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前言

中美教育的差异与优劣这一话题，已经实在不新鲜了。近年来到美国就读高中的中国学生数量显著增长，数年间增加了几十倍，从这一现象来看，这个问题的答案似乎不言而喻。越来越多的家长把自己的孩子送去美国留学读高中，为什么呢？

客观来说，中美两国中学教育各有千秋，由于各种原因，中美的中学教育的思想观念和教育模式存在很大的差别，这种差别影响着教育效果，致使学生的能力、素质和知识的掌握方面有很大的不同。我们应该做的，是去其糟粕取其精华，而阅读，是取其精华的重要途径。

在美国，假期既是同学们外出旅游的时间，也是大量阅读课外读物的时间。快要放暑假的时候，学校就在网站上发布帖子，公布各个年级暑假阅读的书单。各个年级阅读书目达几十本之多，涉及范围广泛，有各类文学作品、人物传记、历史小说，也有科普作品和励志读物，这些书往往是经典的或当时很流行的。学校要求在读完后，学生要写读书报告，上学后在课堂上交流。在这一过程中，学生不仅能掌握知识，更能渐渐习得阅读能力。

大量的课外阅读，使美国的中学生们在学校就形成了阅读的习惯。在美国，我们常常看到，在地铁站、地铁车厢、飞机上，许多人手上拿着书在阅读。可是，我们呢？不管你是不是中学生，把这种情形与我们自身的阅读现状进行对比，会不会感到有些惭愧呢？

那么，美国中学生课外都读些什么？是死啃学校发的几本教材，还是沉迷于一大堆的教辅资料？当然都不是。现在，就让我们一起来了解一下美国中学生课外阅读的内容吧，它不仅能让我们了解其阅读倾向，更能让我们从中得到借鉴。

在美国中学生必读的书目中，我们可以看到这样一些身影：《麦克白》《哈姆雷特》《坎特伯雷故事集》《失乐园》《傲慢与偏见》《伊利亚特》《奥德赛》《理想国》《政治学》《美国民主》《伊尼特》等等。这样一份书单，和你想象的一样吗？或许你会惊讶地发现，怎么全都是经典啊？没错，只有经过时间检验的、能够成为经典的东西，才是学生必读的。因为，他们要读，就要读最好的。

当然，对于中学生来说，阅读不仅仅是为了提高个人素养，还需要兼顾各学科知识类型，扩大自己的知识面，形成一个完整的知识结构。因此，除了文学作品之外，他们也会阅读与各门课程相关的知识，为自己补充更多养分。

本书精选的内容涵盖科学、自然和地理三个板块。在科学板块中，你将会了解到人类科学技术发展的过程和重要的人物等；在自然板块中，你将会读到你最感兴趣的动植物趣闻，以及一些充满神秘色彩的自然现象；在地理板块中，我们向你精选了地球上最令人心驰神往的地理奇景，以及标志性的城市与建筑。本书完全英汉对照，图文并茂，是英语学习的最佳选择。Part Ⅰ科学由崔喜哲编写，Part Ⅱ自然由兰州市第三十四中学路忠孝编写，Part Ⅲ地理由崔喜哲、路忠孝共同编写，在本书运作过程中，廖桂冬、沈琳、宋晓冬、胡庆、李月英、肖冉、杨永铎、董立新、王迪、陈冬、李玥、王迪、张茹给予了不少帮助，在此一并致谢。

那么，现在就开始积极行动起来，去经历一次充实愉快的精神之旅吧。
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Part Ⅰ　科学
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Golden Section 黄金分割
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黄金比例，是一种数学上的比例关系。它具有严格的比例性、艺术性、和谐性，蕴藏着丰富的美学价值。应用时一般取0.618或1.618，就像圆周率在应用时取3.14一样。黄金分割蕴于大自然中，呈现于不少动物和植物外观。现今很多工业产品、电子产品、建筑物或艺术品均普遍应用黄金分割，呈现其功能性与美观性。
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The golden ratio is also called the golden section (Latin: sectio aurea) or golden mean. Other names include extreme and mean ratio, medial section, divine
 proportion, divine section (Latin: sectio divina), golden proportion, golden cut, golden number, and mean of Phidias.

In mathematics
 and the arts, two quantities are in the golden ratio if the ratio of the sum of the quantities to the larger quantity is equal to the ratio of the larger quantity to the smaller one.

Many 20th century artists and architects have proportioned
 their works to approximate the golden ratio—especially in the form of the golden rectangle, in which the ratio of the longer side to the shorter is the golden ratio—believing this proportion to be aesthetically pleasing. Mathematicians since Euclid have studied the properties of the golden ratio, including its appearance in the dimensions
 of a regular pentagon and in a golden rectangle, which can be cut into a square and a smaller rectangle with the same aspect ratio.
 The golden ratio has also been used to analyze the proportions of natural objects as well as man-made systems, such as financial markets.

黄金比例又被称为黄金分割（拉丁语：sectio aurea）或者黄金平衡。还有其他的一些叫法包括：中末比，平均分割，圣神比例，圣神分割（拉丁语：sectio divina），黄金比率，黄金切割，黄金数和菲狄亚斯平均。

在数学和艺术中，对于两个数量来说，如果两个数的总和与那个较大数的比值等于那个较大数与较小数的比值，那么这两个数就符合黄金分割比。

20世纪许多艺术家、建筑家都将他们的作品设计为接近黄金比例，尤其是以黄金比例的矩形形式，这种矩形的长宽比为黄金比例——他们相信这种比例有美感。欧几里德那个时代的数学家们就研究了黄金分割的属性：其中包括正五边形和一个黄金比例矩形的尺寸，这个黄金比例矩形可以被分割成一个正方形和一个较小的矩形，而被分割出来的较小的矩形的长宽比也是黄金分割比。黄金比例也被用于分析一些自然物的比例，以及人造系统，如金融市场。
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 History

历史

The golden ratio has fascinated Western intellectuals of diverse interests for at least 2,400 years. According to Mario Livio:

黄金分割从各方面吸引着西方学者至少已经2400年了。马里奥·利维奥说过：

Some of the greatest mathematical minds of all ages, from Pythagoras and Euclid in ancient Greece, through the medieval Italian mathematician Leonardo Pisa and the Renaissance astronomer Johannes Kepler, to present-day scientific figures such as Oxford physicist Roger Penrose, have spent endless hours over this simple ratio and its properties. But the fascination with the golden ratio is not confined just to mathematicians. Biologists, artists, musicians, historians, architects, psychologists, and even mystics have pondered and debated the basis of its ubiquity
 and appeal. In fact, it is probably fair to say that the golden ratio has inspired thinkers of all disciplines like no other number in the history of mathematics.

从古至今的一些最伟大的数学思想，从古希腊的毕达哥拉斯和欧几里德，中世纪的意大利数学家李奥那多·比隆和文艺复兴时期的天文学家约翰尼斯·开普勒，到当今的科学家如牛津大学物理学家罗杰·彭罗斯，花了无数个小时在研究这个简单的比例和它的特性上。但是，黄金分割不仅仅吸引了数学家。生物学家、艺术家、音乐家、历史学家、建筑师、心理学家，甚至神秘主义者也一直在思考和讨论黄金分割普遍存在并且这么富有吸引力的原因是什么。事实上，或许公平地说，黄金分割激发了思想家的想象力，这在数学史上是绝无仅有的。

Ancient Greek mathematicians first studied what we now call the golden ratio because of its frequent appearance in geometry. The division of a line into"extreme and mean ratio" (the golden section) is important in the geometry of regular pentagrams and pentagons
 . The Greeks usually attributed discovery of this concept to Pythagoras or his followers. The regular pentagram, which has a regular pentagon inscribed within it, was the Pythagoreans' symbol.

古希腊数学家们首先研究了我们现在称之为的黄金分割，因为它频繁出现在几何体中。一条线将一个整体划分为“中末比”（黄金分割）在几何学规则的五角星形和五边形中是非常重要的。希腊人通常认为发现这个概念的人是毕达哥拉斯或者他的追随者们。规则的五角星形里有内切的正五边形，这就是毕达哥拉斯学派的符号。

Euclid's Elements (Greek: Στοιχεĩα) provides the first known written definition of what is now called the golden ratio: "A straight line is said to have been cut in extreme and mean ratio when, as the whole line is to the greater segment, so is the greater to the less." Euclid explains a construction for cutting (sectioning) a line "in extreme and mean ratio", i. e. the golden ratio. Throughout the Elements, several propositions
 (theorems in modern terminology) and their proofs employ the golden ratio. Some of these propositions show that the golden ratio is an irrational
 number.

欧几里得原理（希腊语：Στοιχεĩα）第一次以书面的形式定义了什么是现在我们称之为的黄金分割：“一条直线以中末比来将一个整体做分割，整体与较大部分之比等于较大部分与较小部分之比。”欧几里得说明了一个建筑物用一条线以“中末比”将其分割，例如黄金比例。在整个欧几里得原理中，几个命题（现代术语中的定理）的证明采用了黄金比例。其中的一些命题表明，黄金比例是一个无理数。

The name "extreme and mean ratio" was the principal term used from the 3rd century BC until about the 18th century.

从公元前3世纪到18世纪主要用“中末比”这个名字。

The modern history of the golden ratio started with Luca Pacioli's De Divina Proportion of 1509, which captured the imagination of artists, architects, scientists, and mystics with the properties, mathematical and otherwise, of the golden ratio.

现代史的黄金比例从1509年卢卡·巴乔阿勒的圣神比例论开始，黄金分割的数学特性等激发了艺术家、建筑师、科学家和神秘主义者的想象力。

Michael Maestlin, first to publish a decimal approximation of the golden ratio, in 1597.

迈克尔·马斯特林在1597年第一个公开了黄金分割的小数近似值。

The first known approximation of the (inverse) golden ratio by a decimal
 fraction, stated as "about 0.6180340" was written in 1597 by Michael Maestlin of the University of Tübingen in a letter to his former student Johannes Kepler.

黄金比例（倒数）第一个已知的近似小数值，规定为“约0.6180340”，在1597年杜本根大学的迈克尔·马斯特林在他写给他以前的一名学生约翰尼斯·开普勒的信上写了这个数值。

Since the twentieth century, the golden ratio has been represented by the Greek letter Φ or φ (phi, after Phidias, a sculptor who is said to have employed it) or less commonly by τ (tau, the first letter of the ancient Greek root τομή—meaning cut).

二十世纪以来，黄金分割一般用希腊字母Φ或φ来表示（phi，在雕塑家菲迪亚斯宣布使用这个希腊字母来代表黄金分割之后）或者有时候用字母τ来表示（tau，第一个古希腊词根τομή——切的意思）。
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 Aesthetics

美学

De Divina Proportione, a three-volume work by Luca Pacioli, was published in 1509. Pacioli, a Franciscan friar, was known mostly as a mathematician, but he was also trained and keenly
 interested in art. De Divina Proportion explored the mathematics of the golden ratio. Though it is often said that Pacioli advocated the golden ratio's application to yield pleasing, harmonious
 proportions, Livio points out that the interpretation has been traced to an error in 1799, and that Pacioli actually advocated the Vitruvian system of rational proportions.

圣神比例论，一部由卢卡·巴乔阿勒创作的三卷的作品，在1509年出版。巴乔阿勒是一名天主教方济会男修士，他是一名著名的数学家，但是他在艺术方面也接受过培训，他对艺术也非常热爱。圣神比例论探索黄金分割的数学特性。虽然人们常说，巴乔阿勒提倡黄金比例的应用来产生美感和协调的比例，而利维奥指出如果追溯到1799年前面那种说法是错误的，那个时候巴乔阿勒事实上是提倡维特鲁威系统的有理数比例的。
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 Industrial Design

工业设计

Some sources claim that the golden ratio is commonly used in everyday design, for example in the shapes of postcards
 , playing cards, posters, wide-screen televisions, photographs, and light switch plates.

有消息称，在日常设计中经常会用到黄金比例，例如明信片、扑克牌、海报、宽屏电视、照片、和灯的开关面板的形状。
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 Music

音乐

Ernő Lendvaï analyzes Béla Bartók's works as being based on two opposing systems, that of the golden ratio and the acoustic scale, though other music scholars reject that analysis. In Bartok's music for Strings, Percussion and Celesta, the xylophone progression
 occurs at the intervals 1∶2∶3∶5∶8∶5∶3∶2∶1. French composer Erik Satie used the golden ratio in several of his pieces, including Sonneries de la Rose+Croix. The golden ratio is also apparent in the organization of the sections in the music of Debussy's Reflets dans l'eau (Reflections in Water), in which "the sequence of keys is marked out by the intervals 34, 21, 13 and 8, and
 the main climax sits at the phi position."

根据艾尔诺·兰德卫的分析，巴托克·贝拉的作品是基于两个相反的系统：黄金分割和声音尺度，不过其他的音乐学者反对这个分析结果。在巴托克的弦乐、打击乐、钢片琴音乐当中，木琴以1∶2∶3∶5∶8∶5∶3∶2∶1这样的间隔比例重现。法国作曲家埃里克·萨迪在他的几部作品中都采用了黄金分割，其中就包括了他的那部《来自玫瑰和十字架的钟声》。同样法国作曲家德彪西的那部《水中倒影》各个段落的组织也采用了黄金分割，这部作品的调子的序列间隔是以34,21,13和8标识出来的，它的高潮主要就在phi （Φ）这个位置上。

The musicologist
 Roy Howat has observed that the formal boundaries of La Mer correspond exactly to the golden section. Trezise finds the intrinsic evidence"remarkable", but cautions that no written or reported evidence suggests that Debussy consciously
 sought such proportions.

音乐家罗伊·霍瓦特观察发现《大海》条理清晰的边界正好和黄金分割完全吻合。特雷齐斯发现了“不寻常”的内在证据，但是也强调说并没有书面的或者以报告形式出现的证据来表明德彪西是有意识地在寻求这个比例。

Pearl Drums positions the air vents on its Masters Premium models based on the golden ratio. The company claims that this arrangement improves bass response and has applied for a patent on this innovation
 .

珍珠鼓的风道口的定位就取决于马斯特斯高级模型，而这个模型就是基于黄金分割。该公司声称，这种设计改善了低音频响应，这种创新设计已申请专利。

Though Heinz Bohlen proposed the non-octave-repeating 833 cents scale based on combination tones, the tuning features relations based on the golden ratio. As a musical interval the ratio 1.618... is 833.090... cents.

尽管海因茨波伦提出了基于组合音调的非重复八度音阶833森特等级，但是这种音调的特点之间的关系是基于黄金分割。作为一种音程，比例1.618……表示833.090……森特。
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 Nature

自然

Adolf Zeising, whose main interests were mathematics and philosophy, found the golden ratio expressed in the arrangement of branches along the stems of plants and of veins in leaves. He extended his research to the skeletons
 of animals and the branchings of their veins and nerves, to the proportions of chemical compounds and the geometry of crystals, even to the use of proportion in artistic endeavors. In these phenomena he saw the golden ratio operating as a universal law. In connection with his scheme for golden-ratio-based human body proportions, Zeising wrote in 1854 of a universal law "in which is contained the ground-principle of all formative striving for beauty and completeness in the realms of both nature and art, and which permeates
 , as a paramount spiritual ideal, all structures, forms and proportions, whether cosmic or individual, organic or inorganic, acoustic or optical; which finds its fullest realization, however, in the human form."

阿道夫·杰森，他的主要兴趣是数学和哲学，他发现植物的枝条、茎和叶的纹理都是以黄金分割来排列的。他将他的研究扩大到研究动物的骨骼和它们的静脉和神经，他还研究化合物的比例以及晶体几何形状的比例，他甚至尝试将黄金分割应用于艺术。在这些现象中他发现黄金分割的使用是一个普遍的规律。结合了他基于黄金分割的人体比例的预测，1854年杰森在他的一篇文章中写了一个普遍规律“在自然界和艺术界所有包含了图形背景原则的构成要素，对漂亮和完美的追求都充斥于各种建筑、形式和比例中，无论是宇宙中自然存在的还是人为的，有机的还是无机的，听觉上的还是视觉上的；一种物体无论怎么去找它最充分的表现形式，最终都是以具有人类特征的表现方式来呈现。”

In 2010, the journal Science reported that the golden ratio is present at the atomic scale in the magnetic resonance of spins in cobalt niobate crystals
 .

2010年，《科学》杂志上报道说，黄金分割存在于以原子尺度的磁共振的旋转的铌酸钴晶体里。

Several researchers have proposed connections between the golden ratio and human genome DNA.

一些研究者还提出将黄金分割和人类基因组DNA联系起来。

However, some have argued that many of the apparent manifestations of the golden mean in nature, especially in regard to animal dimensions, are in fact fictitious.

然而，一些人认为自然界中存在的许多明显的黄金分割，尤其是关于动物尺寸的论点，实际上是虚假的。
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 单词注解
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☻divine
 ［dɪˈvaɪn］
 adj. 神圣的；非凡的；天赐的；极好的

☻mathematics
 ［ˌmæθəˈmætɪks］
 n. 数学；数学运算

☻proportion
 ［prəʊˈpɔːʃən］
 vt. 使成比例；使均衡；分摊

☻dimension
 ［dɪˈmenʃən］
 n. 维；尺寸；次元；容积

☻ubiquity
 ［juːˈbɪkwətɪ］
 n. 普遍存在；到处存在

☻pentagon
 ［ˈpentəɡən］
 n. 五角形

☻proposition
 ［ˌprɒpəˈzɪʃən］
 n. 命题；提议；议题

☻irrational
 ［ɪˈræʃənəl］
 n. 无理数

☻decimal
 ［ˈdesɪməl］
 adj. 小数的；十进位的

☻keenly
 ［ˈkiːnlɪ］
 adv. 敏锐地；强烈地；锐利地

☻harmonious
 ［hɑːˈməʊnjəs］
 adj. 和谐的，和睦的

☻postcard
 ［ˈpəʊstkaːd］
 n. 明信片

☻progression
 ［prəʊˈɡreʃən］
 n. 前进；连续

☻musicologist
 ［ˌmjuːzɪˈkɒlədʒɪst］
 n. 音乐学者，音乐理论家

☻consciously
 ［ˈkɒnʃəslɪ］
 adv. 自觉地；有意识地

☻innovation
 ［ˌɪnəʊˈveɪʃən］
 n. 创新，革新；新方法

☻skeleton
 ［ˈskelɪtən］
 n. 骨架，骨骼；纲要；骨瘦如柴的人

☻permeate
 ［ˈpɜːmɪeɪt］
 vi. 弥漫；透入；散布

☻crystal
 ［ˈkrɪstəl］
 n. 结晶，晶体；水晶；水晶饰品
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 句子讲解

1．Mathematicians since Euclid have studied the properties of the golden ratio, including its appearance in the dimensions of a regular pentagon and in a golden rectangle, which can be cut into
 a square and a smaller rectangle with the same aspect ratio.





文中的cut into是英语中一个固定搭配，在文中是“切成，割成；锯成”的意思，比如：Cut potatoes into dice. 把马铃薯切成小方块。有时，该搭配还能表达“切入，割入，砍入”的意思，比如：He cut his name into the bark with his knife. 他用小刀把自己的名字刻在树皮上。此外，该搭配还有“插嘴，打断；减少；从…中占去时间”的意思，比如：She cut into our conversation several times. 她几次打断我们的谈话。


翻译：
 欧几里德那个时代的数学家们就研究了黄金分割的属性：其中包括正五边形和一个黄金比例矩形的尺寸，这个黄金比例矩形可以被分割成一个正方形和一个较小的矩形，而被分割出来的较小的矩形的长宽比也是黄金分割比。





2．The golden ratio is also apparent in the organization of the sections in the music of Debussy's Reflets dans l'eau (Reflections in Water), in which "the sequence of keys is marked out
 by the intervals 34, 21, 13 and 8, and the main climax sits at the phi position."





文中的mark out是英语中一个固定搭配，在文中是“制定出，规划出”的意思，比如：The directions of urban development have been marked out. 城市发展的规划已制定出来了。该搭配还有“画线标出界限范围；除，勾销，划掉”的意思，比如：I marked out an item in the list. 我从清单上划掉了一个项目。另外，该搭配常用于被动语态中，与介词for, as连用，表达“事先选定，看中，注定，勾出”的意思，比如：One of the graduate entry has been marked out as "likely to succeed". 报考的研究生中有一个人事先被看中为“可能成功的人”。


翻译：
 同样法国作曲家德彪西的那部《水中倒影》各个段落的组织也采用了黄金分割，这部作品的调子的序列间隔是以34,21,13和8标识出来的，它的高潮主要就在phi（Φ）这个位置上。





Gravitational Force 万有引力
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我们都知道牛顿从苹果落地中发现了万有引力定律的故事，故事不一定是真的，但的确是牛顿发现了万有引力定律。在牛顿之前，人们已经知道有两种“力”：地面上的物体都受重力的作用，天上的月球和地球之间以及行星和太阳之间都存在引力。这两种力究竟是性质不同的两种力？还是同一种力的不同表现？

牛顿经过了整整七个春秋寒暑，到他30岁时终于把举世闻名的“万有引力定律”全面证明出来，奠定了理论天文学、天体力学的基础。万有引力定律的发现，宣告了天上地面的万物都遵循同一规律运动，彻底否定了亚里士多德以来宗教势力宣扬的天上地下不同的思想，这是人类认识史上的一次飞跃。
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Newton's law of universal gravitation （万有引力定律） states that every point mass in the universe attracts every other point mass with a force that is directly proportional to the product of their masses and inversely proportional to the square of the distance between them. (Separately it was shown that large spherically symmetrical
 masses attract and are attracted as if all their mass were concentrated at their centers.) This is a general physical law derived from empirical observations by what Newton called induction. It is a part of classical mechanics and was formulated in Newton's work Philosophiæ Naturalis Principia Mathematica ("the Principia"), first published on 5 July 1687. (When Newton's book was presented in 1686 to the Royal Society, Robert Hooke made a claim that Newton had obtained the inverse square law from him.) In modern language, the law states the following:

Every point mass attracts every single other point mass by a force pointing along the line intersecting both points. The force is proportional to the product of the two masses and inversely proportional to the square of the distance between them:

牛顿的万有引力定律指出，宇宙中每个质点吸引其他质点，引力与它们的质量直接成正比，与它们之间距离的平方成反比。（它表现为大型质量均匀的球体分别吸引其他球体或者被吸引，这里假设球体质量都集中在球体中心。）这是一个源自经验观测，被牛顿称为“感应”的一般物理定律。这个定律是经典力学的一部分，此定律也被牛顿在他那本出版于1687年7月5日的著作——《自然哲学的数学原理》中论证过。（当牛顿的书在1686年出现在英国皇家学会的时候，罗伯特·虎克声称牛顿的平方反比定律是从他那里获得的。）用现代语言来描述，这一定律的规定如下：

每个质点通过连心线方向上的力和另外一个质点相互吸引。它们之间的相互作用力和两个物体的质量的乘积成正比，和它们之间的距离的平方成反比：





where:

F is the force between the masses;

G is the gravitational constant;

m1
 is the first mass;

m2
 is the second mass, and

r is the distance between the centers of the masses.





[image: alt]


其中：

F代表两个质点之间的引力；

G代表万有引力常量；

m1
 代表第一个物体的质量；

m2
 代表第二个物体的质量；

r代表两个质点之间的中心距离。





Assuming SI units, F is measured in newtons (N), m1
 and m2
 in kilograms (kg), r in meters (m), and the constant G is approximately equal to 6.674×10-11
 Nm2
 kg-2
 . The value of the constant G was first accurately determined from the results of the Cavendish experiment conducted by the British scientist Henry Cavendish in 1798, although Cavendish did not himself calculate a numerical value for G. This experiment was also the first test of Newton's theory of gravitation between masses in the laboratory. It took place 111 years after the publication of Newton's Principia and 71 years after Newton's death, so none of Newton's calculations could use the value of G; instead he could only calculate a force relative to another force.

假设使用国际单位，F单位用牛顿（N），m1
 和m2
 单位用千克（kg），r单位用米（m），万有引力常量G大约等于6.674×10-11
 Nm2
 kg-2
 。万有引力常量G首次被精确地计算出来是取决于1798年由英国科学家亨利·卡文迪斯指挥进行的卡文迪斯实验的结果，尽管卡文迪斯本人没有亲自计算出万有引力常量G的数值。这个实验也是第一个在实验室进行的测试牛顿的两个质点之间万有引力理论的实验。这个实验是在牛顿万有引力原理公开后111年，也就是牛顿去世71年后才开展的。因此牛顿所有的计算都没有用万有引力常量G；相反他只能计算出一个作用力相对于另外一个作用力的大小。

Newton's law of gravitation resembles Coulomb's law of electrical forces, which is used to calculate the magnitude
 of electrical force between two charged bodies. Both are inverse-square laws, in which force is inversely proportional to the square of the distance between the bodies. Coulomb's Law has the product of two charges in place of the product of the masses, and the electrostatic
 constant in place of the gravitational constant.


牛顿的万有引力定律和库仑电动力定律非常相似，库仑电动力定律是用来计算两个带电体之间电动力大小的定律。这两个定律都是反平方定律，两个物体之间产生的相互作用力都和它们的距离的平方成反比。库仑定律和牛顿万有引力定律的区别在于前者是关于两个带电体之间的相互作用力而后者是关于两个质点之间的相互作用力，前者用的是静电常数，后者用的是万有引力常数。

Newton's law has since been superseded by Einstein's theory of general relativity, but it continues to be used as an excellent approximation of the effects of gravity. Relativity is required only when there is a need for extreme precision, or when dealing with gravitation for extremely massive and dense objects.

虽然牛顿定律已经被爱因斯坦的相对论所取代，但对于准确地估算地球重力，牛顿定律依然得到沿用。而相对论仅仅适用于对精度要求非常高的场合，或者计算对象是非常重而且密度非常大的物体的重力时。
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 Theoretical Concerns with Newton's Theory

牛顿理论的推理

There is no immediate prospect of identifying the mediator of gravity. Attempts by physicists to identify the relationship between the gravitational force and other known fundamental forces are not yet resolved, although considerable headway has been made over the last 50 years. Newton himself felt that the concept of an inexplicable
 action at a distance was unsatisfactory,
 but that there was nothing more that he could do at the time.


到现在为止，两个重力之间还没有直接的作用介质。物理学家试图确定重力与其他基础作用力之间关系的研究仍未解决。尽管这些研究在过去的50年间获得了长足的进步。牛顿觉得难以解释的超距作用的概念是无法令人满意的，但是在那个时候他也没办法做得更多。

Newton's Theory of Gravitation requires that the gravitational force be transmitted instantaneously.
 Given the classical assumptions of the nature of space and time before the development of General Relativity, a significant propagation
 delay in gravity leads to unstable planetary and stellar orbits.

牛顿的万有引力理论要求重力的传输是在瞬间完成的。在广义相对论发展之前，考虑到经典假设中的空间特性和时间特性，重力存在着明显的传播延迟，这导致了行星和恒星轨道的不稳定。
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 Observations Conflicting with Newton's Theory

实际观察结果和牛顿的理论有冲突

Newton's Theory does not fully explain the precession of the perihelion
 of the orbits of the planets, especially of planet Mercury, which was detected long after the life of Newton. There is a 43 arcsecond per century discrepancy between the Newtonian calculation, which arises only from the gravitational attractions from the other planets, and the observed precession
 , made with advanced telescopes during the 19th Century.

牛顿的理论不能完全解释在近日点转动的行星的轨迹，尤其是水星的轨迹，在牛顿去世很久后实际观测结果与其推测的不符。实际观测结果与牛顿计算出来的结果每百年相差43弧秒。这个结果是在19世纪用先进的天文望远镜观测到的，人们观测了行星的旋进。这个结论只是出现在与其他行星仅仅只有万有引力作用下的行星上。

The predicted angular deflection of light rays by gravity that is calculated by using Newton's Theory is only one-half of the deflection that is actually observed by astronomers. Calculations using General Relativity are in much closer agreement with the astronomical observations.

通过用牛顿的理论计算出来的光线角偏离度，仅仅只有天文学家们实际测量值的一半。通过用广义相对论计算出来的值，则和天文观测值比较接近。

The observed fact that the gravitational mass and the inertial mass （惯性质量） is the same for all objects is unexplained within Newton's Theories. General Relativity takes this as a basic principle. In point of fact, the experiments of Galileo Galilei, decades before Newton, established that objects that have the same air or fluid resistance are accelerated by the force of the Earth's gravity equally, regardless of their different inertial masses. Yet, the forces and energies that are required to accelerate various masses is completely dependent upon their different inertial masses, as can be seen from Newton's Second Law of Motion, F = ma.

我们还发现了一个事实：引力质量和惯性质量对于所有的物体来说都是相等的，这用牛顿的理论是无法解释的。而广义相对论则把这条作为基本原理。事实上，比牛顿早几十年，伽利略做的实验就已经确定了具有相同空气阻力和流体阻力的物体受到地球引力的加速作用是相同的，而和物体的惯性质量是无关的。然而，用来给各种物质加速的力和能量就完全取决于它们的惯性质量，可以参照牛顿第二运动定律，F＝ma．

The problem is that Newton's Theories and his mathematical formulas explain and permit the (inaccurate) calculation
 of the effects of the precession of the perihelion of the orbits and the deflection of light rays. However, they did not and could not explain the equivalence of the behavior of various masses under the influence of gravity, independent of the quantities of matter involved.

问题是，牛顿的理论和他的数学公式解释和认可了受近日点轨道的旋进和光线偏折的影响的计算结果（是不正确的）。然而，它们没有也解释不了在地球引力的作用下，不同质量的物质却有着相同的行为，和物质的质量完全无关。
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 Newton's Reservations

牛顿的保留意见

While Newton was able to formulate his law of gravity in his monumental
 work, he was deeply uncomfortable with the notion of "action at a distance" which his equations implied. In 1692, in his third letter to Bentley, he wrote: "That one body may act upon another at a distance through a vacuum without the mediation of anything else, by and through which their action and force may be conveyed from one another, is to me so great an absurdity
 that, I believe, no man who has in philosophic matters a competent faculty of thinking could ever fall into it."

虽然牛顿可以将他的万有引力定律写进他的丰碑，但是对于方程中隐含的“超距作用”这个概念深感不安。1692年，在给宾利的第三封信中他写道：“一个物体在真空没有任何介质的环境下和另外一个物体在一定距离处发生相互作用，他们的相互作用和力会通过什么从一个物体传递到另外一个物体，这个结果对我来说太荒谬了，我相信，任何一个具有哲学头脑的学者都有足够能力考虑到这一点，都不会这样想。”

He never, in his words, "assigned the cause of this power". In all other cases, he used the phenomenon of motion to explain the origin of various forces acting on bodies, but in the case of gravity, he was unable to experimentally identify the motion that produces the force of gravity (although he invented two mechanical hypotheses in 1675 and 1717). Moreover, he refused to even offer a hypothesis as to the cause of this force on grounds that to do so was contrary to sound science. He lamented that "philosophers have hitherto
 attempted the search of nature in vain for the source of the gravitational force", as he was convinced "by many reasons" that there were "causes hitherto unknown" that were fundamental to all the "phenomena of nature". These fundamental phenomena are still under investigation and, though hypotheses
 abound, the definitive answer has yet to be found. And in Newton's 1713 General Scholium in the second edition of Principia: "I have not yet been able to discover the cause of these properties of gravity from phenomena and I feign no hypothese... It is enough that gravity does really exist and acts according to the laws I have explained, and that it abundantly serves to account for all the motions of celestial bodies."
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