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              Superconductivity: it gets the current flowing                                                                                                             
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Module 11
Lesson 2 

1 Look at the list of Nobel Laureates in Superconductivity and match them with the photos.
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4____________________              5______________________                6__________________
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7___________________                    8____________________              9_____________________

1 Heike Kamerlingh Onnes                      2 Pyotr L. Kapitsa                        3 Lev Landau      
 4 Vitalij Ginzburg                                    5 Leon Cooper                             6 John Schrieffer          
 7 John Bardeen                                       8 Brian David Josephson            9 Alexei Abrikosov
2 Complete the sentences with the proper names of the Nobel Laureates in Superconductivity. 

    P.Kapitsa   J. Bardeen    K.Onnes    L. Cooper    L.Landau    V. Ginzburg     J.Schrieffer
1 The era of low-temperature physics began in 1908 when the Dutch physicist _____________first liquefied helium which boils at 4.2 K at standard pressure.  
2 The BCS theory named after_________ ___________ __________ is the first microscopic theory of superconductivity since the discovery in 1911. They received the Nobel prize in Physics for this theory in 1972.

3 In 1932, the Royal Society Mond Laboratory* was created specially for _________. By 1934 he had developed there “an ingenious device for liquefying helium in large quantities – a pre-requisite for the great progress in low- temperature physics.”
4 In 1950_________ and ______published a phenomenological theory for superconductivity, wherein the order parameter introduced by ________to describe phase transitions is identified as a scalar wave function. According to this theory the properties of superconductors depend on a dimensionless material constant- now known as ________– ________ constant.
5 You have to be brilliant to win a Nobel Prize in Physics. But imagine how amazingly brilliant you need to be to scoop two of these prizes. That was the achievement of American physicist _________. He won his first prize in 1956 (with Brattan and Shockley) for inventing the transistor.
But he won a second prize almost three decades later, in 1972 (with Cooper and Schrieffer), for developing the best theory we currently have of how superconductors work.
*Royal Society Mond Laboratory – Laboratory for Studying Liquid Hydrogen, Cambridge, England.
3 Complete the sentences with the correct dates. 

         2003             1972           1962          1913            1973             1978

1 In … Heike Kamerling Onnes received the Nobel Prize in Physics “for his investigations on the properties of matter at low temperatures, which led to the production of liquid helium and the discovery of superconductivity.

2 In … Lev Landau received the Nobel Prize in Physics “for his pioneering theories for condensed matter, specially liquid helium.

3 In … John Bardeen, Leon Cooper and John Shrieffer received the Nobel Prize in Physics “for the jointly developed theory of superconductivity, usually called the BCS theory.

4 In … Brian David Josephson received one half of the Nobel Prize in Physics “for his theoretical predictions of the properties of a current through tunnel barrier, in particular those phenomena which are generally known as the Josephson Effects.”

5 In …  Pyotr Kapitsa received one half of the Nobel Prize in Physics “for his basic inventions and discoveries in the area of low temperature physics, which included the discovery of superfluidity in helium.”
6 In … Alexei Abrokosov and Vitalij Ginzburg received the Nobel Prize in Physics “for pioneering contributions to the theory of superconductors and superfluids.”

4 Choose one scientist you like most and write several sentences about their discoveries and research work. Search the Internet if necessary.  
5 Work in pairs. Ask and answer the questions about Nobel Laureates in Superconductivity.
  Student A: Do you remember when Onnes received the Nobel Prize in Physics?

  Student B: I suppose it happened in 1913.
  Student A; What did he get it for?
  Student B: Well, I think for the discovery of superconductivity.
6 Read the information and prepare to talk about this important discovery. Present your talk to other students in your group. Listeners: make notes of questions to ask them at the end.
    Why and how did Kamerlingh Onnes discover superconductivity?
At the beginning of the 20th century, K. Onnes wanted to measure and understand the properties of metals at very low temperatures. Until then, we only knew that the resistance in a metal progressively drops when the temperature is decreased. But what would happen if we cooled the metal to absolute zero? Would the resistance continue to slowly decrease, would it reach an absolute minimum or would it approach an infinite value? 
The first measurements showed a saturation to a minimum of resistance, but this limit seemed to depend on the purity of the metal. This is the reason why Onnes decided to measure a metal he knew how to purify: mercury.
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On April 8th 1911 Onnes discovered to his own amazement that below 4.2 K the resistance of mercury suddenly dropped to zero!                                                           
                                                                 
                                                                     .

                                                                    These words in Dutch Kwik nagenoeg nul were found in
                                                                     Onnes’s notebook. They were written on April 8th 1911.
                                                                     In English it means the resistance of mercury is zero.





This experiment can be repeated showing a very sudden drop which is completely unexpected. This happens as if the metal electrons suddenly started to move forward with nothing to slow them down.
K.Onnes called this phenomenon of perfect conductivity – superconductivity.
In the same experiment, he also observed the superfluid transition of helium at 2.2 K., without recognizing its significance. The precise date and the circumstances of the discovery were only reconstructed a century later, when Onnes’s notebook was found. In subsequent decades, superconductivity was observed in several other materials. In 1913 lead was found to superconduct at 7 K, in 1941 niobium nitride (нитрид ниобия) was found to superconduct at 16 K 
Subsequent tests of tin and lead showed that superconductivity was a property of numerous metals if they were cooled sufficiently.

Although superconductivity remained an esoteric scientific research area during his lifetime, Onnes firmly believed that the resistance-free current would eventually allow for the creation of many practical devices. 
7 Watch the video “What is a superconductor – Magic Marks” and complete these dialogues. 
 Student A: What is meant by the critical current density when we speak about superconductors?
 Student B: I suppose it is current density above which…     
 Student A: What does the critical current density depend on?
 Student B; As far as I remember it depends on…
 Student A; You know, some conditions can break the superconductivity of a material. What are they?
 Student B:  They mentioned three conditions: a)…     b)…   c)…
 Student A: Could you explain the term the critical temperature for a superconductor?
 Student B I think it is the temperature at which...             
8 Complete each figure with the correct term.
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   Cooper pairs                                         The Meissner effect                The Josephson effect
     





   Fig. 1 __________                              Fig 2 ____________                      Fig.3 __________
9 Read the description of the phenomenon and complete the sentences with the correct terms.
BCS theory   The Josephson effect   Cooper pair   The Meissner effect   Josephson junction/current
1 _____  ____, the expulsion (вытеснение) of a magnetic field from the interior of a material that is in the process of becoming a superconductor, that is losing its resistance to the flow of electrical currents when cooled below a certain temperature, usually close to absolute zero.
2 The central feature of the ______ ____is that two electrons in the superconductor are able to form a bound called a _____ ________ if they somehow experience an attractive interaction. 
3 ______ _____, flow of electric current between two pieces of superconducting material separated by a thin layer of insulating material. This arrangement – two superconductors linked by a non-conducting barrier- is known as a_____ ______, the current that crosses the barrier is the____  _____ 
10 Complete the sentences with the correct names of the scientists.
 1 The Meissner effect, a property of all superconductors, was discovered by the German physicists ____________ and___________ 

 2 The BCS theory, the first microscopic theory of superconductivity since the discovery in1911 is named after ________, __________, and ____________.
 3_________ had discovered that electrons in a superconductor are grouped in pairs, now called Cooper pairs, and that the motions of all of the Cooper pairs within a single superconductor are correlated; they constitute a system that functions as a single entity.
11 Watch the video Meissner effect and answer the questions. Then describe the experiment

    Useful notes 
    Yttrium barium copper oxide (YBCO) – широко применяемый высокотемпературный

    сверхпроводник оксид иттрия-бария-меди. Он является первым полученным 

    сверхпроводником с критической температурой  больше 77К (Тк=92К)
    moisture  - влага

    fragile      - хрупкий
    levitate    - парить в воздухе
   1 What was used as a superconducting sample in the experiment?
   2 Why shouldn’t you touch the superconductor with your hands?

   3 What was put on top of the superconductor?

   4 What was liquid nitrogen used for?
   5 What happened with the magnet?    
12 Translate these sentences into English.
1 Эффект Джозефсона это явление протекания сверхпроводящего тока через  тонкий слой диэлектрика, разделяющий два сверхпроводника. Такой ток называют током Джозефсона,
      а такое соединение сверхпроводников контактом Джозефсона. 
2 Эффект Мейснера заключается в том, что постоянное не слишком сильное магнитное поле выталкивается из сверхпроводящего магнитного образца. В толще сверхпроводника   магнитное поле ослабляется до нуля.  
3  Как представлял себе Купер, между двумя электронами существует притяжение, которое
       должно приводить к образованию связанных пар. Такие пары стали называть куперовскими
        Study the table.
Complex Subject
Подлежащее                  +                     Сказуемое                       +                     Infinitive
	становится подлежащим  
	глагол – характеристика, обычно в Passive, выносится вперед, образует главное предложение
	становится сказуемым 


придаточного предложения

	1. He is said to be a good engineer.
	Говорят, что он хороший инженер.

	2. They happened to have met us there.
	Случилось, что они встретили нас там.

	3. This process was expected to be more effective.
	Ожидалось, что этот процесс более эффективный.


*For more information see Grammar reference on page 27
13 Find Complex Subject in the sentences below
1They are known to do their work well
2 This method is believed to have given good results.
3 The phenomenon of superconductivity appears to have been discovered as early as 1911.

4 Superconductors are likely to find applications we don’t even think of at present.
5 The latest achievements in the field of superconductivity are certain to make a revolution in technology.

6 He is sure to become a good specialist in this field.

7 He is likely to come to the party.
8 They are said to have gone to work to London.
14 Put the words in the correct order to make sentences.
1 method/ to be/ very/ This/ useful/ proved
2 The/ soon/ is/ to be over/ experiment/ expected
3 The/ to take/ students/ supposed/ into account/ phenomena/ are/ these
4 scientist/ to make/ was expected/ about/ The/ a report/ discoveries/ his/ new
5 valuable/ This/ found/ element/ to possess/ was/ properties
6 method/ The/ to be/ interest/ some/ appears/ of
7 Our/ is likely/ to take part/ professor/ in/ discussion/ this
8 very/ to work/ They/ hard/ seem 
        15 Choose the correct alternative to complete the sentences.

1 The engineer expects him … in the laboratory earlier tomorrow to do some urgent work.

            a    be                             b   to be                        c   will be

2 They expect you … the books promptly
            a   to deliver                   b   deliver                     c   delivers

3 I want you… us of the contract terms.
            a   inform                       b   be informed             c   to inform

4 The scientist appears … a very interesting phenomenon,

            a   have discovered        b   to have discovered   c   discovered

5 The young engineer proved … a good specialist.

            a   is                               b   to be                         c   be

6 We would like the prices … within 10 days from the date of this letter.
            a   valid                          b   to be valid                c   will be valid  

        16 Choose the correct alternative of the translation
        1He wanted his text to be written in English.

   a) Он хотел написать текст на английском языке.
   в) Он хотел, чтобы текст был написан на английском языке.
   с) Ему нужен текс, написанный на английском языке. 
        2 These students are known to have passed all exams successfully.
           а) Известные студенты сдали все экзамены успешно.

           в) Известно, что студенты сдали экзамены успешно.

           с) Очевидно, что все студенты сдадут экзамены успешно.
       3 We believe his conclusion to be wrong. 

          a) Мы верим ему, что заключение ошибочно.
          b) Мы считаем, что его заключение ошибочно.
          с) Мы верим его заключению, что это неверно.
       17 Correct the mistake in each sentence.
1 This information said to be very important.
2 Before the race any driver sure to fuel his car.

3 Young specialists known to be professionals in their field.

4 She seemed have been very tired.
        5 They seemed to forgotten him.

        6 The work proved be useful.

        7 The conference supposed to begin at twelve.

        8 I’m likely be busy in the evening.
       18 Translate the sentences into English.
       1 Говорят, что она знает много иностранных языков.

       2 Говорят, что Mr Smith хороший специалист в области машиностроения.

       3 Известно, что лазер широко применяется в медицине.

       4 Сообщается, что делегация уже покинула страну

       5 Он, вероятно, придёт позже.
       6 Его несомненно об этом спросят

       7 Ожидают, что он даст нам ответ завтра.
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