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In real life, laws are broken all the time. Besides your everyday criminals, there are scammers and fraudsters, politicians and mobsters, corporations and nations that regard laws as suggestions rather than restrictions.




It's not that way in physics.




For centuries, physicists have been identifying laws of nature that are invariably unbreakable. Those laws govern matter, motion, electricity and gravity, and nearly every other known physical process. Nature's laws are at the root of everything from the weather to nuclear weaponry.








                        
                        
                        
                        
                        

                        




Most of those laws are pretty well understood, at least by the experts who study and use them. But one remains mysterious.




It is widely cited as inviolable and acclaimed as applicable to everything. It guides the functioning of machines, life and the universe as a whole. Yet scientists cannot settle on one clear way of expressing it, and its underlying foundation has evaded explanation -- attempts to prove it rigorously have failed. It's known as the second law of thermodynamics. Or quite commonly, just the Second Law.




In common (oversimplified) terms, the Second Law asserts that heat flows from hot to cold. Or that doing work always produces waste heat. Or that order succumbs to disorder. Its technical definition has been more difficult to phrase, despite many attempts. As 20th century physicist Percy Bridgman once wrote, "There have been nearly as many formulations of the second law as there have been discussions of it."




This month, the Second Law celebrates its 200th birthday. It emerged from the efforts of French engineer Sadi Carnot to figure out the physics of steam engines. It became the bedrock of understanding the role of heat in all natural processes. But not right away. Two decades passed before physicists began to realize the significance of Carnot's discovery.




"If your theory is found to be against the second law of thermodynamics I can give you no hope; there is nothing for it but to collapse in deepest humiliation."
Arthur Stanley Eddington, astrophysicist





By the early 20th century, though, the Second Law was recognized in the eyes of some as the premier law of physical science. It holds "the supreme position among the laws of Nature," British astrophysicist Arthur Stanley Eddington declared in the 1920s. "If your theory is found to be against the second law of thermodynamics I can give you no hope; there is nothing for it but to collapse in deepest humiliation."




In the two centuries since its birth, the Second Law has proved equally valuable for technological progress and fundamental science. It underlies everyday processes from cooling coffee to air conditioning and heating. It explains the physics of energy production in power plants and energy consumption in cars. It's essential to understanding chemical reactions. It forecasts the "heat death of the universe" and plays a key role in answering why time flows in one direction.




But in the beginning, it was all about how to build a better steam engine.




The birth of the second law of thermodynamics




Nicolas Leonard Sadi Carnot was born in 1796, son of a well-known French engineer and government official named Lazare Carnot. It was a turbulent time in France, and Sadi's father soon found himself on the wrong side of prevailing politics. Lazare went into exile in Switzerland (and later Germany), while Sadi's mother took her baby to a small town in northern France. Eventually power in France shifted and Lazare returned, aided by a previous relationship with Napoleon Bonaparte. (At one time, Napoleon's wife even babysat little Sadi.)






A biography written by Sadi's younger brother, Hippolyte, described him as of delicate constitution, compensated for by vigorous exercise. He was energetic but something of a loner, reserved almost to the point of rudeness. But from a young age, he also exhibited intense intellectual curiosity, ultimately maturing into undeniable genius.




By age 16, Sadi was ready to begin higher education in Paris at the famed Ecole Polytechnique (having already been well-trained by his father in math, physics and languages). Subsequent education included mechanics, chemistry and military engineering. During this time, he began writing scientific papers (that have not survived).




After service as a military engineer, Carnot moved back to Paris in 1819 to focus on science. He attended further college courses, including one dealing with steam engines, amplifying his longtime interest in industrial and engineering processes. Soon he began composing a treatise on the physics of heat engines in which he, for the first time, deduced the underlying scientific principles governing the production of useful energy from heat. Published on June 12, 1824, Carnot's Reflections on the Motive Power of Heat marked the world's first glimpse of the second law of thermodynamics.




[image: ]Through his studies of heat engines, French engineer Sadi Carnot introduced the second law of thermodynamics in 1824. It would take another two decades for physicists to recognize his work's significance.Courtesy of Science History Institute





"He was able to successfully show that there was a theoretical maximum efficiency for a heat engine, that depended only on the temperatures of its hot and cold reservoirs of heat," computer scientist Stephen Wolfram wrote in a recent survey of the Second Law's history. "In the setup Carnot constructed he basically ended up introducing the Second Law."




Carnot had studied the steam engine's use in 18th century England and its role in powering the Industrial Revolution. Steam engines had become the dominant machines in society, with enormous importance for industry and commerce. "They seem destined to produce a great revolution in the civilized world," Carnot observed. "Already the steam-engine works our mines, impels our ships, excavates our ports and our rivers, forges iron, fashions wood, grinds grain, spins and weaves our cloths...."




Despite the societal importance of steam engines, Carnot noted, not much was known of the physical principles governing their conversion of heat into work. "Their theory is very little understood," he wrote, "and the attempts to improve them are still directed almost by chance." Improving steam engines, he decided, required a more general understanding of heat, apart from any particular properties of steam itself. So he investigated how all heat engines worked regardless of what substance was used to carry the heat.




In those days, heat was commonly believed to be a fluid substance, called caloric, that flowed between bodies. Carnot adopted that view and traced the flow of caloric in an idealized engine consisting of a cylinder and piston, a boiler and a condenser. An appropriate fluid (say water) could be converted to steam in the boiler, the steam could expand in the cylinder to drive the piston (doing work), and the steam could be restored to liquid water in the condenser.




Carnot's key insight was that heat produced motion for doing work by dropping from a high temperature to a lower temperature (in the case of steam engines, from the boiler to the condenser). "The production of motive power is then due in steam-engines not to an actual consumption of caloric, but to its transportation from a warm body to a cold body," he wrote.





A simple engine




In the type of system Sadi Carnot studied, water is converted into steam in a boiler. That steam drives a piston, which can in turn drive a wheel, to get work out. The steam cools into liquid water in the condenser. Carnot's key insight was that heat is not consumed in the process but produces work by moving from a hot region (the boiler) to a cold region (the condenser).
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His evaluation of this process, now known as the Carnot cycle, held the key to calculating the maximum efficiency possible for any engine -- that is, how much work could be produced from the heat. And it turned out that you can never transform all the heat into work, a major consequence of the Second Law.




Carnot's belief in caloric, of course, was erroneous. Heat is a manifestation of the motion of molecules. Nevertheless his findings remained correct -- the Second Law applies no matter what substance an engine uses or what the actual underlying nature of heat is. Maybe that's what Einstein had in mind when he called thermodynamics the scientific achievement most likely to stand firm as further advances rewrote humankind's knowledge of the cosmos.




Within the realm of applicability of its basic concepts, Einstein wrote, thermodynamics "is the only physical theory of universal content concerning which I am convinced ... will never be overthrown."




The Second Law predicts the heat death of the universe




Although Carnot's book received at least one positive review (in the French periodical Revue Encyclopedique), it went largely unnoticed by the scientific world. Carnot published no more and died of cholera in 1832. Two years later, though, French engineer Emile Clapeyron wrote a paper summarizing Carnot's work, making it accessible to a broader audience. A decade later, British physicist William Thomson -- later to become Lord Kelvin -- encountered Clapeyron's paper; Kelvin soon established that the core of Carnot's conclusions survived unscathed even when the caloric theory was replaced by the new realization that heat was actually the motion of molecules.




Around the same time, German physicist Rudolf Clausius formulated an early explicit statement of the Second Law: An isolated machine, without external input, cannot convey heat from one body to another at a higher temperature. Independently, Kelvin soon issued a similar conclusion: No part of matter could do work by cooling itself below the temperature of the coldest surrounding objects. Each statement could be deduced from the other, so Kelvin's and Clausius' views were equivalent expressions of the Second Law.




[image: Two side-by-side photographs of Lord Kelvin (left) and Rudolf Clausius (right)]In the decades after Sadi Carnot's death, physicists Lord Kelvin (left) and Rudolf Clausius (right) came up with their own but equivalent ways of expressing the Second Law.From left: T. & R. Annan & Sons/Scottish National Portrait Gallery; Armin Kubelbeck/Wikimedia Commons





It became known as the Second Law because during this time, other work had established the law of conservation of energy, designated the first law of thermodynamics. Conservation of energy merely meant that the amount of energy involved in physical processes remained constant (in other words, energy could be neither created nor destroyed). But the Second Law was more complicated. Total energy stays the same but it cannot all be converted to work -- some of that energy is dissipated as waste heat, useless for doing any more work.




"There is an absolute waste of mechanical energy available to man when heat is allowed to pass from one body to another at a lower temperature," Kelvin wrote.




Kelvin recognized that this dissipation of energy into waste heat suggested a bleak future for the universe. Citing Kelvin, German physicist Hermann von Helmholtz later observed that eventually all the useful energy would become useless. Everything in the cosmos would then converge on the same temperature. With no temperature differences, no further work could be performed and all natural processes would cease. "In short," von Helmholtz declared, "the universe from that time forward would be condemned to a state of eternal rest."




Fortunately, this "heat death of the universe" would not arrive until eons into the future.




In the meantime, Clausius introduced the concept of entropy to quantify the transformation of useful energy into useless waste heat -- providing yet another way of expressing the Second Law. If the First Law can be stated as "the energy of the universe is constant," he wrote in 1865, then the Second Law could be stated as "the entropy of the universe tends to a maximum."




Entropy, roughly, means disorder. Left to itself, an orderly system will degenerate into a disorderly mess. More technically, temperature differences in a system will tend to equalize until the system reaches equilibrium, at a constant temperature.




From another perspective, entropy refers to how probable the state of a system is. A low-entropy, ordered system is in a state of low probability, because there are many more ways to be disordered than ordered. Messier states, with higher entropy, are much more probable. So entropy is always likely to increase -- or at least stay the same in systems where molecular motion has already reached equilibrium.




Bringing probability into the picture suggested that it would be impossible to prove the Second Law from analyzing the motions of individual molecules. It was necessary instead to study statistical measures that described large numbers of molecules in motion. Work along these lines by physicists James Clerk Maxwell, Ludwig Boltzmann and J. Willard Gibbs generated the science of statistical mechanics, the math describing large-scale properties of matter based on the statistical interactions of its molecules.




Maxwell concluded that the Second Law itself must possess merely statistical validity, meaning it was true only because it described the most probable of processes. In other words, it was not impossible (though unlikely) that cold could flow to hot. He illustrated his point by inventing a hypothetical little guy (he called it a "being"; Kelvin called it a demon) that could operate a tiny door between two chambers of gas. By allowing only slow molecules to pass one way and fast molecules the other, the demon could make one chamber hotter and the other colder, violating the Second Law.




But in the 1960s, IBM physicist Rolf Landauer showed that erasing information inevitably produces waste heat. Later his IBM colleague Charles Bennett pointed out that a Maxwell demon would need to record molecular velocities in order to know when to open and shut the door. Without an infinite memory, the demon would eventually have to erase those records, preserving the Second Law.





Demon at the door




In a famous thought experiment, physicist James Clerk Maxwell proposed that a hypothetical being -- now called Maxwell's demon -- could separate fast-moving "hot" molecules from slow-moving "cold" molecules, creating a temperature difference in apparent violation of the second law of thermodynamics. Later work suggested that this demon cannot really break the Second Law.




The thought experiment begins with two compartments of gas at the same temperature. Both have a mix of fast-moving (red) and slow-moving (blue) molecules.
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A hypothetical being selectively opens a door between the compartments to let the fast molecules pass one way and the slow molecules pass the other way.
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That effort would make the gas in one chamber hotter, a temperature difference that could now be used to do work.
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Another enigmatic issue emerging from studies of the Second Law involved its connection to the direction of time.




Laws governing molecular motion do not distinguish between future and past -- a video of molecular collisions running backward shows them observing the same laws as a video moving forward. Yet in real life, unlike science fiction stories, time always flows forward.




It seems logical to suggest that time's arrow was aimed by the Second Law's requirement of increasing entropy. But the Second Law cannot explain why entropy in the universe has not already reached a maximum. Many scientists today believe time's arrow cannot be explained by the Second Law alone (SN: 4/1/14), but also must have something to do with the origin of the universe and its expansion following the Big Bang. For some reason, entropy must have been low at the beginning, but why remains a mystery.




The Second Law hasn't been rigorously proved




In his history of the Second Law, Wolfram recounts the many past efforts to provide the Second Law with a firm mathematical foundation. None have succeeded. "By the end of the 1800s ... the Second Law began to often be treated as an almost-mathematically-proven necessary law of physics," Wolfram wrote. But there were always weak links in the mathematical chain of reasoning. Despite the common belief that "somehow it must all have been worked out," he commented, his survey showed that "no, it hasn't all been worked out."




Some recent efforts to verify the Second Law invoke Landauer's emphasis on erasing information, which links the Second Law to information theory. In a recent paper, Shintaro Minagawa of Nagoya University in Japan and colleagues assert that merging the Second Law with information theory can secure the law's foundation.




"The second law of information thermodynamics," they write, "can now be considered a universally valid law of physics."




In another information-related approach, Wolfram concludes that the Second Law's confirmation can be found in principles governing computation. The Second Law's basis, he says, is rooted in the fact that simple computational rules can produce elaborately complicated results, a principle he calls computational irreducibility.




Whether the Second Law is in fact universally true remains unsettled. Perhaps resolving that question will require a better definition of the law itself.






While many researchers have sought proofs of the Second Law, others have repeatedly challenged it with attempts to contradict its universal validity (SN: 3/8/16; SN: 7/17/17). But a 2020 review in the journal Entropy concludes that no such challenges to the Second Law have yet succeeded. "In fact, all resolved challengers' paradoxes and misleading violations of the Second Law to date have been resolved in favor of the Second Law and never against," wrote thermodynamicist Milivoje M. Kostic of Northern Illinois University in DeKalb. "We are still to witness a single, still open Second Law violation, to be confirmed."




Yet whether the Second Law is in fact universally true remains unsettled. Perhaps resolving that question will require a better definition of the law itself. Variations of Clausius' statement that entropy tends to a maximum are often given as the Second Law's definition. But the physicist Richard Feynman found that unsatisfactory. He preferred "a process whose only net result is to take heat from a reservoir and convert it to work is impossible."




When the Second Law was born, Carnot simply described it without defining it. Perhaps he knew it was too soon. He did, after all, realize that the future would bring new insights into the nature of heat. In unpublished work preserved in personal papers, he deduced the equivalence between heat and mechanical motion -- the essence of what would become the first law of thermodynamics. And he foresaw that the caloric theory would probably turn out to be wrong. He cited experimental facts "tending to destroy" caloric theory. "Heat is simply motive power, or rather motion which has changed form," he wrote. "It is a movement among the particles of bodies."




Carnot planned to do experiments testing these ideas, but death intervened, one of nature's two (along with taxes) inviolable certainties. Maybe the Second Law is a third.




But whether the Second Law is inviolable or not, it will forever be true that human laws will be a lot easier to break.
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	Two distinct neural pathways may make opioids like fentanyl so addictive

	A study in mice identified the brain circuits behind reward and withdrawal

			
				




Fentanyl's powerful pull comes from both the potent, rapid euphoria people feel while on the drug and the devastating symptoms of withdrawal. Researchers have now zeroed in on brain circuits responsible for these two forces of fentanyl addiction.




The study in mice, reported May 22 in Nature, suggests two distinct brain pathways are in play.




"Addiction is not a simple disorder -- it's very complex and dynamic," says Mary Kay Lobo, a neuroscientist at the University of Maryland School of Medicine in Baltimore who was not involved with the new research. She appreciates that the study looks not only at reward in the brain, but also at the withdrawal symptoms, which are "this dark side of addiction."








                        
                        
                        
                        
                        

                        




Fentanyl and other synthetic opioids are highly addictive (SN: 4/28/23). About one of every four fentanyl users becomes addicted. And in 2022 in the United States alone, there were more than 70,000 deaths from synthetic opioid overdoses, primarily fentanyl.




Researchers have known that dopamine-releasing neurons in an area of the midbrain called the ventral tegmental area, or VTA, mediate feelings like euphoria. But the circuits driving withdrawal symptoms were less clear. Such symptoms include nausea, pain, irritability and an inability to feel pleasure.




To find out more, neuroscientist Christian Luscher of the University of Geneva and colleagues injected mice with fentanyl for three consecutive days then stopped, inducing withdrawal by giving the mice naloxone.




As expected, neurons in the VTA turned on when mice were getting fentanyl. But the team also uncovered some details of how: Fentanyl inhibited neurons that tamp down the activity of the dopamine-releasing neurons in the VTA, effectively allowing the latter to ramp up their production, sending out dopamine en masse and so triggering the drug's rewarding effects.




After fentanyl and naloxone administration, mice remained still for longer periods and showed jumping behavior typical of withdrawal. Their brains showed increased activity in neurons in the central amygdala, particularly cells that send their connection to areas known to be associated with fear-learning and forming aversive memories.




Looking at these neurons in more detail revealed that they possessed the main receptor known to respond to fentanyl and other opioids. To the team's surprise, removing this receptor in the VTA of mice eliminated the rewarding effects of the drug but not the withdrawal behaviors. But when the team knocked out the receptor in the central amygdala, the mice jumped less, suggesting this distinct pathway is involved in withdrawal, the team says.




The researchers took the study one step further, genetically engineering mice so that the neurons in the central amygdala could be turned on and off with light. These mice eventually learned to press a lever to get the neurons to turn off, presumably seeking to avoid the associated negative feelings. This further suggests these neurons have a role in the drug's withdrawal effects.




Understanding these two pathways could lead to the development of better therapies for opioid addiction (SN: 3/31/19). "It's pie in the sky right now, but there's always the possibility of using that to develop circuit-specific therapy for people," says Megan Fox, a neuroscientist at Penn State who was not involved in the work. For example, clinicians seeking to resolve withdrawal symptoms may target the central amygdala specifically.




The next step is to understand how these two circuits interact, and if the same mechanisms are at play in people, Luscher says. "How are these forces driving someone from a controlled consumption to compulsive consumption?"
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 Should we use AI to resurrect digital 'ghosts' of the dead?

 Experts warn safeguards are necessary as the digital afterlife industry grows
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	'Cull of the Wild' questions sacrificing wildlife in the name of conservation

	Ecologist Hugh Warwick finds nuanced perspectives on how to manage invasive species
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Cull of the Wild
Hugh Warwick
Bloomsbury Wildlife, $28




In the late 1860s, European colonists started importing hedgehogs into New Zealand. The goal: to make the unfamiliar landscape feel a bit more like home. Over the next 100 years, hedgehogs settled in most of New Zealand's available habitat -- and developed a taste for native bird eggs, lizards and invertebrates. Now, the hedgehogs are among the millions of animals killed worldwide each year in culls intended to protect vulnerable species and habitats. Some say culling is essential to conservation; others say it robs animals of their right to live.








                        
                        
                        
                        
                        

                        




But for ecologist Hugh Warwick, the nuances of culling further complicate the already complex nature of conservation. In his latest book, Cull of the Wild, Warwick attempts to mediate between the wide-ranging approaches to culling (SN: 8/19/20; SN: 4/11/14). Part travel memoir, part philosophical treatise, Cull of the Wild is an honest, surprisingly tame read that asks hard questions of its sources, author and audience. 




"The essence of science is not that it knows everything, but that it continually challenges everything," Warwick writes. "It is not just what we think, but how we think that needs challenging."




Warwick opens the book ready to do just that, laying out his prejudices as an ecologist, hedgehog expert and someone who is "vaguely vegan." Though a bit winding, the resulting 300-page quest finds the author readily challenging these biases. Whether he's interviewing a gamekeeper or diving into animal ethics, Warwick eagerly searches for middle ground in the ongoing battle that is wildlife management.




The ecologist recruits an eclectic crew to highlight this middle ground. There's Mike Swan, senior adviser to the Game & Wildlife Conservation Trust, who takes Warwick on a tour of the estate he manages for game bird shoots in Dorset, England. Swan culls foxes and crows to boost pheasant and partridge numbers for hunters. While Warwick is not a fan of hunting or culling, he recognizes Swan's passion for nature, mind for conservation and desire to find humane ways to keep bird predators in check. 




Warwick also interviews Monica Engel, a conservationist from Brazil who earns a seal hunting license to better understand Canadian seal hunters and, in turn, natural resource management. "When I am out there, listening, I find it so sad that the hunters and the animal rights activists enter into this debate with often so much hate," Engel tells Warwick. "It drowns out moderate voices, it stops progress."




These sources and their views make for the book's most interesting parts. In one chapter, Warwick meets Tony Martin of the Waterlife Recovery Trust in East Anglia, England. Martin tracks American mink, imported into the British Isles in 1929 for the prized fur. Mink from fur farms soon started popping up in the British countryside; mink now prey on multiple riverside species, including the water vole, a rat-sized rodent already declining due to habitat loss. Using an armada of 800 floating traps, Martin's team works to save the native species by culling this elusive predator.




These "mink rafts" are live traps. The mink are later euthanized with an air pistol. Though gruesome, Martin's approach has hints of compassion; he refuses to cull mink on England's islands for fear that they'd starve to death in traps before anyone could collect them. He coauthored a 2020 paper outlining essential questions that ensure exterminations aren't needlessly drawn out or doomed to fail. "I don't enjoy killing animals," says Martin, whose father ran a mink farm. "And if there was another way to restore our riparian ecosystems without killing mink, then I would be all for it. But until then, it is important that we do it as humanely as possible."




While much of the book focuses on species found in Warwick's native United Kingdom, his pondering takes readers from a fenced-in preserve in New Zealand to the mouse-infested bird colonies of Gough Island in the South Atlantic.




Warwick also touches on famous characters in the invasive species saga: Australia's toxic cane toads, Burmese python escapees in the Florida Everglades, the "cocaine hippos" of Columbian drug trafficker Pablo Escobar (SN: 3/17/15). In many cases, eradication is either unfeasible or met with public opposition. 




Though culling is about invasive and native troublemakers, much of Cull of the Wild concerns itself with human exceptionalism. Dubbing us Homo occisor, or "man the killer," Warwick likens humankind to "a fox in the chicken coop, instinctively driving the livable planet towards destruction." Warwick reminds us that we often play "judge, jury and executioner -- or at least supporters of those that are" when dealing with introduced species or damaged ecosystems. But to "play god" in the 21st century, Warwick warns, requires us to examine our prejudices about animal suffering and our motivations behind culling. "In its simplest form, this is head-versus-heart territory."











Buy Cull of the Wild from Bookshop.org. Science News is a Bookshop.org affiliate and will earn a commission on purchases made from links in this article.
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	Biological puzzles abound in an up-close look at a human brain

	Never-before-seen details may eventually lead to a better understanding of how the brain works

			
				




It's a bit like seeing a world in a grain of sand.




Except the view, in this case, is the exquisite detail inside a bit of human brain about half the size of a grain of rice. Held in that minuscule object is a complex collective of cells, blood vessels, intricate patterns and biological puzzles.




Scientists had hints of these mysteries in earlier peeks at this bit of brain (SN: 6/29/21). But now, those details have been brought into new focus by mapping the full landscape of some 57,000 cells, 150 million synapses and their accompanying 23 centimeters of blood vessels, researchers report in the May 10 Science. The full results, the scientists hope, may lead to greater insights into how the human brain works.








                        
                        
                        
                        
                        

                        




"We're going in and looking at every individual connection attached to every cell -- a very high level of detail," says Viren Jain, a computational neuroscientist at Google Research in Mountain View, Calif. The big-picture goal of brain mapping efforts, he says, is "to understand how human brains work and what goes wrong in various kinds of brain diseases."




The newly mapped brain sample was removed during a woman's surgery for epilepsy, so that doctors could reach a deeper part of the brain. The bit, donated with the woman's consent, was from the temporal lobe of the cortex, the outer part of the brain involved in complex mental feats like thinking, remembering and perceiving.




[image: This digital drawing of a person's head shows the brain inside. An arrow points to the bottom left side of the brain.]During surgery for epilepsy, a surgeon removed a bit of a woman's brain, a piece that became the starting material for this brain map.Google





After being fixed in a preservative, the brain bit was sliced into almost impossibly thin wisps, and then each slice was imaged with a high-powered microscope. Once these views were collected, researchers used computers to digitally reconstruct the three-dimensional objects embedded in the piece of brain.




Some of those objects were surprising. Certain nerve cell pairs had extremely tight bonds, making 50 or more contact points with each other. "This is like if two houses in the neighborhood for some reason had 50 different phones connecting just those two houses," Jain says. "It's like, what's going on here?"





	


	
		
	
	
		[image: Blue, yellow, orange and red nerve cells with long tendrils are packed together in this digital reconstruction of brain tissue.]
		
			
				These nerve cells are all excitatory, which means they send signals to other cells that spur them into action. Their colors indicate different sizes of the main cell bodies.				Google Research and Lichtman Lab/Harvard University; Rendering by D. Berger/Harvard University			


			




	
	
		[image: A triangular-shaped nerve cell is surrounded by blue thin axons on of its branches.]
		
			
				This nerve cell (white) is intensely connected with other cells. Shown here are contacts from 5,600 message-sending axons (blue).				Google Research and Lichtman Lab/Harvard University; Rendering by D. Berger/Harvard University			


			




	
	
		[image: A green strand with little bulges along it is touched by a thinner blue strand, showing where two nerve cells touch.]
		
			
				This message-sending axon (blue) contacts a target cell's dendrite (green) many times, creating what might be an unusually strong connection between two nerve cells.				Google Research and Lichtman Lab/Harvard University; Rendering by D. Berger/Harvard University			


			




	
	
		[image: A nerve cell colored yellow on the top is the mirror image of a nerve cell colored pink on the bottom. Both cells have complex branching shapes.]
		
			
				The new brain map turned up pairs of nerve cells with eerily similar mirror-image shapes. It's unknown how these cells create this symmetry, or why it happens.				Google Research and Lichtman Lab/Harvard University; Rendering by D. Berger/Harvard University			


			



	






Other views revealed mysterious whorls formed by message-sending tendrils called axons. "The axon would loop in on itself and make a giant knot," Jain says. "We definitely didn't expect to see these." Scientists don't know why these swirls exist.




And some nerve cells in the deepest layer of the brain bit appear to have mirror-image twins -- another mystery.




These results don't necessarily change the view of how the brain works. "It's more like, 'Oh, we've found this new structure in nature. Maybe there's something really important about it. We'll have to study it further,'" Jain says. Next up, he says, is scaling up to create a similar map for a piece of mouse brain that's 10 to 15 times bigger than the piece used in the new study. Researchers also hope to map more human brain samples.




			
 
			

			Questions or comments on this article? E-mail us at feedback@sciencenews.org | Reprints FAQ

	
	
			
			
							A version of this article appears in the June 15, 2024 issue of Science News.

						

	
	

	Citations

	A. Shapson-Coe et al. A petavoxel fragment of human cerebral cortex reconstructed at nanoscale resolution. Science. Vol. 384, May 10, 2024, eadk4858. doi: 10.1126/science.adk4858.



	

			
			
				[image: Laura Sanders]			
		

	
	
		
						About Laura Sanders


							
												
							
								E-mail
								
							
						

					
												
							
								X
								
							
						

									

					


		
			Laura Sanders is the neuroscience writer. She holds a Ph.D. in molecular biology from the University of Southern California.

		

	




	







We are at a critical time and supporting climate journalism is more important than ever. Science News and our parent organization, the Society for Science, need your help to strengthen environmental literacy and ensure that our response to climate change is informed by science.
 



Please

subscribe to Science News and add $16 to expand
science literacy and understanding.











		



This article was downloaded by calibre from https://www.sciencenews.org/article/biological-puzzles-human-brain-visual



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




 Want to see butterflies in your backyard? Try doing less yardwork

 A no-mow patch helps caterpillars live long enough to turn into butterflies and moths

 
 




Making the world safer for butterflies can be as easy as doing a bit of nothing.




Letting some part of a yard go unmown can boost the number of butterflies and moths sighted there, says ecologist Richard Fox. That long-grass patch may be as elaborate as an all-native meadow dotted with flowers or as simple as some didn't-mow corner by the back fence.





This article was downloaded by calibre from https://www.sciencenews.org/article/butterflies-yardwork-grass-wildflower



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




 Rain Bosworth studies how deaf children experience the world

 The deaf experimental psychologist has found that babies are primed to learn sign language

 
 




In a darkened room in Rochester, N.Y., a baby girl in a pink onesie peers at a computer screen. Wherever she looks, an eye tracker follows -- recording her gaze patterns for future analysis.




The baby, about 6 months old, is neither deaf nor hard of hearing.
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 This orangutan used a medicinal plant on his face wound

 It's the first observation of an animal treating a wound with a plant used in human medicine

 
 




With their bright eyes and prominent beards and mustaches, it's easy to see how orangutans got their name; "orang" is Malay for person, while "hutan" means forest.
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 Burning the stomach lining reduces the 'hunger hormone' and cuts weight 

 Patients in a small test study lost nearly 8 percent of their body weight in 6 months

 
 




An experimental weight loss procedure cranks up the heat to dial down hunger. 




Blasting a patch of patients' stomach lining with thermal energy curbed hunger and cut pounds, researchers reported in a small pilot study to be presented at the annual Digestive Disease Week meeting on May 19 in Washington, D.
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 The universe may have a complex geometry -- like a doughnut

 Scientists previously considered only a small subset of possible topologies

 
 




The cosmos may have something in common with a doughnut.




In addition to their fried, sugary goodness, doughnuts are known for their shape, or in mathematical terms, their topology. In a universe with an analogous, complex topology, you could travel across the cosmos and end up back where you started.
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 Getting wild mosquitoes back to the lab alive takes a custom backpack

 The mosquitoes are needed to test if malaria-prevention strategies are still effective

 
 




This backpack isn't typical hiking gear.
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	How did an ancient shark parasite end up fossilized in tree resin?

	The finding is like winning the lottery, researchers say

			
				




During its lifetime nearly 100 million years ago, a newfound parasitic worm likely made its home in the bellies of fish. So how one ended up preserved in amber, fossilized tree resin, has paleontologists scratching their heads.




Unearthed in northern Myanmar, the worm has several features that closely resemble those of modern tapeworms in shark intestines, paleontologist Cihang Luo and colleagues report March 22 in Geology.




Luo's team had been examining amber collected from traders in Myanmar, finding mostly insects and roundworms trapped inside, when the researchers came across a "strange-looking fossil," says Luo, of the Nanjing Institute of Geology and Paleontology in China. This 10-millimeter-long threadlike specimen appeared flatter than typical roundworms. Observations under a microscope revealed armor, tentacles and hooklets that looked bigger than, but still similar to, the tentacles of modern flatworms that infest sharks and rays.




[image: A long, thin tan worm creates an arc in this image of what was preserved in an ancient piece of amber. It's surrounded by bits and pieces of sand.]The anatomy of this 99-million-year-old flatworm encased in amber is strikingly similar to modern flatworms found in shark intestines, researchers say. How the purported marine parasite ended up in a tree remains a mystery.C. Luo





Scientists have previously found flatworm eggs preserved in 270-million-year-old fossilized shark dung (SN: 6/5/01). Due to flatworms' small, soft bodies and transient life cycles, "finding body fossils is exceedingly rare," Luo says.




The fossil, says taphonomist Raymond Rogers of Macalester College in St. Paul, Minn., "is an exceptional preservation and a puzzle for people to solve."








                        
                        
                        
                        
                        

                        




The strange finding is "very hard to explain because there are not a lot of sharks living in trees," jokes paleontologist Kenneth De Baets of the University of Warsaw in Poland. "It's like winning the lottery -- one in a million."




Perhaps a scavenger feasting on a beached shark carcass picked up the parasite and eventually somehow tossed it into a nearby tree, Luo and colleagues speculate.




Confirming this preservation scenario will require "complete specimens or host remains," De Baets says.
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 Two real-world tests of quantum memories bring a quantum internet closer to reality

 Experiments in cities show how to spread quantum entanglement through a network

 
 




In the quest to build a quantum internet, scientists are putting their memories to the test. Quantum memories, that is.




Quantum memories are devices that store fragile information in the realm of the very small.
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 One of the world's earliest farming villages housed surprisingly few people

 Prior estimates assumed that its buildings were simultaneously constructed -- and occupied

 
 




A farming-fueled baby boom long thought to have sparked the rise of ancient cities in southwest Asia turns out to have been a bust.
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 Extreme heat will put millions more older adults at risk in the future

 Acute heat exposures are expected to increase as temperatures and aging populations rise

 
 




Nearly a quarter of the global population of older adults at mid-century could face extreme heat, putting their health in danger.
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 Human body lice could harbor the plague and spread it through biting 

 Special glands in the head can house plague bacteria

 
 




Rats and their fleas take the rap for spreading the plague, but lice that infest people may share the blame.




Human body lice can harbor plague-causing bacteria and can transmit the disease by biting, researchers report May 21 in PLOS Biology.
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 This snake goes to extremes to play dead -- and it appears to pay off

 A bloody mouth and a poop-covered body seem to help the dice snake quickly escape predators

 
 




To avoid becoming a meal, some animals simply fake it until they make it.
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 Tiger beetles may weaponize ultrasound against bats

 The insects mimic the noises of toxic moths. It may be a defense against hungry bats

 
 




Sounding like a toxic moth might keep some beetles safe from hungry bats.
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 The neutrino's quantum fuzziness is beginning to come into focus

 Physicists set a limit on the uncertainty of the subatomic particle's position 

 
 




Neutrinos are known for funny business.
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 Our picture of habitability on Europa, a top contender for hosting life, is changing

 A NASA mission may help us understand if life could exist in its subsurface ocean

 
 




THE WOODLANDS, TEXAS -- On stage, before a silent assembly of scientists, many of whom are experts on alien worlds, planetary scientist Paul Byrne assumed his position behind the podium.
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 NASA's budget woes put ambitious space research at risk

 The Mars Sample Return mission and other planetary science efforts are most affected by cost cutting

 
 




Dreams of exploring the cosmos have crashed up against the harsh reality of budget cuts in the United States.
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	'After 1177 B.C.' describes how societies fared when the Bronze Age ended

	The book reconstructs ancient examples of societal resilience and fragility
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After 1177 B.C.
Eric H. Cline
Princeton Univ., $32




A toxic brew of calamities that included drought, earthquakes, famine, disease and invasion undermined civilizations across the Eastern Mediterranean and Near East about 3,200 years ago. But that Late Bronze Age collapse was not a one-size-hits-all event. Archaeologist Eric H. Cline sees it as a complicated tragedy and transition, with only some societies vanishing. Others took hard hits but rebounded after a few centuries or muddled through a progressive decline in power. Certain societies adapted to a new world, or even transformed and prospered amid chaos (SN: 7/3/19).








                        
                        
                        
                        
                        

                        




In After 1177 B.C., Cline consults ancient inscriptions written on stone, clay, papyrus and more, along with other artifacts and excavated sites, to outline the many ways major Bronze Age societies responded to tumultuous times. Their divergent trajectories during the Iron Age that followed -- what researchers mistakenly called a dark age until the 1980s -- hold lessons for people today, Cline writes.




Anyone concerned with avoiding the end of the world as we know it might be especially interested in the societies that flourished in the wake of the Late Bronze Age collapse. Cline regards those success stories as exhibiting what Nassim Nicholas Taleb, a risk analyst, has called antifragility, an ability to get stronger in the face of disorder (SN: 4/4/13).




For instance, Central Canaanite people in coastal Middle Eastern cities, now known as Phoenicians, took over major Mediterranean maritime trade routes after the sacking of formerly dominant port cities (SN: 3/16/22). Though trade opportunities diminished, Phoenician mariners still exchanged goods, including a popular purple dye, for silver and other metals from Sicily, Sardinia and Iberia. As their trade ties grew, Phoenicians spread an alphabetic system that formed the basis of written English and many other modern languages.




Cline discusses growing evidence for similar victories on Cyprus. People there established towns and governments in new areas as drought-related soil erosion caused silt to fill formerly busy harbors. Evidence indicates that bronze metalworkers in Cyprus pioneered technical innovations that led to a region-wide iron industry.




Among the characteristics of resilient societies: multiple contingency plans for extreme weather events and other emergencies, solid defenses against enemy attacks, dependable water resources and a happy working class. But for others, the Late Bronze Age collapse exposed weaknesses ranging from manageable to fatal.




Assyrians and Babylonians in ancient Mesopotamia weathered the collapse with their social systems intact, Cline concludes. But royal records refer to population declines linked to drought, famine and plague, and it took centuries for these societies to regain their former prominence. That's a form of resilient survival well short of Phoenicians' "antifragile" growth during chaos.




Egyptian civilization "was never the same again," Cline writes. Egypt's power and status in international trade declined, as did the standard of living for average folks, he suggests. Mycenaean society on mainland Greece proved especially fragile, vanishing by about 3,200 years ago. But Greeks who survived slowly remade their culture and society, Cline argues. Pottery styles, burial customs and house types were developed from former Mycenaean practices. After a couple hundred years, this cultural reclamation project prompted the rise of Archaic and then Classical Greece, Cline suspects.




Amid limited records and plenty of academic debate, Cline provides a thought- provoking introduction to current thinking about the Late Bronze Age. He acknowledges that scholars won't always agree with his views. And though multisyllabic names of ancient kings pile up quickly -- an unavoidable consequence of chronicling royal successions in unstable times -- a helpful list of rulers and officials appears at the end. 




As hard as it is to revive the past, predicting the future is even harder. Cline can't answer whether our civilization, in the face of modern threats, will go the way of the Phoenicians or the Mycenaeans.











Buy After 1177 B.C. from Bookshop.org. Science News is a Bookshop.org affiliate and will earn a commission on purchases made from links in this article.
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 50 years ago, the sun's influence on Earth's lightning was revealed

 Excerpt from the June 22, 1974 issue of Science News
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Lightning and the sun -- Science News, June 22, 1974




The latest addition to the growing list of meteorological phenomena which have been linked with solar activity is lightning.... Using data from 1930 to 1973, [a researcher] reports in the May 24 Nature that "in spite of year-to-year variations in the incidence of lightning, there is an underlying cyclic variation with a period of about 11 years which is in phase with the solar cycle."
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 Celebrating the second law of thermodynamics

 
 




Sadi Carnot was a child of the Industrial Revolution. Steam power was widely used in manufacturing and mining by his birth in 1796, and the first steamboat and first steam railroad locomotive were invented while he was still a child. Steam technology was transforming society, and Europe was at the center of the action -- a Silicon Valley for steam.




Carnot's father was a prominent French engineer, so it's not surprising that Carnot became an engineer himself and took on one of the biggest practical challenges of his time: how to make steam engines more efficient. Carnot's great insight was that heat produced motion for doing work by dropping from a high temperature to a lower temperature.
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 Readers react to a rare visual disorder, microplastics in arteries and more
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Let's face it




Scientists re-created the demonic distortions that a patient with prosopometamorphopsia, or PMO, sees when looking at faces, Anna Gibbs reported in "Here's what faces can look like to people with a rare visual disorder" (SN: 4/20/24, p. 32).




Reader John Henderson asked whether research on facial blindness could help scientists better understand PMO.




The two disorders have been linked to similar regions in the brain, including the right occipital lobe and fusiform face area, says neurologist Jason Barton of the University of British Columbia in Vancouver. So studying one disorder could help illuminate the other.
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