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　　物理學最美妙的地方，便是它能將複雜的問題，以最基本簡易的方式揭示出來。以Maxwell方程組為例，它以四個簡單的規則描述古典電子學和磁學中所有多樣化並令人混淆的現象。這些方程式是完美的；它們擁有奇妙的對稱，在複雜的符號旋律中相互對應。這四組規則的結合，讓物理學家感受到優雅和完整，就好比詩人讀到了莎士比亞的十四行詩一般。
　　At its best, physics eliminates complexity by revealing underlying simplicity. Maxwell’s equations, for example, describe all the confusing and diverse phenomena of classical electricity and magnetism by means of four simple rules. These equations are beautiful; they have an eerie symmetry, mirroring one another in an intricate dance of symbols. The four together feel as elegant, as whole, and as complete to a physicist as a Shakespearean sonnet does to a poet. 
　　粒子物理學的標準模式理論是一首未完成的詩篇。大部分的篇章都已存在，而雖然這個巨作尚未完成，我們依然可以說它是物理學文本中最精采的一部作品。它極其精確地描述所有已知的事物：所有的亞原子粒子，如夸克和輕子──也描述這些粒子彼此互動的作用力。這些作用力的原理是描述帶電物體如何感受彼此影響力的電磁學：弱的相互作用解釋粒子如何改變身分，而強的相互作用則是描述夸克是如何緊密連在一起以形成質子和其他組成粒子。雖然標準模式理論如同上述那般的美好，但它畢竟是斷簡殘篇，且描述萬有引力的篇章也散失了。它是美麗中的殘缺，暗示將有某種更偉大的事物，就像是希臘女詩人莎芙（Sappho）留在文獻之中的幾行文字。　
　　The Standard Model of particle physics is an unfinished poem. Most of the pieces are there, and even unfinished, it is arguably the most brilliant opus in the literature of physics. With great precision, it describes all known matter—all the subatomic particles such as quarks and leptons—as well as the forces by which those particles interact with one another. These forces are electromagnetism, which describes how charged objects feel each other’s influence: the weak force, which explains how particles can change their identities, and the strong force, which describes how quarks stick together to form protons and other composite particles. But as lovely as the Standard Model’s description is, it is in pieces, and some of those pieces—those that describe gravity—are missing. It is a few shards of beauty that hint at something greater, like a few lines of Sappho on a fragment of papyrus.

　　標準模式理論之所以美，是因為它的對稱；數學家以里群（Lie group）來描述這種對稱。只需大致看過一遍，便可發現標準模型理論的里群SU(3)＊SU(2)＊XU(1)擁有不完整的本質。每一個單元代表單一種對稱，但整體的對稱其實是破裂的。每一種力的表現方式都稍有不同，因而每一種力也都呈現出不盡相同的平衡。
　　The beauty of the Standard Model is in its symmetry; mathematicians describe its symmetries with objects known as Lie groups. And a mere glimpse at the Standard Model’s Lie group betrays its fragmented nature: SU(3)*SU(2)*XU(1). Each of those pieces represents one type of symmetry, but the symmetry of the whole is broken. Each of the forces behaves in a slightly different way, so each is described with a slightly different symmetry.

　　不過，這些差異可能只是表面的。電磁力和弱的相互作用力顯得非常不同，但是物理學家們在1960年代提出了在高溫下此二種力的統一。很明顯的，電磁學和弱的相互作用是相同的概念，正如假使你把冰和液態水加溫且放在一起，會發現它們基本上是同樣的物質、同樣的道理。這種關連引導了物理學家期待強的相互作用也能和其他兩種力結合在一起，發展出像是SU(5)那樣藉由單一平衡的大型理論。　
　　But those differences might be superficial. Electromagnetism and the weak force appear very dissimilar, but in the 1960s physicists showed that at high temperatures, the two forces “unify.” It becomes apparent that electromagnetism and the weak force are really the same thing, just as it becomes obvious that ice and liquid water are the same substance if you warm them up together. This connection led physicists to hope that the strong force could also be unified with the other two forces, yielding one large theory described by a single symmetry such as SU(5).

　　一個統一的理論應該要有個可觀察的結果。舉例而言，若強與弱的相互作用確為同一作用力，那麼質子可能並非真正穩定；根據這個假設，它們終究是會自動衰變的。僅管許多研究試圖找出自動衰變的質子，從來沒有人成功發現過這個現象。相同的，也沒有人成功觀察到如超對稱（super symmetry）理論所預測應存在的粒子（超對稱是以標準模型理論為基礎並對對稱性加強修正後的理論）。更不幸的是，就算這個擁有可觀察結果的統一理論確實存在，在現今不了解萬有引力的情況下，我們也無法驗證它。 
A unified theory should have observable consequences. For example, if the strong force truly is the same as the electroweak force, then protons might not be truly stable; once in a long while, they should decay spontaneously. Despite many searches, nobody has spotted a proton decay, nor has anyone sighted any particles predicted by some symmetry-enhancing modifications to the Standard Model, such as super symmetry. Worse yet, even such a unified theory can’t be complete—as long as it ignores gravity.


萬有引力是一種麻煩的作用力。廣義相對論是描述引力的主要理論，而該理論將空間與時間預設為光滑及具有連續性的。但從最基本的角度來看，支配著亞原子粒子及其相互作用力的量子力學，從本質上而言是非連續性及跳躍式的。萬有引力與量子力學互相矛盾的狀況嚴重到沒有人能提出一個具有說服力且又整合了所有粒子、所有強與弱相互作用及萬有引力為一體的統一理論。但物理學家的確掌握了一些線索。其中最有希望的應是超弦理論了。
　　Gravity is a troublesome force. The theory that describes it, general relativity, assumes that space and time are smooth and continuous, whereas the underlying quantum physics that governs subatomic particles and forces is inherently discontinuous and jumpy. Gravity clashes with quantum theory so badly that nobody has come up with a convincing way to build a single theory that includes all the particles, the strong and electroweak forces, and gravity all in one big bundle. But physicists do have some leads. Perhaps the most promising is superstring theory.


超弦理論之所以有大群的支持者是因為它提供了一種方法，將一切整合為一個擁有單一對稱的巨大理論。超弦理論其中的SO(32)便是一個例子。但要接受超弦理論，就要接受許多無法證實的學理包袱，其中包括了：宇宙共有10或11個維度，而且存在著大量尚未或無法偵測到的粒子。或許有數十種統一的理論，而唯一正確的也包含在其中，但科學家可能永遠都沒有判斷正確的是哪一個的辦法。又或者試圖將所有作用力與粒子統合為一，終究是緣木求魚。　
　　Superstring theory has a large following because it provides a way to unify everything into one large theory with a single symmetry—SO(32) for one branch of superstring theory, for example—but it requires a universe with 10 or 11 dimensions, scads of undetected particles, and a lot of intellectual baggage that might never be verifiable. It may be that there are dozens of unified theories, only one of which is correct, but scientists may never have the means to determine which. Or it may be that the struggle to unify all the forces and particles is a fool’s quest.　

但在那之前，物理學家們還是會繼續尋找質子的自動衰變，也會利用地底粒子攔停裝置及即將在2007年瑞士日內瓦起動的大型強子對撞器（Large Hadron Collider，簡稱LHC）尋找超對稱粒子。科學家們相信LHC將能揭露和粒子物理學模型中數種基礎對稱關係密切的希格斯玻色子的存在之謎。物理學家們也希望總有那麼一天，他們終將能完成這未完成的詩篇，並為大自然這另人敬畏的對稱性組織出具體的形態。
　　In the meantime, physicists will continue to look for proton decays, as well as search for super symmetric particles in underground traps and in the Large Hadron Collider (LHC) in Geneva, Switzerland, when it comes online in 2007. Scientists believe that LHC will also reveal the existence of the Higgs boson, a particle intimately related to fundamental symmetries in the model of particle physics. And physicists hope that one day, they will be able to finish the unfinished poem and frame its fearful symmetry. 
問題討論
· 研究人員能夠製作出完美的光學透鏡嗎?　
· Can researchers make a perfect optical lens?　
· 他們已經用微波做出來了，但未曾用可見光做出過。　
· They’ve done it with microwaves but never with visible light.　
· 有可能創造出能在室溫下正常運作的磁性半導體嗎？　
· Is it possible to create magnetic semiconductors that work at room temperature?　
· 磁性半導體已經證實可以在低溫環境下正常運作，但其運作溫度範圍還是太低，無法運用在自旋電子科技的相對高溫上。　
· Such devices have been demonstrated at low temperatures but not yet in a range warm enough for spintronics applications.　
· 高溫超導體領域中所指的成對效應，其機制是什麼？　
· What is the pairing mechanism behind high-temperature superconductivity?　
· 超導體中的電子皆成雙成對地流動。經過了二十年密集的研究，仍然沒有人知道在這個複雜又高溫的物質中，是什麼因素能讓它們緊扣在一起。　
· Electrons in superconductors surf together in pairs. After 2 decades of intense study, no one knows what holds them together in the complex, high-temperature materials. 　
· 我們能否發展出紊流動力學和顆粒物質運動的廣義理論？　
· Can we develop a general theory of the dynamics of turbulent flows and the motion of granular materials? 　
· 到目前為止，這類「非平衡態系統」完全擊敗了身為分析工具的統計力學。而這個失敗在物理學中留下了大漏洞。　
· So far, such “nonequilibrium systems” defy the tool kit of statistical mechanics, and the failure leaves a gaping hole in physics. 　
【圖文】基本力：依然缺乏一種將四種力聯繫在一起的理論。 


Fundamental forces.  A theory that ties all four forces together is still lacking. 
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