Focus 2.   The relative motion between a conductor and magnetic field is used to generate an electric voltage

*The general formula sheet contains equations you may need

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

1a.   Michael Faraday made some crucial discoveries concerning magnetism and electricity. Which of the following periods did he live in?   

        

A. 1791 – 1867

B. 1675 – 1752

C. 1845 – 1910

D. 1891 – 1957

b.   Michael Faraday discovered that

A. an electric current can generate a magnetic field

B. a magnetic field can directly generate another magnetic field 

C. an electric current can be generated by a moving magnetic field

D. direct currents are generated by batteries

c.   

   




 In the above diagram, a permanent magnet is inserted into the hollow coil and then removed again. Which of the following graphs most accurately describes the induced current during this procedure?

A.





B.   

I






I

Time





Time

C.






D.



I






I









Time





Time

2a. 

 

x
x
x
x
x



x
x
x
x
x


I



x
x
x
x
x



     B





x
x
x
x
x


In the above diagram, the “x” symbols represent

A. current moving into the paper


B. current moving out of the paper


C.   magnetic lines of force moving into the page

D.   magnetic lines of force moving out of the page

b   In the following equation, what do each of the symbols represent?



φ  =  BA 




          φ


B


A



A.

magnetic flux

surface area

magnetic induction

B.

surface area

magnetic induction
magnetic flux

C.

magnetic flux

magnetic induction
surface area

D.

magnetic induction
magnetic flux

surface area

c.   The magnetic field strength is defined in terms of

A. the resistance within the circuit

B. the magnitude of the current being transported in a hypothetical conductor

C. the size of the cross section of the magnet producing the field

D. magnetic flux density

3a.   
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  =  BAcosθ


B in the above equation represents

A. current in the conductor

B. magnetic flux

C. magnetic flux density

D. back emf of the circuit as it is being turned on

b.   







cross section







As the above cross section turns and becomes less vertical to the field lines,

A. the amount of current decreases

B. the magnetic flux decreases in the area

C. the number of electrons streaming past this point decreases

D. the flux density decreases in the area

c.    Two equal areas are set at different angles to the magnetic field lines near a magnet:



X.   is set at 90 o to the field lines

Y. is set at 45 o to the field lines

      In this scenario

A. Y will allow the greatest induction

B. X has only 0.7 the amount of flux compared to Y 

C. Y has 1.4 times the amount of flux that X has

D. Y has only 0.5 times the amount of flux compared to X

4a. Another word for voltage is:

A. current

B. electromotive force

C. resistance

D. magnetic induction

b.   A potential difference in a wire can be formed by

A. placing it in a battery

B. putting it in a moving magnetic field

C. leaving it motionless next to a magnet

D. making it into a coil

c.   An “emf” is induced in a conductor when

A. the resistance of the circuit is increased

B. it cuts across a magnetic field

C. it lays still next to an intense magnet

D. it is brought in contact with an electric motor

5a.   Energy

      A.   is often destroyed in machines 

      B.   can only be created around intense magnetic fields

      C.   is usually partly destroyed during the process of changing from one form to   another

      D.   can neither be destroyed nor created 

b.   Lenz’s law states: “The direction of the induced emf is such that the current it produces creates a magnetic field

A.   opposing the change that produced the emf

B.   that increases the strength of the original magnet

C. that increases the current further

D. that steadily decreases over time

c.   
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A conductor WY is being moved through a magnetic field as displayed in the above diagram. Which of the following are the correct directions for the induced current and its associated force?




Current direction
Induced force



A.  

W to Y


towards U


B.

Y to W


towards V


C. 

U to V


towards W


D.

W to Y


towards V

6a.   “Supply emf” is the

A. electricity causing the motor to start turning

B. resistance caused in the circuit by the current

C. electricity supplied by the motor during its operation

D. magnetic field supplied by the magnets to start the motor

b.   “Back emf”

A. is the current needed as the motor reverses

B. is the electricity in the backup circuit

C. opposes supply emf

D. is the reversal of the magnetic field during each spin of the rotor

c. 
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       In the above diagram, a copper conductor is being moved in the E direction. In what direction will the “back emf” flow? Towards

A. N

B. E

C. S

D. W

7a.   As motors move there is a current set up to oppose the movement. This means that

A. they will eventually spin out of control if not regulated carefully

B. the motors are self regulating

C. that they have to be specially designed so that this opposing current does not stop it from starting

D. they are one of the few examples where the conservation of energy law is broken

b.   An “eddy current” 

A.  is a special type of  current designed by Lenz

B.  is a special type of magnetic field developed for DC motors

C.  opposes the movement of conductors through magnetic fields

D.  enhances the movement of conductors through magnetic fields

c.   
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In the above diagram, an aluminium disc is spinning through a magnetic field in the bottom section. Which of the following statements is most correct for this situation?

A. The disc will speed up because it is a special type of motor

B. The disc will continue spinning indefinitely as long as the magnetic field remains

C. Eddy currents will speed up the disc

D. Eddy currents will slow down the disc

Part B:   Short Answer Questions

   *Show all working in questions with calculations

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

1a.   Name one of Michael Faraday” discoveries. ____________________________________________________________________

b.   Briefly describe what happens when a wire is moved through a magnetic field?
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________________________________________________________________________________________________________________________________________

c.   

   








Describe what happens as this magnet is moved slowly into and out of the hollow coil. ______________________________________________________________________________________________________________________________________________________________________________________________________

2a.   What is a magnetic field? ________________________________________________________________________________________________________________________________________

b.   What is magnetic flux? ________________________________________________________________________________________________________________________________________

c.   What is the relationship between magnetic flux and magnetic field strength? ____________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   What is magnetic flux density? ________________________________________________________________________________________________________________________________________

b.   What do each of the symbols mean in the following formula of magnetic induction?
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  =  BA
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.___________________________


B. ___________________________


A. ___________________________

c.   What will happen to the magnetic field strength between two magnets if

1.   the area of measuring the flux is doubled with no change in flux density? ____________________________________________________________________________________________________________________________

2.   the flux density doubles per unit area? ____________________________________________________________________________________________________________________________

4a.   What is induced emf? ____________________________________________________________________

b.   State Faraday’s Law. ________________________________________________________________________________________________________________________________________

c.   Describe three ways of increasing induced emf. 

1. _______________________________________________________________

2. _______________________________________________________________

3. _______________________________________________________________

5a.   What causes induced emf? ____________________________________________________________________

b.   Outline the significance of Lenz’s Law. ________________________________________________________________________________________________________________________________________

c.   What is “back emf” and why does it occur in DC motors? ____________________________________________________________________________________________________________________________________________________________________________________________________________

6a.   Name three materials that can conduct electricity. __________________________________________________________________   

b.   What is an “eddy current”? ________________________________________________________________________________________________________________________________________

c.







       N


    S


Outline why the above disc will slow down in the magnetic field. Describe two examples of the application of this principle in society. ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Part C:   Compulsory Practicals and Research Activities

1a.   What is an electric current? ___________________________________________________________________

b.   Briefly describe what happens to the charges in the wire before and after it enters the magnetic field?
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________________________________________________________________________________________________________________________________________

c.   Describe in detail the principles behind the reason an emf is formed in a coil when it is brought near a magnet. Under what circumstances will a current flow? Draw a diagram if necessary. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   From your investigations into the interactions between current and field strength, Under what circumstance will there be no magnetic field near a wire? ____________________________________________________________________

b.   Detail what happens to the magnetic field strength when the distance from the conductor is doubled. ________________________________________________________________________________________________________________________________________

c.   What happens to the magnetic field at B if




   B

1. the current is reversed? ___________________________________________

2. the current is doubled? ____________________________________________

3. a second conductor, with the same current moving in the same direction, is placed next to the first one? ________________________________________

3a.   What is magnetic induction? ____________________________________________________________________

b.   What happens to the particles in a saucepan as it is being heated up? ________________________________________________________________________________________________________________________________________

c.   Describe how “induction heating” works in household cook tops. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   What are eddy currents? ____________________________________________________________________

b.   Why would the following rotating disc slow down when placed in a magnetic field? ________________________________________________________________________________________________________________________________________




       N


    S

c.   Describe two examples of the use of eddy currents in society as switching gear or as   braking mechanisms.


1.______________________________________________________________________________________________________________________________________


2.______________________________________________________________________________________________________________________________________

Focus 2   Answers

Part A


a
b
c

1.
A
C
A

2.
C
C
D

3.
C
B
C

4.
B
B
B

5.
D
A
D

6.
A
C
A

7.
B
C
D

Part B

1a.   Electromagnetic induction.

a. An emf (voltage) is induced in the wire.

b. Electromagnetic induction will cause a current to flow one way going in and reverse as the magnet is pulled out.

2a.   A magnetic field is a set of lines (flux lines) that represent areas of influence (or forces) that can be applied to charges or other fields.

b.   Magnetic flux is the number of magnetic field lines in an imaginary area.

c.   Magnetic field strength (magnetic induction B) is the magnetic flux per unit area or the magnetic flux density.

3a.   Magnetic flux density (B) is the amount of magnetic flux per unit area.

b.    
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=  magnetic flux

       B  =  magnetic induction or magnetic field strength


       A  =  cross sectional area with the flux going through it

c.   1.   No change

      2.   B doubles also

4a.   Induced emf is charge movement produced by the movement of a conductor through a magnetic field or vice versa.

b.   “The induced emf is proportional to the rate of change of flux through the circuit”.

c.   1.   Increase B, magnetic field strength

      2.   Increase the speed of the conductor through the flux

      3.   Increase the number of wires moving through the flux at the same time

5a.   Induced emf occurs as a reaction to moving a conductor through a flux (magnetic field)

b.   Lenz’s Law indicates that induced emf occurs to oppose the change producing it.

c.   Back emf occurs to conserve energy. It opposes the starting motion of the rotor and builds up to a point where it reaches equilibrium with the supply emf, and the rotor then runs at a constant speed.

6a.   Any metal, semimetal and also graphite.

b.   An eddy current is a “back emf” set up in a conductor (ie metal disc) that opposes the motion of the conductor through a magnetic field (Lenz’s Law).

c.   Lenz’s Law indicates that eddy currents form to oppose the motion that formed them. This obeys the Law of Conservation.

       Examples from society would include:

1. Magnets brought near wheels in fast trains to slow them down.

2. The regulation of the spin rate of some machines in industry ie a “governor”.

3. Electric motors are naturally self regulating.

4. Dampening effect on the beam balances in your science laboratory.

Part C

1a.   Electric current is the movement of hypothetical positive charges through a conductor (and in the opposite direction to negative charges).

b.   Before entering there is no moving field, so the charges are evenly spread. On entering the field, and with continued movement, the positive charges will be induced to move upwards to oppose the wire’s motion. If the wire stops in the field, the emf stops.

c.   As the magnet moves towards the coil, the flux lines cut across the charges in the wire and cause an induced emf to form that opposes the motion of the magnet. If it stops the emf stops. If the circuit is complete, then a current will flow around it. If the circuit is open, a potential difference forms between the opposite ends of the wire.


2a.   No field means there is no moving charge in the conductor.

b.   The field strength drops to ¼.

c.   1.   The field direction reverses

      2.   The field strength doubles

      3.   The field strength doubles.

3a.   Magnetic induction is the magnetic flux density or the magnetic field strength (B).

b.   The particles vibrate faster and in turn pass this activity onto the contents of the saucepan. Temperature is directly related to the KE of the particles.

c.   Induction heating starts with an alternating current in the coil at the base of the element. This sets up eddy currents in the saucepan that cause the metal particles to vibrate more vigorously (hence a higher temperature). This increased temperature is then passed onto the contents of the saucepan.

4a.   Eddy currents are swirling movements of charges in conductors being subject to a moving magnetic field or vice versa

b.   The disc slows down because there is a “back force” generated with the eddy currents as the conductor moves through the magnetic field as an opposition to the movement.

c.   1.   Some high speed trains move powerful magnetic fields next to the wheels to slow them down 

      2.   There is a dampening effect designed with many machines to oppose motion eg your laboratory beam balance.
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