
QUANTUM BATTERIES

ATTERIES have pow-
ered modern life for 
more than two centu-
ries, from Alessandro 
Volta’s first electric bat-
tery to the lithium-ion 
cells in today’s smart-

phones, laptops and electric vehi-
cles. Conventional or “classical” 
batteries, whether rechargeable or 
non-rechargeable, store and re-
lease energy through electrochem-
ical reactions. While rechargeable 
batteries can be reused, they grad-
ually lose their ability to hold 
charge.

Despite their success, classical 
batteries have limitations. They 
require repeated charging, store 
only finite amounts of  energy and 
degrade over time. Supercapac-
itors charge much faster but have 
lower energy density, limiting 
their use for long-term power stor-
age. To overcome these challenges, 
researchers have turned to an en-
tirely different approach: storing 
and transferring energy using 
quantum mechanics instead of  
electrochemistry. The result is a 
new class of  energy-storage devic-
es known as quantum batteries.

Unlike conventional batteries, 
quantum batteries are not minia-
ture lithium-ion cells. They use 
quantum phenomena such as co-
herence, collective interactions 
and entanglement to store energy 
in the excited states of  atoms, mol-
ecules, superconducting qubits, 
quantum dots and other quantum 
systems rather than through 
chemical reactions. As quantum 
technologies reshape computing, 
communication and sensing, 
scientists believe the same 
principles could transform 
energy storage by enabling 
faster charging, more effi-
cient energy transfer and 
greater energy extraction.

Like any battery, a quan-
tum battery must charge, store 
energy and release it when need-
ed. During charging, an external 
source such as a laser, microwave 
pulse or electromagnetic field ex-
cites the system from a lower- to a 
higher-energy state. 

A simple example is the qubit, 
the basic unit of  quantum comput-
ing. Because qubits obey the laws 
of  quantum mechanics, they  
offer entirely new possibilities  

for storing and extracting energy.
One of  the most promising fea-

tures of  quantum batteries is the 
quantum charging advantage. In 
classical batteries, charging power 
generally increases in proportion 
to the number of  batteries. Quan-
tum batteries can do better. When 
multiple battery units interact col-
lectively with a common energy 
source, they cooperate during 
charging, allowing power to in-

crease faster than would be ex-
pected by simply adding 

more independent cells. 
Like a well-coordinated 
team outperforming indi-
viduals working separate-
ly, interacting quantum 

systems,  par ticularly 
through entanglement, can 

transfer energy more efficiently. 
This phenomenon, known as su-
perextensive charging, is consid-
ered one of  the defining theoreti-
cal advantages.

(This piece is written by Dr MS 
Ramkarthik, a theoretical physicist  

at VNIT Nagpur whose work has  
focused on quantum computing  

for over a decade) 

1800
THE 1ST BATTERY
Italian physicist 
Alessandro Volta invents 
the voltaic pile, the 
world’s first true battery

1859
RECHARGEABLE  
BATTERIES ARRIVE
French physicist Gaston 
Planté develops the lead-acid 
battery, making rechargeable 
energy storage possible

1991
THE LITHIUM-
ION ERA
Sony 
commercialises 
the first lithium-
ion battery, 
paving the way 
for phones, 
laptops and EVs

2012-13
THE QUANTUM  
BATTERY IS BORN
Physicists Robert Alicki and 
Mark Fannes propose the 
1st theoretical model of a 
quantum battery, suggesting 
quantum mechanics could  
speed up charging

2024-26
LABORATORY BREAKTHROUGHS
Scientists demonstrate complete charging, 
energy storage and discharging cycles in 
microscopic quantum systems, with some 
experiments operating at  room temperature2022

1ST EXPERIMENTAL 
PROTOTYPE
Researchers at 
the University of 
Melbourne create a 
miniature proof-of-
concept quantum 
battery using 
microscopic quantum 
systems

2017-21
QUANTUM 
ADVANTAGE EMERGES
Scientists demonstrate 
that quantum effects such 
as collective charging and 
entanglement could allow 
batteries to charge faster 
than classical limits predict

FROM  
THEORY TO 

TECHNOLOGY

FIRST REAL-WORLD APPLICATIONS
Quantum batteries are expected to power quantum 
computers, quantum sensors and nanoscale devices before 
eventually scaling up for wider technologies.
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Mosquitoes 
are learning  
to survive 
insecticides

T
wo separate studies by 
North Carolina State 
University have found that 
chemical insecticides used 
in home backyards to deal 

with mosquitoes do more harm 
than good — they help 
mosquitoes survive the very 
insecticides meant to kill them 
by allowing them to develop 
resistance. The studies focussed 
on a mosquito species, Aedes 
albopictus, which is not only 
widespread in India, but along 
with the Aedes aegypti species, 
is a primary vector for diseases 

like dengue. 
The research 
focused on 
pyrethroids, 
widely used 
insecticides 
that kill adult 
mosquitoes 
and are 
considered 
relatively safe 
for use around 
people and 
pets. One 
study analysed 
archived 
mosquito 
samples from 
2016 to 2024 
to track the 
spread of 
resistance 
mutations, 
while the other 

identified factors predicting 
where insecticide resistance was 
most common. From 2016-17 to 
2023, mosquito resistance to 
insecticides spread rapidly, with 
resistance-linked mutations 
rising from undetectable levels 
to 84% of sampled residential 
blocks, while 39% of 
mosquitoes carried the 
mutation. Researchers have 
stressed the need for integrated 
pest management strategies 
rather than using chemical 
insecticides alone.

Nirad Mudur

Science is a world  in 
itself. Here are some 

interesting facts that 
connect with you 
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 Neuroscientists have found that the human brain can create theoretical structures in up to 11 dimensionsBRAIN CANDY
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HOSE jagged stones beneath railway tracks are called 
track ballast, and they’re doing far more than just sup-
porting the rails. The crushed stones distribute the 
enormous weight of  passing trains evenly across the 

ground, preventing the tracks from sinking or shifting. 
Their rough, angular shape locks together, keeping sleep-
ers firmly in place and preventing movement under heavy 
loads and vibrations. 

The stones also drain rainwater quickly, prevent ero-
sion, stabilise the track and absorb vibrations, reducing 
wear on the rails. 

Engineers use crushed rock instead of  smooth pebbles 
because the sharp edges interlock, while rounded stones 
would roll and make the tracks unstable. 

Why railway 
tracks are  
laid on crushed
stones

If you cut earthworm  
in half, both the  
halves will regrow

THINK AGAIN THE FACT : Earthworms have  
a head and a tail. Some species can 

regenerate a limited number of lost body 
segments, but cutting an earthworm in half 

does not produce two new worms

1 2 3 4 5
An earthworm has a 
distinct head end, which 
contains its mouth and a 
brain-like nerve centre, 
and a tail  end. They do 
not have two heads

Regeneration varies greatly 
between species. While 
some earthworms can 
regrow a limited number 

of lost segments, many common 
species have little or no ability to 
regenerate extensive damage

If the worm is injured far 
enough behind the head 
and enough vital organs 
remain intact, the front 
portion may regrow several 
missing tail segments

The tail  portion 
almost never survives 
because it  lacks 
the head, mouth 
and other essential 
organs needed to feed 
and control the body

Whether an 
earthworm survives 
an injury depends 
on the species, 
where it  is  injured 
and how much of 
its body is damaged

WHAT’S REALLY HAPPENING
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Earthworms make soil healthy by eating and  
recycling dead plants into rich food for the ground

Track-Ballast
Absorb vibrations
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CHARGING 
INTO THE 

QUANTUM

Age
‘Earth’s waters are running out 
of oxygen at alarming rate’

Scientists have 
warned that oxygen 
levels in the world’s 
oceans, lakes and 
rivers are falling 
rapidly due to climate 
change, nutrient 
pollution and 
changing ocean 

circulation. The review, led by researchers at the 
Scripps Institution of Oceanography, argues that 
aquatic deoxygenation threatens biodiversity, 
and climate stability, and should be recognised as 
a planetary boundary requiring urgent action.

Assam fossils show Kevda 
predates human civilisation

Researchers have 
discovered 24-million-
year-old fossil leaves 
of the fragrant Kevda 
(screw pine) plant in 
Assam’s Makum 
Coalfield, revealing 
that the lineage 
existed in India long 

before humans and even before the Himalayas 
formed. The fossils, identified by scientists from 
the Birbal Sahni Institute of Palaeosciences, 
help fill a major gap in the plant family’s 
evolutionary history.

Meteorite that killed the 
dinosaurs finally identified 

Scientists have 
identified the rare 
meteorite that 
triggered the dinosaur 
extinction 66 million 
years ago as a 
carbonaceous CO 
chondrite. By 
analysing nickel 

isotopes preserved in impact debris, researchers 
found the asteroid likely came from the outer 
Solar System. The study also suggests fine dust, 
rather than sulfur, drove the climate collapse.

AI blood test predicts heart 
disease 15 years early 

Researchers at the 
University of Hong 
Kong have developed 
an AI-powered blood 
test that can predict 
the risk of six major 
cardiovascular 
diseases up to 15 years 
before symptoms 

appear. It analyses proteins in a blood sample, 
offering a picture of a person’s health that 
outperformed conventional genetic risk scores.

WHAT’S
NEW ?

E X P R E S S  N E W S  S E R V I C E  @ Hyderabad

O
BAID Siddiqi, the pioneering 
molecular biologist and neu-
rogeneticist, did not believe 
that scientists were born 
with a calling. Looking back 
on his childhood, he once ad-

mitted, “I was interested in litera-
ture, poetry, politics and sports as a 
student.”

A stroke of  bad luck nudged him 
towards that future. While working 
on disease-resistant wheat at the In-
dian Agricultural Research Institute 
in Delhi, Siddiqi spent a year nurtur-
ing experimental crops, only to see 
them destroyed in a hailstorm in 
1954. Disheartened, he turned to M. 
S. Swaminathan, whose advice to 
pursue his real interests changed the 
course of  his life. Within a few years, 

Siddiqi was in Glasgow studying ge-
netics under Guido Pontecorvo be-
fore moving to the University of  
Pennsylvania, where his work in 
bacterial genetics drew internation-
al attention.

In 1962, an invitation from Homi J 
Bhabha brought him back to India to 
establish the Molecular Biology Unit 
at the Tata Institute of  Fundamental 
Research (TIFR). At a time when mo-
lecular biology was still in its infan-
cy in India, Siddiqi built a small but 
influential research group that 
helped lay the foundations of  mod-
ern genetics research. He later 
founded the National Centre for Bio-
logical Sciences (NCBS) in Bengalu-
ru, nurturing it into one of  India’s 
premier life science institutes.

Siddiqi never stayed in one field 
for long. After pioneering work in 

bacterial genetics, he turned to the 
fruit fly, Drosophila melanogaster, 
uncovering genes that influence 
taste, smell and the electrical activi-
ty of  nerves and muscles. His discov-
eries sparked international research 
into how genes shape sensory per-
ception, learning and memory.

Colleagues remembered him as 
much for his intellect as his science. 
Tall, elegant and fiercely independ-
ent, Siddiqi demanded originality 
and rigorous thinking. He could be 
sharply critical, yet students also re-
called a generous mentor who often 
traded scientific debates for long con-
versations about music. 

Away from the lab, he played the sa-
rod, loved Hindustani classical music, 
read Rumi, Ghalib and philosophy, 
and encouraged his kids to pursue 
whatever interested them.
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