Home Meteorology
Most of us have heard a television meteorologist talk about the dew point and the relative humidity, yet few of us know what those quantities are. All air has some moisture in it, but how wet the air feels depends not just on the amount of moisture but also the temperature of the air. Imagine that you can put one cup of water in a roomful of air at 60 degrees Fahrenheit. If you cool the room down it will no longer be able to hold the same amount of water, so a fog may develop and some water may condense on the walls. We have all seen this on a cold winter's day in the bathroom when you run hot water in the shower or sink. The temperature at which fog or condensation occurs is the dew point temperature (because dew forms). 

You can find the dew point temperature with a simple experiment. You will need 

· a large metal can or pot, 

· a thermometer that can read temperatures down to 35° or 40° Fahrenheit, and 

· some ice. 

Fill the can ¾ full with room-temperature water. Place the thermometer in the water and measure its temperature. With the thermometer still in the water, slowly stir in some ice a little bit at a time. Do this slowly so you can watch the temperature fall on the thermometer. At some point water will start to condense on the outside of your can. The temperature at which this happens is the dew point temperature. Try it in a bathroom right after someone has taken a shower. Try it right next to a heating vent. You should be able to find different places and days when the dew point is very different. On a dry winter day it is possible that the dew point may be below freezing, and then this method of finding the dew point will not work because you can not make the water colder than its freezing point. However, it will still work in a humid bathroom. 

Relative humidity is closely related to the dew point temperature. The relative humidity tells us how close the air is to being full of water (saturated). Remember that if the air temperature falls to the dew point the air cannot hold any more water (we get fog), so then the relative humidity is 100%. To find the relative humidity you need to know the dew point temperature and the air temperature. Look on the graph below and draw a straight line up from the air temperature and a straight line to the left from the dew point temperature. The place where these two lines meet gives the relative humidity. If the lines don't meet on one of the relative humidity lines estimate the value by guessing how far the meeting point is from the two nearest lines. For example if your meeting point is halfway between 50% and 60% then the relative humidity is about 55%. On the graph the temperatures are in °C. To get from °F to °C add 40 to your temperature in °F, then multiply by 5/9, and then subtract 40. 

°C = ( °F + 40 ) 5/9 - 40

and the reverse: 

°F = ( °C + 40 ) 9/5 - 40


The graph is from The Science and Wonders of the Atmosphere 
by Stanley David Gedzelman, published by John Wiley & Sons.

HAVE FUN!
The Doppler Effect
Have you ever stood along side a road while a car passed by with it's horn blowing? If so, you probably noticed that the pitch of the sound was higher when the car was approaching than after it passed. This is called the Doppler effect. 

Go out in the country with someone who can drive a car. Take along a battery-operated tape recorder. If you have a pair of walkie-talkies, take them along too. 

Find a long, straight road where there are no houses or other cars. Find a place where you can safely sit or stand off to the side of the road with the tape recorder. 

Have the driver drive past you three times, once at 20, once at 30, and once at 40 miles per hour. Each time have the driver blow the horn for a few seconds as the car passes. Your job is to start and stop the tape recorder at the right times to record the sounds. You can also record on the tape in your own voice what's happening. Also make a recording of what the horn sounds like when the car is not moving. Have the driver drive past without telling you the speed. Can you estimate the speed from the pitch of the sound? 
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The police use radar to measure the speed of cars. Radar works by the Doppler effect except that it uses radio waves instead of sound waves. Where do the radio waves come from? 

The Doppler effect occurs for all kinds of waves. It happens when either the source of the waves or the receiver of the waves is moving. Could you observe the Doppler effect of water waves if you were in a moving boat? 

A Vortex Bottle
In the world around us there are many examples of vortices: tornados, whirlpools in a sink or tub, swirling vortices in rivers and oceans and, of course, hurricanes. You can make your own vortex to do experiments with. For this you will need two empty plastic soda bottles (with the labels removed), a rubber washer and some duct tape. Fill one of the bottles about 2/3 full with water, place the washer on the mouth of this bottle. Next invert the second bottle onto the washer and tape them together firmly. Turn the two bottles over so the full one is on top. Swirl the bottle vigorously to start the water spinning. Set the bottles down and watch the vortex form. You can make the vortex more visible by adding a little food color to the water or some little foam beads. See how big you can make the vortex by spinning the water faster. Experiment with washers that have different size holes. See what happens when you tilt the bottle after a vortex has formed. 

Another experiment that you can do with vortices is quite simple and yet demonstrates an important principle of meteorology. For this experiment you will need a large mug or a small pot, a spoon and some ice. Pour some very hot water into the cup or pot and stir it slowly in one direction so the water is rotating slowly (you may want to put some food color in so you can see the water better). Next place a small ice cube at the center of the rotating water. With a little luck you should see the ice cube start to spin faster and faster until it is turning much faster then the water around it. This occurs because the melting ice causes water to sink underneath it. This in turn draws in some of the warm water from the top edges. This water coming in from the edges is what spins the ice cube faster. This is the same principal which causes some tornados and whirlpools in rivers to spin up. You may have to experiment with the position of the ice cube to make this work well. But then, experimentation is half the fun! 

[ This experiment was suggested by Prof. David Houghton of the Meteorology Department. ] 

Reaction Time
How quick do you think you are? With the help of a friend, you can find out. 
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Have your friend hold a yard stick from the top so that it is up and down with the bottom several feet above the floor. Your friend may have to stand on a chair to do this. 

You hold your fingers opposite the 18-inch mark, but don't touch the stick! Without warning your friend should let go of the yard stick, and you should try to catch it with your fingers. 

Notice what inch mark your fingers are on when you catch the stick. Subtract this number from 18 or subtract 18 from the number to see how many inches the stick fell before you caught it. Try it several times to see if you get the same answer. Let your friend try to catch it while you drop it. Who has the quickest reaction time? 

Your reaction time can be determined from the table below: 

	distance dropped
	reaction time

	2 inches
	0.10 seconds

	4 inches
	0.14 seconds

	6 inches
	0.18 seconds

	8 inches
	0.20 seconds

	10 inches
	0.23 seconds

	12 inches
	0.25 seconds

	14 inches
	0.27 seconds

	16 inches
	0.29 seconds

	18 inches
	0.31 seconds


Why do you think it takes time for your fingers to react when your eyes see the stick start to fall? Can you think of reasons the reaction time might be different for an adult and a child? Perhaps you could test your theory with several adults and children. 

Random Walk
Things in nature often move in complicated ways. You have probably watched the way a butterfly moves. The molecules of the air that you are breathing move in a similar way. This type of motion we call a random walk. You can also take a random walk. 

Go out to a large open field and mark a spot on the ground. Take with you a coin like a nickel or a quarter. Stand on the spot and flip the coin. If the coin comes up heads, turn to the right and take a large step. If the coin comes up tails, turn to the left and take a large step. Keep doing this many times and see where you end up. 
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If you flip the coin 25 times you will probably be about five steps away from where you started. This is because five times five equals 25. How far would you expect to be if you flipped the coin 100 times? A random walk is not a very fast way to get anywhere! 

When you try this, you will notice that sometimes you go much farther than you expect and sometimes you end up very close to where you started. But if you repeat it many times or get several of your friends to do it with you with coins of their own, the average distance should come out as expected. In science we can often predict what will happen on the average even when the process is random. 

Smoke Rings
Have you ever seen someone make smoke rings? They have the scientific name vortices and are related to other vortices like the whirl pool in your tub or sink and even tornados. They look neat and they have some very interesting scientific properties, but since smoking is very bad for you it seems impossible to make them. Here's a way to make smoke rings without smoking. 

Take a cardboard box (a shoe box or tissue box work well) that is open on one side only. Cover the open side with some plastic wrap (like Saran wrap) and tape it on well. On the opposite side of the box cut a round hole 3 or 4 inches across. You now have your smoke-ring maker so it's time to load it with smoke. This part can be dangerous so please ask an adult to help. There are many ways to get "smoke" into your smoke-ring maker; you can put a piece of "dry ice" into the machine (don't touch the dry ice with your skin, it is very, very cold), you can use some baby powder, if it is fine enough, or you can use smoke (but be careful that you don't light your box on fire!). You don't need much smoke to make many rings. 
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Once your machine is loaded you are ready to start experimenting. To make a smoke ring just tap the plastic covered side. What happens when your smoke rings hit something like a stick? Try making two smoke-ring machines and then try sending the rings at each other. What happens when two smoke rings collide? (It's hard to make them collide so you may have to work at it for a while.) Try different methods for making the rings easier to see (like shining a flash light on them). Can you think of more experiments for your smoke-ring machine? 

