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Tech News & New Tech（技术前沿）

National MagLab racks up new world record with hybrid magnet
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The milestone busts open a door to discovery, making the highest magnetic fields available not only to physicists but, for the first time, to biologists and chemists as well. Credit: Florida State University

After a decade of planning, designing and building, the Florida State University-based National High Magnetic Field Laboratory now has the strongest magnet in the world for nuclear magnetic resonance (NMR) spectroscopy, a powerful technique used to study molecular structures in proteins and materials.

The 33-ton engineering marvel, called the series connected hybrid (SCH) magnet, successfully broke the record this week during a series of tests conducted by MagLab engineers and scientists.

The instrument reached its full field of 36 tesla Tuesday afternoon. Tesla is a unit of magnetic field strength. For example, a strong refrigerator magnet is .01 tesla, and a typical MRI machine is 1.5 to 3 tesla.

The milestone busts open a door to discovery, making the highest magnetic fields available not only to physicists but, for the first time, to biologists and chemists as well. It was the culmination of 10 years, more than 120,000 person-hours and $18.7 million from the National Science Foundation and the state of Florida.

"This achievement reflects a tremendous amount of technology development," said Director of Magnet Science and Technology Mark Bird. Bird, who has overseen 20 unique magnet projects at the lab, called the SCH "one of the most complicated magnets ever built at the MagLab, a testament to a great team working with great determination."

What makes the SCH unique is that it can create a very high magnetic field that is also of very high quality. For magnets, quality means a field that remains constant over both the time it takes to run an experiment and the space in which the experiment takes place in the magnet. Unlike most of the physics research done in magnets, NMR requires fields that are very stable and homogeneous.
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The National MagLab's new series connected hybrid (SCH) magnet successfully broke the record this week during a series of tests conducted by engineers and scientists. Credit: Florida State University

At 36 tesla, the SCH is more than 40 percent stronger than the previous world-record NMR magnet (the MagLab's Keck magnet) and more than 50 percent more powerful than the highest field high-resolution NMR magnet, a 23.5 tesla system in Lyon, France.

In NMR, scientists use magnets and radio waves to locate a specific element (commonly hydrogen) in proteins and other samples, which helps them figure out those complex structures. A powerful technique in health research, scientists use it, for example, to pinpoint a virus' vulnerability to drugs.

Existing NMR magnets are limited to locating just a handful of elements, notably hydrogen, carbon and nitrogen. The SCH's 36-tesla field could revolutionize NMR because it significantly boosts the instrument's sensitivity, expanding the menu of elements scientists can see.

"There's going to be a real increase in the reach of NMR into the periodic table," said Tim Cross, who oversees NMR research at the MagLab's FSU headquarters. "So we're going to be able to look at many more elements than we've really been able to in the past."

Zinc, copper, aluminum, nickel and gadolinium—all of interest for battery and other materials research—will now be observable using the SCH. But for most biologists, the real prize will be oxygen.

"Oxygen is where so much biological chemistry takes place," Cross said, "and until the SCH, we've just not been able to look at it."

The new magnet will also allow researchers to vary the field strength and switch relatively easily from examining one element in a sample to another, which will help them to collect more and better data.

国家磁实验室用混合磁体打破了新的世界纪录
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里程碑的破产打开了发现之门，使得最高磁场不仅对物理学家有用，并且第一次对生物学家和人化学家也有用。来源：弗罗里达州立大学

在十年的计划，设计和建立之后，基于弗罗里达州立大学的国家高磁场实验室目前拥有世界上最强的对核磁共振（NMR）光谱的磁场，一个用来研究蛋白质和材料中的分子结构的强有力的技术。

在经过一连串的由磁实验室的工程师和科学家进行的测试之后，这个被称为串联混合（SCH）磁铁的33吨的工程奇迹这周成功打破了记录。

这个仪器在周二下午已达到其36特斯拉的全部场。特斯拉是一个磁场强度单位。例如，一个强的冰箱的磁场强度是0.01特斯拉，一个典型的核磁共振机的磁场强度是1.5-3特斯拉。

里程碑的破产打开了发现之门，使得最高磁场不仅对物理学家有用，并且第一次对生物学家和人化学家也有用。这是十年来的高潮，来自国家科学基金会和弗罗里达州超过120000人时。

“这一成就反映了一个巨大的技术发展。”磁体科学技术负责人Mark Bird说。在该实验室监管29个独特项目的Bird把SCH称为“在磁实验室建立的最复杂的磁体之一，是一个伟大团队带着很大决心工作的证据。”

使得SCH独特的是它可以创造高磁场，质量也同样非常好。对于磁体，质量意味着一个场在其运行一个实验所需的时间和实验在磁体中进行的空间都保持恒定。不行大多数在磁体中进行的物理研究，NMR需要非常稳定和均匀的场。
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在经过一连串的由磁实验室的工程师和科学家进行的测试之后，国家磁实验室的新型串联混合（SCH）磁体这周成功打破了记录。来源：弗罗里达州立大学

在36特斯拉，SCH比之前的世界纪录NMR磁体（磁实验室的Keck磁体）强40%以上，比在法国里昂的23.5特斯拉系统中的最高场高分辨率NMR磁体强50%以上。

在NMR中，科学家们使用磁体和无线电波定位蛋白和其它样品中的一个特定的元素（通常是氢元素），这帮助他们找到那些复杂的结构。在健康研究中的一个强大的技术，例如科学家们使用它来 查明一个药物的脆弱性。

现有的核磁共振磁体仅限于少量的元素，特别是氢，碳和氧。SCH的36特斯拉的场能够改变NMR，因为它明显促进了仪器的灵敏度，扩展了科学家们能够使用的元素周期表。

“这将是NMR进入元素周期表研究的一个真正的提升。”磁实验室FSU总部负责NMR研究的Tim Cross说，“因此我们将能够看到比起以前我们真正能够看到的多得多的元素。”

锌，铜，铝，镍，钆- 所有的都是对电池和其它材料研究的感兴趣的 - 使用SCH都将可以观察得到。但是对于大多数生物学家，真正的奖励是氧气。

“氧气是大多数生物化学发生的地方。”Cross说，“直到SCH，我们才能够看见它。”

这种新型磁体也同样允许科学家们改变场强度，并且相对容易从样品中的一个元素转换到另一个元素，这会帮助他们收集更多更好的数据。

Splash-free urinals? Scientists investigate new 'splash avoidance' technique
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Credit: C. Howland et al., Phys. Rev. Lett (2016)

When a drop of liquid hits a surface at a sufficiently high speed, it splashes—that much isn't in doubt. But sometimes splashing isn't helpful. Researchers are working on methods of 'splash avoidance' that could prevent splashback of harmful or unhygienic fluids in a range of settings, from hospitals to kitchens - and perhaps even urinals.

In a new paper led by scientists at the University of Oxford and published in the journal Physical Review Letters, researchers show that coating a surface in a thin layer of a soft material like a gel or rubber could provide a simple solution to this problem.

Lead researcher Professor Alfonso Castrejón-Pita, Royal Society University Research Fellow in Oxford's Department of Engineering Science, said: 'We realised that no one had actually studied systematically what happens when droplets hit soft substrates. In our study, we dropped ethanol droplets on to soft materials made of silicone—the material often used in bathroom sealants. Silicone is very useful, as it can be made to have different levels of stiffness, ranging from a material comparable to jelly to something with a consistency more like that of a pencil rubber.

'We filmed the impacts with a high-speed camera at speeds of up to 100,000 frames per second—around 4,000 times faster than a typical mobile phone—and then studied the splashing dynamics. Combining these experiments with some theoretical modelling and detailed computer simulations, we found that tiny deformations of the substrate occur within the first 30 microseconds after impact, which, surprisingly, can be just enough to completely suppress splashing.

'What is most surprising is that you need about 70% more energy to get a drop to splash off these soft materials when compared with hard materials. If you think of a drop falling from a certain height, we need double the height to make it splash in the softest surfaces.'

There has been little work carried out into splash avoidance. It has been demonstrated that droplets in a vacuum don't splash, and droplets hitting a thin, elastic membrane are much less likely to splash. Moving the substrate at high speeds may suppress splash on one side of the drop but enhance splash on the other side. No one as yet has looked at how simple coatings could provide all-round splash protection.

Professor Castréjon-Pita said: 'We believe soft surfaces with the correct stiffness could be used in a number of situations in which "dangerous" or "nasty" fluids are used. It's surprisingly easy to for droplets to turn into aerosols or sprays when they splash: a drop of a typical solvent such as ethanol or methanol will splash if dropped from a height of around 20cm and will generate droplets of that material that can be carried away by air. So if you're working with dangerous chemicals or biomaterials, it would be helpful to know that you won't be generating sprays or aerosols if some drops fall, exposing you to diseases or harmful materials. This is also the case with the use of instrument trays during surgery - this technique could prevent the splashing of bodily fluids.

'As for hygiene, the transmission of campylobacter or other food poisoning agents in a typical kitchen is one example. In the UK, there is a big campaign to stop people from washing raw chicken before cooking because of splashing. A surface capable of stopping accidentally spilled drops of raw chicken fluids may be useful. And the development of a splash-free urinal would also be welcome!'

Professor Castréjon-Pita added: 'There's certainly more work to be done in this area. The softer you make a material, the stickier and weaker it often becomes—two things which aren't ideal for making useful, long-term coatings. The main challenge of this work is how to overcome that. Luckily, recent work has started to develop new materials that can be soft, strong and non-sticky—like tough hydrogels—so there are certainly a lot of approaches to be explored.'

科学家们调查新型‘防溅’技术
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来源：C.Howland等人，物理评论快报（2016）

当一滴液体以足够高的速度打在一表面上，它会飞溅 - 这是不用怀疑的。但是有时飞溅并没有帮助。研究员正致力于‘防溅’方法，这可以防止在设定范围内的有害或者不卫生的防溅挡板 - 从医院到厨房 - 甚至尿壶。

在一篇由牛津大学的科学家领导，并发表在物理评论快报的文章中，科学家们表示在如凝胶或者橡胶这样的柔软物质的薄层中涂层表面可以提供一个解决问题的方法。

首席研究员Alfonso Castrejón-Pita，牛津大学工程科学系皇家社会大学研究员，说：‘我们意识到没有人真正系统地研究了’当水滴撞击表面的时候会发生什么在我们的研究中，我们将乙醇滴液滴在由硅胶制成的软材料上 - 这种材料通常在浴室密封剂中会有使用。硅胶非常有用，因为它的制成可以有各种刚度，从与果冻媲美的材料到如铅笔橡皮一样的东西。

“我们用一个高速到达100000帧每秒的摄像机拍摄了这个撞击 - 比典型的移动电话快大约4000倍 - 之后研究了飞溅动态。将这些实验与一些理论模型和详细的计算机模拟相结合，我们发现了在撞击开始的前30微秒内的基板的微笑变形，令人惊讶的是，这足以完全抑制飞溅。

“最令人惊讶的是与硬材料相比，你需要大约70%的更多的能量来得到一滴滴液溅出这些软材料。如果你想要一滴水从一定高度落下，我们需要将高度加倍使其飞溅到最软的材料之上。

防溅工作的实施已经非常之少。已经有证明在真空中，滴液不会飞溅，撞击薄的有弹性的薄膜的滴液也不太可能飞溅。快速移动基板可能会抑制一个侧面的飞溅，但是会加重另一边的飞溅。还没有人观察到简单的涂层是如何提供全面的飞溅保护。

Castréjon-Pita教授说：“我们相信有适度刚度的软材料能够被用于各种在“危险”或“肮脏”液体也使用的情况中。对于滴液，当飞溅的时候变成气溶胶或喷雾剂会非常容易：像乙醇或甲醇这样的一滴典型的溶剂，如果从高度约20厘米的位置落下，就会飞溅，并产生能够被空气带走的那种材料的滴液。因此 ，如果你的工作中有危险化学品或生物材料，知道如果一些滴液落下你不会产生喷雾剂或气溶胶会非常有用，使处于疾病或有害材料的影响之中。在手术中使用的仪器也有同样的情况 - 这种技术可以防止体液的飞溅。

‘对于卫生，在一个典型厨房中的弯曲杆菌或其它食物的有毒病菌的转移是一个例子。在英国，阻止人们在烹饪之前清洗生鸡是一个大运动，因为会发生飞溅。一个能够阻止意外溢出的生鸡液体的表面可能是有用的。防溅尿壶的发展也会非常受欢迎。’

Castréjon-Pita教授补充说：‘这个领域肯定还有更多的工作需要做。你的材料越软，它就会变得越有粘性，越软弱 - 两种对制作有用的长期涂层并不好的东西。这项工作主要的挑战是怎样克服这个问题。幸运的是，最近的工作已经开始研发新型的柔软，强大，没有粘性的材料 - 就像硬的水凝胶 - 因此当然就会有更多的方法有待探索。’

Researchers put single molecules in super-fridge

An international team of researchers led by the University of Leicester has for the first time observed how a single two-atom-large molecule rotates in the coldest liquid known in nature.

The team consists of researchers from the Department of Physics and Astronomy at the University of Leicester, the Centre National de la Recherche Scientifique (CNRS), Grenoble, France and the Department of Physics in Kerbala, Iraq.

The interactions of molecules in liquids determines chemical reactions and biological processes.

In ordinary liquids the interactions between the molecules is too strong and overshadows the subtle features of rotations.

By choosing a very special liquid composed of helium atoms the researchers reduced the strength of the molecular interactions so that they had the chance to see single molecules rotating.

Lead author Dr Klaus von Haeften from the University of Leicester Department of Physics and Astronomy said: "To introduce molecules into the liquid helium we had to excite the helium using a discharge.

"This was necessary because ordinary molecules would freeze once they are introduced into liquid helium. By exciting helium in the discharge tiny gas bubbles were formed."

The researchers observed that by applying pressure the molecules within these bubbles would collide with the ultra-cold liquid and begin to cool and slow down their rotations.

This happened at a rate of more than 100 billion degrees Kelvin (centigrade) per second. At pressures of several atmospheres the molecules reached the slowest possible rotational speed.

The researchers believe that with these molecules they can investigate liquid helium at even lower temperatures.

At these temperatures friction disappears, and the team expects to be able to measure with great precision how molecules respond to this 'superfluid' state.

Dr von Haeften added: "The results of these studies in liquid helium will also be important to understand ordinary liquids, where such observations are impossible to make.

"This may trigger new applications of drugs for diagnostics and therapy and the development of new materials."

Two of the international researchers involved in the project have conducted their PhD studies at the University of Leicester.

Mrs Nagham Shiltagh (Iraq) is currently investigating how the technology developed in this project could be applied in other areas and Luis Guillermo Mendoza-Luna (Mexico) was involved in setting up the experiment and recording the data and has now assumed an academic position in Mexico.

研究人员将单分子放进超级冰箱

莱斯特大学领导的一个国际研究小组首次发现，一个有两原子大小的单分子是如何在自然界中最冷的液体中旋转的。

这个研究小组集合了来自莱斯特大学物理和天文学系、法国国家科学研究中心（CNRS）、格勒诺布尔、法国和伊拉克卡尔巴拉物理系的研究学者。

液体中分子的相互作用决定了化学反应和生物过程。

普通液体中分子间的相互作用太过强大，掩盖了分子旋转的细微特征。

研究人员选择了一种非常特殊的含有氦原子的液体，减少了分子相互作用强度，这样就有机会看到单分子旋转。

来自莱斯特大学物理和天文学系的首席作者克劳斯•凡•海夫顿说道：“为了在液态氦中引入分子，我们必须通过放电来激发氦。”

“这是必需的，因为普通分子一旦注液态氦中就会马上冻住，通过放点电来激发氦能够形成细小的气泡。”

研究人员发现，通过施加压力，这些气泡中的分子会与超冷液体碰撞，并开始冷却，减慢旋转。

这个过程以每秒超过1000亿开尔文（摄氏度）的速率发生。在几个大气压的压力下，分子达到了可能的最慢的旋转速度。

研究人员相信，用这些分子他们可以研究更低温度下的液态氦。

在这样的温度下，摩擦消失，研究小组期望能精确测量分子是如何响应这种'超流体'状态的。

凡•海夫顿博士补充道：“在液态氦中的研究结果对于理解普通液体也很重要，在普通液体中这些发现是无法获得的。”

“这可能会激发用于诊断和治疗的药物的新的应用，以及开发新材料。”

参与该项目的两个国际研究人员在莱斯特大学进行了他们的博士研究。

纳汉姆• 歇尔塔（伊拉克）目前正在研究该项目中开发的技术如何应用于其他领域，路易斯•吉列尔莫•门多萨-卢娜（墨西哥）参与了建立实验并记录数据，目前在墨西哥获得了学术工作职位。

First random laser made of paper-based ceramics
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The team used conventional laboratory filter paper as a structural template due to its long fibers and the stable structure. Credit: Institute for Complex Systems /Rome

Working with physicists from the University of Rome, a team led by Professor Cordt Zollfrank from the Technical University of Munich (TUM) built the first controllable random laser based on cellulose paper in Straubing. The team thereby showed how naturally occurring structures can be adapted for technical applications. Hence, materials no longer need to be artificially outfitted with disordered structures, utilizing naturally occurring ones instead.

Material synthesis that is inspired by biology is an area of research at TUM's Chair of Biogenic Polymers at the Straubing Center of Science. It utilizes models from nature and biogenic materials to develop new materials and technologies. The latest issue of the publication Advanced Optical Materials features a basic study by a joint team from Straubing and Rome who succeeded in "using a biological structure as a template for a technical random laser," according to scientist Dr Daniel Van Opdenbosch.

Two components are necessary for a laser: First of all, a medium which amplifies light. And secondly, a structure which retains the light in the medium. A classic laser uses mirrors to order and shine light in a single direction in a targeted, uniform fashion. This also takes place uniformly in the microscopic structure of a random laser, but in different directions. Although the development of the random laser is still in its infancy, in the future it could result in lower-cost production. This is because random lasers have the advantage that they are direction-independent and function with multiple colors, just to name a few benefits.

Disordered structure deflects light in all directions

"The prerequisite for a random laser is a defined degree of structural chaos on the interior," Van Opdenbosch explained. The light in a random laser is therefore scattered at all manner of angles along random paths, which are determined by an irregular structure in the interior of the medium. The team led by Professor Zollfrank from the Chair of Biogenic Polymers in Straubing used conventional laboratory filter paper as a structural template. "Due to its long fibers and the resulting stable structure, we deemed it to be suitable for this purpose," said Van Opdenbosch.

In the laboratory, the paper was impregnated with tetraethyl orthotitanate, an organometallic compound. When it is dried and the cellulose burned off at 500 degrees Celsius, it leaves behind the ceramic titanium dioxide as residue—the same substance generally used in sunblock to provide protection from the sun. "This effect in sunblock is based on titanium dioxide's strong light scattering effect," said Van Opdenbosch, "which we also utilized for our random laser." And "our laser is 'random' because the light which is scattered in different directions due to the biogenic structure of the laboratory filter paper can also be scattered in the opposite direction," he added, explaining the principle.

Random laser not that random after all

However, the light waves can still be controlled despite their random nature, as the team led by Claudio Conti of the Institute for Complex Systems in Rome discovered, with whom Daniel Van Opdenbosch and Cordt Zollfrank collaborated. With the help of a spectrometer, they were able to differentiate the various laser wavelengths generated in the material and localize them separately from one another.

Van Opdenbosch described the procedure: "The test setup used to map the samples consisted of a green laser whose energy could be adjusted, microscope lenses, and a mobile table which allowed the sample to be moved past. That way, our colleagues were able to determine that at different energy levels, different areas of the material radiate different laser waves." In light of this analysis, it is possible to configure the laser in any number of ways and to determine the direction and intensity of its radiation.

This knowledge puts potential practical applications within reach. "Such materials could, for example, be useful as micro-switches or detectors for structural changes," said Van Opdenbosch.

首次用纸基陶瓷获得随机激光
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由于传统的实验室滤纸纤维较长和结构稳定，研究小组将它用作结构模板。致谢：复杂性系统研究所/罗马。

由慕尼黑工业大学（TUM）科特•朱尔弗兰克教授带领的研究小组与来自罗马大学的物理学家一起，在施特劳宾建立了第一个基于纤维素纸的可控随机激光器。之后，团队展示了天然产生的结构是如何运用到技术应用的。因此，不需要在材料中人工配备无序结构，而使用天然结构材料代替。

由生物学启发的材料合成是施特劳宾科学中心生物聚合主席的一个研究领域。它利用自然和生物材料模型来开发新材料和技术。最新一期的《先进光学材料》以施特劳宾和罗马联合小组的基础研究为特点，据丹尼尔•凡•欧浦登博世博士称，他们成功“将一个生物学结构作为模板用于随机激光器技术”。 

激光器需要两个必备组件：首先，一个增强光线的介质。第二，一个把光保留在介质中的结构。传统的激光器使用镜片按照针对性的、统一的形式把光从一个方向反射。这也均匀发生在随机激光器的微观结构中，但是方向却不同。虽然随机激光器的研究仍然处在起步阶段，但是在将来它的生产成本会比较低。这是因为随机激光器拥有方向独立、具有多种颜色功能的优势，这只是其中一些好处。

无序结构可以在所有方向偏转光线

“随机激光的必要条件是内部结构混沌的特定程度。” 凡•欧浦登博世解释道。随机激光器中的光线因此会沿着随机路径在所有角度散射，这是由介质内部的不规则结构决定的。来自施特劳宾生物聚合主席团的朱尔弗兰克教师带领的研究小组将传统实验室滤纸作为一个结构模板。“由于它纤维较长，能产生稳定的结构，我们认为它适合用作模板。” 凡•欧浦登博世说道。

在实验室中，这种滤纸由乙醇钛（一种有机金属化合物）浸润，干燥后，在500摄氏度温度下把纤维素烧掉，剩下的残留物就是陶瓷钛白粉，与通常用于防晒霜中保护不受阳光伤害的物质相同。“防晒霜的这种功能是基于钛白粉强大的光散射效应。” 凡•欧浦登博世表示，“我们也把它用在我们的随机激光器中” 。“我们的激光器之所以是'随机的'，是因为，由于实验室滤纸的生物结构，在不同方向上散射的光线同样也可以在相反方向散射。”他在解释原理时补充道。

随机激光毕竟不是那种随机

由罗马复杂系统研究所克劳迪奥•孔蒂领导的研究小组与丹尼尔•凡•欧浦登博世和科特•朱尔弗兰克合作发现，虽然光线具有随机性，但光波仍然可以被控制。在光谱仪的帮助下，他们能够区分材料中产生的不同的激光波长，并分别定位。

凡•欧浦登博世描述了这一过程：“用于绘制样本的测试装置包含一个可以调整能量的绿色激光、显微镜镜片和一个可以让样本移动过去的活动台。这样，我们同事能够在不同能量水平、材料上辐射出不同激光波的不同区域上进行测定。”在这种分析下，以任意多种方式配置激光以及确定其辐射方向和强度是可能的。

这些知识让潜在的实际应用伸手可及。“比如说，这样的材料可用作微动开关或结构变化的探测器。” 凡•欧浦登博世表示。

Metal Alloy（金属合金）

Scientists find static 'stripes' of electrical charge in copper-oxide superconductor

Cuprates, or compounds made of copper and oxygen, can conduct electricity without resistance by being "doped" with other chemical elements and cooled to temperatures below minus 210 degrees Fahrenheit. Despite extensive research on this phenomenon—called high-temperature superconductivity—scientists still aren't sure how it works. Previous experiments have established that ordered arrangements of electrical charges known as "charge stripes" coexist with superconductivity in many forms of cuprates. However, the exact nature of these stripes—specifically, whether they fluctuate over time—and their relationship to superconductivity—whether they work together with or against the electrons that pair up and flow without energy loss—have remained a mystery.

Now, scientists at the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have demonstrated that static, as opposed to fluctuating, charge stripes coexist with superconductivity in a cuprate when lanthanum and barium are added in certain amounts. Their research, described in a paper published on October 11 in Physical Review Letters, suggests that this static ordering of electrical charges may cooperate rather than compete with superconductivity. If this is the case, then the electrons that periodically bunch together to form the static charge stripes may be separated in space from the free-moving electron pairs required for superconductivity.

"Understanding the detailed physics of how these compounds work helps us validate or rule out existing theories and should point the way toward a recipe for how to raise the superconducting temperature," said paper co-author Mark Dean, a physicist in the X-Ray Scattering Group of the Condensed Matter Physics and Materials Science Department at Brookhaven Lab. "Raising this temperature is crucial for the application of superconductivity to lossless power transmission."

Charge stripes put to the test of time

To see whether the charge stripes were static or fluctuating in their compound, the scientists used a technique called x-ray photon correlation spectroscopy. In this technique, a beam of coherent x-rays is fired at a sample, causing the x-ray photons, or light particles, to scatter off the sample's electrons. These photons fall onto a specialized, high-speed x-ray camera, where they generate electrical signals that are converted to a digital image of the scattering pattern. Based on how the light interacts with the electrons in the sample, the pattern contains grainy dark and bright spots called speckles. By studying this "speckle pattern" over time, scientists can tell if and how the charge stripes change.

In this study, the source of the x-rays was the Coherent Soft X-ray Scattering (CSX-1) beamline at the National Synchrotron Light Source II (NSLS-II), a DOE Office of Science User Facility at Brookhaven.

"It would be very difficult to do this experiment anywhere else in the world," said co-author Stuart Wilkins, manager of the soft x-ray scattering and spectroscopy program at NSLS-II and lead scientist for the CSX-1 beamline. "Only a small fraction of the total electrons in the cuprate participate in the charge stripe order, so the intensity of the scattered x-rays from this cuprate is extremely small. As a result, we need a very intense, highly coherent x-ray beam to see the speckles. NSLS-II's unprecedented brightness and coherent photon flux allowed us to achieve this beam. Without it, we wouldn't be able to discern the very subtle electronic order of the charge stripes."

The team's speckle pattern was consistent throughout a nearly three-hour measurement period, suggesting that the compound has a highly static charge stripe order. Previous studies had only been able to confirm this static order up to a timescale of microseconds, so scientists were unsure if any fluctuations would emerge beyond that point.

X-ray photon correlation spectroscopy is one of the few techniques that scientists can use to test for these fluctuations on very long timescales. The team of Brookhaven scientists—representing a close collaboration between one of Brookhaven's core departments and one of its user facilities—is the first to apply the technique to study the charge ordering in this particular cuprate. "Combining our expertise in high-temperature superconductivity and x-ray scattering with the capabilities at NSLS-II is a great way to approach these kind of studies," said Wilkins.

To make accurate measurements over such a long time, the team had to ensure the experimental setup was incredibly stable. "Maintaining the same x-ray intensity and sample position with respect to the x-ray beam are crucial, but these parameters become more difficult to control as time goes on and eventually impossible," said Dean. "When the temperature of the building changes or there are vibrations from cars or other experiments, things can move. NSLS-II has been carefully engineered to counteract these factors, but not indefinitely."

"The x-ray beam at CSX-1 is stable within a very small fraction of the 10-micron beam size over our almost three-hour practical limit," added Xiaoqian Chen, co-first author and a postdoc in the X-Ray Scattering Group at Brookhaven. CSX-1's performance exceeds that of any other soft x-ray beamline currently operational in the United States.

In part of the experiment, the scientists heated up the compound to test whether thermal energy might cause the charge stripes to fluctuate. They observed no fluctuations, even up to the temperature at which the compound is known to stop behaving as a superconductor.

"We were surprised that the charge stripes were so remarkably static over such long timescales and temperature ranges," said co-first author and postdoc Vivek Thampy of the X-Ray Scattering Group. "We thought we may see some fluctuations near the transition temperature where the charge stripe order disappears, but we didn't."

In a final check, the team theoretically calculated the speckle patterns, which were consistent with their experimental data.

Going forward, the team plans to use this technique to probe the nature of charges in cuprates with different chemical compositions.

科学家在氧化铜超导体中发现静态“条纹”

铜氧化物，或者说由铜和氧组成的化合物可以在没有被其他化学元素掺杂和没有冷却到210华氏温度的情况下导电。尽管大量研究这个被称为高温超导现象的科学家们仍不确定它是如何运作的。之前的实验证实了在很多形式的铜氧化物中，被称为“电荷条纹”的整齐排列的电荷与超导性共存。然而，这些条纹的准确性质，特别是，它们是否一直在波动，它们与超导性的关系，它们是否与电子配对共同运作或抑制，在没有能量损失的情况下流动，这些都仍然是迷。

现在，美国能源部（DOE）布克海文国家实验室的科学家们已经阐释了，与波动相反的静态电荷条纹与超导性在加入一定量的镧和钡的铜氧化物中共存。他们在10月11日于《物理评论快报》上发表的文章描述了这一研究，该研究认为，静态排列的电荷可能与超导性相互合作而非互相竞争。如果真的是这样，那么周期性聚集去组成静态电荷条纹的电子可能会因为超导性需要自由移动的电子对而在空间中被分开。

 “理解这些化合物如何运动的物理细节可以帮助我们验证或排除现有的理论，并且可以为如何提高超导温度提供一个方案。” 布鲁克海文实验室X射线散射组凝聚态物理和材料科学系的科学家以及这篇论文的合作者Mark Dean说，“提高温度对减少能量转换损失的超导性的应用十分重要。”

电荷条纹经受时间的考验

为了看看电荷条纹在他们的化合物中时静态的还是波动的，科学家们用了一项叫做x射线光子相关光谱的技术。在这项技术中，一束相干X射线发射到样本上，产生X射线光子或者光粒子来打散样本电子。这些光子进入一个专门的高速x射线相机，在那里他们产生电信号，然后转化成散射图的电子图像。基于光与电子在样本中如何相互作用，图像包含了粒状黑点和称为色斑的亮斑。通过研究这个“色斑图案”，科学家们可以分辨电荷条纹是否以及如何改变。

在这项研究中，x射线的来源是在布鲁克海文科技用户设备能源部办公室的国家同步辐射光源II (NSLS-II)的相干软x射线散射(CSX-1)束线。

 “这个实验在世界上的任何地方操作起来都是很困难的。”NSLS-II软x射线散射和光谱项目管理者、CSX-1束线的首席科学家以及这篇论文的联合作者Stuart Wilkins说道，“所有铜氧化物的电子中只有一小部分参与了电荷条纹排序，所以从铜氧化物中散射的x射线的强度时特别小的。结果是，我们需要一个非常强的、高相干的x射线光束来看到色斑。NSLS-II前所未有的亮度和相干光子流使我们可以获得所需光束。没有它，我们不能识别电荷条纹中非常细小的电子排列。”

该团队的光斑图连续进行了将近3个小时的测量，表明了这个化合物具有高静态电荷条纹序列。之前的研究只能在微秒下证实这些静态排列，因此科学家们不确定小于这个时间的时候波动是否会出现。

X射线光子相关图谱是一项科学家们可以用来在很长的时间范围中测试波动的少数技术中的而一个。代表了布鲁克海文核心部门和它的用户设备之间紧密合作的布鲁克海文科学家们的团队是第一个使用该项技术来研究特定铜氧化物中的电荷排列。“将我们高温超导性的专业与NSLS-II的x射线散射能力相结合是展开这些研究的一个好方法。”Wilkins说。

为了在这么长的时间中使测量准确，该团队必须确保实验设备极其稳定。“维持相同的x射线强度和样本与x射线束的相对位置是至关重要的，但是这些参数会随着时间的流逝变得越来越难控制，最终变得不可能。” Dean说，“当室温改变了，或者汽车或其他实验带来的震动时，实验结果就将改变。NSLS-II已经被仔细设计来抵消这些因素，但是不是绝对的。”

 “在我们将近三个小时的实验时长中， csx-1 X射线束稳定在10微米的光束尺寸中的很小的一部分。” 共同第一作者和布鲁克海文X射线散射组的博士后Xiaoqian Chen说道。CSX-1的表现超过了目前美国可操作的其他任何软x射线束线。

在实验中的一个环节中，科学家们将化合物加热来测试热能是否能导致电荷条纹的波动。他们观察到即使将温度上升到已知的化合物超导极限时，也不会产生波动。

 “我们惊讶的发现，电荷条纹在如此长的时间和温度范围中保持着明显静态。”X射线散射组的博士后以及共同第一作者Vivek Thampy说，“我们认为我们可能在转变温度附近，当电荷条纹排列消失的时候看到一些波动，但是我们没有。”

在最后的检查中，该团队理论计算了色斑的形式，这与他们实验数据相吻合。

之后，该团队计划用这项技术去探测铜氧化物与其它不同化学混合物混合时的电荷性质。

Composite Materials（复合材料）

Researchers find path for light through opaque materials
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By sending light through a material several times, it is possible to find a path through which much more light can pass through the material. The researchers then measure the amount of light that makes it through this path at different wavelengths. Credit: Utrecht University Faculty of Science

Shining a light through opaque materials seems impossible. And yet, researchers at the Debye Institute for Nanomaterials Science (Utrecht University) and the University of Twente have managed to increase the transmission of light through an opaque material by shining it along special paths. This could lead to a better understanding of the transport of light through materials such as skin. The researchers published their results in the prestigious journal Optics Express on 7 November, 2016.

Light diffusion is a phenomenon that occurs when light waves come into contact with an uneven surface or in an object with an inhomogeneous structure. This diffusion makes it impossible to see through skin, paper or clouds, for example. These materials are largely opaque, and only a small percentage of the light can penetrate through them. And yet these materials do have open channels, special paths through the material that the light waves can follow, no matter how thick the material is. Utrecht Ph.D. student Jeroen Bosch has located these open channels to send much more light through an opaque material.

Ping pong with light

In order to discover precisely how the light should be projected on the material, the researchers "played ping pong" with the light. "We send the light through the material in a random manner, and then we use data about the scattering of the light to send it along the same path in a slightly different manner," Bosch explains. "That way, more light passes through the material." By repeating the process several times – sending the light back and forth through the material – the researchers discovered what shape the light wave must have in order to make its way through the material.

All colours are different

The shape of the wave front – the front edge of the light wave – determines the degree to which the light can penetrate through the material. And the optimal shape of the wave front is different for every colour of light. "The principle works for all wavelengths, but for each wavelength, there is only a single shape of wave front that works," says Bosch. "If you fix the shape of the wave front and then change the wavelength, you see that less and less light penetrates through the material."

This knowledge of wavelength dependency of open channels provides the researchers with a measurement for the 'path length' of these open channels. How long does the light travel along such a special path? The answer to this question provides insight into the transport of light through diffusive materials, which is extremely useful for looking into and through such materials.

研究者们发现光透过不透明材料中的路径
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通过几次向材料中发射光，可能发现一条使更多光线透过材料的路径。然后，研究员们测量了在不同波长下通过该路径的光量。来源：乌得勒支大学理学院

通过不透明材料照射光线看起来是不可能的。但是德意志纳米材料科学研究所（乌得勒支大学）和特文特大学的研究员们已经通过使光照射特殊路径来增加光通过不透明材料的传输。这将促使对光在诸如皮肤等材料中的传输的更好理解。研究员们在2016年11月7日将他们的结果发表在著名的期刊Optics Express上。

光漫射的现象发生在光波与不平表面或在非均匀结构的物质中的接触。该漫射使得看到光穿过比如，皮肤、纸或是云层变得不可能。这些材料都是不透明的，并且只有一小部分的光可以渗透过去。但是，这些材料确实有一些开放通道，无论材料有多厚，材料中的特殊路径可以让光波通过。乌得勒支大学的博士生Jeroen Bosch已经定位了这些开放通道来使更多的光线通过不透明材料。

乒乓球与光

为了更仔细地探索光应该如何投射到材料上，研究员们和光“玩起了乒乓球”。“我们任意地将光传送过材料，接着利用散射光的数据用细微不同的方法将它传送到一条相同的路径。” Bosch解释道，“这就是为什么，更多的光线透过了材料。”通过重复该过程几次：在材料中来回传输光线，研究员们发现光波必须要有什么形状来使其通过材料。

所有的颜色都是不同的

波前的形状—光波的前沿决定了什么光波可以穿过材料的等级。对于每一种颜色的光线，波前的最佳形状都是不同的。“该准则适用于所有波长，但是对每一个波长来说，波前只有一种形状可行。” Bosch说，“如果你固定了波前的形状，接着改变了波长，你看到越来越少的光透过材料。”

波长拒绝于开放通道的认识给研究员们提供了测量这些开放通道“路径长度”的方法。光线通过这样的特殊通道需要多久？这个问题的答案提供了光线在漫射材料中散射的理解，这对于研究这样的材料非常有帮助。

Focused X-rays reveal how rocks under high pressure transform into different materials

[image: image11.jpg]



The experimental chamber at the Matter in Extreme Conditions station at SLAC's Linac Coherent Light Source. This chamber was used for an experiment studying the transformation of fused silica to stishovite, a hard mineral. Credit: SLAC National Accelerator Laboratory

Stanford scientists are harnessing the power of focused X-ray beams to study the transformations undergone by rocks under intense heat and pressure. The technique could provide new insights into ancient asteroid impact events like those that battered the early Earth and played a crucial role in the formation of other rocky planets.

"For the first time, we can begin to unravel the ultrafast transformation of a rock sample during a dynamic process like shock compression. By taking a series of snapshots, we can capture what is happening during very rapid processes," says Wendy Mao, an associate professor of geological sciences and of photon science.

Using the Linac Coherent Light Source (LCLS) X-ray laser at SLAC National Accelerator Laboratory, Mao and Arianna Gleason, a postdoctoral researcher at Los Alamos National Laboratory and a visiting researcher in Mao's Extreme Environments Laboratory, are performing experiments that allow them to witness the swift transformations of shocked rocks.

First, they use high-powered optical lasers to superheat a tiny part of a rock sample and create a plasma. "The part of the rock hit by the laser becomes a plasma that blows off, and it blows off so fast that it creates a shock wave traveling in the other direction," Gleason explains.

The heat and compression generated by the moving shock wave changes the crystalline structure of the remaining rock sample, rearranging its atoms into a different mineral.

In order to illuminate and record the properties of the changing mineral, the scientists fire a burst of focused X-ray beams from LCLS at the sample just nanoseconds after the first laser pulse. "The X-rays have a wavelength that is just right for letting us measure the distances between atoms," Gleason says. "Based on the position of the atoms, we can tell exactly what material it is."

By varying the arrival time of the X-rays, the scientists can generate a series of snapshots of the mineral as it changes over time. Creating a time series that represents 50 nanoseconds of rock changes can require 6 to 12 hours in the lab.

Using their technique, Mao and Gleason recently showed that the mineral stishovite, a rare, extremely hard and dense form of silica, can form in just a few nanoseconds, or billionths of a second – tens or even hundreds of times faster than previously thought.

"The high-pressure behavior of silica has been studied extensively because of its application not only to planetary science but fundamental physics, chemistry and materials science as well," Mao says. "This study provides critical insight into the mechanism behind how different forms of silica transform from one structure to another."
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Natural clusters of quartz crystal like these form when rocks are under intense pressure. Scientists at the Extreme Environments Laboratory are using X-ray pulses to create snapshots of the transformation. Credit: Stanford University

聚焦的X射线揭示了岩石如何在高压转换成不同的材料
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实验室是在SLAC直线加速器相干光源的极端条件物质实验室。本室用于实验研究将石英转化超石英，一种坚硬的矿物。来源：SLAC国家加速器实验室

斯坦福大学的科学家们利用聚焦X射线束的能力来研究岩石在极度热和压力下的转变。该技术可以对古老的小行星撞击事件，如早期地球遭受的那些重创提供新的见解，并对其他岩石行星的形成中发挥了至关重要的作用。

 “这是我们第一次，可以开始在一个动态过程中解开岩石样品遭受冲击压缩后的超快转变。通过采取一系列的快照，我们可以捕捉到在非常快速的过程中发生了什么，”地质科学和光子科学的副教授Wendy Mao说。

在SLAC国家加速器实验室中利用直线加速器相干光源（LCLS）的X射线激光，Mao和她极端环境实验室的一位博士后研究员以及洛斯阿拉莫斯国家实验室的客座研究员Arianna Gleason，进行实验，让他们见证了岩迅速的转变。

首先，他们利用高性能的光纤激光器对岩石样本的一小部分过热，使其形成等离子体。“激光击中的岩石的一部分变成了一个等离子飞走，同时由于其飞走的速度很快使它在另一个方向上的产生了冲击波，”格里森解释说。

通过移动的冲击波产生的热量和压力改变了其余岩石样品的晶体结构，使其原子重新排列进而形成了一种不同的矿物。

为了说明和记录改变矿物的性质，在第一次激光脉冲后的几纳秒时间内，科学家们从LCLS中对样品进行了一系列的聚焦X射线束照射。“X射线有一个正好让我们测量原子之间距离的波长，”格里森说。“根据原子的位置，我们可以确切地说出它是什么材料。”

通过改变X射线到达的时间，科学家可以生成一系列随着时间的推移而改变的矿物的快照。创建一个代表50纳秒的岩石变化的序列可能需要在实验室中工作6到12个小时。

利用他们的技术，Mao 和Gleason最近表明，一种罕见的极其坚硬且致密的二氧化硅——超石英，可以在几纳秒或百万分之一秒中形成——比目前认为的形成速度要快几十上百倍。

 “二氧化硅的高压反应已被广泛研究，因为它不仅应用于行星科学，还包括基础物理，化学和材料科学，”Mao说。“这项研究提供了关键的有关二氧化硅是如何从一个结构到另一个结构的背后机制。”
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当岩石处于高压时，会形成自然集群的石英晶体。在极端环境实验室的科学家们正在使用X射线脉冲来创建变换过程的快照。来源：斯坦福大学

Practical Application（实际应用）

The pop-up effect: Why buoyant spheres don't always leap out of the water
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A metallic sphere rising through water. Credit: The Splash Lab

It's a common swimming pool game: Force a buoyant ball underwater and let it go. The ball springs to the surface and jumps into the air. But, submerge the ball deeper underwater and the effect is often disappointing. Contrary to our intuition, increasing the release depth often leads to a decreased pop-up height.

This simple fluid dynamics question has puzzled physicists for decades, but a new study published Nov. 1 in Physical Review Fluids, offers new perspective into the phenomenon and may clarify topics related to water exit dynamics and ocean engineering.

A team of researchers from Utah State University, Dartmouth College and Brigham Young University used high-speed imaging and particle image velocimetry to describe why buoyant spheres ascending through a fluid don't always behave the way we expect them to.

"The pop-up height depends on the speed of the sphere at the point it breaches the free surface," said lead investigator and assistant professor of mechanical engineering at USU, Tadd Truscott. "It doesn't matter how deep the ball is when it's released. There are a number of factors that affect its speed and trajectory until it reaches the surface."

During ascent, wake and vortex structures often form around the sphere. Asymmetric vortex shedding and wake formations can alter a sphere's upward movement and result in a non-linear trajectory. The authors demonstrate that rising spheres usually fall under one of two acceleration categories: 1) a vertical regime, or 2) an oscillatory regime.

"The vertical regime exhibits a nearly vertical underwater trajectory and results in the largest pop-up heights," explains Brenden Epps, assistant professor of engineering at Dartmouth and co-author on the study. "The oscillatory regime exhibits a trajectory with periodic lateral motions and results in lower pop-up heights. Sometimes the ball may even breach the surface and skim across it rather than rising into the air."

To test rising sphere behavior, researchers submerged stainless steel balls into a test tank at various depths and held them in place using a suction cup connected to a vacuum release mechanism. After sufficient wait time to allow the water to become quiescent, the suction cup released the sphere while four synchronized high-speed cameras recorded its ascent.

In total, 664 tests were performed using four balls of varying diameters and release depths. As expected, the maximum pop-up heights occurred when spheres were released from shallow depths. The lowest pop-up heights occurred when spheres were released from greater depths.

But the conversation doesn't end there. Part of the pop-up height problem also depends on what happens to the sphere at the point of surface breach.
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As expected, spheres released from greater depths, exhibit lower pop-up heights. Credit: Splash Lab.

"Once the sphere clears the surface, the only force acting on it is gravity," Truscott added. "So the pop-up height is determined by a transfer of kinetic energy to potential energy of the sphere after clearing the surface. However, the speed (and thus kinetic energy) ofthe sphere after it has cleared the surface is dictated both by the speed at which it approaches the surface (set by the underwater dynamics) and the change in speed during breach."

The authors say their study has a broad range of applications. A better understanding of water exit dynamics, they explain, can be useful in maritime engineering and marine biology.

"Penguins exit the water after a hunt or to avoid predators," they write. "It has been hypothesized that emperor penguins use bubbles released from their feathers during ascent in order to reduce drag and increase exit velocity and pop-up height. ... Other important applications of the pop-up effect include underwater vehicle exit, floating sea structures and wave-energy converters."
弹出效应：为什么浮球不总是从水里跳出来
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一种在水中上升的金属球。来源：飞溅实验室

这是一个普通的游泳池游戏：用力将一个浮球按入水下然后放手。球会浮出水面，跳到空中。但是，放置在更深的水下的球的效果往往却不是如此。与我们的直觉相反，增加释放深度往往会导致弹出高度的下降。

这种简单的流体动力学问题困扰了物理学家几十年，但一项发表在11月1日的物理流体评论杂志上的新研究，提供了新的角度来看待这个现象，并可能弄清有关水出口动力学和海洋工程的主题。

犹他州立大学、达特茅斯学院和杨伯翰大学的一组研究人员使用高速成像和粒子图像测速仪来描述为什么有浮力的球体通过流体上升，不总是表现为我们期望它们表现的方式。

 “球体弹出的高度取决于球离开液体表面的速度，”犹他州立大学机械工程学院的首席研究员和助理教授Tadd Truscott说。“至于它被释放时的深度并不重要。直到它到达表面前，会有一些影响到它的速度和轨迹的因素。”

在上升过程中，在球体周围会形成漩涡结构。非对称涡的脱落和尾流可以改变一个球体向上的运动，并导致其产生一个非线性的轨迹。作者表明，上升球的加速度类型通常落是下面两种之一：1）垂直的方式，或2）振荡的方式。

 “垂直的方式展示了几乎垂直的水下上升轨迹的结果就是最大的弹出高度，”在达特茅斯工程学院的助理教授，研究者Brenden Epps解释说。“振荡的方式与周期性横向运动表现出的轨迹其结果就是较低的弹出高度。有时，球甚至可能会在浮出表面后掠过它而不是上升到空中。”

为了测试上升球的行为，研究人员将不锈钢球浸入不同深度的试验箱，并将其放置在与真空释放机构相连接的吸盘上。等待一段时间让水变为静态，吸盘释放球体，同时四个同步高速摄像机记录它的上升过程。

总共有664次测试，使用四个不同直径的球和不同的释放深度。正如预期的那样，最大的弹出高度发生在球体从浅处释放。而最低的弹出高度的球是从更大的深度中释放。
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但这并没有结束。影响弹出高度的一部分原因，也取决于当球出水时发生了什么。

正如预期的那样，从更大的深度释放的球，表现处较低的弹出高度。来源：飞溅实验室。

 “一旦球出水，作用在其上的唯一力量是重力，”Truscott补充道。“因此，小球出水后，弹出的高度取决于动能向势能的转换。然而，球出水后的速度（也就是动能），取决于接近表面时的速度（由水下动力决定）和出水时的速度变化。

作者说他们的研究有着广泛的应用。更好地了解水出口动态在海洋工程和海洋生物学中是十分有用的，他们解释说。

 “企鹅在打猎完后或躲避捕食者，会离开水，”他们写道。“该现象被假定为，帝企鹅使用来自他们羽毛的气泡减少上升过程中的阻力，以增加出水速度和弹出高度。…弹出效果的其他重要应用，包括水下航行器出口，浮式海洋结构和波浪能转换器。

Organic & Polymer（有机高分子材料）

A public database of macromolecular diffraction experiments
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Each dot forms from the constructive interference of X-rays passing through a crystal. The data can be used to examine the crystal's structure. Credit: M. Grabowski et al.

The reproducibility of published experimental results has recently attracted attention in many different scientific fields. The lack of availability of original primary scientific data represents a major factor contributing to reproducibility problems, however, the structural biology community has taken significant steps towards making experimental data available.

Macromolecular X-ray crystallography has led the way in requiring the public dissemination of atomic coordinates and a wealth of experimental data via the Protein Data Bank (PDB) and similar projects, making the field one of the most reproducible in the biological sciences.

The IUCr commissioned the Diffraction Data Deposition Working Group (DDDWG) in 2011 to examine the benefits and feasibility of archiving raw diffraction images in crystallography. The 2011-2014 DDDWG triennial report made several key recommendations regarding the preservation of raw diffraction data. However, there remains no mandate for public disclosure of the original diffraction data.

The Integrated Resource for Reproducibility in Macromolecular Crystallography (IRRMC) is part of the Big Data to Knowledge programme of the National Institutes of Health and has been developed to archive raw data from diffraction experiments and, equally importantly, to provide related metadata. The database [Grabowski et al. (2016). Acta Cryst. D72, 1181-1193, DOI: 10.1107/S2059798316014716], contains at the time of writing 3070 macromolecular diffraction experiments (5983 datasets) and their corresponding partially curated metadata, accounting for around 3% of all depositions in the Protein Data Bank. The resource is accessible at http://www.proteindiffraction.org and can be searched using various criteria via a simple, streamlined interface. All data are available for unrestricted access and download. The resource serves as a proof of concept and demonstrates the feasibility of archiving raw diffraction data and associated metadata from X-ray crystallographic studies of biological macromolecules.

Talking to a reporter about the project, team leader Wladek Minor said, "There is so much research underway that it can't all be published, and often the results of unsuccessful studies don't appear in the literature. I think the key to success is to know about unsuccessful experiments, we want to know why they fail".

The goal of the project is to expand the IRRMC and include data sets that failed to yield X-ray structures. This could facilitate collaborative efforts to improve protein structure-determination methods and also ensure the availability of "orphan" data left behind by individual investigators and/or extinct structural genomics projects.

高分子衍射实验的公共数据库
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每个点都是由穿过晶体的X射线的相长干涉形成的。该数据被用于检测晶体结构。图片：M. Grabowski等人。

公开的实验结果的再现性近来在许多不同的科学领域中引起注意。原始主要科学数据可用性的缺乏成为也造成再现性问题的主要因素，然而，结构生物学界已经采取了重要的步骤，令实验数据可以使用。

在要求通过蛋白质数据库（PDB）和类似项目公开传播原子坐标和大量实验数据方面，大分子X射线晶体学进行了示范，令这个领域成为了生物科学中最具重现性的一个领域。

IUCr在2011年委托衍射数据沉积工作组（DDDWG）研究实现晶体学中原始衍射图像的益处和可行性。2011-2014DDDWG三年期报告对于原始稍微数据的保存提出了几项关键建议。然而，仍然没有任何要求对原始衍射数据进行公开披露。

大分子晶体学重现性的综合资源（IRRMC）是国家健康研究所大数据知识计划的一部分，并且已经经过开发用于实现衍射实验中的原始数据，并且同样重要的是，提供相关的元数据。该数据库【Grabowski等人（2016）。Acta Cryst. D72, 1181-1193, DOI: 10.1107/S2059798316014716】包含了在书写时的3070个大分子衍射实验（5983个数据库）以及它们相应的数分制作的元数据，大约占蛋白质数据银行所有储备的3%。可访问www.proteindiffraction.org获得资源，并且可以通过一个简单的精简界面利用各种标准进行搜索。所有的数据都可以获得不受限制的访问和下载。该资源作为一个概念的证明，并且展示了实现原始衍射数据的可行性以及生物大分子X射线晶体学研究中获得的相关元数据的可用性。

在与记者谈论这个项目时，该研究小组的领导者Wladek Minor称，“有许多正在进行的研究并不能全部进行公开公布，并且通常成功研究的结论并不以文献出现。我认为成为的关键在于了解不成功的试验，我们希望了解为什么它们会失败。”

该项目的目标是扩大IRRMC，并且包含未能产生X-射线结构的数据集。这可能会进行协同努力，改善蛋白质结构测定的方法，并且也能够确保因个别调查人员和/或灭绝的结构基因组学项目而留下的“孤立”数据的可用性。

New method determines distribution of droplet sizes for wide range of sticky fluids
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Engineers at MIT can now predict a liquid’s droplet size distribution, including the likelihood of producing very big and very small droplets, based on one main property: the liquid’s viscoelasticity, or stickiness. Credit: Massachusetts Institute of Technology

If you've ever splattered paint on a canvas or sprayed a cookie sheet with oil, you likely created—aside from a minor mess—a shower of droplets, ranging from dime-sized splotches to pencil-point specks.

Such droplet sizes may seem random, but now engineers at MIT can predict a liquid's droplet size distribution, including the likelihood of producing very big and very small droplets, based on one main property: the liquid's viscoelasticity, or stickiness. What's more, the team has found that, past a certain stickiness, fluids will always exhibit the same relative range of droplet sizes.

Knowing how big or small a liquid spray's droplets may be can help researchers identify optimal fluids for a number of industrial applications, from preventing defects in automotive paint jobs, to fertilizing farm fields via aerial spraying.

The researchers' results were published in October in the journal Physical Review Letters. The paper's lead author is Bavand Keshavarz, a graduate student in the lab of Gareth McKinley, who is the School of Engineering Professor of Teaching Innovation at MIT and the paper's senior author. Their co-authors include Eric Houze, John Moore, and Michael Koerner of Axalta Coating Systems, a Philadelphia-based manufacturer of paints for commercial vehicles.

A thickening ingredient

The ways in which liquids fragment, or break up into droplets, has been a fascination for centuries and an active field of study for the past few decades. Scientists, attempting to characterize liquid fragmentation, have typically focused on what are known as Newtonian fluids, such as water and oil—relatively thin, homogenous liquids that don't include any fine particles or long molecules such as polymers that would affect the way such fluids flow.

In the early 2000s, scientists derived a simple equation to describe how any Newtonian fluid behaves when atomized, or sprayed into droplets. Embedded in this equation was a single parameter, "n," which determines how wide or narrow a liquid's droplet distribution can be. The higher the value of "n," the narrower the final size distribution is.

But when this value is relatively large, the equation fails to describe the broader distribution of droplet sizes observed for more viscoelastic, non-Newtonian fluids such as saliva, blood, paint, and resins. Keshavarz and McKinley suspected that a non-Newtonian fluid's stickiness, or viscoelasticity, might have something to do with the mismatch.

"What we wanted to add to the literature was how viscoelasticity can change this parameter n, which is the most important parameter because it dictates how many droplets of a specific size a liquid can produce, compared to the average droplet size," Keshavarz says. "Now for the first time for a variety of fluids, we were able to quantify that."

"Frozen in time"

To do so, Keshavarz and McKinley set up several experiments to observe liquid fragmentation in both Newtonian and non-Newtonian fluids. They used water and water-glycerol mixtures as the classic Newtonian fluids, and created non-Newtonian samples by mixing a solution of water-glycerol with varying amounts of polymers with different molecular weights. They also experimented with several industrial paints and resins.

[image: image22.jpg](i) Newtonian Solvent

=3 ms

(ii) Viscoehstic Solution
t =0 ms 3 t =6 ms

Figure 1. Fragmentation of a Newtonian and a viscoelastic drop upon impact on a small target.




Scientists have typically focused on what are known as Newtonian fluids, such as water and oil — relatively thin, homogenous liquids. But they’ve had difficulty predicting the distribution of droplet sizes observed for non-Newtonian fluids such as saliva, blood, paint, and resins. Credit: Massachusetts Institute of Technology

The researchers subjected each liquid sample to three different atomization tests, first dropping liquids onto a flat surface, then spraying them through a nozzle, and finally, forming a spray of the liquid by colliding two jets. The team used a strobe light technique, originally developed by MIT's Harold "Doc" Edgerton, to create split-millisecond images of each experiment.

The team observed almost 5,000 droplets for each liquid they tested. Their images showed that, in general, thinner, Newtonian fluids produced a narrower range of droplet sizes, regardless of the type of experiment performed, whereas the viscoelastic fluids had broader distributions, generating larger numbers of both big and small drops.

As they were sprayed or dropped, the viscoelastic fluids created long ligaments, or string-like projections, that first stretched, then eventually broke apart into droplets.

"Each image makes the ligaments look frozen in time," Keshavarz says. "In a fraction of a millisecond, they break apart into a finite range of droplet sizes."

A universal profile

Referring back to the original equation describing the fragmentation of Newtonian fluids, Keshavarz noted that the parameter "n," which establishes the distribution of droplet sizes, is also determined by the smoothness of the ligaments that ultimately fragment into drops. In the images of their experiments, however, the researchers observed that the more viscoelastic fluids produced bumpier, more corrugated ligaments. Keshavarz hypothesized that the stickier a liquid is, the more it resists smoothing out as it forms a ligament.

To test this hypothesis, he developed a new experiment, called a "step-strain" test, in which he squeezed a liquid between two plates, then quickly pulled the plates apart, pulling the liquid up and stretching it into a ligament before it separated into drops. In high-speed imaging of these tests, the researchers observed that the viscoelastic fluids exhibited bumpier ligaments, resembling beads on a string. The stickier the liquid, the more corrugated the ligament became. The researchers measured the corrugations and found that, past a certain stickiness, the degree of a ligament's bumpiness remained the same.

From their images of viscoelastic jets, the researchers also measured the rate at which each ligament thinned, also known as the liquid's relaxation time. Similarly, they found that this rate becomes almost constant for viscoelastic liquids. The team performed some calculations to fit the relaxation time measurements into the original equation for liquid fragmentation, and found that, all other variables being known, the parameter "n" reached a minimum value no matter how sticky the fluid was, corresponding to a maximum breadth in the distribution of drop sizes.

In other words, the researchers identified the broadest distribution of droplet sizes that any viscoelastic, non-Newtonian fluid can possibly exhibit when sprayed.

"Regardless of the type of experiment, or the kind of polymer or concentration, we see this universal distribution, and it's broadly applicable to a wide range of fluids," McKinley says.

Ultimately, he says this new understanding of fluid fragmentation may be useful in a number of areas including combustion, pharmaceutical and agricultural sprays, inkjets, and the automotive coating industry, where manufacturers are looking for ways to prevent "over-spray" and increase the efficiency of spray-painting.

"When they spray a car, they have to tape the windows because no matter how careful you are, there's always some overspray, which is wasted paint," McKinley says. "Also, if you're spraying paint, the biggest drops tend to show up as defects. That's one reason you care about droplet size distribution: You want to know how big the biggest drops will be, because a good paint job at the end of the day should be a perfectly smooth finish."

新的方法确定了大范围粘性流体液滴尺寸的分布
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MIT的工程师目前能够预测出一种液体的液滴尺寸分布，包括产生非常大以及非常小的液滴的可能性，做出这种预测主要基于一个主要性质：该液体的粘弹性或粘性。图片：马萨诸塞理工学院

如果你曾经在画布上飞溅过颜料，或是将油撒在曲奇饼片上，那么——除了小小的混乱之外——你很可能创造了一阵液滴，从银币大小的斑点到铅笔点大小的斑点。

这样的液滴尺寸看起来可能是随机的，但是目前MIT的工程师能够预测出一种液体的液滴尺寸分布，包括产生非常大以及非常小的液滴的可能性，做出这种预测主要基于一个主要性质：该液体的粘弹性或粘性。此外，该研究小组发现，通过一定的粘性，液体总是表现出相同的相对液滴尺寸范围。

了解液体喷洒液滴的大小可能有助于研究人员为多种工业应用确定最佳液体，从防止汽车涂料作用中的缺陷，到通过空中喷洒对农田进行施肥。

研究人员的结果发表在10月刊登的《物理评论信》杂志。该论文的主要作者是Bavand Keshavarz，Gareth McKinley实验室的一位研究生，Gareth McKinley是MIT的教学创新工程学院的教授，并且也是该论文的资深作者。他们的合著者还包括费城商用汽车油漆制造商Axalta涂料系统公司的Eric Houze，John Moore，以及Michael Koerner。

增稠成分

液体碎裂或分裂成液滴的方式在几个世纪内一直都是令人着迷的事物，并且是过去几十年的一个积极研究领域。试图表征液体碎裂的科学家通常专注于所谓的牛顿流体，例如水和油——相对较薄，均匀的液体，不包括任何精细颗粒或长分子，例如有可能影响这类液体流动的方式的聚合物。

在21世纪初，科学家得出了一个简单的方程来描述任何牛顿流体是如何在雾化或喷雾成液滴时进行表现的。嵌入该方程的是一个参数“n”，其确定了液体的液滴分布的宽度或窄度。“n”值越高，最后的尺寸分布越窄。

但是，当该值相对较大时，该方程就不能描述更宽泛的液滴尺寸分布，这种形态通过会出现在更具粘弹性、非牛顿流体中，例如唾液、血液、油漆和树脂。Keshavarz和McKinley怀疑非牛顿流体的粘性或粘弹性可能与不匹配有关。

“我们希望增加到文献中的是粘弹性将如何改变这个参数n，它是最重要的参数，因为它决定了流体能够产生多少液滴形成具体的尺寸，而不是平均液滴尺寸，”Keshavarz表示。“现在，对于各种液体，我们首次能够进行量化。”

 “时间冻结”

为此，Keshavarz和McKinley设置了几个实验来观察牛顿和非牛顿液体的流体碎裂。他们使用了水和水-甘油混合物作为经典的牛顿流体，并且将混合具有不同聚合物量的水-甘油溶液与不同的分子量进行混合创造非牛顿样本。他们还通过几种工业涂料和树脂进行了试验。
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Figure 1. Fragmentation of a Newtonian and a viscoelastic drop upon impact on a small target.




科学家通常专注于所谓的牛顿流体，例如水和油——相对较薄，均匀的液体。但是它们很难预测出非牛顿流体中发现的液体尺寸分布，例如唾液、血液、油漆和树脂。图片：马萨诸塞理式学院

研究人员对每种液体样品进行三种不同的雾化试验，首先将液体滴在平坦表面，然后通过一个喷嘴喷洒它们，并且最后，通过碰撞两股射流形成液滴的喷雾。该研究小组利用闪光灯技术，通常是由MIT的Harold "Doc" Edgerton开发的闪光灯技术来创造每个实验的分毫秒图像。

该研究小组在他们测试的每种液体中发现了近5000个液滴。他们的图像显示，一般而言，较薄的牛顿流体产生了一种更窄的液滴尺寸范围，无论进行的实验类型是哪种结局都一样，而粘弹性流体具有更宽的分布，产生更多量的大和小的液滴。

当它们被喷射或滴落时，粘弹性流体会产生长韧带，或是线状突起，首先会将其拉伸，然后最终分裂成液滴。

“每个图像令韧带看起来将是在时间上冻结了，”Keshavarz称。“在几分之一毫秒内，它们分裂成有限的液滴尺寸范围。”

通用配置

参考最初描述牛顿流体碎裂的方程，Keshavarz指出，参数“n”，建立了液滴尺寸的分布，也能够通过最终碎裂成液滴的韧带的平滑度来决定。然而，在他们实验的图像中，研究人员观察到，更多的粘弹性流体会产生更陡峭、更波状的韧带。Keshavarz假设，一种液体更粘，它在形成韧带时会更加不平滑。

为了测试这个假设，他开发了一个新的实验，称为“步骤应变”测试，在这个测试中，他将一种液体挤压到两个板之间，然后迅速地将这两个板拉开，将上伸展该液体，并且将其在分离成液滴之前拉伸成一个韧带。在这个测试的高速成像中，研究人员发现，粘弹性流体显示出更强韧的韧带，类似于绳上的珠。液体越粘稠，韧带会变得更加起皱。研究人员测量这些波纹，并且发现，通过一定的粘性，韧带的颠簸程度仍然保持不变。

从他们的粘弹性射流的图像中，研究人员还测量了每个韧带变薄的速率，也称为液体的松弛时间。同样，他们还发现，该速率对于粘弹性液体而言几乎是恒定的。该研究人员进行了一些计算，将弛豫时间拟合到液体碎裂的原始方案，并且发现，在所有其他变量已知的情况，参数“n”无论液体有多粘都会达到最小值，对应于液滴尺寸分布中的最大宽度。

   换句话说，研究人员确定了任何粘弹性的非牛顿流体有可能在喷洒过程中表现出的液滴尺寸的最宽分布。

“无论实验是哪种类型，或聚合物或浓度的类型是哪种，我们看到了这种通用分布，并且其广泛适用于各种流体，”McKinley称。

最终，他称，这种对液体碎裂的新认识可能在许多领域中产生作用，包括燃烧、制药和农业喷雾，喷墨以及汽车涂料行业，在这些行业中制造商希望寻找防止“过度喷洒”并且增加喷涂效率的方式。

“当他们喷漆一辆汽车时，他们必须将车窗用胶带粘上，因为无论你有多么地小心仔细，都是会出现一些过度喷洒，这会浪费油漆，”McKinley称。“而且，如果你进行喷涂，最大的液滴往往会成为瑕疵。有一个你关注液滴尺寸分布的原因：你希望了解最大的液滴有多大，因为每天结束时好的涂料作业应该是一个完美的光滑结局。”

Physicists' prediction of gas 'droplets' confirmed

Ground-breaking theoretical work by University of Otago physics researchers showing that under certain conditions gases can form into stable droplets – as liquids do – has now been confirmed experimentally by scientists in Germany.

The latter researchers have just published their findings in the prestigious journal Nature.

Otago Department of Physics researcher Professor Blair Blakie, who led the team developing the theory, says the new ability to produce gas droplets is exciting as it opens the door to a range of potential applications.

"These droplets could, for example, form pristine nano-laboratories for performing chemistry reactions or making highly precise measurements of magnetic fields," Professor Blakie says.

It has been a longstanding question as to whether it is possible to make a gas self-bind in the same way that water molecules coalesce into stable droplets, he says.

In work appearing earlier this year in the journal Physical Review A, Professor Blakie's team determined that an extremely cold gas of highly magnetic atoms will self-bind into gas droplets that stabilise themselves, even in vacuum.

Their predictions were made using quantum calculations on high performance computing facilities provided through the National e-Science Infrastructure (NeSI).

The gas needs to be prepared under very specific conditions to observe the formation of droplets, he says.

"We worked out that it had to be at a temperature of a few millionths of a degree above absolute zero, a density more than a billion times lower than liquid water (about 100,000 times lower than air), and in a suitably adjusted magnetic field."

Under these conditions the gas will spontaneously develop into filament-shaped droplets of micrometer dimensions which persist as stable packages even after the gas is released from its container, he says.

物理学家对气体“液滴”的预测证实

奥塔哥大学的物理研究人员的理论工作表明，在一定条件下，气体可以形成稳定的液滴——的确是作为液体——现在已经得到了德国科学家的实验证实。

后者的研究人员刚刚在著名的《自然》杂志上发表了他们的研究结果。

带领团队研究该理论的奥塔哥的物理研究员Blair Blakie说，产生气体液滴的新能力是令人兴奋的，它打开了一个潜在的应用范围。

 “这些液滴可以，例如，形成原始的能够进行化学反应或使测量磁场高度精确的纳米实验室，”Blakie教授说。

他表示，是否有可能研究出一种气体的自我约束，就像水分子凝聚成稳定的液滴一样，这是一个长期问题。

出现在今年早些时候的期刊物理评论A的研究中，Blakie教授的团队发现，即使在真空中，极寒气体的高磁原子也会自动绑定到气滴来稳定自身。

他们的预测是基于高性能计算设施的量子计算，由国家科学基础设施提供（NESI）。

为了观察液滴的形成，气体需要在非常特定的条件下制备，他说。

“我们计算出它的温度必须在百万分之几的绝对零度以上，密度比液态水低十亿倍（比空气低约100000倍），并处在一个适当的调整磁场中。”

在这种情况下，气体会自发地发展成细丝状的微米尺寸的液滴，即使在气体从容器中释放出来，它仍然保持稳定的形状，他说。

E-Material（电子材料）

Memories and energy landscapes of magnetic glassy states
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Fig. 1: Schematic illustrations of spin configurations in (left) spin-glass and (right) spin-jam. Due to the random inter-spin interactions, the resulting lowest-energy spin state is randomly ordered for the spin glass, whereas it consists of a number of highly degenerated but well ordered configurations in spin-jam. Credit: Tohoku University

An international team of researchers has revealed the intricate relation between how the systems remember their past and their complex energy landscapes.

Understanding how memory emerges from a complex network of neurons in our brain remains a challenging task in cognitive science. Memory also arises in physical systems with complex energy landscapes such as glasses, disordered magnets, and social networks. Now, an international team of researchers has revealed the intricate relation between how the systems remember their past and their complex energy landscapes.

The findings, published in the journal Proceedings of the National Academy of Sciences of the U.S., show that two magnetic glassy states, called spin glass and spin jam (Fig. 1), exhibit distinct memory effects; a stronger memory for the spin glass and a weaker memory for the spin jam.

The research also revealed by Monte Carlo simulations that the characteristics of how they remember can be accounted for by two distinct energy landscapes; a fractal rugged funnel-like energy landscape for the spin glass and a non-fractal non-hierarchical energy landscape with rough flat bottom for the spin jam.

Their findings illustrate that a combination of experimental and computational works can directly probe the intricate relation between memory and energy landscape, which is essential in understanding the nature of the intrinsic slow dynamics in glassy states.

磁性玻璃态的记忆与能量景观

[image: image26.jpg]........
........
00000000
00000000




图1：（左）自旋玻璃和（右）自旋塞的自旋结构示意图。由于随机的相互自旋作用，自旋玻璃中产生的最低能量自旋状态是随机排列的，而在自旋塞中，它由许多高度退化的，但有序的配置构成。来源：东北大学

一个国际研究小组揭示了该系统如何记忆过去和他们的复杂的能量景观之间的复杂关系。

了解记忆是如何从我们的大脑中的神经元的复杂网络中产生，这在认知科学领域仍然是一个具有挑战性的任务。具有复杂的能量景观的物理系统中也出现这种记忆，如玻璃，无序磁铁，和社会网络。现在，一个国际研究小组揭示了系统如何记忆过去和他们的复杂的能量景观之间的复杂关系。

这项研究结果发表在美国美国国家科学院的期刊上，显示了称为自旋玻璃和自旋塞（图1）的两个磁性玻璃态，表现出明显的记忆效应；自旋玻璃有更强大的记忆，自旋塞则较弱。

Monte Carlo的模拟研究还表明，他们的记忆能够归功于两个不同的能量景观特征；自旋玻璃的分形崎岖的漏斗状，和自旋塞的粗糙平底非分形非层次能量景观。

他们的研究结果表明，实验和计算工程的组合可以直接探测到记忆和能量景观之间的复杂关系，在了解玻璃态的内在缓慢动力学的性质时，这是必不可少的。

Using pectin to advance neuron-like electronic systems

November 11, 2016

http://phys.org/news/2016-11-pectin-advance-neuron-like-electronic.html

Most of us know pectin as a key ingredient for making delicious jellies and jams, not as a component for a complex hybrid device that links biological and electronic systems. But a team of Italian scientists have built on previous work in this field using pectin with a high degree of methylation as the medium to create a new architecture of hybrid device with a double-layered polyelectrolyte that alone drives memristive behavior.

A memristive device can be thought of as a synapse analogue, a device that has a memory. Simply stated, its behavior in a certain moment depends on its previous activity, similar to the way information in the human brain is transmitted from one neuron to another.

In an article published this week in AIP Advances, the team explains the creation of the hybrid device. "In this research, we applied materials generally used in the pharmaceutical and food industries in our electrochemical devices," said Angelica Cifarelli, a doctoral candidate at the University of Parma in Italy. "The idea of using the 'buffering' capability of these biocompatible materials as solid polyelectrolyte is completely innovative and our work is the first time that these bio-polymers have been used in devices based on organic polymers and in a memristive device."

Memristors can provide a bridge for interfacing electronic circuits with nervous systems, moving us closer to realization of a double-layer perceptron, an element that can perform classification functions after an appropriate learning procedure. The main difficulty the research team faced was understanding the complex electrochemical interplay that is the basis for the memristive behavior, which would give them the means to control it. The team addressed this challenge by using commercial polymers, and modifying their electrochemical properties at the macroscopic level. The most surprising result was that it was possible to check the electrochemical response of the device by changing the formulation of gels acting as polyelectrolytes, allowing study of the ionic exchanges relating to the biological object, which activates the electrochemical response of the conductive polymer.

"Our developments open the way to make compatible polyaniline based devices with an interface that should be naturally, biologically and electrochemically compatible and functional," said Cifarelli. The next steps are interfacing the memristor network with other living beings, for example, plants and ultimately the realization of hybrid systems that can "learn" and perform logic/classification functions.

用果胶促进神经元样电子系统

我们大多数人都知道果胶是美味的果冻和果酱的关键成分，而鲜有人知果胶也能够做复杂的混合装置的组件，连接生物和电子系统。但一个意大利科学家的团队以之前该领域的工作为基础，用高度甲基化的果胶作为介质来创造一种新的混合器件，该器件具有双层聚电解质，能够单独驱动架构忆阻行为。

我们可以把忆阻器看做为突触的模拟，一种记忆装置。简单地说，它一定时刻的行为取决于它以前的活动，类似于人类大脑中，信息从一个神经元传播到另一个神经元的方式。

本周，一篇发表在AIP Advance的文章中，该团队解释了该混合装置的制造。“在本研究中，我们电化学器件中用的材料一般来自于制药和食品行业，” 意大利帕尔马大学的博士候选人Angelica Cifarelli说，“利用这些生物材料的“缓冲”能力作为固体电解质是完全的创新想法，我们的工作是第一次将这些生物聚合物用于基于有机聚合物的设备和记忆装置。”

忆阻器为连接电子电路与神经系统提供了一个桥梁，使我们更进一步实现双层感知器，这种感知器是一种适当的学习程序后，可以进行分类功能的元素。研究小组面对的主要困难是理解忆阻行为基础上的复杂的电化学反应的相互作用，这将使研究人员能有手段控制它们。通过使用商业聚合物，并在宏观水平上修改他们的电化学性能，该团队解决了这一挑战。最令人惊讶的结果是，有可能通过改变作为聚电解质的凝胶的配方，使有关于生物对象的离子交换的研究能够进行，也激活了导电聚合物的电化学反应。

“我们的研究打开了以特定器件为基础的聚苯胺基的制造领域的大门，该器件应当自然地兼容，无论是生物和电化学方面还是功能上，”Cifarelli说。下一步是将忆阻器网络与其它的生物，例如植物相连接，最终实现混合系统能够“学习”和执行逻辑/分类功能的目标。

New method to make permanent magnets more stable over time
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Representation of the magnetic anisotropy of single ions contained in the rare-earth components of the magnets in the study. Credit: SciencePOD

For physicists, loss of magnetisation in permanent magnets can be a real concern. In response, the Japanese company Sumitomo created the strongest available magnet—one offering ten times more magnetic energy than previous versions—in 1983. These magnets are a combination of materials including rare-earth metal and so-called transition metals, and are accordingly referred to as RE-TM-B magnets. A Russian team has now been pushing the boundaries of magnet design, as published in a recent study in EPJ Plus.

They have developed methods to counter the spontaneous loss of magnetisation, based on their understanding of the underlying physical phenomenon. Roman Morgunov from the Institute of Problems of Chemical Physics at the Russian Academy of Sciences and colleagues have now developed a simple additive-based method for ensuring the stability of permanent magnets over time, with no loss to their main magnetic characteristics.

To design magnets that retain their magnetic stability, the authors altered the chemical composition of a RE-TM-B magnet. Their method consists in inserting small amounts of Samarium atoms at random places within the crystalline sub-lattice of the magnet's rare-earth component. They observed a multi-fold increase in the magnet's stability over time with as little as 1% Samarium. The advantage of using such low quantity of additives to stabilise the magnet is that it does not alter the magnetic properties.

The authors believe this result is linked to Samarium's symmetry. It differs from the crystalline structure of Dysprosium atoms, which enter the composition of the magnet's rare-earth component. As a result, spontaneous magnetisation no longer takes place.  This is because the potential barriers separating the magnetisation states of different energies are enhanced by the disrupted symmetry.

Further developments of this research will most likely focus on identifying the discrete magnetisation jumps—elementary events that initiate the reversible magnetisation, leading to a loss in stability.

随着时间的推移，新方法能使永久磁铁更稳定
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该研究中，磁铁的稀土组分中的单离子的磁各向异性的代表性。来源：SciencePOD

对物理学家而言，在永磁体磁化过程中的磁化损失是真正值得关注的。对此，日本住友公司创造了最强的现有磁铁——比1983年的能提供十倍的磁能量。这种磁体是许多材料的组合，包括稀土金属和所谓的过渡金属，并因此被称为RE-TM-B磁铁。正如EPJ Plus最近出版的一份研究中所显示，一个俄罗斯团队已经在推动磁铁设计的极限。

他们已经开发出的方法能够反磁化自然损失，基于他们对物理现象的认识。俄罗斯科学院化学物理问题研究所的罗马莫格诺夫及其同事已经研究出一个简单的基于添加保证永磁体随时间的稳定性的方法，同时不损失其主要磁特性。

为了设计能保留其磁稳定性的磁铁，他们改变了RE-TM-B磁铁的化学成分。他们的方法包括在磁铁的稀土成分的晶子格中随机插入少量钐原子。他们观察到仅仅1%的钐，长时间内可以保证磁体的多倍稳定性。使用如此低量的添加剂来稳定磁铁的优点是它不会改变磁性的特性。

作者认为，这一结果与钐的对称性油管。它的晶体结构不同于镝原子，镝原子进入磁铁的稀土成分组成。结果就是自发磁化不再发生。这是因为潜在的屏障能够分隔不同能量的磁化状态，而该屏障被破坏对称性增强了。

本研究的进一步发展将最有可能集中在识别离散磁化——引发可逆磁化的基本事件，能够导致稳定性损失。
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