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Tech News & New Tech（技术前沿）

Researchers road-test powerful method for studying singlet fission
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Spin, an intrinsic property of electrons, is related to the dynamics of electrons excited as a result of singlet fission – a process which could be used to extract energy in future solar cell technologies. Credit: Leah Weiss 

In a new study, researchers measure the spin properties of electronic states produced in singlet fission – a process which could have a central role in the future development of solar cells. 

Physicists have successfully employed a powerful technique for studying electrons generated through singlet fission, a process which it is believed will be key to more efficient solar energy production in years to come.

Their approach, reported in the journal Nature Physics, employed lasers, microwave radiation and magnetic fields to analyse the spin of excitons, which are energetically excited particles formed in molecular systems.

These are generated as a result of singlet fission, a process that researchers around the world are trying to understand fully in order to use it to better harness energy from the sun. Using materials exhibiting singlet fission in solar cells could make energy production much more efficient in the future, but the process needs to be fully understood in order to optimize the relevant materials and design appropriate technologies to exploit it.

In most existing solar cells, light particles (or photons) are absorbed by a semiconducting material, such as silicon. Each photon stimulates an electron in the material's atomic structure, giving a single electron enough energy to move. This can then potentially be extracted as electrical current.

In some materials, however, the absorption of a single photon initially creates one higher-energy, excited particle, called a spin singlet exciton. This singlet can also share its energy with another molecule, forming two lower-energy excitons, rather than just one. These lower-energy particles are called spin "triplet" excitons. Each triplet can move through the molecular structure of the material and be used to produce charge. 

The splitting process - from one absorbed photon to two energetic triplet excitons - is singlet fission. For scientists studying how to generate more solar power, it represents a potential bargain - a two-for-one offer on the amount of electrical current generated, relative to the amount of light put in. If materials capable of singlet fission can be integrated into solar cells, it will become possible to generate energy more efficiently from sunlight.

But achieving this is far from straightforward. One challenge is that the pairs of triplet excitons only last for a tiny fraction of a second, and must be separated and used before they decay. Their lifespan is connected to their relative "spin", which is a unique property of elementary particles and is an intrinsic angular momentum. Studying and measuring spin through time, from the initial formation of the pairs to their decay, is essential if they are to be harnessed.

In the new study, researchers from the University of Cambridge and the Freie Universität Berlin (FUB) utilised a method that allows the spin properties of materials to be measured through time. The approach, called electron spin resonance (ESR) spectroscopy, has been used and improved since its discovery over 50 years ago to better understand how spin impacts on many different natural phenomena. 

It involves placing the material being studied within a large electromagnet, and then using laser light to excite molecules within the sample, and microwave radiation to measure how the spin changes over time. This is especially useful when studying triplet states formed by singlet fission as these are difficult to study using most other techniques. 

Because the excitons' spin interacts with microwave radiation and magnetic fields, these interactions can be used as an additional way to understand what happens to the triplet pairs after they are formed. In short, the approach allowed the researchers to effectively watch and manipulate the spin state of triplet pairs through time, following formation by singlet fission.

The study was led by Professor Jan Behrends at the Freie Universität Berlin (FUB), Dr Akshay Rao, a College Research Associate at St John's College, University of Cambridge, and Professor Neil Greenham in the Department of Physics, University of Cambridge.

Leah Weiss, a Gates-Cambridge Scholar and PhD student in Physics based at Trinity College, Cambridge, was the paper's first author. "This research has opened up many new questions," she said. "What makes these excited states either separate and become independent, or stay together as a pair, are questions that we need to answer before we can make use of them." 

The researchers were able to look at the spin states of the triplet excitons in considerable detail. They observed pairs had formed which variously had both weakly and strongly-linked spin states, reflecting the co-existence of pairs that were spatially close and further apart. Intriguingly, the group found that some pairs which they would have expected to decay very quickly, due to their close proximity, actually survived for several microseconds.

"Finding those pairs in particular was completely unexpected," Weiss added. We think that they could be protected by their overall spin state, making it harder for them to decay. Continued research will focus on making devices and examining how these states can be harnessed for use in solar cells."

Professor Behrends added: "This interdisciplinary collaboration nicely demonstrates that bringing together expertise from different fields can provide novel and striking insights. Future studies will need to address how to efficiently split the strongly-coupled states that we observed here, to improve the yield from singlet fission cells."

Beyond trying to improve photovoltaic technologies, the research also has implications for wider efforts to create fast and efficient electronics using spin, so-called "spintronic" devices, which similarly rely on being able to measure and control the spin properties of electrons. 

研究人员实地测验是研究单重分裂的强有力方法

[image: image2.jpg]



自旋是电子的固有性质，与由于单重态裂变而激发的电子动力学有关 - 这是一种可用于在未来太阳能电池技术中提取能量的过程。图片来源：Leah Weiss

在一项新的研究中，研究人员测量在单重态裂变中产生的电子态的自旋性质 - 这一过程在太阳能电池的未来发展中可能具有中心作用。

物理学家已经成功地采用了一种强大的技术来研究通过单重态裂变生成的电子，这一过程被认为是未来几年更高效的太阳能生产的关键。

在自然物理杂志上报道他们的方法，采用激光，微波辐射和磁场来分析激子的自旋，激子是分子系统中形成的能量激发的粒子。

这些是由于单核裂变而产生的，这是世界各地的研究人员正在试图充分理解的过程，以便使用它来更好地利用太阳的能量。使用在太阳能电池中表现出单重态裂变的材料可以使得能量生产在将来更加有效，但是该过程需要被完全理解，以便优化相关材料并设计适当的技术来利用它。

在大多数现有的太阳能电池中，光粒子（或光子）被半导体材料（例如硅）吸收。每个光子在材料的原子结构中刺激电子，给予单个电子足够的能量移动。然后，这可能被提取为电流。

然而，在一些材料中，单个光子的吸收最初产生一个较高能量的激发粒子，称为自旋单线态激子。这种单线态也可以与另一个分子共享其能量，形成两个较低能量的激子，而不是仅仅一个。这些较低能量的粒子被称为自旋“三重态”激子。每个三线态可以穿过材料的分子结构并用于产生电荷。

分裂过程 - 从一个吸收光子到两个能量三重态激子 - 是单重态分裂。对于研究如何产生更多太阳能功率的科学家来说，它代表了一种潜在的交易 - 相对于投入的光量，产生的电流量是两对一的。如果能够单重态裂变的材料可以被集成到太阳能电池中，则将有可能从太阳光更有效地产生能量。

但是实现这一目标远非直截了当。一个挑战是，三重态激子对仅持续微小的一秒钟，并且必须在它们衰变之前被分离和使用。它们的寿命与它们的相对“旋转”相关，它是基本粒子的独特属性，并且是内在的角动量。研究和测量自旋通过时间，如果他们要利用这点，从对的初始形成到它们的衰变就是必要的。

在新的研究中，来自剑桥大学和自由大学柏林（FUB）的研究人员采用了一种方法，可以通过时间来测量材料的自旋特性。这种称为电子自旋共振（ESR）光谱的方法自从50多年前发现以来已被使用和改进，以更好地理解自旋如何影响许多不同的自然现象。

它包括将被研究的材料放置在大的电磁体内，然后使用激光激发样品内的分子，以及微波辐射以测量自旋随时间的变化。当研究由单重态裂变形成的三重态时，这是特别有用的，因为这些难以使用大多数其他技术研究。

因为激子的自旋与微波辐射和磁场相互作用，这些相互作用可以用作另外的方式来理解在形成三重线对之后发生什么。总之，该方法允许研究人员有效地观察和操纵三重线对的自旋状态通过时间，在单线分裂形成之后。

该研究由柏林自由大学（FUB）的Jan Behrends教授，剑桥大学圣约翰学院的大学研究员Akshay Rao博士和剑桥大学物理系Neil Greenham教授领导。

Leah Weiss是剑桥大学剑桥学者和剑桥大学三一学院物理学博士，是本文的第一作者。“这项研究开辟了许多新的问题，”她说。“什么使这些激动的状态分离，变得独立，或者作为一对保持在一起，是我们需要回答的问题，这样我们才能利用它们。

研究人员能够相当详细地观察三重态激子的自旋态。他们观察到形成了各种具有弱和强连接的自旋状态的对，反映了在空间上接近和远离的对的共存。有趣的是，该组发现，由于它们的接近，他们预期会快速衰减一些对，实际上存活了几微秒。

“发现这些对是完全意想不到的，”Weiss补充说。我们认为他们可以受到他们的整体旋转状态的保护，使他们更难腐烂。继续研究将集中在制造器件和检查如何利用这些状态在太阳能电池中使用。

Behrends教授补充说：“这种跨学科的合作很好地表明，汇集来自不同领域的专业知识可以提供新颖和醒目的见解。未来的研究将需要解决如何有效地分裂我们在这里观察到的强耦合状态，以提高单重态裂变细胞的产量。

除了尝试改进光伏技术，该研究还涉及使用自旋，所谓的“自旋电子”器件产生快速和有效的电子的更广泛的努力，其同样依赖于能够测量和控制电子的自旋性质。

How quantum effects could improve artificial intelligence
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Physicists have shown that quantum effects have the potential to significantly improve a variety of interactive learning tasks in machine learning. This figure shows a tested agent-environment interaction. Credit: Dunjko et al. ©2016 American Physical Society 

(Phys.org)—Over the past few decades, quantum effects have greatly improved many areas of information science, including computing, cryptography, and secure communication. More recently, research has suggested that quantum effects could offer similar advantages for the emerging field of quantum machine learning (a subfield of artificial intelligence), leading to more intelligent machines that learn quickly and efficiently by interacting with their environments. 

In a new study published in Physical Review Letters, Vedran Dunjko and coauthors have added to this research, showing that quantum effects can likely offer significant benefits to machine learning.

"The progress in machine learning critically relies on processing power," Dunjko, a physicist at the University of Innsbruck in Austria, told Phys.org. "Moreover, the type of underlying information processing that many aspects of machine learning rely upon is particularly amenable to quantum enhancements. As quantum technologies emerge, quantum machine learning will play an instrumental role in our society—including deepening our understanding of climate change, assisting in the development of new medicine and therapies, and also in settings relying on learning through interaction, which is vital in automated cars and smart factories."

In the new study, the researchers' main result is that quantum effects can help improve reinforcement learning, which is one of the three main branches of machine learning. They showed that quantum effects have the potential to provide quadratic improvements in learning efficiency, as well as exponential improvements in performance for short periods of time when compared to classical techniques for a wide class of learning problems.

While other research groups have previously shown that quantum effects can offer improvements for the other two main branches of machine learning (supervised and unsupervised learning), reinforcement learning has not been as widely investigated from a quantum perspective. 

"This is, to our knowledge, the first work which shows that quantum improvements are possible in more general, interactive learning tasks," Dunjko said. "Thus, it opens up a new frontier of research in quantum machine learning."

One of the ways that quantum effects may improve machine learning is quantum superposition, which allows a machine to perform many steps simultaneously, improving the speed and efficiency at which it learns.

But while in certain situations quantum effects have the potential to offer great improvements, in other cases classical machine learning likely performs just as well or better than it would with quantum effects. Part of the reason for the difficulty in determining how quantum effects can improve machine learning is due to the unique set of challenges involved, beginning with the basic question of what it means to learn. Such a question becomes problematic, the scientists explain, since the machine and its environment may become entangled, blurring the boundary between the two.

Overall, the researchers expect that the systematic approach proposed here, which encompasses all three of the main branches of machine learning, will lead to the first steps in a complete theory of quantum-enhanced learning. 

"While the initial results are very encouraging, we have only begun to investigate the potential of quantum machine learning," Dunjko said. "We plan on furthering our understanding of how quantum effects can aid in aspects of machine learning in an increasingly more general learning setting. One of the open questions we are interested in is whether quantum effects can play an instrumental role in the design of true artificial intelligence." 

量子效应如何改善人工智能

[image: image4.jpg]



物理学家表明了，量子效应具有显着改善机器学习中的各种交互式学习任务的潜力。此图显示了经过测试的代理 - 环境交互。信用：Dunjko et al。 ©2016美国物理学会

（Phys.org） - 过去几十年里，量子效应极大地改善了信息科学的许多领域，包括计算，密码学和安全通信。最近，研究表明，量子效应可以为量子机器学习的新兴领域（人工智能的子领域）提供类似的优势，从而导致更智能的机器，通过与其环境交互而快速有效地学习。

在一篇发表在Physical Review Letters上的新研究中，Vedran Dunjko和合作者加入了这项研究，表明量子效应可能为机器学习提供显着的益处。

奥地利因斯布鲁克大学的物理学家Dunjko告诉Phys.org：“机器学习的进步在很大程度上依赖于处理能力。“此外，机器学习的许多方面所依赖的底层信息处理的类型特别适合于量子增强。随着量子技术的出现，量子机器学习将在我们的社会中发挥重要作用，包括加深我们对气候变化的理解，协助新医学和治疗的发展，以及依赖于通过相互作用学习的设置。

在新的研究中，研究人员的主要结果是量子效应可以帮助改进加强学习，这是机器学习的三个主要分支之一。他们表明，量子效应具有提供学习效率的二次方改进的潜力，以及与用于广泛类型的学习问题的经典技术相比在短时间内性能的指数改进。

Metal Alloy（金属合金）

Trace metal recombination centers kill LED efficiency
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Schematic illustration of Shockley-Read-Hall (SRH) recombination due to iron in GaN. Iron is a deep acceptor with a defect level (black line) close to the GaN conduction band (green). The charge density corresponding to this localized level is …more

Using cutting-edge first-principles calculations, researchers at the University of California, Santa Barbara (UCSB) have demonstrated the mechanism by which transition metal impurities - iron in particular - can act as nonradiative recombination centers in nitride semiconductors. The work highlights that such impurities can have a detrimental impact on the efficiency of light-emitting diodes (LEDs) based on gallium nitride or indium gallium nitride. 

For LEDs, high-purity material is essential to lighting technology, such as residential and commercial solid-state lighting, adaptive lighting for automobiles, and displays for mobile devices. Imperfections at the atomic scale can limit the performance of LEDs through a process known as Shockley-Read-Hall recombination. The operation of an LED relies on the radiative recombination of electrons and holes, which results in the emission of photons. Defects or impurities can act as a source of nonradiative recombination and prevent the emission of light, lowering the LED efficiency.

The UCSB researchers, in collaboration with researchers from Rutgers University, the University of Vienna, the KTH Royal Institute of Technology in Sweden and the Center for Physical Sciences and Technology in Lithuania, have identified that iron, even at concentrations less than parts-per-million, can be highly detrimental.

Transition metal impurities such as iron have long been known to severely impact devices based on traditional semiconductors such as silicon and gallium arsenide, leading these impurities to be referred to as "killer centers." It is therefore surprising that little attention has been devoted to understanding the role of transition metals in recombination dynamics in GaN.

"A naïve application of Shockley-Read-Hall theory, based on an inspection of defect levels within the band gap, would lead one to conclude that iron in GaN would be harmless," explained Dr. Darshana Wickramaratne, lead author on the paper. "However, our work shows that excited states of the impurity play a key role in turning it into a killer center."

The UCSB scientists identified a recombination pathway by which iron can lead to severe efficiency loss. Sophisticated first-principles calculations were essential to identify and understand the role of the excited states in the recombination process.

"Taking these excited states into account completely changes the picture," emphasized Dr. Audrius Alkauskas, another member of the research team. "We strongly suspect that such excited states play a key role in other recombination phenomena, opening up new avenues for research."

The results highlight that strict control over growth and processing is required to prevent the unintentional introduction of transition metal impurities. Sources of iron contamination include the stainless steel reactors that are used in some growth techniques for nitride semiconductors.

"Increasing the efficiency of light emission is a key goal for the solid-state lighting industry," said UCSB Materials Professor Chris Van de Walle, who led the research team. "Our work focuses attention on the detrimental impact of transition metals and the importance of suppressing their incorporation." 

痕量金属复合中心杀死LED效率
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由于GaN中铁的Shockley-Read-Hall（SRH）复合的示意图。铁是具有接近GaN导带（绿色）的缺陷能级（黑色线）的深受主。对应于这个本地化水平的电荷密度是...更多

使用前沿第一性原理计算，加利福尼亚大学，圣巴巴拉（UCSB）的研究人员已经证明过渡金属杂质 - 特别是铁可以充当氮化物半导体中的非辐射复合中心的机制。该工作强调，这样的杂质可能对基于氮化镓或氮化铟镓的发光二极管（LED）的效率具有有害的影响。

对于LED，高纯度材料对于照明技术至关重要，例如住宅和商业固态照明，汽车的适应性照明以及移动设备的显示器。原子尺度的缺陷可以通过被称为Shockley-Read-Hall复合的工艺来限制LED的性能。LED的操作依赖于电子和空穴的辐射复合，这导致光子的发射。缺陷或杂质可以充当非辐射复合的源并防止光的发射，降低LED效率。

UCSB研究人员与来自罗格斯大学，维也纳大学，瑞典KTH皇家技术研究所和立陶宛物理科学和技术中心的研究人员合作，确定了铁，即使浓度百万分之一不到，也可以是非常有害的。

过渡金属杂质如铁长期以来已知严重影响基于诸如硅和砷化镓的传统半导体的器件，导致这些杂质被称为“杀伤中心”。因此，令人惊讶的是，很少注意过渡金属在GaN中的复合动力学中的作用。

第一作者Darshana Wickramaratne博士解释说：“基于对带隙内缺陷水平的检查，Shockley-Read-Hall理论的一个天真的应用将导致人们得出结论，GaN中的铁是无害的。“然而，我们的工作表明，杂质的兴奋状态在将其变成杀手中心方面发挥了关键作用。

UCSB科学家确定了铁可以导致严重的效率损失的重组途径。复杂的第一原理计算对于识别和理解激发态在复合过程中的作用是必要的。

研究团队的另一名成员Audrius Alkauskas博士强调说：“考虑这些兴奋状态会完全改变图像。“我们强烈怀疑这种激发态在其他重组现象中发挥关键作用，开辟新的研究途径。

结果强调，需要严格控制生长和加工以防止无意引入过渡金属杂质。铁污染的来源包括用于氮化物半导体的一些生长技术中的不锈钢反应器。

领导该研究团队的UCSB材料教授Chris Van de Walle说，“提高光发射效率是固态照明行业的一个关键目标。“我们的工作重点关注过渡金属的有害影响和抑制其合并的重要性。

Composite Materials（复合材料）

A more durable material for the power industry

New research published in Nature is challenging a theory that is more than 50 years old and could change how some materials are designed in the future. 

A team of researchers, including Rajiv Mishra, professor of materials science and engineering, and post-doctoral researcher Mageshwari Komarasamy of UNT's College of Engineering, did experimental research regarding creep deformation theory. That theory suggests all solids are to some extent subject to a slow, continuous deformation under constant stress. However, these researchers developed a divergent alloy that is able to achieve and retain high strength and creep resistance even at high temperatures.

"Nanocrystalline alloys are inherently unstable at high temperature, but we found a way to get them stable and that is a major breakthrough," says Mishra, who directs UNT's Advanced Materials and Manufacturing Processes Institute. "These results will have a profound impact on how materials are designed for high-temperature applications such as power plants and engines."

Part of this breakthrough comes from using elements that typically don't mix, similar to oil and water, so they have rarely been used in the past. However, this research team processed metallic alloy containing elements that do not mix and in turn found that such alloys are inherently more stable at high temperatures.

Now that they have made this breakthrough finding, the UNT research team, along with researchers from Army Research Lab and Arizona State University, is exploring new ways of creating similar systems with extraordinary performance. 

更耐用的电力工业材料

在自然界发表的新研究挑战了一个50多年来的理论，可以改变未来某些材料的设计。

一组研究人员，包括材料科学与工程教授Rajiv Mishra和UNT工程学院博士后研究员Mageshwari Komarasamy，对蠕变变形理论进行了实验研究。该理论表明所有固体在某种程度上经受在恒定应力下的缓慢，连续变形。然而，这些研究人员开发了一种发散合金，即使在高温下也能够实现和保持高强度和抗蠕变性。

“纳米晶合金在高温下本质上是不稳定的，但是我们找到了一种使它们稳定的方法，这是一个重大的突破，”指导UNT的先进材料和制造工艺研究所的Mishra说。“这些结果将对材料如何设计用于发电厂和发动机等高温应用产生深远的影响。

这一突破的一部分来自于使用通常不混合的元素，类似于油和水，因此它们在过去很少使用。然而，该研究团队处理含有不混合的元素的金属合金，并且继而发现这样的合金在高温下本质上更稳定。

现在，他们已经做出了这个突破性的发现，UNT研究团队，以及军队研究实验室和亚利桑那州立大学的研究人员，正在探索创造类似的系统具有非凡的性能的新方法。

Practical Application（实际应用）

Laser produces infrared beams over an unprecedented range of wavelengths

A*STAR scientists have developed a unique fast-pulsing fiber laser that has the widest wavelength output to date. This type of laser could replace several fixed-wavelength lasers and form the basis of compact devices useful for a range of medical and military applications.
The team developed an all-fiber laser, constructed similarly to a fiber-optic cable. The key component is a glass tube, whose core is doped with atoms that act as a gain medium—a material from which energy is transferred to boost the output power of the laser—through which light particles, or 'photons', travel. The doping atoms are selected according to the specific wavelengths of light that they will absorb, store and then release, creating an efficient, controllable output beam.
"To date, most tunable all-fiber pulsed lasers achieve a maximum tuning range of about 50 nanometers," says Xia Yu from the A*STAR Singapore Institute of Manufacturing Technology, who worked on the project with her team and her collaborator Qijie Wang from Nanyang Technological University. "We have achieved a widely-tunable laser in the mid-infrared wavelength band, with a range of 136 nanometers (from 1,842 to 1,978 nanometers). We used thulium as the doping atom; this generates a laser that operates in the eye-safe range, meaning it could have medical and military applications."
The researchers combined two techniques to create their laser and ensure the output was tunable. They used nonlinear polarization evolution, a filtering effect that picks out pulses of light at the desired wavelength and channels them into the output beam. This simultaneously ensures that the output can be adjusted to a specific wavelength while generating ultrafast pulsed light. They also used bidirectional pumping—injecting energy into the gain medium from both ends of the fiber—to ensure a high optical power for as wide a range of wavelengths as possible. The gain occurs when thulium ions are excited to higher-energy states; they then release more photons when they return to lower-energy states.
"This is the state-of-the-art, widely-tunable all-fiber laser with pulsed output at this wavelength," says Yu. "We have shown that every parameter, from the pumping scheme to the use of nonlinear polarization evolution, is critical to the final output."
Yu's team believe that their simple, inexpensive and compact laser could one day be used in combination with high power amplifiers to generate other forms of laser, including extreme ultraviolet and soft X-ray beams.

激光产生超过前所未有的波长范围的红外光束

A * STAR科学家开发了一种独特的快速脉冲光纤激光器，它具有迄今为止最宽的波长输出。这种类型的激光器可以代替几个固定波长激光器并且形成用于一系列医疗和军事应用的紧凑设备的基础。

该团队开发了一种全光纤激光器，其构造类似于光纤电缆。关键部件是玻璃管，其芯部掺杂有用作增益介质的原子，从中传递能量以提高光粒子或“光子”行进通过的激光器的输出功率的材料。根据它们将吸收，存储然后释放的光的特定波长来选择掺杂原子，从而产生有效的，可控的输出光束。

来自A * STAR新加坡制造技术研究所的Xia Yu说，“迄今为止，大多数可调谐全光纤脉冲激光器实现了约50纳米的最大调谐范围，”她与她的团队和她的合作者南洋理工大学的Qijie Wang一起研究这个项目。我们已经在中红外波段实现了广泛可调谐的激光器，具有136纳米（从1,842到1,978纳米）的范围。我们使用ium作为掺杂原子;这产生在眼睛安全范围内工作的激光器，这意味着它能够具有医疗和军事应用。

研究人员结合了两种技术来创建激光器，并确保输出是可调谐的。他们使用非线性偏振演化，过滤效应选择所需波长的光脉冲，并将其输送到输出光束。这同时确保输出可以被调整到特定波长，同时产生超快脉冲光。他们还使用双向泵浦注入能量从光纤的两端到增益介质，以确保尽可能宽的波长范围内的高光功率。当ium离子被激发到更高能量状态时，增益发生;然后当它们返回到较低能量状态时释放更多的光子。

“这是最先进，广泛可调的全光纤激光器，脉冲输出在这个波长，”Yu说。 “我们已经表明，从泵送方案到使用非线性极化演化的每个参数对于最终输出都是至关重要的。

Yu的团队相信，他们的简单，便宜和紧凑的激光器有一天可以与大功率放大器结合使用，以产生其他形式的激光，包括极紫外和软X射线束。
A little light construction—laser welding in three acts

November 9, 2016 
by Brian Simonds, Nist
http://phys.org/news/2016-11-constructionlaser-welding.html
Welding is said to be more art than science. In part, this is a nod to the vital, skilled work that welders perform. It's also recognition of the fact that the physics of the process is really, really difficult to understand.
I joined a NIST project on laser welding about two years ago. Before this, I had studied materials for solar panels and had done some work in laser processing, but I had little interest in laser welding. What eventually drew me in, and what motivates me now, is just how complex laser welding is and the opportunity to contribute to the understanding of a process that is so intertwined with everyday life, yet so mysterious.
Act I: Creating a Keyhole
The laser welding process begins, as one might imagine, when a laser is focused to the surface of a metal. Although the surface initially reflects most of the light, it absorbs enough to cause significant heating. This heating slightly changes the way the metal interacts with the light, which in turn causes more absorption and even more heating. Once the metal gets hot enough, it begins to melt and evaporate. The now-molten metal pool reacts to this evaporation by recoiling and creating a depression in the surface, like a trampoline reacting to a heavy load. When this depression is deep enough, it sends some of the reflected light back onto itself, which increases the absorbed light, creating more melting, generating more evaporation, making a deeper depression, creating more absorption, then more melting, and so on. This continues until all the light is absorbed and a deep hole, called a keyhole, forms. In cross section, this looks something like a molten metal tornado with a hollow cavity surrounded by a turbulent funnel of very hot liquid. This all happens within the first few milliseconds.
In their textbook Modern Welding Technology, which has been metaphorically welded to my neocortex, H.B. Cary and S. Helzer estimate that as much as 50 percent of the U.S. gross domestic product relies on welding in some form or another. The obvious applications of welding are in the manufacturing of big things like cars and trains, but there are less obvious ones like the battery casing in your mobile phone or the metal stents used to reopen clogged arteries. It turns out that we can use laser welding in many of these manufacturing scenarios, and by doing so, we can realize numerous benefits. In some applications, the laser's tightly focused beam makes for better precision welds like those needed in biomedical devices, batteries, and nuclear containment vessels, but in most other cases using lases is jurst good business.
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For instance, most of a laser's energy goes into making the weld itself, with very little wasted on heating the surrounding area. Less waste means lower utility bills. Also, the latest laser technology is based on fiber-optics, which we can mount directly to manufacturing robots, speeding up production lines and increasing manufacturing throughput. Recent studies also show that the ecological footprint of laser welding over traditional welding is significantly smaller both in terms of resources needed and hazardous waste produced.
Being a former solar-cell guy, I find this benefit particularly motivating.
Act II: A Tornado of Molten Metal
Due to the chaos below, a hot cloud forms above the surface of our molten metal tornado. This cloud is made up of four different states of matter: solid particles, liquid droplets, a hot gas, and even a bit of plasma. Each of these states of matter interacts with the molten surface and the incoming light in its own special way.
Industry chooses metal alloys to suit a particular application based on its requirements for strength, hardness, corrosion resistance, etc. Interestingly, many properties of steels are owed not to the iron, but to the small amounts (often a fraction of one percent of the total) of other elements like carbon, phosphorous, silicon and zinc. Like a chef tweaking the taste of a soup with spices, a metallurgist tunes a metal's properties by sprinkling in small amounts of these elements. However, the dynamic process of laser welding can alter the flavor by throwing out more of some elements than others. This can leave you with a welded region that "tastes" slightly different than the surrounding un-welded regions. This mismatch in properties can lead to cracking, fatigue, stress or corrosion.
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In other words, a bad weld.
What I do is measure the trace alloying elements as they are flung out of the tornado. I find them using a process a little like the Bunsen burner experiments you might have done in high school chemistry. If you recall, you put a "mystery" substance into a flame and discovered its identity by observing the colors of light it gave off on a special viewer. In my case though, I'm choosing to make some colors brighter by selectively targeting elements with a second specially tuned laser that shoots through the weld plume. This technique causes those trace elements to generate more light, which allows me to see elements that would otherwise be too faint.
Act III: The Cooldown
Although the storm has passed, how the weld will perform is being determined. Once the laser has moved on, the molten pool of metal rapidly cools and becomes a solid again, now bridging what was previously a gap between two separate pieces of metal. The speed at which this bridge is formed (the cooling rate) determines an awful lot about the quality of the weld's final structure. The cooling process will ultimately determine if cracks will form and what structure the welded metal will have.
In order to study the resulting weld quality, we have to take the weld apart and look at it. To do this, we turn to our project partners at NIST's Material Measurement Laboratory. There they have the capability to dissect a weld to look for cracks and defects. Using an array of atomic-scale imaging techniques, materials research engineer Ann Debay Chiaramonti in the Nanoscale Reliability Group can see how the weld process displaced individual atoms. Metallurgist and welding expert Jeffrey Sowards in the Structural Materials Group tests welds by pulling them apart or compressing them to their breaking point under extremely heavy loads. Studying these processes is vital to understanding why welds fail and how those failures are related to the welding process.
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Due to the complexity of the laser welding process, directly studying the process in a systematic way can be difficult experimentally. Therefore, the welding community relies on complex models to help solve the mystery. The quality of the output of these models is inherently linked to the quality of data inputs used.
As the saying goes: garbage in, garbage out.
In order to help guide the weld models toward more realistic solutions, our team is developing measurement tools to accurately measure all inputs necessary at every stage in the laser welding process. The ability to accurately measure these properties over such large, dynamic time, length, and temperature ranges requires a unique combination of capabilities that only NIST can provide, making this work vital for the welding community.
Although laser welding has the potential to replace 25 percent of existing welding activities, it is currently only used in about 0.5 percent. Making up that difference and realizing all of the technological, economic and environmental benefits that go along with it will require efforts like the one we are pursuing at NIST. I'm very proud to be part of such a group and happy to be contributing to a research effort that has the potential for making a large, meaningful impact. 
一种小型的光构造——激光焊接的三个部分

11/09/2016     作者：Brian Simonds, Nist     出处：http://phys.org
据说焊接是比科学更为艺术的一门技艺。从某种程度上说，这个认可至关重要，它是焊工进行的高技术工作。同时这也承认了这个物理过程真的难以理解。

两年前我参加了美国国家标准技术研究所（NIST）一个关于激光焊接的项目。在此之前，我研究过太阳能板材料，在激光加工方面也做了一些工作，但是对激光焊接毫无兴趣。而最终吸引我、激励我的正是：激光焊接到底有多复杂，以及有助于理解这一与日常生活息息相关却仍然充满神秘的过程的机会。

部分I：产生一个锁眼

正如人们想的那样，当激光聚焦到金属表面时，激光焊接过程就开始。虽然最初时这个表面反射了大部分的光，但是它吸收的部分足以引起明显加热。加热稍微改变了金属与光相互作用的方式，反过来又会导致更多的吸收和热量。一旦金属变得足够热，它就开始融化和蒸发。正在溶解的金属池利用反冲应对蒸发，在表面产生了一个凹陷，就像蹦床受到重量冲击时那样。当凹陷足够深时，它把一些光反射到自己身上，这样就增加了吸收的光，使溶解更多，蒸发更多，凹陷更大，吸收更多，之后又是更多的溶解，以此类推。这个过程一直持续，直到所有的光都被吸收和一个很深的称作锁眼的深洞形成。从横断面来看，它看起来就像熔化金属形成的龙卷风，中间是一个中空的腔，由一个非常热的液体形成的紊流漏斗包围着。这一切都发生在最初的几毫秒内。

《现代焊接技术》这本书已经印在了我的大脑中，在这本书中，H∙B∙卡里和S∙黑尔策估计称，美国50%的国内生产总值依赖于某种形式的焊接。焊接最明显的用途是用在汽车和火车这样的大东西的制造中，但也有一些不常见的，像移动手机中电池外壳，或用于打开动脉堵塞的金属支架。事实表明，我们能够将激光焊接应用到许多这样的生产中，这样做我们能够获得很多好处。在一些应用中，激光的聚焦光束能提供更好的精密焊接，这是像生物医学装置、电池和核反应堆容器所需要的，但是在其他大部分应用中，使用激光仅仅是为了赚钱。
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例如，激光的大部分能量都用于焊接本身，只有很少一部分浪费在加热周围区域上。较少的浪费意味着费用更低。同时，最新的激光技术是以光导纤维为基础的，我们可以直接把它安装到制造机器人，加快生产线速度和增加生产吞吐量。最近的研究也表明，与传统焊接相比，激光焊接的生态足迹无论在需要的资源还是产生的危险废物上都要小得多。

作为一个之前研究太阳能电池的人来说，我发现这个好处特别有激励作用。

部分II：熔化金属形成的龙卷风

由于下面形成的紊乱，在熔化金属形成的龙卷风表面形成了一个热云。这种云由四种不同的物质组成：固体颗粒、液滴、热气体、甚至有一点等离子体。每一种状态的物质与熔化金属表面和射入的光以自身特殊的方式相互作用。

行业根据其要求的强度、硬度、耐蚀性等选择金属合金用于特定用途。有趣的是，钢的许多特性不是由于铁，而是在于少量的（通常是总量的1%的部分）其他元素，比如碳、磷、硅和锌。就像一个厨师用调料调整汤的味道那样，冶金学家掺入少量的这些元素来调整金属性质。然而，激光焊接的动态过程可以将某些元素抛出更多来改变性质。这样就可以提供一个焊接区域，“尝起来”与周围未焊接的区域会稍有不同。这种不匹配的属性可能会导致开裂，疲劳，应力或腐蚀。
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换句话说，就是一个坏的焊接。

我所作的工作是测量被龙卷风甩出的微量合金元素。我发现它们使用的方式有点像高中时做的本生灯实验。回忆一下，你把一种“神秘”物质放进火焰，通过一个特殊的镜片来观察发出的光的颜色，以确定这种物质的成分。但是我所作的，是用第二个特殊的调谐激光穿过焊烟羽，投射到选择的特定元素上，使一些颜色更加明亮。这项技术让微量元素发出更多的光，让我可以看到那些由于太微弱而无法看到的元素。

部分III：冷却

虽然风暴过去了，但焊接是如何进行的却正在确定。激光一旦移动，金属熔池就迅速冷却，再次成为一个固体，填补了两个独立的金属块间的空隙。填补速度极大决定了焊缝最终结构的质量。冷却过程将最终决定裂缝是否会形成，以及焊接的金属将会形成什么样的结构。

为了研究焊接质量，我们必须把焊接部分拆开来看。为了实现这个目的，我们求助于美国国家标准技术研究所材料测量实验室的项目伙伴。那里他们有能力把焊缝切开，以寻找裂缝和瑕疵。运用一系列原子级成像技术，纳米可靠性组的材料研发工程师安∙德拜∙基亚拉蒙蒂可以看到焊接过程是如何替代单个原子的。结构材料组的冶金和焊接专家杰夫瑞∙索瓦兹用极大的负荷拉开或压缩到断裂点来对焊缝进行测试。研究这些过程对于理解焊接为何会失败及其与焊接过程的相关性至关重要。
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由于激光焊接过程的复杂性，以系统的方式直接研究该过程在实验上是很困难的。因此，焊接行业依靠复杂的模型来帮助解开这个迷。这些模型的输出质量本质上是与所使用的数据的质量有关。

俗话说：垃圾进，垃圾出。

为了帮助焊接模型能解决更为现实的问题，我们的小组正在开发测量工具来精确测量激光焊接过程每一阶段必要的输入。在如此大的、动态时间，长度和温度范围内精确测量这些性质的能力需要一个独特的能力组合，而这只有美国国家标准技术研究所可以提供，使得这项工作对焊接行业至关重要。

虽然激光焊接拥有代替25%的现有焊接工作的潜力，但是这项技术目前只在0.5%的活动中使用。为了弥补这种差异，并实现这种技术带来的所有技术、经济和环境好处，就需要我们在美国国家标准技术研究所所做出的那种努力。我非常自豪能参与到这样的小组中，并很高兴能为有潜力产生大的、有意义影响的研究成果做出贡献。

Chinese scientists implant 3D printed tissue into monkeys

Chinese scientists have successfully implanted 3D printed blood vessels made from stem cells into rhesus monkeys, marking an important step towards printing blood vessels and other organs for human transplants.

“It is groundbreaking work that will change the way regenerative medicine will develop,” said Sir Alfred Cuschieri, a professor at Dundee university, who has visited the scientific team from biotech group Sichuan Revotek several times and hopes to bring it into international partnerships. “They are well ahead of the west.”

Scientists around the world are racing to construct biosynthetic organs that could begin to make up for the shortage of organs from human donors. One technique is to lay down living cells through a miniaturised 3D printer. Russian biotechnology group 3D Bioprinting Solutions recently reported that it had successfully transplanted a 3D-printed thyroid gland into a mouse.

Revotek, based in the southwestern province of Sichuan, used a 3D printer filled with ‘ink’ made from stem cells — building blocks that can become any cell in the body — to print prototype blood vessels about 2cm long. These were then implanted into the chests of 30 rhesus monkeys.

One month after implantation, the stem cells in the artificial vessels had grown into the different kinds of cells that make up natural blood vessels, and over time they became “indistinguishable” from the monkeys’ original vessels, according to Revotek.

James Kang, lead scientist on the Revotek project who began working on stem cells in the US in the 1990s, said the research could benefit the 156m people every year worldwide who need artificial blood vessels or vessel support structures.

Helen Meese, head of healthcare at the Institution of Mechanical Engineers in London, said Revotek’s work was a “very exciting result for the global biotech community”. She added: “Most of the research so far has been small-scale testing in laboratories. Scaling up is the next big challenge, and this is a big step in that direction.”

Donald Thomason, executive director of the Molecular Resource Center at the University of Tennessee, said when Revotek presented its results: “Although the 3D printing of biological materials is developing around the world, this project’s result . . . is the most mature I’ve seen.

“The costs of some transplants are very high . . . but using stem cells harvested from the same body, in the long term, the costs should be much lower.”

Ms Meese said the results needed to be published and the procedure replicated by labs elsewhere. She estimated that it would take 20 years or more before more complex 3D-printed organs such as hearts or kidneys were transplanted into human patients.

Revotek now plans to run a second trial with a larger sample of monkeys.

国科学家成功将3D打印血管植入动物体内

中国科学家已成功将3D打印血管植入恒河猴体内，这标志着在打印血管及其他器官用于人类移植方面迈出了重要的一步。

邓迪大学(Dundee University)的教授阿尔弗雷德•库斯基耶里爵士(Sir Alfred Cuschieri)表示：“这一开创性研究将改变再生医学的发展之路。”库斯基耶里爵士曾多次访问四川蓝光英诺生物科技公司(Revotek)的科研团队，希望结成国际合作伙伴关系。“他们比西方领先很多。”

世界各地的科学家都在争相构建生物合成器官，它可以弥补人类捐献器官的短缺。一种技术是用小型3D打印机构建活细胞。最近有报道称俄罗斯生物科技集团3D Bioprinting Solutions已成功将3D打印甲状腺植入一只老鼠体内。

位于中国西南省份四川的蓝光英诺用装满干细胞“墨汁”——干细胞可以分化为机体的任何一种细胞——的3D打印机打印出约2厘米长的血管样本，然后将这些血管植入30只恒河猴的胸腔中。

据蓝光英诺介绍，植入一个月后，人工血管中的干细胞生长成天然血管所需的多种细胞，随着时间推移，这些细胞与恒河猴的原生血管已变得“不可区分”。

蓝光英诺该项目首席科学家康裕建(James Kang)表示，全球每年有1.56亿人需要人工血管或血管支持结构，这项研究能为他们带来福音。康裕建上世纪90年代开始在美国从事干细胞研究。

伦敦机械工程师协会(Institution of Mechanical Engineers)医疗保健主管海伦•米斯(Helen Meese)表示蓝光英诺的研究“对于全球生物科技界是一项令人振奋的成果”。她同时表示：“迄今为止的大部分研究都是在实验室进行的小规模测试。下一个重大挑战是扩大规模，而他们的研究是朝着这一方向迈出的一大步。”

田纳西大学(University of Tennessee)分子资源中心(Molecular Resource Center)执行理事唐纳德•托马森(Donald Thomason)在蓝光英诺发表成果时表示：“虽然世界各地都在发展生物材料3D打印，但这个项目的成果……是我见过最成熟的。”

“有些移植成本非常高……但用自体取出的干细胞，从长远来看，成本应该会低很多。”

米斯表示该成果有待发布，实验步骤也要在其他实验室重复进行。她估计至少要20年时间才能将心脏或肾脏等更复杂的3D打印器官移植到人类病患体内。

蓝光英诺现在计划用更多猴子样本进行第二次试验。

Indian company makes edible 100% biodegradable "plastic" bags

In an effort to combat plastic pollution, Indian startup EnviGreen has come up with a combination of natural starch and vegetable oils that looks and feels just like plastic, but is 100 percent organic, biodegradable and eco-friendly. You can even dispose of such a “plastic” bag by eating it.

EnviGreen founder Ashwath Hedge came up with the idea for these revolutionary bags after seeing people struggling to find alternatives to plastic bags, following bans imposed by several Indian cities.

“People were concerned about how they would carry products from the market now. Everyone cannot afford a bag worth Rs. 5 or Rs. 15 to carry a kilogram of sugar,” he told The Better India. So the 25-year-old decided to work on something that would solve this problem while being environment-friendly.

Hedge spent four years researching and experimenting with various materials, but one day he discovered a combination of 12 ingredients, including potato, tapioca, corn, natural starch, vegetable oil, banana, and flower oil, that looked and felt like plastic, but posed none of the environmental problems.

The manufacturing process is obviously a closely-guarded secret, but the young entrepreneur did reveal that the raw materials are first converted into liquid form, and then taken through a six-stage process to create the bags.

The cost of an EnviGreen bag is about 35% higher than that of a plastic bag, but the benefits of using the former are more than worth the extra cost. Once discarded, EnviGreen bags biodegrade naturally in less than 180 days, and if placed in water at room temperature, they dissolve in less than a day. For quick disposal, they can be placed in boiling water, and they dissolve in about 15 seconds.

“We don’t use any chemicals at all. Even the paint used for printing on the bags is natural and organic,” Ashwath boasts. That not only means that users can discard them without hurting the environment, but also that animals can safely ingest them.

In fact, EnviGreen “plastic” bags are edible, something that Hedge was more than happy to demonstrate in his interview with The Better India. He simply soaked a bag in water and gulped it down with a smile on his face.

The Karnataka State Pollution Control Board (KSPCB) has already approved EnviGreen bags for commercial use, but not before conducting a series of tests. They found that despite their appearance and texture, they contain no plastic, and don’t share its hazardous properties. When burned, the innovative material does not melt, drip, or release any toxic fumes.

EnviGreen has set up a factory in Bangalore, where it produces around 1,000 metric tonnes of eco-friendly “plastic” bags a month. That’s not very much, considering that the city of Bangalore alone consumes over 30,000 metric tonnes of plastic bags every month, but Hedge claims that he wants to set up enough production facilities before they start distributing to individual customers and shop owners. They have however started supplying the bags to corporate retail chains like Metro and Reliance.

Apart from protecting the environment, Ashwath Hedge also plans to use EnviGreen bags to support local farmers. “We had this unique idea of empowering farmers in rural Karnataka by sourcing all our raw materials from them,” he said. “We are also planning to distribute seeds to help them produce the amount of materials required to make the bags.”

According to the Minister of State for Environment, Forest and Climate Change, over 15,000 tonnes of plastic waste is generated in India every day, only 9,000 of which are collected and processed. Inventions like EnviGreen can help solve this problem, so let’s hope it lives up to its potential.

印度公司制成百分百降解可食用“塑料袋”

为了解决塑料污染问题，印度新兴企业EnviGreen用天然淀粉和植物油合成出一种塑料状的材料，这种纯有机材料是百分百可降解的，也绝不会损害环境。你甚至可以通过食用来处理这种“塑料袋”。

此前，印度的一些城市颁发了禁塑令，但人们却很难找到塑料袋的替代品，目睹了这一窘境后，EnviGreen的创始人阿史沃斯•赫奇提出了这一革新性的理念——百分百降解可食用“塑料袋”。

他对印度新闻网站The Better India说：“人们现在关注用什么方式把商品从超市带回家。人们并不愿为了一千克糖多花五至十五卢比来买包装袋。”所以，25岁的赫奇决定研发一种环保材料以解决这个难题。

赫奇用了4年时间去研究测试不同的材料，直到有一天，他发现用土豆、木薯、谷物、天然淀粉、植物油、香蕉和花油等12种原料混合在一起可以制作出一种新材料，这种材料的外形和触感都很像塑料，但却不会引起任何环境问题。

该材料的制作过程现在还是商业秘密，但赫奇透露称，他们会将原料先处理成流体，然后分六个阶段最终制成成品。

虽然EnviGreen研发的购物袋成本比一般的塑料袋高出35%左右，但它带来的利益远远大于其额外成本。此款购物袋被丢弃后，可以在6个月之内完全自然降解；如果将它们放置在室温的水中，它们则会在一天内溶解消失。而如果将袋子放在沸水中的话，则分解得更快，大概只需要15秒。

赫奇说：“我们没有使用任何化学原料。就连袋子上的图案都是由自然有机的涂料绘成的。” 这不止能防止丢弃的袋子污染环境，还能避免动物因误食普通塑料袋而陷入危险。

事实上，EnviGreen的“塑料袋”是可食用的，在The Better India的采访中，赫奇对这一点颇为自豪。他简单地用水浸湿袋子，然后面带微笑地将其吞了下去。

经过一系列测试后，卡纳塔克邦州污染控制委员会批准EnviGreen袋上市出售。测试发现，尽管这种袋子外形和结构与塑料很像，但它不含任何塑料成分和有毒物质。EnviGreen袋在燃烧过程中也不会溶解，滴落或是释放有毒气体。

EnviGreen已在班加罗尔建了一家工厂，每月可生产1000公吨的环保“塑料袋”。仅班加罗尔一座城市每月就会消费超过三万公吨的塑料袋，与此相比1000公吨并不算多。现在，他们仅为麦德龙和里莱恩斯等连锁零售集团提供EnviGreen袋。但赫奇表示，他希望先拥有足够强的生产能力，再让这些“塑料袋”走向普通消费者和经营者。

除了保护环境，赫奇还计划用EnviGreen袋支持当地的农民。“我们希望通过从卡纳塔克的农民那里采购所需的原材料，来帮助他们致富，”赫奇说，“我们还计划为农民提供种子，以保证我们有足够的原材料来生产袋子。”

环境、森林与气候变化部部长称，在印度，每天废弃的塑料袋超过15000吨，然而其中只有9000吨被回收和处理。类似EnviGreen袋的发明有利于解决塑料污染问题，希望它能蓬勃发展。
Organic & Polymer（有机高分子材料）

Lessons from the 'unearthly' behavior of enormous droplets in space
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A 2-mL "puddle" of water spontaneously jumps from a hydrophobic surface upon release into a freefall. Credit: Weislogel 

Droplets in space can grow freakishly large and bounce off nonwetting surfaces in truly unearthly ways. Astronauts frequently encounter huge droplets, and Scott Kelly recently demonstrated their unusual behavior aboard the International Space Station (ISS) via water balls and a hydrophobic (water repellant) ping pong paddle. 

To explore the dynamics of these gigantic droplets, a group of researchers led by Mark Weislogel, a professor within the Department of Mechanical & Materials Engineering at Portland State University in Oregon, is generating and studying them right here on Earth.

How, you ask? As Weislogel and colleagues report this week in Physics of Fluids, they simply form a puddle on a flat nonwetting surface and drop it six stories in a "tower drop." Items in free fall experience a nearly weightless state—aka low-gravity.

"When gravity is essentially 'turned off' in this manner, the puddle tries to form a droplet and kicks itself off the surface in the process ... known as puddle jumping," Weislogel explained.

Large droplets and puddles tend to jump spontaneously from sufficiently hydrophobic surfaces during routine drop tower tests. The group's simple experimental device—without moving parts—can be used to delve into dynamic droplet phenomena for droplets on the order of 10^4 times larger than their normal terrestrial counterparts.

A 30-mL puddle jumps and exhibits bubble ingestion, satellite droplet ejection, and high-amplitude oscillations, which leads it to break apart into two large undulating drops. Credit: Weislogel

It provides and confirms "quick and qualitative design guides for 'drop shooters' as used in drop tower tests, including relationships to predict droplet ejection durations and velocities as functions of drop volume, surface texture, surface contour, wettability pattern, drop volume, and fluid properties," he added.

What lessons can be learned from drop tests?

"Droplets and bubbles are very common and problematic within low-gravity spacecraft, so we need to better understand these to design more reliable systems for water processing, fuel systems, coolants, and habitats," Weislogel said. "The surprise is that these behaviors can be well predicted, some with 4 orders of magnitude extrapolations of results from terrestrial experiments."

In terms of applications, the group's work should help to improve spacecraft fluid systems—noncontact evaporators, nonwetting utensils, condensing heat exchangers and more.
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The puddle jump method is used to study low-gravity impingement of 2-mL drops against a heated mirror-polished aluminum plate where adhesions, nucleate boiling, and Leidenfrost effects are observed. Credit: Weislogel 

"Our method provides a unique way of studying other drop impact phenomena for which a simple and cheap droplet shooter is necessary," he noted. "It doesn't get simpler than using a puddle on a plate as a method to make droplets fly."

Weislogel's group is now using their results to "specify further tests aboard the ISS, where astronauts will perform droplet impact, rupture, splash, and coalescence studies using simple superhydrophobic paddles and very large liquid droplets," he said. "And we'll continue our drop tower tests, which is fun work for grad students in fluid mechanics, to explore other effects of fluid properties, wetting conditions, and surface geometry." 

从空间中巨大液滴的“发掘”行为的经验教训
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2mL“水坑”的水在释放时自发地从疏水表面跳跃到自由下落。图片：Weislogel

空间中的水滴可以变得非常大，并且以非真实的方式从非润湿表面反弹。宇航员经常遇到巨大的水滴，斯科特凯利最近通过水球和疏水（防水）乒乓球展示了他们在国际空间站（ISS）上的不寻常的行为。

为了探索这些巨大水滴的动力学，由位于俄勒冈州波特兰州立大学机械与材料工程系的Mark Weislogel领导的一组研究人员正在地球上生成和研究它们。

怎么，你在问什么？正如Weislogel和他的同事在本周的流体物理报告中所说的，他们只是在平坦的不润湿表面上形成一个水坑，并在“塔降”中放下六层。自由落体中的物品经历几乎无重量的状态，也称为低重力。

“当重力以这种方式基本上”关闭“时，水坑试图形成一个水滴，并在过程中踢自己的表面，称为水坑跳跃，”Weislogel解释。

在常规滴管测试期间，大液滴和水坑倾向于从充分疏水的表面自发跳跃。该小组的简单实验装置（无移动部件）可用于研究液滴的动态液滴现象，其大小比它们的正常陆地对应物大10 -4倍。

30 mL水坑跳跃并显示气泡摄入，卫星液滴喷射和高振幅振荡，这导致它分裂成两个大的起伏的水滴。信用：Weislogel

它提供并确认了“跌落喷射器”的快速和定性设计指南，包括关于将液滴喷射持续时间和速度预测为液滴体积，表面纹理，表面轮廓，润湿性模式，液滴体积的功能的关系，以及流体性质，“他补充说。

从跌落测试可以得到什么教训

“水滴和气泡在低重力航天器中非常常见和有问题，因此我们需要更好地了解这些，为水处理，燃料系统，冷却剂和栖息地设计更可靠的系统，”Weislogel说。“令人惊讶的是，这些行为可以很好地预测，一些具有4个数量级的外推结果的地球实验。

在应用方面，该小组的工作应有助于改进航天器流体系统 - 非接触蒸发器，非润湿器具，冷凝热交换器等。
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水坑跳跃法用于研究2-mL液滴对加热的镜面抛光铝板的低重力冲击，其中观察到粘附，核沸腾和Leidenfrost效应。信用：Weislogel

“我们的方法提供了一种独特的方法来研究其他液滴碰撞现象，为此需要一个简单和便宜的液滴喷射器，”他说。“它不会比在板上使用水坑作为使水滴飞的方法更简单。

Weislogel的团队现在正在使用他们的结果“指定在ISS上进一步测试，宇航员将使用简单的超疏水桨和非常大的液滴执行液滴冲击，破裂，飞溅和聚结研究，”他说。“我们将继续我们的落锤试验，这是流体力学研究生的有趣工作，探讨流体性质，润湿条件和表面几何学的其他影响。

Working under pressure: Diamond micro-anvils will produce immense pressures to make new materials

University of Alabama at Birmingham researchers will use pressures greater than those found at the center of the Earth to potentially create as yet unknown new materials. In the natural world, such immense forces deep underground can turn carbon into diamonds, or volcanic ash into slate. 

The ability to produce these pressures depends on tiny nanocrystalline-diamond anvils built in a UAB clean room manufacturing facility. Each anvil head is just half the width of an average human hair. The limits of their pressure have not yet been reached as the first 27 prototypes are being tested.

"We have achieved 75 percent of the pressure found at the center of the Earth, or 264 gigapascals, using lab-grown nanocrystalline-diamond micro-anvil," said Yogesh Vohra, Ph.D., a professor and university scholar of physics in the UAB College of Arts and Sciences. "But the goal is one terapascal, which is the pressure close to the center of Saturn. We are one-quarter of the way there."

One terapascal, a scientific measure of pressure, is equal to 147 million pounds per square inch.

One key to high pressure is to make the point of the anvil, where the pressure is applied, very narrow. This magnifies the pressure applied by a piston above the micro-anvil, much like the difference of being stepped on by a spiked high heel rather than a loafer.

A more difficult task is how to make an anvil that is able to survive this ultra-high pressure. The solution for the Vohra team is to grow a nanocrystalline pillar of diamond—30 micrometers wide and 15 micrometers tall—on the culet of a gem diamond. The culet is the flat surface at the bottom of a gemstone.

[image: image17.jpg]



This nubbin on the flat surface of a gem diamond (top) is a nanocrystalline diamond, half the width of an average human hair. Higher magnification (bottom) shows the granular structure of the nanocrystalline diamond. Credit: University of Alabama at Birmingham 

"We didn't know that we could grow nanocrystalline diamonds on a diamond base," Vohra said. "This has never been done before."

In the 264-gigapascal pressure test at Argonne National Laboratory in Lemont, Illinois, the nanocrystalline diamond showed no sign of deformation. Vohra and colleagues recently reported this result in the American Institute of Physics journal AIP Advances.

"The structure did not collapse when we applied pressure," Vohra said. "Nanocrystalline diamond has better mechanical properties than gem diamonds. The very small-sized grain structure makes it really tough."

As more micro-anvils are tested and improved, they will be used to study how transition metals, alloys and rare earth metals behave under extreme conditions. Just as graphitic carbon that is subjected to high pressure and temperature can turn into diamond, some materials squeezed by the micro-anvils may gain novel crystal modifications with enhanced physical and mechanical properties—modifications that are retained when the pressure is released. Such new materials have potential applications in the aerospace, biomedical and nuclear industries.

The micro-anvils are made in a Class 7000 clean room in the UAB Diamond Microfabrication Lab, using maskless lithography and microwave plasma chemical vapor deposition.

Vohra says his research team wants to generate smaller grain sizes in the nanocrystalline diamond, which may make it even stronger; understand how the nanocrystalline diamond is bonded to the gem diamond; and use ion beams to machine the top of the micro-anvil to a hemispherical shape. That shape will mean an even narrower contact point, thus increasing the pressure.

Testing is done at Argonne because it has a very bright synchrotron X-ray source that can probe crystal structure of micron-sized materials under pressure. Vohra and two graduate students travel to Argonne about four times a year. 

在压力下工作：金刚石微型砧板将产生巨大的压力，以制造新的材料

伯明翰阿拉巴马大学的研究人员将使用比在地球中心发现的压力更大的压力，可能创造未知的新材料。在自然界中，地下深处的巨大力量可以将碳转化为钻石，或将火山灰转化为石板。

产生这些压力的能力取决于在UAB无尘室制造设施中建造的微小的纳米晶 - 金刚石砧。每个砧头只是平均人类头发宽度的一半。由于前27个原型正在测试中，它们还没有达到压力限制。

UAB艺术和科学学院物理学教授和大学学者Yogesh Vohra博士说：“我们使用实验室生长的纳米晶 - 金刚石微砧，实现了地球中心75％的压力，即264千兆帕斯卡。“但是目标是一个terapascal，接近土星的中心的压力，我们的压力是那里的四分之一。 

一个terapascal，一种科学的压力测量，等于1.47亿磅每平方英寸。

高压的一个关键是使砧座的施加压力的点非常窄。这放大了由微型砧座上方的活塞施加的压力，非常类似于由尖的高跟部而不是踩踏者踩踏的差异。

更困难的任务是如何制造能够承受这种超高压力的砧座。Vohra团队的解决方案是在宝石钻石的底部生长一个30微米宽，15微米高的金刚石纳米晶柱。底面是宝石底部的平坦表面。
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宝石金刚石（顶部）的平坦表面上的这种锉头是纳米晶体金刚石，是一般人类头发的宽度的一半。较高的放大率（底部）显示了纳米晶体金刚石的颗粒结构。信用：伯明翰阿拉巴马大学

“我们不知道我们可以在钻石基地上生长纳米晶体钻石，”Vohra说。 “这从来没有做过。”

在伊利诺斯州Lemont的Argonne国家实验室的264千兆帕斯卡压力测试中，纳米晶体金刚石没有显示变形的迹象。 Vohra及其同事最近在美国物理学会AIP Advances杂志上报道了这一结果。

“当我们施加压力时，结构没有崩溃，”Vohra说。“纳米晶金刚石比宝石金刚石具有更好的机械性能，非常小的晶粒结构使它真的很坚韧。

随着更多的微型砧的测试和改进，它们将用于研究过渡金属，合金和稀土金属在极端条件下的行为。正如经受高压和高温的石墨碳可以变成金刚石，被微砧挤压的一些材料可以获得具有增强的物理和机械性质的新晶体改性 - 当释放压力时保留的改性。这种新材料在航空航天，生物医学和核工业中具有潜在的应用。

微型砧座在UAB Diamond Microfabrication Lab的7000级洁净室中使用无掩模光刻和微波等离子体化学气相沉积制成。

Vohra说，他的研究团队希望在纳米晶体金刚石中产生更小的晶粒尺寸，这可能使它更加坚固;了解纳米晶金刚石如何与宝石金刚石结合; 并使用离子束将微砧的顶部加工成半球形。该形状将意味着甚至更窄的接触点，因此增加压力。

测试在Argonne进行，因为它有一个非常明亮的同步加速器X射线源，可以在压力下探测微米级材料的晶体结构。Vohra和两个研究生每年到Argonne旅行四次。

'Shadow method' reveals locomotion secrets of water striders

While walking beside the creek in the Beijing Botany Garden one autumn, Yu Tian, a professor of mechanical engineering at Tsinghua University in China, noticed the beautiful shadows cast by water striders on the bottom of a shallow creek. If you've spent any time in or around water you've likely seen these water insects zipping along—they appear to walk or glide swiftly on the surface of still water. 

The water striders' leg shadows "were rounded or 'half-spindle' dark area surrounded by bright rings, and the shadow size seemed to be proportional to the size of the water strider, so I wondered if their weight could be represented by the area of its leg shadows," he said.

Tian's research group focuses on surface forces, interface forces, and phenomena found in nature and industry, such as solid-solid interfaces, solid-liquid interfaces, and even liquid-liquid interfaces. They're exploring the locomotion of geckos, ants, and now water striders.

Intrigued by the floating mechanisms of water striders and the updated Archimedes' principle, which states that floating force equals the expelled liquid volume, Tian found it extremely odd that even though ex vivo studies—taking place outside an organism—of water strider legs pressing against the water's surface had been done, and an accurate relationship between the pressed depth and the supporting force of water surface had been measured with an electronic balance, no one had ever reported how the forces acted upon a water strider's six legs (its front pair are short).

Now, as Tian's group reports this week in Applied Physics Letters, they have developed a "shadow method" based on the refraction of light to make these measurements.

Curved transparent materials can refract light effectively—like the lens of a camera. In this case, once the water surface becomes distorted by a water strider's superhydrophobic legs, light can be refracted by it—and a dark shadow surrounded by a bright ring forms beneath it.

"From the geometry of the shadow, the curvature of the water surface can be precisely reconstructed to obtain the corresponding water volume and the equivalent floating force based on the updated Archimedes' principle," said Tian. All it takes to make these measurements are a flashlight, transparent water vessel, water and a simple camera.

The team found that simultaneous in situ measuring forces act upon the individual legs of the water-walking arthropods in a natural state and are crucial when it comes to discerning their locomotion principles, which may be used to guide the design of advanced biomimetic robotics.

"While the insects' floating mechanism is widely recognized to rely upon the updated Archimedes' principle, their leg floating forces still need to be experimentally measured and compared to the weight of the arthropods. So gaining accurate simultaneous measurements of the multiple tiny forces is necessary," he explained.

By using the team's method, the motion of the water strider can be easily and accurately quantified. "While waxy materials and microstructure on water striders' legs are generally believed to keep them superhydrophobic, we were able to clearly identify the motion of their legs by observing the shadows they cast," Tian said.

The team observed "that when the shadows of a leg aren't 'regular and smooth,' water striders lift their leg up to rub it with their mouth. After this 'rubbing,' the shadow appears smooth again," he continued. "The shape of the shadow represents the hydrophobicity of the legs, so this rubbing is a process to recover its superhydrophobocity."

In terms of applications, "our shadow method can sensitively and accurately measure the forces of the individual legs of water striders," Tian said. "And it can be extended to other liquid-surface-walking arthropods or floating objects such as sub-millimeter-diameter particles and milligram-scale water insects." The high-resolution method could also be developed into convenient, low-cost, and effective weak-force surface measuring devices.

And don't be surprised to see advanced bionic robots based on the locomotion principles of small insects in the near future—as soon as techniques to fabricate these structures and their control and powering systems can be developed.

"Developing this principle into weak-force measurement is relatively straightforward," Tian noted. "It won't require sophisticated techniques."

The team is now working to "achieve locomotion principles of very small water-walking arthropods, such as water treaders with a length of about 1 mm," he added. "We're also exploring the minimum force resolution and accuracy of our method—it may be at the level of single molecular forces in piconewtons." 

‘影子方法’解释了水黾的运动秘密

当秋天行走在北京植物园的小溪边时，中国清华大学的机械工程系教授余添注意到了水黾在浅溪中的漂亮的倒影。如果你能花点时间在水里或水周围，你可能看见过这些昆虫掠过 － 它们似乎在静止的水面上轻快地行走或滑行。

水黾的腿的倒影“是被亮环包围的圆形或‘半轴’暗区，影子的大小似乎与水黾的大小成正比，因此我想知道它们的大小是否可以用其腿的影子的面积来表示。

余添的研究小组集中研究讨论表面力，界面作用力，以及在自然和工业中发现的现象，例如固－固界面，固－液界面，甚至是液－液界面。他们正在探索壁虎，蚂蚁，以及现在的水黾的运动。

由于对水黾浮动机制和最新的阿基米德原理，即浮力等于排出的液体的体积，的兴趣，余添发现非常奇怪的是，即使对挤压水表面的水黾腿的体外研究 - 发生在生物体外 - 已经发生，并且压入深度和水表面的支撑力之间的准确关系已经用电子秤测量了出来，没有人报道过力是怎样对水黾的六条腿起作用的（水黾的前面的一双腿较短）。

现在，由于余添的团队这周在应用物理快报中报道了，他们已经研发了一种基于光的折射的“影子方法”来做出这些测量。

弯曲的透明材料可以有效地折射光 - 就像照相机的镜头一样。在这种情况下，一旦水的表面由于水黾的超疏水的腿而变得扭曲，光线就可以通过它发生折射 - 一个暗的影子就在水下被光环包围。

“从影子的几何结构，水表面的曲率就能够精确地重构以得到相应的水的体积和基于最新的阿基米德原理的等效浮力。”余添说。所有的这些测量都是由一个手电筒，一个透明的水容器，水以及一个简易相机完成的。

研究小组发现原位测量力的同时发生作用于在自然状态下在水中行走的节肢动物的单个腿，当提到辨别它们的可能被用来指导先进的生物仿生机器人的设计的运动原则的时候就非常重要的。

“虽然昆虫的”浮动机制被广泛地认为是依赖于最新的阿基米德原理，它们的腿浮力仍然需要用实验进行测量，并与节肢动物的重量相比较。因此获得准确的不同微小的力的同时测量是必需的。”他解释说，

通过使用团队的方法，水黾的运动可以很容易并准确地量化。“由于水黾腿上的蜡状物质和显微结构通常被认为是能保持超疏水性，所以我们能够通过它们投射的影子准确地确定它们腿的运动。”余添说。

团队发现“当腿的影子不‘规则和平滑’的时候，水黾抬起脚并用嘴来擦它。经‘摩擦’之后，阴影又出现了”，他继续说。“阴影的形状代表了腿的疏水性，因此这种摩擦是恢复其超疏水性的过程。”

在应用方面，“我们的影子方法可以灵敏准确地测量出水黾单腿的力。”余添说，“这也可以拓展到其它在液体表面行走的节肢动物或漂浮物，如亚毫米直径颗粒或者毫克尺度水中昆虫。”这种高分辨率方法同样能够被发展成为方便的，低成本的，以及有效的微力表面测量装置。

在不久的未来，当看到先进的基于小昆虫运动原理的仿生机器人的时候，不要惊奇 - 制造这些结构的技术以及它们的控制和供电系统可以被开发出来。

“将这个原理发展进入的微力测量相对简单。”余添指出，“它不需要复杂的技术。”

该团队目前正致力于“实现每一种小的在水中行走的节肢动物的运动原理，例如长度约为1mm的水上动物。”他补充道，“我们同样在探索我们方法的最小力分辨率以及准确性 - 这会是皮牛顿力中单分子水平。”

New theory on liquid crystals with high symmetry
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The figure on the left displays the ordered state. In the graph this is represented in purple. With low symmetry (left in graph) the ordered state abides even at high temperatures, but with high symmetry (right in graph) this takes extreme cold. Credit: Leiden Institute of Physics
LCD screens use liquid crystals, which have a high degree of order, even though they form a fluid. A new theory detailed in Physical Review X maps out the interplay between order, temperature and symmetry.
Chances are that you're staring at a collection of liquid crystals right now. Most screens nowadays are LCDs, meaning that they have a number of liquid crystals in every pixel. The computer determines whether each pixel blocks light or lets it pass by sending small currents through the liquid crystals. That way, the correct color filters give the pixel the appropriate color.
Temperature
LCD technology needs a certain amount of order. If the screen gets too hot, the liquid crystals will convert into a useless, chaotic, ordinary fluid. At room temperature, they also form a fluid, but they have the necessary degree of orientation order. Leiden theoretical physicist Prof. Jan Zaanen and his group now formulated a theory on the interplay between symmetry, order and temperature.
Symmetry
The more symmetric a liquid crystal is, the colder it needs to be to contain sufficient order. After all, it is harder to notice a crooked part in a composition with symmetry in many directions. In the figure, we see the ordered state on the left—displayed in purple in the graph. With low symmetry (left in graph) it abides even at high temperatures, but with high symmetry (right in graph) this takes extreme cold.

具有高对称性的液晶的新理论
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左边的图显示了有序状态。在图中，以紫色表示。对于低对称性（图中左侧），有序状态即使在高温下也能保持，但是具有高对称性（在图中右侧），这需要极冷的条件。来源：莱顿物理学院

LCD屏幕使用液晶，其具有高的有序度，即使它们形成流体。在Physical Review X中详细描述的新理论绘制了阶数，温度和对称性之间的相互作用。

有可能是你现在盯着一个液晶的集合。大多数屏幕现在是LCD，意味着他们在每个像素有一些液晶。计算机确定每个像素是阻挡光还是让它通过发送小电流通过液晶。这样，正确的滤色器给予像素适当的颜色。

温度

LCD技术需要一定量的订购。如果屏幕太热，液晶将转换成无用的，混乱的，普通的流体。在室温下，它们也形成流体，但是它们具有必要程度的取向顺序。莱顿理论物理学家Jan Zaanen教授及其团队现在就对称性，阶次和温度之间的相互作用制定了一个理论。

对称

液晶越对称，其需要更冷以包含足够的顺序。毕竟，很难注意到在许多方向上具有对称性的构图中的弯曲部分。在图中，我们看到左图中的有序状态显示为紫色。具有低对称性（图中左侧），即使在高温下也能保持，但是对称性高（图中右侧），这需要极冷条件。
E-Material（电子材料）

Scientists gain insight on mechanism of unconventional superconductivity

A crystal sample of one of the iron-based unconventional superconductorsstudied by Ames Laboratory scientists. Their systematic investigation ofthis class of superconductors may lead to the creation of new materialswith unique superconducting …

Researchers at the U.S. Department of Energy's Ames Laboratory and partner institutions conducted a systematic investigation into the properties of the newest family of unconventional superconducting materials, iron-based compounds. The study may help the scientific community discover new superconducting materials with unique properties. 

Researchers combined innovative crystal growth, highly sensitive magnetic measurements, and the controlled introduction of disorder through electron bombardment to create and study an entire range of compositions within a class of iron-based superconductors. They found that the key fundamental properties—transition temperature and magnetic field penetration depth—of these complex superconductors were dependent on composition and the degree of disorder in the material structure.

"This was a systematic approach to more fully understand the behavior of unconventional superconductors," said Ruslan Prozorov, Ames Laboratory faculty scientist and professor in the Department of Physics and Astronomy at Iowa State University. "We found that some proposed models of unconventional superconductivity in these iron-based compounds were compatible with our results, and this study further limited the possible theoretical mechanisms of superconductivity."Researchers combined innovative crystal growth, highly sensitive magnetic measurements, and the controlled introduction of disorder through electron bombardment to create and study an entire range of compositions within a class of iron-based superconductors. They found that the key fundamental properties—transition temperature and magnetic field penetration depth—of these complex superconductors were dependent on composition and the degree of disorder in the material structure.

"This was a systematic approach to more fully understand the behavior of unconventional superconductors," said Ruslan Prozorov, Ames Laboratory faculty scientist and professor in the Department of Physics and Astronomy at Iowa State University. "We found that some proposed models of unconventional superconductivity in these iron-based compounds were compatible with our results, and this study further limited the possible theoretical mechanisms of superconductivity."

That information will also serve as a resource for future research into unconventional superconductors.

"This study fleshed out the knowledge of a class of materials more completely and in a way that will be helpful to the scientific community as they search for high temperature superconductors. Knowing how transition temperature is affected by composition, magnetic field and structural disorder gives science a better idea of where to dig—it contributes to the goal of discovery by design, creating materials that do exactly what we want them to do," said Prozorov.

The research is discussed in a paper published in Science Advances, "Energy Gap Evolution Across the Superconductivity Dome in Single Crystals of (Ba1-x Kx)Fe2As2",  and co-authored by Kyuil Cho, M. Kończykowski, S. Tekowijoyo, M.A. Tanatar, Y. Liu, T.A. Lograsso, W.E. Straszheim, V. Mishra, S. Maiti, P.J. Hirschfeld, and R. Prozorov 

科学家们深入了解了非常规超导机制

由艾姆斯实验室的科学家们研究的铁基非常规超导体之一的一个单晶样品。他们对这类超导体的系统调查可能导致用独特超导制造出的新材料…

美国能源部的艾姆斯实验室的研究人员和合作机构进行了一次系统的调查，这个调查是针对最新型非常规超导材料 - 铁基化合物 - 的性能。这个研究可能有助于科学界发现新的有特殊性能的超导材料。

研究人员结合了创新晶体生长，高度敏感磁测量，以及受控制的障碍引入，这是通过电子轰击以创造和研究铁基类超导体的整个组成范围。他们发现这些复杂超导体的关键基本属性 - 温度转变和磁场穿透深度 - 依赖于组成和材料结构中的混乱程度。

“这是一个系统的方法，那更全面地理解非常规超导体的行为。”艾姆斯实验室的科学家以及爱荷华州立大学物理和天文学系教授Ruslan Prozorov说，“我们发现在这些铁基化合物中提出的一些非常规超导模型与我们的结果兼容，这项研究进一步限制了超导体的可能的理论机制。”研究人员结合了创新晶体生长，高度敏感磁测量，以及受控制的障碍引入，这是通过电子轰击以创造和研究铁基类超导体的整个组成范围。他们发现这些复杂超导体的关键基本属性 - 温度转变和磁场穿透深度 - 依赖于组成和材料结构中的混乱程度。

“这是一个系统的方法，那更全面地理解非常规超导体的行为。”艾姆斯实验室的科学家以及爱荷华州立大学物理和天文学系教授Ruslan Prozorov说，“我们发现在这些铁基化合物中提出的一些非常规超导模型与我们的结果兼容，这项研究进一步限制了超导体的可能的理论机制。”

这个信息将同样作为未来非常规超导体的一个资源。

“这项研究更完整并以一种在科学家寻找高温超导体的时候将有助于科学界的方式具体了一类材料的知识。了解怎样转变温度是怎样受组成，磁场和结构混乱的影响给了科学一个更好的向何处挖掘的主意 - 这有助于通过设计达到发现的目标，创造能够做我们确切希望它们做的的材料。”Prozorov说。

研究的讨论发表在科学进展的一篇文章中，“(Ba1-x Kx)Fe2As2单晶体中超导圆顶的能隙进化”，共同作者有Kyuil Cho, M. Kończykowski, S. Tekowijoyo, M.A. Tanatar, Y. Liu, T.A. Lograsso, W.E. Straszheim, V. Mishra, S. Maiti, P.J. Hirschfeld, 以及R. Prozorov。

Full-circle viewing: 360-degree electronic holographic display
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Schematic of the design of 360-degree tabletop electronic holographic display, the design concept of which allows several persons to enjoy the hologram contents simultaneously. Credit: Yongjun Lim, of the 5G Giga Communication Research Laboratory, …more

Princess Leia, your Star Wars hologram moment may be redeemed. 

In the original 'Star Wars' movie, the inviting but grainy special effects hologram might soon be a true full-color, full-size holographic image, due to advances by a South Korean research team refining 3-D holographic displays.

The team described a novel tabletop display system that allows multiple viewers to simultaneously view a hologram showing a full 3-D image as they walk around the tabletop, giving complete 360-degree access. The paper was published this week in the journal Optics Express.

To be commercially feasible in a range of applications—from medicine to gaming to media—the hologram challenge is daunting. It involves scaling an electronic device to a size small enough to fit on a table top, while making it robust enough to render immense amounts of data needed to create a full-surround 3-D viewing experience from every angle—without the need for special glasses or other viewing aids.

"In the past, researchers interested in holographic display systems proposed or focused on methods for overcoming limitations in the combined spatial resolution and speed of commercially available, spatial light modulators. Representative techniques included space-division multiplexing (SDM), time-division multiplexing (TDM) and combination of those two techniques," explained Yongjun Lim, of the 5G Giga Communication Research Laboratory, Electronics and Telecommunications Research Institute, South Korea. Lim and his team took a different approach. They devised and added a novel viewing window design.

To implement such a viewing window design, close attention had to be paid to the optical image system. "With a tabletop display, a viewing window can be created by using a magnified virtual hologram, but the plane of the image is tilted with respect to the rotational axis and is projected using with two parabolic mirrors," Lim explained. "But because the parabolic mirrors do not have an optically-flat surface, visual distortion can result. We needed to solve the visual distortion by designing an aspheric lens."

Lim further noted, "As a result, multiple viewers are able to observe 3.2-inch size holograms from any position around the table without visual distortion."

Building on these advances, Lim's team hopes to implement a key design feature of strategically sizing the viewing window so it is closely related to the effective pixel size of the rotating image of the virtual hologram. Watching through this window, observers' eyes are positioned to accept the holographic image light field because the system tilts the virtual hologram plane relative to the rotational axis. To enhance the viewing experience the team hopes to design a system in which observers can see 3.2-inch holographic 3-D images floating on the surface of the parabolic mirror system at a rate of 20 frames per second.

Test results of the system using a 3-D model and computer-generated holograms were promising—though right now still in a monochrome green color. Next, the team wants to produce a full-color experience and resolve issues related to undesirable aberration and brightness mismatch among the four digital micromirror devices used in the display.

"We are developing another version of our system to solve those issues and expect to have the next model in the near future, including enhancement of the color expression," said Lim. "Many people expect that high quality holograms will entertain them in the near future because visualizations are increasingly sophisticated and highly imaginative due to the use of computer-aided graphics and recently-developed digital devices that provide augmented or virtual reality."

And the Princess Leia hologram? That old miniature was a motivating experience of their work, Lim explained.

全景观看：360度电子全息显示
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360度的电子屏幕全息显示的设计理念是让多人同时享受全息景象的乐趣。来源：5G千兆通信研究实验室的Yongjun Lim…更多

Leia公主，我们可以回到星球大战中全息图的时刻。

在原来的“星球大战”的电影中，吸引人但有些颗粒感的特效全息图可能很快就成为真正的全彩色、全尺寸的全息图像，正在推进精炼三维全息显示研究的韩国团队表示。

团队阐释了一种新的屏幕显示系统，允许多个观众在围着屏幕走的同时观看全息图，图上是完整的三维图像，提供完整的360度访问。这篇论文发表在本周的【光学快报】上。

为了这一系列的应用具有商业可行性——从医学到游戏媒体——全息图的挑战是艰巨的。它涉及到要将电子设备缩放到一个足够小的尺寸以适应屏幕，同时使它强大到足以提供大量的数据，这些数据都是从每一个角度创造一个全环绕的立体视觉体验所必需的——不需要特殊的眼镜或其他辅助观看的设备。

“在过去，对全息显示系统感兴趣的研究人员，提出或专注于研究克服限制的方法，主要在空间分辨率的组合，市售的速度以及空间光调制器方面。代表性的技术包括空间复用（SDM），时分复用（TDM）和这两种技术的结合。”韩国电子和电信研究院，5G千兆通信研究实验室的Yongjun Lim解释说。Lim和他的团队采取了不同的方法。他们设计并增加设计了一个新的观景窗。

“要实现这样的一个观景窗设计，必须密切关注光学图像系统。有用于显示的桌面，可以通过使用放大的虚拟全息图来创建一个窗口，但图像平面相对于旋转轴倾斜，准备使用双抛物面反射镜。”Lim解释道。“但由于抛物面镜不具有光学平坦的表面，可以导致视觉失真。我们需要通过设计非球面透镜来解决视觉变形的问题。”

Lim进一步指出，“因此，许多用户能从桌面周围的任何位置观察到3.2英寸大小的全息图，没有视觉失真。”

在这些进展的基础上，Lim的团队希望通过对视窗实施战略的性尺寸加工，以此来使窗口与虚拟全息图旋转图像的有效像素大小密切相关，这是一个关键的设计特点。通过这个窗口，因为随着旋转轴，系统倾斜了虚拟全息图平面。观察者的眼睛恰好在接收全息图像光场的。为了提升视觉体验，该团队希望设计一个系统，观察者可以看到3.2英寸的全息3D图像浮在抛物面反射镜系统的表面，以每秒20帧的速度。

利用三维模型和计算全息图的系统测试结果是非常好的——虽然现在仍然在黑白的不成熟期。接下来，该团队要研制彩色的体验，并且解决用于显示的四类数字微镜装置的问题，这些装置具有不良畸变和亮度之间不匹配的问题。

“我们正在开发此系统的另一个版本来解决这些问题，期望在不久的将来，我们未来的模型能够增强色彩表达。”Lim说。“得益于提供扩展现实和虚拟现实的计算机辅助图形和最近开发的数字设备，许多人预计，在不久的将来，因为可视化是越来越复杂和高度富有想象力的，高品质的全息图将成为娱乐方式。

And the Princess Leia hologram? That old miniature was a motivating experience of their work, Lim explained.

至于Leia公主的事情？Lim说这只是一个激励他们工作的老生常谈。

Spontaneous decays of magneto-elastic excitations in non-collinear antiferromagnets
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Good match between the results of the neutron scattering experiments (top) and the theoretical model (bottom). Credit: IBS, Nature Comms 

Professor Park Je-Geun of the Institute for Basic Science (IBS) and colleagues have created a new theoretical model of the coupling of two forms of collective atomic excitation, known as magnons and phonons in crystals of the antiferromagnet manganite (Y,Lu)MnO3, a mineral made of manganese oxide and the rare-earth elements yttrium (Y) and lutetium (Lu). 

This study could provide an important breakthrough for solving a 100-year-old physical problem, and deepen our knowledge of an interesting class of materials called multiferroics. The complete theoretical model and experimental observations can be read on Nature Communications.

While we generally think of solids as static objects, their molecules are actually in a constant state of vibration. These small vibrations are partly due to phonons and magnons, which are collective excitations and disturbances inside a crystal. Collective means that they are not limited to a single atom, but influence a group of neighbouring atoms. Phonons are uniform oscillations at a single frequency. For example, short-wavelength phonons play a role in thermic conduction, while long-wavelength phonons give rise to sound, which is the origin of the word ("phonos" means voice in Greek). Magnons are collective perturbations of the electrons' spins, the compasses of the atoms. They influence the magnetic characteristics of the materials. This report shows, for the first time, that the two couple, and as a consequence, their vibratory behavior is not constant over time.

IBS scientists measured the atomic and molecular motion of (Y,Lu)MnO3 crystals by inelastic neutron scattering experiments and also derived a new theoretical model to explain what they observed experimentally. Interestingly, they had to go beyond the standard linear theory, which is normally used to interpret the measurements. The standard linear spin wave theory presumes that the vibration of magnons and phonons is harmonic and stable over time, like the oscillation of a spring without friction. "Initially, we used the simplest model, which is the linear spin wave theory without a coupling, but we realised that it was like the classic case of putting the elephant in the fridge: You can manage it, but the numbers become unrealistic and there is something wrong with it," explains professor Park Je-Geun. "Then we did the calculations again, this time including the coupling, and we discovered that we could explain the data and, most importantly, the final analysis gave us numbers that make sense."

While the standard linear spin wave theory says that magnons and phonons vibrate forever and do not influence each other, a coupling would make phonons and magnons unstable, and allow an otherwise forbidden decay. 

"The idea of a magnon-phonon coupling has already been around as a possible explanation for the uniquely low coefficient of thermal expansion of the invar materials. These industrially important materials have a range of uses from Swiss watches to high-speed trains, but why these materials exhibit such a counterintuitive behavior has been a puzzle for many decades," says the professor.

While the coupling was rarely observed before, this is the first time that it has been quantified in manganite crystal: "It is a weak coupling, and present only in some materials, because it needs a particular triangular atomic architecture. It also conflicts with the mainstream belief that magnons and phonons are stable over time. This could explain why the coupling has never been carefully analyzed before, and why most scientists have ignored it," says the professor.

In the future, the team would like to study this coupling in other materials and ideally demonstrate that one can artificially convert phonons into magnons and vice versa. 

在非共线反铁磁体中的磁弹性激励自发衰变
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中子散射实验（上图）和理论模型（下图）的结果之间的良好的匹配。来源：IBS，自然通讯

基础科学研究所（IBS）的Park Je Geun教授和同事们建立了一个新的理论模型，是聚合激发原子的两种形式的耦合，称为反铁锰氧化物MnO3晶体中的磁振子和声子（Y，Lu），MnO3是由氧化锰和稀土元素钇（Y）和镥矿物（Lu）组成的矿物。

本研究为解决一个100年的物理问题提供了重要的突破，并加深我们感兴趣的，称为多铁性材料的一类材料知识。完整的理论模型和实验观察，可以通过阅读自然通信来获得。

虽然我们一般认为固体是静态的，它们的分子实际上却是处在一种恒定的振动状态。这些小的振动一部分是由于声子和磁振子，晶体内部的集体激发和干扰。集体意味着不局限于一个单一的原子，而会影响一组邻近的原子。声子是在单一频率的一致振荡。例如，短波长的声子在热传导中发挥作用，而长波长的声子将会引发声响，这也是这个词的来源（“phono”在希腊语中是声音的意思）。实验中磁振子是电子自旋体的集体扰动，也是原子的极限。它们影响材料的磁特性。这份报告首次将这二者一同提出，结果是，它们的振动行为随着时间的推移是不恒定的。

IBS的科学家通过非弹性中子散射实验测量了（Y、Lu）MnO3晶体的原子和分子的运动，还提出了一种新的理论模型来解释他们所观察到的实验。有趣的是，他们必须超越通常用来解释测量的标准的线性理论。标准线性自旋波理论认为，随着时间的推移，磁振子和声子的振动是和谐稳定的，与无摩擦弹簧振荡相似。”最初，我们用最简单的模型，即线没有耦合的性自旋波理论，但我们意识到，这就像把大象放进冰箱里的经典案例：你可以管理它，但一旦将数据变成现实，就有一些问题。”Park Je Geun教授解释道。“然后我们又做了计算，这次采用了耦合，发现了可以解释的数据，最重要的是，最终的分析给我们的数字是有意义的。”

而标准线性自旋波理论认为，磁振子和声子振动永远互不影响，耦合会使声子和磁振子不稳定，并允许衰变的发生。

“磁振子——声子耦合的理论已经几乎是对殷钢材料的热膨胀系数低的唯一一种可能的解释。这些重要的工业材料已有广泛的应用，从瑞士手表到高速列车，但为什么这些材料具有这样一个违反直觉的表现已经是几十年的谜团了。”教授说。

之前很少观察耦合，这是第一次用作在锰氧化物晶体量化方面的研究。教授表示：“这是一个弱耦合，目前只在一些材料中应用，因为它需要特殊的三角形的原子结构。它也与主流想法：磁振子和声子随着时间的变化是稳定，相冲突。这可以解释为什么耦合从来没有被仔细分析过，为什么大多数科学家都忽略了它。”

未来，该团队要研究这类耦合在其他材料的情况，以及希望证明可以人为地将声子转换成磁振子，反之亦然。
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