
May 24, 2021

Dr. Richard Russel, AC0UB

DrRichRussel@netscape.net

Deep Space Exploration Society
Science Meeting

DSES.science

First M87 Event Horizon Telescope Results. IV. Imaging the 
Central Supermassive Black Hole - IOPscience

http://www.dses.science/
https://iopscience.iop.org/article/10.3847/2041-8213/ab0e85


Information

• 9 ft Dish – Spectracyber running
• Plan to add RTL-SDR 
• Plan to view S7 and S8 to check calibration 

• SuperSID – Working and porting data to Stanford

• Radio Jupiter – still need to get a new receiver and setup at site 

• Pulsar:
• Dan Layne fixed Ubuntu/ python 3.8 issue with gnu software
• B210 capable of 50 MHz on 1 channel data acquisition without degradation
• Significant issue with computer freezing and rebooting 

• System 76 thinks it is unstable ubuntu operating system
• I think it is a heat issue with 32 cpus
• Need to reload ubuntu and gnu software due to troubleshooting

• Tropospheric transmission – 1296 MHz feed available

• EME systems – 1296 MHz feed available

• Moon Orbit determination using EME equipment

• Don Latham contact with 2nd 60 ft dish 
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Black Hole Resolution with Radio Astronomy Interferometers

• Define the size of the observable black hole parts
• Find the black hole Schwarzschild radius
• Find the photon sphere radius
• Find the radius of innermost closest stable orbit

• Determine the angular diameter of the black hole

• Based on antenna diameter – determine synthesized beamwidth
• Compare different interferometers

• Show SGRA*, M87*, IC1101* (largest black hole) and 
Andromeda*(2nd closest supermassive black hole)  results
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Black Hole Anatomy

4What are the parts of a black hole? - Quora

https://www.quora.com/What-are-the-parts-of-a-black-hole


Black Hole Parts Distance Estimates

• Schwartzschild Radius (Rsch)

• Photon Sphere: 1.5 Rsch

• Innermost Stable Orbit – non-rotating black hole: 3 Rsch

• Innermost Stable Orbit – rotating black hole: 4.5 Rsch
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Innermost stable circular orbit - Wikipedia

𝑅𝑆𝑐ℎ =
2𝐺𝑀

𝑐2
km

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


Black Hole Angular Diameter
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𝜹 = 206,265
𝒅

𝑫
𝒂𝒓𝒄𝒔𝒆𝒄𝒐𝒏𝒅𝒔Angular Diameter

d:  object radius (km) – use Rsch
D: object distance (km)  



Telescope Resolution
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𝜃𝐻𝑃𝐵𝑊 =
𝜆

𝐷
radians

𝜆: 𝑇𝑒𝑙𝑒𝑠𝑐𝑜𝑝𝑒 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ (𝑚𝑒𝑡𝑒𝑟𝑠)

D:𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑎𝑛𝑡𝑒𝑛𝑛𝑎 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 (𝑚𝑒𝑡𝑒𝑟𝑠)



Visualizing Resolution 
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• Think of the resolution beamwidth as the pixel size. 
• The best definition of the image uses as many pixels as possible, smaller than 

the image, to define the structures
• If the pixel is bigger than the image – then it is only one intensity describing 

the entire image and any overlap signal from the image background.

pixel

object

Poor definition of image

pixel

object

Better definition of image



Astrometric Data

• M87* mass 6.5x109 Msun

• M87* distance 1.67x 104 kpc

• SGRA* mass 4.26 x106 Msun

• SGRA* distance 8.32 kpc

• IC1101* mass 50-70 x 109 Msun

• IC1101* distance 3.204 x 105 kpc

• Andromeda* mass 1.08x 108 Msun

• Andromeda* distance 765 kpc
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Calculations
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Schwarzschild radius of the black hole event horizon
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𝑅𝑆𝑐ℎ =
2𝐺𝑀

𝑐2
km

𝐺 = 6.6743 𝑥 10−11𝑚3𝑘𝑔−1𝑠−2

c= 299,792,458 𝑚/𝑠

𝑚⨀ = 19.884 𝑥 1030𝑘𝑔

IC1101*

M87*

SGRA* and Andromeda*
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EHT 230 GHz

Andromeda* event horizon 
angular diameter

Event Horizon Angular Diameters compared to EHT 230 GHz and 345 GHz Resolutions 

SGRA* event horizon angular diameter

EHT 345 GHz

M87* event horizon angular diameter
IC1101** event horizon 
angular diameter



Photon Sphere Angular Diameters compared to EHT 230 GHz and 345 GHz Resolutions 
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SGRA* photon sphere angular diameter

M87* photon sphere angular diameter

EHT 345 GHz

EHT 230 GHz

Andromeda* photon 
sphere angular diameter

IC1101* photon 
sphere angular diameter



Innermost Stable Orbit Angular Diameters compared to EHT 230 GHz and 345 GHz Resolutions
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EHT 230 GHz

SGRA* IMSO angular diameter

EHT  345 GHz

M87* IMSO angular diameter

Andromeda* IMSO angular diameter

IC1101* IMSO angular diameter



GBT Capability
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Slide 1 (nrao.edu)

https://www.gb.nrao.edu/~rmaddale/Education/GBTFundamentalsSingle-DishTelescopes.pdf

https://www.gb.nrao.edu/~rmaddale/Education/GBTFundamentalsSingle-DishTelescopes.pdf
https://www.gb.nrao.edu/~rmaddale/Education/GBTFundamentalsSingle-DishTelescopes.pdf


Very Long Baseline Array (VLBA)
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Very Long Baseline Array - Wikipedia

Introduction to the VLBA — Science Website (nrao.edu)

https://en.wikipedia.org/wiki/Very_Long_Baseline_Array
https://science.nrao.edu/facilities/vlba/introduction-to-vlba


European VLBI Network (EVN)
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EVN-Newsletter-59.pdf (evlbi.org)

https://www.evlbi.org/sites/default/files/shared/EVN-Newsletter-59.pdf


EHT Antenna Locations
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Radio telescope and astronomical object Comparison
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Black Holes

Telescope resolutions



Event Horizon telescope observation at 240 GHz 
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The Astrophysical Journal Letters, 875:L4 (52pp), 2019 April 10
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Summary

• Black holes observations are dependent on mass and distance

• Telescope observations are dependent on maximum antenna spacing and 
frequency

• SGRA* should be “easier” to observe with the EHT than M87* 
• Issue is probably dust blocking observation

• IC1101* and Andromeda* angular diameters are too low for the EHT to resolve 
the black hole parts
• Andromeda* is almost the same angular diameter as the EHT at 345 GHz resolution – should 

be able to see a rough image

• This analysis does not go into the # of antennas and observation time to get 
proper UV coverage
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More Science: FRB Path Analysis

22https://aasnova.org/2021/05/21/what-fast-radio-bursts-tell-us-about-galaxy-halos/

https://aasnova.org/2021/05/21/what-fast-radio-bursts-tell-us-about-galaxy-halos/


2021 Observation/ Feed Schedule

• May – June 2021 Down to fix pointing system

• July 2021
• 1420 MHZ Feed for pulsar, FRB,  and HI observations

• 1296 MHz if EME team wants it
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Questions?
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