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Tech News & New Tech（技术前沿）
Researchers perform first basic-physics simulation of the impact of recycled atoms on plasma turbulence

Turbulence, the violently unruly disturbance of plasma, can prevent plasma from growing hot enough to fuel fusion reactions. Long a puzzling concern of researchers has been the impact on turbulence of atoms recycled from the walls of tokamaks that confine the plasma. These atoms are neutral, meaning that they have no charge and are thus unaffected by the tokamak's magnetic field or plasma turbulence, unlike the electrons and ions—or atomic nuclei—in the plasma. Yet, experiments have suggested that the neutral atoms may be significantly enhancing the edge plasma turbulence, hence the theoretical interest in their effects. 
In the first basic-physics attempt to study the atoms' impact, physicists at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) have modeled how the recycled neutrals, which arise when hot plasma strikes a tokamak's walls, increase turbulence driven by what is called the "ion temperature gradient" (ITG). This gradient is present at the edge of a fusion plasma in tokamaks and represents the transition from the hot core of the plasma to the colder boundary adjacent to the surrounding material surfaces.
Extreme-scale computer code
Researchers used the extreme-scale XGC1 kinetic code to achieve the simulation, which represented the first step in exploring the overall conditions created by recycled neutrals. "Simulating plasma turbulence in the edge region is quite difficult," said physicist Daren Stotler. "Development of the XGC1 code enabled us to incorporate basic neutral particle physics into kinetic computer calculations, in multiscale, with microscopic turbulence and macroscale background dynamics," he said. "This wasn't previously possible."
The results, reported in the journal Nuclear Fusion in July, showed that neutral atoms enhance ITG turbulence in two ways:
•First, they cool plasma in the pedestal, or transport barrier, at the edge of the plasma and thereby increase the ITG gradient.

•Next, they reduce the sheared, or differing, rates of plasma rotation. Sheared rotation lessens turbulence and helps stabilize fusion plasmas. 

Comparison with experiments
Going forward, researchers plan to compare results of their model with experimental observations, a task that will require more complete simulations that include other turbulence modes. Findings could lead to improved understanding of the transition of plasmas from low confinement to high confinement, or H-mode—the mode in which future tokamaks are expected to operate. Researchers generally consider lower recycling, and hence fewer neutrals, as conducive to H-mode operation. This work may also lead to a better understanding of the plasma performance in ITER, the international fusion facility under construction in France, in which the neutral recycling may differ from that observed in existing tokamaks. 

研究人员首先对再生原子对等离子体湍流的影响进行基础物理模拟

湍流，等离子体剧烈的不守规矩的干扰，可以防止等离子体发热足以燃烧聚变反应。研究人员长期以来一直令人费解的担心是影响从限制血浆的托卡马克墙壁再循环的原子的湍流。这些原子是中性的，这意味着它们不具有电荷，并且不受托卡马克的磁场或等离子体湍流的影响，与等离子体中的电子和离子或原子核不同。然而，实验表明，由于其影响中的理论性，中性原子可能会显著增强边缘等离子体湍流。

美国能源部（DOE）普林斯顿等离子体物理实验室（PPPL）的物理学家在首次研究原子影响的尝试中，模拟了当热等离子体对托卡马克的墙壁产生的再循环中性粒子如何增加湍流由所谓的“离子温度梯度”（ITG）驱动。该梯度存在于托卡马克的融合等离子体的边缘处，并且表示从等离子体的热芯到邻近周围材料表面的较冷边界的过渡。

极端的计算机代码

研究人员使用极限XGC1动力学代码来实现模拟，这是探索回收中性粒子产生的总体条件的第一步。物理学家达伦•斯托勒（Daren Stotler）说：“在边缘地区模拟等离子体湍流是相当困难的。 “开发XGC1代码使我们能够将基本的中性粒子物理学纳入动力学计算，多尺度，微观湍流和宏观背景动力学。”他说。 “这以前是不可能的。”

7月份“核聚变”杂志报道的结果表明，中性原子以两种方式增强ITG湍流：

•首先，它们在等离子体边缘的基座或运输屏障中冷却等离子体，从而增加了ITG的梯度。

•接下来，它们减少等离子体旋转的剪切或不同的速率。剪切旋转减少湍流，有助于稳定融合等离子体。

与实验比较

未来，研究人员计划将其模型的结果与实验观察结果进行比较，这个任务将需要更完整的模拟，包括其他湍流模式。结果可以提高对等离子体从低限制到高约束的转变的理解，或H模式 - 将来托卡马克预期运行的模式。研究人员通常考虑降低回收利用率，从而减少中性粒子，有利于H模式运行。这项工作还可以更好地了解在法国正在建设的国际融合设施ITER（其中中性回收可能与现有托卡马克所见的不同）的等离子体性能。
ATLAS Experiment explores how the Higgs boson interacts with other bosons
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Figures 1 and 2: Measurement of the Higgs boson production cross sections in its main production modes and normalised to the Standard Model predictions, as obtained by the H→ZZ*→4ℓ and H→γγ decay channels respectively. Credit: ATLAS Collaboration/CERN 

Since resuming operation for Run 2, the Large Hadron Collider (LHC) has been producing about 20,000 Higgs bosons per day in its 13 TeV proton–proton collisions. At the end of 2015, the data collected by the ATLAS and CMS collaborations were already sufficient for new observations of the Higgs boson at the new collision energy. Now, having recorded more than 36,000 trillion collisions between 2015 and 2016, the ATLAS experiment can perform ever more precise measurements of the properties of the Higgs boson. 
Measuring how the Higgs boson is produced and how it decays is one of the major goals of the LHC experiments. Greater precision in these measurements allows researchers to refine the understanding of the Higgs sector of the Standard Model, and also constrain new phenomena beyond the Standard Model that would modify the coupling of the Higgs with the other Standard Model particles. By studying the Higgs boson decays to photon pairs (H→γγ) and to four leptons via intermediate Z bosons (H→ZZ*→4ℓ, where the '*' indicates that one Z boson is produced off its mass shell), the ATLAS experiment can measure the coupling properties of the Higgs boson with unprecedented precision.
At the LHC, the Higgs boson is produced through processes with very different rates: gluon fusion, vector-boson fusion, WH, ZH, and ttH. To probe these production modes, ATLAS has introduced a set of criteria to categorize the Higgs events with the H→γγ and H→ZZ*→4ℓ final states. The results of this study are displayed in figures 1 and 2, where the measured cross section, normalized to the value predicted by the Standard Model, is shown.
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Figure 3: Transverse momentum of the Higgs boson as measured in the Hyy decay, and compared to the Standard model predictions. Credit: ATLAS Collaboration/CERN 

With the LHC producing an ever-increasing number of Higgs bosons, ATLAS has been able to start measuring the cross section of each production mode in different phase spaces, setting an additional stress test for the Standard Model. These results are used to constrain possible modifications of the Higgs boson couplings from those predicted by the Standard Model. No significant deviation from the prediction has yet been observed.
The H→γγ decay channel is also used to measure several differential cross sections for observables sensitive to Higgs boson production and decay, where good agreement was found between the data and Standard Model predictions. Similar measurements have already been performed with H→ZZ*→4ℓ decays.
Combining these separate measurements allowed ATLAS to bring the experimental sensitivity closer to the precision of the Standard Model predictions. The total Higgs boson production cross section is measured to be 57.0 +6.0−5.9 +3.2−2.7 pb, where the first uncertainty is statistical and the second of systematic origin. The result is consistent with the Standard Model prediction of 55.6 +2.4−3.4 pb.
ATLAS will continue to study the Higgs boson properties for the rest of Run 2, isolating its rare production modes and measuring its more elusive properties. Uncovering these secrets will either further cement the Standard Model, or provide insight into what lies beyond. 
ATLAS实验探讨了希格斯玻色子如何与其他玻色子相互作用
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图1和图2：测量其主要生产模式中的希格斯玻色子生产横截面，并归一化为标准模型预测，分别由H→ZZ *→4升和H→γγ衰减通道获得。引用：ATLAS协作/ CERN

由于第2次恢复运行，大型强子对撞机（LHC）在其13个TeV质子 - 质子碰撞中每天生产约20,000个Higgs玻色子。到2015年底，ATLAS和CMS合作收集的数据已经足以在新的碰撞能量下观察希格斯玻色子。现在，在2015年至2016年期间，已经记录了36,000多万次碰撞，ATLAS实验可以更精确地测量希格斯玻色子的性质。

测量希格斯玻色子是如何生产的，以及它如何衰变是LHC实验的主要目标之一。这些测量的更高精度使得研究人员能够改进对标准模型的希格斯部门的理解，也限制了标准模型之外的新现象，这将改变希格斯与其他标准模型粒子的耦合。通过研究希格斯玻色子通过中间Z玻色子（H→ZZ *→4l，其中'*'表示从它的质量壳产生一个Z玻色子）衰减成光子对（H→γγ）和四个弱子，ATLAS实验可以以前所未有的精度测量希格斯玻色子的耦合特性。

在LHC中，希格斯玻色子通过非常不同速率的工艺生产：胶合融合，载体玻色子融合，WH，ZH和ttH。为了探索这些生产模式，ATLAS已经引入了一系列标准，将希格斯事件与H→γγ和H→ZZ *→4l的最终状态进行分类。本研究的结果显示在图1和图2中，其中显示了标准化为标准模型预测值的测量横截面。
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图3：在Hyy衰变中测量的Higgs玻色子的横向动量，并与标准模型预测进行比较。引用：ATLAS协作/ CERN

随着LHC产生越来越多的希格斯玻色子，ATLAS已经能够开始测量不同相位空间中每种生产模式的横截面，为标准模型设定了额外的压力测试。这些结果用于限制由标准模型预测的可能修改的希格斯玻色子耦合。尚未观察到与预测没有显着偏差。

H→γγ衰减通道也用于测量对希格斯玻色子生产和衰变敏感的观测值的几个差分截面，在数据和标准模型预测之间存在很好的一致性。 H→ZZ *→4l衰变已经进行了类似的测量。

结合这些单独的测量使ATLAS能够使实验灵敏度更接近标准模型预测的精度。希格斯玻色子生产横截面总体测量值为57.0 + 6.0-5.9 + 3.2-2.7 pb，其中第一个不确定性是统计学，第二个是系统起源。结果与55.6±2.4-3.4 pb的标准模型预测一致。

ATLAS将继续研究第2组的其余部分的希格斯玻色子属性，分离其罕见的生产模式并测量其难以捉摸的属性。揭露这些秘密将进一步巩固标准模型，或提供了解之外的洞察。

A bar magnet creates chaos in plasma

A localized glow region, the complex space charge configuration, near cathode surface with application of ~28G magnetic field. Credit: Shaw et al/AIP Publishing 

Placing a magnet on your refrigerator might hold up your calendar, but researchers from India's Saha Institute of Nuclear Physics found that placing one outside a plasma chamber causes a localized, fireball-like structure. This work may help understand plasma dynamics under these north-south, or dipolar, magnetic fields. They present their results this week in the journal Physics of Plasmas. 
When subjected to the magnetic dipole field produced by a bar magnet, the researchers found that a localized glow appeared near the cathode surface. According to their paper, this localization is due to enhancement of the degree of ionization because of electron confinement in the magnetic field near the negatively charged cathode surface. They found that the intensity of the glow region increased as they increased the strength of the magnetic field.
Traditionally, work in this field is conducted by keeping a permanent magnet inside a plasma chamber—this means there is no way to vary field strength or field line structure. By placing the bar magnet on the outside of the plasma chamber, the authors of this paper could change the position of the magnet and vary the strength of the magnetic field.
"Though bar magnets have been used in plasma experiments, the focus was mainly on the measurement of plasma equilibrium parameters like density, potential and other fluctuation measurements," said lead author Pankaj Kumar Shaw. "In our opinion, this is the first effort to investigate nonlinear dynamical phenomena of the fluctuations under dipolar magnetic field."
In these previous studies, the introduction of a magnetic field to plasma would cause the plasma fluctuation to go from order to chaos. Placing the bar magnet outside the plasma chamber, Shaw and his colleagues found that increasing the magnetic field strength revealed a transition from order to chaos via a process of a period doubling bifurcation.
"Following a particular sequence from order to chaos via [a] period-doubling route was unexpected," said Shaw, who added that while previous experiments had reported the emergence of turbulence and chaos from introducing a magnetic field, that this was the first experiment to report a doubling route to chaos with magnetic field strength.
"Changing position of the bar magnet varied the strength of magnetic field over 1-10G," Shaw said. "This observation in such a low range of magnetic field was surprising."
In the future, Shaw said his team hopes to design a new plasma experiment that incorporates more bar magnets and investigate their effects on plasma dynamics.
The results of this paper could be important in space plasma research, said Shaw. Specifically, it could help scientists understand effects such as magnetic anomalies on solar wind-lunar surface interactions. It could also prove vital in other areas of plasma applications such as plasma processing of materials where magnetic fields are extensively used.
Knowing the "root cause of plasma instabilities is important for applications of plasma-surface interactions," Shaw said. Furthermore, he thinks this could help educate a future generation of physicists. "This simple experiment can be used to teach various aspects of plasma physics, nonlinear dynamics, and time series analysis to high school students." 
棒状磁铁在等离子体中产生混乱

局部辉光区域，复合空间电荷配置，阴极表面附近应用〜28G磁场。引用：Shaw等人/ AIP出版社
在您的冰箱上放置磁铁可能会影响您的日历，但印度萨哈核物理研究所的研究人员发现，需要在等离子体室外放置一个局部的火球状结构。这项工作可能有助于了解这些南北或双极磁场下的等离子体动力学。他们本周在“等离子体物理学”杂志上发表了他们的研究成果。

当受到棒状磁铁产生的磁偶极场时，研究人员发现在阴极表面附近出现局部亮光。根据他们的论文，这种定位是由于在带负电的阴极表面附近的磁场中的电子限制，电离程度的增加。他们发现辉光区域的强度随着磁场强度的增加而增加。

传统上，这一领域的工作是通过在等离子体室内保持永磁体来实现的 - 这意味着没有办法改变场强或场线结构。通过将棒磁体放置在等离子体室的外部，本文的作者可以改变磁体的位置并改变磁场的强度。

主要作者Pankaj Kumar Shaw说：“虽然棒状磁体已被用于等离子体实验，但重点主要是等离子体平衡参数的测量，如密度，电位和其他波动测量。 “在我们看来，这是第一次研究偶极磁场波动的非线性动力学现象。

在这些以前的研究中，向等离子体引入磁场将导致等离子体的波动从阶数变为混乱。邵氏及其同事将钢筋磁铁放置在等离子体室外，发现磁场强度的增加显示出经过一段时间加倍分岔的过程。

肖恩说：“以前的实验报道了引入磁场的湍流和混乱的出现，这是第一个实验。以磁场强度报告混乱的双重路线。

“改变棒磁体的位置会改变磁场强度超过1-10G，”肖说。 “在如此低的磁场范围内的这种观察令人惊讶。”

未来Shaw表示，他的团队希望设计一个新的等离子体实验，其中包含更多的棒状磁铁，并调查其对等离子体动力学的影响。

肖文说，本文的结果对空间等离子体研究来说可能是重要的。具体来说，它可以帮助科学家了解太阳风 - 月球表面相互作用的磁异常等影响。在等离子体应用的其他领域，例如等离子体处理广泛使用磁场的材料也是至关重要的。

Shaw说，了解“等离子体不稳定性的根本原因对于等离子体 - 表面相互作用的应用是重要的”。此外，他认为这可以帮助教育下一代物理学家。 “这个简单的实验可以用来教高中生等离子体物理学，非线性动力学和时间序列分析的各个方面。”

Team develops new math equation to predict cavitation

A popular backyard science experiment led a team of fluid dynamics experts to a new math formula that more accurately predicts cavitation and its damaging effects. 
A common culprit in damaged water pipes and ship propellers, cavitation is the formation and collapse of gaseous bubbles that form in fluids. Cavitation can also occur inside a longneck glass bottle. Striking the top of a liquid-filled bottle, for example, can shatter its bottom, leaving scientists thirsty for answers.
Now researchers are eliminating the mystery of acceleration-induced cavitation with a newly-published study and math equation that proves acceleration of a fluid can cause cavitation. Their findings were published July 24 in the Proceedings of the National Academy of Sciences.
"If you search for answers behind the breaking bottle trick, you'll get a variety of theories," said Dr. Tadd Truscott, an associate professor of mechanical engineering at Utah State University and lead researcher at the school's Splash Lab. "Some claim your hand forces air into the bottle which pressurizes it and seals it shut, forcing the bottom to blow out. This is not the case."
Truscott says energy from an impulsive force on the bottle transfers to the fluid and causes a drop in its static pressure. When pressure drops, a fluid can boil at a much lower temperature, giving rise to the vapor bubbles that form inside the bottle. When the internal pressures equalize, the cavitation bubbles collapse in tiny but violent shockwaves. "Being able to predict the onset of cavitation would be extremely valuable in many applications," Truscott added. "Cavitation from fluid acceleration happens in underground pipes and valves, marine propellers; even some brain injuries are the result of acceleration-induced cavitation."

But the traditional cavitation formula used for decades in physics classrooms often incorrectly predicts the onset of cavitation in fluids accelerated over a very short period of time.
"The traditional formula would tell us cavitation won't happen by smacking your palm against the top of a bottle," Truscott added. "But experience tells us otherwise. The bottle will usually shatter, and now we have photographic evidence of cavitation bubbles forming near the bottom of the bottle and their subsequent collapse and shockwaves. This tells us the conventional cavitation number doesn't always work correctly."
Truscott and his team - comprised of researchers at USU, Tokyo University of Agriculture and Technology and Brigham Young University - have devised a new equation that considers a fluid's depth and its acceleration. Researchers in Japan and Utah conducted similar cavitation experiments and got identical results. The group says their new equation correctly defines the physics of cavitation onset.

团队开发新的数学方程式来预测气蚀

一个流行的后院科学实验领导了一个流体动力学专家团队一个更准确地预测气穴及其破坏性影响的新数学公式。

损坏的水管和船舶螺旋桨的一个常见的原因是气蚀是在流体中形成的摧毁性的气泡。气蚀也可能发生在一个longneck玻璃瓶内。例如，敲打充满液体的瓶子的顶部可能会破碎其底部，让科学家得到渴求的答案。

现在研究人员通过新出版的研究和数学方程来消除加速诱导空化的神秘，证明流体的加速可引起气蚀。他们的研究结果于7月24日在美国国家科学院院刊上发表。

犹他州立大学机械工程副教授，学校Splash实验室的首席研究员Tadd Truscott博士说：“如果您搜索破瓶壶技巧背后的答案，您将得到各种理论。 “有些人声称你的手力将空气压入瓶子，将其压紧并将其封闭，迫使从底部吹出来，但事实并非如此。

Truscott表示，瓶子上的冲动力的能量转移到流体上并导致其静压力下降。当压力下降时，流体可以在非常低的温度下沸腾，导致在瓶内形成蒸气泡。当内部压力相等时，气蚀气泡在微小但暴力的冲击波中崩溃。 “在许多应用中，能够预测气蚀的发生将是非常有价值的，”Truscott补充道。来自流体加速的气蚀发生在地下管道和阀门，海洋螺旋桨中;甚至一些脑部受伤也是加速引起的气蚀的结果。

但是，在物理教室中使用了数十年的传统气穴公式通常不正确地预测了在非常短的时间内加速的流体中的气穴的发生。

Truscott补充说：“传统的配方将告诉我们，空泡不会发生在将手掌压在瓶子的顶部。” “但是经验告诉我们，瓶子通常会破碎，现在我们有摄影证据表明气瓶底部附近形成了气蚀泡沫，随后出现了崩溃和冲击波，这告诉我们，传统的气穴数并不总是正常。”

特鲁斯科特和他的团队 - 由USU，东京农工大学和杨百翰大学的研究人员组成 - 设计了一个考虑流体深度和加速度的新方程。日本和犹他州的研究人员进行了类似的气穴实验，得到了相同的结果。该小组说，他们的新方程正确定义了空化发作的物理学。

Metal Alloy（金属合金）

New light weight metal as formable as aluminum sheet metal with 1.5 times higher strength

A research team at NIMS and Nagaoka University of Technology developed high strength magnesium sheet metal that has excellent formability comparable to that of the aluminum sheet metal currently used in body panels of some automobiles. The alloy uses only common metals, and is expect to be a low-cost light weight sheet metal for automotive applications. 
Magnesium alloys are roughly 75% lighter than steels and 33% lighter than aluminum alloys and their usage as structural materials in automotive bodies is expected to be effective in weight reduction for better fuel efficiency. However, virtually no magnesium alloys are used in automotive bodies because of their high processing cost originating from the poor formability and low strength of magnesium sheet metals.
The research team recently developed a new age-hardenable magnesium alloy: Mg-1.1Al-0.3Ca-0.2Mn-0.3Zn (numbers indicate constituent elements by atomic percentage), named AXMZ1000. The newly developed alloy has excellent room temperature formability comparable to that of medium strength aluminum alloys that are used in some automobile bodies. In addition, the new alloy is 1.5 to 2.0 times stronger than the aluminum alloy. The excellent formability was achieved by adding very small amounts of zinc (Zn) and manganese (Mn), which led to the formation of fine grain structures, and the high strength was accomplished by adding aluminum (Al) and calcium (Ca), which induced the strengthening of the alloy by the formation of atomic clusters.
The newly developed alloy is composed of only common metals, so the material cost is not expensive. Also, it can be rolled into sheets using simple processes and heat treatments commonly used for aluminum alloys. The newly developed alloy overcomes the long-standing issues for magnesium alloys—namely, low strength and poor room temperature formability. As the processing cost of the new material is expected to be low, there is good potential for practical applications in automotive bodies or casing of notebook computers and cell phones for their weight reduction.
This study was conducted as a part of the JST Advanced Low Carbon Technology Research and Development Program (ALCA).
This study was published in Scripta Materialia on June 16, 2017. 

新型轻质金属，可成型为铝板金属，强度高了1.5倍

NIMS和长冈理工大学的一个研究团队开发出了高强度镁钣金，其具有与目前用于一些汽车车身面板的铝钣金件相当的优异成型性。该合金仅使用普通金属，并被预期为用于汽车应用的低成本轻质金属板。

镁合金比钢轻约75％，比铝合金轻33％，并且它们在汽车车身中作为结构材料的使用预计将有效地减轻重量以获得更好的燃料效率。然而，由于其高的加工成本来源于镁成型金属的不良成形性和低强度，所以在汽车车身中几乎没有使用镁合金。

研究团队最近开发了一种新的可老化的镁合金：Mg-1.1Al-0.3Ca-0.2Mn-0.3Zn（数字表示原子百分比的组成元素），称为AXMZ1000。新开发的合金具有与用于一些汽车车身的中强度铝合金相当的室温成型性。此外，新合金比铝合金强1.5-2.0倍。通过添加非常少量的锌（Zn）和锰（Mn），促使细晶粒结构的形成，实现了优异的成形性，并且通过加入铝（Al）和钙（Ca）来实现高强度，其中通过形成原子簇来诱导合金的强化。

新开发的合金仅由普通金属组成，因此材料成本不贵。此外，它可以使用通常用于铝合金的简单工艺和热处理来轧制成片。新开发的合金克服了镁合金长期存在的问题，即强度低，室温成型性差。由于新材料的加工成本预计会很低，因此笔记本电脑和手机的汽车车身或套管在减轻重量方面具有很大的实际应用潜力。

这项研究是作为JST高级低碳技术研究和开发计划（ALCA）的一部分进行的。

这项研究于2017年6月16日发表在Scripta Materialia。

Research shows reusable, carbon nanotube-reinforced filters clean toxic heavy metals from water

Carbon nanotubes immobilized in a tuft of quartz fiber have the power to remove toxic heavy metals from water, according to researchers at Rice University. 
Prize-winning filters produced in the lab of Rice chemist Andrew Barron by then-high school student and lead author Perry Alagappan absorb more than 99 percent of metals from samples laden with cadmium, cobalt, copper, mercury, nickel and lead. Once saturated, the filters can be washed with a mild household chemical like vinegar and reused.
The researchers calculated one gram of the material could treat 83,000 liters of contaminated water to meet World Health Organization standards—enough to supply the daily needs of 11,000 people.
The lab's analysis of the new filters appears this month in Nature's open-access Scientific Reports.
The robust filters consist of carbon nanotubes grown in place on quartz fibers that are then chemically epoxidized. Lab tests showed that scaled-up versions of the "supported-epoxidized carbon nanotube" (SENT) filters proved able to treat 5 liters of water in less than one minute and be renewed in 90 seconds. The material retained nearly 100 percent of its capacity to filter water for up to 70 liters per 100 grams of SENT, after which the metals contained could be extracted for reuse or turned into a solid for safe disposal.

While the quartz substrate gives the filter form and the carbon nanotube sheath makes it tough, the epoxidation via an oxidizing acid appears to be most responsible for adsorbing the metal, they determined.
Alagappan, now an undergraduate student at Stanford University, was inspired to start the project during a trip to India, where he learned about contamination of groundwater from the tons of electronic waste—phones, computers and the like—that improperly end up in landfills.
"Perry contacted me wanting to gain experience in laboratory research," Barron said. "Since we had an ongoing project started by Jessica Heimann, an undergraduate who was taking a semester at Jacobs University Bremen, this was a perfect match."
Barron said the raw materials for the filter are inexpensive and pointed out the conversion of acetic acid to vinegar is ubiquitous around the globe, which should simplify the process of recycling the filters for reuse even in remote locations. "Every culture on the planet knows how to make vinegar," he said.

"This would make the biggest social impact on village-scale units that could treat water in remote, developing regions," Barron said. "However, there is also the potential to scale up metal extraction, in particular from mine wastewater."
Alagappan's research won a series of awards while he was still a high school student in Clear Lake, a Houston suburb, as well as a visiting student in Barron's Rice lab. First was the top prize for environmental sciences at the Science and Engineering Fair of Houston in 2014. That qualified him to enter the Intel International Science and Engineering Fair in Los Angeles the next year, where he also took the top environmental award.
He booted that into the top prize at the 2015 Stockholm Junior Water Prize, where the crown princess of Sweden presented him with the honor.
"It's been a tremendous honor to be recognized on an international level for this research, and I am grateful for the opportunity to work on this project alongside such a talented group of individuals," Alagappan said. "I also especially appreciated being able to meet with other young researchers at the Intel International Science Fair and the Stockholm Junior Water Prize, who inspired me with their firm commitment to elevate society through science and technology." 

研究表明，可重复使用的碳纳米管强化过滤器可以清除水中的有毒重金属

赖斯大学的研究人员表示，固定在石英纤维簇中的碳纳米管有能力去除水中有毒的重金属。

赖斯化学家安德鲁•巴伦（Rice Barrett）的实验室生产的获奖过滤器主要由当时的高中生和佩里•阿拉加（Perry Alagappan）选择了含有镉，钴，铜，汞，镍和铅99％以上样品的金属。一旦饱和，过滤器可以用温和的家用化学品洗涤，例如用醋洗涤，并可以重复使用。

研究人员计发现，一克材料可以处理83,000公升污水，符合世界卫生组织的标准 - 足以提供11000人的日常需求。

实验室对新过滤器的分析会出现在本月自然发放的科学报告中。

强大的过滤器由生长在石英纤维上的碳纳米管组成，然后化学环氧化。实验室测试表明，“支持环氧化碳纳米管”（SENT）过滤器的放大版本能够在不到一分钟内处理5升水，并在90秒内更新。该材料近百分之百的保留了其每100克SENT过滤水多达70升的能力，此后可将所含金属提取再利用或变成固体以便安全放置。

虽然石英衬底会保护过滤器，并且碳纳米管护套也使其变得坚韧，但通过氧化酸的环氧化似乎才是对吸附金属最重要的。

现在是斯坦福大学本科生阿拉格潘（Aragappan）在印度旅行期间受到了启发，所以开始这个项目，在那里他了解到地下水污染了电子产品，电话，电脑等等，这些地下水被不适当地填埋在垃圾场。

巴伦说：“佩里联系我想要得到实验室研究的经验。” “由杰西卡•海曼（Jessica Heimann）开办了一个正在进行的项目，这是一个在不来梅雅各布斯大学学习的本科生，这将是一个完美的比赛。”

Barron表示，过滤器的原料价格便宜，并指出乙酸转化为醋的方式在全球范围内普遍存在，这样可以简化过滤器再循环的过程，甚至在偏远地区也可重复使用。 “地球上的每个国家都知道如何制作醋，”他说。

巴伦说：“这将对正在发展中的地区和偏远地区的水处理村庄造成很大的社会影响。 “但是，也有可能扩大对金属的提取，特别是从矿山废水提取金属。”

Alagappan的研究获得了一系列奖项，但他仍然是休斯敦郊区Clear Lake的高中生，Barron实验室的访问生。他获得的是2014年休斯敦科学与工程博览会环境科学的最高奖。他有资格在明年进入洛杉矶的英特尔国际科学与工程博览会，在那里他还获得了最高的环境奖。

他在2015年斯德哥尔摩青少年水奖中荣获最高奖，瑞典的王室公主向他颁发了荣誉证书。

Alagappan说：“这项研究得到国际的认可是非常荣幸的，我很高兴有机会与这样一批有才华的人一起工作。” “我也特别欣慰能够与英特尔国际科学博览会和斯德哥尔摩青少年水奖的其他年轻研究人员会面，他们激励着我们，让我们实现通过科学技术提升社会的坚定承诺。＂
Composite Materials（复合材料）

Scientists announce the quest for high-index materials
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An antenna is a device capable of effectively transmitting, picking up, and redirecting electromagnetic radiation. Typically, antennas are macroscopic devices operating in the radio and microwave range. However, there are similar optical devices (Fig. 1). The wavelengths of visible light amount to several hundred nanometers. As a consequence, optical antennas are, by necessity, nanosized devices. Optical nanoantennas, which can focus, direct, and effectively transmit light, have a wide range of applications, including information transmission over optical channels, photodetection, microscopy, biomedical technology, and even speeding up chemical reactions. 
For an antenna to pick up and transmit signals efficiently, its elements need to be resonant. In the radio band, such elements are pieces of wire. In the optical range, silver and gold nanoparticles with plasmonic resonances (Fig. 2a) have long been used for this purpose. Electromagnetic fields in such particles can be localized on a scale of 10 nanometers or less, but most of the energy of the field is wasted due to Joule heating of the conducting metal. Particles of dielectric materials such as silicon with high refractive indices at visible light frequencies comprise a new alternative to plasmonic nanoparticles. When the size of the dielectric particle and the wavelength of light are just right, the particle supports optical resonances called Mie resonances (Fig. 2b). Because the material properties of dielectrics are different from those of metals, it is possible to significantly reduce resistive heating by replacing plasmonic nanoantennas with dielectric analogs.
The key characteristic of a material determining Mie resonance parameters is the refractive index. Particles made of materials with high refractive indices have resonances characterized by high quality factors. This means that in these materials, electromagnetic oscillations last longer without external excitation. In addition, higher refractive indices correspond to smaller particle diameters, allowing for miniature optical devices. These factors make high-index materials—i.e., those with high indices of refraction—more suitable for the implementation of dielectric nanoantennas.
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Optical resonances in plasmonic (a) and dielectric (b) nanoparticles. Credit: MIPT 

In their paper published in Optica, the researchers systematically examine the available high-index materials in terms of their resonances in the visible and infrared spectral ranges. Materials of this kind include semiconductors and polar crystals like silicon carbide. To illustrate the behavior of various materials, the authors present their associated quality factors, which indicate how quickly oscillations excited by incident light die out. Theoretical analysis enabled the researchers to identify crystalline silicon as the best available material for the realization of dielectric antennas operating in the visible range. Germanium outperformed other materials in the infrared band. In the mid-infrared part of the spectrum, a compound of germanium and tellurium performed highest (Fig. 3).
There are fundamental limitations on the value of the quality factor. It turns out that high refractive indices in semiconductors are associated with interband transitions of electrons, which inevitably entail the absorption of energy carried by the incident light. This absorption in turn leads to a reduction of the quality factor, as well as heating, which the researchers are trying shed. There is, therefore, a delicate balance between a high index of refraction and energy loss.
"This study offers the most complete picture of high-index materials, showing which of them is optimal for fabricating a nanoantenna operating in this spectral range, and because it provides an analysis of the manufacturing processes involved," says Dmitry Zuev, research scientist at the metamaterials laboratory of the Faculty of Physics and Engineering, ITMO University. "This enables us to select a material, as well as the desired manufacturing technique, taking into account the requirements imposed by their specific situation. This is a powerful tool advancing the design and experimental realization of a wide range of dielectric nanophotonic devices."
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Comparison of various high-index materials in terms of their quality factors, which reflect how long it takes for the Mie resonance of the particle to fade. Higher Q factors indicate longer fading times and a more pronounced resonant behavior of the particle. Image courtesy of the authors of the paper. Credit: MIPT and ITMO University 

According to the overview of manufacturing techniques, silicon, germanium, and gallium arsenide are the most thoroughly studied high-index dielectrics used in nanophotonics. A wide range of methods are available for manufacturing resonant nanoantennas based on these materials, including lithographic, chemical, and laser-assisted methods. However, in the case of some materials, no technology for fabrication of resonant nanoparticles has been developed. For example, researchers have yet to come up with ways of making nanoantennas from germanium telluride, whose properties in the mid-infrared range were deemed the most attractive by the theoretical analysis.
"Silicon is currently, beyond any doubt, the most widely used material in dielectric nanoantenna manufacturing," says Denis Baranov, a Ph.D. student at MIPT. "It is affordable, and silicon-based fabrication techniques are well established. Also, and this is important, it is compatible with the CMOS technology, an industry standard in semiconductor engineering. But silicon is not the only option. Other materials with even higher refractive indices in the optical range might exist. If they are discovered, this would mean great news for dielectric nanophotonics."
The research findings obtained by the team could be used by nanophotonics engineers to develop new resonant nanoantennas based on high-index dielectric materials. Additionally, the paper suggests further theoretical and experimental work devoted to the search for other high-index materials with superior properties to be used in new improved dielectric nanoantennas. Such materials could, among other things, be used to considerably boost the efficiency of radiative cooling of solar cells, which would constitute an important technological advance. 

科学家宣布追求高指数材料
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天线是一种能够有效地发射、接收和重定向电磁辐射的装置。通常，天线是在无线电和微波波段工作的宏观设备。然而，也有类似的光学装置（图1）。可见光的波长可达几百纳米。因此，光学天线必然是纳米器件。光学纳米天线，可以集中、直接、有效地传输光，有着广泛的应用，包括信息传输的通道，光检测，显微镜，生物科技，甚至可以加速化学反应。

为了使天线有效地接收和发射信号，它的元件需要谐振。在无线电波段，这样的元件是金属丝。在光学范围内，银和金纳米粒子与电浆共振（图2a）长期以来一直充当该元件。这种粒子的电磁场可以在10纳米或更小的尺度上进行定位，但由于金属是焦耳加热，大部分能量被浪费掉了。在可见光频率下具有高折射率的硅作为介质材料，它的粒子包括一种新的电浆纳米颗粒，可以作为代替物。当介质颗粒的大小和光的波长正好时，粒子支持称为米氏共振的光学共振（图2b）。由于电介质材料性能不同的金属，它可以通过介质类似的物质取代plasmonic nanoantennas从而可以降低电阻的阻值。

确定三重共振参数的材料主要是看折射率。由高折射率的材料制成的颗粒具有以高品质为特征的共振。这意味着在这些材料中，电磁振荡的时间会持续更长，无需外部的刺激。此外，更高的折射率对应于较小的粒径，可以形成微型光学装置。这些具有高折射率的材料 - 电介质纳米天线更适合实现高的目标。
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电浆（a）和介电（B）纳米颗粒的光学共振。引用：MIPT

他们在Optica发表了论文，研究人员根据可见光和红外光谱范围的共振系统地研究了可用的高折射率材料。这种材料包括半导体和极性晶体，如碳化硅。为了说明各种材料的作用，作者提出了与它们相关的质量因素的看法，表明入射光激发的振荡会迅速消失。理论分析使研究人员能够将晶体硅作为实现在可见光范围内工作的介质天线的最佳材料。锗在红外波段的表现优于其他材料。在光谱中的红外部分，锗和碲的化合物表现最高（图3）。

质量因素方面的价值有的会被限制。事实证明，半导体中的折射率与电子的带间跃迁有关，这就不可避免地需要吸收由入射光携带的能量。这种吸收又导致了质量因子的降低，研究人员正在努力改变。因此，在高折射率和能量损失之间存在着微妙的平衡。

科学家德米特里•祖夫（Dmitry Zuev）说：＂这项研究提供了有关高指数材料的最全面的图像，显示出哪些材料是制造在该光谱范围内工作的纳米天线的最佳选择，也因为它在制造业方面提供了参与。＂ ITMO大学物理与工程学院超材料实验室。 ＂这使我们能够选择材料，以及所需的制造技术，同时还要考虑到其它的特定情况，这广泛的推动了介电纳米光子器件的设计的发展。＂
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比较各种高折射率材料的质量因素，反映出粒子的米氏共振需要多长时间才能消退。q因子越高，粒子的衰减时间就越长，粒子的共振行为越明显。图片由作者提供。引用：莫斯科物理和itmo大学

根据对制造技术的概述，硅，锗和砷化镓是用于纳米光子学的高折射率电介质。这些材料用于制造谐振纳米天线，还用到光刻，化学和激光辅助方法，方法还有很多。然而，某些材料没有开发用于制造谐振纳米颗粒的技术。例如，研究人员尚未提出用锗碲制造纳米天线的方法，经过理论分析红外线范围的才是最有吸引力的。

毫无疑问，硅用于制造电介质纳米天线是使用的最广泛的材料，“Denis Baranov博士说。“它是经济实惠的，硅的制造技术已经建立起来，而且这很重要，它与半导体工程行业的CMOS技术兼容，但硅不是唯一的选择，其他材料在光学范围内的也可能存在更高的折射率，如果被发现，这对电介质纳米光子学将是个好消息。“

研究团队获得的研究成果可以被纳米光子学工程师用来开发具有高折射率介电材料的新型共振纳米天线。此外，本文还提出进一步的理论和实验工作，寻找其他具有优异性能的高折射率材料，作为新的介电纳米天线。这些材料可以显着提高太阳能电池辐射的冷却效率，这将是在技术方面的重要进步。

Lab develops way to spot defects inside hard-to-image materials

It's hard to get an X-ray image of low-density material like tissue between bones because X-rays just pass right through like sunlight through a window. But what if you need to see the area that isn't bone? 
Sandia National Laboratories studies myriads of low-density materials, from laminate layers in airplane wings to foams and epoxies that cushion parts. So Sandia borrowed and refined a technique being studied by the medical field, X-ray phase contrast imaging, to look inside the softer side of things without taking them apart.
Sandia has to be able to spot defects before they might cause a high-consequence failure, because materials don't perform well with voids or cracks or if they're separating from adjacent surfaces. For example, conventional X-rays can't see a defect called a grafoil in the laminate layers of an airplane wing without removing the protective copper mesh that diffuses energy if lightning hits the plane. And they can't see the critically important foams and other materials that guard against shock, high voltage breakdown and thermal stresses in nuclear weapon components.
X-ray phase contrast imaging measures not just the number of X-ray photons that get through the sample, as in conventional X-ray imaging, but also the phase of the X-rays after they pass through, offering a complete look at interfaces inside a structure.
"For low-density materials like plastics, polymers, foams and other encapsulants, this phase signal can be a thousand times bigger than the absorption signal (of conventional X-ray)," said principal investigator Amber Dagel, who studies physics-based microsystems.
X-ray phase contrast imaging could be used to inspect microfabrication packaging, integrated circuits or micro-electro-mechanical components and could be used to study ceramics, polymers, chemicals or explosives.
Sandia's technique achieved X-ray phase contrast imaging in a lab without a synchrotron, an expensive piece of equipment the size of a football field.
More sensitive technique needed
Other current techniques aren't sensitive enough to distinguish between materials. "You have a dense material mixed in with a low-density material, and traditional X-rays can't see that low-density material," Dagel said. "So they don't know if the gaps are filled with the low-density materials or if that's air."
Take an orange. Dagel had one in her office and, recognizing it's really just low-density materials, she and her colleagues imaged it to demonstrate their system.

A conventional X-ray picture of an orange is fuzzy, without detail. X-ray phase contrast imaging clearly shows the differences between the thin layers of zest and pith and how those layers look compared to the thick pulp.
"When light hits the zest, it bends a little. It hits the pith and it bends a little bit more, then it goes through the pulp, and it bends another direction," Dagel said. "Every interface, every time the material changes within the sample, it bends the light a little bit. Different parts of your sample bend the light differently, and measuring that is what gives rise to the phase contrast image."
Sandia Labs' research began with a Laboratory Directed Research and Development project from 2014-2016 that demonstrated X-ray phase contrast imaging could show details where one material meets another. A new LDRD takes the next step, learning to make gratings that operate at higher X-ray energies.
Gratings, optical components which look like bunches of upright parallel bars, create interference in the X-ray beam, like an interferometer, merging sources of light to create an interference pattern that can be measured.
Gratings are critical to the technique, and using them at higher energies "will let us look at more samples, samples that are denser or samples that are bigger," Dagel said. They're difficult to make, but Dagel said Sandia's metal micromachining team led by Christian Arrington makes highly uniform ones up to 4 inches square. That's considered large scale, and Sandia is able to make gratings as one large piece with good uniformity, she said. Grating size determines how much of a sample can be seen at once.
Most other groups studying phase contrast X-ray imaging are looking into the technique for medical imaging, while Sandia is studying it for materials science applications.
Gratings make Sandia system possible
"By sampling the bright and dark pattern we're able to reconstruct on the detector what this pattern must have looked like," Dagel said. "That's if the light just goes through with no sample there. What if now I put something, like an orange, in front of it?" The light wave is delayed even more going through the orange, "so now you took that waviness and you gave it even more shape. We're measuring how this wave front, this phase, changes as it passes through the sample."
She believes the technique eventually will have an enormous impact, both for research and quality control on the factory floor.
"I think it can be useful in the research phase, when you're trying to understand the distribution of microbeads within an epoxy or how the foam is mating with the canister it's filling up, is there a gap there? Or what defects can I see in my airplane wing laminate?" she said. "I also think it can be used in quality assurance: I know what my part should look like, but I need to make sure there aren't cracks, there aren't voids."
Dagel and colleagues have presented their research at several conferences, including the International Workshop on X-ray and Neutron Phase Imaging with Gratings in 2015 and the SPIE Defense + Commercial Sensing conference last year. 

实验室找到了在难以成像材料内部发现缺陷的方法
从X射线图像中很难获得低密度材料（如骨骼之间的组织），因为X射线通过像阳光一样通过窗户。但是如果你需要看到的不是骨头的区域怎么办呢？

桑迪亚国家实验室研究了各种的低密度材料，从飞机机翼的层压层到泡沫和环氧树脂，一系列的缓冲部件。桑迪亚完善了一项医学领域研究的技术，即X射线相位对比成像技术，将物体的柔软的一面放在内部，而不是把它们分开。

Sandia发现了造成严重失败后果的缺陷，因为材料在空隙或裂纹上表现不佳，又是否能够与相邻表面分离。例如，常规的X射线在飞机机翼的层压层中不能看到缺陷，因此不能去除闪电击中飞机时扩散能量的保护性铜网。他们看不到用来防止核武器组件的冲击，高压击穿和热应力的泡沫和其他材料。

X射线成像不仅测量了X射线光子穿过样品的数量，还测量了X射线经过后的相位，这对结构内部界面的全面观察是有帮助的。

研究物理学微系统的首席研究员Amber Dagel说：“对于低密度材料，如塑料，聚合物，泡沫和其他密封剂，它们的相位信号比吸收信号（常规X射线）大一千倍。 。

X射线相位成像可用于检查细小的加工包装，集成电路或微机电组件，并可用于研究陶瓷，聚合物，化学品或爆炸物。

桑迪亚在没有同步加速器的实验室中实现了X射线相位对比成像，这是一个足球场大小的设备，但是非常昂贵。

需要更敏感的技术

当前的技术不够敏感，不足以区分材料。 Dagel表示：＂将密度高的材料与低密度材料混合在一起，传统的X射线不能看到低密度材料。＂＂所以他们不知道这些空气是否填满了低密度材料。＂

戴吉尔在办公室里拿橘子做实验，认识到这只是低密度的材料，她向她的同事们就形象地展示了自己的系统。
橙子的常规X射线照片是模糊的，没有细节。 X射线相位对比成像清楚地显示了薄层和薄层之间的差异，以及这些层与厚纸浆相比之下的外观。

 “当光线炽热时，它会弯曲一点，击中了髓，然后穿过纸浆，又弯曲向另一个方向，”达格尔说。 ＂每个接口和样品中的材料发生变化时，它都会使光线发生一点点变化，样品不同的部分会有不同地弯曲光线，并测量出相位对比度图像。＂

Sandia Labs的研究开始于2014-2016年的实验室，是一项具有指导性研究的开发项目，展示了X射线相位对比成像，显示出一种材料与另一种材料相符的细节。新的LDRD要用来制作更高X射线能量的光栅。

Gratings，光学元件看上去像一束直立的平行棒，在X射线中产生干涉，就像干涉仪一样，合并光源用来产生干涉的图样。

Dagel说，光栅对于这种技术是至关重要的，而且在更高的能量下使用它们“将让我们看看更多样品，更密集或更大样品的样品。其他的很难做到，但是Dagel表示，由亚历山大·阿灵顿（Christian Arrington）领导的Sandia的金属微加工团队制造出高达4平方英尺的高度统一的产品。这被认为是大规模的，桑迪亚能够使格栅的使用具有一定的均匀性，她说。光栅的尺寸决定了一次可以看到多少样品。

研究相位对比X射线成像的研究小组现在正在研究医学成像技术，而Sandia正在研究材料在科学方面的应用。

光栅使Sandia系统成为了一种可能

戴格尔说：“通过采样明暗的图案，我们可以在探测器上重建这种模式。 “使光线通过，没有样本，如果现在我把一些像橘子一样的东西放在前面呢？”光波会延迟更多的橙色，“当它通过样品变化的这个阶段，我们测量了这个波前，采取了这个波纹，才使它拥有更多的形状。

她认为这项技术最终将对工厂车间的研究和质量控制产生巨大的影响。

 “我认为在研究阶段可能会有用，当您想了解环氧树脂中微珠的分布情况，以及泡沫与填充的罐体是否配合时，是否存在缺陷？或者是我的飞机机翼层压板上是否有缺陷？她说。 “我也认为它可以用于质量保证：我知道我的部分应该是什么样子，但我需要确保没有裂缝，没有空隙。”

戴格尔及其同事在会议上多次介绍了他们的研究成果，在2015年国际X射线和中子相成像研讨会以及SPIE防务+商业传感会议等会议上也对他们的成果做了介绍。
Practical Application（实际应用）
Energy-harvesting bracelet could power wearable electronics

Researchers have designed a bracelet that harvests biomechanical energy from the wearer's wrist movements, which can then be converted into electricity and used to extend the battery lifetime of personal electronics or even fully power some of these devices. 
The researchers, Zhiyi Wu and coauthors at Chongqing University of Technology and the China Academy of Engineering Physics in Sichuan, have published a paper on the energy-harvesting bracelet in a recent issue of Applied Physics Letters.
"The energy-harvesting bracelet could potentially be used to help power activity trackers, smartwatches, and even some health-monitoring applications," Wu told Phys.org.
The bracelet works due to electromagnetic induction, in which the interaction between a moving magnetic field and an electrical conductor generates a voltage. Inside the bracelet's outer shell, electrically conductive copper coils wind around an inner shell. Inside this inner shell are two moving magnets that rotate around the bracelet in response to the wearer's wrist movements. As the magnets move through the copper coils, they generate a voltage due to electromagnetic induction. 
The researchers explain that, according to Faraday's Law, the amount of voltage generated is proportional to the number of times the magnets rotate around the bracelet. So the faster the motion, the greater the power generated by the bracelet. Tests showed that the magnets can move with an average rotational velocity of between 100 and 300 revolutions per minute, depending on the type and intensity of the wrist movements. The researchers also demonstrated that, from a single shake of the wrist, the bracelet can charge a small capacitor to approximately 1 volt in a fraction of a second and generate an average power of more than 1 milliwatt.
One of the advantages of the bracelet design is its symmetry, which allows it to transform motion in any orientation into the rotational motion of the moving magnets, and also does not require the magnets to be in any particular initial position. Other types of electromagnetic energy harvesters, such as those in the shape of tubes or flat objects, have limited degrees of freedom and only work in certain orientations. 
"The greatest advantage of the bracelet is that it can transform translational motion in any orientation into rotational motion, starting from any initial position of the magnets," Wu said.
In the future, the researchers plan to investigate several different areas. One idea is to use a circular magnetization magnet to fabricate the magnets. They also want to further reduce friction in the bracelet and introduce triboelectric energy-harvesting technology to utilize the remaining friction. 
能量收割手链可以为电子设备供电

研究人员设计了一个手环，从手腕运动中获取生物力学能量，然后将其转换为电力，并用于延长个人电子产品的电池寿命，甚至可以为一些电子设备供电。

研究人员吴志义和四川省中国工程物理研究院合作人员在最近的“应用物理学报”上发表了一篇关于手镯吸收能量的论文。

 “能源收获手镯可以用来帮助电力活动追踪器，手表，甚至一些监测应用，”吴告诉Phys.org。

手镯由于电磁感应而起作用，移动磁场和电导体，它们之间的相互作用会产生电压。在手镯的外壳内部，铜线圈缠绕在内壳上进行导电。在这个壳的内部是两个移动的磁铁，它们围绕着手镯旋转，以感应佩戴者的腕部运动。当磁体穿过铜线圈时，会由于电磁感应而产生电压。

研究人员解释说，根据法拉第定律，产生的电压量与磁珠围绕手镯旋转的次数成正比。所以运动越快，手链产生的动力就越大。测试表明，磁铁可以以每分钟100到300转之间的平均旋转速度移动，这取决于手腕运动的强度。研究人员还表明，手腕的单一震动，手镯可以在小于几分之一秒内将小电容器充电约至1伏，并产生大于1毫瓦的平均功率。

手镯设计的优点之一是其对称性，其允许将任何方式的运动变换为移动磁体的旋转运动，并且也不需要磁体处于任何特定的初始位置。但是其他类型的电磁能量收集器，例如管形或扁平物体的电磁能量收集器具有有限的自由度，并且仅在某些方向上起作用。

 “手镯的最大优势在于，它可以将任何方向的平移运动转化为旋转运动，从磁铁的任何初始位置开始，”吴说。

未来，研究人员计划研究几个不同的领域。他们想使用圆形的磁化磁体。他们还希望进一步减少手链中的摩擦，并引入摩擦电能量采集技术以利用手镯与手腕之间的摩擦。
Physics of bubbles could explain language patterns

Language patterns could be predicted by simple laws of physics, a new study has found. 
Dr James Burridge from the University of Portsmouth has published a theory using ideas from physics to predict where and how dialects occur.
He said: "If you want to know where you'll find dialects and why, a lot can be predicted from the physics of bubbles and our tendency to copy others around us.
"Copying causes large dialect regions where one way of speaking dominates. Where dialect regions meet, you get surface tension. Surface tension causes oil and water to separate out into layers, and also causes small bubbles in a bubble bath to merge into bigger ones.
"When people speak and listen to each other, they have a tendency to conform to the patterns of speech they hear others using, and therefore align their dialects. Since people typically remain geographically local in their everyday lives, they tend to align with those nearby."
Dr Burridge from the University's department of mathematics departs from the existing approaches in studying dialects to formulate a theory of how country shape and population distribution play an important role in how dialect regions evolve.
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These maps show a simulation of three language variants that are initially distributed throughout Great Britain in a random pattern. As time passes (left to right), the boundaries between language variants tend to shorten in length. One can also see evidence of boundary lines fixing to river inlets and other coastal indentations. Credit: University of Portsmouth 

Traditional dialectologists use the term 'isogloss' to describe a line on a map marking an area which has a distinct linguistic feature.
Dr Burridge said: "These isoglosses are like the edges of bubbles – the maths used to describe bubbles can also describe dialects.
"My model shows that dialects tend to move outwards from population centres, which explains why cities have their own dialects. Big cities like London and Birmingham are pushing on the walls of their own bubbles.
"This is why many dialects have a big city at their heart – the bigger the city, the greater this effect. It's also why new ways of speaking often spread outwards from a large urban centre.
"If people live near a town or city, we assume they experience more frequent interactions with people from the city than with those living outside it, simply because there are more city dwellers to interact with.
[image: image12.jpg]



Each black line is an ‘isogloss’ generated by Burridge’s model. An isogloss is a line which separates regions where one pronunciation dominates from a region where another dominates (an example pronunciation could be how people pronounce the ‘a’ in bath). If a traveller travelled over a zone where many isoglosses had bundled together (such as the ‘North-south’ bundle that connects the Bristol Channel to The Wash shown here) they would experience a sharp/noticeable transition between dialect. Whereas when the lines are more spread out, or messy, the traveller might hear more of a gradual dialect change. The darker orange colours represent higher population density. In the right hand plot people have greater mobility - they regularly travel 10km or more around their home. In the left hand plot they only travel about 5km. Credit: University of Portsmouth 

His model also shows that language boundaries get smoother and straighter over time, which stabilises dialects.
Dr Burridge's research is driven by a long-held interest in spatial patterns and the idea that humans and animal behaviour can evolve predictably. His research has been funded by the Leverhulme Trust.
The research was published last week in the American Physical Society journal Physical Review X. 
气泡的物理学可以解释语言模式

一项新的研究发现，语言模式可以通过简单的物理定律来预测。

朴茨茅斯大学的詹姆斯•伯里奇博士发表了一项理论，利用物理学的观点来预测方言的发生地点和方式。

他说:“如果你想知道你会在哪里找到方言以及为什么会有这样的方言，很多东西都可以从气泡的物理学和我们在我们周围复制他人的倾向中预测出来。”

“复制会导致大型方言区，其中一种说话方式占主导地位。”在区域相接的地方，会出现表面张力。表面张力使油和水分离成层，并导致小气泡与大气泡融合。

“当人们说话和互相倾听时，他们倾向于遵从别人使用的语言模式，从而使他们的方言保持一致。”由于人们在日常生活中通常保持地理位置上的一致性，所以他们倾向于与附近的人保持一致。

来自大学数学学院的Burridge博士从现有的研究方言的方法中分离出了一种关于国家形状和人口分布在方言区域发展中起着重要作用的理论。
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这些地图显示了三种语言变体的模拟，这些变体最初是在整个英国以一种随机模式分布的。随着时间的推移(从左到右)，语言变体之间的界限往往会缩短。人们还可以看到在河面和其他沿海凹痕处的边界线的证据。来源:朴茨茅斯大学

传统的辩证学家使用术语“isogloss”在地图上描绘一条具有不同语言特征的区域。

伯里奇博士说:“这些异象就像气泡边缘一样——用来描述气泡的数学也能描述方言。

我的模型显示，方言倾向于从人口中心向外移动，这就解释了为什么城市有他们自己的方言。像伦敦和伯明翰这样的大城市正在推着他们自己的方言气泡。

“这就是为什么许多方言在他们的心里有一个大城市——城市越大，这种影响就越大。”这也是为什么新的演讲方式会从一个大型城市中心向外传播。

“如果人们住在城镇附近，我们认为他们与城市居民的互动比住在城市里的人更频繁，这仅仅是因为有更多的城市居民与他们互动。”
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每条黑线都是由Burridge的模型生成的“isogloss”。isogloss是一种区分区域，其中一种发音在另一个占主导地位的区域(一个例子的发音可能是人们如何发音“a”在巴斯)。如果一个旅行者穿越了许多小岛上的岛屿(如连接布里斯托尔海峡的“南北”)，他们将体验到方言之间的明显的转换。然而，当线路更分散或混乱时，旅行者可能会听到更多的渐进的方言变化。深色的橙色代表了更高的人口密度。在右边的图中，人们有更大的灵活性——他们经常在他们的家附近旅行10公里或更远移动。在左边的图中，它们只行驶了5公里。来源:朴茨茅斯大学

他的模型还表明，随着时间的推移，语言的界限会变得更平滑、更直，从而使方言更加稳定。。

Burridge博士的研究是由长期以来对空间模式的兴趣以及人类和动物行为可以预见的观点所驱动的。他的研究是由Leverhulme信托基金资助的。

这项研究上周发表在《美国物理学会期刊物理评论X》上。

Creating the largest neutrino detectors in the world

A new era in neutrino physics in the United States is underway, and UW–Madison's Physical Sciences Laboratory (PSL) in Stoughton is playing a key role. 
The Long-Baseline Neutrino Facility, home to the $2 billion Deep Underground Neutrino Experiment (DUNE), will eventually send particles 800 miles through the earth from a lab outside Chicago to a mile-deep detector in an inactive gold mine in the Black Hills of South Dakota.
Neutrinos are little-understood, but their role in understanding matter and the dynamics of the universe is growing as science continues to learn more about the enigmatic particles through a constellation of new and exotic detectors, including the new DUNE experiment.
Groundbreaking ceremonies for the Long-Baseline Neutrino Facility (LBNF) will be held simultaneously today at the Sanford Lab in South Dakota and at Fermilab in Illinois.
The facility will provide the neutrino beam and the infrastructure that will support the DUNE detectors, taking advantage of Fermilab's powerful particle accelerator complex and Sanford Lab's deep underground areas within a long, existing tunnel carved out during the gold mining days of the 1930s.
Once the first shovel of earth is turned, crews will excavate more than 800,000 tons of rock—approximately the weight of eight aircraft carriers—to create huge underground caverns for the assembly of enormous particle detectors, all to better understand the mysterious neutrino. DUNE was conceived, designed and will be built by a team of 1,000 scientists and engineers from more than 30 countries and 160 institutions, including UW–Madison.
In fact, when DUNE is operational years from now, it will rely on anode panel assemblies (APAs) built at the Stoughton UW laboratory.
The detectors will be made up of large panels (the APAs) that will be submerged in liquid argon. The APAs consist of ultrathin wires wound around metal. Each assembly created at the UW's PSL consists of a stainless steel frame that is 20 feet long, a layer of copper mesh, and almost 15 miles of very thin (150 micron diameter) copper beryllium wire wound around it in four layers. The wire is then attached to a circuit board to track neutrinos.

Overseeing PSL's work on DUNE is the lab's director, Bob Paulos. "The APAs are really the heart of the detector," Paulos says.
PSL will build three APAs for a prototype experiment called ProtoDUNE. UW–Madison is collaborating with several institutions in the United Kingdom, which will build three more prototype APAs utilizing PSL's design. They have built an exact copy of the PSL wire-winding robot along with all of the other tooling necessary to build the devices.
Ensuring specific wire tension and pitch is critical to the success of the APAs.
"The ultimate plan is to build four detector modules underground in South Dakota. Each module will be two-thirds the size of a football field and comprise 150 APAs," Paulos says. Construction on the modules is expected to begin in 2020.
PSL will join a couple of other labs to build the full suite of APAs that are needed for the full-scale DUNE detector.
"There is a lot of international cooperation on this project," Paulos says. "It's going to take worldwide contributions to make DUNE happen and we are excited that PSL is playing an important role."
In addition to building APAs, the UW–Madison lab has designed and built detector structure support for the project. A PSL engineer and technician are at CERN (the European Organization for Nuclear Research) helping put the hardware together for ProtoDUNE.
"With this groundbreaking, UW–Madison's Physical Sciences Laboratory reaches another achievement in its already illustrious history in global neutrino research," says Marsha Mailick, UW–Madison vice chancellor for research and graduate education. "The Physical Sciences Laboratory has played integral roles in the success of such sophisticated science experiments as the IceCube Neutrino Observatory at the South Pole and the Large Hadron Collider at CERN in Switzerland."

"This has been a great team effort at PSL with people working long hours to meet very tight deadlines to keep the project on track," says Paulos. "Nearly everyone who works at PSL has had a hand in this project at one time or another, with a core group of about a dozen people working primarily on the project for a year."
Why the UW–Madison Physical Sciences Laboratory?
"PSL has a long history of working in high-energy physics," explains Paulos. "That, along with the fact we have the right mix of engineering, design and fabrication expertise, as well as state-of-the-art machinery and an electronics shop that is big enough to build the APAs in a clean assembly area, positions us to be able to do this kind of work."
PSL has completed about $10 million in work on the DUNE project to date.
The first APA was shipped from the PSL on July 7 and arrived at CERN on July 12. The panel is part of the ProtoDUNE detector, a prototype for the massive Far Detector that will eventually be housed underground in South Dakota. The Far Detector is a Time Projection Chamber (TPC), a type of particle detector that uses a strong electronic field together with a sensitive volume of gas or liquid to perform a three-dimensional reconstruction of a particle trajectory or interaction. In the case of DUNE, the TPC will be positioned within a cryostat filled with argon.
Eventually, DUNE will consist of two particle detectors placed in the world's most intense neutrino beam. One detector will record particle interactions near the source of the beam, at Fermilab, while the other, filled with 70,000 tons of liquid argon and cooled to –300 degrees Fahrenheit, will take snapshots of interactions deep underground at the Sanford Lab.
As neutrinos interact with the cold liquid, they create a shower of other particles and light. Those particle tracks are then picked up by APA electronics and transmitted as data to the surface.
Neutrinos are the most abundant particles of matter in the universe, yet very little is known about their role in the way the universe evolved. DUNE will enable scientists to look for differences in the behavior of neutrinos and their antimatter counterparts, antineutrinos, which could provide essential clues as to why we live in a matter-dominated universe—in other words, why we are all here, instead of our universe having been annihilated just after the Big Bang.
DUNE will also watch for neutrinos produced by supernovae, which scientists can use to look for the formation of neutron stars or even black holes. The large DUNE detectors also will allow scientists to look for the predicted but never-observed subatomic phenomenon of proton decay, a process closely tied to the development of a unified theory of energy and matter.
创造了世界上最大的中微子探测器

在美国，中微子物理的新时代正在兴起，而位于斯托顿的uw - madison的物理科学实验室(PSL)正在发挥关键作用。

长基线中立体设施，即20亿美元的深层地下中子实验（DUNE）的所在地，将最终将颗粒800英里从芝加哥以外的实验室发射到位于南达科他州黑山的一座非活跃金矿中的一英里深的探测器。

中微子并不为人所知，但它们在理解物质和宇宙动力学方面的作用越来越大，因为科学不断地通过一系列新的和奇异的探测器，包括新的沙丘实验，对这些神秘的粒子进行更多的了解。

今天，在南达科塔的桑福德实验室和伊利诺斯州的费米实验室，将同时举行长期基线中微子设施(LBNF)的奠基仪式。

该设施将提供中微子束和基础设施，以支持沙丘探测器，利用费米实验室强大的粒子加速器复合体和桑福德实验室地下深处的地下区域，在20世纪30年代的黄金开采日期间挖出了隧道。

一旦地球上的第一铲被铲动，船员们将会挖掘出80多万吨的岩石——大约8架飞机的重量——为巨大的粒子探测器的组装创造巨大的地下洞穴，所有这些都能帮助更好地理解神秘的中微子。DUNE是由来自30多个国家和160个机构的1000名科学家和工程师组成的团队构思、设计和建造的，其中包括uw - madison。

事实上，当DUNE从现在开始运营的时候，它将依靠在Stoughton UW实验室建造的阳极面板组件(APAs)。

探测器将由大型面板(APAs)组成，它将被淹没在液体氩中。APAs由超薄的金属线组成。每个装配在UW的PSL上的组件包括一个20英尺长的不锈钢框架，一层铜网，以及近15英里(150微米直径)的缠绕为四层的铜铍线。电线被接在一个电路板上以追踪中微子。

监督PSL在沙丘上的工作是实验室主任Bob Paulos。“APAs真的是探测器的心脏，”Paulos说。

PSL将建造三个APAs原型实验叫做原生沙丘。uw - madison正在与联合王国的几家机构合作，该机构将利用PSL的设计建造更多的原型APAs。他们已经建立了一个完整的PSL线缠绕机器人的副本和所有其他必要的工具来制造这些设备。

确保特定的电线张力和螺距对APAs的成功至关重要。

“最终的计划是在南达科他州的地下建造四个探测器模块。”每个模块的面积将是一个足球场的三分之二，包括150个APAs。这些模块的建设预计将于2020年开始。

PSL将加入其他几个实验室来建造完整的沙丘探测器所需的全套APAs。

“这个项目有很多国际合作，”Paulos说。他说:“这将是世界范围内做出的贡献，我们很高兴PSL发挥了重要的作用。”

除了建造APAs外，uw - madison实验室还为该项目设计并建立了探测器结构支持。一个PSL工程师和技术人员在欧洲核子研究中心(欧洲核研究组织)帮助把这些硬件组装在一起。

“在这个开创性的领域，uw - madison的物理科学实验室在其在全球中微子研究领域已经辉煌的历史上取得了另一项成就，”uw - madison的研究和研究生教育副校长Marsha Mailick说。“物理科学实验室在这些尖端科学实验的成功中扮演了不可或缺的角色，比如南极的冰立方天文台和瑞士的欧洲核子研究中心的大型强子对撞机。”

Paulos说：“这是PSL的一个伟大的团队努力，在非常紧迫的期限内，人们长时间工作，以保持项目的正常进行。 “几乎所有在PSL工作的人都曾经在这个项目中同时进行过一次，其中大约有十几个人主要从事该项目工作一年。”

为什么是uw - madison物理科学实验室?

Paulos解释说：“PSL在高能物理学方面有悠久的历史。 “与此同时，我们拥有工程，设计和制造专业知识的正确组合，以及最先进的机器和一个足够大的电子商店，在一个清洁的装配区域内建立APA，我们能够胜任这样的工作。”

到目前为止，PSL已经完成了大约1000万美元的DUNE项目。

第一个APA于7月7日从PSL发出，并于7月12日抵达欧洲核子研究中心。该小组是“原始沙丘探测器”的一部分，这是一个巨大的远探测器的原型，最终将被安置在南达科塔的地下。远探测器是一个时间投影室(TPC)，它是一种粒子探测器，它利用一个强大的电子场和一个灵敏的气体或液体来完成一个粒子轨迹或相互作用的三维重建。在沙丘的情况下，TPC将被定位在一个充满氩的低温恒温器内。

最终，DUNE将由位于世界上最强烈的中微子束的两颗粒子探测器组成。在Fermilab，一个探测器将记录光束源附近的粒子相互作用，另外一个装满7万吨液氩并冷却至-300华氏度，将在Sanford实验室拍摄深层地下的相互作用。

当中微子与冰冷的液体相互作用时，它们会产生大量的其他粒子和光线。这些粒子轨道随后被APA电子(APA electronics)发现，并作为数据传输到表面。

中性粒子是宇宙中物质中最丰富的粒子，但对宇宙演化方式的作用知之甚少。DUNE将使科学家们能够寻找中微子及其反物质反中性线的行为方面的差异，这可能提供了为什么我们生活在以物质为主的宇宙中的重要线索 - 换句话说，为什么我们都在这里，而不是我们宇宙在大爆炸之后就被歼灭了。

DUNE还将观察超新星产生的中微子，科学家们可以用来寻找中子星甚至黑洞的形成。大型沙丘探测器还将允许科学家们寻找预测但从未观测到的质子衰变的亚原子现象，这一过程与一个统一的能量和物质理论密切相关。
Physics discovery unlocks ingredients of 2-D 'sandwich'

Everything that exists in the digital world—photos, tweets, online courses, this article—is stored as 1's and 0's. At the software level, this information is written as computer code. At the hardware level, that code is brought to life by billions of transistors turning on (1) and off (0). 
Transistors are in everything from computers and smartphones to MP3 players and digital cameras. But the power and efficiency of transistors is limited by the materials available to construct them.
Now, researchers from Northeastern University have made a discovery that opens up a whole new field exploring materials for transistors, photodetectors, flexible electronics, and other applications.
The work—published recently in the journal Science Advances—involves 2-D crystals, which are super-thin materials only a few atoms tall. Combining two 2-D crystals forms a heterostructure. Until now, physicists thought 2-D crystals had to be very similar, with all the atoms to lining up perfectly, in order to form a new heterostructure.
"But nature always throws a curveball at you," says Arun Bansil, University Distinguished Professor of Physics and one of the paper's authors.
Associate professor Swastik Kar co-authored the paper with Bansil and other colleagues at Northeastern. They observed for the first time that two completely dissimilar 2-D crystals can be arranged one on top of the other, atom by atom, in such a way that they fit together nearly perfectly and produce completely new properties.
"It would be like making a club sandwich," Kar said. "You can have something that tastes like bread and something that tastes like meat."
But the key, Bansil explains, is not just to assemble a sandwich where you can taste each layer separately. "You want to have some cooking going on so you can get some new flavors."
In the world of condensed matter physics, discovering that two very different 2-D crystals can form a heterostructure is like combining water and flour for the first time and creating dough. It gives way to virtually limitless possibilities for new 2-D materials.
When nature 'autocorrects,' discovery happens
The discovery occurred during an experiment where two dissimilar 2-D crystals were synthesized to stack on top of each other. Instead of just sitting there, unable to interact because of how little they have in common, the crystals did something unexpected.

物理发现解锁二维“三明治”的成分

数字世界中存在的一切 - 照片，推文，在线课程，这篇文章 - 存储都为1和0。在软件级别，这些信息是作为计算机代码编写的。在硬件层面上，该代码由数十亿个晶体管导通（1）和关闭（0）来实现。

晶体管的应用广泛，从电脑和智能手机到MP3播放器和数码相机。但是晶体管的功率和效率受到用于构建它们的材料的限制。

现在，东北大学的研究人员已经发现了一个全新的领域，探索晶体管，光电探测器，灵活的电子学和其他应用的材料。

最近在“科学进步”杂志上发表的作品涉及二维晶体，它是超薄材料，只有几个原子高。组合两个二维晶体形成异质结构。到目前为止，物理学家认为二维晶体必须非常相似，所有的原子完全排列，以形成新的异质结构。

“但大自然总是会向你抛出一个弧线球，”物理学杰出教授Arun Bansil和论文的作者之一说。

副教授斯卡斯蒂克•卡尔（Karl Karar）与伯尼尔（Bansil）和东北部的其他同事共同撰写了这篇论文。他们首次观察到两个完全不同的二维晶体可以以原子的形式排列在另一个原子之间，使得它们几乎完美地配合在一起并产生全新的特性。

“这就像做一个俱乐部三明治一样，”卡尔说。“你可以吃一些尝起来像面包的东西，以及尝起来像肉的东西。”

但Bansil解释说，关键不只是组装一个三明治，你可以分别品尝每一层。 “你可以做一些别致的烹饪，这样你就可以得到一些新的口味。”

在凝聚态物理学的世界中，发现两种十分不同的二维晶体可以形成异质结构，如首次将水和面粉混合并生成面团。它为新的二维材料提供了几乎无限的可能性。

当自然“自动校正”时，出现了新的发现 

这一发现发生在一个实验中，两个不同的二维晶体被合成叠加在一起。而不是仅仅分散在那里，因为它们的共同点太少而无法相互作用，这些晶体发生了一些意想不到的变化。
Organic & Polymer（有机高分子材料）

Uncovering the connection between negative stiffness and magnetic domain walls

Nature doesn't like having interfaces—this is why bubbles like to be round, and the surface of a pond settles to flat as long as it's not disturbed. These trends minimize the total amount of interface (or surface) that is present. As an exception to this behavior, certain materials are known to have a property, called negative stiffness, where the interface prefers to become distorted, or wavy, even without any external stimulation. 
Interfaces with negative stiffness have been considered in crystals before, but the characteristic has now also been found in modern magnetism. Researchers in Carnegie Mellon University's College of Engineering have shown that the interface separating two oppositely magnetized regions of a material (called a domain wall) can also exhibit negative stiffness. 
Materials Science and Engineering Ph.D. students Price Pellegren and Derek Lau, led by Assistant Research Professor of Materials Science & Engineering Vincent Sokalski, demonstrate that this stiffness is precisely what governs how the domain wall moves around in certain ultrathin magnets. In the study, they also describe how the domain wall can be adopted as a tool to measure the distribution of unwanted defects in the material. 
This understanding of domain wall behavior is critical for the development of future energy-efficient computers where information is stored in the domain wall as it moves through a magnetic circuit.
揭示负刚度与磁畴壁之间的关系

自然不喜欢相互作用的存在——这就是为什么气泡大多是圆形的原因，而池塘的表面只要不受干扰，就会稳定下来。这些趋势使当前的接口(或表面)总数最小化。作为这种行为的一个例外，某些材料被称为负刚度，它的界面更倾向于变形，甚至不受外界刺激。

已经在晶体中考虑了具有负刚度的界面，但现在在现代磁性中也发现了这种特征。卡内基梅隆大学工程学院的研究人员已经表明，分离材料的两个相对磁化区域（称为畴壁）的界面也可能呈现刚度。

材料科学和工程博士生Price Pellegren和Derek Lau，由材料科学与工程学院的助理研究教授文森特•索卡尔斯基领导，证明了这种刚度正是在某些超薄磁铁中控制的域壁。在研究中，他们还描述了如何将域壁作为一种工具来衡量材料中不必要的缺陷的分布。

这种对领域墙行为的理解对于未来节能计算机的发展至关重要，因为当信息通过磁路移动时，信息就会存储在域墙上。
Ultra-sensitive measurement of nanoscale deformation

Nanoscale deformations could impact the high-precision experiments, such as the Advanced Laser Interferometer Gravitational-Wave Observatory (LIGO) 
A Caltech graduate student has shown that materials can undergo inelastic deformation prior to yielding, which could impact the design of materials, leading to stronger and tougher structures. 
Xiaouye Ni, who studies materials science in the lab of Julia R. Greer, a Caltech professor of materials science and mechanics, has shown that metals undergo permanent deformation even prior to yielding—the threshold at which a material under strain becomes permanently deformed.
For example, take a metal ruler and bend it just a little bit. When you let go, it will spring right back to its original shape. But if you take that same ruler and bend it as hard as you can, it will reach a point known as the yield point where it stays permanently bent.
In materials science, the yielding phenomenon is explained as follows: 
When you deform a material below its yield point, you're just temporarily stretching the bonds between its atoms. There's no permanent change happening to the material's atomic-level structure and the deformation is completely recoverable and instantaneous. This temporary stretching is called elastic deformation. 
Deform a metal past its yield point and you cause the movement of preexisting line defects known as dislocations, which contribute to the permanent deformation. The dislocations move through the crystal lattice, creating more dislocations as they go and tangling up on each other. The motion of these disclocation results in permanent plastic deformation.
The yield point is usually considered to be a discrete phenomenon—that is, dislocations start moving when a material is strained beyond its yield point. However, Ni's data show that there are at an atomic level, irreversible changes in the structure of a material as soon as a material begins to deform, long before it reaches its yield point.
"Every materials scientist and every textbook in the world will tell you that when you deform any material—it can be a metal, wood, any kind of textile, anything—the first thing that occurs is elastic deformation that will instantly recover," Greer says. "It is the most fundamental belief that just about every mechanical and materials science course relies on." 
To explore what was happening in a material under strain, Xiaouye fabricated copper pillars that are 500 nanometers wide (a human hair is 200 times thicker) and pressed on them with a diamond stylus. 
The stylus applied fixed amounts of pressure less than the copper's yield point and then oscillated up and down slightly. 
What she found was that after being subjected to those oscillations, the pillars were slow to return to their original, undeformed shape. 
"If the deformation were purely elastic, that wouldn't happen because it would recover instantaneously," Xiaouye says. 
The sluggish reaction showed that the pillars had developed an internal resistance, a hallmark of inelastic deformation.
"What Xiaouye's data are showing is that from the first moment you start deforming it, the dislocations start being active," Greer says. Now that we know how to do this, we can probe a variety of different classes of materials.
Xiaouye says the discovery is likely to find applications in many fields of study."You can actually use this signature to see how close you are to the catastrophic failure point," Xiaouye says. Also, for high-precision experiments, as the Advanced Laser Interferometer Gravitational-Wave Observatory (LIGO)—which detected gravitational waves for the first time in 2016—even nanoscale dislocations can create a noise that it is imperative to understand and remove.
The study, "Probing Microplasticity in Small-Scale FCC Crystals via Dynamic Mechanical Analysis," appeared in the April 14 issue of Physical Review Letters.   

纳米尺度变形的超灵敏测量

纳米级变形会影响高精度实验,如激光干涉引力波天文台(LIGO)中的实验。

加州理工学院的研究生已经证明，材料可以在发生屈服前产生非弹性形变,这可能会影响材料的设计,使结构更强、更严格。

Xiaouye Ni在加州理工材料科学与力学教授Julia R. Greer的实验室进行材料科学研究。他发现金属即使在屈服之前也会发生永久性的变形——在该临界点受力材料可发生永久形变

例如，令金属尺子稍微弯曲。当你放手时，它就会弹回到原来的形状。但如果你用同样的尺子，使劲地弯曲它，它就会达到屈服点，此时它会永久弯曲。

在材料科学中，屈服现象的解释如下:

当你未达到材料的屈服点而使其发生形变时，你只是暂时地拉伸了其原子之间的键。材料原子水平的结构没有发生永久性的变化，变形是瞬时的，完全可以恢复。这种临时拉伸称为弹性形变。

当金属形变超过屈服点时，这导致先前已经存在的位错进一步移动，从而造成永久形变。这些位错在晶格中移动，随着其相互移动、缠绕产生更多的错位。这些位置的运动导致永久性塑性形变。

人们通常认为屈服点是一个不连续的现象——也就是说，当材料受力超过其屈服点时，位错开始移动。然而，Ni的研究数据表明，一旦物质开始变形，而远早于达到其屈服点之前，物质结构中存在着原子水平的不可逆转的变化。

Greer表示，“世界上每一位材料科学家和每一本教科书都会告诉你，当你令任何材料发生形变时——它可以是金属、木材、任何种类的纺织品，任何东西——首先发生的是弹性变形，这种形变很快就会恢复。这是最基本的道理，几乎所有的机械和材料科学课程都依赖于此。”

为了探究在压力下材料中发生了什么，Xiaouye组装了500纳米宽的铜柱子(一根头发的200倍粗)，将钻石触针压在上面。

触针上施加的未达到铜屈服点的固定压力,然后围绕这一数值稍微上下变动。

她发现在经过压力变动后,柱子缓慢回到原来,未变形的形状。

 “如果是完全弹性形变，那就不会发生这种现象，因为它会瞬间恢复，”Xiaouye说。

缓慢的恢复表明,柱子内已经产生内部阻力,这是非弹性形变的一个特点。

 “Xiaouye的数据表明，从材料刚开始发生形变的那一刻起，位错就开始活跃起来，” Greer说。现在我们已经知道怎么做了，我们可以探测各种不同种类的材料。

Xiaouye表示，这一发现很可能应用到许多研究领域。“你可以用这个性质来看看你离灾难性故障点有多近，” Xiaouye说。此外，对于高精度实验，如激光干涉引力波天文台(LIGO)中的实验——在2016年第一次探测到引力波——即使是纳米级的位错，也会产生一种噪声，必须了解并消除这一隐患。

这项研究发表了在4月14日的《物理评论快报》(Physical Review Letters)，题为 “通过动态力学分析研究小型FCC晶体中的微塑性”。
E-Material（电子材料）
Strange electrons break the crystal symmetry of high-temperature superconductors

The perfect performance of superconductors could revolutionize everything from grid-scale power infrastructure to consumer electronics, if only they could be coerced into operating above frigid temperatures. Even so-called high-temperature superconductors (HTS) must be chilled to hundreds of degrees Fahrenheit below zero. 
Now, scientists from the U.S. Department of Energy's (DOE) Brookhaven National Laboratory and Yale University have discovered new, surprising behavior by electrons in a HTS material. The results, published July 27 in the journal Nature, describe the symmetry-breaking flow of electrons through copper-oxide (cuprate) superconductors. The behavior may be linked to the ever-elusive mechanism behind HTS.
"Our discovery challenges a cornerstone of condensed matter physics," said lead author and Brookhaven Lab physicist Jie Wu. "These electrons seem to spontaneously 'choose' their own paths through the material—a phenomenon in direct opposition to expectations."
Off-road electrons
In simple metals, electrons move evenly and without directional preference—think of a liquid spreading out on a surface. The HTS materials in this study are layered with four-fold rotational symmetry of the crystal structure. Electric current is expected to flow uniformly parallel to these layers—but this is not what the Brookhaven group observed.
"I'm from the Midwest, where miles of farmland separate the cities," said Brookhaven physicist and study coauthor Anthony Bollinger. "The country roads between the cities are largely laid out like a grid going north-to-south and east-to-west. You expect cars to follow the grid, which is tailor-made for them. This symmetry breaking is as if everyone decided to leave the paved roads and drive straight across farmers' fields."
In another twist, the symmetry-breaking voltage persisted up to room temperature and across the whole range of chemical compositions the scientists examined.
"The electrons somehow coordinate their movement through the material, even after the superconductivity fails," said Wu.
Strong electron-electron interactions may help explain the preferential direction of current flow. In turn, these intrinsic electronic quirks may share a relationship with HTS phenomena and offer a hint to decoding its unknown mechanism.
Seeking atomic perfection
Unlike well-understood classical superconductivity, HTS has puzzled scientists for more than three decades. Now, advanced techniques are offering unprecedented insights.
"The most difficult part of the whole work—and what helps set us apart—was the meticulous material synthesis," said study coauthor Xi He.
This work was a part of a larger project that took 12 years and encompassed the synthesis and study of more than 2,000 films of lanthanum-strontium-copper-oxide superconductors.
"This scale of research is well-suited to a national laboratory environment," said Ivan Bozovic, who leads the Brookhaven group behind the effort.
They use a technique called molecular beam epitaxy (MBE) to assemble complex oxides one atomic layer at a time. To ensure structural perfection, the scientists characterize the materials in real time with electron diffraction, where an electron beam strikes the sample and sensitive detectors measure precisely how it scatters.
"The material itself is our foundation, and it must be as flawless as possible to guarantee that the observed properties are intrinsic," Bozovic said. "Moreover, by virtue of our 'digital' synthesis, we engineer the films at the atomic-layer level, and optimize them for different studies."
Swimming against the current
The first major result of this comprehensive study by the MBE group at Brookhaven was published in Nature last year. It demonstrated that the superconducting state in copper-oxide materials is quite unusual, challenging the standard understanding.
That finding suggested that the so-called "normal" metallic state, which forms above the critical temperature threshold at which superconductivity breaks down, might also be extraordinary. Looking carefully, the scientists observed that as external current flowed through the samples, a spontaneous voltage unexpectedly emerged perpendicular to that current.
"We first observed this bizarre voltage over a decade ago, but we and others discounted that as some kind of error," Bollinger said. "But then it showed up again, and again, and again—under increasingly controlled conditions—and we ran out of ways to explain it away. When we finally dove in, the results exceeded our expectations."
To pin down the origin of the phenomenon, the scientists fabricated and measured thousands of devices patterned out of the HTS films. They studied how this spontaneous voltage depends on the current direction, temperature, and the chemical composition (the level of doping by strontium, which controls the electron density). They also varied the type and the crystal structure of the substrates on which the HTS films are grown, and even how the substrates are polished.
These meticulous studies showed beyond doubt that the effect is intrinsic to the HTS material itself, and that its origin is purely electronic.
At the molecular level, common liquids look the same in every direction. Some, however, are comprised of rod-like molecules, which tend to align in one preferred direction. Such materials are called liquid crystals—they polarize light and are widely used in displays. While electrons in common metals behave as a liquid, in cuprates they behave as an electronic liquid crystal.
"We need to understand how this electron behavior fits into the HTS puzzle as a whole," He said. "This study gives us new ideas to pursue and ways to tackle what may be the biggest mystery in condensed matter physics. I'm excited to see where this research takes us." 

奇怪的电子打破了高温超导体晶体对称性

超导体的完美性能可能会使从电网电力基础设施到消费电子产品的一切都发生革命性的变化，只要它们能在寒冷的温度下运行。即使是所谓的高温超导体(HTS)，也必须冷却到零下数百华氏度工作。

现在，来自美国能源部(DOE)布鲁海文国家实验室和耶鲁大学的科学家们在HTS材料中发现了电子新的、令人惊讶的行为。7月27日发表在《自然》(Nature)杂志上的研究结果描述了电子通过铜氧化物(铜酸盐)超导体的对称破裂流动。这种行为可能与HTS背后的机制联系在一起。

 “我们的发现挑战了凝聚态物理的基石，”研究报告的第一作者、布鲁克海文实验室的物理学家吴杰说。“这些电子似乎自发地在物质中‘选择’自己的路径——这一现象与我们的期望恰恰相反。”

越野电子

在简单的金属中，电子的运动是均匀的，没有方向的偏向性，就像一种液体在表面上扩散一样。在本研究中，分层的HTS材料具有四倍旋转对称的晶体结构。电流预计于这些层间平行流动——但这并不是布鲁海文研究小组所观察到的。

 “我来自中西部，在那里，数英里的农田将城市间隔开，”布鲁海文国家实验室的物理学家、研究合著者安东尼•博林格(Anthony Bollinger)说。“城市之间的道路分布基本上就像一个从北向南，从东到西的网格。你希望汽车能沿着为其量身打造的交通网驾驶。这种对称的破坏就像每个人都决定离开铺好的道路，直接穿过农民的田地。”

在另一个转折中，打破了对称性的电压一直持续到室温和并覆盖了科学家们研究的所有化学成分。

吴杰说，“即使在超导失效之后，电子也能以某种方式协调它们在材料中的运动。”

强电子-电子相互作用有助于解释电流的优先流向。反过来，材料内部电子的这些怪异行为可以与HTS现象有关，并为解码HTS的未知机制带来一些线索。

寻找完美的原子

与众所周知的经典超导性不同，HTS已经困扰了科学家30多年。现在，先进的技术提供了前所未有的解释。

 “整个工作最困难的部分——使我们的工作与众不同之处——是细致的材料合成,“研究的作者之一贺习说道。

这项工作是一项大工程的一部分，该工程耗时12年，包含了2000多片镧-锶-铜超导体的合成和研究。

 “这种规模的研究很适合在国家实验室的环境下进行,”领导布鲁海文研究小组支持这一工作的伊凡•博若维奇（Ivan Bozovic）说。

他们使用一种叫做分子束外延(MBE)的技术，一次组装一个原子层的复合氧化物。为了确保结构的完美，科学家们用电子衍射来确定材料的真实情况。在衍射中，电子束撞击样品，灵敏的探测器精确地测量散射情况。

 “材料本身就是我们的基础，它必须尽可能地完美，以保证观察到的本质属性，”博若维奇说。“此外，凭借我们的‘数码’合成，我们设计了原子层水平的薄膜，并根据不同研究进行了优化。”

逆流流动

去年，布鲁克海文MBE小组在这项全面研究中的第一个重大结果发表在《自然》杂志上。它证明了铜氧化物材料中出现超导态是很不寻常的，挑战了标准认知。

这一发现表明，所谓的“正常”金属态，即超导电性失效的临界温度阈值之上形成，也可能是非同寻常的。仔细观察，科学家们发现，当外部电流流过样本时，意外出现一个垂直于电流的自发电压。

 “我们第一次看到这种奇怪的电压是在十年前，但我们和其他人认为是哪里出错了，”博林格说。但后来它又一次次地出现了——而控制条件不断加强——我们没有办法把它解释清楚。当我们最终进行研究时，结果超出了我们的预期。

为了确定这一现象的起源，科学家们制作并测量了成千上万个由HTS薄皮组成的设备。他们研究了这种自发的电压如何依赖于电流方向、温度和化学成分(锶的掺杂水平，它控制着电子密度)。它们也改变了HTS薄膜生长的基质类型和晶体结构，甚至是抛光底物的方式。

这些细致的研究毫无疑问地表明，这种效应是HTS材料本身固有的，它的起源纯粹是电子的原因。

在分子水平上，普通液体在各个方向看起来都一样。然而，有些则由类似棒状分子的分子组成，它们倾向于在一个偏向的方向上排列。这种材料被称为液晶——它们使光发生偏振，广泛应用于显示器。虽然普通金属中的电子表现像一种液体，但在铜氧化物中，它们的表现像电子液晶。

贺说:“我们需要了解这种电子行为是如何与HTS的难题相结合的。这项研究给我们提供了新的思路和方法来解决凝聚态物理中最大的谜团。我很高兴能看到这项研究的成果带领我们继续前进。”
Using an electric charge to make tiny fluid droplets look like Saturn
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Development of the rim instability observed from direction perpendicular to the applied electric field (a-d), and along the applied electric field (e-h); the field direction is the axis of symmetry. Spherical drops (a,e) deform as the electric field (E = 4kV /cm) is turned on at t = 0. In equatorial-streaming the mother drop flattens to aspect ratio of about 0.5 and forms a sharp, cusp-like rim (b)-(f). The emission of rings occurs radially in the equatorial plane of the drop (g)-(h).Viscosity ratio is λ = 0.07. Scale bar is 500µm. Credit: arXiv:1612.08613 [cond-mat.soft] 

(Phys.org)—A pair of researchers at Brown University has found that it is possible to induce a drop of fluid to emit smaller droplets in a way that resembles the planet Saturn with its rings. In their paper published in the journal Physical Review Letters, Quentin Brosseau and Petia Vlahovska describe the path they took to discovering the interesting droplet formations and possible uses for them. 
Prior research has shown that exposing a drop of fluid that conducts electricity to an electric field causes electrically charged poles to form. If enough charge is applied, the drop will begin to adopt a cone shape. More charge will cause tiny droplets to become detached from the cone, resulting in a spray at the tip of the cone. In this new effort, the researchers were observing such electrosprays and what happens when a single drop of fluid is dropped into another fluid—in this case, the dropped fluid was less electrically conductive than its host. In their experiments, they dropped bits of silicone oil into a bowl of castor oil.
Prior research had also shown that modifying the charge applied to drops in other fluids could result in drop formations that resembled footballs. In the experiments by Brosseau and Vlahovska, as an electric field was applied, the drops began to flatten, eventually coming to look similar in shape to M&M candies. Making the field even stronger caused tiny droplets to be pulled from the drop, which formed into concentric rings around the drop's equator, looking eerily similar to the planet Saturn and its rings. The researchers report that the original droplets grew to become one millimeter wide, while the jettisoned droplets were approximately 100 times smaller.
One interesting aspect of the drops comprising the rings, the researchers found, was their uniformity of size—a feature that could be useful for making things like drugs. They also found that they were able to control the generation of the droplet rings by manipulating the charge field, another factor that could prove useful in a manufacturing process. The pair plan to continue their research into drop formations using different materials. 
用电荷使微小的液滴看起来像土星
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从垂直于外加电场(a - d)和沿外加电场(e - h)方向观察边缘不稳定性的发展;磁场方向是对称轴。电场(E= 4kV / cm)在t = 0时施加，球形滴(a,e)发生形变。在赤道平面，原液滴宽比降至0.5左右，形成尖锐的尖状边缘(b)-(f)。液滴环在原液滴的赤道平面上放射状分布 (g)-(h)。粘度比λ= 0.07。比例尺为500µm。来源:arXiv: 1612.08613 [cond-mat.soft]

布朗大学(Brown University)的一对研究人员发现，通过一种类似土星产生土星环的方式，可以诱导一滴液体释放出更小的液滴。在《物理评论快报》(Physical Review Letters)上发表的论文中，Quentin Brosseau和Petia Vlahovska描述了他们发现有趣的液滴形成的途径和可能的用途。

先前的研究已经表明，将导电的液体暴露在电场中会形成带电杆。如果使用足够的电荷，液滴将开始变成锥形。电荷越来越多会使微小的液滴从圆锥体上脱落，从而在椎体顶端形成喷雾。在这项新研究中，研究人员观察了这种电喷雾，以及当一滴液体滴入另一种流体时发生了什么——在这种情况下，滴下的液滴比原液体的导电性更弱。在他们的实验中，他们将一些硅油放入一碗蓖麻油中。

先前的研究还表明，改变在其他流体中液滴所带电荷可能会导致类似于足球的液滴形成。在Brosseau和Vlahovska的实验中，随着电场的应施加，液滴开始变平，最终形状看起来与M&M糖果类似。加大电场，会使得微小的液滴从液滴中拉出，形成同心环，环绕在液滴的赤道处，看起来与土星和土星环相似。研究人员报告说，最初的液滴增加到一毫米宽，而喷射的液滴大约小100倍。

研究人员发现，由液滴构成的环有一个有趣的方面，它们的大小一致——这一特征对制造药品之类的东西很有用。他们还发现，通过操纵电荷场，他们能够控制小液滴环的产生，这是另一个在制造过程中可能有用的因素。他们计划用不同的材料继续他们的研究。
Physicists turn a crystal into an electrical circuit

Washington State University physicists have found a way to write an electrical circuit into a crystal, opening up the possibility of transparent, three-dimensional electronics that, like an Etch A Sketch, can be erased and reconfigured. 
The work, to appear in the on-line journal Scientific Reports, serves as a proof of concept for a phenomenon that WSU researchers first discovered by accident four years ago. At the time, a doctoral student found a 400-fold increase in the electrical conductivity of a crystal simply by leaving it exposed to light.
Matt McCluskey, a WSU professor of physics and materials science, has now used a laser to etch a line in the crystal. With electrical contacts at each end of the line, it carried a current.
"It opens up a new type of electronics where you can define a circuit optically and then erase it and define a new one," said McCluskey. "It's exciting that it's reconfigurable. It's also transparent. There are certain applications where it would be neat to have a circuit that is on a window or something like that, where it actually is invisible electronics."
Ordinarily, a crystal does not conduct electricity. But when the crystal strontium titanate is heated under the right conductions, it is altered so light will make it conductive. The phenomenon, called "persistent photoconductivity," also occurs at room temperature, an improvement over materials that require cooling with liquid nitrogen.
"We're still trying to figure out exactly what happens," said McCluskey. He surmises that heat forces strontium atoms to leave the material, creating light-sensitive defects responsible for the persistent photoconductivity.
McCluskey's recent work increased the crystal's conductivity 1,000-fold. The phenomenon can last up to a year.
"We look at samples that we exposed to light a year ago and they're still conducting," said McCluskey. "It may not retain 100 percent of its conductivity, but it's pretty big."
Moreover, the circuit can be by erased by heating it on a hot plate and recast with an optical pen.
"It's an Etch A Sketch," said McCluskey. "We've done it a few cycles. Another engineering challenge would be to do that thousands of times."
The research was funded by the National Science Foundation. Co-authors on the paper are former students Violet Poole and Slade Jokela.
The work is in keeping with WSU's Grand Challenges, a suite of initiatives aimed at addressing large societal problems. It is particularly relevant to the challenge of Smart Systems and its theme of foundational and emergent materials. 

物理学家把晶体变成电路

华盛顿州立大学（WSU）的物理学家们已经找到了一种方法，可以将电子电路写进晶体中，这位构建一种透明的三维电子学带来可能。就像蚀刻素描一样，这种电子学可以擦除或重新配置。

这项研究成果发表在在线杂志《科学报告》(Scientific Reports)上是。它是一种概念的证明，这一现象是WSU研究人员四年前首次偶然发现的。当时，一名博士生发现，只要把晶体暴露在光线下，其电导率就会增加400倍。

WSU物理学和材料科学教授马特•迈克劳斯基（Matt McCluskey）现在使用激光在晶体中蚀刻一条线。在线路的每一端都有携带电流的电触头。

 “这开辟了一种新型的电子产品,你可以在这种电子学器件中用光刻制一条电路，然后擦掉它再刻制一条新电路,“迈克劳斯基说。“令人兴奋的是，它可以重新配置。它也是透明的。一些应用可以在窗口或者类似的东西上装配一条电路，它实际上是无形的电子学。”

通常情况下，晶体不导电。但是当晶体钛酸锶在正确的电导下被加热时，它的性质发生了改变，光能使它导电。这种现象被称为“持续的光电导性”。这一现象也会在室温下发生，需要用液氮冷却材料改善其性质。

“我们仍试图找出到底发生了什么,”迈克劳斯基说。他推测，热迫使锶原子离开物质，产生光敏缺陷，造成持续的光电导性。

迈克劳斯基最近的研究将晶体的电导率增加了1000倍。这种现象可以持续长达一年之久。

 “我们看看一年前放在光下的样品，它们仍在导电,”迈克劳斯基说。“它可能不会保留百分之百的导电性，但其导电性相当强。“

此外，可以通过在热板上加热抹去原电路，然后用光学笔重新构建一次。

迈克劳斯基说:“这就像蚀刻素描。我们已经做了几个周期了。另一项工程挑战是需要重复做几千次。”

这项研究是由国家科学基金会资助的。论文的合著者比奥莱特•普尔（Violet Poole）和斯莱德•约凯拉（Slade Jokela）曾是WSU的学生。

这项工作是WSU的重大挑战之一,这些挑战包括一系列旨在解决大社会问题的举措。它尤其与智能系统的挑战及其基础和紧急材料的主题有关。
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