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Introduction


Would you pay a lot of money to see a scientist do experiments? Probably not. Now if it were a magician, that might be a different story. Magicians awe people. They do things that seem impossible. Their tricks defy any explanation and as hard as the audience tries to figure out how they work, they often cannot. For many, science works in the same way. They see the strange and the unexpected, and when they can't explain it, they assume that science is magic. But there is one big difference between science and magic. That difference is what makes science something everyone can do, while magic is usually left to the professionals.

What is this one difference between the two disciplines? A scientist wants to know why things work the way they do. And so does a magician. The difference is that a scientist wants others to know, also. As a result, when a scientist learns an answer to a question, he often writes a report, explaining what his original question was, what he did to test the question, and what the answer was.

Magicians never reveal their secrets. That is, magicians want you to believe that what they are doing is magic, that it cannot be explained in simple terms. Scientists, on the other hand, believe that everything has an explanation, and are happy to share that explanation with anyone who will listen.

In this book, you will be exploring a number of “magical” experiments. Many produce results that are unexpected, surprising, and initially unexplainable. But this is a science book, not a magic book. You will be shown the science behind the apparent magic, so that you can pass it along to others. You will also be challenged to take your newfound knowledge to a deeper level, by asking questions that will let you explore the concepts you are learning. At the end of each chapter, you will find an idea for a science-fair project, which is really just a more complete science experiment that you could perform over the course of a few days, weeks, or months.

As you begin, think about science as the search for explanations of common and not-so-common experiences. By the time you finish this book, you should clearly see the difference between the magic of a trained professional and the science you can do in your own home.

The experiments are organized into common themes. Each experiment is preceded by a question, which then leads to a process known as the Scientific Method. This process allows questions to lead to investigations, which lead to results, conclusions, and possibly, new questions.

The Scientific Method includes five important parts:


	Ask a question about something that happens in the world around you.

	Make up a possible explanation for this event. This is called a hypothesis.


	Design an experiment to test your hypothesis.

	Complete the experiment and record your results.

	Analyze your results and use them to come to a conclusion about your hypothesis.



Scientists have been using this method for centuries to explore the magical and mysterious things they see around them. Now it's your turn—let the adventure begin! 
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      Try It, You'll Like It!

      
        [image: illustration]
      

      Is either of your parents a good cook? Are you? For many kids, the idea of making an actual meal is a little scary. And yet, you still like to eat. So let's explore some of the magic that you can find when working with food. In this chapter you'll learn about killer straws, edible invisible ink, trained raisins, and how to make a soda fountain with a twist.

      
        [image: illustration]
      

      SAFETY NOTE: Make sure whenever you work with food as part of your science experiments that you do not eat the food after you are done, unless you are specifically instructed to do so. It may be interesting to work with, but it could be dangerous if you tried to eat it.

      Try This: Killer Straw

      No, this isn't going to involve committing a crime, nor will it require a police investigation. This experiment simply demonstrates the magic of air, and the strength it provides to otherwise flimsy materials. The next time you are asked to pierce an unsuspecting piece of fruit, you'll be glad you know this trick.

      
        Question: Can you use a drinking straw to cut through a raw potato?
      

      Materials

      
        	Several plastic drinking straws

        	1 fresh potato

      

      Procedure

      
        	Hold the straw about halfway between the ends, between your thumb and first two fingers, as if you were holding a pencil. Try not to squeeze it shut.

        	Gently push the straw into the side of the potato. It should not get far before the straw bends.

        	Now hold the straw at one end, between your thumb and middle finger, placing your forefinger over the end of the straw.

        	Try once again to push the straw into the potato in one swift motion.

      

      
        [image: illustration]
      

      The Science Behind the Magic

      This is a story about air and what it can do. The magic lies in the fact that while the first attempt to pierce the skin of the potato failed, the second time, it worked very successfully. Why is this? It has to do with the air trapped inside the straw. When you first tried this experiment, there was a place for the air to go—out the top of the straw—making the straw itself weak. But when you placed your finger over the end, the air inside the straw was trapped. And as you tried to pierce the side of the potato, all that air inside the straw made the straw rigid and very strong. It magically turned into a “killer straw.”

      Follow-Up

      You might want to try this experiment with other fruits or vegetables. Some possible ideas include:

      
        	An apple

        	An orange

        	A pear

        	A banana

        	A piece of uncooked broccoli or cauliflower

        	A tomato

      

      Among the fruits and vegetables for which this experiment worked, what characteristics do they have in common?

      
        [image: illustration]
      

      
        Science Online
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        Did you know that air has weight? In fact, it weighs quite a bit! Visit this NASA site to learn more about air and air pressure: http:// kids.earth.nasa.gov/archive/ air_pressure/index.html.

      

      
        Science Quote
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        “The sun, with all those planets revolving around it and dependent on it, can still ripen a bunch of grapes as if it had nothing else in the universe to do.”
—Galileo Galilei, the “ father of modern astronomy”

      

      Try This: Changing Salt to Sugar

      Most people can tell the difference between salty foods, like potato chips and French fries, and sweet foods, like cake and cookies. And no one would pour sugar on their French fries, or mix a large amount of salt into a batch of cookies. But what if you could change salt into sugar? Now that would be magic!

      
        Question: Can salt be changed into sugar?
      

      Materials

      
        	1 small plate

        	1 teaspoon

        	Salt

        	Flour

      

      
        Science Online
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        Visit the Salt Institute to get answers to your burning questions about salt at  www.saltinstitute.org/4.html. 
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        	Pour the salt onto the small plate.

        	Dip a wet finger into the salt and taste it to confirm its saltiness.

        	Pour the flour onto the salt and mix the two together.

        	Using the teaspoon, scoop up some of the mixture and place it on your tongue.

        	Wait a few seconds and then taste it.

      

      The Science Behind the Magic

      This is an example of a chemical reaction. When flour encounters your saliva (the wet stuff in your mouth), it gets converted into sugar, which has a sweet taste and can then be digested and used by your body. This process will happen naturally even without salt. But the presence of salt only speeds up the process so the magic happens more quickly.

      
        Did You Know?

        
          [image: illustration]
        

        In the year 2000, the average American consumed 152 pounds of sugar. That equals nearly a half a pound each day!

      

      Follow-Up

      Many foods you eat already contain sugar, and that doesn't mean just cookies and candy. For example, fructose is a naturally occurring form of sugar found in fruit. Research foods that contain the most natural sugar and explore the different types of sugar they contain.

      
        
          [image: illustration]
        

        chemical reaction: A reaction in which the chemical structure of molecules is changed, producing new materials.

        Fructose: A form of sugar found in honey and fruits, such as apples, grapes, and oranges.

      

      Almost Impossible

      Here's some more color “magic.” Color in each word as directed. Ask a friend to look at each word and say the color of the letters. What happens? EXTRA FUN: Give this quiz to three different friends. How many could do it right the first time?

      
        [image: illustration]
      

      Invisible Ink

      
        Question: How can you use food to send a hidden message?
      

      Experiment Overview

      Spy movies are famous for showing messages written in invisible ink. To the untrained eye, the message is impossible to see and read. But when the recipient exposes the message to the correct materials, it magically appears. How is this kind of thing possible?

      In this experiment, you'll explore how certain types of liquids can make messages that, for a time, remain invisible. Afterward, you'll be able to test other liquids to see if they can produce the same kind of hidden message.

      Science Concept

      Writing a message in lemon juice, which is practically transparent, renders it invisible on the page. Only when exposed to heat, which turns the message color to brown, is the message revealed. Why does this happen? It's because of something that is found in all living objects—carbon. Molecules containing carbon atoms are nearly clear when they are dissolved in liquids. But when exposed to heat, the molecules let go of their carbon atoms, leaving them on their own. And left alone, carbon atoms are a brownish color.

      Materials

      
        KIDS' LAB LESSONS
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        	Approximately ¼ cup of lemon juice (more if you want to write a long message)

        	Cotton swab or fine-tipped paintbrush

        	Several sheets of white paper

        	Lamp with a light bulb that can be exposed

      

      Procedure

      
        	 Dip the cotton swab in the lemon juice and begin writing your “secret” message on a white sheet of paper.

        	 Allow the message to dry. While you are waiting, you might want to write some other test messages.

        	Once the message has dried, check to see that it is invisible.

        	Turn on the lamp and bring the hidden message near the bulb until the message begins to be revealed.

      

      Questions for the Scientist

      
        	What sort of liquid is lemon juice? What does it taste like?[image: illustration]



        	What did you do to cause the message to become visible?[image: illustration]



        	If you remove the message from the heat of the bulb, do you think the message will become invisible again?[image: illustration]



      

      Follow-Up

      Now that you have tried this experiment with lemon juice, try it with other liquids. You may already know that lemon juice is called an acid. This is partly what gives it its sour taste. Other common household food acids include vinegar and orange juice. Try using these liquids to see if you can create hidden messages with them. You might also try other liquids, such as milk, or other fruit juices or drinks.

      
        No One Can See

        Some parts of this riddle are invisible! Can you fill in all the vacant vowels?

        The silly answer to the riddle can only be seen after you connect the dots below. When you're done, draw a small circle around the dot with no number.

        
          [image: illustration]
        

      

      Try This: Swimming Raisins

      You probably have friends who have trained their pets to do tricks. Some may have dogs that can roll over, catch a ball in their mouth, or play dead. Others might have cats that can meow on command, or birds that can speak several sentences. Some people even claim that they can train their fish to swim upside down, but most people don't consider that “swimming,” if you know what I mean.

      Yes, all of these are worthy accomplishments, but just wait until you tell your friends that you own trained raisins! They will watch in amazement as your “pets” perform feats of skill even their pets wouldn't dream of attempting.

      
        Question: Can raisins be trained to swim and dive?
      

      Materials

      
        	1 (12-ounce) can of clear soda (lemon-lime, ginger ale, club soda, or similar)

        	Tall, clear drinking glass

        	Several raisins

      

      Procedure

      
        	Open the can of soda and pour it all into the glass.

        	One at a time, drop the raisins into the glass and watch to see what happens.

      

      
        Down and Up

        Get the raisin through the bubbles, from the top of the glass to the bottom, and back up again!

        
          [image: illustration]
        

      

      The Science Behind the Magic

      
        [image: illustration]
      

      This really isn't magic at all. Carbonated sodas contain a gas called carbon dioxide (the carbon is where the word “carbonated” comes from). When you pour the soda into the glass, the bubbles you see are bubbles of carbon dioxide being released from the soda and drifting up to the surface.

      When you drop the raisins into the glass, at first they sink to the bottom because they are denser than the soda. This is the same thing that would happen if you dropped a rock into the glass. However, while the raisin rests on the bottom of the glass, the carbon dioxide bubbles gather on its skin. When enough of the bubbles (which are less dense than the soda, and therefore tend to float to the surface of the drink) gather on the skin of the raisin, it begins to float upward.

      At the surface of the drink, the carbon dioxide bubbles burst, and the raisin sinks back down to the bottom of the glass. This process repeats as long as there is carbon dioxide gas remaining in the drink. You should be able to watch your “trained” raisins dive and swim in the soda for some time.

      Follow-Up

      This experiment should work with other objects. Can you think of some you might test out? You might try small pieces of uncooked pasta, small berries, and even very small rocks. Can you think of any others to try? Challenge yourself to find out which characteristics of the objects you test lead to the same results as that of the raisins.

      What principle does this experiment demonstrate in the real world? How can people, particularly small children, take advantage of this principle when they go swimming?

      
        [image: illustration]
      

      The principle in this experiment is buoyancy. It is what determines whether or not something floats. Small children learning to swim often wear little tubes around their arms or swim rings around their waists to stay afloat. Those air-filled rings serve the same purpose as the carbon dioxide bubbles in the Swimming Raisins experiment. The difference is that the rings don't burst at the surface of the water. As a result, the children can stay afloat.

      A Milky Way to Paint

      
        Question: Can you make colorful art in a pan of milk?
      

      Experiment Overview

      Many painters use a palette to keep their colors. A palette allows them to have all their various colors available for use, but kept separate so they don't mix. You can make a paint palette of your own by using whole milk and food coloring. But watch out—if you add liquid detergent to the mix, a mix is exactly what you get. Once you see how the mixing occurs, you can begin to experiment with different colors in different patterns to produce new “paintings.”

      KIDS' LAB LESSONS
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      Science Concept

      Whole milk contains milk fat. This fat is usually homogenized, or spread evenly throughout the milk. When you add the drops of food coloring, which is mostly water, the colors sit in the milk in small pools. They do not mix. However, when you add liquid soap, the magic starts. As the soap spreads, its particles mix with the milk's fat particles. As this occurs, the fat begins to move around with the soap. This in turn moves the food coloring around as well. As the food coloring mixes with the white milk, your color palette will slowly turn into a painting of swirled colors.

      Materials

      
        	1 cup homogenized whole milk

        	Dinner or pie plate or shallow pan

        	Food coloring of various colors

        	Liquid dish soap

      

      Procedure

      
        	Pour the milk into the plate or pan so that it is about ½ inch deep.

        	Pour 2–3 drops of food coloring in various places around the plate. Be sure to use a variety of colors in order to produce a more interesting mix.

        	Add one tablespoon of dish soap to the middle of the plate.

        	Wait and watch what happens!

      

      Questions for the Scientist

      
        	Why do you think the food coloring stays where it is (doesn't mix with the milk) when you first add it?[image: illustration]



        	Why do you think the soap mixes with the milk?[image: illustration]



        	Describe the pattern of colors that formed when you added the dish soap.[image: illustration]



        	After a certain period of time, the colors stop swirling and mixing. What makes them stop? [image: illustration]



      

      Follow-Up

      Try this experiment again using different combinations of colors. You can even hold a contest with your friends to see who can produce the most impressive works of art. Also try using different quantities of food coloring. Try to determine whether using more or less coloring produces a better work of art.

      You might also try using different kinds of milk, including 2%, nonfat, buttermilk, chocolate or strawberry milk, and cream. Does the fat content really make a difference in the swirling effect of the colors? Are the results different if you change the color of the milk?

      Science Fair: Soda Fountain

      One of the more popular demonstrations to be shown in recent years involves a 2-liter bottle of soda and Mentos candies. This experiment produces an incredible display as the candies are dropped into the bottle and the soda seems to explode out of the top. Whether or not you have seen this demonstration, as a scientist you should ask yourself what could possibly cause this kind of reaction. Is it truly an explosion? Is it a release of gas somehow? Is it possible that the candies themselves act like tiny explosives, and are then expelled as a bullet would be out of a rifle?

      In this project, you will explore the nature of this reaction and will determine which factors influence the outcome the most. Caution:this experiment can be very messy, and potentially dangerous if you get too close to it, so it should only be performed outdoors under adult supervision. In addition, if you use soda with sugar in it, it may make for a sticky mess to clean up. You should wear eye protection when performing this experiment.

      
        Question: How do you make a REAL soda fountain?
      

      Experiment Overview

      The demonstration itself is fairly simple. It involves dropping a fixed number of the Mentos candies into the mouth of a 2-liter bottle of soda and watching the results. But as a scientist, you will be exploring the variables that determine the extent of the reaction, and will be testing several different combinations to find the best one. One of the key parts of any successful experiment is replication, or doing it over and over so you can be sure of your results.

      Science Concept

      As you saw earlier, carbonated soda contains carbon dioxide gas. When the bottle is opened, the gas is allowed to escape via the bubbles in the soda. You saw earlier how raisins can be made to “swim” by riding these bubbles to the top. But something completely different happens when the candies are dropped into the bottle. The candies are made with a very special outer coating. This outer coating has a large number of tiny pits in it, which allow the carbon dioxide gas bubbles to collect. But that's not all. The ingredients that go into the candy shell react with the sugar in the soda to produce a dramatic reaction that results in the explosive fountain of soda that comes out of the top of the bottle.

      Just what is this reaction? It has to do with the ingredients in the candy. As the candy dissolves in the soda, the gelatin and gum arabic in it break the tension in the soda molecules. This allows the carbon dioxide bubbles to be released more quickly than usual. In addition, the surface of the candies contains tiny pits where carbon dioxide gas bubbles can collect. The candies are heavier than the soda, and tend to sink to the bottom of the bottle. Very quickly, this combination of gas buildup and release of surface tension in the molecules produces the incredible fountain of soda.

      In this science fair experiment, your task is to find a way to measure the effect of the fountain. You might decide to measure the height of the fountain, or you might measure the amount of soda remaining in the bottle after the eruption. Just go beyond simply measuring the effect of one reaction. You should try different forms of the same soda. For example, try a sugar-free version of the same flavor. If a caffeine-free version is available, try that. You can also try different brands of the same flavor.

      Additionally, you can try changing candies while you keep the brand of soda the same. You might try different flavors of Mentos candies, or you might even try different brands of candies. What's most important is that whenever you change a variable, you change only one at a time. Either the brand of soda should change, or the amount of sugar in the soda should change, or the type of candy you test should change. Be careful in your measurements and you will have an explosive science-fair experiment. You may wish to videotape the results as a way to document your observations.

      
        [image: illustration]
      

      Materials

      
        	Several 2-liter bottles of soda. They may include soda with sugar, sugar-free, caffeine-free, or other combinations you would like to test.

        	Packages of Mentos mint candies

        	Other types of round candies for comparison if you wish

        	Test tube or other similar device for holding a package of Mentos candies 

        	One 3″ × 5″ note card

        	Meter stick

        	Measuring cup

        	Protective eye goggles

      

      Procedure

      
        	The following procedures are appropriate for any trial of this experiment. Substitute the specific soda type and candy type you have chosen.

        	Open a package of the candies and fill the test tube with the whole package.

        	Open the 2-liter bottle of soda and place on a flat surface out in the open. This experiment MUST be completed outdoors.

        	Put on your goggles for protection.

        	Place the note card over the open end of the test tube. Hold the card firmly in place as you carefully turn the test tube over so that its opening faces down.

        	Now, you need to decide how to measure the results of your experiment. If you are going to measure the height of the fountain, be sure to have a way to measure that height already in place. This might mean you perform the experiment near a wall so you can mark the maximum height on the wall. Enlist the help of a spotter to note the height of the fountain. If you are going to measure the amount of soda remaining in the bottle after the experiment, do that after the test is complete.

        	Place the test tube, open end down, over the top of the bottle. In one motion, remove the card and allow the candies to fall into the bottle.

        	Quickly back out of the way and observe your own personal soda fountain.

      

      Questions for the Scientist

      
        	What combination of candy and soda produced the tallest fountain?[image: illustration]



        	What combination of candy and soda left the least soda behind in the bottle?[image: illustration]



        	What was the range of heights produced by your various soda fountains?[image: illustration]



        	What was the range in amounts of soda left behind in the bottle?[image: illustration]



        	What sort of difference did you notice in the reactions produced by sodas with sugar and without sugar?[image: illustration]



        	How else could you possibly have measured the reaction you produced?[image: illustration]



        	Can you think of any implication for the results of this experiment in your everyday life? That is, are there certain types of foods that you would be less inclined to mix as a result of this experiment?[image: illustration]
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