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Radio Astronomy
ALMA -- Atacama Large Terahertz(mm) Array 
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• Background
• Apply Proposals Band 6,3 to study Jet structure black hole
• THz Advantage , Constraints, Applications
• THz Atmospheric, Sensors, Galactic, Benefit
• Types of Telescope
• Radio Astronomy, Interferometry, System
• Why Radio Astronomy
• ALMA
• Aperture synthesis , Frequency Synthesis, Rotation, Correlation
• Black hole, Black Hole in Galaxies

Radio Astronomy
ALMA -- Atacama Large Terahertz(mm) Array 
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• Hawking Radiation
• Einstein’s Theories of Relativity
• Quantum loop theory, String theory overcome singularity
• Special Relativity
• Space Travel Near Black Holes
• Observational Evidence for Black Holes
• Test of General Relativity
• Roy Kerr Black Hole Equation for BH Model for image
• M87→ Video→VLBI Array
• Black Hole Sgr A*→ Kerr matrix BH, Cluster/average Image
• Polarization
• Summary , References

Radio Astronomy
ALMA -- Atacama Large Terahertz(mm) Array 
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Worked THz ALMA→ joined Chalmers Lab JPL & OSL
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Research paper on THz for ALMA
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Background Silicon Valley

CTO: Chinese silicon valley → Hengtong 7th largest company
Project: MCU, ASIC, RFIC, MMIC, NANOTECHNOLOGY for 
Radio Astronomy & mems bio sensor
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Total Artificial Heart
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Total Artificial Heart
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ALMA Extension VLBI: Science and Proposals 

Frequency Band → 6 & 3
Deadline  → 31 January , 25 April 2024
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ALMA Extension →Black Hole mmVLBI
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ALMA Extension→Jet structure and jet launching
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THz Advantages

1. Strong interactions with Mater – All states
2. Significant Penetration in some materials
3. Naturally occurring spectral signatures
4. Natural Frequency for femtosecond probing
5. Very high sensitivity for signal detector
6. Aperture Advantages over millimeter
7. Non-Inoizing Radiation
8. Low Tolerance Optics
9. Huge Available Bandwidth
10.Untapped Potential



Upplysning Robotics SMC PVT LTD
Head Office: Main  G. T. Road, Besides Ghalla Mandi, Jallomore, BataPur, Lahore, Pakistan,  54000
Office 2: No 30, Block H, Phase 6, Street 8, Defence, Lahore, Pakistan, 54792, 
https://www.upplysningavancez.com , Email: info@upplysningavancez.com, Phone 042 37187769

THz Constraints

1. High Material Losses – Metals and dielectrics
2. Poor Atmospheric Transmission
3. Noise Background Limited Signal Detection
4. Few Natural Resonances except in low pressure gases
5. Poor Contrast/ Huge Speckle Ratio
6. Millimeter-Scale Focus at Best
7. Large Apertures Required
8. Serious Guide Media Dispersion and Losses
9. $$$$$ For Components/Instruments
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Traditional THz Applications

1. Space Science: Astrophysics, Earth, Planets, Comets and 
Asteroids

2. Plasma Diagnostics
3. Non Destructive Evaluation (Assorted niches)
4. Gas Spectroscopy and Quantum Physics
5. Ultrafast Chemistry and Nonlinear Optoelectronics
(Since Thz Time Domain Systems – Late 1980S
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0.3 to 3THz Bands & Atmospheric Transmission
• Gases in the earth's atmosphere absorb electromagnetic radiation to the Most wavelengths from space do 
not reach the ground.
• Visible light, most radio waves, and some infrared penetrate the atmosphere.
• Through atmospheric windows, wavelength regions of high transparency
• Lack of atmospheric windows at other wavelengths is the reason for astronomers placing telescopes In space



Upplysning Robotics SMC PVT LTD
Head Office: Main  G. T. Road, Besides Ghalla Mandi, Jallomore, BataPur, Lahore, Pakistan,  54000
Office 2: No 30, Block H, Phase 6, Street 8, Defence, Lahore, Pakistan, 54792, 
https://www.upplysningavancez.com , Email: info@upplysningavancez.com, Phone 042 37187769

Astrophysics Drivers for THz sensors
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Galactic Emission at THz Frequencies
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THz Telescope



• Optical Telescopes 

• Ultraviolet and X-Ray

• Space-Based Astronomy → Hubble

• Infrared Telescope

• Radio Astronomy

• Interferometry

→ The Alma Array

Types of Telescopes
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Radio telescopes

• Similar to optical reflecting telescopes

• Prime focus

• High sensitive ( with shorter wavelength); can 

be made very large 

Radio Astronomy
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Largest radio telescope is the 300-m dish at 

Arecibo

Radio Astronomy
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Longer wavelength means poor angular 

resolution

Advantages of radio astronomy:

• Can observe 24 hours a day

• Clouds, rain, and snow 

don’t interfere

• Observations at an 

entirely different 

frequency; get totally 

different information

Radio Astronomy
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Interferometry:

• Combines information from several widely 

spread radio telescopes as if it came from a 

single dish

• Resolution will be that of dish whose 

diameter = largest separation between dishes

Interferometry
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Interferometry
Interferometry 

involves combining 

signals from two 

receivers; the amount 

of interference 

depends on the 

direction of the signal
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𝐷 =
ƛ

Ɵ
=
0.877𝑚𝑚

2 ∗ 10−9
= 30,407 𝑘𝑚

M87= 2 ∗ 10−9 Angular Resolution

Ɵ =
ƛ

𝐵



Can get radio images

whose resolution is 

close to optical

Interferometry can 

also be done with 

visible light but is 

much more difficult 

due to shorter 

wavelengths

Interferometry
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This image shows a protoplanetary disk 

surrounding the star HL Tauri.

The ALMA Array
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Radio Astronomy System
Submm/mm 

Radio astronomy is a subfield of astronomy that 

studies celestial objects at radio frequencies. The first 

detection of radio waves from an astronomical object was 

in 1933,

https://en.wikipedia.org/wiki/Astronomy
https://en.wikipedia.org/wiki/Astronomical_object
https://en.wikipedia.org/wiki/Radio_frequency
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Radio Astronomy System
Submm/mm 
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Radio Astronomy System
Submm/mm 

HEB
Mixer
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Radio Astronomy System
Submm/mm , Receiver
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Why we need Radio Astronomy
The stunning images taken by optical instruments like the iconic Hubble Space Telescope are famous 
the world over, but there are many details they cannot see. Radio astronomy reveals parts of the 
invisible sky. By detecting radio waves emitted by a wide range of astronomical objects and 
phenomena, radio telescopes provide a totally different view of our Universe.
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Why we need Radio Astronomy
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Why we need Radio Astronomy
Hydrogen gas release by stars by inside region, new star gass

horse head nebula

nebula of orion

Orion constellation
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Why we need Radio Astronomy
Optical vs infrared
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Why we need Radio Astronomy
Radio to study cold gas we see gas and dust

orion nebula

10 light year away disk of dust, debre disk comet collision
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In 1933vKarl Guthe Jansky proved it was possible to 
capture certain bands of electromagnetic radiation 
coming from the Universe with antennas similar to 

those used in radio transmission.

Later in 1937, Grote Reber, another American 
engineer, built the first parabolic radio telescope in 

order to capture and register radio wave signals 
originating from the Universe.

In 1938 Reber was able to detect radio wave 
emissions from the Milky Way. 

Jansky antenna carrousel, which he designed to capture 20.5-MHz frequency radio waves (a wave length of around 14.5 
meters). The antenna is mounted on a rotating platform allowing it to turn in any direction.

Credit:  NRAO-Green Bank

Radioastronomy: A brief history
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The History of ALMA

In the 1980s the international scientific community 
developed an interest in creating a radio telescope 
that could capture, at high resolutions, millimetric 

and sub-millimetric radio bands.
In 1995 the European Organization for Astronomical 

Research in the Southern Hemisphere (ESO), the 
National Radio Astronomy Observatory (NRAO) of 
the United States and the National Astronomical 
Observatory of Japan (NAOJ) began to carry out 

atmospheric trials in the Atacama desert.
Four years later, in 1999, the three observatories 

signed a cooperation agreement to install ALMA in 
Chile. 

Another six years passed and in October 2005, the 
foundations were laid on the Chajnantor Plateau, 
initiating construction of the ALMA observatory.

Testing at the Chajnantor Plateau.

Credit: ALMA (ESO/NAOJ/NRAO), NAOJ.
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The soul of ALMA

The people who work at ALMA represent more than 
20 nationalities and the most diverse cultures, 

languages and professions.
In addition, there are thousands of people from 
distant universities, institutes, laboratories and 
companies who collaborate to make the world’s 

largest and most powerful radio astronomy 
telescope a reality.   

Everyone contributes scientific experience, new 
designs and groundbreaking technological 

developments.

Working with ALMA components at the Rutherford Appleton Laboratory in the United Kingdom, 2004.
Credit: ALMA (ESO/NAOJ/NRAO), H. Zodet, ESO.
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ALMA operation

In 2013 ALMA’s 66 antennas fully operational. 
This  mean a huge leap forward in astronomical 

terms, since ALMA will have a sensitivity and spectral 
resolution 100 times greater sensibility than its 
predecessors in millimeter and sub-millimeter 

waves.
As has happened with the great telescopes that 

have preceded it, ALMA will allow us to see things in 
the Universe of which we aren't yet aware.

Group of antennas at Chajnantor Plateau, 2011.
Credit: ALMA (ESO/NAOJ/NRAO), J. Guarda.
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ALMA Receivers Bands
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Why Chile?



The ALMA Array is a set of 66 radio antennae 

located in northern Chile, which detect 

radiation with wavelengths between 0.3 mm 

and 10 mm. The antennae are mobile, allowing 

excellent resolution.

The ALMA Array
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Because it is located 5,000 meters above 
sea level on the Chajnantor Plateau in the 
Atacama Desert.

The altitude and aridity make it an 
exceptional site for astronomical 
observation.

The minimal amount of water vapor at 
the site provides the transparency needed 
for the antennas to capture millimetric 
radio wavelengths without distortion.

ALMA is the highest-altitude land-based observatory.

Credit:  ALMA (ESO/NAOJ/NRAO).

Why is ALMA is so Powerful?
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Now we also know that warm, cold and dark matter 
exist thanks to the measurement of a wide range of 

wavelengths emitted throughout the Universe.
Even after centuries of astronomical observation, 

scientists today know little about what the Universe 
is made up of. 

ALMA’s study of cold matter permits the observation 
of “old” planets and galaxies too faint to be detected 
by optical telescopes, allowing us to learn about the 

early Universe.

Universe expansion since the Big Bang.

Credit: NASA - WMAP. License: GNU

Astronomy: Observation today
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Scientific technological development today allows 
scientists to design equipment that can capture a 

wider range of wavelengths.

Optical telescopes, which observe the light of the 
stars and hot gas emission.

Ultraviolet and X-Ray observatories that study very 
hot gas and ultra energetic emission.

Infrared light observatories that study warm and 
hot dust.

Radio telescopes that capture radio emissions 
from warm and cold matter.

ALMA observes millimetric and submillimetric radio 
wavelengths.

View of Centaurus A galaxy in radio wavelength from VLA radio telescope.

Credit: VLA radio telescope.

What we can see in universe today
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By observing millimetric wavelengths,
ALMA can see the so called “Cold Universe”, 

where plants and galaxies are formed.
ALMA has an unprecedented capability for 
discovering the presence and distribution 

of molecules in space and can observe, 
with high resolution, masses of cold and 

warm gas around protoplanets.
By observing the "invisible" ALMA can see 
our sun in detail and capture light emitted 
by particles rather than light reflected by 

them.
Thus, ALMA opens up innumerable 

possibilities for astronomical research, from 
the discovery of new interstellar molecules 

to the mysteries of our cosmic origins.
Combined view of the dust ring around the bright star Fomalhaut from the ALMA observatory and Hubble telescope, 2012.

Credit: ALMA (ESO/NAOJ/NRAO) / NASA / ESA.

What ALMA can see



Upplysning Robotics SMC PVT LTD
Head Office: Main  G. T. Road, Besides Ghalla Mandi, Jallomore, BataPur, Lahore, Pakistan,  54000
Office 2: No 30, Block H, Phase 6, Street 8, Defence, Lahore, Pakistan, 54792, 
https://www.upplysningavancez.com , Email: info@upplysningavancez.com, Phone 042 37187769

Most antennas used in radio astronomy have a 
reflective surface that is parabolic in shape.

Because of its geometric characteristics a parabolic 
antenna can efficiently capture signals that reach its 
surface and direct them to a single point known as 

the focal point.
The wavelengths concentrated at the focal point are 

channeled to band receptors located behind the 
antenna, at the so-called front end, where signals 

are amplified and digitized so they can be processed.

Antenna diagram, 2012.

Credit: ALMA (ESO/NAOJ/NRAO).

How does an ALMA antenna work?
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Resolution

A telescope’s capacity to capture details depends on 
two things;

The diameter of the collecting surface.

The color or wavelength of the light it captures.

The greater the wavelength to be captured, the 
greater the diameter must be. 

In order to observe with the sharpness of the 
human eye, a radio telescope such as ALMA needs to 

be at least 500 times wider than the human eye. 
The construction of such an enormous antenna, 
however, is impossible. The scientific community 

has solved this problem through Interferometry.

The resolution depends on the diameter of the collecting surface.

Credit: ALMA (ESO/NAOJ/NRAO).
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Interferometry

The surface of an antenna is made up of various 
panels, and the antenna would still work if one of the 

panels were missing.
It is possible to group together multiple antennas
inside a large, defined surface area, where each 

antenna acts as a panel within this “virtual antenna”.
When a group of antennas is synchronized to observe 
the same object and the signals captured by each one 

are then directed, simultaneously, to a single focal 
plane, an image is obtained that is equivalent in 

resolution to an image obtained by a single antenna 
equal in diameter to the group of antennas.   

The 66 antennas at ALMA, located on the Chajnantor
Plateau, will form a radio interferometer with a 

maximum diameter of 16 kilometers.
Interferometer diagram, 2012.

Credit: ALMA (ESO/NAOJ/NRAO)
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Aperture Synthesis 

• If the source emission is unchanging, there is no need to measure all the pairs at one time
• One could imagine sequentially combining pairs of signals. For N sub-apertures there will be
N(N-1)/2 pairs to combine
• Adding together all the terms effectively “synthesizes” one measurement taken with a large

filled-aperture telescope
• Can synthesize apertures much larger than can be constructed as a filled aperture, giving very

good spatial resolution
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ALMA’s Interferometry by Martin Ryle

The technique of Interferometry, invented by the 
British astronomer Martin Ryle in the 1950s, not 

only allows for a greater diameter but also enables 
redistribution of the antennas depending on the 

resolution required for each observation.

The more details that are needed, the greater the 
diameter over which the antennas will be distributed

for greater resolution.

If greater amplitude is needed, the antennas will 
be grouped together in smaller-diameter groups, in 

order to cover larger portions of the sky.

ALMA has two transporters that can move the 
antennas for the diameter requirements of each 

observation.
Artist’s conception of the extended array of antennas at ALMA.

Credit: ALMA (ESO/NAOJ/NRAO).
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Aperture Synthesis 
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Aperture synthesis 
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Correlation
The IF signal from each receiver looks like a noise signal. Part of the

waveform is really signal from the source, and part of it (perhaps the largest

part) is noise. If both signal and noise look the same, how do we tell the

difference? The essential point is that source signal will be correlated

between the two antennas, while the (locally generated) noise signal will

not. This is illustrated with the simulated waveforms from two antennas,

below:

A major refinement is to use a second correlator, and shift one of the

signals by π/2, so that both sine and cosine components are measured

simultaneously, as shown below.
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ALMA’s Imaging Correlator →Video

ALMA transporters, 2009.
Each transporter has 28 wheels, weighs 130 tons and includes an anti-seismic safety system and an energy generator that enables 

the cryogenic systems of each antenna to continue working when transported. 
Credit: ALMA (ESO/NAOJ/NRAO).
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How ALMA translate wavelengths into images?
Each antenna has a front end, where band receptors convert wavelengths into electrical signals to be sent to the back end, 

a complex and accurate electronic system where the signals are digitized and synchronized 
and then sent, via fiber optics, to a central computer known as the Correlator.

ALMA operations diagram.
Credit: ALMA (ESO/NAOJ/NRAO).
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How can we observe through ALMA?
Each year scientists compete for observation time by 
presenting proposals that are evaluated on the basis 

of scientific merit.  

Priority will be given to projects from the countries 
that finance ALMA: North America (USA and Canada), 
East Asia (Japan and Taiwan), 14 European countries 
and Brazil. Chile, as the host nation, is entitled to 10% 

of the overall observation time.

Those astronomers whose proposals are admitted 
don’t have to travel to ALMA to carry out 

observations; instead, they will have remote and 
exclusive access to the data gathered.

ALMA has an exclusive software structure that allows 
astronomers to do many things, from generating the 

astronomical project to receiving the data for the 
observational proposal.

Scientists examining ALMA data.

Credit:  NAOJ



Summary Interferometry
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Black hole M87 Image

Aperture Synthesis VLBI,
Three antenna 6 Points FT

VLBI, many antenna  Points FT

Aperture Synthesis & Rotation Aperture Synthesis/Fourier Synthesis & Rotation

One Antenna FT plan



This graphic illustrates the two different types of 

supernovae:

Supernovae Type I , II
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Black hole



The mass of a neutron star cannot exceed 

about 3 solar masses. If a core remnant is 

more massive than that, nothing will stop its 

collapse, and it will become smaller and 

smaller and denser and denser.

Eventually, the gravitational force is so 

intense that even light cannot escape. The 

remnant has become a black hole.

Black Holes
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The radius at which the escape speed from 

the black hole equals the speed of light is 

called the Schwarzschild radius.

The Earth’s Schwarzschild radius is about a 

centimeter; the Sun’s is about 3 km.

Once the black hole has collapsed, the 

Schwarzschild radius takes on another 

meaning—it is the event horizon. Nothing 

within the event horizon can escape the black 

hole.

Black Holes
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This is the leading theory 

for the energy source in 

an active galactic 

nucleus: a black hole, 

surrounded by an 

accretion disk. The 

strong magnetic field 

lines around the black 

hole channel particles 

into jets perpendicular to 

the magnetic axis.

The Central Engine of an Active Galaxy 
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In an active galaxy, the central black hole may 

be billions of solar masses.

The accretion disk is whole clouds of 

interstellar gas and dust; they may radiate away 

as much as 10–20% of their mass before 

disappearing.

The Central Engine of an Active Galaxy 
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The Central Engine of an Active Galaxy 

This pair of images shows evidence for a black 

hole at the center of NGC 4261.
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The Central Engine of an Active Galaxy 
The central portion of M87 shows rapid motion and jets 

characteristic of material surrounding a black hole.
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One might expect the 

radiation to be mostly X-

rays and gamma rays, but 

apparently it is often 

“reprocessed” in the 

dense clouds around the 

black hole and reemitted 

at longer wavelengths.

The Central Engine of an Active Galaxy 
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Particles will emit synchrotron radiation as they spiral 

along the magnetic field lines; this radiation is decidedly 

nonstellar.

The Central Engine of an Active Galaxy 
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Black Holes in Galaxies

The mass of the 

central black hole is 

well correlated with 

the mass of the 

galactic bulge, for 

those galaxies where 

both have been 

measured.
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The quasars we see are very distant, meaning they 

existed a long time ago. Therefore, they may represent 

an early stage in galaxy development.

The quasars in this 

image are shown 

with their host 

galaxies; many 

appear to be 

involved in 

collisions.

Black Holes in Galaxies
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This figure shows how galaxies may have evolved, 

from early irregulars through active galaxies to the 

normal ellipticals and spirals we see today.

Black Holes in Galaxies
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No Hair Theorem → Hawking Radiation

• MASS
• SPIN
• Charge

Black Holes ain’t so black, They Glow in a sky like coals
In a sky and they radiate. And so overtime, they loose energy
And mass and ultimately disappear over a huge time scales.

→ By Hawking



Upplysning Robotics SMC PVT LTD
Head Office: Main  G. T. Road, Besides Ghalla Mandi, Jallomore, BataPur, Lahore, Pakistan,  54000
Office 2: No 30, Block H, Phase 6, Street 8, Defence, Lahore, Pakistan, 54792, 
https://www.upplysningavancez.com , Email: info@upplysningavancez.com, Phone 042 37187769

geometry of space and time

Density of matter and energy

General theory of relativity formula

”Space-time tells matter how to move.
Matter tell space-time how to curve.”
John Wheeler (American physicist)

He provided the first exact solution to the Einstein field 

equations of general relativity,----Karl Schwarzschild

Earth’s time runs slow from the Perspective of Astronaut
Clocks on international space station run slightly faster compared to clock on earth

Time dilation due to gravity is weaker than time dilation due to velocity

Riemann Curvature Tensor 𝑅
βγδ
𝛼

Ricci Curvature Tensor 𝑅μν
Ricci Curvature Scalar R

https://en.wikipedia.org/wiki/Exact_solutions_in_general_relativity
https://en.wikipedia.org/wiki/Einstein_field_equations
https://en.wikipedia.org/wiki/Einstein_field_equations
https://en.wikipedia.org/wiki/General_relativity
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geometry of space and time

Density of matter and energy

Solve Relativity →Quantum Loop Gravity, String Theory

Constraints
Black Holes, Wormholes, Dark matter, Singularity

infinity if 1- Rs/r =1 and time stop

Solution
No singularity → Quantum Loop gravity

String Theory➔ Define as Surface BH

In physics, string theory is a theoretical framework in
which the point-like particles of particle physics are 

replaced by one-dimensional objects called strings.

Special Relativity



More Precisely
Tests of General Relativity

Deflection of starlight by the Sun’s gravity was 

measured during the solar eclipse of 1919; the results 

agreed with the predictions of general relativity.
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Einstein predicted that light should be bent by gravity. Sir Arthur Eddington lead an expedition to photograph the 1919 
Total Eclipse of the Sun. The photographs revealed stars whose light had passed near to the Sun. Their positions 
showed that the light had been bent exactly as Einstein had predicted.



More Precisely, Tests of General Relativity

Another prediction—

the orbit of Mercury 

should precess due 

to general 

relativistic effects 

near the Sun; again, 

the measurement 

agreed with the 

prediction.
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General theory of relativity, Singularity 



Special relativity:

1. The speed of light

is the maximum 

possible speed, and 

it is always 

measured to have 

the same value by 

all observers:

Einstein’s Theories of Relativity
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Einstein’s Theories of Relativity

Special relativity (cont.):

2. There is no absolute frame of reference, 

and no absolute state of rest.

3. Space and time are not independent but 

are unified as spacetime.
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General relativity:

It is impossible to tell 

from within a closed 

system whether one is 

in a gravitational field

or accelerating.

Einstein’s Theories of Relativity

Upplysning Robotics SMC PVT LTD
Head Office: Main  G. T. Road, Besides Ghalla Mandi, Jallomore, BataPur, Lahore, Pakistan,  54000
Office 2: No 30, Block H, Phase 6, Street 8, Defence, Lahore, Pakistan, 54792, 
https://www.upplysningavancez.com , Email: info@upplysningavancez.com, Phone 042 37187769

Skip if needed



Matter tends to warp

spacetime, and in doing 

so redefines straight lines

(the path a light beam 

would take):

A black hole occurs when 

the “indentation” caused 

by the mass of the hole 

becomes infinitely deep.

Einstein’s Theories of Relativity
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Special Relativity

In the late 19th century, Michelson and Morley did an 

experiment to measure the variation in the speed of 

light with respect to the direction of the Earth’s motion 

around the Sun.

They found no variation—light always traveled at the 

same speed. This later became the foundation of 

special relativity.

Taking the speed of light to be constant leads to some 

counterintuitive effects—length contraction, time 

dilation, the relativity of simultaneity, and the mass 

equivalent of energy.
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The gravitational effects of a black hole are 

unnoticeable outside of a few Schwarzschild 

radii—black holes do not “suck in” material 

any more than an extended mass would.

Space Travel Near
Black Holes
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Matter encountering a 

black hole will 

experience enormous 

tidal forces that will 

both heat it enough to 

radiate and tear it 

apart:

Space Travel Near
Black Holes
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A probe nearing the event horizon of a black 

hole will be seen by observers as experiencing 

a dramatic redshift as it gets closer, so that 

time appears to be going more and more 

slowly as it approaches the event horizon.

This is called a gravitational redshift—it is not 

due to motion, but to the large gravitational 

fields present.

The probe, however, does not experience any 

such shifts; time would appear normal to 

anyone inside.

Space Travel Near
Black Holes
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Similarly, a photon

escaping from the 

vicinity of a black hole 

will use up a lot of 

energy doing so; it 

cannot slow down, but 

its wavelength gets 

longer and longer

Space Travel Near
Black Holes
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What’s inside a black hole?

No one knows, of course; present theory 

predicts that the mass collapses until its 

radius is zero and its density is infinite, but it 

is unlikely that this actually happens.

Until we learn more about what happens in 

such extreme conditions, the interiors of 

black holes will remain a mystery.

Space Travel Near
Black Holes
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Observational Evidence for Black Holes

Black holes cannot be observed directly, as 

their gravitational fields will cause light to 

bend around them.
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Observational Evidence for Black Holes
This bright star has an unseen companion 

that is a strong X-ray emitter called Cygnus 

X-1, which is thought to be a black hole:
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The existence of black-hole binary partners for 

ordinary stars can be inferred by the effect the 

holes have on the star’s orbit, or by radiation

from infalling matter.

Observational Evidence for Black Holes
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Cygnus X-1 is a very strong black-hole 

candidate:

• Its visible partner is about 25 solar masses.

• The system’s total mass is about 35 solar 

masses, so the X-ray source must be about 10

solar masses.

• Hot gas appears to be flowing from the 

visible star to an unseen companion.

• Short time-scale variations indicate that the 

source must be very small.

Observational Evidence for Black Holes

Upplysning Robotics SMC PVT LTD
Head Office: Main  G. T. Road, Besides Ghalla Mandi, Jallomore, BataPur, Lahore, Pakistan,  54000
Office 2: No 30, Block H, Phase 6, Street 8, Defence, Lahore, Pakistan, 54792, 
https://www.upplysningavancez.com , Email: info@upplysningavancez.com, Phone 042 37187769

Skip if needed



There are several other 

black-hole candidates as 

well, with characteristics 

similar to those of 

Cygnus X-1.

The centers of many 

galaxies contain 

supermassive black 

holes—about 1 million 

solar masses.

Observational Evidence for Black Holes
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Recently, evidence 

for intermediate-

mass black holes 

has been found; 

these are about 

100–1000 solar 

masses. Their 

origin is not well 

understood.

Observational Evidence for Black Holes
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Gravitational Waves:
A New Window on the Universe

General relativity predicts that orbiting 

objects should lose energy by emitting 

gravitational radiation. The amount of 

energy is tiny, and these waves are very 

difficult to detect.

A neutron-star binary system has been 

observed (two neutron stars); the orbits of 

the stars are slowing at just the rate 

predicted if gravity waves are carrying off 

the lost energy.
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Gravitational Waves:
A New Window on the Universe

This figure shows part of LIGO, the Laser 

Interferometric Gravity-wave Observatory, designed to 

detect gravitational waves. It has been operating since 

2003.
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Gravitational Waves:
A New Window on the Universe

In September 2015, 

LIGO first observed 

gravitational waves 

from a merger of two 

black holes.
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Single point Singularity does not exist

Ring Singularity

Mass does not on single point but 

Depend on ring motion 

Kerr Newman black hole with Spin 

equation use for imaging

Roy Kerr
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Black hole M87 imaging by Interferometry
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Black hole & General relativity Light bend
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Black hole M87 images with Jet
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Band 3 GMVA, 4 GBPS 1 SPW 128 MHz Dual pol, 
band 6 ETH 32 GBPS 2(4) GBPS 2 GHz

EHTC
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EHTC
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Black hole M87– breaking the model
Kerr black hole metric →model Spin
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Clustering/Average imaging Black hole Sgr A *



Upplysning Robotics SMC PVT LTD
Head Office: Main  G. T. Road, Besides Ghalla Mandi, Jallomore, BataPur, Lahore, Pakistan,  54000
Office 2: No 30, Block H, Phase 6, Street 8, Defence, Lahore, Pakistan, 54792, 
https://www.upplysningavancez.com , Email: info@upplysningavancez.com, Phone 042 37187769

Average image Black hole Sgr A*



Interferometric polarization observations

● single mode only XX

● dual mode only XX and YY are 

registered → Stokes I only

● full polarization mode the four 

correlations

XX YY YX XY are saved
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Interferometric polarization observations

In an ideal world we would get

● total intensity ---> Stokes I

● circular polarization ---> Stokes V

● linear polarization

● EVPA→ electric vector 

polarization angle
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Imaging & polarization for M87 & Sgr A* 
Astrophysical Journal Letters Open Access
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https://www.eventhorizontelescope.org/science
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Summary
• THz Benefit
• Radio Astronomy benefits
• ALMA
• Einstein theory
• Stephen Hawking theory
• Roy Kerr
• Interferometry techniques 
• Imaging Polarization
• Black Holes
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