Stage 6  HSC Physics – Core : Outcomes Based Tests

9.3   Motors and Generators   


Focus 1.   Motors use the effect of forces on current-carrying conductors in magnetic fields
*The general formula sheet contains equations you may need

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

1a.   

        


     The above charged particles

A. are too far apart to have an effect on each other

B. will tend to attract each other

C. will move away from each other

D. will tend to swap charges 

b.   Moving charges

A. experience a force in a magnetic field

B. move straight through a magnetic field

C. reverse quickly and come back the way they came in magnetic fields

D. are only affected if they are contained in a conductor like copper wire

c.   
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      The charge entering the magnetic field above will curve

A. up

B. into the page

C. out of the page

D. down

2a.   
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    The force on the current carrying wire in the above magnetic field B can be

     A.   increased by spacing the field lines out more

     B.   decreased by decreasing the thickness of the wire

     C.   increased by changing the angle to the field lines

     D.   increased by changing I from 1.25 A to 1.5 A


b.         1.   Decrease magnetic field strength

2. Increase magnetic field strength

3. Decrease current in the conductor

4. Increase current in the conductor

5. Decrease the angle of the conductor to the magnetic field lines

6. Increase the angle of the conductor to the magnetic field line

7. Decrease the length of the conductor in the magnetic field

8. Increase the length of the conductor in the magnetic field

If you wanted to increase the force on a wire in a magnetic field, which of the above   would achieve that?

A. 2, 4, 6 and 8

B. 2, 4, 5 and 8

C. 2, 3, 6 and 7

D. 1, 4, 6 and 8

c.   As a conductor with a 2.5A current is slowly rotated in a 0.5T magnetic field, which position will produce the greatest force?
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A. W

B. X

C. Y

D. They will all be the same

3a.   
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    These two conductors are 1m apart and each carry 0.05A of current. They will

A. attract each other

B. push each other away

C. have no effect on each other

D. slowly rotate around each other

b.   Calculate the force between two parallel wires, each 1 m long, if they carry 3A of current and are 2 m apart in a vacuum. (k  =  2.0 x 10-7)

A. 9.0 x 10-7 N

B. 4.5 x 10-7 N

C. 18 x 10-7 N

D. 9.0 N

c.   

I1





1.4m


      0.7 A





2m 

    Calculate the value of the unknown current if the force between the conductors is 

     3.0 x 10-5.  (k  =  2.0 x 10-7)

A. 3.0A

B. 1.5 x 102A

C. 1.5A

D. 0.5A

4a.   Torque is

A. the turning moment of a force

B. defined in terms of Newtons per Amp

C. the greatest when the force is applied to the point of rotation

D. the greatest when a current carrying conductor is parallel to the field lines

b.   What is the torque being produced by a force of 90 N being applied at right angles to   an axe handle 0.5 metres from the swivel point?

A. 90 N.m

B. 45 N.m

C. 180 N.m

D. 13 N.m

c.   




            Pivot point


Calculate the force needed to produce a torque of 50 N.m when applied to the half way point on a  5m swiveling rod.

A. 4 N

B. 125 N

C. 50 N

D. 20 N

5   
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a.    If a current is sent through this circuit from V to W, then

A. the magnetic field intensity will decrease

B. the loop will move up

C. the loop will move down

D. the loop will rotate

b.   If a current is sent through this circuit from W to V then, 

A. the force on the conductor will be up at X

B. the force on the conductor will be up at Y

C. the loop will move up

D. the loop will move down

c.   Assume this loop is parallel to the magnetic field shown. Calculate the torque if the loop contains 12 turns, current is 1.5A, the loop sides are 30 cm by 20 cm and the magnetic field strength is 0.5T.

A. 0.54

B. 0.045

C. 5400

D. 900

6a.   Electric motors

A. convert mechanical energy into potential energy

B. change electrical energy into mechanical energy

C. convert potential energy into electrical motion

D. change motion into mechanical energy

b.   
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    If you sent a current through this loop from M to N, the loop would

A. spin rapidly

B. move sideways towards L

C. rotate to a position 90o to the field and stop

D. move downwards at right angles to the field

c.   In an electric motor, which of the following would ensure that torque is kept near its maximum during each revolution?

A. Place the rotor in a radial magnetic field

B. Keep the magnetic field strength as constant as possible

C. Keep the current coming into the motor constant

D. Keep both the current and magnetic field strength constant

7a.   What does DC and AC stand for?

A. Double current and alternate current

B. Developing current and anticurrent

C. Direct current and alternating current

D. Double current and alternating current

b. In a DC motor the current is

A. constantly being reversed in the rotor loops to keep them moving

B. constantly being oscillated at the battery to keep the rotor moving

C. converted to direct current at the commutator

D. reversed constantly in the permanent magnets

c. 1.   Supply the magnetic field

2. The spinning centre of the motor

3. To reverse the current

4. Contacts to take the current in and out of the motor

5. Conduct the electricity

Which of the following lists correctly fit the above descriptions for the working parts of a DC motor.



Commutator
Wire
Rotor
Brushes
Magnets


A.
3

5
2
4

1




B.
2

4
3
5

1

C.   
3

5
1
2

4

D.
5

4
2
3

1


8a.   A commutator in a DC motor

A. supplies the magnetic field

B. spins in the centre of the motor

C. reverses the current in the coil

D. turns AC into DC

b.   Without a commutator, a DC electric motor would

A. go faster

B. not spin 

C. produce AC

D. increase its torque rating to a point where it would probably break

c.   
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DC Commutator Motor


In the above end view of a DC motor the armature (WY) rotates clockwise when a current is applied. What happens to the current in the wire at W as it rotates over to a position between X and Y on the other side?

A. It moves faster

B. The current stays the same to keep the torque going

C. The current reverses

D. The current fluctuates every ¼ of a turn, so it is about to change

9a.   






          X

        At position X in the above diagram

A. there will be a magnetic field

B. the magnetic fields cancel out

C. there will be only air

D. a current will be moving from the N to the S across X

b.   
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The above device has an iron core with a current running through the wire coiled     around it. This

A. should produce a current at X

B. will rotate clockwise

C. should produce a magnetic field at X

D. needs a commutator before it can rotate

c.   DC commutator motors 

A. can only use permanent magnets to supply a magnetic field

B. can have a magnetic field supplied by either a permanent magnet or an electromagnet

C. cannot operate with electromagnets because they interfere with the current in the commutator

D. need alternating current supplied to the commutator if electromagnets are used

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.   




 Describe what would happen if you moved two positive charges towards each other? ____________________________________________________________________

b.   
                                             B




What will happen to this charge as it enters the magnetic field? __________________________________________________________________

c.   




    Draw the configuration of the magnetic field that would cause the above negative charge to turn downwards. Draw your answer on the above diagram.

2a.   What happens to a current-carrying conductor in a magnetic field? ____________________________________________________________________

b.   What effect is there to a current-carrying conductor in a magnetic field if

1. the field strength is increased? ________________________________________

2. the current is decreased? _____________________________________________

c.   







      B


  
 Draw and label the positions in the above field of a current-carrying conductor

1. with maximum force on it

2. with zero force on it

3a.   What happens to a current-carrying conductor as it enters a magnetic field? ____________________________________________________________________

b.   

                   I
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These two conductors are 1m apart and 1m long with each carrying 0.5A of current. Calculate the direction and value of the force between them. (k  =  2.0 x 10-7)

c. 

I1





5.7m


      2.4 A





8m 

     Calculate the value of the current in I1 and also indicate the direction of the 

2.0 x 10-5 N force being applied between them. (k  =  2.0 x 10-7)

4a   Define torque. ________________________________________________________________________________________________________________________________________

b.   Find the torque on a spinning wheel that has a radius of 0.5 m and a force of 2.7 N being applied to the rim in the direction of motion. Show the units in your answer.

c.   



    Calculate the force being applied 2/3 of the distance up a 2400 mm pole if the torque is 120 N.m. Show units in your answer.

5. 
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a.   What do the lines represent at B? ____________________________________________________________________

b.   If a current moves from Z to Y through the loop, describe the force at X.. Why does this happen? ________________________________________________________________________________________________________________________________________

c.   If we rotated this loop 90o about the long axis to a vertical position (so that W is at the bottom), what would be the force on X if the current is moving from Y to Z? Why is this happening? Assume we are looking at the loop from the top in the above diagram. ____________________________________________________________________________________________________________________________________________________________________________________________________________

6a.   What is an electric motor? ____________________________________________________________________

b.   Outline briefly why an electric motor turns? ________________________________________________________________________________________________________________________________________

c.   Describe how the forces change as a loop of wire in an electric motor rotates. ____________________________________________________________________________________________________________________________________________________________________________________________________________

7a.   Where does the magnetic field come from in an electric motor? ____________________________________________________________________

b.   Describe the design of rotors or armatures in DC motors. How do they work? ________________________________________________________________________________________________________________________________________

c.   How does a commutator work in a DC motor? ____________________________________________________________________________________________________________________________________________________________________________________________________________

8
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DC Commutator Motor

    This end view of an electric motor shows wires W and Y in the coil rotating with the  commutator in the centre.

a.   What type of current would this motor need to work properly? _____________________________________________________________________

b.   What is the role of the brushes in this electric motor? ________________________________________________________________________________________________________________________________________

c.   How does the metal commutator ring in the middle work? ____________________________________________________________________________________________________________________________________________________________________________________________________________

9a.   Draw the field lines around a permanent magnet. Label their correct direction.

b.   Draw and label an electromagnet and describe how it works. 

c.   Describe how permanent magnets or electromagnets can be better designed to improve the performance of electric motors. ____________________________________________________________________________________________________________________________________________________________________________________________________________

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.   Where do the Van Allen belts occur? ____________________________________________________________________

b.   What causes the Van Allen belts? ________________________________________________________________________________________________________________________________________

c.   What happens to charged particles as they enter the Earth’s magnetic field? Name some charged particles. ____________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   What happens to a wire with no current sitting motionless relative to a magnetic field? ____________________________________________________________________

b.   In terms of electric motors what does “motor effect” mean? ________________________________________________________________________________________________________________________________________

c.   Describe an activity you carried out that demonstrates the “motor effect”. ____________________________________________________________________________________________________________________________________________________________________________________________________________ 

3a.   
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The above conductor contains 2.7A of current and has 1.7 m sitting in a 0.5T magnetic field. Calculate the force on the conductor.


b.   








   40o



Calculate the size of the current in the wire if the field strength is 0.8T, the wire is 57 cm long, the force on the wire is 0.8N and the wire inclines at 40o to the field lines.

c.   Determine the angle of inclination of a wire to the field lines if there is 3.5 A in the 1800 mm wire, the force is 4.5 N and the magnetic field strength is 3.2 T.

4a.   


        2.2A




  30cm


        3.7A




2m 


What is the direction and value of the force between these two current-carrying wires? (k  =  2.0 x 10-7)

b.   
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    0.2m





P         0.4m


Q








R
S



 The above coil has 12 turns, it is parallel to the field lines and a 1.5 A current is running through it from R to S. Calculate the torque induced on the coil if the field strength is 1.5 T. Which direction will it tend to rotate? (assume we are looking at the top of the coil)

c.   A 35 turn coil (rotor) is rotating in a 2.1 T magnetic field with a current input of 4.2 A. The loop perimeter is 335 mm by 189 mm. What will be the angle with the magnetic field as the coil reaches a torque of 1.9 N.m?

5a.   Where is the magnetic field generated in an electric motor? ____________________________________________________________________

b.   What is the general purpose of a commutator on a DC motor? ________________________________________________________________________________________________________________________________________

c.   Draw a diagram to help you describe how a commutator works. 

6a.   Briefly outline an example of a galvanometer. ____________________________________________________________________

b.   Describe how a simple galvanometer works. ________________________________________________________________________________________________________________________________________

c.   Draw a diagram to help you describe how a loudspeaker can transmit sound. ____________________________________________________________________________________________________________________________________________________________________________________________________________

Focus 1   Answers

Part A


a
b
c

1.
B
A
D

2.
D
A
D

3.
A
A
B

4.
A
B
D

5.
D
A
A

6.
B
C
A

7.
C
A
A

8.
C
B
B

9.
A
C
B

Part B


1a.   The positive charges would repel each other.

b.   The charge will move into the page.

c. 
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2a.   Both the conductor and field apply a force to each other

b.    1.   The force increases


2.   The force decreases

c. 
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3a.   A force will be applied to it.

b.   
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  F   =   (2 x 10-7 x 0.5 x 0.5 /1) x 1




       =   5.0 x 10-8      attracting each other

c.   
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       =  (2.0 x 10-5 x 5.7) / (8 x 2.0 x 10-7 x 2.4)




       =  29.7 A

repelling each other

4a.   Torque is the product of the perpendicular distance from the centre point and the force being applied.

b.   

τ  =  Fd




    =  2.7 x 0.5




    =  1.3 N.m

c.   
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         =  120/1.6




         =  75 N

5a.   The lines represent magnetic field lines. The field direction by convention is from N to S.

b.   The force at X is directed downward (if we are looking from the top of the loop). This happens because the current in the conductor interacts with the magnetic field and produces a force at right angles to the direction of the current.

c.   With X at the top, the force would be pushing upwards and not in the direction of  motion for the loop and therefore producing no torque to move the coil. This happens because of the change in position between the moving charge in the conductor and the field lines.

6a.   An electric motor is a device to change electrical energy into mechanical energy.

b.   Electric motors turn because the current in the wire produces a force as it passes through the magnetic field. This force turns the wires, rotors etc.

c.   In the flat position (parallel to the field lines and magnets), the greatest torque is produced. As the loop rotates to a vertical position, the force is now directed at right angles to the motion and therefore produces a zero torque. Commutators are needed to reverse the current as the loop reaches the vertical position so that the force can be maintained in the direction of the motion as it swings into the other side of the circle.

7a.   The magnetic field comes from atleast one pair of permanent magnets or electromagnets that are usually wrapped around the sides of the motor.

b.   The rotors are a series of coiled wires usually wrapped in segments filling up the space between the magnets and spinning on a bearing system of some sort. The more windings and segments, the more continuous or smother the torque or spin of the motor.

c.   The commutator reverses the current in the coils each time they rotate 180o (depending on the placing of the magnets). And this keeps the force on the coil in the direction of motion. The more complex commutators have many segments on the ring to cater for the groups of coils on the rotor. The more segments the smoother the operation of the motor.

8a.   This would be direct current.

b.   Brushes transfer current to the rotating commutator ring from the external power source.

c.   As the coil rotates, the commutator takes current from the brushes and supplies it continuously to one side of the motor. The current in the coil, therefore, oscillates as it rotates past 180o each time. This keeps the force applied in the direction of motion.


9a.   



b.   







I



A current generates magnetic fields around the wire. These fields interact with each to produce an overall field for the electromagnet. The fields are very similar to those surrounding a permanent magnet. The field strength can be increased by using a soft iron core

c.    1.   Wrap the magnets around the rotors to smooth out the torque.


2.   Use alternative materials to produce magnets with stronger fields


3.   Design electromagnets to produce types of fields that enhance performance under different loads and speeds.

Part C
1a.   The Van Allen belts are two doughnut shaped loops surrounding the planet above the atmosphere 

b.   They are caused by charged particles interacting with and being trapped by the Earth’s magnetic field. 

c.   O+, e-, p+, He+ and virtually any other type of charged particle. As the charged particles enter the Earth’s magnetic field they are deflected sideways and funneled into the Van Allen belt regions to be temporarily trapped.

2a.   No current means no force or movement.

b.   The motor effect is the forced movement of a coil as a result of a current interacting with a magnetic field.

c.   An interesting exercise would be to construct your own electric motor.

3a.   

F  =  BIl




    =  0.5 x 2.7 x 1.7




    =  2.3 N

b.   

F  =  BIlsinθ




I  =  0.8 / (0.8 x 0.57 x sin40)




   =  2.7 A

c.   

F  =  Bilsinθ



sinθ  =  4.5 / (3.2 x 3.5 x 1.8)




         =  0.2232




θ  =  12.9 o
4a.   


[image: image9.wmf]l

F

  =  
[image: image10.wmf]k



 EMBED Equation.3  [image: image11.wmf]d

I

I

2

1





F  =  (2.0 x 2.0 x 10-7 x 2.2 x 3.7) / 0.30




    =  1.1 x 10-5 N      attracting each other

b.   

τ  =  nBIAcosθ




    =  12 x 1.5 x 1.5 x 0.4 x 0.2 x 1




    =  2.2 N.m        the rotation is anticlockwise

c.   

τ  =  nBIAcosθ



cosθ  =  1.9 / (35 x 2.1 x 4.2 x 0.335 x 0.189)




         =  0.0972




θ  =   84o    almost vertical

5a.   It is generated by either the permanent magnets or the electromagnets. Moving charges in a conductor also produce magnetic fields around them.

b.   The commutator reverses the current in the rotor coil as it rotates to keep the force applied in the direction of motion.

c.   





Commutator





     





         


     
   




         




  Brushes



The commutator works by being a split ring that rotates against two brushes. This keeps the current going into one side of the motor but alternates in the coil as it rotates. Keeps the force applied in the direction of motion.

6a.   Galvanometers:   these are semi-moving coils with return springs similar to electric motors. They are usually used to measure things eg voltmeter, ammeter, old style car speedometers.

b.   These are just like a small electric motor with a return spring attached. As the current in the coil increases, it rotates more around against the tension in the spring. The rotor is usually attached to a “pointer” that indicates the value of what is being measure on a scale.

c.   









     Vibrating coil













    Vibrating cone at the front of the speaker


The coil is caused to vibrate by electrical signals from the amplifier etc. This vibration causes the air to vibrate in front of the speaker cone and sends the sound waves off for us to enjoy
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