Focus 4.   Investigations into the electrical properties of particular metals at different temperatures led to the identification of superconductivity and exploration of possible applications
*The general formula sheet contains equations you may need

Part A:   Multiple choice questions   ( select the most correct answer )

1a.   X-rays have wavelengths

A. greater than light

B. about the same as light

C. about the same as radio waves

D.   much shorter than light

b.   Examine the following properties of certain waves


1. they penetrate matter easily 

2. the wavelengths are about equal to the spacing between atoms in crystals

3. they travel at the speed of sound

4. they easily bounce off the surface of solids

5. they enhance the conductivity of the substance

6. they are less energetic than light particles

7. they are safer to operate around than light and radio waves

Which of the above properties makes X-rays particularly useful for examining the properties of matter?

A. 1 and 2

B. 1, 2, and 4

C. 2, 5, and 6

D. 1, 3, 4, 5, 6 and 7

c.   William Bragg and his son Lawrence studied crystals using X-rays. They determined the mathematical formula:






n λ   =   d sin θ


This formula allowed them to

A. determine the number of electrons in an atom

B. calculate the mass of atoms

C. work out the charge on an electron

D. determine the internal arrangement of atoms in crystals

2a.   Metals

A.   are crystals with infinite arrays 

B.   are noncrystalline infinite arrays

C.   are made up from molecular crystals

D.   only contain crystals when very cold

b.   Which of the following substances will have the lowest internal electrical resistance?

A. Lead

B. Carbon

C. Gallium

D. Sulphur

c.   The electrons that drift through metals

A. come from the inner shells closer to the nucleus

B. occur in pairs at room temperature to move more efficiently

C. are derived from the valence level of the metal atoms

D. have zero resistance at room temperature

3a.   Mobile electrons in conductors are constantly on the move. Which of the following statements is most correct?

A. Mobile electron speed is greater than the speed of light

B. Mobile electrons are always heading in one direction together

C. The electrons are randomly moving unless in a field

D. Atoms are constantly producing new electrons to keep a steady flow of electrons going in the conductor

b.   The influence of an electrical current in a conductor travels at approximately

A.  2.0 x 104 m/s 

B.  6.0 x 108 m/s

C.  2.0 x 104 km/s

D.   the speed of light

c.   

1. drift velocity

2. electron density

3. cross sectional area of the conductor

4. electronic charge



5.   length of the conductor

Which of the above items does the current depend on?

A.   1, 3 and 5

A. 1, 2, 3 and 4

B. 2, 3, 4 and 5

C. 3, 4 and 5

4a.   As the temperature of a metal conductor increases

A. the electrical resistance increases

B. the electrical resistance decreases

C. the electrical resistance is not effected

D. current is increased due to a thermal effect

b.   When the pathway of an electron is impeded in the lattice of a conductor

A. energy is released in the form of heat

B. the electrical current is increased

C. the resistance in the circuit is reduced

D. the drift velocity is increased to overcome the effect

c.   When electrons move through a conductor they often collide with

A. the positive ions of the conductor

B. neutrons

C. protons

D. other electrons and impurities

5a.   

  Resistance






Temperature


What type of substance would this type of graph represent?

A. Nonmetal

B. Metal

C. Semiconductor

D.   Superconductor


b.   

  Resistance 







Temperature


What type of substance would this graph represent?

A.   Nonmetal

B.   Metal

C.   Semiconductor

D.    Superconductor

c.   Some ceramics are superconductors at certain low temperatures. This means that

A. the electrons can pass with no energy loss

B. the ceramic material has a high natural voltage

C. there will be a very large resistance to keep the current a maximum

D. they will all need to be kept between 1 and 5 K to be effective superconductors.

6a.   A superconductor

A. usually requires a low temperature

B. usually requires a high temperature

C. can only be made from metals

D. requires large electric fields to operate

b.   Which of the following statements best describes the reason for superconductivity in some substances?

A. Electrons and atoms in the crystal structure interact to cause more collisions

B. The natural voltage pulls the electrons along the conductor more efficiently

C. Electrons pair together to produce a lower energy state for the trip through the conductor

D. Protons break away and escort electrons with zero energy through the circuit

c.   The following is a list of some possible properties of high temperature superconductors. Some maybe incorrect.


1. Hard to produce

2. Only made from metals

3. Not very ductile

4. Can be brittle or easily broken

5. Can be chemically reactive or unstable

6. Poor conductors of electrons

Which of the above properties would be considered as correct limitations to modern high temperature superconductors.

A. 3, 5 and 6

B. 1, 2, 3, 4 and 5

C. 1, 3, 4 and 5

D. 2, 3, 4 and 5

Part B:   Short Answer Questions

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when
1


a.   Draw a diagram showing what happens when these two waves pass each other in phase



b.   Draw a diagram of the interference pattern when the above two waves are out of phase with each other.



c.   Outline how William and Lawrence Bragg used the properties of X-rays to discover the internal properties of matter. List the properties of X-rays that allowed them to carry out these investigations. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   What is a crystal? ____________________________________________________________________

b.   What type of internal structure do metals have? ________________________________________________________________________________________________________________________________________

c.   Why are metals able to conduct electricity? ____________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   What is an electron? ____________________________________________________________________

b.   What is electrical current? ________________________________________________________________________________________________________________________________________

c.   What factors determine the amount of current in a conductor? ____________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   What is a crystal lattice? ____________________________________________________________________

b.   What is electrical resistance? ________________________________________________________________________________________________________________________________________

c.   Describe what happens to electrons as their path is impeded in a conductor. What type of things impede the pathway? ____________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   Name a substance that can be made into a superconductor. ____________________________________________________________________

b.   Compare the electrical properties of a superconductor to a normal copper wire conducting a current. ________________________________________________________________________________________________________________________________________

c.   Describe the latest theory on the reason for some substances exhibiting superconductivity. ____________________________________________________________________________________________________________________________________________________________________________________________________________

6a.   At what temperatures do substances exhibit superconductivity? ____________________________________________________________________

b.   Describe two possible future uses for superconductors. 1.__________________________________________________________________2.__________________________________________________________________

c.   There are some major limitations on the realistic uses of superconductors in society at this stage. Describe two properties of superconductors that are limiting their use today. ____________________________________________________________________________________________________________________________________________________________________________________________________________

Part C:   Compulsory Practicals and Research Activities

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when needed

1a.   Name three electrical conductors. ____________________________________________________________________

b.   What causes electrical resistance in a conductor? ________________________________________________________________________________________________________________________________________

c.   Describe an activity you carried out that investigated the heating effect of a current in a range of conductors. ____________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   What is a superconductor? ____________________________________________________________________

b.   Describe two properties of superconductors. 1.__________________________________________________________________2.__________________________________________________________________

c.   From your investigations, describe several types of superconductors including low and high temperature versions. ____________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   What happens when two north poles from different magnets are brought together? ____________________________________________________________________

b.   What is magnetic levitation? ________________________________________________________________________________________________________________________________________

c.   What causes magnetic levitation (the Meissner effect)? ____________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   What does “Maglev” stand for in the proposed new transport systems? ____________________________________________________________________

b.   Why is a “Maglev” system being investigated for transport systems? ________________________________________________________________________________________________________________________________________

c.   How would the “Maglev” system work? ____________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   Name one application of a superconducting material in use in society today. ____________________________________________________________________

b.   Describe some possible future uses for superconducting technology. ____________________________________________________________________________________________________________________________________________________________________________________________________________

c.   What are some of the current problems with superconductors that are currently limiting their general use in society? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

Focus 4   Answers

Part A


a
b
c

1.
D
A
D

2.
A
A
C

3.
C
D
C

4.
A
A
D

5.
C
D
A

6.
A
C
C

Part B


1a.   






Double amplitude






b.   







Cancellation


c.   X-rays can penetrate matter and have a wavelength about the same as the distance between atoms in a crystal. This means that the atomic layers could be used as a diffraction grating to produce interference patterns as a result of reflecting from the surfaces of the crystals. The patterns indicate the internal arrangement of the atoms in the crystal.

2a.   A crystal is a regular arrangement of atoms that in turn determines the external shape.

b.   An infinite array of metallic atoms forming groups of crystals.

c.   They have valence electrons in their outer shell which are released when the metal atoms bond in the crystal. There is very little resistance between the valence band and the conducting band (because they overlap) so the electrons can drift from atom to atom easily.

3a.   A small negative charge (1/1800th the mass of a neutron) found in the shells surrounding atomic nuclei.

b.   Current is the flow of electrons in a conductor. Rated as the number of charges passing a particular spot per second (units in amps).

c.   The factors determining the amount of current include:

1. drift velocity

2. the cross sectional area of the conductor

3. charge present

4. density of the electrons

4a.   A regular arrangement of atoms ie crystals

b.   Electrical resistance is a type of force that restricts the free movement of electrons in a circuit.

c.   Electron movement is impeded in a conductor by impurities, imperfections and the size of the gap between the valence band and the conductive band. When their path is impeded they tend to vibrate more causing the conductor to heat up, further increasing resistance if the conductor is a metal.

5a.   Lead, mercury, tin and a range of interesting ceramics and complex oxides.

b.   A superconductor at the correct temperature has virtually zero electrical resistance. The copper will have its normal internal resistance.

c.   At the low superconductor temperatures the electrons pair up and distort the surrounding lattice reducing the number of collisions, hence zero resistance.

6a.   Very low, usually below 130 K.

b.    1.   Magnetic levitation for transport systems.


2.   Electrical transmission with low or zero resistance.


3.   High speed computers.


4.   High currents in the magnetic field devices in fusion reactors of the future

c.    1.   The low temperature needed for superconductivity.


2.   High temperature superconductors, ie the ceramic group, are hard to manufacture into useful forms like wires.


3.   Some are chemically unstable.

Part C

1a.   Any metal, semimetal (poorly) and graphite.

b.   The restriction of electron movement by collisions with imperfections and impurities. Also, the energy difference between the valence band and the conduction band.

c.   One way would be to place a range of current carrying wires made up from different metals, one after the other, into a well insulated cup of water. The increase in water temperature in each case would be a measure of metal resistance. Care would need to be taken to control the variables.

2a.   A substance that has virtually zero resistance to current.

b.    1.   Zero electrical resistance


2.   Can carry much larger currents than normal conductors


3.   Magnetic fields don’t penetrate the material.

c.   Low temperature:   Mercury  (superconductor at 4.2 K)


High temperature:   HgBa2Ca2Cu3O8 (superconductor at 134 K)

3a.   The north poles repel each other.

b.   This is the suspension (repulsion) of a magnet above a superconductor.

c.   The external magnetic field produces a current in the superconductor, which in turn forms a complementary and opposite field that exactly balances out the external one. Therefore, the external field does not penetrate the superconductor and is repelled (the Meissner effect)

4a.  It is a magnetic levitation transport system designed for very high speeds (400-500 km/h)

b.   The running surfaces are low friction and can allow the vehicle to reach high speeds. Relatively cheap to run, minimum maintenance.

c.   The levitation occurs at the track surface and can be achieved by either attracting electromagnets up to the iron rails (the German system) or by using superconductors to repel a magnetic field in the track (the Japanese system).

5a.   Uses:   high speed switching in computers, magnetic resonance imaging to produce 3D images of humans

b.   Maglev trains, low energy loss electrical transmission, computer switching devices, sophisticated magnetic imaging systems.

c.   The low temperature needed for superconductivity.


Brittle nature of the high temperature superconductors.


Hard to form into wires.


Some may be chemically unstable.


Cost of manufacture.
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