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On April 10, 2019, a team of scientists made history
by capturing the first ever image of a black hole. This
remarkable picture occupied headlines worldwide,
and rightfully so — we never thought we would ever be
able to capture a black hole in an image that can be
passed around the world.

The black hole in question is a supermassive one,
2.4 billion fimes the mass of the Sun, at the center of
the M87 galaxy, about 53 million light years from Earth.

The black hole at the center of the Messier 87 (M87) galaxy, in the
constellation Virgo

Photo credit: Event Horizon Telescope Collaboration [1]

But first we have to answer the question — what
exactly are black holes, and how are they formed?

Black Holes: A Brief Introduction

Although the existence of black holes was
first speculated in the 18th centfury, they were first
scientifically predicted by Einstein’s theory of general
relativity as a solution to the Einstein field equations.
Einstein’s theory of relafivity can be elegantly summed
up in twelve words from John Wheeler - “Space-time
tells matter how to move; matter tells space-time how
to curve [2]."

Mass bends the fabric of space-time itself; around
a black hole's event horizon, the space-time is bent
in a way that even light cannot escape. This occurs
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when the size of a star collapses to a small enough
size — more specifically, smaller than the Schwarzschild
radius, zif" . (Here M is the mass of the star, c is the
speed of light, and G is the gravitational constant.)

To put things into perspective, if the Sun were a
black hole, it would have a radius of approximately
2.95 km; in comparison, the current radius of the Sun is
696,340 km. Actually, owing to the relatively tiny mass
of the Sun, it can never turn into a black hole - so we
won't have to worry about our Sun furning into a black
hole any fime soon!

The black holes we can see in the sky are formed
by a process known as gravitational collapse. In a
dying star, there is a reduction in internal pressure
due to the fusing of heavier elements. As the infernal
pressure confinues to decrease, gravity causes the star
to further collapse onto itself. Eventually, the density of
the star becomes high enough that it creates a very
strong gravitational pull — and this is a black hole. You
may recall the concept of escape velocity from high
school physics; black holes are so small and massive
that the escape velocity is greater than the speed of

.

light. Nothing escapes a black hole — not even light.
And now a few myths:

Myth: This picture was taken by one telescope.
Busted.

This remarkable image was not taken by a single
telescope, but rather an amalgam of images taken
across eight felescopes on Earth known as the Event
Horizon Telescope (EHT) [3]. To capture a reasonably
clear image of an object so far from Earth, the
telescope would require a very large aperture (the
size of opening of the lens) to gather enough light
from it. Instead of building one large telescope, the
team decided that they would align the different
EHT telescopes at the black hole at the same time,
creating a large, “virtual” telescope. The aperfure of
this felescope becomes the distance between the two
furthest telescopes - in this case nearly the diameter
of the Earth! This vastly increases the resolution of the
telescope and allows us to take images of objects that
are far away. The image you see is an amalgam of
data taken over eight sites in four days in April 2017 [4];
it was finally put fogether using tfechniques of image
restoration to reconstruct a singular image from the
large body of data.

Myth: Black holes only get bigger.
Busted!

One might think that black holes only swallow
matter — this was what scholars had believed for a
long time...until one day Mr. Hawking came along.

One of Prof. Hawking's greatest discoveries is
Hawking radiation, a kind of radiation emitted by
black holes. It is true that nothing escapes a black
hole, but what was not known atf the time was that
they also emit radiation themselves [5]. The precise
mechanism of its emission is difficult to state in full here,
but the main idea is that due to quantum fluctuations,
black holes are bound to lose energy, for instance, in
the form of electromagnetic waves. If black holes emit
more radiation than they absorb, then they will lose mass
and eventually evaporate, due to the famous equation,
E = mc2, which tells us mass and energy are equivalent.

That being said, it will take a long time for black
holes to evaporate and disappear: often we are
talking about 10'°° years, far, far older than the age
of the universe (which is on the scale of 10'° years). Even

the fastest-vanishing black holes vanish barely within the
entire history of the universe, which is still a long fime.

Myth: Black holes aren’t black
(since we can see them).

Busted.

Let’'s make it clear here, a black hole itself is pitch
black - it is defined such that once anything goes
beyond the event horizon, it cannot escape. What
we can see in the image is the matter surrounding
the black hole - a ring of matter and light that is
about to disappear into the event horizon forever.
The orange color you see in the photo, however,
is arfificially colored; it represents the intensity of
radiation detected around the black hole, with the
orange areas representing infense radiation and black
representing areas with little to no radiation [4]. A
black hole also emits Hawking radiation, as mentioned
above, but this is so weak that we don't expect to be
able fo observe them in the foreseeable future.

Myth: Once you fall into a black hole, you will be
torn apart.

That is true.

This is due to a process known as spaghettification
- caused by the gravitational gradient of a black
hole. Due to a marked difference in strength of the
gravitational field, gravity is stronger at your head than
at your feet if you fall head-first into the black hole.
This naturally causes you to be stretched vertically
and compressed horizontally. These tidal forces are so
strong that they can rip a person apart long before
you reach the center of a black hole; chances are you
will not survive the fall. (Needless fo say, the editorial
feam does not recommend falling into a black hole to
verify this myth.)
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To prevent unintended pregnancies, a series
of contraceptive methods could be used, such
as condoms, female condoms, diaphragms, oral
contraceptives, contraceptive patches', vaginal
rings?, infrauterine devices (IUD)3, etc. The birth
control approaches currently available largely
targets the female side. Despite the fact that female
confraceptives are very effective, they may have
side effects and the use of those contraceptives is
sometimes constrained by certain health conditions of
women. With the increasing frend of gender equality in
family planning, there is an urge for scientists to invent
some novel male confraceptive methods.

Existing Male Contraceptive Methods

Four hundred years have passed since condom
was first being used [1], but the variety of male
contraceptive methods remain limited. Both of the
effective contfraceptive options for men nowadays,
condoms and vasectomy, act as a physical barrier to
prevent sperms from reaching the egg, which makes
fertilization impossible.

Condom, usually made of latex, is an artificial
barrier which can also prevent the tfransmission of
sexually fransmitted diseases (STDs), for example, syphilis
and human immunodeficiency virus (HIV). Pregnancy
rates of using condoms as the only confraception
approach reaches 15-20% per year, mostly resulting
from the improper or inconsistent usage, or breakage
[2]. People who have latex allergy can choose the
slightly inferior alternative, polyurethane condom,
which has a higher breakage rate and slippage
rate. It is, however, reported in a research study that
polyurethane condom can provide better sensitivity to
the male users [3].

On the other hand, vasectomy, a highly effective
method with a failure rate of <1%, is a surgery under
local anesthesia that severs the vasa deferentia (sperm
ducts). Nevertheless, it cannot be regarded as a tfruly
reversible method because even after the operation
of vasectomy reversal, the pregnancy rates can only
be restored to 50-75% [2]. For this reason, doctors
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may suggest freezing a semen sample before the E]
contraceptive procedure.

Experimental Male Contraceptives

In response to the urge to develop new male
contraceptives, some experimental approaches have
been proposed, focusing on ways to inhibit sperm
production by hormonal or non-hormonal methods.
For such a male confraceptive to be considered
practicable, the sperm count has to be reduced down
to <1 million sperm per milliliter, statistically equivalent
to a fertilization rate of <1% per year [2]. In addition,
an ideal contraceptive should be free of side
effects and administered by infrequent
injections. The effect should also be reversible
so that sperm production could resume after
the discontinuation of freatment.
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Female contraceptive pill contains
estrogen and progesterone that
inhibit follicle maturation and
ovulation by lowering the levels
of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH)
secreted by the pituitary gland.
This relies on the negative
feedback between the
two sets of hormones;
high levels of estrogen
and progesterone inhibit
the secretion
of LH and
FSH. A similar
relationship was
also found in male
between testosterone
and progesterone, and
LH and FSH; administration of
testosterone and progestins
(synthetic progestogen) can
suppress LH and FSH secretion
[2]. Low concentrations of LH
and FSH prevent the testes from
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receiving a proper signal for sperm production. In light
of this, testosterone and progestins can potentially be
leveraged for contraceptive functions.

Some of such candidates have already entered
clinical frials. A transdermal gel containing testosterone
and a progestin seems promising at the initial stage of
the clinical trial. Meanwhile, another molecule named
dimethandrolone undecanoate (DMAU) was found to
be a potential “single-agent” contraceptive, because
it can bind to and activate the receptors of both
androgens (including testosterone) and progesterone,
so the molecule can mimic the contraceptive effects of
the two hormones [2].

Next-Generation Male Contraceptives

On the other hand, there are certain downsides
of hormonal male confraceptives. Treatment with
testosterone were shown to associate with various
negative side effects, from mood changes (e.g.
aggression) and decreased libido, to cardiac
toxicity and liver damage [4]. For athletes, the use of
testosterone and some steroids may lead to sports
disqualification. Are there any alternatives?

It was discovered that the active metabolite of
vitamin A, retinoic acid, is crucial to sperm production.
There are three types (isoforms) of retinoic acid
recepfors (RAR), RARa, RARB and RARy, but proper
sperm production is found to be related fo only RARa.
Therefore, drug candidates which can impede the
binding of retinoic acid to RARa, i.e. RARa anfagonists,
could possibly be used as contraceptives.

Research data showed that a pan-RAR antagonist,
BMS-189453, which can inhibit all three kinds of RAR,
can induce infertility in male mice without affecting
the testosterone level [4]. Fertility was fully restored after
the cessation of drug treatment which lasted for as
long as 16 weeks [4]. While these results preliminarily
demonstrated the practicality and advantages of using

RAR antagonists as contraceptives, the next step is to
assess its efficacy on higher mammals, such as non-
human primates, before conducting clinical trials on
human. In addition, researchers are trying to screen for
an RARa-selective antagonist which does not inhibit
RARB and RARYy, so as to prevent any possible side
effects that might arise due to the interference in the
normal functions of the irrelevant RARs.

Conclusion

In the era of gender equality, it is preferable that
both men and women can take an active role and
share the responsibility in preventing unintended
pregnancies by adopting contraception. As our
understanding of the biology of our body develops
through intensive research, novel contraceptive
methods and drug candidates will probably arise. Novel
male contraceptives are likely to present themselves in
the market in the near future, providing alternatives for
men beyond the two traditional methods. But until now,
condoms and vasectomy are still the mainstream male
contraceptive methods, especially condoms which
can also prevent STDs.

1 Contraceptive patch: A sticky patch which prevents
pregnancy by releasing estrogen and progestogen into the
bloodstream via skin, mainly to prevent ovulation.

2 Vaginal ring: A small soft plastic ring which can be placed
info the vagina by the user. It works by continuously releasing
estrogen and progestogen into the bloodstream, mainly to
prevent ovulation.

3 Infrauterine device (IUD): A plastic or copper device placed
into the uterus by a doctor or nurse. It prevents pregnancy by
releasing progestogen (plastic device) or copper (copper
device) to alter the cervical mucus, so that spermis less like
to survive and reach an egg. Implantation of a fertilized egg
can also be halted.
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A Mysterious Maverick
in Mathematics:
Grigory Perelman
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What are the values that a mathematician
should hold at the highest standard? When Grigory
Perelman refused an enormous prize for proving the
Poincaré conjecture, he also proved that he did not
value wealth and fame like others in academia. Just
considering the fact that he refused the million-dollar
prize and vanished from the mathematics community
shortly after, you can see that he is one of a kind.
Being the first and only mathematician to solve one of
Clay Institute’s Millennium Problems, his life story seems
fo be as mystifying as the million-dollar mystery he had
deciphered.

So, what is the Poincaré conjecture, and why is it
worth all the fuss2 The Poincaré conjecture was one of
the most prominent questions in topology, a subfield
of mathematics concerned with the properties of
special geometric objects. In fopology, the shape of a
doughnut is considered the same as that of a coffee
cup, as one can be strefched and twisted to become
the other, without cutting or making new holes in it.
While the conjecture was very fundamental in nature
and crucial in understanding the space we live in [1],
it was notoriously difficult to prove, and many wrong
proofs were submitted.

Born in Soviet Russia, home to many great
mathematicians, Perelman had great passion for

problem solving from a young age. While he was
extremely talented in mathematics, he was also honest
and careful to follow rules. Being a man of principle,
mathematics had great appeal fo him as one had to
honestly follow established definitions and theorems to
arrive at alogically-sound conclusion. Graduating with
distinction from Leningrad State University and earning
his PhD, he moved to the U.S. as he was invited to
numerous research positions in prestigious universities.
But, it wasn't until he had become infatuated with
proving the Poincaré conjecture that he decided
to leave everything behind and return to his home
country to solely focus on this problem.

Before his eight-year commitment fo proving
the conjecture, he met Richard Hamilton, a
mathematician at Cornell who had made significant
progress in solving the problem by formulating a
framework called the Ricci Flow [2]. In the hope of
collaboration, Perelman wrote to Hamilton and shared
his idea on how to solve this problem, but did not
receive any reply. So, instead of collaborating with
other scholars, he decided to tackle the problem in
solifude, but built upon the works of mathematical
giants like Thurston and Hamilton fo solidify a complete
proof. It was after five years of him working on the
problem that the Clay Institute announced it as one
of the Millennium Problems with a million-dollar prize.
Although one could perceive this as a fortunate
circumstance, nothing had changed for Perelman: he
was only concerned with uncovering the fruth.

After successfully proving the conjecture, he did
not officially publish his results in a peer-reviewed
journal, but merely posted it on the Internet as
a preprint. It was as if he just wanted to let other
mathematicians know of his discovery, rather than
focusing on earning the credit for his astounding work.
To explain his discovery, he accepted all the invitations
from various institutes in the U.S., e.g. Princeton, Stony
Brook and Columbia, to deliver lectures on his solution
and answer everyone's questions about the proof. Not
long after that, he won the Fields Medal and the prize
from the Clay Institfute, but refused both. The King of
Spain attended the award ceremony, but Perelman
was nowhere to be found. “It was completely
irrelevant for me,” Perelman remarked. “Everybody
understood that if the proof is correct then no other
recognition is needed.” [3]

Intelligence, diligence, and persistence were
certainly factors which allowed Perelman to succeed.
But, his austere attitude towards mathematics was
probably what allowed him to dedicate eight years
of his life to solving one problem. This is what is most
inspiring about his story: his firm belief on mathematics
having to be purely about mathematics itself, nothing
else. To quote Mikhail Gromov, one of Perelman'’s
teachers, “To do great work, you have to have a
pure mind. You can think only about mathematics.
Everything else is human weakness. Accepting prizes is
showing weakness.” [3]
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