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The first image of the supermassive black hole at the center of
Dthe Milky Way, ?Sagittarius A*, was just released by astronomers.

@Technically, black holes are unseeable. They trap all light that falls

in. That's why photographing one is sort of a paradox.

This is actually a picture of the black hole's shadow- a dark
circular ¥silhouette set against the glowing matter surrounding the
black hole. The astronomers captured the image using a worldwide
network of radio observatories called the Event Horizon Telescope, ‘
or the EHT. The EHT uses a method called ¥Very Long Baseline
Interferometry, or VLBI. Basically this means that radio

observatories around the world combine into a single virtual Earth-

sized telescope. It's literally the highest resolution technique in all

Figure: Image of the black hole at the
center of the Milky Way Galaxy.

of astronomy.

wIn_April 2017, astronomers spent nights pointing these

telescopes Vin unison at Sagittarius A* and other supermassive black holes in other galaxies. That's when they got

the famous picture of the black hole at the center of the galaxy “M87, which they released in 2019. M87 is 55 million

light years away from us and contains the mass of six and a half billion suns. That's a lot. Our black hole, Sagittarius
A*, is much smaller but much closer. It's the size of ?’Mercury's orbit around our sun and 26,000 light years from
Earth. Because Sagittarius A* is smaller than M87, the shredded matter orbiting it circles it much faster. That means
the appearance of the black hole changes constantly. That's also why it's taken years to extract a clear image of
Sagittarius A* from the ®petabytes of data collected during the 2017 observing run. Think of it like (o taking a *long

exposure photograph of a dancer. Because the black hole changes more quickly, it's more difficult to photograph.

The astronomers say that in the future, as they add more 'Yobservatories to the EHT, they'll even be able to make

movies of Sagittarius A*. What would that look like? Videos of matter circling the drain before falling into the 'Vabyss.

(“The Black Hole in the Middle of our Galaxy Looks Like This” by S. Fletcher, J. Drakeford, T. Bose, J. DelViscio,
SCIENTIFIC AMERICAN X Y 51H)

Hints: Dthe Milky Way K@ JI[$Rin], $R{%,  PSagittarius A* W CHE A*,  Isilhouette > VT v b, HigHh,
YVery Long Baseline Interferometry #REARE I TH%E,  Vinunison —FIC,  IMR7 B L i
HICH 2 MR O 4, "Mercury 7KE,  Ypetabyte <X N4 b (F—XEOKEX I %K
FHAL),  Vlong exposure photograph abyss RFFHEEEE H,  Yobservatory BLAIFT, KA,
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The special theory of relativity is built from the starting point of satisfying the “Pprinciple of special relativity”
and the “principle of constant light speed”. This theory shows that energy (F) is equal to the product of mass
(m) and the square of the speed of light (c). Write the equation for this relationship.

If the magnetization M is proportional to the magnetic field H, we can write M = yH using the

Dsusceptibility y. Curie’s law is one of the relations of “paramagnetic susceptibility y, in which the
susceptibility is inversely proportional to temperature (T), and its proportionality constant is indicated by the

S)Curie constant (C). Write an expression for the susceptibility in this case.

25

Hints: Uprinciple ¥,  ?susceptibility Bi{L3E, &ZH, ICurie’slaw F =2 U —H],  Yparamagnetic
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Energy is important throughout the natural sciences because it obeys conservation laws. Changes in nature

occur so that the total amount of energy within a closed system remains constant.

When ordinary metals are placed in a magnetic field, they exhibit small Vdiamagnetism due to the orbital
motion of electrons and weak ?paramagnetism due to spin. On the other hand, *’superconductors try to

eliminate the magnetic field from their interior. This is called the ¥Meissner effect.

Hints: Ddiamagnetism [HiPE,  Pparamagnetism #1iPE,  PYsuperconductor H{REAR,

DMeissner effect ~ 4 2 F —%h %
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