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Are We Alone In the Universe

我們是宇宙孤星？
RICHARD A. KERR（理查德‧科爾）
Alone, in all that space? Not likely. Just do the numbers: Several hundred billion stars in our galaxy, hundreds of billions of galaxies in the observable universe, and 150 planets spied already in the immediate neighborhood of the sun. That should make for plenty of warm, scummy little ponds where life could come together to begin billions of years of evolution toward technology-wielding creatures like ourselves. No, the really big question is when, if ever, we’ll have the technological wherewithal to reach out and touch such intelligence. With a bit of luck, it could be in the next 25 years. 
　　我們在宇宙中是孤獨存在的嗎？這個可能性不大。數字會說話：銀河系中有數千億的恆星，宇宙中也有數百億元可觀測到的星系，還有150個近鄰太陽的行星。這個狀況應會產生大量的溫暖，以及覆蓋浮渣的小池塘，生命此刻將會產生，然後開始數十億年的進化，成為有能力使用科技的生物--- 就像我們人類一樣。不，真正重要的問題是，如果外星生物存在的話，我們何時可以使用現有的技術資源，去觸摸這些看似不可能的智慧。若運氣稍微好些，未來二十五年內就可能發生。 
Workers in the search for extraterrestrial intelligence (SETI) would have needed more than a little luck in the first 45 years of the modern hunt for like-minded colleagues out there. Radio astronomer Frank Drake’s landmark Project Ozma was certainly a triumph of hope over daunting odds. In 1960, Drake pointed a 26-meter radio telescope dish in Green Bank, West Virginia, at two stars for a few days each. Given the vacuum-tube technology of the time, he could scan across 0.4 megahertz of the microwave spectrum one channel at a time. 
　　研究人員在尋找外星智慧（SETI）的前45年需要一點運氣，才能尋到找跟人類相似的生物。無線電天文學家弗蘭克德雷克（Frank Drake），具有里程碑意義的奧茲瑪計畫，無疑是重重困難中的一道曙光。1960年，德雷克指出一個位於西弗吉尼亞州中綠色河畔的26米長無線電望遠鏡天線，一天可以觀測兩顆星。真空管技術一次可以在一個頻道掃描0.4兆赫的微波光譜。　
Almost 45 years later, the SETI Institute in Mountain View, California, completed its 10-year-long Project Phoenix. Often using the 350-meter antenna at Arecibo, Puerto Rico, Phoenix researchers searched 710 star systems at 28 million channels simultaneously across an 1800-megahertz range. All in all, the Phoenix search was 100 trillion times more effective than Ozma was. Besides stunning advances in search power, the first 45 years of modern SETI have also seen a diversification of search strategies. The Search for Extraterrestrial Radio Emissions from Nearby Developed Intelligent Populations (SERENDIP) has scanned billions of radio sources in the Milky Way by piggybacking receivers on antennas in use by observational astronomers, including Arecibo. And other groups are turning modest-sized optical telescopes to searching for nanosecond flashes from alien lasers.　

　　將近45年之後，位於加州山景城的SETI研究中心，終於完成了為期10年的鳳凰城計畫。鳳凰研究人員在波多黎各的阿雷西博使用350米長的天線，透過同時在2800個頻道中搜尋，並且使用1800兆赫的範圍，已經探尋到 710個恆星系統。總之，鳳凰計畫的搜索成效是奧茲瑪100萬億倍。除了搜尋力量的驚人進展之外，現代化的SETI在前45年也看到了一個多元化的搜尋策略。由鄰近開發的智能群體（SERENDIP）之外星無線電輻射搜索，已透過攜帶天文學觀測用的天線上的接收機，在銀河系掃瞄到百萬的無線電源頭。而其他的團隊正轉向以中等規模的光學望遠鏡去搜索來自外太空雷射的納秒（十億分之一秒）閃爍。　
Still, nothing has been heard. But then, Phoenix, for example, scanned just one or two nearby sunlike stars out of each 100 million stars out there. For such sparse sampling to work, advanced, broadcasting civilizations would have to be abundant, or searchers would have to get very lucky. To find the needle in a galaxy-size haystack, SETI workers are counting on the consistently exponential growth of computing power to continue for another couple of decades. In northern California, the SETI Institute has already begun constructing an array composed of individual 6-meter antennas. Ever-cheaper computer power will eventually tie 350 such antennas into “virtual telescopes,” allowing scientists to search many targets at once. If Moore’s law—that the cost of computation halves every 18 months— holds for another 15 years or so, SETI workers plan to use this antenna array approach to check out not a few thousand but perhaps a few million or even tens of millions of stars for alien signals. If there were just 10,000 advanced civilizations in the galaxy, they could well strike pay dirt before Science turns 150.　
　　目前為止仍苦無頭緒。因為鳳凰城計畫，也只是在10億顆星體中，掃描類太陽星體中的一、兩顆。對於這樣相對緩慢的採樣工作，先進的文明及資訊的傳遞就很重要，不然一切就得仰賴運氣。就如同在一個星系大小的草堆中找針，只能奢望電腦計算能力可以提高，否則就得等上數十年。在加州北部，SETI研究中心已經開始建造一組獨立的 6米長天線。這個更便宜的計算機電源，可以結合350個類似天線，成為「虛擬望遠鏡」，允許科學家能夠在一次搜索中尋找眾多的目標。根據摩爾定律（Moore’s law），若每18個月的計算成本減半，15年來下來，SETI研究員打算使用這種天線陣列的方法，來找尋不是幾千，但可能在數百萬甚至幾千萬的外星人信號。如果星系中有10,000個先進文明，它們很可能驟然成功並使科學躍進150年。　
The technology may well be available in coming decades, but SETI will also need money. That’s no easy task in a field with as high a “giggle factor” as SETI has. The U.S. Congress forced NASA to wash its hands of SETI in 1993 after some congressmen mocked the whole idea of spending federal money to look for “little green men with misshapen heads,” as one of them put it. Searching for another tippy-top branch of the evolutionary tree still isn’t part of the NASA vision. For more than a decade, private funding alone has driven SETI. But the SETI Institute’s planned $35 million array is only a prototype of the Square Kilometer Array that would put those tens of millions of stars within reach of SETI workers. For that, mainstream radio astronomers will have to be onboard—or we’ll be feeling alone in the universe a long time indeed.　

　　這項技術很可能在未來幾十年中問世，但SETI也極需研究經費。這可不是一件開開玩笑就可以解決的事。1993年，美國國會迫使美國宇航局結束SETI的運作，一些國會議員嘲笑SETI的整個構思，認為只會浪費聯邦的資金去尋找不確定存在的「小綠人與畸形頭」。尋找更頂尖科技及進化仍然不是美國宇航局的想法。在10年中，民間私人資金就自動投入搜尋地外文明的行列中。SETI研究中心計劃投入3500萬美元打造只是「平方公里陣列」的原型，它可以將數以百萬計的星體網羅在內。為此，無線電天文學家一段時間內，將要開始漫長且孤獨的工作。　
問題討論

· What role do telomeres and centromeres play in genome function?
· 端粒和著絲粒在基因組中發揮甚麼作用？
· These chromosome features will remain mysteries until new technologies can sequence them.

· 這些染色體的功能仍然是奧秘，有待新技術產生並解開其序列。
· Why are some genomes really big and others quite compact?
· 為什麼有些基因組非常大有些卻小巧？
· The puffer fish genome is 400 million bases; one lungfish’s is 133 billion bases long. Repetitive and duplicated DNA don’t explain why this and other size differences exist.

· 河豚魚的基因組是4億個單位；肺魚的是1330億個單位。反覆和複製的DNA無法解釋這兩者存在的差別。
· What is all that “junk” doing in our genomes?　

· 我們的基因組中到底是由哪些「雜物」構成？
· DNA between genes is proving important for genome function and the evolution of new species. Comparative sequencing, microarray studies, and lab work are helping genomicists find a multitude of genetic gems amid the junk.　

· 基因之間的DNA可證明基因功能的重要性和新物種的進化。比較測序，基因陣列研究，和實驗室研究可幫助基因學家發現許多遺傳寶石中的這些「雜物」。
· How much will new technologies lower the cost of sequencing?
· 新技術誕生可以降低多少測序的成本？
· New tools and conceptual breakthroughs are driving the cost of DNA sequencing down by orders of magnitude. The reductions are enabling research from personalized medicine to evolutionary biology to thrive.

· 新工具和概念的突破，大大降低了DNA測序成本，並使用於生物進化和發展的相關研究。
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