
BREAKTHROUGHS OF THE 
YEAR, 2019
Dennis Silverman
Physics and Astronomy
UC Irvine



MICROBES COMBAT MALNOURISHMENT 
AND STARVATION WITH THE 
CORONAVIRUS 



� Millions of Children who were malnourished remained 
sick, even after being well fed.  

� Over a decade, researchers found that their gut 
microbiomes were not developing to digest food.

� They found that supplements containing chickpeas, 
bananas, soy and peanut flour helped the microbes 
mature.

� This would allow them to digest milk powder and rice, 
the standard forms of aid.

� They recovered at home, not needing hospitalization.



SIZE OF MALNUTRITION EXPECTED 
FROM THE CORONAVIRUS 

� Previously, 135 million were suffering acute hunger.
� This was due to conflicts, climate change, and economic crises.
� New numbers are now 265 million.
� The UN World Food Program is trying to raise $6.7 billion in aid.
� Remember, worldwide plagues can arise from the poor and 

malnourished.
� President Trump singly withdrew the US from the World Health 

Organization, depriving it of $550 million a year, as the principal 
contributor.  It directed vaccination for children worldwide, for 
diseases which we have eliminated.

� In America, 17% of young children are not getting enough to eat.



INCREASES IN POVERTY FROM JOB 
LOSSES DUE TO THE CORONAVIRUS 

� 734 million were already in extreme poverty, meaning 
that they earn less than $2 per day.

� Now, 420 million have been added to that.
� That is 13% of the world’s people.
� Since 1990, one billion people had risen out of poverty.

� Sub-Saharan Africa, the Middle East, and Southeast Asia 
is where it is most crucial. 



UN REPORT ON FOOD AND COVID-19

� One fifth of children worldwide have stunted growth by age 5.
� The food system is under extra threats by the pandemic, the 

lockdown interfering with harvesting, buying and selling food, 
and the economic recession.

� Unemployment and loss of income is causing malnourishment, 
while food prices increase.

� 368 million students are missing out on school meals, while we are 
working to make them up for US students.

� East Africa is under attack by swarms of locusts.



PEOPLE WITH JOBS AND DEPENDENCE 
ON THE FOOD INDUSTRIES

� 1.3 billion people are in food system industries.
� The livelihoods of 3.2 billion people depend on the food 

industries.

� With the Pandemic, 35% of both sectors are at risk.

� That is 450 million with jobs, and 1.1 billion with livelihoods 
dependent on the food system.

� In Latin America and the Caribbean, one third are in precarious 
positions. 



VULNERABILITY

� Dark red dots are greater than 10 million people
� Dark blue are countries with Very High 

vulnerability.

� Latin America has gangs in Central America, and 
there are migrants from Venezuela. 



TRIP TO A FAR OUT SNOWMAN









ARROKOTH OR ULTIMA THULE 

The next slide is from 

NASA and Johns Hopkins Applied Physics Lab, SWRI,

James Tuttle Keane





GEOLOGY

� Note the surface stitching, which may mean that the 
bodies formed by merging smaller bodies.

� From cratering, the bodies formed at the start of the 
solar system.



QUANTUM SUPREMACY ATTAINED

� A Quantum Computer at Google has solved a problem in three 
minutes that would require a standard supercomputer 10,000 
years.

� However, their quantum computing competitor, IBM, says that 
they can solve it in two days on a supercomputer with a better 
algorithm. 

� The quantum computers use ”qubits” instead of regular bits.  Both 
companies have quantum computers with 53 superconducting 
qubits.

� Intel is also competing.
� Quantum Computing is one of five long term projects chosen by 

the new White House science council.
� China is investing $10 billion in quantum computing.
� The NSF has a $143 million program in Quantum Information 

Systems



ELEMENTS OF QUANTUM COMPUTING

� Quantum computing  involves the superposition of quantum 
states of having qubits with outcomes 0 or 1 interfering.

� It superposes different qubits with quantum entanglement.

� It explores all quantum outcomes or paths at the same time.

� This leads to power law growth in speed with the number of 
elements N, of the calculations, faster than classical computers.

� Several qubits are used to form a logic element or quantum chip.



PHYSICS IN QUANTUM COMPUTERS

� The basic qubits are superconducting circuits, at 2 
millidegrees Kelvin, above absolute zero.  Superconductors 
allow currents with zero electrical resistance, because there 
is a gap in energy needed to disrupt them.

� Superconductivity is done by Cooper pairs of electrons 
which make a lower energy state by interacting with the 
positive lattice ions.

� The low temperatures are achieved by a dilution 
refrigerator, where He3 is leaked into He4, and absorbs 
energy and cools while doing so.







JOSEPHSON JUNCTIONS

� A Josephson Junction is a tiny, normal, gap in a 
superconductor, where there is a finite step in voltage 
needed to tunnel through the gap.  The finite voltage and 
current is the 1 or 0 of the qubit.

� If the circuit is a loop, quantum mechanics says that the 
enclosed magnetic flux occurs in units of the quantum of 
magnetic flux Φ = h / 2 e, where h is Plank’s constant, and 
e is the electron’s charge.  This is a flux qubit.





PROBLEMS FOR QUANTUM 
COMPUTING TO SOLVE

� Since classical computers cannot calculate the quantum 
behavior of molecules or materials, it is felt that quantum 
systems can do this faster.

� Computing can find new drugs, and be used for artificial 
intelligence.

� Content can be encoded with keys of a long number built 
up of factors.  Quantum computing could be fast enough 
to factor the long numbers and decode the content.

� The full applications of the computers is still to be found.



PROBLEMS OF QUANTUM 
COMPUTING

� Quantum computing has to maintain coherence, and be 
noise free.  Hence very low superconducting temperatures.

� A powerful quantum computer may need hundreds of 
millions of qubits which are error correcting.

� The power of the computers should double every year.
� It may take 10 years to be able to calculate molecules, 

and 20 to 30 to crack encryption.



BREAKING ENCRYPTIONS 

� Present RSA encryption involves multiplying two large prime numbers, 
and encrypting with a public key, in a very complicated way.  Yet 
only the recipient knows the factors to decrypt it, 

� Shor’s algorithm allows a quantum computer to factorize 
exponentially faster than a classical computer.  There are only four 
known ways that quantum computers can decode encryptions.

� So, switching to a different scheme may or may not be unbreakable 
by quantum computers.  “We” don’t know yet.

� IBM already has a way around known decryptions called CRYSTALS.

� NIST has founds 16 leading ones.

� Here is the link to the Scientific American article.



SCIENCE MAGAZINE ARTICLE AND 
VIDEO

� The Science Magazine article on Breakthroughs of the Year 2019 
is here.

� The Science Magazine Video on the Breakthroughs is on 
YouTube.  


