
Astronomia XXI wieku – czarne dziury, 
ciemna energia, ciemna materia



Plan prezentacji:
• Astronomia fal elektromagnetycznych
• Astronomia fal grawitacyjnych
• Astronomia neutrinowa

• Planety pozasłoneczne
• Ewolucja gwiazd – gwiazdy neutronowe, czarne dziury
• Kosmologia – ciemna energia, ciemna materia



Rola atmosfery Ziemi w obserwacjach astronomicznych



Obserwatoria kosmiczne (pozatmosferyczne)



Hubble Space Telescope Średnica 2.4 m 

Ogniskowa 57.6 m

Focal ratio f/24

Powierchnia 4.5 m2

24 kwietnia 1990 umieszczony na orbicie (545 km nad Ziemią)



A pillar of gas and dust in the Carina Nebula Saturn's southern aurora.

Hubble Space Telescope

https://en.wikipedia.org/wiki/Carina_Nebula


Stars forming in the Eagle Nebula Star cluster Pismis 24 with nebula

Hubble Space Telescope

https://en.wikipedia.org/wiki/Eagle_Nebula
https://en.wikipedia.org/wiki/Pismis_24
https://en.wikipedia.org/wiki/NGC_6357




Gromada galaktyk 
(zdjęcie wykonane przez teleskop Hubble’a)



James Webb Space Telescope

Diameter 6.5 m (21 ft)

Focal length 131.4 m (431 ft)

Collecting area 25 m2 (270 sq ft)



James Webb Space Telescope



Jak dalekie obiekty kosmiczne można zobaczyć teleskopami optycznymi ?



Chandra X-ray Observatory

X-ray flare from Sagittarius A*, 
supermassive black hole in the Milky Way

Cygnus X-1, first strong black hole discovered

Wystrzelone 23 lipca 1999
λ = (0.12 – 12) nm

https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Sagittarius_A*
https://en.wikipedia.org/wiki/Supermassive_black_hole
https://en.wikipedia.org/wiki/Milky_Way
https://en.wikipedia.org/wiki/Cygnus_X-1


Spitzer Space Telescope

Diameter 0.85 m (2.8 ft)[1]

Focal length 10.2 m (33 ft)

Wavelengths infrared, 3.6–160 µm

Wystrzelony 25 sierpień 2003

The Andromeda Galaxy taken by MIPS at 24 micrometers

https://en.wikipedia.org/wiki/Spitzer_Space_Telescope#cite_note-spitfacts-1
https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Micrometre
https://en.wikipedia.org/wiki/Andromeda_Galaxy




Kamioka Gravitational Wave Detector
(KAGRA)

LIGO Hanford←  Virgo

GEO600 ↑









Laser Interferometer 
Gravitational-Wave 

Observatory
(LIGO)





Solar neutrinos (proton–proton chain) in the Standard Solar Model

A neutrino (denoted by the Greek letter ν) is a fermion (an elementary particle with half-integer 
spin) that interacts only via the weak subatomic force and gravity. The mass of the neutrino is much 
smaller than that of the other known elementary particles. The majority of neutrinos in the vicinity 
of the Earth are from nuclear reactions in the Sun, about 65 billion (6.5×1010) solar neutrinos per 
second pass through every square centimeter perpendicular to the direction of the Sun.
Neutrinos can be created in several ways, including in beta decay of atomic nuclei or hadrons, 
nuclear reactions such as those that take place in the core of a star, supernovae, and when 
accelerated particle beams or cosmic rays hit atoms. The neutrino was postulated first by Wolfgang 
Pauli in 1930 to explain how beta decay could conserve energy, momentum, and angular momentum
(spin). For each neutrino, there also exists a corresponding antiparticle, called an antineutrino, which 
also has no electric charge and half-integer spin. They are distinguished from the neutrinos by having 
opposite signs of lepton number and chirality

Neutrino

https://en.wikipedia.org/wiki/Proton%E2%80%93proton_chain_reaction
https://en.wikipedia.org/wiki/Nu_(letter)
https://en.wikipedia.org/wiki/Fermion
https://en.wikipedia.org/wiki/Elementary_particle
https://en.wikipedia.org/wiki/Spin-1/2
https://en.wikipedia.org/wiki/Weak_interaction
https://en.wikipedia.org/wiki/Gravity
https://en.wikipedia.org/wiki/Mass
https://en.wikipedia.org/wiki/Solar_neutrino
https://en.wikipedia.org/wiki/Beta_decay
https://en.wikipedia.org/wiki/Atomic_nuclei
https://en.wikipedia.org/wiki/Hadron
https://en.wikipedia.org/wiki/Nuclear_reaction
https://en.wikipedia.org/wiki/Star
https://en.wikipedia.org/wiki/Supernova
https://en.wikipedia.org/wiki/Cosmic_ray
https://en.wikipedia.org/wiki/Wolfgang_Pauli
https://en.wikipedia.org/wiki/Beta_decay
https://en.wikipedia.org/wiki/Conservation_of_energy
https://en.wikipedia.org/wiki/Conservation_of_momentum
https://en.wikipedia.org/wiki/Conservation_of_angular_momentum
https://en.wikipedia.org/wiki/Spin_(physics)
https://en.wikipedia.org/wiki/Antiparticle
https://en.wikipedia.org/wiki/Lepton_number
https://en.wikipedia.org/wiki/Chirality_(physics)


Antares neutrino detector deployed under water

The inside of the MiniBooNE
neutrino detector

A model of KamiokaNDE

Obserwatoria neutrinowe

https://en.wikipedia.org/wiki/MiniBooNE


SNO can be thought of as a type of telescope, though it bears little resemblance to the image
most of us associate with that word. It consists of an 18-meter-wide stainless steel geodesic
sphere inside of which is an acrylic vessel filled with 1,000 tons of heavy water (deuterium oxide).
Honeycombing the sphere are 9,522 ultra-sensitive light-sensors called photomultiplier tubes. 
When neutrinos passing through the heavy water interact with deuterium nuclei, faint flashes
of light, called Cerenkov radiation, are emitted. The photomultiplier tubes detect these light
flashes and convert them into electronic signals that scientists can analyse. 

Sudbury Neutrino Observatory



Astronomia neutrinowa

SN 1987A was a supernova in the outskirts of the Tarantula Nebula, in the Large Magellanic Cloud (a nearby dwarf galaxy). 
It occurred approximately 51.4 kiloparsecs (168,000 ly) from Earth.[4] This was close enough that it was easily visible to the naked eye
and it could be seen from the Southern Hemisphere. It was the closest observed supernova since SN 1604, 
which occurred in the Milky Way itself. The light from the new supernova reached Earth on February 23, 1987.[5]

As the first supernova discovered in 1987, it was labeled “1987A”. Its brightness peaked in May, with an apparent magnitude of about 3
, and slowly declined in the following months. It was the first opportunity for modern astronomers to study the development
of a supernova in great detail, and its observations have provided much insight into core-collapse supernovae.
07:35 UT, Kamiokande II detected 12 antineutrinos; IMB, 8 antineutrinos; and Baksan, 5 antineutrinos; in a burst lasting less than 13 seconds.

https://en.wikipedia.org/wiki/Supernova
https://en.wikipedia.org/wiki/Tarantula_Nebula
https://en.wikipedia.org/wiki/Large_Magellanic_Cloud
https://en.wikipedia.org/wiki/Dwarf_galaxy
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/SN_1987A#cite_note-hubble_heritage-4
https://en.wikipedia.org/wiki/Naked_eye
https://en.wikipedia.org/wiki/SN_1604
https://en.wikipedia.org/wiki/Milky_Way
https://en.wikipedia.org/wiki/SN_1987A#cite_note-west-5
https://en.wikipedia.org/wiki/Apparent_magnitude
https://en.wikipedia.org/wiki/Astronomy
https://en.wikipedia.org/wiki/Core-collapse_supernova
https://en.wikipedia.org/wiki/Universal_Time
https://en.wikipedia.org/wiki/Kamiokande_II
https://en.wikipedia.org/wiki/Antineutrino
https://en.wikipedia.org/wiki/Irvine-Michigan-Brookhaven_(detector)
https://en.wikipedia.org/wiki/Baksan_Neutrino_Observatory


Planety pozasłoneczne

Kosmiczny Teleskop Keplera

Został umieszczony na orbicie wokółsłonecznej 7 marca 2009 roku, w ramach 10. misji programu Discovery. 
Ma aperturę 0,95 m, masę 1052,4 kilogramów w momencie startu i jest wyposażony w największą matrycę CCD
do tej pory wyniesioną w kosmos, posiadającą 95 megapikseli

https://pl.wikipedia.org/wiki/Orbita_heliocentryczna
https://pl.wikipedia.org/wiki/Program_Discovery
https://pl.wikipedia.org/wiki/Apertura
https://pl.wikipedia.org/wiki/Matryca_CCD
https://pl.wikipedia.org/wiki/Megapiksel


Kosmiczny teleskop Keplera
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PSR B1257+12

PSR B1257+12 was discovered by the Polish astronomer Aleksander Wolszczan on 9 February 1990 using the Arecibo radio telescope. It is a millisecond 
pulsar, a kind of neutron star, with a rotation period of 6.22 milliseconds (9,650 rpm), and was found to have anomalies in the pulsation period, which led to 
investigations as to the cause of the irregular pulses. In 1992 Wolszczan and Dale Frail published a famous paper on the first confirmed discovery of planets 
outside our solar system. Using refined methods one more planet was found orbiting this pulsar in 1994.

https://en.wikipedia.org/wiki/Mass
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https://en.wikipedia.org/wiki/Degree_(angle)
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https://en.wikipedia.org/wiki/Dale_Frail






Kepler-90 is a G-type main sequence star located 
about 2,545 light-years (780 pc) from Earth in 
the constellation of Draco. It is notable for having
a planetary system that has an equal number of observed 

planets to the Solar System.
On 14 December 2017, NASA and Google announced the 
discovery of an eighth planet, Kepler-90i, in the Kepler-90 
system

Kosmiczny teleskop Keplera

https://en.wikipedia.org/wiki/G-type_main_sequence_star
https://en.wikipedia.org/wiki/Draco_(constellation)
https://en.wikipedia.org/wiki/Solar_System
https://en.wikipedia.org/wiki/NASA
https://en.wikipedia.org/wiki/Google
https://en.wikipedia.org/wiki/Kepler-90i


Ewolucja gwiazd

Hertzsprung–Russell diagram

An observational Hertzsprung–Russell 
diagram with 22,000 stars plotted 
from the Hipparcos Catalogue
and 1,000 from the Gliese Catalogue
of nearby stars

https://en.wikipedia.org/wiki/Hipparcos_Catalogue
https://en.wikipedia.org/wiki/Gliese_Catalogue


Czarne dziury i gwiazdy neutronowe



Black hole classifications

Class Mass Size

Supermassive black hole ~105–1010 MSun ~0.001–400 AU

Intermediate-mass black 
hole

~103 MSun ~103 km ≈ REarth

Stellar black hole ~10 MSun ~30 km

Micro black hole up to ~MMoon up to ~0.1 mm

Czarne dziury

https://en.wikipedia.org/wiki/Supermassive_black_hole
https://en.wikipedia.org/wiki/Solar_mass
https://en.wikipedia.org/wiki/Astronomical_unit
https://en.wikipedia.org/wiki/Intermediate-mass_black_hole
https://en.wikipedia.org/wiki/Earth_radius
https://en.wikipedia.org/wiki/Stellar_black_hole
https://en.wikipedia.org/wiki/Micro_black_hole
https://en.wikipedia.org/wiki/Moon


Kosmologia



Kosmologia



Ciemna materia
Ciemna energia
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