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The leader

“Life, Liberty and the pursuit of 
Happiness.” These are three unalienable 
rights emphasised by the US Declaration 
of Independence as being the duty 
of their leaders to protect and secure.

The third one gives perhaps most pause 
for thought. What should governments – 
and all of us – be doing to maximise 
societal and personal happiness? 
Indeed, what even defines happiness? 

Politicans and philosophers 
have wrangled over the apparent 
contradictions and conflicts that 
such questions throw up for centuries. 
Meanwhile, a simple equivalence has 
come to be made across the world. 
Many believe that happiness comes with 
having a bigger cake and eating it, so only 
economic growth and the pursuit of 
material progress can provide happiness.

Having basic material needs such as 
food, shelter and clothing covered will, 
of course, always be important to our well-
being. Even asking questions about the 
nature of happiness may imply being in 
the happy situation of relative prosperity.

Happiness is a “squishy concept”, 
though, as our special feature on page 38 

shows, and care should be taken not to 
over-interpret results from the relatively 
young discipline of research on the 
subject. But in higher-income parts of 
the world, at least, the greatest levels of 
satisfaction seem to occur in countries 
such as Finland with mediocre levels of 

economic growth. Higher-growth 
countries such as the US fare worse.

You need only look to the challenges 
of climate change, biodiversity loss and 
pollution to see how growth-fuelled 
economic models can work against long-
term happiness. The covid-19 pandemic 
has also led many people to reassess what 
really contributes to their well-being.

Security, community, relationships, 
a clean environment and connection 
with nature, the ability to bring up 
children stress-free, and above all 
equality: these are things that we 
know correlate with happiness for 
most of us. Countries that care for 
their own success should find in that 
another reason not to blindly continue 
with business-as-usual, and seek to 
build back not just better, but happier.  ❚

Pursuing happiness
Science is increasingly telling us where the founts of our well-being lie

“ The greatest life satisfaction 
seems to occur in countries 
with mediocre levels of growth” 
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THE massive explosion of Hunga 
Tonga-Hunga Ha’apai volcano 
in Tonga last week was its most 
powerful eruption since AD 1100. 
The after-effects have been felt 
around the globe. As New Scientist 
went to press, the damage was 
still being assessed.

The volcano, located about 
65 kilometres north of Tonga’s 
capital, Nuku’alofa, exploded 
at 5.10pm local time on 15 January. 
Satellite images show a 
mushroom cloud of ash 
billowing 30 kilometres high 
and later sweeping more than 
3000 kilometres west to Australia.

A sea level gauge at Nuku’alofa 
recorded a tsunami wave of 
1.19 metres before it stopped 
recording, according to Hannah 

Power at the University of 
Newcastle in Australia. Videos 
posted to social media show 
waves crashing into houses in 
Tonga. Large waves also reached 
Japan, prompting evacuation 
orders, and Peru, where two 
people drowned at a beach.

The extent of destruction in 
Tonga remains uncertain because 
the country’s main undersea 
phone and internet cable was 
damaged. The New Zealand 
Ministry of Foreign Affairs and 
Trade has received reports of two 
deaths and significant damage 
along the west coast of Tongatapu, 
the main island where Nuku’alofa 
is located. Images taken by a New 
Zealand air force plane that was 
deployed on 17 January to assess 

the damage show the country 
covered in ash.  

Hunga Tonga-Hunga Ha’apai 
is 1.8 kilometres tall and 
20 kilometres wide, but most 
of it is underwater, with only 
its top 100 metres poking above 
the sea. It has been spewing ash 
intermittently and making small 
blast noises since 20 December.

The pressure wave generated 
by the explosion blasted through 
the atmosphere at more than 
1000 kilometres per hour and 
was recorded crossing the US and 
Europe. The resulting sonic boom 
was heard in nearby Fiji, in New 
Zealand and even in Alaska, 
over 9000 kilometres away.

The eruption also sparked 
almost 400,000 lightning bolts 

The huge explosion of an underwater volcano in the Pacific 
archipelago was a once-in-a-millennium event, reports Alice Klein

Tongan volcano erupts

JA
PA

N
 M

ET
EO

R
O

LO
G

Y 
A

G
EN

C
Y/

A
P/

S
H

U
T

T
ER

ST
O

C
K

Geology

above the volcano as bits of ash 
and atmospheric ice particles 
bumped into each other and 
generated electrical charges.

Atmospheric sensors have 
detected large amounts of 
sulphur dioxide gas released by 
the eruption, which could cause 
acid rain to fall on Tonga and Fiji 
and affect crops and drinking 
water, says Shane Cronin at the 
University of Auckland in New 
Zealand. Cronin and his research 
team camped on Hunga Tonga-
Hunga Ha’apai in 2015 and noticed 
that the surrounding coral reef 
was lifting up, suggesting that 
magma was building underneath 
the volcano and could cause an 
eruption in the near future.

Several small eruptions have 
occurred in the intervening years, 
probably as some of the growing 
pressure forced its way out of 
small fractures around the edge 
of the volcano, says Cronin. As the 
pressure built up further, it led to 
the breaking point on 15 January 
that caused the central part of the 
volcano to blow out, he says.

Satellite images show that 
the above-water portion of the 
volcano is now almost completely 
obliterated. “You wouldn’t be able 
to camp on it now,” says Cronin.

His team found evidence of two 
previous mega-eruptions by the 
volcano in AD 200 and AD 1100, 
suggesting they occur roughly 
once every 1000 years.

The volcano has continued to 
erupt at a low level since 15 January 
and Cronin says he “wouldn’t be 
surprised if there were a few more 
explosive events” in the coming 
days or weeks. However, they are 
unlikely to be as powerful as the 
initial explosion, he says. 

“Given the potential for further 
volcanic activity, there is also the 
potential for further tsunamis to 
be generated,” says Power.  ❚

The eruption as 
seen by a Japanese 
weather satellite
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A TEAM of researchers claims to 
have shown that a high-voltage 
electric field generated using wind 
and rain can boost crop yield, but 
other scientists say the results 
should be treated with caution.

The effectiveness of using 
electric fields to stimulate crop 
growth, known as electroculture, 
is far from established, despite 
being tested in Europe, the US 
and China. A “golden age” is 
dawning for the technology, 
one Chinese scientist told 
New Scientist in 2019.

Now, Jianjun Luo at the Chinese 
Academy of Sciences in Beijing 
and his colleagues have grown 
two sets of peas in a greenhouse, 
one of which was exposed to an 
electric field. Previous tests have 
drawn electricity from the grid 
to create the field, but Luo’s 
one used a small device – a 
triboelectric nanogenerator – to 
generate it from wind and rainfall.

The result: pea yields increased 
by almost a fifth, and the plants 
germinated faster than the 
control peas too (Nature Food,  
doi.org/hcrz). “The main advance 
is that the self-powered system 

can boost crop yield by harvesting 
the wasted wind and raindrop 
energy in our daily life,” says Luo.

He says the generator system 
that the group used cost less 
than $40. The team writes that the 
approach could be “immediately 
and widely applied” to increase 
food production and curb 
agricultural pollution. 

Ellard Hunting at the University 
of Bristol, UK, says what is really 
new here isn’t growing crops with 

an electric field but using rain 
and wind power to provide the 
electricity to do it. “You could also 
achieve this with wind turbines 
and solar panels, but their 
approach is cheaper,” he says.

Jean Yong at the Swedish 
University of Agricultural Sciences 
says while the engineering is 
novel, the way the experiment 
was conducted limits the 
biological data available on 
the plants. “It cannot lead  
them towards providing an 
explanation for increasing yield  
or cutting pesticides,” he says.

Luo suggests that the 
mechanism for how electric fields 
might increase yield could be 
photosynthesis, based on his 
analysis showing the peas 
under the electric field had 
more chlorophyll. But exactly 
how electric fields affect crops 
remains unclear. “That’s the big 
question, and nobody really 
knows,” says Hunting.

There may be other 
explanations for why the peas 
exposed to an electric field grew 
faster. The trial wasn’t “double-
blinded”, so the technicians 
growing the plants knew which 
were in an electroculture.

Sarah Driessen at RWTH Aachen 
University in Germany says one of 
her main concerns with the study 
is how overly confident it is that 
electroculture works. “The authors 
represent it as a fact that static 
electric fields promote seed 
germination and plant growth, 
although this is highly debatable,” 
she says. “The authors do not 
elucidate the current state of 
knowledge on this topic properly 
and the basis for their hypothesis 
is rather poorly supported.”  ❚

Adam Vaughan
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Can electric fields help plants grow?
Claims that a wind-powered device can boost crop yield don’t convince other scientists

Pea plants growing  
in a greenhouse

News

Biotechnology

A swimming robot 
powered by 
photosynthesis

A ROBOT piloted by a ball of algae 
can swim through water and 
move around obstacles, powered 
only by photosynthesis.

Neil Phillips at the University 
of the West of England, UK, and 
his colleagues wanted to build 
a robot with no electronic parts, 
meaning it wouldn’t interfere with 
any electromagnetically sensitive 
measurement instruments. The 
team inserted a marimo, a ball of 

algae that forms naturally in 
freshwater currents, inside a 
3D-printed plastic spherical shell 
equipped with vents. When the 
group submerged the shell in 
water and exposed it to light, the 
marimo produced oxygen from 
photosynthesis, which pushed 
the shell away from the light.

“We’ve looked at a different 
way of doing things,” says Phillips. 
“We’re going back to biological 
processes, so, in this case, there are 
no motors, there are no electronics  
or storage systems, you’re basically 
just using photosynthesis.”

The robot can carry basic 

measurement instruments and 
navigate obstacles by floating 
around them. It can’t be steered 
manually, making it unsuitable 
for some tasks, but it could be  

used for simple investigations  
such as testing water quality.

Because the system is so simple, 
it is reliable, easy to repair and can 
be made for about £25 per robot. 
While other robots have used 
elements of photosynthesis for 
motion, this is the first to be 
powered fully by an organism, no 
wires required (Journal of Biological 
Engineering, doi.org/hcrj).

“The system works and they 
can make it so simply because 
they’ve trapped an organism 
in there,“ says Jonathan Rossiter 
at the University of Bristol, UK.  ❚
Alex WilkinsP
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A marimo is a ball 
of algae that forms in 
freshwater currents
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A NEW handheld device combines 
laser scanning technology with 
cameras to produce precise 3D 
depictions in colour. It could be used 
for everything from infrastructure 
inspection to robot vision.

At the heart of this is a technology 
called lidar, which measures the 
distance to surfaces using a laser. 
Each measurement records a point 
in space, building a “point cloud” 
to show surfaces and objects in 3D. 
Unlike a camera, the point cloud 
gives exact distances and sizes, 
but the images are monochromatic, 
so they can be hard to interpret.

To address this, the lidar in 
ExynPak, a handheld scanner from 
Exyn Technologies in Philadelphia, 
is combined with an AI system that 
drapes real-time colour data from 
two specialised cameras over the 
lidar point cloud. ExynPak scans as 
far as 100 metres, showing images 
on a tablet computer in real time. 

An early application will be 
making “digital twins”, copies of 
facilities such as construction sites, 
so architects, contractors and 
regulators can track progress. 

Jan-Peter Muller at University 
College London says that current 
lidar imagery must be colourised 
in post-processing, which takes 
a while. “If they have solved the 
problem of doing it online in real 
time, that is spectacular,” he says. 
“It has been discussed for at least 
12 years, but I have not seen 
a commercial system before.”  ❚

Technology

David Hambling

Portable laser 
scanner creates 3D 
images in colour

A QUANTUM computer that 
uses ordinary atoms to perform 
calculations could be a rival to 
more exotic devices, although 
one of its creators says there are 
still challenges ahead in scaling 
up the technology. 

The most powerful  
quantum computers in use 
today rely on superconductors 
or trapped ions to form the  
basis of their qubits, or 
quantum bits. Both these 
systems have drawbacks: 
superconducting qubits, like 
those used by Google, require 
ultracold temperatures, while it 
is hard to arrange trapped-ion 
or superconducting qubits 
so that all of them can 
communicate with each other.

Now, Mark Saffman at the 
University of Wisconsin-
Madison and his colleagues 
have built an alternative 
quantum computer using six 
qubits made from neutrally 
charged caesium atoms, as 
opposed to charged ions.

The atoms are trapped in 
a grid with lasers, spaced far 
enough away from each other 
that they don’t interact. But 
when individual atoms are 
excited by a laser shining at the 
right frequency, their orbiting 
electrons move so far from 
their parent atoms that they 
can quantum entangle with 
their neighbours – a key 
phenomenon for a quantum 
computer (arxiv.org/
abs/2112.14589).

This two-dimensional 
structure offers an advantage 
compared with the set-up of 
trapped-ion machines, which 
are normally configured in a 
line to avoid unwanted 

interactions between the 
charged particles, limiting 
their ability to communicate.

“Because it’s all done with 
laser beams, you can actually 
reconfigure the positions of 
all your qubits,” says Charles 
Adams at Durham University, 
UK, who wasn’t involved in the 
work. “So if you decide you want 
to run a different algorithm 
with different connectivity 

between the qubits, you can 
just reprogram where the 
qubits are.”

Certain algorithms are 
difficult to run on trapped-ion 
or superconducting quantum 
computers because they require 
a high amount of connectivity 
between qubits. One example 
is phase-estimation algorithms 
used in quantum chemistry, 
which measure how the state 
of a quantum system evolves 
over time. Such algorithms 
might prove more feasible 
on neutral-atom machines.

The team’s device isn’t the 
first neutral-atom quantum 
computer, but previous 
attempts were designed 

to model specific physical 
problems or to run particular 
quantum algorithms. 
Saffman and his colleagues 
have built the first fully 
programmable neutral-atom 
quantum computer, meaning 
it can run any quantum 
algorithm and could 
theoretically be scaled up to 
rival other leading approaches.

Saffman also works for a 
company called ColdQuanta 
that is seeking to develop a 
commercial neutral-atom 
quantum computer. However, 
he says considerable obstacles 
still remain to building larger 
machines, such as introducing 
the ability for qubits to correct 
errors. “I absolutely don’t 
want to overhype where we are. 
As we progress on developing 
these machines, I think the 
road gets steeper, not the 
opposite,” he says.

The new device isn’t the only 
one demonstrating the promise 
of neutral-atom machines. 
French start-up Pasqal has 
developed a special-purpose 
neutral-atom computer with 
more than 100 qubits, designed 
for modelling complex 
chemistry problems. And 
Mikhail Lukin at Harvard 
University and his colleagues 
have built a neutral-atom 
machine that lets qubits 
entangle with qubits that 
are much further than 
neighbouring ones, though 
it isn’t fully programmable.

“These things are now 
moving into a space where, 
in the coming years, they can 
be serious competition to 
superconducting qubits and 
trapped ions,” says Andrew 
Daley at the University of 
Strathclyde, UK. “The rapid 
development in the last few 
years has been exciting.”  ❚

Illustration of a 
quantum computer 
processor

Computing

Alex Wilkins
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First fully programmable atom-
based quantum computer

“ As we progress on 
developing these 
machines, I think the 
road gets steeper”
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A 3D lidar scan merged 
with colour data captured 
from cameras
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Analysis Energy bills

AMID the UK’s increasingly heated 
debate over what to do about 
soaring energy bills, targeting 
green levies has repeatedly been 
suggested as one way to hold 
down the rise in costs.

The boss of the UK’s biggest 
energy supplier wants them 
moved off energy bills and paid 
for by general taxation. Green-
minded Conservative MPs agree. 
A separate group of Tory MPs, 
some of them critical of the 
costs of acting to address climate 
change, has written that they 
should be scrapped entirely,  
later clarifying that they should at 
least be temporarily suspended.

But a new milestone 
announced last week points 
to how these environmental 
levies are a solution, not the 
problem, when it comes to 
avoiding energy price shocks.

The green levies, along with 
social ones, such as efforts to 
alleviate fuel poverty, make up 
15 per cent of the average dual 
fuel bill for gas and electricity for 
households in England, Scotland 
and Wales. One of the major 
green levy items is a scheme to 
incentivise development of new 

wind farms, known as Contracts 
for Difference (CfD).

Under this, energy suppliers 
usually pay electricity generators, 
such as wind farm owners, the 
difference between wholesale 
power prices and a “strike price” 
that is a better reflection of the 
cost of producing renewable 
energy. For example, some older 
wind farms have a strike price 
of £114 per megawatt hour. In 
normal times, UK wholesale prices 
are in the region of £50 per MWh, 
in which case a wind farm owner 
gets a £64 top-up.

But gas costs meant that 
wholesale prices were so high 
in July to September 2021 that 
they eclipsed strike prices, and the 
flow of money reversed direction. 
During that three-month period, 
the scheme returned funds to 
energy suppliers: £39.2 million, 
to be precise. 

“Support for renewables has 
added material costs to bills for the 

past decade, but rapidly declining 
costs and rising fossil fuel prices 
now mean that for the first time 
they are actually bringing down 
the cost for our energy suppliers,” 
says Josh Buckland at the 
consultancy Flint Global.

“It marks a turning point 
in the UK’s net-zero transition 
as it becomes clear that early 
renewable subsidies are paying 
off,” says Jess Ralston at Energy 
and Climate Intelligence Unit 
think tank.

As wholesale prices are still 
high and expected to stay there for 
months or even years, the money 
flowing towards suppliers is likely 
to continue, says Jim Watson at 
University College London. 

But Buckland says consumers 
may not see a big windfall: 
“Unfortunately, bill payers are still 
paying for historical green levies, 
meaning even as costs come 
down they won’t fully benefit.”

However, the CfD scheme 
and other green levies do help 
household energy bills because of 
how they are changing our energy 
mix. As Ralston notes, gas bills 
have risen faster recently than 
electricity bills, which is because 
the levies have helped build wind 
farms and solar panel installations 
that mean electricity generation 
isn’t as reliant on gas as it was.

“Those who seek to blame 
low-carbon technologies for high 
costs have it completely wrong – 
and this milestone illustrates why,” 
says Watson of the money being 
returned to suppliers. In the 
medium term, the way to avoid 
energy price shocks is to keep 
supporting the roll-out of 
low-carbon technologies and 
implement stronger policies 
on energy efficiency, he adds.  ❚
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Some of the turbines at 
the Clyde Wind Farm in 
South Lanarkshire, UK

£39.2m
Sum paid back to energy 
suppliers via green scheme

Renewable subsidies part of the solution, not the problem 
A recent milestone shows how the UK’s green levies can help 
avoid energy price shocks, says Adam Vaughan

Biotechnology

Leah Crane

WHEN it comes to drinking 
with a straw, there is no perfect 
option – plastic straws can release 
microplastics, while paper straws 
buckle and bend when they get 
wet. Now there is a solution: 
edible straws made by bacteria.

Qing-Fang Guan at the University 
of Science and Technology of China 
and his colleagues made straws 

out of bacterial cellulose, which is 
similar to the plant-based cellulose 
used to make paper but with a 
closer-knit molecular structure. 
It is synthesised by many types of 
bacteria when they feed on sugars.

The researchers collected the 
bacterial cellulose, then air-dried it 
and dipped it in sodium alginate, a 
carbohydrate found in algae, to fill 
the pores in the cellulose that would 
otherwise absorb water. Sodium 
alginate also has the benefit of 
sticking to itself, so the researchers 
could simply roll the sheets of 
cellulose up into straws, with no 
glue required (Advanced Functional 
Materials, doi.org/gnz7q7).

The straws biodegrade far faster 
than plastic ones and don’t need any 
specific conditions to break down. 
As bacterial cellulose and sodium 
alginate are used in existing food 
products, the straws are even edible. 
“It is edible, but not specifically 
designed for eating,” says Guan. 
“If I were to say what it tastes like, 
it probably tastes like coconut that 
has lost most of its moisture.”

There are other biodegradable 
straws, but many of them are 
expensive. Not so for these edible 
straws – the entire production cost 
is about 0.3 US cents per straw, 
similar to the price of plastic straws 
and less than one-tenth the price 
of paper ones.  ❚

Edible straws made 
by bacteria beat 
plastic and paper

“ It’s edible, but not 
designed for eating. It 
tastes like coconut that’s 
lost most of its moisture”



Lifelites is the only charity dedicated to 
donating and maintaining assistive technology 
for the 10,000 life-limited and disabled 
children using every children’s hospice services 
across the British Isles. Lifelites-donated 
technology brings the outside world in for  
these children.

Eleven-year-old John Junior (JJ) is one of the 
thousands of children whose life changed 
thanks to Eyegaze. JJ used to be a lively young 
boy, and able to explore the world. Then he was 
diagnosed with a condition called ALD.

He slowly began to lose the ability to see, 
walk and talk, and is now completely dependent 
on his family and carers. Children are eager to tell 
their families every thought they have, be creative 
and run around to burn off their seemingly 
endless energy. There is no reason why this 

shouldn’t be the same for life-limited and 
disabled children, but often this isn’t possible.

Eyegaze gives JJ the chance to do things 
independently for the first time in years. He is 
able to paint, play games and communicate 
again.  He used to love playing the drums before 
his condition deteriorated – now he can enjoy 
the drumbeats program on Eyegaze. His mum 
said it is wonderful to see his eyes lighting up, 
and his body becoming more relaxed.

For JJ’s family, it is a great way to interact with 
him. The Lifelites-donated adaptive iPad 
enables JJ and his brother to play games, create 
music and laugh together. The entire family has 
lots of fun using the Lifelites iPad to take 
pictures and make videos together, creating 
memories that will last a lifetime.

Lifelites needs your support more than ever 

Signal Boost

to take the power of adaptive and inclusive 
technologies to children who desperately need 
it, especially during the covid-19 pandemic. 
With your donation, you can help give life-
limited and disabled children in hospice care the 
opportunity to talk to their parents and say “I 
love you”, sometimes for the first time. You can 
give brothers and sisters the chance to play and 
help children to escape the confines of their 
conditions, for as long as it is possible. 

Want to help?
You can make a donation on our website or 

email sdavies@lifelites.org for our bank 

details. Wherever you are, there is a Lifelites 

project for life limited and disabled children 

near you. www.lifelites.org 

Charity No:  1165791

Welcome to our Signal Boost project – a page for charitable  
organisations to get their message out to a global audience, free of  
charge. Today, a message from Lifelites

Can you help Lifelites give life-limited and disabled children 
assistive technology to make the impossible possible?
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AFTER two years of mass deaths, 
long covid, social distancing, 
cancelled weddings and isolated 
funerals, increasing numbers 
of political leaders are saying 
it is time to “live with covid”. 
In England, legal requirements 
for self-isolation and contact 
tracing could end in March, while 
measures such as working from 
home where possible and covid 
passports may be removed within 
weeks. But just how close to the 
end of the pandemic are we? And 
what will the end really look like?

In a sense, the pandemic 
won’t end until the World Health 
Organization (WHO) declares it 
over, just as it first declared the 
coronavirus outbreak a pandemic 
on 11 March 2020. That won’t 
mean that the SARS-CoV-2 virus 
has been eliminated, however. 
Instead, the end will come when 
new infections occur at a fairly 
constant rate, as opposed to 
the big, unpredictable waves 
we have experienced so far. 

This is the point at which 
covid-19 becomes “endemic”. The 
virus will still spread from person 
to person, but on average each 
infected person will infect only 
one other. This will mean fewer 
people being hospitalised, dying 
or developing long covid.

It is important to understand 
that there are different kinds of 
endemicity (see “What covid-19 
becoming ‘endemic’ really 
means”, page 14). “Whether it 
becomes endemic at a low level 
or a high level really matters,” 

says Christina Pagel at University 
College London. 

A commonly cited benchmark 
is that covid-19 might become 
about as widespread and severe 
as influenza, which causes 
annual mini-epidemics in many 
countries. But this example 
illustrates the ambiguity of the 
phrase “living with covid”. While 
it is true that countries around 
the world “live with flu”, that 
doesn’t mean their governments 
do nothing. The UK and many 
other countries have an annual 
flu surveillance programme, 
and new vaccines are developed 
and given every year. 

“There are all kinds of things 

we do to get flu deaths down, and 
we’ve massively got them down 
in the last 20 years,” says Pagel. 

Nonetheless, were covid-19 
to become similar to flu, that 
“would be a disaster for the UK”, 
says Pagel, because flu already 
strains the country’s national 
health services in winter.  
If covid-19 ends up equally  
serious, it would still represent 
a significant and permanent 
increase in case load every winter. 

The vaccination race
Bringing the number of covid-19 
deaths down depends on four 
factors: global vaccination rates, 

the evolution of the virus, 
medical advances in covid-19 
treatments and preventative 
measures like improved 
ventilation and social distancing.

So far, the race between 
vaccinations and virus evolution 
is a dead heat. As of 17 January, 
9.68 billion doses of covid-19 
vaccines had been administered 
in a little over a year. This is a huge 
number, and has substantially 
brought down the fatality rate in 
high-income countries, but the 
United Nations estimates that 
there were 7.88 billion people  
on Earth in 2021. That means the 
vaccine doses so far represent 
slightly more than one per person. 

Covid-19
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How can we end the pandemic?
Two years since it emerged, the coronavirus isn’t going anywhere. We can “live with covid”, 
but how we choose to do that will have huge consequences, reports Michael Marshall

Mask wearing at a 
theatre in Antwerp, 
Belgium, last month

“The pandemic’s end will 
come when new infections 
occur at a constant rate 
rather than in big waves”
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In practice, there is enormous 
inequity. Many children 
worldwide haven’t been 
vaccinated and in low-income 
countries only 9.5 per cent of 
people have had even one dose.

For the original virus, and older 
variants like alpha and delta, two 
doses of vaccine gave sufficient 
protection. The implication was 
that almost 16 billion doses were 
needed to vaccinate everyone. 
Achieving that by the end of 
2022 would be a challenge, but 
not an insurmountable one.

However, the omicron variant 
is a game changer: two doses  
of vaccine aren’t enough to  
give decent protection against 
infection or severe disease. 
“As things currently stand, 
you definitely do need three 
doses,” says Lance Turtle at the 
University of Liverpool, UK.

That means almost 24 billion 
doses of vaccine need to be 
delivered to give everyone on the 
planet three doses. To achieve this 
by the end of 2022, vaccines must 
be delivered this year at almost 
twice the average rate they were 
delivered in 2021. 

That looks difficult, but the rate 
of vaccine delivery has accelerated 
over the past year. Currently, 
nearly 33 million doses are given 
every day. If that was sustained 
throughout 2022, an additional 
12 billion doses would be 
delivered, for a total of 21.7 billion. 
In theory, it wouldn’t take a huge 
increase in the daily rate to get to 
24 billion by the end of the year.

But in practice, delivering 
vaccines to lots of people in  
low-income countries is hard. 

“The technological solution is 
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A 7-year-old after her 
vaccination in California

patent-free to manufacturers.
Even three doses per person 

may not be enough to bring the 
pandemic under control. With 
omicron, the protection against 
symptomatic infection wanes 
within weeks of a third dose. 
Israel is already giving people over 
the age of 60 a fourth dose and 
other countries may follow suit. 
Vaccinating everyone on the 
planet every six months would 
be a vast undertaking, however.

Some form of regular 
vaccination is likely to be needed 
to keep the covid-19 death rate 
down. “For respiratory infections, 
we don’t get lifelong immunity 
that prevents us getting infected,” 
says Rustom Antia of Emory 
University in Atlanta, Georgia. 
If SARS-CoV-2 behaves like other 
human coronaviruses, “we need 
to forget about herd immunity”. 

“I think it will be with us forever 
in the population, most likely, 
and I think we’ll need annual 
vaccines,” says Turtle.

That will include young 
children, says Pagel: “I imagine 
eventually it’ll be part of your 
childhood immunisation 
programme.”

Immunising children
Vaccinating children will be 
important, because we are 
unlikely to bring infection rates 
down if a substantial part of the 
population – especially one that 
mixes together in schools on a 
daily basis – is unprotected.

After initially focusing solely 
on vaccinating adults, the UK 
government announced in 
September 2021 that it would 
offer vaccines to 12-to-15-year-olds. 
But it hasn’t widely offered 
vaccines to younger children. 

This is in contrast to other 
countries including the US, 
which has been vaccinating  

0.75
million people tested positive 
for covid-19 in the UK between 
10 and 16 January

3 to 6
Number of years between 
reinfections of an endemic 
coronavirus, OC43

45,000
Approximate number of daily 
OC43 infections in the UK

“If SARS-CoV-2 behaves 
like other coronaviruses, 
we need to forget about 
herd immunity”

>

only part of it – you’ve got to have 
all the steps from invention to 
manufacture to financing to the 
health systems to deliver it,” says 
Anne Johnson, president of the 
Academy of Medical Sciences in 
London. People in low-income 
countries often live in crowded, 
informal settlements where 
record-keeping is poor, or far from 
major cities in hard-to-access 
remote areas. “It’s a huge 
organisational challenge,” she says.

This has been compounded by 
high-income countries hoarding 
vaccine doses. Lower-income 
countries have struggled to 
obtain vaccines, and more doses 
have been given as boosters in 
high-income countries than 
have been given in total in  
all low-income countries. 

A collaboration called COVAX 
has tried to send vaccines to 
low-income countries, but for 
much of 2021 it struggled to do 
this. So far, it has shipped 1 billion 
doses to 144 countries. It may 
get a boost from a vaccine called 
Corbevax, developed by Texas 
Children’s Hospital and licensed 
to Indian pharmaceutical 
firm Biological E. Corbevax  
is designed to be more easily 
made and stored, and is given 
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5-to-11-year-olds after the Food and 
Drug Administration authorised 
the use of the Pfizer/BioNTech 
vaccine for that age group in 
October 2021. Ireland also recently 
announced it would offer that 
vaccine to 5-to-11-year-olds. 

But in the UK, while the Pfizer/
BioNTech vaccine for 5-to-11-year-
olds has been approved, the Joint 
Committee on Vaccination 
and Immunisation has only 
recommended that the vaccine 
be offered to children in this age 
group if they “are in a clinical risk 
group or who are a household 
contact of someone (of any age) 
who is immunosuppressed”. 

An evolving virus
The roll-out of vaccines to 
children in other countries follows 
extensive and ongoing clinical 
trials. In a November statement, 
the WHO said the authorised 
vaccines were “safe and effective” 
for children. The WHO also noted 
that children who can’t attend 
school, either because it is closed 
or because they are ill with 
covid-19, are missing out on 
education, and in some cases 
may struggle to go back.

Meanwhile, the vaccines are 
being tested, in smaller doses, in 
even younger children. Pfizer and 
BioNTech have an ongoing trial in 
children aged 6 months to 5 years. 
However, in December, the firms 
announced that they were adding 
a third dose to the regimen, after a 
second dose didn’t provide enough 
protection. As a consequence, no 
results are available yet. 

Similarly, Moderna says it 
expects data on its vaccine in  
2-to-5-year-olds by March. If the 
results are satisfactory, the 
companies will seek approvals 
to deliver the vaccines.

Even as governments run their 
vaccination programmes, the 

Analysis

Clare Wilson

There have been many mentions 
of covid-19 becoming “endemic” 
in recent weeks. But the term 
has no single agreed definition 
and the virus becoming endemic 
wouldn’t necessarily mean that 
it is safe to stop measures such 
as mask wearing.

On 11 January, Marco Cavaleri 
at the European Medicines 
Agency told a press briefing that 
“what we’re seeing is that we are 
moving towards the virus being 
more endemic”. The previous 
day, Spain’s prime minister, 
Pedro Sánchez, said European 
officials should reclassify 
covid-19 as an endemic illness 
due to falling death rates. UK 
education minister Nadhim 
Zahawi recently said the 
country is “witnessing the 
transition of the virus from 
pandemic to endemic”.

But at a press conference on 
11 January, Catherine Smallwood 
at the World Health Organization 
Europe said “we’re still a way off” 
endemicity. “Endemicity assumes 
that there’s stable circulation of 
the virus, at predictable levels 
with predictable waves of 
transmission… that doesn’t rely 

on external forces being placed in 
order to maintain that stability.”

Among infectious disease 
specialists, endemic may be used 
in contrast to the term epidemic. 
An epidemic of a disease means 
there is a surge in cases, perhaps 

because a pathogen has crossed 
over to a new species, as in the 
case of covid-19. A pandemic 
is an epidemic that has spread 
over several continents.

If a disease is endemic, on 
the other hand, the number 
of cases is broadly stable, 
although there can be seasonal 
fluctuations. Measles is said to 
be endemic in many countries. 
Malaria is endemic in some 
regions, although cases may 
rise in the rainy season.

Endemic diseases can still 
cause serious illness and require 
stringent measures. Malaria kills 
hundreds of thousands of people 
every year. Smallpox, too, was 
endemic before we eradicated 
it, and it killed nearly a third of 
those who caught it.

Given that many countries 
are experiencing a massive surge 

of cases caused by the omicron 
variant, it seems hard to argue 
that covid-19 is currently 
endemic. “I don’t think we’re 
actually anywhere near 
endemic,” says Lawrence 
Young at the University of 
Warwick, UK. “I think a lot of 
it is wishful thinking.”

What might endemic covid-19 
look like? The coronaviruses that 
cause common colds, such as 
OC43, seem to reinfect people 
every three to six years. As 
with covid-19, immunity to 
reinfections doesn’t last long, but 
immunity to serious illness does.

If OC43 reinfections occur 
every four years, that would 
mean about 45,000 infections 
a day in the UK. “That is a 
reasonable estimate of how 
many covid-19 infections there 
will be each day, averaged over 
a few years, when we reach the 
endemic equilibrium,” says Paul 
Hunter at the University of East 
Anglia, UK. At the moment, the 
UK is recording about 108,000 
covid-19 cases a day and 
there will be many more going 
unconfirmed by testing.

The number of daily new 
omicron cases in the UK recently 
started falling, as they previously 
did in South Africa, where the 
variant was first seen. 

But another covid-19 variant 
may well emerge this year or 
next to cause a further surge – 
although it is possible that the 
level of immunity in populations, 
caused by both vaccines and 
infections, will continue to offer 
increasing protection against 
severe illness.

So we may only be able to 
say when covid-19 has become 
endemic by looking backwards. 
“Often you don’t know when that 
transition has occurred, except in 
retrospect,” says Hunter.

What covid-19 becoming 
‘endemic’ really means
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Mask wearing at a 
football match in Milan, 
Italy, this month

“We’re not actually 
anywhere near 
endemic. A lot of it 
is wishful thinking”
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virus continues to evolve. It is hard 
to say what will happen next, 
because the virus has repeatedly 
confounded expectations. 
“I don’t think any of us imagined 
that 18 months down the line 
we’d be still here,” says Johnson.

In one respect, the omicron 
variant isn’t as bad as it might 
have been: it causes less severe 
illness than other variants 
such as delta. However, the 
next variant may be different. 
“You hear this said quite often 
that viruses adapt to their hosts 
and become less virulent,” says 
Turtle. “The evidence for that is 
not that great. In Ebola, in 2014, 
the opposite happened.”

“There’s no real selection 
pressure on this virus to become 
milder,” says Aris Katzourakis 
at the University of Oxford. That 
is because most of the spread 
happens in the early stages of 
an infection, before the person 
becomes ill enough to be  
bed-bound and thus unable to 
spread it. “If a virus hospitalises 
its host straight away, that might 
lead to selection pressure for 
a milder strain,” he says. But 
that isn’t the case here.

Instead, the lesson of omicron 
is that “there could be more 
surprises in store”, says Turtle. 
“Who knows how many other 
variants that could escape or be 
radically different and still infect 
humans are possible,” he says.

Better vaccines could make a 
real difference. Katzourakis says 
future ones could target more 
parts of the virus, rather than 
just the spike protein that enables 
it to enter cells. This would make 
it harder for the virus to evolve 
to escape them. 

Some researchers are even 
aiming for a universal coronavirus 
vaccine, which would protect 
against all possible variants. 
But the work is in its early stages. 

“For some, the phrase 
‘living with covid’ has 
become shorthand for  
‘let’s not do anything else’ ”
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Distancing signs at  
a school in Stalybridge, 
UK, last September

the year we end it – but only 
if we do it together.”

It is theoretically possible 
for the pandemic to end in 
2022, but the logistical and 
sociopolitical challenges 
are immense. “I think it’s 
mathematically but not politically 
possible,” says Katzourakis.

The reality is that we have been 
“living with covid” for two years, 
and are likely to do so in some 
form for the rest of our lives. 
The crucial question is, how much 
of it will we live with? That will 
determine how many more 
people die or develop long covid, 
and how many more times 
countries will have to implement 
drastic restrictions after the 
emergence of new variants.

For some, the phrase “living 
with covid” has become a 
shorthand for “let’s not do 
anything else”. But without 
something like a global vaccines-
plus plan, “we’re going to be in a 
race of chasing after variants for 
years to come”, says Katzourakis.  ❚

A putative universal vaccine 
developed at the Walter Reed 
Army Institute of Research 
in Silver Spring, Maryland, has 
been tested in primates and is 
undergoing phase I trials to find 
out whether it is safe to give 
to humans. But more testing is 
needed, so a widespread roll-out 
is months away at best.

A global plan
Even without such advances, 
simply giving people more 
vaccine doses makes it less likely 
that another game changer like 
omicron will emerge this year. 
As more people are immunised, 
fewer copies of the virus will 
circulate and its evolution will 
slow. “So far, none of the variants 
have arisen in countries with 
high vaccination rates,” says Pagel, 
suggesting that vaccination 
tempers the virus’s ability 
to transform itself.

Ultimately, ending the 
pandemic will take coordinated 

global action: something that 
has been sorely lacking so far.

On 3 January, Pagel, Katzourakis 
and their colleagues called for 
a global “vaccines-plus” plan. 
As well as vaccinating the world, 
they argue for a suite of measures, 
including high-quality face masks 
for indoor mixing, effective 
means of testing, tracing, isolating 
and supporting people who get 
infected, and better ventilation 
and filtration of indoor air.

“In the way Victorians went 
for clean water, sanitation, we 
have to go for clean air,” says Pagel. 
She emphasises that this offers 
multiple benefits. “There’s no 
individual liberty taken away 
that way, and it works against 
all kinds of airborne diseases.”

So far, no such global initiative 
is on the cards. Hence the 
statement given by Tedros 
Adhanom Ghebreyesus, 
director-general of the WHO, on 
30 December: “As we enter the 
third year of this pandemic, 
I’m confident that this will be 
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Analysis  SS Richard Montgomery

THREE masts sticking up above 
the waves near the coastal town 
of Sheerness, UK, mark the spot 
where a wreck has been rusting 
for almost 80 years. They belong 
to the SS Richard Montgomery, 
a US second world war-era ship 
that ran aground in 1944 with 
a cargo of bombs. The wreck, just 
2 kilometres from land, still has 
1400 tonnes of TNT in its holds.

Almost 20 years after I 
mounted an investigation for New 
Scientist into the dangers posed by 

this wreck, the UK government has 
announced plans to cut back the 
steel masts this year to reduce their 
weight. This is to prevent them 
collapsing into the holds, where 
they would set off an explosion.

A spokesperson for the 
Department for Transport says 
the wreck “is in a relatively stable 
condition” and added that 
“expert wreck assessors are now 
undertaking detailed surveys”.

When I began our investigation 
in 2004, I wanted to find out the 
dangers posed by this wreck. What 
were the chances of an explosion? 
And how serious would it be? 

A large part of the cargo was 
removed in 1944. But work 
stopped after the Admiralty – 
the UK government department 
responsible at the time – refused 
to pay workers danger money for 
unloading the bombs. This was 
the best chance the government 
would ever have to make the ship 
safe. Sixty years later, the wreck 
was disintegrating and the 
explosives were unstable.

Our investigation revealed 
that the government’s Explosives 
Research and Development 
Establishment (ERDE) had 
calculated in 1972 that the blast 
from an explosion at the wreck 
would shatter virtually every 
window in Sheerness and send a 
300-metre-wide column of mud, 
metal and munitions shooting 
up almost 3 kilometres into the 
air. As part of the investigation, 
New Scientist asked researchers 
at Defence Research and 
Development Canada to check 
these alarming calculations and 
they confirmed the results.

A blast on this scale would 
be one of the world’s biggest 
non-nuclear explosions, causing 
widespread destruction and death. 
The proximity of a giant liquefied 
natural gas terminal at the Isle 
of Grain is an additional worry. 
Supertankers on their way to 
the terminal pass as close as 
200 metres to the wreck.

So how likely is an explosion? 
Unexploded bombs are always 
dangerous and unpredictable, 
which is why they are normally 
made safe as soon as they are 
found. A particular problem with 
the SS Richard Montgomery is 

that many of the smaller bombs 
were fused, ready for use; bombs 
would normally be transported 
without fuses for safety.

“Some of these fused bombs 
may, in all probability, go through 
a period of enhanced sensitivity,” 
said the ERDE in 1972. In 1999, 
the UK government asked 
consultants to carry out a risk 
assessment. They concluded 
that “some [bombs] may not 
have passed their most sensitive 
phase, and have a higher risk 
of premature detonation”. The 
consultants said the wreck would 
start to collapse in 10 to 20 years 
and the explosion of one bomb 
could start a chain reaction. Doing 
nothing was no longer an option, 
they said. In 2001, senior officials 
met to discuss this report and 
agreed the time for procrastination 
was over. That was 21 years ago.

This week, I spoke to David 
Alexander at the Institute for 
Risk and Disaster Reduction at 
University College London, who 
has taken a keen interest in the 
wreck. He says the bombs need 
to be removed. “Sooner or later 
they have to do something,” says 
Alexander. “The question is will 
they do it too late.”  ❚
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The exposed masts 
of the SS Richard 
Montgomery

‘Doomsday’ shipwreck to be made safer  Almost 20 years 
after a New Scientist investigation exposed the risk, the UK 
government is finally acting, reports Mick Hamer

“A blast on this scale 
would be one of the 
world’s biggest non-
nuclear explosions”

Health

Michael Le Page

IT HAS long been suspected that 
the common Epstein-Barr virus 
can trigger multiple sclerosis (MS). 
Now, a study of 10 million military 
personnel in the US has shown 
that virtually every case of MS is 
preceded by infection with the virus. 

The finding suggests that a 
vaccine against the virus could 
reduce the incidence of MS. “This is 
really a turning point,” says Alberto 
Ascherio at Harvard University. 

The Epstein-Barr virus is a  
kind of herpes virus that spreads 
mainly via saliva, for instance by 
kissing. Initial infections may  
cause few, if any, symptoms, but 
once the virus gets into immune 
cells called B cells, it lurks in them 
permanently. 

The difficulty with showing  
that the Epstein-Barr virus is the 
main cause of MS is that almost 
everyone is infected with it. This 
means huge numbers of people 
must be monitored to see whether 
people who haven’t been infected 
with the virus are less likely to 
develop MS. 

Ascherio and his colleagues 
turned to blood samples from 
the US military. Out of 10 million 
personnel, 955 developed MS. 
Yet they found that only one of 
those who developed MS tested 
negative for antibodies against 
the Epstein-Barr virus (Science,  
doi.org/gn4sv3). 

“Ultimately, we can’t be certain 
that Epstein-Barr virus is causing 
multiple sclerosis until we can see 
what impact preventing Epstein-
Barr infection has on multiple 
sclerosis incidence,” says Clare 
Walton at the UK’s MS Society.  ❚

Virus’s link to MS 
is stronger than 
we thought
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of the outer 
coat of the 
Epstein-Barr 
virus
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THERE are signs of a possible 
exomoon orbiting a planet 
more than 5000 light years 
away. If it is real, this could be 
the first exomoon we have found.

There have been unconfirmed 
candidates before, most notably 
one around a planet called Kepler-
1625b, spotted by David Kipping at 
Columbia University in New York 
and his team. Out of a sample of 
about 300 planets, all observed by 
the Kepler space telescope, Kepler-
1625b was most similar to Jupiter. 
“That’s kind of unusual, because 
Kepler has a strong bias toward 
looking at planets closer to the 
star, and Jupiter-sized planets 
are quite rare,” says Kipping.

So, in their next search through 
Kepler data, the researchers looked 
for moons orbiting Jupiter-like 
exoplanets – those at least half as 
big as Jupiter with relatively long 
orbital periods. They found 70 
such worlds and sorted through 
them for signs of exomoons.

Kepler searches for planets by 
observing the light of stars. When 
a planet passes in front of its star, 
the light from the star dips, and 
this should happen at regular 

intervals as the planet orbits. 
If there is a moon, it will cause 
an extra dip in starlight.

Of the 70 worlds, Kipping 
and his colleagues found three 
where the starlight appeared 
to match a model containing 
both a planet and a moon. They 
eventually attributed one of the 
signals to effects of the telescope’s 
movement and another to activity 
on the star’s surface, but the third 

stubbornly defied explanation 
by anything other than a moon.

“In the first two cases, we’re 
pretty sure they’re bogus, but for 
the last one we couldn’t kill this 
moon,” says Kipping. The third 
planet is called Kepler-1708b.

The researchers calculated that 
there is about a 1 per cent chance 
the detection is a false positive 
caused by noise in the signal. If 
the exomoon is real, it is about 
2.6 times the size of Earth, far 
bigger than any moon seen in our 
own solar system and only slightly 
smaller than the unconfirmed 

exomoon orbiting Kepler-1625b 
(Nature Astronomy, doi.org/hc2j).

That may seem strange, but it 
doesn’t mean these huge moons 
are likely to be common. If it were 
any smaller, the signal wouldn’t be 
strong enough for Kepler to spot it. 
“Any survey for moons with Kepler 
is, by definition, a supermoon 
survey,” says Kipping.

Even with such a large potential 
moon, the observations aren’t 
conclusive – usually astronomers 
prefer to have at least three dips in 
a star’s light, and we only have two 
for Kepler-1708b. The star is also 
relatively dim, so the signal isn’t 
very strong, says René Heller at 
the Max Planck Institute for Solar 
System Research in Germany.

“Looking at the numbers, I 
would say it’s interesting, but it’s 
not a killing argument in favour 
of an exomoon,” says Heller. 

Kipping and his colleagues are 
now working to figure out what we 
could learn about this system with 
additional observations, but it is 
possible that the star is so faint 
that we will never be able to know 
for sure – a similar fate to the last 
possible exomoon we spotted.  ❚

Space

Leah Crane
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Astronomers may have found a huge 
moon around a Jupiter-like exoplanet

Hints of a very large 
exomoon were found 
in flickering starlight

Technology

COMPUTERS struggle to create 
randomness, but a new method may 
at last allow them to create a ready 
source of truly random numbers.

Such numbers are a vital 
ingredient for cryptographic 
algorithms and scientific 
simulations, but computers can’t 
easily be made unpredictable. 
True random number generators 
produce numbers by sampling a 
physical source of randomness, 

such as radioactive decay.
In a similar vein, it is possible 

to use a quirk of one component 
in computers, DRAM memory 
chips, as a source of random noise. 
This can be done by deliberately 
asking more of these chips than 
manufacturers designed them for, 
and then monitoring the rate of 
errors produced. But generating 
random numbers in this way can 
slow down the rest of the computer.

Nisa Bostanci at TOBB University 
of Economics and Technology in 
Ankara, Turkey, and her colleagues 
have developed a solution. They 
created a system that reduces the 

interference between memory 
being used to generate random 
numbers and memory being used 
to run the computer as normal.

It predicts when memory will be 
sitting idle and creates a stockpile of 
random numbers in these periods. 
Once the supply is empty, it places 
requests for new random numbers 
in a queue with other software 
tasks and assigns them priorities.

During 186 experimental 

scenarios, the system improved 
performance of normal computer 
operation by 17.9 per cent and 
random number generation by 
25.1 per cent compared with 
previous DRAM random number-
generating models (arxiv.org/
abs/2201.01385).

“Computers are entirely 
predictable and thus poor at 
creating random numbers, so 
a source of randomness is an 
important part of keeping online 
communication private,” says John 
Graham-Cumming at Cloudflare, 
an internet security firm.  ❚

Extreme memory 
test helps select 
random numbers

“ A source of randomness 
is an important part 
of keeping online 
communication private” Matthew Sparkes



18 | New Scientist | 22 January 2022

Language

Colin Barras

THE symbols we use to write 
words evolve to become visually 
simpler over the years, and an 
analysis of a writing system 
from West Africa shows that 
they can do so over just a 
few generations.

The script used to write 
the Vai language was invented 
in Liberia in 1833 and is still in 
use today. Those who devised 
it may have had some awareness 
of the Latin and Arabic alphabets, 
but the Vai script isn’t modelled 
on either. Its characters denote 
whole syllables, while 
alphabetic letters represent 
the individual sounds (or 
phonemes) that come 
together to form syllables.

What makes the Vai script 
particularly interesting, says 
Piers Kelly at the University of 
New England, Australia, is that it 
has a nearly complete historical 
record. It was first documented 
by external scholars in 1834 and 
has been studied at least 16 
times since then. This means 
we can examine the way its 
characters have evolved over 
their first 170 years of use.

Kelly and his colleagues have 
now done this. There are about 
200 characters in the Vai script, 
but the researchers focused 
on 61 that were most reliably 
documented down the years. 
The degree of visual complexity 

of each character was quantified 
via a computer program, which 
tracked any changes in this 
complexity as the years passed.

They discovered that 
individual characters have 
become less visually complex 
with time. This trend was most 
obvious among the characters 
that were most complex in the 
1830s; these ones simplified 
to the greatest degree (Current 

Anthropology, doi.org/hcq7).
A similar process is known 

to have occurred in other 
writing systems, such as 
the first alphabet. This was 
derived largely from Egyptian 
hieroglyphics, but over time 

its letters stopped looking 
like pictures of objects and 
became simpler in visual 
appearance: for instance, 
an ox’s head became “A”.

The researchers think 
they know why this happens. 
Inventing a writing system 
before you can actually write 
is a major cognitive challenge, 
says Kelly. Designing potentially 
hundreds of individual 
characters is tricky enough, 
but then you must remember 

the syllable or phoneme each 
sign represents. What’s more, 
you can’t keep track of this 
information by writing it down 
because the new writing system 
begins working only after you 
have memorised it. “It’s a bit like 
trying to pull yourself up by 
your own bootstraps,” says Kelly.

He thinks that the memory 
task becomes easier if, 
paradoxically, you make your 
characters visually complex 
so that it is hard to confuse 
one with another.

Eventually, enough members 
of a society are familiar with 
the script that there is no longer 
any risk that characters and the 
sounds they represent will be 
forgotten. Kelly says that at this 
point, it generally becomes 
more desirable for characters to 
become less visually complex, 
because this makes reading  
and writing quicker and easier. 
“The letters all end up becoming 
somewhat similar to one 
another with equal levels 
of visual complexity,” he says.

The Vai script analysis shows 
that this process can leave  
a detectable signature, even 
over a handful of generations.

Henry Ibekwe at the 
University of Nigeria welcomes 
the interest in the Vai script. 
But he cautions against over-
simplification in the search 
for universal rules about 
the evolution of writing, 
particularly when studying 
a writing tradition unfamiliar 
to those who use the Latin 
alphabet. “Anyone engaged 
in such a study must prepare 
to traverse myriad realms 
of meaning, some bordering 
on the esoteric,” he says.  ❚

A West African script shows 
how letters evolve over time
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Three Vai characters as 
they were in 1840 (top 
row) and 2005 (below)

200
The approximate number of 
characters in the Vai script

Solar system

Leah Crane

SATURN’S moon Mimas doesn’t 
look like a world with an ocean, 
but it might be hiding one anyway.

Unlike most of the other icy 
moons that planetary scientists 
believe to carry oceans, Mimas 
shows no fracturing or evidence 
of melting on its surface. “When 
we look at a body like Mimas, it is 
a little, cold, dead rock,” says Alyssa 
Rhoden at the Southwest Research 
Institute in Colorado. “You would 
never look at it and say ‘that one 
has an ocean’.”

What’s more, none of the 
accepted theoretical models 
of moon formation predict that 
Mimas could have an ocean today.

But measurements from 
NASA’s Cassini spacecraft in 
2014 showed Mimas wobbling 
as it spun, indicating that something 
about its interior is strange. Some 
researchers suspected that it could 
be water sloshing under an icy shell.

“I set out to prove that Mimas 
can’t have an ocean,” says Rhoden. 
“The problem is, that’s not what  
we found.” She and her colleague 
Matthew Walker at the Planetary 
Science Institute in Tuscon, Arizona, 
have now performed detailed 
simulations of how Mimas’s interior 
is stretched and heated by Saturn’s 
gravity and what that heating 
would do to an icy shell. They found 
that this heating could be enough to 
support a global liquid ocean buried 
beneath 24 to 29 kilometres of ice 
(Icarus, doi.org/hcqj).

If Mimas has an ocean, 
there could be many of what 
the researchers call “stealth” 
ocean worlds. “There are a lot of icy 
satellites in our solar system, and if 
Mimas could be an ocean world, any 
of them could be,” says Rhoden.  ❚

Saturn’s small moon 
Mimas may have an 
impossible ocean

News

“I set out to prove that 
Mimas can’t have an 
ocean. The problem is, 
that’s not what we found”
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Marine life 

THE largest colony of fish nests 
ever seen has been found under 
an ice shelf near Antarctica.

Autun Purser at the Alfred 
Wegener Institute in Germany 
and his colleagues came across 
the breeding ground in the Weddell 
Sea by chance when they went  
on a six-week expedition to the 
polar region in February 2021.

They were on board RV 
Polarstern, a massive polar 
exploration ship designed to 
navigate freezing waters by 
breaking through ice cover. Purser’s 
job was to trail a camera behind  
the ship to image the sea floor. 

The researchers were doing 
a routine analysis of the seabed 
when they stumbled on thousands 
of nests made by Jonah’s icefish 
(Neopagetopsis ionah), a type of 
small ray-finned fish that is typically 

found in the Southern Ocean.
The nests (pictured) look like blue 

circles on the sea floor and are each 
about 15 centimetres deep. The 
researchers then spent the next four 
days documenting the colony. They 
estimate that it contains more than 
60 million nests and covers at least 
240 square kilometres. Each of the 
nests had one adult fish and about 
1500 to 2000 eggs, equating to 
around 100 billion across all nests 
(Current Biology, doi.org/hcqb). 

While researchers have observed 
this species before, they have only 
been seen in small colonies. “An 
assemblage on this scale is just 
mind-blowing,” says Katrin Linse 
at the British Antarctic Survey. 

Purser’s team has left cameras 
on the sea floor near the active nests 
to try to capture footage of the eggs 
hatching.  Jason Arunn Murugesu

Vast icefish breeding ground 
discovered in frigid waters
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News In brief

STAR-forming regions that 
surround our solar system have 
been mapped for the first time.

These regions appear to lie on 
a deformed surface 1000 light 
years across, called the Local 
Bubble. The bubble’s interior, 
which is where the solar system 
is found, is mostly empty space. 
But its shell is made of cold gas 
and dust that was left over from 
exploding stars. New stars are 
now forming from this material.

We have known about the 
existence of the Local Bubble – and 
about the star-forming regions 
nearest to the solar system – for 
decades. But Catherine Zucker 
at Harvard University and her 
colleagues have now made a clear 
connection between the two.

They did so using data from 
the European Space Agency’s 
Gaia satellite, which maps the 
positions, distances and motions 

Space

of stars with high precision.
This allowed them to construct 

a three-dimensional map of the 
different star-forming regions. 
The map also used Gaia’s motion 
data to chart how the Local Bubble 
has evolved over time and created 
the star-forming regions (Nature, 
doi.org/hcrg).

When some stars reach the end 
of their life, they trigger a powerful 
explosion called a supernova. 
Our Local Bubble appears to have 
formed when several supernova 
shock waves swept gas and dust 
through space, forming the 
bubble’s dense shell.

With time, the material in the 
shell began to form a series of 
molecular clouds, or stellar 
nurseries, which are the 
birthplaces of new stars.

“This result argues strongly 
for the case that star formation 
triggered by expanding shells is 
probably more important than 
we thought before,” says Martin 
Krause at the University of 
Hertfordshire, UK.  Alex Wilkins

Giant bubble around 
solar system charted

ORGANIC compounds – those 
containing carbon atoms – found 
all over Mars were produced by 
water interacting with volcanic 
rocks, according to the analysis 
of a Martian meteorite.

Andrew Steele, who is at the 
Carnegie Institution for Science 
in Washington DC, and his team 
examined a Martian meteorite, 
known as Allan Hills 84001, that 
contains organics, which can also 

Mars 

be produced by life. The rock was 
ejected from the surface of Mars 
by a collision and later landed on 
Earth. They found that its organics 
were formed by water filtering 
through tiny cracks and pores 
in the rock and interacting with 
the minerals there.

The team found signs of two 
processes known as carbonisation 
and serpentinisation. Each occurs 
when water interacts with rock. 
This results in hydrogen and 
carbon dioxide that react to 
create organic molecules 
(Science, doi.org/hc2p).

However, even though the 
organics in Mars rocks seem to be 
created abiotically – without the 
help of life – those compounds 
could still be important in the 
hunt for life on Mars. “Abiotic 
chemistry gives you a background, 
and life picks and chooses what it 
needs from that and concentrates 
those up, so to find life you look 
for higher concentrations of those 
background abiotic levels,” says 
Steele.  Leah CraneN
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Organics in martian 
rock not made by life



22 January 2022 | New Scientist | 21

Arthritis 

KNEE implants that generate a tiny 
electrical current may be able to get 
cartilage to regrow to treat arthritis.

Rabbits given the implants, which 
make electricity from mechanical 
forces as the animals move, led to 
more healing after cartilage damage 
than those given a placebo device.

Earlier research suggested that a 
mild electric current can encourage 
cartilage cells in the knee to multiply 
and repair damage. Thanh Nguyen 
at the University of Connecticut and 
his team developed a membrane, 
about half a millimetre thick, which 
generates electricity when it is 
compressed and stretched, to avoid 
having to use bulky batteries. The 

material is designed to encourage 
cells to migrate into it.

They tested the implant by 
making holes in the knee cartilage 
of rabbits and patching them up 
with the material. After a month of 
rest, the researchers got the rabbits 
to hop around for 20 minutes a day.

Two months later, they found 
that cartilage cells had moved into 
the patches and the joints appeared 
more intact. Cartilage from these 
rabbits scored 15 out of 18 on 
average, while rabbits given patches 
of a similar material that didn’t 
generate electricity scored about 5 
(Science Translational Medicine, 
doi.org/hcrb).  Clare Wilson

Electric implants seem able to 
regenerate degraded cartilage
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Animal decline is 
hurting plants too

The disappearance of 
birds and mammals is 
bad news for plants that 
rely on them to disperse 
their seeds. A computer 
model based on data 
from 302 animal species 
suggests there has been 
a steep decline in the 
spread of seeds tied to 
historical animal losses 
(Science, doi.org/hc2h).

3D map of 8 million 
galaxies unveiled

The largest 3D map of 
the universe has been 
created by the Dark Energy 
Spectroscopic Instrument 
in Arizona. The map, which 
contains information on 
8 million galaxies, will 
get more detailed over the 
next five years. It may help 
explain the mystery of why 
the universe is expanding 
faster and faster.

Donkey-ass hybrid 
is 4500 years old

The bones of horse-like 
creatures from a Bronze 
Age tomb in Syria belong 
to a human-bred hybrid, 
an analysis of DNA in the 
remains reveals. Ancient 
people crossed donkeys 
and wild asses, possibly 
to create animals with 
the best features of both 
(Science Advances,  
doi.org/hc2g).
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Really brief 

Anthropology 

MEMBERS of the Wari society 
in the Peruvian Andes more 
than 1000 years ago may have 
mixed hallucinogenic seeds 
into their beer to give it a kick. 

The Wari culture flourished in 
what is now Peru between around 
AD 550 and 1000. Since 2015, 
Matthew Biwer at Dickinson 
College, Pennsylvania, and his 
team have been excavating a Wari 
site called Quilcapampa. The team 
found a pit filled with about a 
million seeds of a kind of fruit 
known as molle, or Peruvian 
pepper. The fruits were used to 
make a fermented alcoholic drink, 
a bit like beer, known as chicha.

A few steps away, in a garbage 
pit, they found seeds from vilca 
trees (Anadenanthera colubrina). 
The seeds contain hallucinogenic 
substances and have been widely 
used in Andean cultures. 

If you eat vilca seeds, your 
stomach enzymes deactivate 
the active compounds in them – 
so the seeds are more normally 
ground up and then snorted, 
producing a strong effect. 
However, chicha suppresses those 
stomach enzymes, so the drink 
and whole seeds taken together 
would allow “a very mild and 
controlled hallucinogenic effect”, 
says Biwer.  Michael Marshall

Ancients may have 
spiked their beer
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Exoplanets 

THE melting point of iron 
has been gauged in conditions 
similar to those in the cores of 
super-Earths, planets with masses 
several times that of our world. 
It shows these exoplanets should 
have a long-lasting magnetic field 
that is thought to be necessary 
for life to thrive on the surface.

A molten iron core is a feature of 
many planets, including ours. On 
Earth, it creates a magnetosphere: 
a magnetic field that shields our 

planet from harmful radiation. 
Understanding the conditions 
under which iron melts can tell us 
how likely it is that other types of 
planet will be similarly protected 
and for how long.

Richard Kraus at the Lawrence 
Livermore National Laboratory, 
California, and his team used 
one of the world’s most powerful 
lasers to recreate the pressures 
found at the centre of super-
Earths. They then used diffracted 
X-rays to work out whether iron 
would be solid or liquid under 
these conditions.

The melting temperatures that 

Kraus and his team measured 
suggest that planets four to six 
times the mass of Earth retain 
liquid metal cores for the longest, 
longer even than Earth will. This 
means that these super-Earths 
should have very long-lasting 
magnetospheres (Science,  
doi.org/hc2q).

However, core impurities 
and confounding effects caused 
by a planet’s mantle will also 
have an impact on the strength 
and duration of an exoplanet’s 
magnetosphere, says Guillaume 
Morard at the University of 
Grenoble Alpes, France.  AW

Super-Earths have 
life-friendly shields
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M
ORE than a decade ago, 
the UK’s Royal Society 
of Chemistry offered 

£1 million to the first person in 
the world to create a chemical-free 
product. No one has yet claimed 
the bounty because it is 
impossible. Water is a chemical. 
So is your cuppa. Yet there is still 
so much confusion about everyday 
products, from cleaning sprays to 
cosmetics. While some are labelled 
as chemical free, others declare 
they are non-toxic, natural and 
eco-friendly. What does it all really 
mean? And can we believe it?

To work out whether products 
contain toxic chemicals, which 
are harmful or hazardous to us or 
the planet, we need to look at the 
bigger picture of how something 
is manufactured and where it ends 
up after we have used it. Our homes 
are just a snapshot of a complex 
global supply chain. Your handbag 
may not be dangerous, but direct 
exposure to the chromium salts 
used in commercial leather 
tanning factories can trigger 
chronic conditions in people 
involved in its production. And 
that chlorine bleach that gets 
flushed down the toilet? That is 
poisonous to aquatic animals. 
There may even be a picture of a 
dead fish on the back to prove it. 

Labels are so full of jargon, 
however, that deciphering what 
is good and what isn’t can feel 
impossible. A starting point is 
to not be duped by outlandish 
marketing lingo. Even the term 
“sustainable” has no official 
definition, so for green credentials M
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look for proof of claims in the 
form of certifications, such as 
Cradle to Cradle, which ensures 
the chemicals used are safe for 
people and the environment, 
and that they get reused in the 
manufacturing process. 

Also be sceptical about labels 
focusing on what a product doesn’t 
contain, such as “paraben-free” 
or “no nasties”. Real transparency 
is about disclosing ingredients, 
not distracting us from them. 

Such greenwash isn’t yet 
regulated, but in the UK, the 
government and Competition 
and Markets Authority recently 
introduced a green claims code 

that suggests guidelines for “eco” 
brands to follow, such as better 
transparency. In the European 
Union, the Circular Economy 
Action Plan proposes regulations 
to stipulate that sustainability 
claims must be proved. 

This matters because, 
although the risks are low, some 
chemical contaminants increase 
the chances of developing 
certain cancers, disrupt brain 
development or interfere with 
the body’s hormones. These 
risks aren’t fully understood 
and may be contributed to by a 
toxic cocktail effect that is missing 
from lab experiments – we are 

rarely exposed to just one 
chemical at a time. 

One way to minimise your long-
term exposure to toxic chemicals 
is to streamline the number of 
products you use and focus on 
conscious consumption. Ditch 
the added extras – the overtly 
fragranced air fresheners, the 
period pants with antimicrobial 
nanosilver, the school trousers 
with hard-wearing, non-stick 
patches inside the knees. These 
chemicals just aren’t necessary. 

That said, it is practically 
impossible to live a life free from 
toxic chemicals. Robin Dodson 
at the Silent Spring Institute in 
Newton, Massachusetts, has 
found that people who paid close 
attention and actively avoided 
specific hormone-disrupting 
chemicals had a lower overall level 
of toxic chemicals in their blood. 
But even though Dodson herself 
took steps to avoid such chemicals, 
when she tested her own urine for 
10 of the most common hormone-
disrupting chemicals found in 
household products, some were 
present at surprisingly high levels. 

Ultimately, it shouldn’t be our 
responsibility to navigate this. But 
until long-term effects on people 
and the planet are investigated, 
we should choose brands that 
are fully transparent and call for 
clearer labelling from the rest.  ❚

Chemical consumption
Product labels are filled with jargon about chemicals or the lack 
of them – how can we know what it all means, asks Anna Turns

Anna Turns is author of 
Go Toxic Free: Easy and 
sustainable ways to 
reduce chemical pollution
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O
NE of the best things 
about being a columnist 
for New Scientist is the 

readers. I can tell you read my 
columns closely because I get 
fantastic emails asking smart 
questions about them. Last 
month, I wrote about how fusion 
works inside the local plasma 
gas ball, otherwise known as the 
sun. This resulted in a letter from 
someone who had been inspired 
to read in detail about how fusion 
works and had realised that 
there are inconsistencies in the 
scientific literature on this subject. 

Now, for many of us, it won’t 
be news that there are unsolved 
mysteries associated with the sun. 
In my last column, I wrote about 
the coronal heating problem, 
the fact that one of the outermost 
layers of the sun is significantly 
hotter than its surface. We would 
expect the opposite: that as we 
go further from the sun’s primary 
energy source in its central core, 
the outer regions of the sun would 
be increasingly cooler. (One of 
my hopes for 2022 is that this 
problem will be solved, or at least 
one of my students will decide to 
tackle it themselves.)

But the sun doesn’t only have 
grand one-off mysteries. My 
correspondent has a point: the 
basic workings of how the sun 
burns are complicated and 
imperfectly understood.

Generally speaking, the reason 
stars shine is that gravity has 
pulled a sufficient amount of 
hydrogen atoms into such close 
quarters that they start to fuse 
together into helium. Every 
star starts this way. When the 
hydrogen runs out, the helium 
starts fusing together, and so 
on, producing heavier and 
heavier elements. 

This is where we humans begin. 
The majority of the elements we 
are composed of are made in stars 

and, during supernovae and 
kilonovae, the exploding deaths 
of those massive stars. 

This sounds like a simple matter 
of gluing elements together, but 
it isn’t: the conditions have to be 
just right. The hydrogen has to 
be hot enough and close enough 
together to fuse. And the fusion 
happens in stages. The theories 
that describe how all this happens 
aren’t the classical Newtonian 
physics that describes, for 
example, two football players 
colliding when they both want 
to control the ball. Instead, we 
need quantum mechanics and 
nuclear physics.

One of the biggest challenges to 
hydrogen fusion occurring at all is 
that the simplest hydrogen atom, 
an isotope called protium, has just 
one positively charged proton 
and no electron when ionised 
under the extreme conditions 
of fusion – and so an overall 
positive charge. Like charges 
repel, so two protiums naturally 
electrically repel each other. 
Gravity, of course, works against 
this, pulling them together. 
We have competing forces. 

As if that wasn’t enough, there 
is another force, the strong nuclear 
force, that turns on when particles 
are very, very close to each other 
and pulls them together. It is this 
force that ultimately tips the 
balance; once it is activated, the 
two protiums can smash together.

The next part of the story is 
again more complex than popular 
narratives sometimes admit. 
Instead of instantly spitting out 

a helium atom, these two colliding 
particles actually spit out another 
type of hydrogen that has a proton 
and a neutron (deuterium), as  
well as a positron (the antimatter 
version of an electron) and 
another fundamental particle, a 
neutrino. In this step, yet another 
fundamental force comes into 
play, the weak nuclear force. 

Catch your breath, because 
that isn’t the last of it. The newly 
formed positron is now 
positioned to annihilate when 
it inevitably comes into contact 
with an electron, a collision that 
produces two photons, or 
particles of light. 

These photons will eventually 
journey out of the sun and maybe 
make it all the way to our planet, 
providing a small fraction of the 
sunlight that governs our lives. 
The deuterium also undergoes its 
own transformation, producing, 
among other things, another 
photon, which may reach us on 
Earth. This sequence, known as 
the first stage of the proton-proton 
chain, produces not just helium 
but also energy in the form of 
photons and neutrinos that are 
released out into the universe.

There is, to put it simply, 
an awful lot going on. Perhaps 
that goes some way to explaining 
why there is the odd inconsistency 
in scientific papers about solar 
physics. 

The question of exactly how 
much energy is released in these 
chain reactions, for instance, 
and how frequently they occur 
involves calculations in nuclear 
theory and combining that 
information with (extremely safe) 
nuclear experiments on Earth. We 
are always refining the numbers. 

So, to the person who asked 
me why there are inconsistencies 
in the literature on solar fusion: 
the truth is, we are still working 
out the details.  ❚

“ The majority of the 
elements we are 
composed of are 
made in stars and 
during supernovae”

How does fusion work?  It may seem surprising that the way 
stars fuse elements isn’t crystal clear, but scientists are always 
honing the details, writes Chanda Prescod-Weinstein

Field notes from space-time

This column appears  
monthly. Up next week: 
Graham Lawton

What I’m reading
I’m wrapping up Imani 

Perry’s new book South 
to America: A journey 
below the Mason-Dixon 
to understand the soul 
of a nation

What I’m watching
I rewatched all of Big 
Love recently with my 

spouse, because he had 

never seen it

What I’m working on
I’m doing some long-

term planning for my 

research

Chanda’s week

Chanda Prescod-Weinstein  
is an assistant professor  
of physics and astronomy,  
and a core faculty member  
in women’s studies at the 
University of New Hampshire. 
Her research in theoretical 
physics focuses on cosmology, 
neutron stars and particles 
beyond the standard model
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Editor’s pick 

Another way to solve 
those pesky paradoxes?
8 January, p 44

From Brian Horton, 
West Launceston, Tasmania, Australia
In the article exploring a new way 
to solve paradoxes, some examples, 
such as the liar paradox, were 
shown to be a result of statements 
being necessarily either true or 
false. The idea of dialetheism was 
introduced, where a statement may 
be both true and false at the same 
time, though it was shown that this 
can also lead to paradoxes. But the 
article seemed to be based on a 
binary logic where everything is 
true or false (or maybe both). 

There are some things that are 
neither true nor false. This can 
be because they are qualitative, 
for example, “New Scientist is 
interesting”, which is true for 
many people, but possibly not for 
everyone. Or the statement may 
be meaningless, for example, 
“New Scientist is zwxrvy”, or 
indeterminate, for example, “New 
Scientist will still be published in the 
year 4020”. Allowing statements to 
be neither true nor false solves the 
liar paradox, the tolerance paradox 
and other similar problems.

History shows we should 
avoid messing up the seas
18/25 December 2021, p 9 and p 56

From John Park, 

Farnborough, Hampshire, UK

It is increasingly evident that 
invasion into ecosystems can have 
unforeseen global consequences. 
The articles “Race to start 
commercial deep-sea mining 
endangers ecosystems” and “A 
whiff of the past”, which details 
the historical decline of marine 
ecosystems, must surely be 
evidence enough that no amount 
of destructive incursion on the 
deep sea can ever be justified.

For those who believe that 
Homo sapiens and our consumer 
goods and economic growth 
should take priority, invasion 

into submarine ecosystems will, 
conveniently, be out of sight and 
out of mind. As for the long term 
consequences, no one can know 
for sure what they will be, but I 
think they might be catastrophic.

Still convinced calories 
are the root of obesity
8 January, p 21

From Andy Couldwell,  

Eyam, Derbyshire, UK

If “we are driven to overeat 
because we are getting fatter”, 
as David S. Ludwig argues, 
where does the fat come from 
in the first place? 

Articles that are meant to 
challenge or entertain us in 
this field usually deride calories. 
I suspect that calories are 
probably exactly the issue in a 
final theoretical sense, but that 
concentrating solely on them 
to help people lose weight is 
usually unnecessarily unhealthy, 
inhumane or ineffective. 

Many challenges in 
engineering a virus
Letters, 1 January

From Adam Grassly, London, UK

The idea of engineering a 
benevolent SARS-CoV-2 virus to 
wipe out an older, more harmful 
variant is interesting. However, 
it poses a few challenges.

Engineering a variant that 
is more transmissible could go 
hand in hand with improving 
its ability to invade host cells, 
with a possible risk of causing a 
stronger, and more symptomatic, 
immune response. 

Even if engineering a tame 
and friendly virus were successful, 
another problem would be 
genetic mutation. As a virus 
replicates, mistakes in the 
genetic code that are favourable 

are passed on and increase in 
number. Such mutations could 
code for a more deadly virus.

Occam’s razor is handy, 
but not a universal tool
18/25 December 2021, p 70

From Richard Wilson,  

Bicester, Oxfordshire, UK

Johnjoe McFadden claims that 
“Occam’s razor isn’t just a tool 
of science – it is science”. This is 
a cut too far!

Science is imaginative theory-
building with careful, innovative 
experimentation that provides 
reproducible evidence against 
which theoretical predictions 
are measured in order to increase 
our body of knowledge and our 
understanding of reality. Occam’s 
razor is only used if the evidence 
doesn’t weed out bad theory; it 
isn’t the whole enterprise.

Costly mission brings a 
boost here on Earth too
11 December, p 36

From Shawn Charland,  

Ottawa, Ontario, Canada

Much has been made of the cost 
of the recently launched James 
Webb Space Telescope. My 
antennae came out when I read 
that the mission was jeopardised 
by its price ballooning from 
$500 million to nearly $10 billion.  

We didn’t send $10 billion 
into space. I would be surprised 
if there is more than a $1 million 
worth of precious metals, silicon, 
aluminium and plastic in orbit. 
The rest of the money went to 
the people who designed, built, 
commissioned and fly the 
instrument. 

With that, they bought cars, 
went to basketball games, 
improved their houses, donated 
to charities, shopped at grocery 

stores, paid taxes and put kids 
through school. The money is 
still here. And we got smarter.

Giant word puzzle reveals 
unknown treasures
18/25 December 2021, p 43

From Ian Glendon,  

Ashmore, Queensland, Australia 

Regarding your word search grid 
of 3312 letters with 155 hidden 
words. We have found around 
100 elements, but while masses 
of tin is in evidence, we are still 
seeking silver and gold. 

On the plus side, we have found 
11 new elements, four new amino 
acids and three new particles for 
the Large Hadron Collider to seek. 
Quite a triumph.

Reasons to doubt the 
trees-for-livestock gain
11 December 2021, p 9

From Hugh Boyd, 

Bishopthorpe, North Yorkshire, UK

The proposal to replace 20 per cent 
of pastureland used for beef cattle 
in the UK with trees is attractive 
to vegans and initially appears to 
be environmentally beneficial. 
However, we need to consider 
various viewpoints.

The land chosen for forestry 
will, inevitably, be the least 
agriculturally productive, with 
the result that UK beef production 
may not be reduced greatly. If beef 
output is lowered, experience 
shows that imports fill the gap. 
Livestock farming is then moved 
from the UK, with its strict welfare, 
animal and human-health 
legislation, and low food mileage, 
to less controlled agriculture in 
other countries.  ❚

For the record

❚  Helen Albert wrote our story 
on the reliability of preclinical 
cancer biology research 
(18/25 December 2021, p 14) 
❚  The Cartographers, included 
in our round-up of sci-fi books 
for 2022 (1 January, p 33), is 
published by William Morrow

Want to get in touch?
Send letters to letters@newscientist.com;  

see terms at newscientist.com/letters 

Letters sent to New Scientist, Northcliffe House,  

2 Derry Street, London W8 5TT will be delayed
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Lots in space

THIS selection of objects appears 
random, but it reflects the history, 
achievements and ambitions of 
the European Space Agency’s key 
establishment, the European Space 
Research and Technology Centre 
(ESTEC). ESA ESTEC in 99 Objects is 
an online project that uses a diverse 
collection of items amassed from 
ESA missions and experiments to 
tell ESTEC’s technological story. 
Here are a few highlights. 

The top row shows (left to 
right): an optical microcamera 
used for measuring mechanical 
shifts on satellites during testing; 
a plant glowing by chlorophyll 
fluorescence, a phenomenon that 
ESA plans to study in orbit when its 
Fluorescence Explorer spacecraft 
launches in the mid 2020s; and 
an artificial bone made by 3D 
bioprinting, which could one day 
improve medical care in space by 
providing skin and bone grafts. 

The middle row shows: a 
microsection of a circuit board that 
ESA may use in future satellites;  
an arm of ESTEC’s Interact Centaur 
robot, which was controlled on 
Earth from the International Space 
Station in 2019; and the helmet of 
a prototype spacesuit designed in 
the 1990s to be donned in just 
2 minutes in microgravity.

The bottom row shows:  
a simulant of moon dust, used in 
tests exploring how best we could 
extract the oxygen in real moon 
dust for use in breathable air, fuel 
and other materials in future 
lunar settlements; an instrument 
called an internal occulter that 
creates an artificial solar eclipse 
to enable the study of the sun’s 
corona; and a 3D-printed nut and 
bolt made of a high-performance 
engineering plastic called PEEK.

The entire collection can be 
viewed at 99estec-objects.esa.int.  ❚

Gege Li

Agency ESA/Remedia
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Station Eleven
Created by Patrick Somerville

StarzPlay (from 30 January in UK)

EARLY in the covid-19 pandemic, 
as people struggled to make sense 
of the unfolding global crisis, many 
turned to stories almost as often 
as the latest news and science.

In January 2020, Steven 
Soderbergh’s Contagion entered 
the top 10 of the UK iTunes movie 
rental charts nearly a decade 
after its release. And much to 
the bemusement of its author, 
Emily St John Mandel, the 2014 
dystopian novel Station Eleven – 
in which the “Georgia flu” kills 
most of the world’s population – 
suddenly gained a new audience. 
“I don’t know who in their right 
mind would want to read Station 

Eleven during a pandemic,” 
Mandel said at the time.

The book has since been 
adapted into a 10-part miniseries 
by screenwriter Patrick 
Somerville, who also wrote for 
The Leftovers, another critically 
acclaimed drama about the 
collapse of civilisation. His 
adaptation of Station Eleven 
was released to rave reviews 
in the US and Australia.

Station Eleven follows Kirsten 
(Mackenzie Davis), first as a child 
actor (Matilda Lawler) orphaned 
by the Georgia flu in present-day 
Chicago and then 20 years in the 
future, where she makes a living as 
a roving performer in a theatre 
troupe called the Travelling 
Symphony. She and her friends 
tour the settlements of the Great 
Lakes performing music and 
Shakespeare plays to survivors, 
lifting their spirits and sharing 
their motto (originally from 
Star Trek: Voyager): “Survival 
is insufficient”.

These two timelines, year zero 
and year 20, blur and merge with 
Kirsten’s fears for the future and 
recollections of her traumatic 
past, both of which intrude on 
her present. In particular, her 
thoughts return to Jeevan (Himesh 
Patel) and his brother Frank 
(Nabhaan Rizwan), who took her 
in during the first weeks of the 
pandemic. Kirsten also repeatedly 

returns to a graphic novel, called 
Station Eleven, which she clung 
to as a child, and which takes 
on totemic importance in the 
post-pandemic world.

Most of the characters we meet 
have some connection to the 
graphic novel and, in the series, 
its spaceman protagonist Doctor 
Eleven takes on a comforting 
presence, watching over Kirsten 
and her friends like a sort of 
benevolent god. The connections 

Not everyone is at peace in 
the post-pandemic world, as 
Kirsten and her friends discover 
with often devastating results. 
However, without shying away 
from confronting the turmoil 
and trauma of massive societal 
change, Station Eleven paints 
a surprisingly uplifting picture 
of the future, showing how 
civilisation might be rebuilt 
with art and community at its 
centre. It is a comforting vision 
as we ease into year three of living 
with covid-19. 

Mandel recently said she felt 
“profoundly uncomfortable” that 
her novel dealing with a fictional 
pandemic was being boosted by 
a real-world life-or-death one. But 
as these uncertain times continue, 
Station Eleven’s vision of the 
future – where humanity endures, 
and beauty is cherished – is a 
reassuring one to share in.  ❚

Elle Hunt is a freelance writer 
based in Norfolk, UK 

between characters are gradually 
revealed as the series slides back 
and forth in time. Miranda 
(Danielle Deadwyler) is the author 
and illustrator of the graphic 
novel, while her ex-husband 
Arthur (Gael García Bernal) is 
a movie star who was acting 
alongside young Kirsten in 
King Lear in the “before”. He 
dies on stage from Georgia flu. 

Though the pandemic of the 
TV show is a near-extinction 
event, the episodes set in year 
zero show a world unsettlingly like 
2020, with supermarket shelves 
stripped bare, cities emptied and 
aircraft grounded. It also captures 
the lockdown surge in creativity 
as Kirsten, Jeevan and Frank find 
purpose and unity in making 
music and plays as the end of 
the world unfolds around them.

By year 20, the parallels with our 
covid-19 pandemic are minimal. 
There is even a generation of 
“post-pans”: 20-somethings who 
never saw the world as we know it 
and who press Kirsten for stories 
of smartphones and Uber as if 
they were fairy tales. They weren’t 
that great, she reassures them.
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All the world’s a stage 
A fictional pandemic may be a little too close to home, but the lives of a travelling 
troupe of actors make for strangely comforting viewing, says Elle Hunt 

Kirsten and her close 
friend August stick 
together to survive

“ The episodes in year 
zero show a world 
unsettlingly like 2020, 
with cities emptied 
and aircraft grounded” 
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Earth before us 
A unique mix of science and imagination takes us 
on a journey through long-lost worlds, finds Gege Li 

Book

Otherlands: A world 
in the making 
Thomas Halliday 

Allen Lane 

OUR planet has existed for some 
4.5 billion years. In that time, it has 
undergone extraordinary changes, 
with landscapes and life forms 
that would seem almost alien to us 
today. Yet clues to their existence 
and fate can be found buried deep 
within Earth’s layers.

Otherlands by palaeobiologist 
Thomas Halliday provides a unique 
portrait of these strange and 
remarkable environments and 
the species that inhabited them. 
Through rich, detailed descriptions 
of ancient organisms and geological 
processes that draw on the fossil 
record and his own imagination, 
Halliday transports us back through 
deep time, from the relatively 
recent – tens of thousands of years 
ago – to when complex life first 
emerged in the Ediacaran period 
hundreds of millions of years ago. 

Each chapter spans a geological 
time period, focusing on a specific 
part of the world that stands out 
either for the quality of the fossil 
evidence or a notable event. 

Halliday is careful to not only give 
attention to charismatic animals like 
dinosaurs and woolly mammoths, 
but also to plants, land masses and 
oceans, using the latest research 
to back up his conclusions.

In one chapter, we discover that 
giant penguins flourished in the 
then-rainforests of Antarctica 
during the Eocene. In another, 
how Jurassic seas in what is now 
Germany contained vast tropical 
reefs built by glass sponges that 
looked like “frozen lace”, as marine 
pterosaurs soared in the skies 
overhead. We also see how, during 
the Devonian period, Scotland was 
home to metres-high fungi that 
would have resembled “half-melted 
grey snowmen”.

As well as painting an intricate 
picture of the worlds that once 
existed, Halliday also highlights 
the fleeting existence of humanity. 
Our ancestors make the briefest 
splash onto the scene in the 
Pliocene around 4 million years ago, 
when early hominins appeared in 
the fossil record in what is now 
Kanapoi in Kenya.

If Earth’s history were squeezed 
into a single day, written human 
history would make up the last 
2 thousandths of a second, Halliday 
points out. And yet “our species has 
an influence unlike almost any other 
biological force”. It is also far more 
destructive than the prominent 
natural disasters of the past. 

Here, the book carries a clear 
message: that we must do 
something about the urgent climate 
situation we find ourselves in and 
the coming human-induced mass 
extinction. This, he argues, warrants 
a meticulous look back through 
Earth’s palaeontological record to 
understand how things might turn 
out in the future, and how we might 
take control of them.

This message is, by now, one 
we are used to hearing. For me, the 
most distinctive feature of the book 
is the way that Halliday chooses to 
describe the past. He encourages 
us to treat his writings like “a 
naturalist’s travel book, albeit 
one of lands distant in time rather 
than space”. This provides a sense 
of adventure and exploration 
where we see “short willows write 
wordless calligraphy in the wind” 
20,000 years ago, or walk across 
“centuries-old mattresses of conifer 
needles” 41 million years ago.  

It is refreshing to come across 
a book on palaeontology and 
geology that doesn’t just state 
what we know and why. Instead, 
Halliday uses scientific information 
to provide insights into worlds 
long gone. He is appropriately 
lavish in his depiction of the 
variety and resilience of life, 
without compromising on 
scientific accuracy. 

To read Otherlands is to marvel 
not only at these unfamiliar lands 
and creatures, but also that we 
have the science to bring them 
to life in such vivid detail.  ❚

Gege Li is a writer based in London

An artist’s impression of how 
Earth’s first multicellular animals 
looked on the sea floor
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Don’t miss 

Read

The Weaponisation 
of Everything explores 
how old-style warfare 
has been replaced 
by disinformation, 
espionage, crime and 
subversion. According 
to security expert Mark 
Galeotti, this may turn 
out to be a good thing.  

Watch

The Orbital Children 
is a dizzying sci-fi anime 
series set in a future 
where AI has given 
people the freedom 
to travel through space. 
When a group of 
children get stranded 
on a space station they 
must fight to survive. On 
Netflix from 28 January.

Visit

I Am Error at the De 
La Warr Pavilion in 
Bexhill-on-Sea, UK, sees 
artist Bassam Al-Sabah 
weave together video, 
painting and sculpture to 
explore how masculinity 
is represented in 
computer games. 
From 30 January.
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Views Culture

The film column

THE scrabble for dominance 
in sci-fi and fantasy streaming 
continues to heat up. At the time 
of writing, Paramount had decided 
to pull season four of Star Trek: 

Discovery from Netflix and screen 
it instead on its own platform; 
HBO has cancelled one Game of 

Thrones spin-off to concentrate 
on another, writing off $30 million 
in the process; and Amazon 
Studios’ prequel to The Lord of 

the Rings, set millennia before 
the events of The Hobbit, is 
reputed to cost almost five 
times as much per season to 
produce as Game of Thrones. 

All of this upheaval in the 
production of new sci-fi and 
fantasy has an unexpected benefit 
for viewers. While the wheels of 
production slowly turn, channel 
programmers are turning to 
historical material to feed our 
appetite for the genre. For obvious 
reasons, David Lynch’s 1984 film 
Dune is streaming on every major 
service, while on Amazon Prime 
Video, you can – and absolutely 
should – find Peter Fleischmann’s 
1989 classic, Hard to Be a God. It 
is a West German-Soviet-French-

Swiss co-production based on 
the 1964 novel of the same name 
by Soviet sci-fi writers Arkady 
and Boris Strugatsky.

The story is set in the “Noon 
Universe”, when humanity has 
evolved beyond money, crime and 
warfare to achieve an anarchist 
techno-utopia. Self-appointed 
“progressors” cross interstellar 

space to secretly guide the fate 
of other, less sophisticated 
humanoid civilisations. 

Anton, an agent of Earth’s 
Institute of Experimental History, 
is sent to spy on the city of Arkanar 
on a far-flung Earth-like planet 
that is falling under the sway of 
Reba, the kingdom’s reactionary 
first minister. Palace coups, mass 
executions and a peasant war 
drive Anton from his initial 
position of professional 
indifference, first to depression, 

Back to the sci-fi old school  While the streaming services get busy making 
the next generation of blockbusters, it frees up space in the schedules for a 
few classics that are well worth a watch, says Simon Ings

“ Progressors have 
evolved past their 
propensity for violence, 
but have lost the knack 
of human connection”

drunkenness and despair, 
then ultimately to a fiery and 
controversial commitment 
to Arkanar’s revolution. 

It isn’t an expected turn of 
events, given that progressors 
like Anton are supposed to have 
evolved past their propensity for 
violence. But this isn’t the only 
problem that comes to light 
during Anton’s mission. The 
supposedly advanced humans 
also seem to have lost the knack 
of human connection. 

Anton, portrayed by Edward 
Zentara, eventually comes to 
realise this for himself. “We were 
able to see everything that was 
happening in the world,” he tells 
an Arkanaran companion, 
breaking his own cover as he does 
so. “We saw all the misery, but 
couldn’t feel sympathy any more.”

Anton’s intense and horrifying 
experiences in Arkanar, where 
every street and rock outcrop has 
a dangling corpse as a warning 
from Reba, don’t only affect him. 
His mission is being watched 
from orbit by Earth’s other 
progressors, who struggle to 
learn from his example and 
make up for their shortcomings. 

The overall message of the 
film is a serious one: virtue is 
something we have to strive for 
in our lives; goodness doesn’t 
always come naturally. 

Comparable to Lynch’s 
Dune in its ambition, and far 
more articulate, Fleischmann’s 
upbeat but moving Hard to Be a 

God reminds us that sci-fi cinema 
in the 1980s set a very high bar 
indeed. We can only hope that this 
year’s TV epics and cinema sequels 
put as much effort into their 
stories as they do their production 
design and special effects.  ❚
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Peter Fleischmann’s 
Hard to Be a God (1989) 
is a vintage sci-fi gem

Film

Hard to Be a God (1989)
Peter Fleischmann

Amazon Prime Video

Simon also 
recommends…

Film

Hard to Be a God (2013)
Aleksei German

Amazon Prime Video

German died before 

completing his version of 

Hard to Be a God, having 

spent more than 13 years 

on it. Nihilistic and virtually 

indecipherable, it is also a 

stunningly beautiful film.

Book

Roadside Picnic
Arkady and  

Boris Strugatsky 

Gollancz 

The best-known of the pair’s 

novels, Andrei Tarkovsky’s 

film Stalker was based 

on this tale of a world-

changing alien visitation.

Simon Ings is a novelist and 
science writer. Follow him on 
Instagram at @simon_ings



We are looking forward to emerging and exploring the world again (carefully and with mask to hand).  
During lockdown, we have been scouring the world and working with our editorial team to develop a unique  
collection of 50 science-inspired experiences that promise to be an enriching and brimming with knowledge. 

Accompanied by science journalists, the New Scientist editorial team and practicing experts in the company  
of like-minded readers, our tours cover themes as diverse as science history, nature, space travel, archaeology, 
evolution, astronomy and volcanoes.

If you can’t book now, why not register your interest and we will contact you when the time is right. All tours  
come with 100% financial protection and our flexibility guarantee: if a tour is rescheduled due to the pandemic,  
you can get a full refund straightaway.

The world,  
better travelled

Discovery
Tours

newscientist.com/tours

2022/3 TOURS, CRUISES AND EXPEDITIONS



Explore the world’s  
largest ocean sanctuary  
in the footsteps of the  
great explorers

Discover a different  
side of Vietnam in this  
far-ranging tour

A wildlife expedition with 
leopards, whales, elephants, 
pangolins and many more 
animal encounters

Delve into this unique and 
diverse ecosystem, like 
nowhere else on earth

Explore Borneo’s primary
rainforests and wetlands
teeming with rare and
endangered species

Behind the scenes access  
to Fundación Rewilding 
Argentina’s work in the Iberá 
National Park

Explore the Azorean
archipelago with marine
biologists and observe  
iconic whale species

Join conservationist Nick
Mooney for an immersive
expedition up close to this 
island’s unique animal and 
plant life

Nature, wildlife and conservation
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Antarctica | 25 February 2022

The science  
of the Antarctic

Vietnam | May 2023

Vietnam: Caves, 
conservation and 
culture

Sri Lanka | 5 March 2022

Wildlife of  
Sri Lanka with 
George McGavin

Madagascar |  
10 September 2022

Wildlife of 
Madagascar

Malaysia | May 2023

Endangered 
Wildlife of 
Malaysian Borneo

Argentina |  
25 September 2022

Rewilding with 
Kristine Tompkins

Portugal | 21 May 2022

Marine  
ecosystems of  
the Azores

Australia | November 2022

Tasmanian wildlife: 
Like nowhere else 
on Earth
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Explore the tours at newscientist.com/tours

Discovery
Tours



Malta and Gozo are small
islands with a long, fascinating
history and exceptional sites

Visit the key Neanderthal  
sites of southern France with a 
Palaeolithic archaeologist

An interactive tour including  
three days behind the ropes 
training at Mycenae

Discover the dawn of 
civilisation exploring multiple 
excavations and UNESCO sites

Venture to the heartland  
of Kenya to experience 
archaeology and wildlife 
conservation

Immerse yourself in the Inca 
civilisation’s science, history and 
most important archaeological 
sites whilst exploring the 
beautiful Sacred Valley

See how our ancestors  
lived and explore some of the 
world’s oldest cave paintings

Human origins, archaeology and palaeontology
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Malta | May and  
November 2022

Megalithic temples, 
fortifications and 
archaeology

France | 10 June 2022

Origins of the 
Neanderthals

Greece | 20 May and  
23 September 2022

Learn to  
dig Mycenaean 
archaeology

Turkey | 28 September 2022

Neolithic and 
Bronze Age Turkey

Kenya | 1 June 2022

Cradle of  
humanity with 
Louise Leakey

Peru | 17 September 2022

Science  
of the Incas

Spain | June, August  
and September 2022

Ancient caves, 
human origins

A unique expedition with 
palaeontologists from the 
Mongolian Institute

Mongolia | 27 August 2022

Dinosaur hunting 
in the Gobi Desert
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Explore the tours at newscientist.com/tours

Discovery
Tours



Experience Ecuador’s capital 
Quito followed by an exclusive 
yacht journey around the 
Galapagos islands

Explore world leading 
observatories and stargaze 
through incredibly clear skies

Visit key sites across the USA 
including NASA space centres 
and Virgin Galactic

Rare wildlife and stunning 
landscapes with evolutionary 
biologist Richard Dawkins 

Encounter the other side of  
the post-war space race in this 
beautiful city

Follow Wallace in the Malay 
archipelago aboard a small but 
luxurious schooner

Discover the legacy of Kepler
and Brahe in a city where 
astronomy, maths, music and 
art connect

Evolution and medicine

Ecuador | 27 March 2022

Darwin’s Galapagos 
with Jo Ruxton

Chile | August 2022

The world capital  
of astronomy

USA | 17 September 2022

The history and 
future of space 
exploration

USA | 2 December 2022

Cruise Hawaii with 
Richard Dawkins

Russia | 15 September 2022

Exploring the 
cosmos: Moscow

Indonesia | 22 January 2023

In the footsteps  
of Alfred Russel 
Wallace

Czech Republic |  
12 September 2022

Kepler’s Prague: 
Music of the 
spheres

Discovery
Tours

Space and astronomy
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Explore the tours at newscientist.com/tours

Explore the foundations of 
modern medicine in Paris and 
Montpellier
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France | October 2022

The birth of 
modern medicine



Investigate particle physics 
and receding glaciers in 
Geneva and surrounds

Explore the achievements  
of Russian scientists in this 
grand historic city

Experience the power of some  
of the world’s most impressive 
active volcanoes

Discover one of the world’s 
most elegant capitals, a haven
for scientific thought and home 
to Alfred Nobel

A gentle outdoors tour with
fascinating geological and
ecological stories

Discover the scientific work of
quantum physics pioneer Niels 
Bohr in this beautiful city

Discover otherworldly 
landscapes shaped over 
millions of years 

An adventure through the
great medieval scientific cities 
of Florence, Bologna and Pisa

Geology, volcanoes and glaciers

The Alps | 10 May and  
14 September 2022

CERN and  
Mont Blanc

Russia | 7 October 2022

Saint Petersburg: 
The history of 
Russian science

Italy | September 2022

Volcanoes:  
Mount Etna and  
the Aeolians

Sweden | September 2022

Nobel’s Stockholm: 
Science through 
space and time

Italy | 5 September 2022

Hidden science
of the Dolomite
mountains

Denmark | September 2022

Bohr’s Copenhagen: 
Physics past and 
future

New Zealand |  
November 2022

Stunning geology, 
volcanology and 
glaciology

Italy | 6 November 2022

The science of the 
Renaissance

Discovery
Tours

Science history
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The  
pursuit  
of happiness

The “happiness revolution” emerging from scientific 
research suggests we can all do things to boost the  
well-being of society – and ourselves. But how much  
do we really know about what makes us happy,  
asks David Robson 

I
F YOU want to maximise your chances 
of living a happy and fulfilled life, you 
might consider moving to one of the 

coldest, darkest countries in the world. Since 
2012, The World Happiness Report has ranked 
the average life satisfaction of more than 
150 nations. In the past four years, the top 
slot has been taken by one country: Finland. 

 No one was more surprised than the Finns. 
“The Finnish self-image is that we are this 
introverted, melancholic people,” says Frank 
Martela, a philosopher and psychologist at 
Aalto University in Finland. More surprising, 
at first glance, is the fact that as the country 
has ascended to the top of the well-being 
charts, its economic development has 
remained remarkably flat. 

This seeming paradox confirms what 
many people have long suspected – that our 
traditional focus on economic growth doesn’t 
translate into greater well-being. While gross 
domestic product (GDP) continues to be the 
default proxy for people’s welfare, many 
economists and governments are waking 
up to the fact that our fixation on money is 
distracting us from policies that could actually 
improve the quality of people’s lives. Indeed, 

various nations, from the UK to New Zealand 
and Costa Rica, have now publicly stated 
their intention to track measures designed 
to better capture human happiness. 

Clearly, this is no trivial task. So what can 
we learn from the evidence emerging from 
psychology, and the social sciences more 
broadly, about the various factors that 
contribute to our emotional well-being? And 
what, if anything, can that tell us about how 
other countries can emulate Finland’s success?

One of the biggest problems is that 
happiness is a squishy concept, which would 
seem to make it difficult to measure. The 
dictionary of the American Psychological 
Association, for example, defines it as “an 
emotion of joy, gladness, satisfaction, and  
well-being”, hardly clear criteria for assessment. 

 That isn’t to say it can’t be assessed, though. 
Like the measurement of any subjective 
quality, scientists have to rely on study 
participants to report their happiness 
themselves. This is complicated by the fact 
that our moods can be transient, changing 
from moment to moment, and they are often 
woven from a number of separate emotions. 
You might simultaneously feel anxious and 
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cultural backgrounds. “Life satisfaction is a 
very simple and indisputably important thing 
about a person, and it’s asking them to make 
their own summary of their life – it’s not 
somebody else doing it for them,” says 
Richard Layard, a co-director of the 
Community Wellbeing programme at the 
London School of Economics and one of the 
founding authors of The World Happiness 

Reports. “The average time it takes 
somebody to answer is 2 or 3 seconds. Most 
people know how they feel about their life.”

Richard Easterlin at the University of 
Southern California was among the first to 
compare life satisfaction scores with GDP. 
Examining data from 1946 to 1970, he found 
that people’s income at any particular time did 
indeed influence each individual’s happiness: 
richer people tended to be more satisfied than 
their poorer compatriots. Strangely, however, 
the rising GDP over this period did little to raise 
those scores from their baseline. Despite the 
economic boom, the average life satisfaction 
of US citizens remained the same.

The finding, known as the Easterlin paradox, 
was first published in 1974. It received little 
fanfare at the time, with most economists 
continuing to believe that GDP could serve as a 
decent proxy for citizen welfare. By the 1990s, 
however, other researchers had started to pay 
it some serious attention, producing multiple 
papers on the subject. Today, its influence is 
unquestionable. “Richard Easterlin deserves 
a Nobel prize for putting humans back at the 
centre of economics research,” says Francesco 
Sarracino, an economist at STATEC Research, 
the government statistics service of 
Luxembourg.

The income paradox
There have been some studies that seemed 
to debunk the paradox. But as Sarracino points 
out, those studies only tended to look at short-
term trends, whereas in the long-term – for 
a decade or longer – the link between 
economic growth and well-being disappears.

What’s more, the findings seem to hold 
across many different countries. In a paper 
published in 2020, Easterlin and Kelsey 
O’Connor, also at STATEC Research, analysed 
data from Japan between 1958 and 1987, China 

excited about a forthcoming holiday, 
for example. As a result, scientists want 
to get a sense of the overall balance, the 
big picture of someone’s mental state 
over a prolonged period.

For that, there are a few options. You can 
give people detailed surveys, asking them to 
estimate how often they experience a range 
of feelings, labelled as “good”, “bad”, “pleasant” 
and “unpleasant”. Or you can rate statements 
about different areas of life that are known 
to be important for well-being, such as “I am 
competent and capable in the activities that 
are important to me”. In both cases, 
researchers can sum up the answers of the 
various questions to arrive at a final score. 

Finally, you can ask the person to rate their 

life satisfaction directly, in a single question. 
The World Happiness Report, for instance, uses 
an approach called the Cantril ladder, which 
poses the following question: “Please imagine 
a ladder with steps numbered from zero at the 
bottom to ten at the top. Suppose we say that 
the top of the ladder represents the best 
possible life for you and the bottom of the 
ladder represents the worst possible life for 
you. If the top step is 10 and the bottom step is 
0, on which step of the ladder do you feel you 
personally stand at the present time?”

This direct approach is preferred by 
most researchers concerned with societal  
well-being because the question is intuitive for 
participants to answer, and equally accessible 
to people of many different socioeconomic or 

The World Happiness Report is published annually by the United Nations Sustainable 
Development Solutions Network. It uses the Cantril ladder, which involves asking people 
to imagine where they view themselves on a ladder, with the lowest rung representing 
the worst possible life, equivalent to 0, and the top rung being the best, a 10 

1.      Finland (7.842)

2.       Denmark (7.620)

3.       Switzerland (7.571)

4.      Iceland (7.554)

5.       Netherland (7.464)

6.      Norway (7.392)

7.       Sweden (7.363)

8.      Luxemburg (7.324)

9.      New Zealand (7.277)

10.   Austria (7.268)

11.   Australia (7.183)

12.   Israel (7.157)

13.   Germany (7.155)

14.   Canada (7.103)

15.   Ireland (7.085)

16.   Costa Rica (7.069)

17.    UK (7.064)

18.   Czech Republic (6.965)

19.   US (6.951)

20.    Belgium (6.834)

Ranking of happiness, 2018-2020

  Explained by GDP per capita
  Explained by social support
  Explained by healthy life expectancy
  Explained by freedom to make life choices

  Explained by generosity
  Explained by perceptions of corruption
  Score relative to a dystopia + residual error

         95% confidence interval
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between 1990 and 2015 and India between 
2006 and 2018. “In all those countries, there 
have been periods during which income has 
doubled and then re-doubled, but there was 
no positive effect on happiness,” says Easterlin. 
“If anything, the happiness in India has 
actually been declining, at the same time 
that income has been going up.” This trend 
is essentially the opposite of Finland’s, which 
has seen little economic growth but rising 
life satisfaction for the past decade.

All of which explains why so many 
economists and national leaders have come to 
voice their ambitions to replace GDP with 
alternative measures of happiness. Various 
proposals have been put forward (see “Four 
alternatives to GDP”, right), and a handful of 
governments are already taking action. In 2018, 
Scotland, Wales, New Zealand, Iceland and 
Finland formed the Wellbeing Economy 
Governments (WEGo) partnership, with aims 
including increasing their populations’ health 
and life satisfaction, in addition to various 
environmental objectives. The approach has 
informed New Zealand’s budgeting, which 
since 2019 tracks progress according to a 
“Living Standards Framework” that measures 
human capital, natural capital and social 
capital, alongside financial and physical >

There are many measure countries can 
use to shift their focus from economic 
growth to broader goals that encompass 
things like quality of life.

GROSS NATIONAL HAPPINESS 
INDEX
Bhutan has been at the forefront of 
alternative economics, and the country 
has inspired many of the international 
initiatives. In 2008, the Bhutanese 
government began to measure its progress 
with the Gross National Happiness Index, 
which assesses nine domains: 
psychological well-being, health, education, 
time use, cultural diversity and resilience, 
good governance, community vitality, 
ecological diversity and resilience, and 
living standards.

HUMAN DEVELOPMENT INDEX
Invented by the United Nations, the Human 
Development Index doesn’t examine 
emotional well-being directly, but it does 
incorporate indicators of life expectancy 
and education, in addition to financial 
income, to rate a country’s progress.

BETTER LIFE INDEX
The Organisation for Economic Co-
operation and Development considers 
11 dimensions of well-being for its Better 
Life Index: housing quality and cost, 
household income, job security and 
unemployment, levels of social support, 
education, quality of the environment, 
involvement in democracy, health, life 
satisfaction, safety/crime and work-life 
balance.

HAPPY PLANET INDEX
Although many of the alternatives to 
GDP consider a country’s environmental 
impact, the Happy Planet Index places a 
greater emphasis on green credentials. 
It was established by the New Economics 
Foundation, a UK think tank, and 
incorporates the following elements: 
life expectancy, well-being, and 
ecological footprint.
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“ DESPITE AN 
ECONOMIC 
BOOM, THE 
AVERAGE LIFE 
SATISFACTION 
OF US CITIZENS 
REMAINED  
THE SAME 
FROM 1946 
TO 1970”

Protesters in 
New York in 
2021 calling 
for greater 
equality 
in wealth

FOUR  
ALTERNATIVES  
TO GDP



WHAT MAKES 
US HAPPY?

capital. It is still too early to draw any definite 
conclusions about the progress of these 
measures. But by analysing the historical 
data, we can identify many of the financial, 
social and psychological factors that are 
linked to emotional well-being, which might 
explain the Easterlin paradox and could 
inform future policies. 

The first is economic inequality. It is now 
well known that we tend to compare our 
successes to those of others, creating an 
unhealthy sense of competition that often 
results in frustration and unhappiness. In 
one memorable experiment, researchers 
examined videos of Olympic athletes as they 
received their medals. Whereas those receiving 
the gold medal were positively beaming, the 
silver medallists seemed to be in agony, as they 
struggled to deal with the feeling of having 
missed out on the top spot. The bronze 
medallists seemed to be happier – perhaps 
because of the sheer relief of reaching the 
podium at all. 

Further studies have demonstrated that 
social comparisons can influence people’s well-
being in many diverse situations. We measure 
our success relatively. When it comes to 
economics, psychologists have shown that our 

You probably know the type: 
those Pollyannas who seem 
to have a relentlessly sunny 
disposition. Are they simply 
born happy? Is it the product of 
their environment? Or does it 
come from their life decisions? 

If you are familiar with 
genetics research, you will have 
guessed that it is a combination 
of all three. A 2018 study of 
1516 Norwegian twins 
suggests that around 30 per 
cent of the variance in people’s 
life satisfaction is inherited. 
Much of this seems to be related 
to personality traits, such as 
neuroticism, which can leave 
people more vulnerable to 
anxiety and depression, and 
extraversion, which encourages 
more gregarious behaviour. 
Both traits are known to be 
influenced by a range of genes.

To put this in context, the 
heritability of IQ is thought to 
hover around 80 per cent, so 
environmental factors clearly 
play a role in our happiness. 
These include our physical 
health, the size and strength of 
our social network, job 
opportunities and income. The 
effect of income, in particular, is 
nuanced: it seems that the 
absolute value of our salary 
matters less than whether we 
feel richer than those around us, 
which may explain why the level 
of inequality predicts happiness 
better than GDP.

Interestingly, many important 
life choices have only a fleeting 
influence on our happiness. 
Consider marriage. A 2019 
study found that, on average, 
life satisfaction does rise after 
the wedding, but the feeling of 
married bliss tends to fade over 
middle age. Needless to say, this 
depends on the quality of the 
relationship: marriage’s impact 

on well-being is about twice as 
large for people who see their 
partner as their “best friend”. 

Parenthood is even more 
complex. For decades, social 
scientists have found that 
people with children at home 
are significantly less happy 
than those without. More recent 
research, however, suggests 
that there are important 
regional differences. Jennifer 
Glass at the University of Texas 
in Austin and her colleagues 
have shown that the “parent 
gap” in well-being is larger in 
the US and the UK than in most 
European countries, and it is 
non-existent in Finland, 
Denmark, Sweden, Norway, 
Spain and France – where the 
joys of parenthood outbalance 
the stresses.

Glass’s analyses show that 
these differences can be almost 
completely explained by 
variations in paid parental leave, 
flexible working hours, 
affordable childcare and holiday 
leave, which together reduce 
the potential for work-family 
conflict. The effects of these 
policies may play out across 
generations. In addition to the 
legacy of their genes, parents’ 
own emotional well-being will 
influence the family dynamic, 
which will, in turn, shape the 
personality of their offspring. 

Our life satisfaction, then, is a 
complex tapestry shaped by our 
genes, our health, our economic 
prospects, our relationships and 
the culture around us. While 
many of these things may be 
beyond your control, there is 
now good evidence that certain 
psychological strategies will 
help you to respond to your 
circumstances in the happiest 
way possible (see “Can we learn 
to be happy?”, page 44). D
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New Scientist audio
You can now listen to many articles – look for the 

headphones icon in our app  newscientist.com/app

“ A STUDY OF 
NORWEGIAN 
TWINS 
SUGGESTS 
THAT AROUND 
30 PER CENT 
OF PEOPLE’S 
SATISFACTION 
WITH LIFE IS 
INHERITED”

perceptions of how our income relates to other 
people’s matters as much, if not more, than the 
actual amount we earn. And if there is a large 
amount of inequality, you may be more likely 
to make those comparisons.

This could go some way to explaining the 
Easterlin paradox. In 2015, Shigehiro Oishi at 
the University of Virginia and Selin Kesebir at 
London Business School put this idea to the 
test by comparing Easterlin’s original data with 
historic measures of inequality in the 1940s, 
50s and 60s. Sure enough, they found that 
people’s happiness over time closely tracked 
changes in inequality. When the gap between 
rich and poor was smaller, people tended to be 
more satisfied with their lives than when it was 
bigger, while the overall wealth, measured by 
GDP, tended to have little effect.

Social capital
They then tested the hypothesis on more 
recent data from over 30 countries. The same 
pattern emerged: economic growth only 
increased happiness when the new-found 
riches were more evenly distributed among 
the citizens, reducing the overall inequality. 
“In countries like the US, where an increase in 

national wealth goes, almost exclusively, 
to the top 10 per cent of the population, you 
can’t expect economic growth to improve 
population happiness,” says Oishi.

A second explanation for the Easterlin 
paradox comes from studies of social capital: 
the links and bonds that we forge with other 
members of our community. Most 
psychologists readily accept that friendly 
interactions with others can make a huge 
contribution to our mental and physical 
health. Indeed, according to one famous meta-
analysis by Julianne Holt-Lunstad at Brigham 
Young University in Utah, a lack of social 
connection can harm our health as much as 
obesity or smoking up to 15 cigarettes a day.

Social capital is often measured by getting 
people to rate how much they trust the people 
around them. “Social trust happens to be one 
of those variables that has been consistently 
monitored across a large number of countries 
for a long time,” says Sarracino. For example, 
participants might be asked: “Would you say 
that most of the time people try to be helpful 
or that they are mostly looking out for 
themselves?” People with lots of connections 
from a strongly integrated community 
tend to give more positive responses. 

Working with Malgorzata Mikucka at the 
Catholic University of Louvain in Belgium, 
Sarracino recently compared that data with 
estimates of economic growth and inequality 
in 46 countries. The results were exactly as 
predicted. “Economic growth only improves 
life satisfaction if it’s associated with declining 
inequality and if it’s associated with growing 
social trust,” says Mikucka.

There are many ways that economic growth 
might reduce social capital, the researchers 
suggest. In a highly competitive environment, 
people might start working longer hours, with 
less time for their friends and family. The rapid 
construction of tower blocks could break up 
communities, and increased consumerism 
could mean that people focus more on buying 
new objects than maintaining their 
relationships. “It can bring the destruction of 
social ties,” says Mikucka. That will mitigate the 
material comfort brought by the higher income.

A third factor influencing the link between 
GDP and happiness is the quality of a country’s 
institutions and the ways that they look after 

Finland (above) 
is the happiest 
country in 
the world.
Silver medals 
gave little joy 
to US runners 
at the London 
Olympics (left) 
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those who are in need – through healthcare, 
unemployment benefits and pensions. In the 
past, some economists had simply looked at 
the proportion of GDP devoted to the welfare 
state, and they had tended to find that 
generous spending had surprisingly little 
effect on the overall happiness of the 
population. In some cases, there even appeared 
to be a negative correlation between welfare 
budgets and life satisfaction, a discovery that 
would seem to argue against government 
intervention in people’s lives.

Martela, however, says these studies failed 
to consider how that money was applied: 
whether the services are efficient and provide 
the necessary help when it is required. In some 
countries, much of the funding is simply lost 
through corruption. “Inefficient systems aren’t 
likely to help much, no matter how much 
money you pour into them,” he says.

CAN WE LEARN TO BE 
HAPPY? 
We know how to behave to 
increase the chances of a long, 
healthy life. If you drink alcohol 
in moderation, don’t smoke, 
follow a good diet with plenty of 
vegetables, take half an hour of 
exercise a day and aim to have 
8 hours of sleep a night, you are 
more likely to live into your 80s.

But is it possible to prescribe a 
happy lifestyle too? Over the past 
two decades, scientists studying 
“positive psychology” have 
identified many techniques to 
raise our happiness from its 
current baseline. These methods 
cannot work miracles. “Things 
like poverty or trauma are 
obviously going to affect your 
well-being,” says Laurie Santos 
at Yale University. “But for many 
of us, our happiness is much 
more under our control than we 
think.”

Santos would know. Her free 
online course, The Science of 
Well-being, offers lessons on the 
mental habits that damage our 
happiness. 

For a taste of what it involves, 
consider our tendency to 
compare ourselves negatively 
with the people around us, which 
is now known to be one of the 
most common causes of 
dissatisfaction with our lives. By 
recognising when those thoughts 
have started to arise, we can 
consciously shift the reference 
point to something more neutral. 
If you start to feel dissatisfied 
with your current salary and keep 
on thinking that you would be 
even happier with your boss’s 
income, you might try to 
remember your financial 
situation before you got your 
most recent raise. What kinds of 
things can you buy now, that you 
couldn’t before? With this kind of 
counterfactual thinking, you may 
start to feel more content. 

The use of gratitude journals, 
where you regularly count your 
blessings, work on a similar 
basis, says Santos. We have a 
tendency for “hedonic 
adaptation”, essentially getting 
used to the good things in our 
life over time, and taking them 
for granted, so they no longer 
bring us the same joy. By 
making a conscious effort to 
recognise those things – and 
even imagine what our life would 
be like without them – we stall 
that process.

Other lessons in Santos’s 
course include the benefits of 
mindfulness and the value of 
small acts of kindness. Studies 
show that making the effort to 
talk to strangers, for example – 
be it a barista or someone in the 
park – can increase your sense of 
social connection, which is 
known to have a positive effect 
on your mood. 

POSITIVE RESULTS
In 2021, Santos and her 
colleagues published the results 
of a paper that compared the 
well-being of people who had 
taken her course with that of 
people enrolled in a more general 
Introduction to Psychology 
course on the same platform. 
Overall, both groups showed 
some improvements by the end 
of their courses, which isn’t 
surprising – taking time to learn 
and grow should make you feel 
a bit more fulfilled with your life. 
However, the gains of the Science 
of Well-being students were 
about twice as large, indicating 
that the suggested interventions 
themselves had made a 
significant impact over 
the 10-week course.

These results chime with 
a randomised controlled trial 
conducted in the UK of another 
Continued on page 46
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It is hard to forget the anxiety 
of early 2020, as the covid-19 
pandemic swept the world. 
There was the fear of the 
disease, of course, but also 
serious concerns about our 
overall well-being. Even if we 
and our loved ones survived the 
illness, how could we cope with 
the isolation and uncertainty?

The pandemic has clearly 
been a terrible trauma for many 
people – and their experiences 
mustn’t be forgotten. On 
average, however, people 
appear to have been remarkably 
resilient. According to the latest 
World Happiness Report 
published in March 2021, 
measures of life satisfaction in 
the UK only fell modestly on a 
10-point score, from 7.16 in 
2019 to 6.8 in 2020. In the US, 
scores rose, from 6.94 to 7.03. 
These small shifts seemed to 
be confirmed by other surveys, 
suggesting that it wasn’t simply 
an artefact of the particular 
methods used.

There is no easy explanation 
for this resilience. Richard 
Layard, who has been co-author 
of the World Happiness Reports 
from their inception, thinks it 
comes down to the role of social 
comparison in shaping our 
happiness. In general, our life 
satisfaction is much more 
dependent on relative changes 
in our fortunes compared with 
other individuals, rather than 
general shifts in the population 
as a whole (see main story). In 
this case, the stresses have felt 
less damaging because of the 
knowledge that other people 
were undergoing the same 
struggles. “I think this sense 
of a common threat was 
important,” says Layard.

COVID-19 VS 
HAPPINESS

When you account for this possibility and 
calculate the benefits that citizens actually 
receive instead of the initial investment, it 
becomes clear that an effective welfare state 
really does play an important role in people’s 
life satisfaction. Overall, the difference in life 
satisfaction between the best and worst 
welfare states was roughly equivalent to the 
effects of marriage on someone’s happiness. 
Intriguingly, the increased well-being could be 
seen at all levels of society, including those 
with the highest incomes.

Nordic nirvana
The Nordic countries – and Finland in 
particular – provide a perfect illustration of all 
these trends. They each have low economic 
inequality, high levels of social trust and an 
effective welfare state. In Martela’s view, all 
three of these factors have interacted to create 
a kind of virtuous cycle. The welfare state has 
helped reduce inequality, which in turn has 
helped increase people’s sense of trust in 
others. Equally, Finnish people’s trust in each 
other and the quality of their institutions have 
meant that they are more willing to see their 
taxes go into the welfare state. “I recall one 
American economist who said that Nordic 
countries are the only places in the world 
where you can go into elections saying ‘I’m 
going to raise taxes’ and still win,” says Martela. 

An examination of the Nordic nations can 
also help us dispel some lingering myths. 
Many commentators, for instance, have 
expressed surprise that Finns could be so 
satisfied with their lives when the population 
has to endure such cold, dark winters. But 
reams of scientific research show that climate 
has very little influence on life satisfaction 
in the long term. This seems to be the result 
of habituation: while a single rainy or sunny 
day might affect our mood, we soon adapt 
to long-term weather patterns.

An equally persistent myth concerns mental 
health. Nordic countries are commonly 
believed to have unusually high numbers 
of suicides. If that were true, it might suggest 
that the happiness of the majority comes at a 
terrible cost to the minority who fail to live up 
to the nations’ high standards of success and 
well-being, and who may be left feeling 

“ AN EFFECTIVE 
WELFARE 
STATE REALLY 
DOES PLAY AN 
IMPORTANT 
ROLE IN 
PEOPLE’S LIFE 
SATISFACTION”
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isolated from their compatriots. 
This assumption is based on outdated 

information, however. Suicide rates in Finland 
and the other Nordic countries have been 
falling since the 1980s, and they are now 
approaching the European average. The causes 
of suicide are notoriously complex and may 
be only partly related to the factors that 
influence overall life satisfaction in the 
general population. But these statistics 
don’t demonstrate a dark downside to the 
countries’ generally happy lifestyles.

Finally, there are some common 
misconceptions about the effects of 
immigration. Some commentators had argued 
that ethnically diverse countries will struggle 
to reach a high level of happiness, thanks to the 
tensions between different cultural groups 
and the difficulties of cultural integration. 
While it is true that the number of immigrants 
in Finland is fairly low, other Nordic countries, 
such as Sweden, have taken in many foreigners, 
yet it also ranks highly in The World Happiness 

Report. Indeed, an analysis in the 2018 edition 
found that in the top 10 happiest countries, 
immigrants made up around 17 per cent of the 
population. This was about twice the world 
average. “The number of immigrants within 
a country just doesn’t seem to correlate with 
happiness levels,” concludes Martela.

Given all the evidence, Easterlin suggests 
that Nordic nations offer a potential path for 
many other governments to follow. “Europe – 

Marriage brings 
a boost in life 
satisfaction 
that tends to 
wane over 
the years

course. The one in question 
is run by the charity Action for 
Happiness and, like Santos’s 
course, it teaches techniques 
such as mindfulness, the 
keeping of gratitude journals, 
ways to reappraise stressful 
events and tips to improve social 
relationships, alongside the 
scientific ideas behind the 
suggestions. 

The participants were 
randomly allocated to take the 
course immediately or be put 
on a waiting list. Like Santos, the 
researchers found that people’s 
life satisfaction improved while 
taking the course and that these 
benefits continued for at least 
two months after the workshops 
had finished. 

Overall, the gains in well-being 
were equivalent to finding 
employment or meeting a 
romantic partner. “It testifies 
to the fact that, if you offer 
people a way of getting a better 
perspective on what’s really 
important and the tools to move 
in that direction, they will do so,” 
says Richard Layard, a co-
director of the Community 
Wellbeing Programme at the 
London School of Economics 
and one of the study’s co-
authors. The benefits could 
also be seen in the participants’ 
anxiety levels, which dropped 
over the course, and their 
perceptions of social trust. 

COULD DO BETTER
Richard Easterlin at the 
University of Southern California, 
who has pioneered research into 
the social and economic factors 
that influence our happiness, 
is also passionate about this 
approach. “We started educating 
children about the adverse 
effects of smoking and the 
result has been an enormous 

improvement in public health. 
And I think we can do the same 
for mental well-being,” he says.

Such success stories should 
be accompanied by a note of 
caution. There is now some 
evidence that the pursuit of 
happiness can backfire if it 
becomes all-consuming. Keeping 
a gratitude journal appears to be 
effective if it is used once a week, 
for instance, but it can slightly 
reduce well-being if used 
more than three times a week. 
It seems that the technique may 
become a burden if it is practised 
too regularly, particularly if 
someone is going through a 
stressful time when true 
blessings are hard to find.

More generally, it seems that 
an excessive focus on happiness 
can lead certain people to 
measure their life against an 
unrealistic ideal. This results 
in them interpreting the 
occasional bad mood as a failure 
to meet their happiness goals, 
an attitude that could exacerbate 
the bad feelings. It could even 
make good experiences lose 
their lustre if they fail to match 
up to elevated expectations. 
Overall, the result seems to 
be similar to those social 
comparisons that harm life 
satisfaction – except in this 
case, you are competing with 
a figment of your imagination.

There seems little doubt that 
we can learn to be happier, but 
we should be realistic about 
what we can achieve and 
recognise that the path to a 
better life may be a winding road 
with ups and downs. You cannot 
eliminate every negative feeling, 
but with some science-backed 
strategies, you can shift the 
balance so that the troughs in 
your mood are shallower and 
the peaks are more frequent.

Continued from page 44
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David Robson is the author of The 
Expectation Effect: How your 
mindset can transform your life 
(Canongate). Follow him on Twitter 
@d_a_robson

and the Nordic countries in particular – has led 
the way in trying to devise policies that 
place people at the forefront,” he says. 

There are good reasons for politicians to 
take heed. The most obvious may be the moral 
argument: if governments are protecting our 
interests, that should include our well-being. 
But there may also be a more pragmatic 
motivation for politicians who hope to 
remain in power. 

Votes in happiness
It is now something of a cliché that economics 
decides elections. According to the political 
lore, people vote for a change of government 
when they are facing financial hardship. Yet 
two recent studies by George Ward at the 
Massachusetts Institute of Technology and his 
colleagues suggest that people’s happiness 
may be the ultimate deciding factor. The first, 
from 2019, analysed data from European 
elections since the 1970s, while the second, 
published this year, examined people’s voting 
decisions in the 2012 and 2016 US presidential 
elections. Ward found that lower levels of 
subjective well-being strongly predicted 
a swing away from the incumbent party, 
and this was more important in determining 
the results than measures of income or 
unemployment, and the effect remains 
even when you control for demographic 
factors such as age or race. 

Some people may be sceptical of the 
attempts to plan policies around happiness. 
You could argue, for instance, that it 
encourages politicians to focus too much on 
short-term gains, popular with the public, 
rather than long-term strategy. There is also 
the danger that a government that is overly 
focused on subjective measures of well-being 
will leave the country open to financial risks 
that could, eventually, lead to greater 
unemployment and insecurity, things 
that could ultimately reduce life satisfaction. 
It will also be important for countries’ 
policies to be culturally appropriate – what 
improves one population’s well-being 
may not chime with another’s values. 

Ultimately, though, Easterlin remains 
optimistic that our new understanding 
of what makes societies happy will, in 

“IN THE TOP 
10 HAPPIEST 
COUNTRIES, 
IMMIGRANTS 
MAKE UP 
AROUND 
17 PER CENT 
OF PEOPLE, 
WHICH IS 
ABOUT TWICE 
THE WORLD 
AVERAGE”
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time, translate to seismic shifts in people’s 
well-being. “There have been three revolutions, 
each based upon a breakthrough and 
knowledge that have vastly improved 
people’s human condition,” he says. “One 
is the industrial revolution, which improved 
our material living conditions, and that 
was based on the emergence of the natural 
sciences. A second was the life expectancy 
revolution, which started about a century later, 
as the life sciences, biology and microbiology 
became important. The third is the happiness 
revolution, based upon the social sciences, 
which will improve people’s subjective  
well-being – how they feel about their 
circumstances.”  ❚

Need a listening ear? UK Samaritans: 116123 
(samaritans.org). Visit bit.ly/SuicideHelplines
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Ice dreams
A dedicated mission to Neptune or Uranus is 

the next step in exploring our solar system and 
fathoming worlds elsewhere in the galaxy. But we 
must act fast, planetary scientist Leigh Fletcher 

tells Becca Caddy

Jupiter, or walk on the surface of Mars and 
gaze up at the carbon dioxide clouds, dust 
storms and pinkish hues of the sky. 

Planetary exploration is something I can 
see humans doing in the future. Today, we are 
taking the first steps to characterising these 
environments. But someday, somebody might 
experience what I am seeing in my data sets 
and observations. Our children’s children’s 
children’s children might see these worlds with 
their own eyes. That is what gets me excited 
about what I do.

Before we discuss the ice giants, how does it 
feel to be part of the Jupiter Icy moons Explorer 
project, an orbiter that will visit Jupiter and three 
of its moons – Ganymede, Callisto and Europa? 
It has been fabulous to see a mission go from a 
concept on paper – literally, we call them paper 
missions – to seeing the spacecraft knowing it 
will be heading to Jupiter in 2023. 

I like to think of all four giant planets – 
Jupiter, Saturn, Uranus and Neptune – as 
time capsules for the composition of the solar 
system. As these planets formed, they were 
so enormous that anything sucked in while 
they were growing hasn’t been able to escape. 
Within them are the chemical fingerprints of 
the protoplanetary disc: the cloud of gas, ice, 
dust and rocks that formed around our young 
sun and clumped together to form the planets. 
Understanding the formation of our giant 

planets gives us a window on the formation of 
giant worlds in solar systems beyond our own.

What more can we learn from visiting planets 
compared with observing them from Earth?
Earth’s atmosphere is only transparent at 
certain wavelengths and completely opaque 
at others. We’re also limited by the size of 
[telescope] mirrors we can build.

We need a spacecraft in a planet’s orbit to 
observe for an extended period. That is remote 
sensing and what my research is based on. We 
also need to be there doing active sensing and 
direct measurements, and even descending 
into atmospheres and sampling the gases, 
the aerosols, measuring the temperature, 
listening for crackling lightning and being 
blown around by the winds – things you can 
only do when you’re there.

We have flown by Neptune and Uranus in the 
past. Why do we need to go back there?
The ice giants are a class of planets all by 
themselves. They are substantially smaller 
than the gas giants and substantially larger 
than the terrestrial planets we have in the 
solar system. So they could be the closest 
representatives in our solar system of mini-
Neptune worlds – slightly smaller in size than 
Neptune – which appear to be among the most 
common types of planet in the universe. They 
may not have exactly the same conditions. But 

B
EFORE heading into the depths of 
interstellar space, the Voyager 2 probe 
flew by the giant icy worlds on the edge 

of our solar system, giving us our first ever 
close-up of Uranus in 1986 and Neptune in 
1989. These passes were fleeting, but the data 
the spacecraft collected about the two planets 
showed us previously unknown icy moons 
and dusty rings, unusual magnetic fields and 
dramatic plumes of nitrogen on the surface 
of Neptune’s moon Triton.

Voyager 2 now flies through the empty 
space between the stars, more than 19 billion 
kilometres away from Earth. The glimpse it 
gave us of Uranus and Neptune is still the 
closest we have ever got to these ice giants. 
But Leigh Fletcher, professor in planetary 
sciences at the University of Leicester, UK, 
thinks now is the time to go back.

Fletcher studies the atmospheres, weather 
systems and climates of planets. He has 
explored Saturn’s seasonal atmosphere 
and peeked beneath Jupiter’s clouds. He 
told New Scientist how a voyage to the ice 
giants would unlock secrets about our solar 
system’s past and teach us about planets 
scattered across the galaxy.

Becca Caddy: What is the most exciting 
part of your job?
Leigh Fletcher: I can close my eyes and imagine 
what it would be like to fly through the skies of 
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“ Now is the time 
for a mission to 
explore Uranus 
or Neptune”

Becca Caddy is a freelance 
writer based in London

Journey to the ice giants 
Catch Leigh Fletcher at our live show on 12 March

For more details newscientistlive.com

we need to understand our giant ice worlds 
before we can understand the vast population 
of similar planets in the galaxy.

We’ve only visited once. Now is the time 
for a mission to Uranus or Neptune to explore 
one of the planets, its extended magnetic field, 
atmosphere, satellites and ring systems. 

What are the big mysteries about these worlds?
Neptune is giving off two and a half times 
more energy than it is receiving from the sun. 
No other planet has such a powerful internal 
energy source. This makes Neptune’s weather 
powerful, with storm systems and clouds 
evolving on hourly timescales. But Uranus 
has no internal energy source we can detect. 
An orbiter would measure the distribution 
of materials within the planets to determine 
why they’re different. 

Both planets have complicated magnetic 
field environments, unlike anywhere in the 
solar system. There is a complex, twisted, 
evolving system and we’ve only had one data 
set from Voyager 2 to understand it. We need 
to be in orbit, sampling how it changes over 
several years. 

A mission could also sample the various 
gases, ices and rocks, allowing us to find out 
why the ice giants formed and why they are 
different to the gas giants. This could be unique 
to our solar system. But it could also be the 
most common outcome of planet formation; 

Jupiter and Saturn-style planets could be rare. 
The formation of the icy giants is the missing 
piece in the puzzle of planetary evolution.

What about the icy moons around the ice giants?
The classical satellites of Uranus, like 
Titania, Oberon and Ariel, could be ocean 
worlds. We expect to find a crust of ice 
above a deep, dark, hidden liquid ocean if 
they are. If there is liquid water, that is an 
excellent solvent for chemistry. You only 
have to add in the right balance of nutrients 
or chemicals to have a habitable environment.

We need to identify the properties of 
these oceans to assess if they are potentially 
habitable. Triton could be an ocean world 
and is a fascinating, unique environment. 
For example, Voyager 2 showed us it has 
plumes of gas and dust that rise 8 kilometres 
above its surface.

How hard would it be to get to Neptune?
You could go [direct] with a conventional 
rocket, but it would take 15 to 20 years. The 
sensible way is to use Jupiter for a gravitational 
slingshot. Cassini did this when it went to 
Saturn. But Jupiter has to be in the right place 
in the solar system, which only happens every 
12 to 13 years. We missed the last opportunity 
to do this, but the next is in the early 2030s.  
At the moment, NASA is planning its strategy 
for the next 10 years. We’ll find out [what it is] 
in March. If decisions happen quickly, we have 
the chance to make the most of Jupiter’s 
position and get to the icy giants by the 2040s.

What about worlds beyond our solar system? 
The timescales involved are so immense 
that no technology we have today can travel 
[that far] within our lifetimes. However,  
I like to keep an open mind. There might be 
a technology around the corner that could 
shorten those durations. More feasible are 
enormous telescopes in space that could look 
at the atmospheres, even the distribution of 
clouds or continents, on a distant world. I can 
imagine that in my lifetime.  ❚
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What you need
1 kg cucumbers
400 ml white wine vinegar, 
5 per cent acidity
400 ml water
1 tbsp unrefined sea salt
1 tbsp sugar
2 tbsp mustard seeds
2 tbsp coriander seeds
Bunch of dill, roughly chopped
4 cloves garlic, thinly sliced
2 1-litre preserving jars

ALL over the world, people use acid 
to preserve fruit and vegetables, 
creating the sour and delicious 
foods we call pickles. The microbes 
that spoil our food have a hard 
time growing if the pH is lower 
than 4.5, but we can eat foods with 
a pH as low as 2 (the lower the pH, 
the more acidic the substance).

Some pickles are made by salting 
vegetables or fruit, encouraging 
the growth of bacteria that produce 
lactic acid. These include kimchi, 
which I described in a previous 
issue (29 February 2020). A quicker 
and simpler way to make pickles 
is to add vinegar, which contains 
ethanoic (aka acetic) acid and 
typically has a pH of around 2.4. 
For pickling, you should use 
vinegar with 5 per cent acidity – 
this is usually printed on the label. 

As well as inhibiting microbes, 
the acid stabilises plant cell walls, 
helping vegetables such as 
cucumbers keep their crunch. 
Unrefined sea salt contains 
calcium and magnesium 
impurities, which also help to 
reinforce the pectin molecules 
in cell walls. Table salt is best 
avoided because it contains  
anti-caking agents that can 
turn pickling liquid cloudy.

In addition to vinegar, pickling 
liquids can include flavourings, 
such as herbs and spices, and 
sugar to balance the sour taste. 
Garlic in pickles can sometimes 
turn blue or green due to reactions 
that produce pyrroles. These 
chemicals can join together to 
produce colourful polypyrroles, 
a group that includes the green 
pigment chlorophyll. Blue or 

Keep the crunch in your cucumber for months and punch 
up the flavour at the same time, says Sam Wong

The science of cooking

Stay sharp, get pickling

green pickled garlic is safe to eat. 
To make a cucumber pickle, slice 

small cucumbers lengthwise into 
spears. Cut off and dispose of the 
flower end (the one with the rough 
dot), which contains enzymes 
that accelerate softening. If you 
are using larger cucumbers, cut 
them into shorter lengths, or slice 
thinly into discs instead. Mix the 
cucumber with salt in a bowl and 
leave overnight to draw out water.

Heat the vinegar, water, sugar 
and spices in a lidded saucepan 
until the sugar has dissolved, then 
allow to cool. Put the garlic and dill 
in the bottom of the jars. Drain the 
liquid from the cucumbers, then 
pack them in tightly and pour 
the pickling liquid over them 
so they are completely covered. 

Once packed into jars, 
pickles can be heat-processed 

in a pressure-canning machine 
to kill off any microbes and extend 
their shelf life further, but this 
results in a less crunchy and fresh-
tasting product. If you aren’t doing 
this, the pickles should still keep in 
the fridge for about two months.

Best not to try this at home, but 
chemistry lecturers sometimes 
make a pickled cucumber glow 
by passing an electric current 
through it. The high concentration 
of sodium ions carries the current 
through the pickle, and the yellow 
glow is emitted when electrons 
from excited sodium ions return 
to a lower energy state. In essence, 
the pickle functions as an organic 
light-emitting diode.  ❚The science of cooking 

appears every four weeks

Next week 
Stargazing at home

Sam Wong is assistant news 
editor and self-appointed 
chief gourmand at  
New Scientist. Follow  
him @samwong1
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Quick quiz #135

1 What name is given to the process by  
which the folds of the cerebral cortex form?

2 What is the driest non-polar  
desert in the world?

3 The three forms of locomotion by  
terrestrial mammals are digitigrade, 
unguligrade and what?

4 What is the smallest, coolest kind  
of main sequence star? 

5 Goldbach’s conjecture concerns  
which type of number?

Answers on page 55

Puzzle
set by Chris Maslanka 
#151 Alien fingers

When the aliens landed in my back garden, 
my first thought was that they use the same 
number system as we do, because there was 
a two-digit number written in our Earthly 
digits on the side of their spaceship. 

But when the aliens emerged from the 
ship, I saw that they each had 16 fingers. 
I intuited that they therefore used a 
hexadecimal (base 16) method of counting. 
Their first ten digits, from 0 to 9, work 
just like our terrestrial decimal system, 
but 10-15 are expressed as A to F, 
respectively. After F (our 15) comes  
10 (our 16), 11 (our 17) and so on. 
What can I say, I am very intuitive.

In hexadecimal, 1E is the same as our 
decimal 30 (one 16 and fourteen 1s) and 
their 25 is our 37 (two 16s and five 1s).

The number painted on the side of their 
ship was therefore written in hexadecimal. 
Yet by a remarkable coincidence, it could 
be translated into our number system by 
simply reversing the order of the digits. 

What was the alien number in  
Earthly notation?

Solution next week

Cryptic crossword #75 Set by Wingding

Scribble 
zone

Answers and 
the next quick 
crossword 
next week

    ACROSS
7    Hair the Spanish wrapped in paper (6)
8    Break up real lung lining (6)
9    Plant runs into marsh (4)
10    Abnormal urine? It’s a cause of pain (8)
11    Photography equipment starts to take 

recordings in groups of whales (7)
13    Tree by the road – an  

unprecedented event (5)
15    Addicts steal heroin from cinema staff (5)
17    Shell of polystyrene found in amniotic 

membrane with probe, finally (7)
20    Read lots in a frenzy for inspiration (8)
21    Horse seen in lunar plain? (4)
22    Sequence from women  

delights geneticist (6)
23   Interpret poem written at end of year (6)

    DOWN
1/16 Celestial event makes theorem  
   worse, surprisingly (6,6)
2    Play up to deer (4)
3    Greek king forgot a 1/16 Down (7)
4    Tropical disease makes  

conifer short of carbon (5)
5    Early space missions on extremely 

dangerous 1/16 Down (8)
6    To some extent, rising clouds  

disrupt 1/16 Down (6)
12    1/16 Down! Disperse! Disperse! (8)
14    Elementary particle clears 1/16 Down (7)
16    See 1 Across
18    1/16 Down described by words of song, 

changing one note by a major second (6)
19    Design part of flower (5)
21    Use pepper spray on male expert (4)

Our crosswords are now solvable online 
newscientist.com/crosswords 
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Want to send us a question or answer?
Email us at lastword@newscientist.com

Questions should be about everyday science phenomena

Full terms and conditions at newscientist.com/lw-terms

Dead and gone

There are estimated to be around 
160 million birds in the UK with 
a lifespan of two to five years. 
Why do I never see a dead one?

Hillary Shaw

Newport, Shropshire, UK

Based on these figures, one small 
bird dies in the UK every second. 
There are several reasons why 
you seldom see a dead one.

Deceased small birds blend 
into the background: you could 
be within 5 metres of one and 
easily miss it, especially as dying 
animals crawl into hidden spaces 
like under bushes and fall asleep, 
forever. Many are also eaten by 
predators and all that remains is 
a small circle of feathers, quickly 
used by other animals as nesting 
material. Finally, nature disposes 
of corpses very quickly, with 
mammal scavengers, insects and 
their larvae, bacteria and fungi 
recycling them within a few days. 

You only see dead animals 
on roads where they haven’t 
had a chance to crawl away and 

scavengers can’t easily eat 
them. But even on roads, you 
see magpies and crows dodging 
cars as they do exactly that.

Chris Newton

Halmore, Gloucestershire, UK

As a keen observer of nature, 
I, too, have long puzzled over 
what happens to all the dead 
birds, although I do periodically 
find dead, but undamaged, small 
birds in the garden. 

I have got into the habit of 
feeding the local wildlife, and have 
found that anything edible left in 
the garden overnight is gone the 
next morning. My camera trap 
tells me that most of the food is 
taken by foxes, some of the rest 
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by cats and a small amount 
in the summer by hedgehogs. 
Rats, mice, voles and shrews are 
present, but rarely show on the 
camera. Anything left at dawn 
appears to be taken by crows.

Peter Basford

Potters Bar, Hertfordshire, UK

Any wild animal weakened by old 
age, illness or injury that ventures 
out of hiding is easy meat for its 
predators and will be killed and 
eaten before it can die of any 
health problems. You therefore 
won’t see the body.

Conrad Jones

Cynwyl Elfed, Carmarthenshire, UK

In Almost the Last Word in 
the 20 November issue, it 
was pointed out that the “most 
environmentally friendly way to 
deal with a dead body is to eat it”. 

This is also why we don’t see dead 
birds – they are eaten, in nature’s 
efficient and sustainable way of 
recycling and tidying itself up. 
Thanks to foxes, red kites, raptors, 
fly maggots and bacteria, nothing 
is wasted. I am not suggesting we 
dispose of human bodies this way, 
but it is food for thought! 

David Coker

Ledbury, Herefordshire, UK

There may be around 160 million 
breeding birds in the UK, but 
the actual number of birds is 
far greater. From the amount 
of breeding attempts a pair of 
each species typically makes, 
plus how many chicks fledge 
from each attempt, it has been 
calculated that there may be 
more than 400 million individual 
birds in the UK in autumn.

A pair of blue tits may fledge 

10 chicks, and to keep the 
population stable, only two 
chicks need to survive; the 
others must die, so we should 
be knee-deep in dead chicks. 

One reason why we aren’t is the 
“clean-up crew”, variously known 
as Sexton beetles or burying 
beetles. I monitor nest boxes each 
spring, and if I happen to check 
a box a few days after chicks have 
died, I often encounter these 
beetles. They smell the decaying 
flesh, fly to the carcass and begin 
removing material from under 
it. A week later, there will be no 
chicks visible – they will now be 
under the nest material. Once 
the body is buried, a female 
beetle lays eggs in it, and the 
larvae feed on it after hatching.

Keith Ross

Villembits, France

Because you don’t have a cat. 

Double dipper

The constellations are pictures 
we perceive by “connecting the 
dots” of random stars, but it 
seems incredible that we have 
two dippers in the night sky with 
similar shapes and proportions. 
Is this just a coincidence or is 
there an explanation? (continued)

Rachael Padman

Newmarket, Suffolk, UK

Australians are brought up 
to recognise a very obvious 
constellation known as “The Pot”, 
which is just a dipper with a short 
handle. This is also known in the 
northern hemisphere as “Orion”, 
where his belt forms the base of 
the pot and his sword the handle. 
Dippers don’t look like dippers 
when they are the wrong way up. 

Incidentally, I was very confused 
when I first moved to the UK. 
I understood intellectually that 
the sun and moon would move 
the wrong way across the sky, but 
as someone who has always had 
a good directional sense, it took 

This week’s new questions

Sticking it out  Why does sticking my tongue out seem 

to help me concentrate?  Dave Appleby, Eastbourne, 

East Sussex, UK

Original spark  If energy cannot be created or destroyed, 

where does it come from?  Tyrone Cooper, Napier, New Zealand

Why do we often stick 
out our tongue when 
concentrating on a task? 

“ One reason we aren’t 
knee-deep in dead 
chicks is nature’s 
clean-up crew, the 
burying beetles, which 
smell decaying flesh”
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Tom Gauld 
for New Scientist

Answers

Quick quiz #135  
Answers

1 Gyrification

2 The Atacama desert  
in South America

3 Plantigrade

4 A red dwarf, or M dwarf

5 Prime numbers 

Quick crossword 
#99 Answers

ACROSS 1 Calcium, 5 Colitis, 
9 Americium, 10 Nonyl,  
11 Gallium, 12 Lamella,  
13 Sebum, 15 Resonance,  
17 Seventeen, 19 Toxic,  
21 Mollusc, 23 Cannula,  
25 Teeth, 26 Anomalies,  
27 Ceresin, 28 Malleus 

DOWN 1 Coal gas, 2 Lyell,  
3 Iridium, 4 Mail merge, 5 Camel, 
6 Lensman, 7 TinyLinux,  
8 Solvate, 14 Bevel gear,  
16 Sonic boom, 17 Somatic,  
18 Noughts, 19 Tyndall,  
20 Chassis, 22 Chain, 24 Urine 

#150 A jigsaw puzzle 
Solution

Conventional jigsaws are 
rectangular, and multiplying 
together the number of pieces 
along the short and long edges 
gives the total number of pieces. 
This jigsaw has 468 pieces. The 
prime factors of 468 are 2, 2, 3, 
3 and 13, so possible dimensions 
of the jigsaw are 26 x 18 or 36 x 
13 or 39 x 12, and so on. But 
conventional jigsaws aren’t long 
and thin, so 26 x 18 is the only 
jigsaw-shaped rectangle. This 
would have 2 x 26 plus 2 x 16 
(not 18, to avoid counting the 
corner pieces twice) = 84 edge 
pieces, including corners.

Tom Gauld 
for New Scientist

a long time to recover that. 
It took me many months to 

realise exactly what I found so 
disturbing about the moon: it, too, 
was upside down. Once I grasped 
this, I could “see” the man in the 
moon for the first time in my life.

Changing tune

Will composers run out of new 
combinations of musical notes 
to create original melodies? Or 
are there infinite combinations? 
(continued)

Richard Widdess

Department of Music, SOAS 

University of London

The question cannot be answered 
because it is under-specified. 
If it is just a question of new 
combinations of notes, then it 
is obvious that we can always 
add another note to an existing 
sequence, just as we can add 1 to 
any other number and generate 
a new number. If there is a limit 
on the length of a melody, or 
a minimal difference between 
melodies that is greater than 

one note, or there are rules 
of combination that must be 
followed, then the number of 
possible melodies may be finite.

In language, linguist 
Noam Chomsky has argued that 
recursive syntax can, in principle, 
generate an infinite number of 
grammatical sentences. It is 
an intriguing question, as yet 
unresolved, whether the same 
could be true of melody.

Kaye Butler 

Highworth, Queensland, Australia

A previous answer to this question 
(4 December) cites a musical piece 
by John Cage with the title 4’ 33” 
(4 minutes and 33 seconds of 
silence, i.e. absolute zero sound). 
For the uninitiated, 4’33’’ isn’t 
a random number but is 
273 seconds. Geddit?

Natalie Roberts 

Watford, Hertfordshire, UK

John Cage’s silent composition 
4’33” may be considered a baseline 
for any variation of tune, just 
as long as the duration and/or 
sounds are altered. This appears 
reasonable, theoretically speaking, 
but reminded me of something 
I read that illustrates a flaw in 
this approach.

The estate of Cage supposedly 
threatened to sue another artist, 
Mike Batt, for plagiarism. Batt had 
launched an album with his band, 
The Planets, that included a piece 
composed of 1 minute of total 
silence. Cage’s lawyers apparently 
argued that this new silent 
composition was plagiarised 
(the lawsuit turned ou to be a 
publicity stunt). 

So although the variety 
of “tunes” may be infinite, 
too little variation will lead to 
accusations of plagiarism. By 
the way, Batt pointed out that 
his piece was better anyway, as 
he could “say in one minute what 
Cage could only say in 4 minutes 
and 33 seconds”.  ❚ 

“ It took me many 
months to realise 
exactly what I found 
so disturbing about 
the moon: it, too, 
was upside down”
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Can’t find the words

The Guardian reports rage and 
distress at copycat app versions 
of the online word game Wordle 
that assault the original’s innocent 
ethos of freedom from both 
charge and data hoovering. For 
those who haven’t yet fallen down 
this rabbit hole, Wordle confronts 
its players with a blank series of 
five letters to fill in, giving them 
six attempts to arrive at the actual 
five-letter word that the computer 
was thinking of, once told whether 
their letters appear in that word.

As Fields medal-winning 
mathematician Tim Gowers has 
highlighted, this gamifies entropy 
in an information theory sense, 
as the information required to 
specify a given object. This makes 
it Solid Science, but Feedback has 
now fallen down the rabbit hole at 
the bottom of the rabbit hole with 

Sweardle, a game that does the 
same thing with a more limited 
set of four-letter words, and 
Letterle, which gives a maximum 
of 26 goes to guess a single letter. 
We know all of this is contributing 
to the heat death of the universe, 
but we can’t stop now.

Tin lid on it

Of which, many thanks to those 
of you who wrote in varying degrees 
of delight and distress over our 
fiendishly difficult holiday word 
search featuring the names of all 
the known fundamental particles, 
the chemical elements and the 
amino acids that make up life’s 
proteins (18/25 December 2021, 
p 43). We are treating it as a 
slow-burning abvent calendar – 
a term we just invented, and we 
expect letters about – finding one 
a day as Christmas recedes.

For those of you whose year is off 
to an even slower start, we forward 
Bob Ladd’s query, which we take as 
expressing both delight and distress, 
asking how you might design the 
same word search with no accidental 
instances of TIN – apart from those 
required in TIN and ASTATINE, say. 
That sounds like a case for the 
entropy theory of information to 
us. And in response to Mike Clark’s 
query, we don’t know whether it is 
SULPHUR or SULFUR yet, either.

Whale units

Still in holiday mode, Harry 
Lagoussis writes from Athens 
concerning our statement that 
a lump of ambergris, or ancient 
whale poo, the size of a human 
head “could fetch you £50,000 or 
more” (18/25 December 2021, p 56).

“Does that make the ‘shithead’ 
the standard unit of ambergris 
volume? And, perhaps more 
importantly, if 1 shithead = 
£50,000, does that justify the 
use of the selfsame unit when 
discussing the global financial 
system, celebrity net worth etc.?” 
he asks. At a punt, it’s no and no, 
but we will ask our ever-vigilant 
subeditors. And with that, we 
tiptoe out of the room.  ❚

correspondent Alice Klein provides 
an addendum to our item last week 
about alcoholic overindulgence in 
the animal kingdom with the story 
of Broome Veterinary Hospital in 
Kimberley, Australia, which ABC 
News reported in December was 
treating a spate of red-winged 
parrots apparently boozed up 
on fermenting mangoes.

As Michael Considine, a 
biologist at the University of 
Western Australia, pointed out, 
volatile compounds released by 
the fermentation of fallen mangoes 
attract the birds, encouraging them 
to propagate the plant’s seeds – 
even if, by whumping into windows, 
falling over and generally sitting 
around dazed and vulnerable to 
predators, the parrots’ own chances 
of survival aren’t exactly enhanced. 

Evolution in the raw, and a 
reminder to the rest of us not 
to drink and fly.

Guess the planet

Feedback has always been mildly 
sceptical of, not to say narked by, 
requests to click on pictures of 
bicycles and fire hydrants to prove 
we aren’t a robot. True, no one has 
ever seen an algorithm riding a 
bicycle, but when the shape-shifting 
terminator bots finally arrive, they 
will probably take on innocent 
forms such as fire hydrants. It 
might take one to know one.

At least they won’t be able 
to get social security benefits in 
Spain. Genís Cardona from Solsona, 
Catalonia, reports accessing an 
official Spanish government portal 
for tax and welfare services and 
being requested to answer a quiz 
question: “Which of the following 
is a planet? A. Banana; B. Pluto; 
C. Scissors; D. Bee”.

A decade and a half on, Pluto’s 
controversial demotion from 
planethood clearly still rankles 
in some quarters. Like Genís, we 
appreciate the spirit of this open 
defiance of the International 
Astronomical Union’s edicts. Come 
to think of it, though, does anyone 
know which side the robots are on? 

Flipping bird

Our mention of “New Zealand’s 
most annoying tūī” (1 January) 
prompts Matthew Arozian to 
write from Baltimore, Maryland, 
with the heartfelt insight that 
the Carolina wren – Thryothorus 

ludovicianus, we savour on our 
tongue – weighs approximately 
18 to 22 grams yet produces calls 
that can reach 110 decibels. 

He asks us to imagine the 
cacophonous circus of a brood 
being taught to fly just outside 
his home-office window. We close 
our eyes, rapidly open them again 
and sympathise. Mind you, the 
transcendent benefits for our  
well-being of being within and 
bonded to nature are well known, 
Matthew. Call it home delivery.

Polly the pickled parrot

Staying with our feathered 
frenemies, our Australasia 

Got a story for Feedback?
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Consideration of items sent in the post will be delayed

Twisteddoodles for New Scientist

The back pages Feedback






