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17.3Transformers
 

A transformer is a device used to change voltage and current. You may have 
noticed the gray electrical boxes often located between two houses or 
buildings. These boxes protect the transformers that “step down” high voltage 
from power lines (13,800 volts) to standard household voltage (120 volts).

How a transformer works:

1. The primary coil is connected to outside power lines. Current in 
the primary coil creates a magnetic field through the secondary 
coil.

2. The current in the primary coil changes frequently because it is 
alternating current.

3. As the current changes, so does the strength and direction of the 
magnetic field through the secondary coil.

4. The changing magnetic field through the secondary coil induces 
current in the secondary coil. The secondary coil is connected to 
the wiring in your home.

Transformers work because the primary and secondary coils have different numbers of turns. If the secondary 
coil has fewer turns, the induced voltage in the secondary coil is lower than the voltage applied to the primary 
coil. You can use the proportion below to figure out how number of turns affects voltage:
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17.3

A transformer steps down the power line voltage (13,800 volts) to standard household voltage (120 volts). If the 
primary coil has 5,750 turns, how many turns must the secondary coil have?

Solution:

 

1. In England, standard household voltage is 240 volts. If you brought your own 
hair dryer on a trip there, you would need a transformer to step down the voltage 
before you plug in the appliance. If the transformer steps down voltage from 240 
to 120 volts, and the primary coil has 50 turns, how many turns does the 
secondary coil have?

2. You are planning a trip to Singapore. Your travel agent gives you the proper 
transformer to step down the voltage so you can use your electric appliances 
there. Curious, you open the case and find that the primary coil has 46 turns and 
the secondary has 24 turns. Assuming the output voltage is 120 volts, what is the 
standard household voltage in Singapore?

3. A businessman from Zimbabwe buys a transformer so that he can use his own electric appliances on a trip to 
the United States. The input coil has 60 turns while the output coil has 110 turns. Assuming the input voltage 
is 120 volts, what is the output voltage necessary for his appliances to work properly? (This is the standard 
household output voltage in Zimbabwe.)

4. A family from Finland, where standard household voltage is 220 volts, is planning a trip to Japan. The 
transformer they need to use their appliances in Japan has an input coil with 250 turns and an output coil 
with 550 turns. What is the standard household voltage in Japan?

5. An engineer in India (standard household voltage = 220 volts) is designing a transformer for use on her 
upcoming trip to Canada (standard household voltage = 120 volts). If her input coil has 240 turns, how many 
turns should her output coil have?

6. While in Canada, the engineer buys a new electric toothbrush. When she returns home she designs another 
transformer so she can use the toothbrush in India. This transformer also has an input coil with 240 turns. 
How many turns should the output coil have?
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V N=
V N

13,800 volts 5750 turns=
120 volts N

N  = 50 turns
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Unit 6 Skill and Practice Sheets

16.3 Magnetic Earth

1. Scientists believe that the motion of molten metals in Earth’s
outer core create its magnetic field.

2. Seven percent of 0.5 gauss is 0.035 gauss. In 100 years,
Earth’s strength could be 0.465 gauss.

3. The poles could reverse within the next 2,000 years. During a
reversal, the field would not completely disappear. The main
magnetic field that we use for navigation would be replaced
by several smaller fields with poles in different locations.

4. Rock provides a good record because as the rock is made,
atoms in the rock align with the magnetic field of Earth.
(Actually, oceanic rock is made of a substance called
magnetite!) Rock that was made 750,000 years ago would
have a north-south orientation that is exactly opposite the
north-south orientation of rock that is made today. Therefore,
we can use the north-south orientation of bands of rock on the
sea floor to understand how many times the poles have
reversed over geologic time.

5. NOTE: In many references, magnetic south pole is referred to
as “magnetic north pole” because it is located at the
geographic north pole. This terminology can be confusing to
students who know that opposite poles attract. The north pole
of a compass needle is in fact the north end of a bar magnet.
This is why we think it is best to use the term magnetic south
pole as the point to which the north end of a compass needle
is attracted. For more information about Earth’s magnetism
see http://www.ngdc.noaa.gov/.
Answers are:
a. Both the magnetic south pole and geographic north are

located at the Arctic.
b. The magnetic south pole is about 1,000 kilometers from

the geographic north pole.

c. Magnetic south pole is the point on Earth’s surface that
corresponds to Earth’s south pole if you think of Earth’s
core as a bar magnet. Magnetic south pole is located at a
distance from the geographic north pole or ‘true north.’
True north is a point on Earth’s surface that we call north.
‘True north’ and ‘true south’ follow Earth’s axis. If we
want to go north, we need to head toward Earth’s
geographic north. The tool we use to head north, however,
points us toward the magnetic south pole. We use
magnetic declination to correct for this.

6. A compass needle is a bar magnet. It’s north pole is attracted
to Earth’s magnetic south pole (if you consider the interior of
Earth is like a bar magnet). Using magnetism, we can find our
way using north as a reference point. However, using
magnetism actually points us a bit off course because the
magnetic south pole is not located at the same position as true
north.

7. Answers are:
a. Example problem: northeast.
b. south
c. west
d. east
e. southeast
f. northwest

8. If you didn’t correct your compass for magnetic declination,
you would be off course and possibly get lost.

9. Yes, magnetic declination equals zero on Earth’s surface
along a line that goes from New Orleans through the eastern
edge of Minnesota up through Churchill, Canada. However,
the location of the zero-degree line is always changing. For
more information about Earth’s magnetic declination and
magnetism, see http://www.ngdc.noaa.gov/.

17.3 Transformers

1. 25 turns
2. 230 volts
3. 220 volts

4. 100 volts
5. 440 turns
6. 131 turns

18.1 The Inverse Square Law

1. 0.25 W/m2
2. one-ninth
3. 24,204 km (four times the original distance)

4. 55.6 N
5. It is 9 times more intense 2 meters away.
6. It is 16 times more intense at 1 meter than at 4 meters away.

18.2 Calculating Gravitational Fields

1. 8.9 N/kg
2. 24.9 N/kg
3. 10.4 N/kg
4. 10.9 N/kg

5. 8.5 × 1025 kg
6. 6.0 × 1024 kg
7. 271 N/kg

18.3 Calculating Electric Fields and Forces

1. 2.0 N
2. 0.008 N
3. 1.2 N
4. 63 N/C
5. 5.0 N/C
6. 25 N/C


