50GeV
GRID 30MeV-50GeV
SuperAGILE 10-40keV > 0.8 sr
GLAST lancio nel 2p06 20MeV-300GeV
LAT 20 MeV-300GeV > 2sr
200§  cem <10keV->25MeV tutto il cielo

Uk

interpretate come righe di annichilazione eTe

Tabella 1.1: Missioni spaziali per studio dei GRB.

‘?)5’}:&-'00\

a 511keV spostate verso il

rosso di circa il 20% per effetto del campo gravitazionale alla superficie di
stelle di neutroni, (Murakami et al., 1988 [89]); la teoria fu anche in parte
confermata dall’associazione del resto di supernova della stella di neutroni

N49 nella LMC con GRB 790305 (Evans et al., 1988 [30]).
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L0 Studeo der (ARE :

per posizionare. 8 ore dopo il trigger, i NFIL ( Narrow Field Instruments),
aventl una precisione dell'ordine dell'arcominuto nella localizzazione della
sorgente X. Fu cosl possibile ottenere le prime immagini in X ad alta
visoluzione dell afterglow di GRB 970228 (Costa et al., 1997 122]). Furono

quindi distribuite le coordinate per osservazioni con telescopi a terra e fu
possibile ottenere la prima controparte ottica (van Paradijs et al.. 1997 [138]

st veda la Figura 1.2). j

Rivelazione Fluenza e | E
burst banda X) | © | R | ferg /Cm;]f redshift [m_g;] 1
GRB970228 || BeppoSAX | + [ - [ 1 x 107 - -
GRBY70508 | BeppoSAX | + | + | 2x107% | 0835 | 2 x 107
GRBY970616 | BeppoSAX | - | - [ 4 x 1077 < -
GRB970815 RXTE -1 -] 1%x1073 : :
GRBY70828 RXTE -] -] 7x1075 . .
GRB971214 RXTE + |+ | 1x10™ | 3418 |1 x 107 |
GRB971227 || BeppoSAX | - | - | 9x 107 " -
GRB980326 || BeppoSAX | - | - | 1 x10°° - a
GRB980329 || BeppoSAX | + | + | 5 x 109 - -
GRB980425 | BeppoSAX [ + [ + | 4x 10 | 0.0085 | 7 x 107
GRBY980515 || BeppoSAX | - | - | 1 x10°° 2 .
GRB980519 || BeppoSAX | + | + | 3x 10-5 B -
GRBY80703 RXTE + ]+ 5x107° | 0966 | 1x 1073 |

&

,lzlw-'v. f’k’w

<

Tabella 1.2: Dati osservativi di diversi GRB per cui & stato individuato I afterglow.
Le colonne O e R indicano se I'emissione & stata rivelata rispettivamente nell’ottico
¢ nel radio. L'energia totale Fy del burst & stata stimata attraverso lintegrale sul
tempo dell’energia irradiata ed il redshift osservati, assumendo emissione sferica

e un Universo piatto con parametri cosmologici definiti da () = I, A =0, con
Hp = 65 km/sec/Mpc. Tratto da Piran, 1998 [105].
BATSE 4B Catalog
80 ]Tllllllf 1 Ilf”"l T |||'|"|I lTTlIl"l L ]"‘T LI
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Figura 1.3: Distribuzione bimodale dei GRB. L'immagine. tratta dal Catalogo di
BATSE. mostra la distribuzione dei burst in base al parametro di durata Tag.
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Figure 1.
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Isodensity contour plot of very non-—
thermal proton veloc].ty distributions
measured by Helios 2 in high speed

solar wind at various heliocentric
distances.
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Figure 2.

E ~Moasele

Double~humped proton distributions,
plotted as one-dimensional spectra
(top) and as contours (bottom), for a
period with large temperature aniso-
tropies and heat fluxes observed by
IMP 6 on May 13 in 1971 (Ref. 1).
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DISTANCES OF NEBULHRE 95

to the Jarge, neighboring spiral, M33. The two brightest
of the objects discovered by Duncan were identified as
irregular variables, and the faintest, as a Cepheid. By the
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NO 2

)
18.0) *i- S
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F16. 8. Light-Curves of Four Cepheids in Messier 31.

Tho vertical scales represent apparent photographic magnitudes; the hori
zontal, days. The dots represent observations made during many difforent
cycles. The various cyeles were superposed and normal light-curves drawn
through the totality of the data. Tt will be noticed that the brightest Ceph?®
eid, No. 7, bas the longest period, and the faintest, No. 88, has the shortest
period.
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Fig. 67. The period-luminosity relation for variable stars in an out-lying region
of Messier 31. The upper curve is for the normal cepheid variables. and the

lower curve is for the Population II cepheids. (From Baade and Swope, Astro-
nomical fournal.)
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Figure 3.1.  Location of a number of various types of intrinsic variables on the Hertzsprung-

TABLE 3.2
Properties of Galactic Classical Cepheids*
Range
Property From To
Period (I1) 12 50¢
Mean Luminosity (L) 300 L, 26,000 L,
Median Spectral Type F5 G5
Mean Radius (R) 14R, 200 R,
Mass (M) <3TM, <l4 M,
*Subscript o denotes solar values.
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Russell diagram. From Figure 1 of J. P. Cox (1974a), courtesy of the Institute of Physics.

TABLE 3.1
The Pulsating Variables*
Charac- Range of
Range of teristic Population Spectral
Kind of Star Periods Period Type Types
RR Lyrae 524 h 0.5d 11 A2-F2
Classical Cepheids (1-50 g) 5-10d I F6-K2
W Virginis Stars 2 12-20d 11 F2-G6(?)
RV Tauri Stars 20-150d 75d 1l G, K
Red Semi-Regular Variables 100-200 d 100 d Tand I1 (K),M,R,N, S
Long Period Variables 100-700 d 270d Tand Il M. R NS,
B Cephei Stars
(" Canis Majoris Stars™) 46h 5h 1 B1-B2
Dwarf Cepheids and 8 Scuti Stars 1-3h 2h I A2-F5
Beat Cepheids 1-7d 2d i(?) FO-GO(?)
Variable White Dwarfs
(“2Z Ceti Stars™) 200-1000 s 500 5(?) 1(?) AS-F5(?)

*Adapted from Table 1 of Cox (1974a), courtesy of the Institute of Physics.
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ELLIPTICAL NEBULAE

Figure 1.1
Hubble tuning fork diagram [11].

E Hubble 1926 Asbophas. T

Table 1.1
Hubble spiral sequences

a—»b—¢

Gas content Increasing
Size of HII regions Increasing
Arm spacing Increasing
Size of nuclear bulge Decreasing
Total mass Decreasing
40 T T T T ==
w
o .
Zz 30 i - - T
=t
-
% 5 -
8 g5 . e
a . H a
Lt ' -— -
© s
£ ° - ! ;
T ok . = ¢ —
Lt = . . L]
> aman . ]
a b b
- .
-
olL_2 1 1 ! I
Sa Sb Sc
Figure 1.5

Measured pitch angle of spiral arms versus Hubble type [12].

R.C. kewniendl |9g)
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The positions of the star S2, circling ISMg
the Galactic center with a period of

only 15.2 years, are shown for 16 ob-

servations made by Rainer Schodel and
colleagues, from March 1992 to July

2002. The blue crosses indicate adap-

live-optics imaging. The ellipse is the

best Keplerian fit to these observations

and the measured position (the red cir-

cle) of the radio source Sgr A*, pre- ¢
sumed to be a supermassive black hole 3.7+ .5 X 10 7
at the Galactic center. The fitted orbit, 26+ 09x 05
inclined 46° to the line of sight, has 52~~~ > g

approaching to within 17 light-hours of
the black hole: '

Nafuvra 419 ,694 (2002)
Phus. Todew  Fab 2003
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