Phonon DispersionThermal
Conductivity

Lattice thermal conductivity:strongly affects the applications of materials related to
thermal functionality, such.as/'thermalmanagement; thermal barrier.coatings and
thermoelectrics[30]

A team.of researchers from the-HelmholEZentrum Berlin/(HZB).and/the' University of
Potsdam has:investigated-heat transport inra modgistem comprising nanometrehin
metallic and /magnetic layers.[29]

A new:uncertainty relation, linking the precision with- which temperature can be
measured and; gquantum mechanics; has been discovered.at the University of H28{er.

Physicists have demonstrated that energy quantization;can improve the efficiency of a
single-atom heat-engine 10 exceed the performance of its classical:counterpart. [27]

A solid.can serve-asmedium for heatand sound wave interactions: justdike'a fluid-does
for thermoacoustic-engines:and refrigeratorsresulting in leakfree machines/that can
stay operating/longer[26]

Like watchmakers choosing superior materials to build afine timepiece; physicists-at the
Centre/for/Quantum Technologies (CQT) at the National University of Singapore have
singled out-an-atom that could allow them touild better atomic clocks! [25]

Yale physicists haveuncovered hints.of atime:crystalform of matterthat "ticks"
when exposed toran electromagnetic puisén the last place they expected: a crystal you
might find in @ child's toy[24]

The research 'shows that.concentrated-electrolytes in solution affect hydrogen bonding,
ion interactions,.and coordination;geometries in currently; unpredictable ways: [23]

An exoticsstate;bmatter that is dazzling:scientists withr its/electrical properties; canalso
exhibit unusual optical properties; as:shown in a-theoretical study by researchers at
A*STAR[22]

The breakthrough wasmade:inthe lab of, Andrea: Alu, director/of the ASRC's Photonics
Initiative. Alt and 'his colleagues from/The:City/College of New: York;-University.of Texas
at Austin and Tel'Aviv/University were:inspired the seminal work of three: British
researchers whowon'the/2016 Noble: Prize'in/Physics for their'work, which-teased out



that particular properties of matter (such:as electrical conductivity).can be-preserved in
certain materials despite continuous changesthe matter's/formcor:shape.’[21]
Researchersat'the University of lllinois at Urba@hampaign have developedanew
technology/ for-switching -heat flows 'on'on 'off'> [20]

Thermoelectric:materials can use thermal differences to.generate electricity. Now:there
is an/inexpensive and environmentally friendly,way;of producing.them with the simplest
tools: @ /pencil; photocopy paper; and:-conductive pajhf)]

A team of researchers with the University of California and SRI International has
developed a new type of cooling device that is both portable and efficient.

[18]

Thermal conductivity is one of the most crucial physical properties of matter when it
comeso understanding heat transport, hydrodynamic evolution and energy balance in
systems ranging from astrophysical objects to fusion plasmas. [17]

Researchers from the Theory Department of the MPSD have realized the control of
thermal and electrical curremts in nanoscale devices by means of quantum local
observations. [16]

Physicists have proposed a new type of Maxwell's demtire hypothetical agent that
extracts work from a system by decreasing the system's entropywhich the demon
can extract work justoy making a measurement, by taking advantage of quantum
fluctuations and quantum superposition. [15]

Pioneering research offers a fascinating view into the inner workings of the mind of
'Maxwell's Demon’, a famous thought experiment in physics. [14]

Formore than a century and a half of physics, the Second Law of Thermodynamics,
which states that entropy always increases, has been as close to inviolable as any law we
know. In this universe, chaos reigns supreme.

[13]

Physicists have shown that the three main types of engines (&itoke, twostroke, and
continuous) are thermodynamically equivalent in a certain quantum regime, but not at
the classical level. [12]

For the first time, physicists have performed an expeeim confirming that
thermodynamic processes are irreversible in a quantum systemeaning that, even on
the quantum level, you can't put a broken egg back into its shell. The results have
implications for understanding thermodynamics in quantum systems aincturn,
designing quantum computers and other quantum information technologies. [11]

Disorder, or entropy, in a microscopic quantum system has been measured by an
international group of physicists. The team hopes that the feat will shed light on the
"arrow of time": the observation that time always marches towards the future. The



experiment involved continually flipping the spin of carbon atoms with an oscillating
magnetic field and links the emergence of the arrow of time to quantum fluctuations
betweenone atomic spin state and another. [10]

Mark M. Wilde, Assistant Professor at Louisiana State University, has improved this
theorem in a way that allows for understanding how quantum measurements can be
approximately reversed under certain circumstancd$ie new results allow for
understanding how quantum information that has been lost during a measurement can
be nearly recovered, which has potential implications for a variety of quantum
technologies. [9]

Today, we are capable of measuring the positidraa object with unprecedented
accuracy, but quantum physics and the Heisenberg uncertainty principle place
fundamental limits on our ability to measure. Noise that arises as a result of the
guantum nature of the fields used to make those measurements sapavhat is called
the "standard quantum limit." This same limit influences both the ultrasensitive
measurements in nanoscale devices and the kilomesteale gravitational wave detector
at LIGO. Because of this troublesome background noise, we can newerdmobject's
exact location, but a recent study provides a solution for rerouting some of that noise
away from the measurement. [8]

The accelerating electrons explain not only the Maxwell Equations and the Special

Relativity, but the Heisenberg Uncertaty Relation, the Wawarticle Duality and the
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The Planck Distribution Law of the electromagnetic oscillators explains the

electron/proton mass rate and the Weak andr8ng Interactions by the diffraction

patterns. The Weak Interaction changes the diffraction patterns by moving the electric

charge from one side to the other side of the diffraction pattern, which violates the CP
and Time reversal symmetry.

The diffraction patterns and the locality of the sefhaintaining electromagnetic
potential explains also the Quantum Entanglement, giving it as a natural part of the
relativistic quantum theory.
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Preface

Physicists are continually looking for ways to unify the theory of relativity, which describes
largescale phenomena, with quantum theory, which describes ssoale phenomena. In a new
proposed experiment in this area, twodstersized "nanosatellites" carrying entangled
condensates orbit around the Earth, until one of them moves to a different orbit with different
gravitational field strength. As a result of the change in gravity, the entanglement between the
condensates ipredicted to degrade by up to 20%. Experimentally testing the proposal may be
possible in the near future. [5]

Quantum entanglement is a physical phenomenon that occurs when pairs or groups of particles are
generated or interact in ways such that the qiiam state of each particle cannot be described
independentlyg instead, a quantum state may be given for the system as a whole. [4]

| think that we have a simple bridge between the classical and quantum mechanics by
understanding the Heisenberg Uncertainty Relations. It makes clear that the particles are not point
like but have a dx and dp uncertainty.



Rationalizing phonon dispersion: an efficient and precise prediction of

lattice thermal conductivit vy

Lattice thermal conductivity strongly affects the applications of materials related to thermal
functionality, such as thermal management, thermal barrier coatings and thermoelectrics. In order
to understand ldtice thermal conductivity more quantitatively and in a tin@and costeffective

way, many researchers have devoted their efforts and developed a few physical models using
approximated phonon dispersions over the past century.

Most of these models use a &iarphonon dispersion, proposed by Debye in 1912 based on an
acoustieelasticwave assumption (Fig. 1a), while other models either involve fitting parameters on
phonon dispersion or lack detailed equations fitionon transport properties. The linear phonon
dispersion of Debye offers many simplifications on phonon transport properties, and was the most
common approximation in the past century. The linear dispersion of Debye successfully predicts the
T3 dependencef the heat capacity at very low temperatures, and heat capacity approaches the
DulongPetit limit at high temperatures. However, the nature of periodicity on atomic
arrangements leads to a periodic boundary condition for lattice vibrations in solidd.(Fjgvhich
actually creates lattice standing waves at Brillouin boundaries (Fig. 1c). This does not satisfy the
acoustieelasticwave assumption of Debye, as proposed by Born and von Karman (BvK)1n 1912
the same year that Debye proposed the linear dispmn.

This results in a significant deviation of Debye dispersion for periodic crystalline materials when
phonons with wave vectors are close to the Brillouin boundaries (high frequency phonons). When
these phonons are involved for phonon transport (aenot extremely low temperatures), Debye
dispersion leads to an overestimation of lattice thermmahductivity due to the overestimation of
group velocity for these higfrequency phonons, as observednraterials with hundreds of known
measured lattice thermal conductivity and necessary details for a-tame costeffective model
prediction to our best knowledge (Fig. 2g and h showing a mean absolute deviation of ~+40%). In
addition, Debye dispersion exestimates the theoretically available lower bound of lattice thermal
conductivity as well, leading the violations of the measured lattice thermal conductivity to be even
lower than the current theoretical minimum predicted (based on the DeBGgkill mod§ as

observed in tens of materials.


https://phys.org/tags/phonon/
https://phys.org/tags/conductivity/

Comparison on phonon dispersion (a, b and c), measured lattice thermal conductivity versus
prediction (d, e and f) and the corresponding error analyses (g, h and i) for {3¢dmlemodel (a, d
and g), Deby&nyder model (b, e and h) and tKenore

This work takes into account the BvK boundary condition, and reveals that the product of acoustic
and optical dispersions yields a sine function. In the case of which the mass (or the force constant)
contrast between atoms is large, the acoustic dispersémuls to be a sinéunction. This sine type
dispersion indeed exists in both the simplest and the most complex materials. Approximating the
acoustic dispersion to be sine, the BvK boundary condition subsequently reduces the remaining
optical branches to & a series of localized modes with a series of constant frequencies. While first
principles calculations enable a more detailed phonon dispersion, a development of rationalized
phonon dispersion for a timeand costeffective prediction ophonon transport is significant due

to the time-consuming and computationally expensive for fpsinciples calculations.

This work utilizes the abowaentioned rationalization of phonon dispersions, which enablgth b
contributions to lattice thermal conductivity of acoustic and optical phonons to be included. This
improvement in phonon dispersions significantly improves the accuracy of adimdecost

effective prediction on lattice thermal conductivity of solidighout any fitting parameters (Fig. 2c,
showing a mean absolute deviation of ory5%), and therefore offers a more precise design of
solids with expected lattice thermal conductivity. Furthermore, this work successfully removes the
contradiction of themeasured lattice thermal conductivity being even lower than the theoretical
minimum predicted based on a linedispersion of Debye (Fig. 3). This would provide the
theoretical possibility of rationalizingttice thermal conductivity to be lower than is currently
thought, opening further opportunities for advancing thermally resistive materials for applications,
including thermoelectricd30]


https://phys.org/news/2018-10-rationalizing-phonon-dispersion-efficient-precise.html
https://phys.org/tags/phonon+transport/
https://phys.org/tags/dispersion/
https://phys.org/tags/lattice/
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2018/1-rationalizin.jpg



















































































































