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The Hidden Physics of Winter Roads

Many places across the U.S. were hit by a winter
blast recently, including some sunny cities that
usually stay much warmer. Some people had
their first chance to learn what it feels like when
you hit the brakes and your car keeps going!

Slippery ice is a well-known hazard, but have
you ever wondered why ice is slippery?

You might think the answer is obvious, but
scientists have debated it for nearly 200 years!

Scientists agree that if an object--like a tire or
ice skate--hits the surface of ice, a thin, slippery
layer forms between the ice and object. This
layer lets the object glide across the frozen
water. What scientists haven't agreed on is
exactly what the layer is and how it forms.

One explanation in the 1800's suggested that
pressure from an object on the ice lowers the
melting point. The ice then melts just enough to
form a slippery layer. This theory has a problem,
though. Scientists figured out it would take ten
hockey players standing on one skate to create
enough pressure to change the melting point!

In the 1930's, a science team used an ice tunnel
in the Swiss Alps to test their theory that
friction made ice slippery. Scientists realized
this theory also had a problem. Friction does
warm up ice as an object moves, but it only
creates a melted layer in a trail behind the
object. It doesn't explain why ice is slippery in
the first spot you step on!

Still another theory emerged. This one said the
outside surface of ice always has a layer of water
that is almost melted. This theory says that the

the top layer of ice molecules are exposed to the
warmer outside air, keeping them soft. This not-
quite-melted ice would be easier to push around.
The problem is, ice is still extremely slippery
even in deep cold, when the outer air is too cold
to cause pre-melting.

Now, a research group is testing an exciting new
theory. Molecules of ice have an electrical
charge that works like magnetism, causing
them to be attracted or repelled by different
materials. When an object with a strong
attraction, like your shoe, connects with ice, the
attraction causes tiny cracks to form on the
surface. The ice then begins to microscopically
crumble as you step on it, creating a thin layer of
broken, frozen water molecules. These loose
molecules slip and slide around under your foot
like microscopic marbles!

We may be close to understanding why ice is
slippery, but as many drivers recently learned,
the real challenge of ice is how to make it less

slippery.

The most common solution for roads is spreading
different types of salt to melt the ice. Salt lowers
the freezing point of water, so the water stays
liquid at colder temperatures. The salt-and-water
mixture runs off the roads, though, so they need
more salt all winter long. The U.S. spread over
50 billion pounds of ice-melting chemicals on
driving surfaces last winter.

Some communities great creative with more
long-term solutions. Holland, Michigan, has a
system of pipes installed below many of the
city's roads. Waste heat from local power plants
warms a special fluid flowing around in the pipes.
The pipes melt snow at a rate of one inch per

hour! ()

Japan also has a long history of clearing icy
roadways in creative ways. In the 1960's, the
country installed small sprinklers in certain
roads. During winter weather, the sprinklers pop
up and spray water warmed by geothermal
energy to keep the roads from freezing. Some
cities in Japan use road panels that are heated
by the warmth of sewage pipes!
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Metric Tons of Salt Used in the U.S.
for De-icing Per Year
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1. Hereis a graph showing the amount of salt (sodium chloride, calcium chloride, and
magnesium chloride) used for de-icing roads in the United States. Around what year did the
amount of salt used exceed 30 million metric tons? How many kilograms of salt is that?

2. U.S. roads have increased in length about 13 percent since 1960. What percentage has salt
use increased between 1956 and 20167 Does there appear to be a connection between
increased road length and salt use?

3. Some freshwater streams in the Northeast U.S. are now saltier than the ocean. How could
this graph help explain what is happening?
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1. Hereis a graph showing the amount of salt (sodium chloride, calcium chloride, and
magnesium chloride) used for de-icing roads in the United States. Around what year did the
amount of salt used exceed 30 million metric tons? How many kilograms of salt is that?

2. U.S. roads have increased in length about 13 percent since 1960. What percentage has salt
use increased between 1960 and 20207 Does there appear to be a connection between
increased road length and salt use?

3. Some freshwater streams in the Northeast U.S. are now saltier than the ocean. How could
this graph help explain what is happening?
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The Hidden Physics of Winter Roads

Many places across the U.S. were hit by a winter
blast recently, including some sunny cities that
usually stay much warmer. Some people had
their first chance to learn what it feels like when
you hit the brakes and your car keeps going!

Slippery ice is a well-known hazard, but have
you ever wondered why ice is slippery?

You might think the answer is obvious, but
scientists have debated it for nearly 200 years!

Scientists agree that if an object--like a tire or
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layer forms between the ice and object. This
layer lets the object glide across the frozen
water. What scientists haven't agreed on is
exactly what the layer is and how it forms.

One explanation in the 1800's suggested that
pressure from an object on the ice lowers the
melting point. The ice then melts just enough to
form a slippery layer. This theory has a problem,
though. Scientists figured out it would take ten
hockey players standing on one skate to create
enough pressure to change the melting point!

In the 1930's, a science team used an ice tunnel
in the Swiss Alps to test their theory that
friction made ice slippery. Scientists realized
this theory also had a problem. Friction does
warm up ice as an object moves, but it only
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object. It doesn't explain why ice is slippery in
the first spot you step on!

Still another theory emerged. This one said the
outside surface of ice always has a layer of water
that is almost melted. This theory says that the
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warmer outside air, keeping them soft. This not-
quite-melted ice would be easier to push around.
The problem is, ice is still extremely slippery
even in deep cold, when the outer air is too cold
to cause pre-melting.

Now, a research group is testing an exciting new
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surface. The ice then begins to microscopically
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more salt all winter long. The U.S. spread over
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Some communities great creative with more
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roadways in creative ways. In the 1960's, the
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1. Hereis a graph showing the amount of salt (sodium chloride, calcium chloride, and
magnesium chloride) used for de-icing roads in the United States. Around what year did the
amount of salt used exceed 30 million metric tons? How many kilograms of salt is that?
Around 2014, more than 30 million metric tons were used. That is the same as 30
billion kilograms of salt.

2. U.S. roads have increased in length about 13 percent since 1960. What percentage has salt
use increased between 1960 and 20207 Does there appear to be a connection between
increased road length and salt use?

There has been a 1000% increase in salt use compared to 13% increased length. That
does not suggest a strong connection between road length and salt use.

3. Some freshwater streams in the Northeast U.S. are now saltier than the ocean. How could
this graph help explain what is happening?

Student answers may vary but may include: the increased salt on the roads might be
running off into the local waterways.
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