Focus 4.   Transformers allow generated power to be either increased or decreases before it is used.

*The general formula sheet contains equations you may need

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

1a.   Transformers

A. can operate with DC and AC

B. transform DC only 

C. transform AC only

D. are similar to electric motors but generate electricity instead

b.   The current from the primary core 

A. must be DC

B. generates changing magnetic fields in the iron core

C. sets up a current in the iron core

D. transfers directly to the secondary core via the iron core

c.   The secondary core

A. will always contain direct current

B. receives its current directly form the primary coil

C. has a current induced in it by magnetic induction from the iron core

D. picks up a current only after the iron core is rotated inside a magnetic field.

2a.   A transformer

A. can only transform voltages up

B. can only transfer voltages down

C. always reduces the current in the circuit

D. can transfer voltages up or down

b.   A transformer has primary coil of 500 windings, a secondary coil of 200 windings. Calculate the voltage in the primary coil if the secondary coil has 12 V present.

A. 10 V

B. 20 V

C. 30 V

D. 60 V

c.   A transformer has 3000 windings and 85 V in the primary coil and 1200 V in the secondary coil. Calculate the number of windings in the secondary coil.

A. 213

B. 42, 353

C. 1043

D. 48, 567

3a.   In a step down transformer the

A. voltage is increased

B. current is decreased

C. voltage is decreased

D. resistance is decreased

b.   A step down transformer

A. is 100% efficient in transforming the energy

B. is where mechanical energy is transformed to electrical energy

C. increases the current

D. changes electrical energy into mechanical energy in the iron core

c.   In a step down transformer, the diameter of the secondary coil wires is often larger than the primary. This is because 

A. the higher current would lose more energy in a thinner wire

B. the lower voltage needs a larger wire to spread across

C. there is more overall electricity coming out than went in

D. the larger wire creates more eddy currents enhancing the movement of the charges

4a.   A local substation will usually

A. produce more electricity

B. step the voltage down

C. step the voltage up

D. be 100% in the conservation of energy during the transformation

b.   The transformer substation closest to your home on the electricity grid, will most probably transform from

A. 500 kV to 240 kV

B. 11 kV to 12 V

C. 132 kV to 240 V

D. 11 kV to 240 V

c.   Some household appliances contain transformers. A television, for instances, steps the voltage from

A. 240 V down to 12 V

B. 240 V down to 120 V

C. 12 V up to 240 V

D. 240 V up to several thousand volts

5a.   AC transformers were first developed about

A. 120 years ago

B. 50 years ago

C. 300 years ago

D. 200 years ago

b.   Transformers can convert

A. both DC and AC 

B. DC only 

C. AC only

D. mechanical energy to electrical energy

c.   Transformers have had a large impact on society in general because

A. they are the most efficient means of transforming AC to DC and vice versa for the myriad of applications society has for electricity

B. they can be easily put on a pole to make electricity for the whole neighborhood

C. DC from the power stations can be cheaply and easily transformed into any combination of current that the user needs

D. they efficiently transform AC into the required voltage for the user

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.   What is the purpose of a transformer? ____________________________________________________________________

b.   Explain “magnetic induction”. ________________________________________________________________________________________________________________________________________

c.   Explain the principles behind the workings of a transformer. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   What happens when an alternating current is passing through a coiled wire? ________________________________________________________________________________________________________________________________________

b.   What effect does an iron core inside a coiled wire have when AC is present in the wire? ________________________________________________________________________________________________________________________________________

c.   Compare step up and step down transformers. Explain how they work. ____________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   Compare the number of windings of the primary coil to the secondary coil in a step up transformer. ________________________________________________________________________________________________________________________________________

b.   A transformer with an output voltage of 12 V has 1000 windings in the primary coil and 1800 in the secondary coil. Calculate the input voltage for this transformer.

c.   A primary coil with 800 windings delivers 120 V to a transformer with an output voltage of 24 V. Calculate the number of windings in the secondary coil. 

4a.   What is energy? ____________________________________________________________________

b.   What is meant by scientist when they talk about the “ conservation of energy”? ________________________________________________________________________________________________________________________________________

c.   How good are transformers at the conservation of energy while they are operating? What strategies are used to conserve energy?. ____________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   What does a local electrical substation do? ____________________________________________________________________

b.   Briefly outline how the voltage changes from the initial production in the power station through to your home. Nominate some actual voltages. ________________________________________________________________________________________________________________________________________

c.   Explain why there are a series of transformer substations between your house and the power station. ____________________________________________________________________________________________________________________________________________________________________________________________________________

6a.   Name two household devices that use transformers. 1._____________________________


2. ____________________________

b.   Why is there a need for some household electrical appliances to have a transformer? ________________________________________________________________________________________________________________________________________

c.   Outline the impact that the development of transformers has had on society in the last 150 years. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

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.   What is electrical current? ____________________________________________________________________

b.   How does magnetic induction produce electricity? ________________________________________________________________________________________________________________________________________

c.   Describe the structure of a transformer and outline how it changes the voltage. Draw a diagram if necessary. ____________________________________________________________________________________________________________________________________________________________________________________________________________ 

2a.   What do each of the symbols mean in the following equation for the transformation of charge? 
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vp ________________________


vs ________________________


np ________________________


ns ________________________

b.   A computer in your home needs to step the voltage down. The transformer has an output voltage of 12 V, 1600 windings in the primary coil and 83 in the secondary. What is the input voltage? 

c.   A local substation is constantly transforming 66 kV to 11 kV. If the primary coil contains 500 windings, calculate the number of windings in the secondary coil.

3a.   What does the “conservation of energy” mean? ____________________________________________________________________

b.   What causes transformers to be less than 100% efficient in changing voltages? ________________________________________________________________________________________________________________________________________

c.   What strategies are used to minimise power losses in transformers? ____________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   Why are high voltages used in the long distance transmission of electricity? ____________________________________________________________________

b.   Why is alternating current used with transformers and not direct current? ________________________________________________________________________________________________________________________________________

c.   Outline how transformers are used to transfer electricity from the power station to the domestic home. Describe the voltages at each stage. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Focus 4   Answers

Part A


a
b
c

1.
C
B
C

2.
D
C
B

3.
C
C
A

4.
B
D
D

5.
A
C
D

Part B
1a.   To increase or decrease the voltage of the alternating current.

b.   Magnetic induction is the forced movement of charges in a conductor caused by the relative movement between the conductor and a magnetic field.

c.    1.   The primary coil causes a current by magnetic induction in the iron core due to fluctuating AC


2.   These core currents cause a further current in the secondary coil.


3.   If the secondary coil has more windings than the primary coil, then the output voltage will be higher and the current will be lower.

2a.   The coiled wire/AC combination generates a magnetic field around the coil, similar to a permanent magnet.

b.   The iron (usually soft) core helps increase the density of the flux (magnetic field lines) around the electromagnet. This increases the strength of the magnet. 

c.    Step up transformers increase the voltage and decrease current. Step down transformers do the reverse. In step up transformers the primary coil has less windings than the secondary coil. Step down are the opposite. The charge is transferred through the iron block from the primary to the secondary coil by magnetic induction.

3a.   Step up means more windings in the secondary coil.

b.   
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=  800 x 24/120

=  160 windings

4a.   Energy is a measure of a system’s ability to do work.

b.   As energy changes from one form to another, the efficiency drops if sound, light, heat etc are also produced. While the conservation of energy is maintained not all the energy is used for what it was initially intended to do.

c.   The efficiency varies and there is definitely a general loss of energy to form heat and sound. Compared to cars (20% - 30% transfer), transformers (90% - 98%) are very efficient. Strategies include layering the iron core to reduce eddy currents, using thick wires with large currents and cooling systems to keep the temperature low.

5a.   A local substation steps the voltage down from the higher voltages needed for long distance transmission.


b.   20 kV

550 kV

66 kV

11 kV

240 V


Power station
Transmission
Local station
Substation
Pole transformer

c.   The initial step up to 500 kV is to decrease the power loss during long distance transmission. The series of substations is to drop the voltage gradually to decrease  energy loss at the transformer stages.

6a.   Computer, stereo system, TV, VCR, printers, rechargeable devices etc.

b.   The 240 V is often too large for sensitive circuits and devices. It is usually reduced to between 2 V and 24 V. TV’s step up the voltage to thousands of volts to run the cathode ray tube. 

c.   To answer this question, try to nominate some device or process that does not rely on electricity at some stage. The management and distribution of electricity has had an enormous impact on society.

Part C
1a.   Electrical current is the flow of hypothetical positive charges through a conductor. Electrons actually move in the opposite direction, positive charges are fixed.

b.   When a conductor moves relative to a magnetic field, a current is induced in the conductor.

c.   The AC carrying primary coil induces current in the iron. This in turn induces an output current in the secondary coil.

2a.  vp  =  voltage in the primary coil


vs  =   voltage in the secondary coil


np  =  windings in the primary coil


ns  =  windings in the secondary coil

b.   
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3a.   Conservation of energy means that energy cannot be destroyed nor created but can be transformed from one form to the next.

b.   The drop in efficiency is due to heat and sound caused by eddy currents in the iron core and high currents in the wires.

c.   Strategies:

1. Sectioning the core to reduce eddy currents

2. Using large diameter wires with high currents.

3. Cooling the transformers (usually with fluids and radiators) to increase the efficiency of the charge movement in the conductors.

4a.   High voltage means a lower current  which has less power loss over long conductors.

b.   AC fluctuates producing constantly changing magnetic fields around the conductor. This changing field induces a current in the core and then the secondary coil. DC has no fluctuations, hence no magnetic induction.

c. 

      20 kV

550 kV

66 kV

11 kV

240 V


Power station
Transmission
Local station
Substation
Pole transformer

       The initial step up to 500 kV is to decrease the power loss during long distance transmission by using low currents. The series of substations is to drop the voltage gradually to decrease  energy loss at the transformer stages.
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