SCIENCE P98


Do Deeper Principles Underlie Quantum Uncertainty and Nonlocality

量子的不穩定性與移動性背後是否有更深奧的原理？
Quantum mechanics is very impressive,” Albert Einstein wrote in 1926. “But an inner voice tells me that it is not yet the real thing.” As quantum theory matured over the years, that voice has gotten quieter—but it has not been silenced. There is a relentless murmur of confusion underneath the chorus of praise for quantum theory. 
愛因斯坦（Albert Einstein）在一九二六年寫道：「量子的原理實在很巧妙，但有個聲音告訴我，實情還不只是這樣。」這些年來，量子理論成熟後，這個聲音變得越來越沉寂----但還沒有完全消逝無聲。然而，在對量子理論的優美讚頌下，疑惑的聲音仍然不斷的在人群之中彼此彼落。 
Quantum theory was born at the very end of the 19th century and soon became one of the pillars of modern physics. It describes, with incredible precision, the bizarre and counterintuitive behavior of the very small: atoms and electrons and other wee beasties of the submicroscopic world. But that success came with the price of discomfort. The equations of quantum mechanics work very well; they just don’t seem to make sense. 
量子理論在十九世紀末期才出現，隨即成了現代物理學一個重要的指標。量子理論主要是在非常微觀的角度下，精確的描述原子、電子以及其他微小動物的活動與變化，但那樣的成功伴隨著令人不安的代價──量子原理方程式都非常成功；但它們似乎沒有什麼意義。 
No matter how you look at the equations of quantum theory, they allow a tiny object to behave in ways that defy intuition. For example, such an object can be in “superposition”: It can have two mutually exclusive properties at the same time. The mathematics of quantum theory says that an atom, for example, can be on the left side of a box and the right side of the box at the very same instant, as long as the atom is undisturbed and unobserved. But as soon as an observer opens the box and tries to spot where the atom is, the superposition collapses and the atom instantly “chooses” whether to be on the right or the left. 
不管你如何看待量子理論方程式，它們仍然容許一個小的物件以反直覺的方式進行反應。例如，這樣一種物件會發生在「重和」的情況下：它可以同時擁有兩種相斥的屬性。量子理論中的數學計算顯示，一個原子只要沒有被阻擾或被察覺，可以在兩個極為相像的例子中，處於同一個箱子的左側與右側。然而，一旦觀察者打開箱子，試圖找出原子所在，這個重和的現象就會馬上消失，並且「選邊站」。 
This idea is almost as unsettling today as it was 80 years ago, when Erwin Schrödinger ridiculed superposition by describing a half living, half-dead cat. That is because quantum theory changes what the meaning of “is” is. In the classical world, an object has a solid reality: Even a cloud of gas is well described by hard little billiard ball–like pieces, each of which has a well-defined position and velocity. Quantum theory seems to undermine that solid reality. Indeed, the famous Uncertainty Principle, which arises directly from the mathematics of quantum theory, says that objects’ positions and moments are smeary and ill defined and gaining knowledge about one implies losing knowledge about the other. 
　　這個想法不論是在薛丁格（Ervin Schrodinger）以描述「一隻半死半活的貓」來嘲笑重和現象的八十年前，亦或是在今日，都同樣令人不安，因為量子理論改變了「存在」的意義。在古典物理的世界中，物體有明確的存在：即使是一團氣體，也可以清楚地描述成許多像是小枱球的粒子，每個粒子都具有被明確定義的位置和速度。而量子理論似乎破壞了這個明確的現實。從量子理論的數學上所產生的、著名的測不準理論，確實說明了物體的位置和瞬間都是模糊而不明確的，以及獲得知識的同時也暗示了失去另一個知識。 
The early quantum physicists dealt with this unreality by saying that the “is”—the fundamental objects handled by the equations of quantum theory—were not actually particles that had an extrinsic reality but “probability waves” that merely had the capability of becoming “real” when an observer makes a measurement. This so-called Copenhagen Interpretation makes sense, if you’re willing to accept that reality is probability waves and not solid objects. Even so, it still doesn’t sufficiently explain another weirdness of quantum theory: nonlocality. 
　　早期量子物理學家在處理不定理這個議題時說到「存在」──被量子理論方程式控制的基礎物件──並不是那個擁有外來性事實的分子，而是當觀察者進行觀測時，僅有能力轉變為「真」的「機率波（probability wave）」。如果你願意接受事實其實是機率波而非堅硬的物件，那這所謂的哥本哈根詮釋（Copenhagen Interpretation）就有意義了。儘管如此，這還是無法充分解釋另一個量子理論中奇異之處：移動性（nonlocality）。 
In 1935, Einstein came up with a scenario that still defies common sense. In his thought experiment, two particles fly away from each other and wind up at opposite ends of the galaxy. But the two particles happen to be “entangled”—linked in a quantum-mechanical sense—so that one particle instantly “feels” what happens to its twin. Measure one, and the other is instantly transformed by that measurement as well; it’s as if the twins mystically communicate, instantly, over vast regions of space. This “nonlocality” is a mathematical consequence of quantum theory and has been measured in the lab. The spooky action apparently ignores distance and the flow of time; in theory, particles can be entangled after their entanglement has already been measured. 
一九三五年，愛因斯坦提出一個至今仍牴觸常理的想法。在他腦中的實驗裡，兩個分子會各自奔離，在銀河的兩端糾結在一起。但兩個分子如果「糾結」在一起時，其中一個會馬上「感受」到這對分子發生了甚麼事。如果測量了其中一個，另一個就會因為測量而立即改變性質。這看起來是一對分子會神祕、迅速地互相傳遞消息與溝通，並且橫跨大範圍。這個「移動性」是量子理論中，在實驗室裡測量出來的數學結果。這令人毛骨悚然的現象，明顯地忽略了時間的距離與流量變因；理論上來說，分子在它們的糾結被測量時就會被糾結在一起。
On one level, the weirdness of quantum theory isn’t a problem at all. The mathematical framework is sound and describes all these bizarre phenomena well. If we humans can’t imagine a physical reality that corresponds to our equations, so what? That attitude has been called the “shut up and calculate” interpretation of quantum mechanics. But to others, our difficulties in wrapping our heads around quantum theory hint at greater truths yet to be understood. 
從另一個層面來看，量子理論的奇特之處也不盡然是一個問題。量子理論中的數學公式非常健全且可以將這些奇異現象描述詳盡。如果我們人類無法想像一個與方程式相呼應的物理事實，那又會是如何呢？這種看法被稱為量子理論界的「閉嘴，乖乖計算」的詮釋（“shut up and calculate”）。但對於其他人，我們的困難在於，被量子理論沖昏頭後，還有更多的事實尚待理解。
Some physicists in the second group are busy trying to design experiments that can get to the heart of the weirdness of quantum theory. They are slowly testing what causes quantum superpositions to “collapse”—research that may gain insight into the role of measurement in quantum theory as well as into why big objects behave so differently from small ones. Others are looking for ways to test various explanations for the weirdnesses of quantum theory, such as the “many worlds” interpretation, which explains superposition, entanglement, and other quantum phenomena by positing the existence of parallel universes. Through such efforts, scientists might hope to get beyond the discomfort that led Einstein to declare that “[God] does not play dice.” 
還有一些在第二組的物理學家，正忙著設計可以直達上述量子理論中奇特之處核心的實驗。他們正慢慢測試，看看甚麼東西會讓量子的重和「重疊」---- 這些研究使我們對於量子理論中實驗的角色，還有那些和較小物體有著非常不同反應的物件，有更清楚的認識。其他的人則正在找尋測試量子理論中，那些奇異之處的各種方法，並加以檢測那些方法，像是「多重世界詮釋」（many world interpretation）----該說法以假定兩個平行界域的存在，解釋了重疊，糾結，還有其他量子現象。透過這些努力，科學家希望擺脫使愛因斯坦說出「上帝不玩骰子」的癥結。 
問題討論
· What caused mass extinctions?

· 什麼使大滅絕發生？
· A huge impact did in the dinosaurs, but the search for other catastrophic triggers of extinction has had no luck so far. If more subtle or stealthy culprits are to blame, they will take considerably longer to find.

· 這是一個曾發於恐龍身上的巨大衝擊，而其他對於這類災難性大滅絕之因的研究，仍未有突破性的進展。如果有更多微妙而隱蔽的罪魁禍首可以歸咎，它們將需要更多的時間來找尋。
· Can we prevent extinction?

· 我們可以預防滅絕的發生嗎？
· Finding cost-effective and politically feasible ways to save many endangered species requires creative thinking. 
· 尋求具備成本效益與政治上可行的方法來拯救許多瀕臨絕種的生物，需要有創意的思維模式。 
· Why were some dinosaurs so large?

· 為什麼有些恐龍會如此龐大？
· Dinosaurs reached almost unimaginable sizes, some in less than 20 years. But how did the long-necked sauropods, for instance, eat enough to pack on up to 100 tons without denuding their world? 
· 恐龍的體型相當龐大，其中有些未滿二十歲就有這種巨大的體型。但為什麼如長頸的蜥腳龍（sauropod）這類的生物，可以食用足夠的食物並達到100公噸的體重，卻未剝奪牠們的生活環境呢？　
· How will ecosystems respond to global warming?

· 生態系統對於全球暖化將會如何回應？　
· To anticipate the effects of the intensifying greenhouse, climate modelers will have to focus on regional changes and ecologists on the right combination of environmental changes.
· 為了預測溫室效應增強的原因，氣候示意圖的製造者必須專注於區域變化，而生態學家必須專注於該問題與環境變遷的正向關聯性。　
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