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The diameter of Jupiter is more than
Tl times that of Earth and Venus
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How well do we know our neighbours? New space missio!

are headed to planets we h:

't focused on in decades—

Venus, next door; and to distant Jupiter. They seek answers
specific questions. Could Venus have been a lot more
like Earth (with water, and even life)? What made it the
hellscape it is now? And what can the gas giant Jupiter, the
oldest planet, tell us about what's next for the solar system?

enus is a bit like the
architect who lives
quietly next door for
years. and turns out
to be a serial killer.
Our nearest plan-
etary neighbour is

as Earth. Itis almost equidistant from the
Sun. It is a terrestrial orb (rather than a gas
giant like Jupiter). But, as it turns out, the
similarities are entirely superficial.
The clouds that
round contain sulphuric acid, and
il

Howcould s planets born around the
same time, almns(eqm stant from their
b t?

Getting close enough to seek those
answers, however. poses a series of chal

less than 60 million km away
Py Dl i

pheric pressure is at an intense 93 times
that of Earth atsea level.

the surface so far (all partof the
bc'ﬂr’lVE[lEm missior

BTl Ry e
crushed by the planet.

A hotmess

As we've peered at our neighbour through
the decades, though, the view has been

rplanetary mission
headed toVenns, given its proximi

n the planet. The Mariner 10, launched in
1973, relayed the first close-up images.

'With each fresh set of data, estimates of

temperature and atmospheric

pressure were revised upwards.

Then the Venera landers were crushed

70s, and humanity maved on to

ack to the

‘hich is roughly

ISRO'S SHUKRAYAAN 115
SET TOHEAD QUT TO
VENUS ASEARIY AS
DECEMBER "(’%1‘ ITWILL

COME

half the size of Earth and at leastfive times
farther).

In recent years. however, orbiters have
e A NGy TR
«

:Il:urrendvnmung s
been studying Venus’

ferent wavelengths. Other
sions —including Hubble, the Parker Solar
Probe and ESA's Solar Probe— have flown
pastand added to the data.

‘What we've learnt. from these fly

an abundance of wate

muich as two to three bl

enough for the plane

ble. (The solar system. incidentally

found traces of phosp "
atmosphere. This is a compound that is
produced as waste by bacteria on earth,
shence ed a biomark
uld there have once been I
Venus? Could Venus have ance been.a ot
more like Eartiy

Venus ﬂy trap

New missions are seeking answers. Four, a
mix of orbiters and atmospheric probes,
are headed there in the coming decad
including one by the Indian
Research Organisation (ISRO).

NASA's DaVinci and Ver
are slated for launch between 20

ESA's EnVision m

or, failing that

‘This four-year

jon is designed “to probe the

fz atmosphere and

upper atmosphere, and understand its sea-

sons as well as the Venus-5un interac-

ions,” says Anil Bhardwaj, director of the

Research Laboratory in Ahmedz-

a unit of the Government of India’s

Depanmsm of Space.

Shukrayaan 1 will be the closest IS
has ever come to the Sun. It will travel 4(

of the distance between us and our star,

be keeping the craft from being s
Sun's orbit.
s Akamsuki, for instnce, w:
in May

around Vem.n owing toa technical mishap:
then got dragged into the Sun
gravitational pull and went spinning

d it for five years before it could be
manoeuvred hack towards its original des-
tination in orbit around Venus.

If all goeswell, radar, infrared cameras
and other instruments an board Shukray-
aan 1 will collect data on Venus's composi-
tion and atmospheric characteristics, in the
hopes that these will provide new clues
into the theory of an Earthrlike early life.

“There are fundamental reasons to
look into our neighbour’s backyard,”
Bhardwaj say

“There s a curiosity to understand what
happed to a planet that s terrestrial like
Earth. is almost the same size, and is a sim-
ilar distance from the Sun... What hap-
pened for it to end up so different? Under-
standing that could help us understand
whatcould happen here on Earth, millions
of years from now.”

i ® O
Jupiter 0 90+

ood

v

This year, scientists studying
data from NASA's Magellan
mission (launched in 1989) found
geological evidence of recent
volcanic activity. A volcanic vent
changed shape and grew in size
over eight months, in 1991, the
data shows. The computer-
generated 3D model below
represents Maat Mons, one of
the planet's largest volcanoes.
Understanding volcanic activity
on Venus could help unlock some
of the mysteries of its past.
How much like Earth was it
really? A new NASA mission, the
Veritas orbiter, duefor launchin
2030, will probe the surface and
study its core from a low orbit.
Its high-resolution maps could
offer more clues.
Photo: NASA/ JPL
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Beneaththe

clouds, Venusisa

hellscape. This

computer-

simulated view of

the planet’s surface

‘was created in 2020,

using data from

NASA's Magellan

mission launched in1989.

It helps to remember that

the planet’s thick white clouds are
made up largely of sulfuric acid,
and travel around the globe at 100
metres per second, like a Category
4 hurricane that never dissipates.
Anatmosphere made up largely of
«carbon dioxide has trapped all the
planet’s heat. Surface temp-
‘eratures are so high — over 450

23 10

Earth days Earth hours

degme; Celsius — that even the
sulfuric-acid rain evaporates
before it hits the ground.
Phato: NASA / JPL-CalTech

-~ Only four spacecraft have touched down on Venus's surta(e mhr, and they only survived for a few minutes to
(¢

a few hours. Between the extremely high

times that of Earthat sea

level), the Soviet-era Venera vessels that landed mthe19’msami Bus managed to relay only a few images to
Earth before they were crushed and cooked. The images show a desolate, mustard-coloured landscape strewn
Photo: Russian Academy of Sciences / Ted Stryk

with rocks.

{ SPIN CYCLE } OBSERVATIONS IN ORBIT
Taking the telescopic view

VENUS IN RETROGRADE

‘Our nearest planetary neighbour
almost the same size as Earth,
and almost an equal distance from
the Sun (about 108 million km.
against Earth's 152 million km).
Itrotates on its axis in the opposite
direction to all the other planets.
‘Venus is the only planet on which
the sun rises in thewest and setsin

east.

» It has the slowest rotational period of
any planet in the solar system. At less
than two metres per second. it takes
243 earth days to complete one
rotation on its axis.

» Data obtained from the European
Space Agency’s Venus Express orbiter
shows that the planet’s rotation is

;Imwingﬂ.lrdl

onthe other hand, are
aueleriﬂng. ng to a phenomenon
‘alled super-rotation. The planet’s
thidk doud layer takes just over four
earth days to dircle its globe.

DROPS OF JUPITER

Jupiter is thought to hetheﬁrstptanet
to have formed in our solar sy!
hmureﬂﬂnhvimthuizenfallﬂle
other planets combined.

= It has more than 90 moons, 12 of

which were officially recognised as
recently as this year. The four biggest
— Ganymede, Europa, Callisto and
lo— were the first non-Earth moons
to be discovered, in 1610, by the
astronomer
Jupiter doesn’t|

Is thought to be covered in a sea of
liquid metallic hydrogen, beneath
which s a dense, molten core.

« Its magnetic field Is stronger than

Earth’s by a factor of 10, but itis what
scientists call “lumpy” — stronger in
some spots, weaker in others. This
makes manoeuvring a spacecraft even
afew million kilometres from its
surface fairly tricky.
Jupiter has the shortest day in the
solar system, taking just 10 earth hours
to spin on its axis. It takes 12 earth
‘'years (or 4,383 days) to complete one
the Sun.
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A mherwlnmsualmnfﬂllgas giant Jupiter, taken by NASA's James Webb Space Telescopa This

as seen through two filters. In a rare bonus, its faint rings are

visible too.

Photo: NASA, ESA, CSA, Jupiter ERS Team; image processing by Ricardo Hueso (UPV/EHU), Judy Schm

(Above left) This dose-up of Jupiter's south pole was taken by NASA's Juno Probe in 2016. It is a composite of multiple
images taken by the JunoCam on three separate orbits, combined to show the entire area in daylight. Each swirlisan
Earth-sized cydone; they are so densely clustered that some are colliding at the edges.

Juno, which

ill continue to orbit Jupiter until 2025, has been instrumental in u

derstanding this planet better. "We

knew, going in, that Jupiter would throw us some curves;” Scott Bolton, Juno principal investigator from the

Southwest Research Institute in the US, said in a statement soon after thi
we are finding that Jupiter can throw the heat, as well as knuckleballs and sliders. Thers

iage was taken. " But now that we are here

is so much going on here that

we didn’t expect, that we have had to takea step back and begin to rethink of this as a whole new Jupiter™

(Above rigm) This close-up of a swil

gas giant's cloud tops, on its 16th dose fly-by.
Photos: NASA / JPL-Caltech / SwRI / M555 / Betsy Asher Hall / Gervasio Robles and NASA / JPL-Caltech / SwRI/ MS5S/

Gerald Eichstadt / Sean Doran

l 1 THE GAS GIANT

ing vortex on Jupiterwas captured by Juno in 2018, from just 7,000 kl;l from the

Is Jupiter still shaping the solar system?

Natasha Rego

natasha rego@gmallcom

upiter is the oldest, most influen-
tial (being by far the biggest), and

and 12 miles deep: sparking awave of
devastation that rolled across the
planet, altered the climate, and began
the mass extinction that wiped out the
dinosaurs 66 million years ago.

But there are other reasons Jupiter

arguably the most
planet in the neighbourhood.

It was the first to form. three
million years after the birth of the solar
system. (Saturn came next. within the
first 10 million years; as did the ice
giants Uranus and Nepaune). Jupiter is
a gas giant, with no known solid land.
Beneath its giant stormsis a sea of lig-
uid metallic hydrogen, and a dense
metal core.

It is solarge that it maintains a mas-
i

IEW:
Reaching for
thestar A
close look at
our history
of staring at
thesun

sive or its own. with over
90 known moons, including the four
planet-sized ones: lo, Europa, Gany-
mede and Callisto.

It draws in comets and asteroids, giv-
ingit the nickname “vacuum cleaner of
the solar system”. But this can make it
a tricky neighbour. While it draws
space objects away from Earth. it can
also fling things our way.

In 2021, two scientists at Harvard
University presented a new theory
about how the Chicxulib impactor
ended up here. The paper (by astrono-
mer Avi Loeb and astrophysics student
Amir Siraj. published in the jaumnl
Nature) staies that the massive asteroi
| comet got caught in Jupiter’s gramar
tional field, and hurled towards Earth.

It landed, of course, in what is now
Mexico; leaving a crater 93 miles across

matters. Astr believe it
played a key role in shaping the solar
system as we know it. Over and over. in

about — without understanding how
Jupiter formed.” says the why-we're-ex-
ploring Jupiter statement on the web-

Space Administration }NASA)

And, as our search for sentient life
continues, the focus is on the moons
Ganymede (which is larger than Mer-
cury and Pluto). Callisto and Europa,

other solar systems, suchas
this one occupy ceniral positions. They
are often found to have migrated to
these positions by pushing smaller ter-
restrial planets aside, or engulfing
them. Is this where the solar system is
headed? Or how it was formed?

“We can't understand the origin of
the solar system —and how Earth came

There is so much we
don't know about what
lies beneath Jupiter's
thick gases, or why its
satellites are dominated
by elements that are
quite different from its
own. Every mission tells
us a little bit more.

ANIL BHARDWA, director,
Physical Research Laboratory

oceans of water.

Three new missions aim to study
these moons in the coming decade. The
European Space A gency (ESA's) Jupiter
Icy Moons Explorer or JUICE was
launched in 2023 and will take about
five years to get there. NASA's Europa
Clipper. due for launch in 2024, aims to
focus on Europa. China National Space
Administration’s Tianwen-4 mission
will launch a Jupiter orbiter in 2029.

‘The key challenge will be analysing
the composition of the water, which is
hidden beneath several hundred kilo-
metres of ice. Infrared and microwave
cameras, among other instruments,
will hopefully offer a clearer view of the
‘moons and their planet too.

“Thereis still so much we don't know
aboutwhat lies beneath Jupiter's thick

s,” says Anil Bhardwaj, director of
the Physical Research Laboratory in
Ahmedabad, a unit of the Government
of India’s Department of Space. “We
don’t know why its satellites are domi-
‘nated by elements that are quite differ
em from its own. These are some of the

ing questions, :miewrg- mission
IEUS us alittle T

Four-wing drive
Flying cars are finally taking off.

y,new hurdles
have emerged. Most are EVs, but
where is the power to come from
And who exactly will pilot them?

Vishal Mathur
vishal mathur@hindustantimes com

cience fiction suggested we'd
have flying cars decades ago.

were in Robert

eckis’s Back to the Future

. In
Ridley Scott’s Blade Bum'leI

assic, Do Androids
Dream of Electric Sheep? In the 1960s ant-
‘mated series The Jetsons, n
That last timeline might just check out.
i

Administration (FAA) granted approvais to
1o testits

ply on roads andin the

r. Ithas a sticker price of §: (about
5 crore) and is due for release in 2025

(Fromabove)
TheXPengX2,

ay, 3
division of Brazil-based aerospace company
fully pmed ‘wind-tun-

granted a “special l'hghlps-rm\[ [ t-sgm

n the skies and on
the roads of Guangzhou. Thevehiclehas a
maximum flight time of mmup-:andczn
reach speeds c-fupm 13

{ THE SPORTING LIFE }
Rudraneil Sengupta

New weapons, new
hope for Arsenal

Fans may finally be able to swap blind
optimism for the sweet taste of victory.
unless the curse of the big buy strikes

fter almost winning the Premier
League last season, before th
were eventually (if inevitabl
ipped by Manchester City, Mikel
Arteta’s patient rebuilding of Arsenal has
entered a new, more urgent phase.
‘The club's massive spending on the trans-
fer market — upwards of £200 mil

top announcement of its
ambitions.

In the last couple of

weeks, they have got Kai
Haverw from Chelsea, to
bolster their attacking
capabili Jurrien
Timber from Ajax to
give Arteta yet another
option in an already
robust defe ,
potentially, Apla\'Er wtm
win_them

an Arsenal fan. one of
those eternal optimists
who believes that eve

Declan Rice, who has
maved from West Ham
toArsenal, could be
Just the magic wand
that the clubneeds.
GETTY IMAGES

g 5
about 80 km. This hybrid land-air
wings that open out from the body

5 minutes. It will likely cost about
$550,000 (about Rs 4.5 crore), with two-,
three- and four-seater options available.

Japanese company SkyDrive is working
on the SD-05, which it plans to release as an
air taxi during the World Exposition in
Osaka in 2025. With a relatively low range
of 15 km, the three-seater will have a top
speed of 100kmyh.

All these are elect rertical take-off and
landing vehicles or éVTOLs, electricity
being the only fuel thatwould be affordable
on this scale, But merely arriving at this
stage has raised fresh challenges.

First, how is a national grid to support a
population with flying particularly

given the growing popularity of non-flying
EVs and the added strain that is alread,
placing on power infrastructure? How isa
carbon footprint of flying cars to be ration-
alised, without a more effective switch to
renewable sources?

Second, how is such traffic to be ule]

Who or the
ding? Hc-w 11

allenge.
or instance, aren't pre-
pared for the charging needs of electric fly-
ingcars.” Luiz Mauad. a vice presidentwith
Eve Air, said ata press meet in June.
il ly the cars? Currently
us or “driverless™ fly-
ing systems are being tested. Most compa-
‘nies expect o initally launch as flying taxis
o be piloted by a welk trained few. Thi
1y most are: built to seat not one, but two .
X i model
waould go some way towards mitigating the
high cost of the vehicles too.)

emerge (rent, lease, charter?), as companies
and regulatory bodies navigate the space.

‘mates that aver 250 companies are working
todevelop ﬂvmgcar prototypes.

ingle-engine aircraf.

fred by the Jetsons.

Keeping them light, fast and cheap means

that most cannot fly very far; at least, not

yet. But expanding power-generation capa-

bilities and new traffic control systems —

inclu ngalumdeand direction norms, ina
o %

coul, ver time, lead 10 the adoption of per-
sonal aerial vehicles.

How will companies and users keep the
carbon foofprint low enough o rationalise
such a development, amid the

“anwe switch to renewable sources of
power fastenough?

For now. all excitement hin-

ges on the mere possibility of

stepping into a small vehicle

and fiying to work. Financial servi-

ces company Morgan Stanley estimales that

:w global vagcar market will be worth

15 i

season will be theirs, until that point in the

season when it becomes impossible to
ignore the evidence to the contrary

ng of Rice, therefore, makes me

want to break into song. The next Parrick

Vieiral Arsenal’s answer to

s o player in the

}‘IemserLeaguev\hn dispossessed the oppo-
more than Rice did.

ythall”
rarest and most important skills: the zb'l\tv
to turn defence intoattack.

ili because a deep-lying
Dlaymaker needs t be 4 masier of pretly
much every skill needed on the pitch

sal nd

‘They must alsa be brilliant readers of the
game; know where the spaces are; have a
sense of which teammate in the best posi-
tion to carry a break forward. And they
‘must possess that beating heart of football

to pass. Rice's 88% pass accuracy
last season makes him a metronome.

‘The Arsenal midfielder Thomas Partey is

in the mould of Rice,

money transfer.

Of the foottallers in history whose trans-
fer fees have hit or crossed £100 million,
nearly all have failed spectacularly just
after. Think of Romelu Lukaku's fractious
time at Chelsea, Phillipe Coutinho or Ous-
‘mane Dembele at Barcelona, the Paul Pogba
trainwreck at Manchester United

Rice has been signed for £105 million.
Perhaps, just this once, the curse
hold.
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