
Quantum Pancake 
 

An experiment with a cloud of ultracold atoms squashed into a quantum pancake has 

revealed never-before seen quantum effects that could lead to more efficient electronics, 

including high temperature superconductors. [35] 

Experiments based on atoms in a shaken artificial crystal made of light offer novel 

insight into the physics of quantum many-body systems, which might help in the 

development of future data-storage technologies. [34] 

A new scheme from researchers in Singapore and Japan could help customers establish 

trust in buying time on such machinesɂand protect companies from dishonest 

customers. [33] 

A joint China-Austria team has performed quantum key distribution between the 

quantum-science satellite Micius and multiple ground stations located in Xinglong (near 

Beijing), Nanshan (near Urumqi), and Graz (near Vienna). [32] 

In the race to build a computer that mimics the massive computational power of the 

human brain, researchers are increasingly turning to memristors, which can vary their 

electrical resistance based on the memory of past activity. [31] 

Engineers worldwide have been developing alternative ways to provide greater memory 

storage capacity on even smaller computer chips. Previous research into two-

dimensional atomic sheets for memory storage has failed to uncover their potentialɂ

until now. [30] 

Scientists used spiraling X-rays at the Department of Energy's Lawrence Berkeley 

National Laboratory (Berkeley Lab) to observe, for the first time, a property that gives 

handedness to swirling electric patterns ɀ dubbed polar vortices ɀ in a synthetically 

layered material. [28] 

To build tomorrow's quantum computers, some researchers are turning to dark excitons, 

which are bound pairs of an electron and the absence of an electron called a hole. [27] 

Concerning the development of quantum memories for the realization of global 

quantum networks, scientists of the Quantum Dynamics Division led by Professor 

Gerhard Rempe at the Max Planck Institute of Quantum Optics (MPQ) have now 



achieved a major breakthrough: they demonstrated the long-lived storage of a photonic 

qubit on a single atom trapped in an optical resonator. [26]  

Achieving strong light-matter interaction at the quantum level has always been a 

central task in quantum physics since the emergence of quantum information and 

quantum control. [25]   

Operation at the single-photon level raises the possibility of developing entirely new 

communication and computing devices, ranging from hardware random number 

generators to quantum computers. [24]   

Considerable interest in new single-photon detector technologies has been scaling in 

this past decade. [23]   

Engineers develop key mathematical formula for driving quantum experiments. [22]   

Physicists are developing quantum simulators, to help solve problems that are beyond 

the reach of conventional computers. [21]   

Engineers at Australia's University of New South Wales have invented a radical new 

architecture for quantum computing, based on novel 'flip-flop qubits', that promises to 

make the large-scale manufacture of quantum chips dramatically cheaper - and easier 

- than thought possible. [20]   

A team of researchers from the U.S. and Italy has built a quantum memory device that 

is approximately 1000 times smaller than similar devicesɂ small enough to install on 

a chip. [19]   

The cutting edge of data storage research is working at the level of individual atoms 

and molecules, representing the ultimate limit of technological miniaturisation. [18]   

This is an important clue for our theoretical understanding of optically controlled 

magnetic data storage media. [17]   

A crystalline material that changes shape in response to light could form the heart of 

novel light-activated devices.  [16]   

Now a team of Penn State electrical engineers have a way to simultaneously control 

diverse optical properties of dielectric waveguides by using a two-layer coating, each 

layer with a near zero thickness and weight. [15]   

Just like in normal road traffic, crossings are indispensable in optical signal processing. 

In order to avoid collisions, a clear traffic rule is required. A new method has now been 

developed at TU Wien to provide such a rule for light signals. [14]   



Researchers have developed a way to use commercial inkjet printers and readily 

available ink to print hidden images that are only visible when illuminated with 

appropriately polarized waves in the terahertz region of the electromagnetic 

spectrum. [13]   

That is, until now, thanks to the new solution devised at TU Wien: for the first time 

ever, permanent magnets can be produced using a 3D printer. This allows magnets to 

be produced in complex forms and precisely customised magnetic fields, required, for 

example, in magnetic sensors. [12]   

For physicists, loss of magnetisation in permanent magnets can be a real concern. In 

response, the Japanese company Sumitomo created the strongest available magnetɂ 

one offering ten times more magnetic energy than previous versionsɂin 1983. [11]   

New methÏÄ ÏÆ ÓÕÐÅÒÓÔÒÏÎÇ ÍÁÇÎÅÔÉÃ ÆÉÅÌÄÓȭ ÇÅÎÅÒÁÔÉÏÎ ÐÒÏÐÏÓÅÄ ÂÙ 2ÕÓÓÉÁÎ ÓÃÉÅÎÔÉÓÔÓ ÉÎ 

collaboration with foreign colleagues. [10]   

By showing that a phenomenon dubbed the "inverse spin Hall effect" works in several 

organic semiconductors - including carbon-60 buckyballs - University of Utah 

physicists changed magnetic "spin current" into electric current. The efficiency of this 

new power conversion method isn't yet known, but it might find use in future 

electronic devices including batteries, solar cells and computers. [9]   

Researchers from the Norwegian University of Science and Technology (NTNU) and 

the University of Cambridge in the UK have demonstrated that it is possible to directly 

generate an electric current in a magnetic material by rotating its magnetization. [8]   

This paper explains the magnetic effect of the electric current from the observed 

effects of the accelerating electrons, causing naturally the experienced changes of the 

electric field potential along the electric wire. The accelerating electrons explain not 

only the Maxwell Equations and the Special Relativity, but the Heisenberg Uncertainty 

2ÅÌÁÔÉÏÎȟ ÔÈÅ ×ÁÖÅ ÐÁÒÔÉÃÌÅ ÄÕÁÌÉÔÙ ÁÎÄ ÔÈÅ ÅÌÅÃÔÒÏÎȭÓ ÓÐÉÎ ÁÌÓÏȟ ÂÕÉÌÄÉÎÇ ÔÈÅ ÂÒÉÄÇÅ 

between the Classical and Quantum Theories.    

The changing acceleration of the electrons explains the created negative electric field 

of the magnetic induction, the changing relativistic mass and the Gravitational Force, 

giving a Unified Theory of the physical forces. Taking into account the Planck 

Distribution Law of the electromagnetic oscillators also, we can explain the 

electron/proton mass rate and the Weak and Strong Interactions.   
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Preface      
Surprisingly nobody found strange that by theory the electrons are moving with a constant 

velocity in the stationary electric current, although there is an accelerating force F = q E, 

imposed by the E electric field along the wire as a result of the U potential difference. The 

accelerated electrons are creating a charge density distribution and maintaining the potential 

change along the wire. This charge distribution also creates a radial electrostatic field around 

the wire decreasing along the wire. The moving external electrons in this electrostatic field are 

experiencing a changing electrostatic field causing exactly the magnetic effect, repelling when 

moving against the direction of the current and attracting when moving in the direction of the 

current. This way the A magnetic potential is based on the real charge distribution of the 

electrons caused by their acceleration, maintaining the E electric field and the A magnetic 

potential at the same time.   

The mysterious property of the matter that the electric potential difference is self maintained by 

the accelerating electrons in the electric current gives a clear explanation to the basic sentence 

of the relativity that is the velocity of the light is the maximum velocity of the electromagnetic 

matter. If the charge could move faster than the electromagnetic field, this self maintaining 

electromagnetic property of the electric current would be failed.   

More importantly the accelerating electrons can explain the magnetic induction also. The 

changing acceleration of the electrons will create a ςE electric field by changing the charge 

distribution, increasing acceleration lowering the charge density and decreasing acceleration 

causing an increasing charge density.   

Since the magnetic induction creates a negative electric field as a result of the changing 

acceleration, it works as a relativistic changing electromagnetic mass. If the mass is 

electromagnetic, then the gravitation is also electromagnetic effect. The same charges would 

attract each other if they are moving parallel by the magnetic effect.   

   

   



Quantum pancake reveals clues to better electronics   
An experiment with a cloud of ultracold atoms squashed into a quantum pancake has revealed 

never-before seen quantum effects that could lead to more efficient electronics, including high 

temperature superconductors. 

A team at Swinburne University in Australia observed a quantum anomaly in lithium-6 gas cooled 

to a few billionths of a degree above absolute zero and squashed between two laser beams. 

ά²ŜΩǊŜ ǎŜŜƛƴƎ ǉǳŀƴǘǳƳ ƳŜŎƘŀƴƛŎǎ ǘƘŀǘΩǎ ǾƛǎƛōƭŜ ƻƴ ŀ ƳŀŎǊƻǎŎƻǇƛŎ ǎŎŀƭŜ ς a large collection of tens 

ƻŦ ǘƘƻǳǎŀƴŘǎ ƻŦ ŀǘƻƳǎ ŀƭƭ ōŜƘŀǾƛƴƎ ǉǳŀƴǘǳƳ ƳŜŎƘŀƴƛŎŀƭƭȅΣέ ǎŀȅǎ ǇǊƻƧŜŎǘ ƭŜŀŘŜǊ /ƘǊƛǎ ±ŀƭŜΣ ŀ 

ǊŜǎŜŀǊŎƘŜǊ ŀǘ {ǿƛƴōǳǊƴŜΩǎ /ŜƴǘǊŜ ƻŦ 9ȄŎŜƭƭŜƴŎŜ ƛƴ CǳǘǳǊŜ [ƻǿ-Energy Electronics Technologies. 

¢ƘŜ ǘŜŀƳΩǎ ǿƻǊƪ is published in the journal Physical Review Letters, concurrently with that of 

a team from H eidelberg in Germany which reported similar results. 

The Australian team used laser beams focused into a flat plane to create a pancake of lithium-6 

gas with a radius of 200 microns and the thickness of a single atom ς around 500 nanometers. 

Then the researchers compressed the gas slightly with a magnetic field, to set it vibrating. Shining 

another laser from below, they measured the vibration frequency of the gas cloud by watching the 

shadow of the cloud on a camera. 

RECOMMENDED 

 

 

Quantum technologies find a way 

 

TECHNOLOGY 

The frequency of this radial vibration, known as a breathing mode, gave the telltale sign of a 

quantum anomaly: it vibrated 2.5% faster than the classical model predicted. 

https://doi.org/10.1103/PhysRevLett.121.120402
https://doi.org/10.1103/PhysRevLett.121.120401
https://cosmosmagazine.com/technology/quantum-technologies-find-a-way
https://cosmosmagazine.com/technology/quantum-technologies-find-a-way
https://cosmosmagazine.com/topics/technology
https://cosmosmagazine.com/technology/quantum-technologies-find-a-way


Symmetry in the classical model dictates that gas properties such as pressure and density should 

scale in a straightforward way as the size of the gas cloud oscillates. But the full quantum analysis 

predicts a higher frequency: the classical theory breaks down because of strong interactions 

between the gas particles. 

To further test the model, the scientists jammed more atoms between the laser beams, and 

turned the pancake from a two-dimensional crepe into a fatter flapjack. Its three-dimensional 

nature conformed to the classical model. 

Vale says the interactions between the gas particles in the quantum crepe was mid-way between 

two well-known states of matter: Bose-Einstein condensates, in which atoms in a gas interact 

strongly and exhibit uniform quantum behaviour, and low temperature superconductivity, in 

which electrons in a material form weakly-bound pairs known as Cooper pairs that can carry 

electricity through a material with no energy loss. 

ά¢ƘŜǊŜΩǎ ŀ Ŏƻƴǘƛƴǳƻǳǎ ŎǊƻǎǎƻǾŜǊ ōŜǘǿŜŜƴ ǘƘŜǎŜ ǘǿƻ ƭƛƳƛǘǎΣ ǿƘŀǘ ƘŀǇǇŜƴǎ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƛǎ ƴƻǘ ǿŜƭƭ 

understoƻŘΣέ ƘŜ ǎŀȅǎ 

ά¢ƘŜǊŜΩǎ ŀ ƭƻǘ ƻŦ ƛƴǘŜǊŜǎǘƛƴƎ ǇƘȅǎƛŎǎ ǘƘŜǊŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘƛǎ ƛǎ ǿƘŜǊŜ ǿŜ ŦƛƴŘ ǘƘŜ ƘƛƎƘŜǎǘ 

superfluid transition temperatures, in the intermediate zone where the binding energy of the 

fermion pairs is similar to the natural energy scale for tƘŜ ǎȅǎǘŜƳΣ ǘƘŜ CŜǊƳƛ ŜƴŜǊƎȅΦέ 

By studying a two-dimensional system, Vale hopes to spark developments of new materials for the 

electronics industry, for example topological insulators or high-temperature superconductors. 

In the current highest-temperature superconductors, ceramics based on copper oxide, the 

superconducting current is carried in two-dimensional layers within the material ς although 

exactly how the electrons pair up is not fully understood . 

The power of the experiments at Swinburne is their simplicity, says Vale ς the microscopic 

properties of the lithium atoms and their interactions are precisely known, which is not always 

possible in more complex materials such as solids. 

άLƴ ŀ ǎŜƴǎŜΣ ƻǳǊ Ŏold atoms are acting as a quantum simulator, where we can test models of many-

ōƻŘȅ ǇƘȅǎƛŎǎ ǿƛǘƘ ǇǊŜŎƛǎŜƭȅ ƪƴƻǿƴ ƛƴǇǳǘǎ ǘƘŀǘ Ŏŀƴ ōŜ ŘƛŦŦƛŎǳƭǘ ǘƻ Ǉƛƴ Řƻǿƴ ƛƴ ƻǘƘŜǊ ƳŀǘŜǊƛŀƭǎΣέ ƘŜ 

says. [35] 

 

 

Quantum cocktail provides insights on memory control  
Experiments based on atoms in a shaken artificial crystal made of light offer novel insight into the 

physics of quantum many-body systems, which might help in the development of future data-

storage technologies. 

https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.72.969


The speed of writing and reading out magnetic information from storage devices is limited by the 

time that it takes to manipulate the data carrier. To speed up these processes, researchers have 

recently started to explore the use of ultrashort laser pulses that can switch magnetic 

domains in solid-state materials. This route proved to be promising, but the underlying physical 

mechanisms remain poorly understood. This is largely due the complexity of the magnetic 

materials involved, in which a large number of magnetic entities interact with one another. Such 

so-called quantum many-body systems are notoriously difficult to study. 

Frederik Görg and his colleagues in the group of Prof. Tilman Esslinger in the Department of 

Physics at ETH Zurich (Switzerland) have now used an alternative approach to obtain fresh insight 

into the physics at play in these systems, as they report in a publication that is published today in 

the journal Nature. 

Görg and his co-workers simulated magnetic materials using electrically neutral (but magnetic) 

atoms that they trapped in an artificial crystal made of light. Even if this system is very different 

from the storage materials they emulate, both are governed by similar basic physical principles. In 

contrast to a solid-state environment, however, many unwanted effects resulting for example 

from impurities in the material are absent and all key parameters of the system can be finely 

tuned. Exploiting this reduction of complexity and degree of control, the team was able to monitor 

the microscopic processes in their quantum many-body system and to identify ways to enhance 

and manipulate the magnetic order in their system. 

Most importantly, the ETH physicists demonstrated that by controlled shaking of the crystal in 

which the atoms reside, they could switch between two forms of magnetic order, known as anti-

ferromagnetic and ferromagnetic orderingτan important process for data storage. The 

fundamental understanding gained from these experiments should therefore help to identify and 

understand materials that might serve as the basis for the next generation of data-storage media. 

[34] 

 

 

 

Retrospective test for quantum computers can build trust  
Tech companies are racing to make commercial quantum computers. A new scheme from 

researchers in Singapore and Japan could help customers establish trust in buying time on such 

machinesτand protect companies from dishonest customers. 

Quantum computers have the potential to solve problems that are beyond the reach of even 

today's biggest supercomputers, in areas such as drug modelling and optimisation. 

"Our approach gives a way to generate a proof that a computation was correct, after it has been 

completed," explains Joseph Fitzsimons, a principal investigator at Singapore's Centre for 

Quantum Technologies and Assistant Professor at the Singapore University of Technology and 

Design. Fitzsimons carried out the work with colleague Michal Hajdusek and collaborator 

https://phys.org/tags/ultrashort+laser+pulses/
https://phys.org/tags/magnetic+domains/
https://phys.org/tags/magnetic+domains/
https://phys.org/tags/solid-state+materials/
https://phys.org/tags/magnetic+materials/
https://phys.org/tags/magnetic+order/
https://phys.org/tags/materials/


Tomoyuki Morimae, who is at Kyoto University in Japan. Their proposals are published in Physical 

Review Letters. 

Quantum computers today are bulky, specialised machines that require careful maintenance, 

meaning that people are more likely to access machines owned and operated by a third party than 

to have their ownτlike a quantum version of a cloud service. Customers sending off data and 

programmes to a quantum computer will want to check that their instructions have been carried 

out as they intended. This problem of verification has been tackled before, but previous solutions 

required the customer to interact with the quantum computer while it was running the 

computation. 

That kind of back-and-forth communication isn't necessary in the new scheme. "If you receive a 

result that look fishy, you can choose to verify the result, essentially retrospectively," says 

Fitzsimons. Verification guards against a quantum computer that does not perform correctly 

because of an accidental fault or even malicious tampering. 

The improvement comes from how the calculation is checked. "The approach is completely 

different. We try to produce a state which can be used as a witness to the correctness of the 

computation. The previous approaches had some kind of trap built into the computation that gets 

checked as you go along," explains Fitzsimons. 

The witness state registers each step of the computation. This means it must have as many bits as 

the computation has steps. For example, if a computation has 1000 steps, on 100 qubits, the 

witness would need to be 1100 qubits long. 

The research team present two post-hoc verification schemes, based on different ways of testing 

the witness state. The first requires the customer to be able to send and measure quantum bits. In 

practice, this means they would need some specialized hardware and a line for sending these 

qubits to the owner of the quantum computer. The customer then measures the witness directly. 

In the second scheme, the customer can be without any quantum toolsτcommunication over the 

regular internet would doτbut the quantum computer doing the calculation must be networked 

with five other quantum computers that help to check the witness state, playing a role as provers. 

"It will be difficult to do an experiment to demonstrate post-hoc verification, but maybe not 

impossible", says Fitzsimons. A challenge is the size of the quantum computers available todayτ

the biggest are around 50 qubits. Another is that the networked setups required for the prover 

schemes don't existτat least not yet. 

The researchers wrap up their paper by pointing out an interesting advantage of the post-hoc 

verification scheme: It's not only the customer who could check that a computation was carried 

out correctly. The scheme allows public verifiability. The witness could be checked by a trusted 

third party, such as a court. This could protect the company if, say, a customer claimed the 

computation was not done correctly to avoid paying for the service. [33] 

https://phys.org/tags/computer/
https://phys.org/tags/quantum/
https://phys.org/tags/witness/


 

Real-world intercontinental quantum communications enabled by  

the Micius satellite  
A joint China-Austria team has performed quantum key distribution between the quantum-science 

satellite Micius and multiple ground stations located in Xinglong (near Beijing), Nanshan (near 

Urumqi), and Graz (near Vienna). Such experiments demonstrate the secure satellite-to-ground 

exchange of cryptographic keys during the passage of the satellite Micius over a ground station. 

Using Micius as a trusted relay, a secret key was created between China and Europe at locations 

separated up to 7,600 km on the Earth. 

Private and secure communications are fundamental for Internet use and e-commerce, and it is 

important to establish a secure network with global protection of data. Traditional public key 

cryptography usually relies on the computational intractability of certain mathematical functions. 

In contrast, quantum key distribution (QKD) uses individual light quanta (single photons) in 

quantum superposition states to guarantee unconditional security between distant parties. 

Previously, the quantum communication distance has been limited to a few hundred kilometers 

due to optical channel losses of fibers or terrestrial free space. A promising solution to this 

problem exploits satellite and space-based links, which can conveniently connect two remote 

points on the Earth with greatly reduced channel loss, as most of the photons' propagation path is 

through empty space with negligible loss and decoherence. 

A cross-disciplinary multi-institutional team of scientists from the Chinese Academy of Sciences, 

led by Professor Jian-Wei Pan, has spent more than 10 years developing a sophisticated satellite, 

Micius, dedicated to quantum science experiments, which was launched on August 2016 and 

orbits at an altitude of ~500 km. Five ground stations in China coordinate with the Micius satellite. 

These are located in Xinglong (near Beijing), Nanshan (near Urumqi), Delingha (37°22'44.43''N, 

97°43'37.01"E), Lijiang (26°41'38.15''N, 100°1'45.55''E), and Ngari in Tibet (32°19'30.07''N, 

80°1'34.18''E). 

Within a year after launch, three key milestones for a global-scale quantum internet were 

achieved: satellite-to-ground decoy-state QKD with kHz rate over a distance of ~1200 km (Liao et 

al. 2017, Nature 549, 43); satellite-based entanglement distribution to two locations on the Earth 

separated by ~1200 km and Bell test (Yin et al. 2017, Science 356, 1140), and ground-to-satellite 

quantum teleportation (Ren et al. 2017, Nature 549, 70). The effective link efficiencies in the 

satellite-based QKD were measured to be ~20 orders of magnitude larger than direct transmission 

through optical fibers at the same length of 1200 km. The three experiments are the first steps 

toward a global space-based quantum internet. 

The satellite-based QKD has now been combined with metropolitan quantum networks, in which 

fibers are used to efficiently and conveniently connect numerous users inside a city over a 

distance scale of ~100 km. For example, the Xinglong station has now been connected to the 

metropolitan multi-node quantum network in Beijing via optical fibers. Very recently, the largest 

fiber-based quantum communication backbone has been built in China, also by Professor Pan's 

team, linking Beijing to Shanghai (going through Jinan and Hefei, and 32 trustful relays) with a 



fiber length of 2000 km. The backbone is being tested for real-world applications by government, 

banks, securities and insurance companies. 

 

One-time-pad file transfer. Credit: University of Science and Technology of China 

The Micius satellite can be further exploited as a trustful relay to conveniently connect any two 

points on Earth for high-security key exchange. To further demonstrate the Micius satellite as a 

robust platform for quantum key distribution with different ground stations on Earth, QKD from 

the Micius satellite to Garz ground station near Vienna has also been performed successfully this 

June in collaboration with Professor Anton Zeilinger of Austrian Academy of Sciences. The satellite 

thus establishes a secure key between itself and, say, Xinglong, and another key between itself 

and, say, Graz. Then, upon request from the ground command stations, Micius acts as a trusted 

relay. It performs bitwise exclusive OR operations between the two keys and relays the result to 

one of the ground stations. That way, a secret key is created between China and Europe at 

locations separated by 7600 km on Earth. This work points towards an efficient solution for an 

ultra-long-distance global quantum network. 

https://phys.org/tags/quantum+key+distribution/
https://phys.org/tags/ground+stations/
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/2018/1-realworldint.jpg























































































