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What’s So Great About Science?


Do you ever wonder how people came up with the amazing things that make our lives so interesting? Things like airplanes, televisions, and computers, or even ice cream? Think about it. Someone had to figure out that stirring milk and sugar while freezing the mixture at the same time makes a creamy dessert that’s not solid but not liquid, either. How did they do that? Was the invention of ice cream just plain luck?


Nope.


It was science.


That’s right, the very same science you study in school.


Science is more than just a bunch of things you have to know for a class. It’s a way of thinking. It’s a whole system for making sense of the world, one that we humans have relied on for thousands of years. It uses something called the scientific method (see here), which lets us figure things out by doing tests and looking at evidence.


Before we had science, people came up with all sorts of crazy answers to tricky questions such as Why do people get sick? Why does the sun rise? And even, What can we eat for dessert?


Science lets us look at mysteries and then use reason and experiments to solve them. And the more we humans understand, the more we can achieve. That’s how science has given us all of our amazing inventions and discoveries, from the very first wheel to the latest smart phone.


But you don’t have to be a researcher, professor, or inventor to experience the thrills of science. Anyone can do it. All it takes is curiosity, a plan of action, and a few supplies.
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Equipped with his five senses, man explores the universe around him and calls the adventure Science.


— Edwin Powell Hubble, astronomer







Why Mason Jars?


In the movies, scientists work in high-tech laboratories crammed with glass beakers, bubbling flasks, and fancy display cases that show off their collections of meteorites and dinosaur skeletons.


But that’s Hollywood, where they can afford all that stuff. Here in the real world, we like to do science with supplies that are inexpensive, don’t easily break, and that you probably already have on hand. That’s why we love mason jars, which are designed for processing food at high heat and preserving it for a long time.


They come in all sizes and styles, from tiny 4-ounce jelly jars to huge half-gallon juice jars. To do the experiments in this book, you’ll need mostly half-pint, pint, and quart jars (check the materials list given with each experiment). Here’s how they compare to real scientific equipment.





The Mason Jar Versus . . .


The beaker. This container with a spout is used for heating and mixing liquids. Mason jars, which are designed to hold hot foods, are also heat proof.


The graduated cylinder. The measurements on the side allow a scientist to precisely measure a liquid. Many mason jars also have helpful measuring lines.


The flask. The narrow neck lets scientists swirl liquids without spilling them, and carry them around the lab. Mason jars have screw-on lids that let you do the same.


And that’s just in the chemistry lab . . . with mason jars you can do experiments in biology (study live bugs!), earth science (make stalactites!), and botany (grow plants!). We’ll even show you how to turn them into cool scientific instruments.


Let’s get started!






[image: A flask, beaker, and graduated cylinder with colored liquids, and a mason jar with the measuring lines visible.]







Using the Scientific Method 
to Solve Mysteries



Have you ever come across something weird or unusual and thought, What’s up with that? If you are the curious type (and we suspect that you are), you’ll want to know more. You could try guessing, or making up an explanation that sounds good. But scientists have found a better way to get at the truth, using experiments to gather evidence and draw conclusions. It’s called the scientific method, and it works something like this . . .




Start with a question . . . 


That’s weird! I wonder why that is?




You see something odd, or something happens that leaves you puzzled, or you’re just curious about why something is the way it is. And so you start wondering What’s going on?







I think I have an idea . . .


You give it some more thought. Maybe you do some research, and because you are pretty smart, you come up with a possible explanation. Scientists call this a hypothesis. Now comes the part that makes science more than just one person’s hunch.




Try to prove it


You need to prove that your thinking is correct, which means coming up with some kind of test, or experiment, that gives you solid evidence. Here’s where scientists show how creative they can be (think of Galileo dropping various balls from the leaning tower of Pisa to show that objects fall at the same speed)!




Learn from success — and failure


What? Your experiment didn’t work out the way you expected? That’s great! Because failure can also give you important information. So keep coming up with new experiments that can tell you even more.





Get a reality check


Did your test show you were right? To be sure, have someone else try to replicate it (meaning repeat it and get the same results). Were the results not what you expected? Maybe you need to revise your thinking. Ask others for feedback, do some more research, or look again at what you’ve done. Maybe your “failures” are actually telling you something important!




Draw a conclusion


Based on your tests, try to come up with a conclusion that explains what you observed. And then get ready to think some more. Because every conclusion raises new questions. The work of science is never over. That’s why it’s such a powerful tool for understanding. It forces us to keep asking questions and to keep seeking evidence for our answers. And by doing that, it helps us discover more about the universe.
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The Magic of Chemistry


What is all the stuff on Earth made from, and how can we make new stuff from it? Chemistry is the field of science that helps us find out. Humans have probably been asking this since we first discovered fire (a chemical reaction!), and over the centuries we’ve used chemistry to create the incredible world we live in today. It gave us our first metal tools and the latest disease-curing drugs. It lets us grow more food, create high-tech computers, and send people into outer space.


But chemistry is also something we use every day, when we blend up a smoothie or wash our hands with soap. The following experiments let you see this remarkable science in action. Prepare to be amazed.









Lava Lamp 2.0


Bubbles and blobs make for a mesmerizing reaction.


If you ask your grandparents about the original lava lamp, they just might get a faraway look in their eyes thinking about the groovy days of the 1960s. But if you want to really blow their minds, show them this simplified version and explain the science behind it. It all comes down to a scientific principle demonstrated every day by the salad dressing in your fridge: oil and water don’t mix.






[image: A red and a green mason jar lava lamps.]






Materials




	Pint-size (or larger) mason jar with two-piece lid*


	Water


	Food coloring


	Vegetable oil


	Effervescent antacid tablets (such as Alka–Seltzer)







*A larger jar gives more dramatic results.




Instructions




	
1. Fill the jar about a quarter full with water. Stir in 10 or so drops of food coloring.


	
2. Add twice as much oil as water, so the jar is three-quarters full.


	
3. Drop in half of an antacid tablet and observe the reaction.









Science in Real Life


When oil spills in the ocean, clean-up crews use floating barriers to keep the oil slick contained. They can do this because the oil is floating on the water’s surface, just like the oil in this lava lamp.








What to Watch For


The tablet should start to bubble, causing blobs of colored water to rise up into the oil. Once the initial bubbling slows down, watch as smaller bubbles continue to rise and fall, or add more antacid, broken into smaller chunks.


When you are done, let the jar sit uncovered for a while so all the gas can escape. (Trapping that gas in the jar could cause it to crack!) Store the jar with the lid on, and keep some antacid tablets handy, so you can use your lamp on another groovy day.






[image: Two boys observing their mason jar lava lamps.]







What’s Going On


The original lava lamp used heat to send mesmerizing blobs of wax rising and falling. Here, we use the gassy fizz from an effervescent antacid tablet. The oil is less dense than the colored water so it floats in a layer on top (for more on density, see Tower of Liquids). The blobs of water are carried to the surface by the rising carbon dioxide bubbles, and then sink back down when the bubbles reach the top.








[image: An original Lava Lamp with red wax rising and falling.]
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Speak like a Scientist


A material that bubbles or foams from escaping gas is called effervescent. Antacid tablets are effervescent in the same way that baking soda is when you mix it with an acid such as vinegar. In fact, the tablets actually contain baking soda (sodium bicarbonate) along with citric acid, so when the tablet is dissolved in water, you see a similar reaction: lots of bubbles of carbon dioxide gas. (See The Yeast You Can Do, Take It Further.)
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Water Fireworks


Set off an explosion of color.


This project lets you detonate bursts of color without having to worry about burning down your house or blowing off a finger! These fireworks don’t use fire at all. Just the opposite: water, along with oil and your favorite shades of food coloring.






[image: Water fireworks in action, a swirl of blues and reds in a mason jar.]






Materials




	Quart-size mason jar


	Half-pint mason jar


	Room-temperature water


	2 ounces vegetable oil


	Food coloring


	Fork








Instructions




	
1.  Fill the quart jar with room-temperature water, leaving about an inch of space at the top.


	
2.  Pour the vegetable oil into the half-pint jar. Add several drops of food coloring, in various shades.


	
3.  Run the fork gently through the oil a couple times to break the drops of coloring into smaller drops. Don’t over mix! Some drops can be big and others can be small.


	
4.  Add the oil mixture to the water jar by slowly pouring it against the side of the jar so the oil floats on the surface of the water, holding all the blobs of food coloring.







What to Watch For


Within 30 seconds or so, the drops of food coloring will fall out of the oil and into the water, leaving trails of color as they sink.




What’s Going On


Food coloring doesn’t dissolve in oil, so at first it sits on the surface of the water, held by the oil. Eventually, though, it drops through the oil and hits the layer of water below. Once it does, the dye quickly dissolves and you get to admire the colorful result!
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Wide World of Slimes


A field guide to making crazy concoctions


Who doesn’t love slimes, goos, and doughs? Gather a few ordinary ingredients, stir them together (or heat them), and before your eyes they transform into gooey blobs, gross slimes, or moldable clays! But in addition to being just plain fun, these concoctions are great examples of the marvels of chemistry. Each mixture feels and acts the way it does because certain chemical ingredients make it behave that way. Once you know how that chemistry works, you can invent the slime of your dreams! So choose your goo and start concocting!






[image: Hands holding pink slime, blue goo, and green play clay.]










Wide World Of SLIMES




Goo


Also known as gack, this smooth, rubbery material can be stretched and squished.






[image: A mason jar overflowing with blue goo.]






Materials




	Pint-size mason jar with two-piece lid


	4 ounces white glue


	1 teaspoon baking soda


	Paint stirrer or other mixing tool


	1 tablespoon contact lens solution*


	5 or so drops of food coloring







*Look for a brand that contains boric acid.





Instructions




	
1. Pour the glue into the mason jar.


	
2. Add the baking soda and stir to combine thoroughly. Add the food coloring and stir to combine. (Check out the variations. Add any extra ingredients now.)


	
3. Add the contact lens solution and start stirring. Now comes the amazing part. The mixture will become harder to stir, and a blob will start to form around your stirrer as the substances react to form the goo.


	
4. Keep stirring the blob, or knead your goo with your hands. If it’s too sticky, add a 1⁄4 teaspoon more contact lens solution. Adjusting the amounts of glue and lens solution will give you goos of varying consistencies. The more lens solution, the firmer your final goo, but don’t overdo it or your goo can become too stiff to stretch.







Stored in the jar with the lid on, your goo should keep for months.





What’s Going On


Glue is a polymer, which means it is made up of long chains of molecules. Think of the chains as being like cooked spaghetti noodles, all facing the same way, easily sliding back and forth.








[image: An illustration of spaghetti noodles laid out on a plate.]









The boric acid in the lens solution combines with the baking soda (sodium bicarbonate) to make borate, a substance that triggers a reaction called cross-linking. When a polymer is cross-linked, all of those chains tangle up into a blob of molecules, sort of like adding thick cheese sauce to the spaghetti and giving it a stir.








[image: An illustration of a fork twirling up some spaghetti noodles from a plate.]
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GOO Variations!





Multicolored Goo


If you mix up goo in several colors and then twist them together, you’ll have made the latest rage in homemade concoctions. Its name: Unicorn Poop.






[image: A rainbow-colored goo, with an illustration of a pink unicorn.]







Glitter Goo


For a more interesting look, stir in some glitter or use glow-in-the-dark paint instead of food coloring (but be careful using the goo on wood or fabric surfaces where it could leave a stain!).




Fluffy Goo


For fluffier goo, add about 2 ounces — a few squirts — of foamy shaving cream (not gel) to the glue and baking soda mixture, and stir it in.






[image: Purple glitter goo, blue fluffy goo, and a jar of green fluffly goo.]















Wide World Of SLIMES





Slime


This substance, also known as flubber, is similar to goo, but it’s more stretchy, less solid, and more slimy! When first made, it has a stringy, snotlike consistency (gross!). Keep it away from anything it might stick to, like carpets, sweaters, and hair!






[image: An overflowing jar of pink slime.]






Materials




	Quart-size mason jar with two-piece lid


	4 ounces white glue


	4 ounces water


	10 or so drops of food coloring


	4 ounces Sta-Flo liquid starch*


	Paint stirrer or other mixing tool







*This brand contains sodium tetraborate, which is a key ingredient. If you can’t find it in the supermarket laundry aisle, you can order it online. Many laundry detergents, including Gain and Tide, also have this ingredient and can be used similarly.




Instructions




	
1. Combine the glue, water, and food color­ing in the jar, and mix with the stirrer.


	
2. Slowly pour in the starch, stirring it into the other ingredients. The liquid will quickly form a blob. Knead it to firm it up.







Stored in the jar with the lid on, your slime should keep for months.




What’s Going On


Sta-Flo liquid starch contains sodium tetraborate, which acts like the boric acid and baking soda in goo to cross-link the polymers in the glue to form slime. Other ingredients in the starch make the slime more squishy and stretchy. You can adjust the sliminess by adding less water or less laundry starch to the glue.




Glitter Slime


Sparkle up your slime by adding a few spoonfuls of glitter to the glue and water mixture in step 1.











Wide World Of SLIMES





Microwave Play Clay


You can sculpt this soft play dough just like the store-bought version. Left out to dry, it will eventually harden.






[image: Two balls of colorful play clay.]






Materials




	Quart-size mason jar with two-piece lid


	Half-pint mason jar


	Paint stirrer or other mixing tool


	1 cup flour


	
1⁄2 cup salt


	1 teaspoon cream of tartar (found in the supermarket spice section)


	1 cup water


	10 to 15 drops of food coloring


	1 teaspoon vegetable oil








Instructions




	
1. Combine the flour, salt, and cream of tartar in the quart jar and stir.


	
2. Combine the water and food coloring in the half-pint jar and then pour the liquid into the dry ingredients in the quart jar.


	
3. Add the oil and stir thoroughly. The mixture should look like very thick paint.


	
4. Microwave the jar for about 11⁄2 minutes.


	
5. Using potholders, remove the hot jar, place it on the counter, and give it a quick stir. The clay should have started to solidify. (If it is still liquid, microwave it for another 10 seconds or so.)


	
6. Let it cool for a minute or so, or until you can comfortably hold the jar, and continue stirring. The mixture should be thick like mud.


	
7. Scrape it out of the jar onto a surface with a little flour on it and knead it until it’s smooth.







Store the clay in the quart jar but let it cool completely before putting on the lid, so water does not condense on the jar’s sides. It should keep for months.








[image: A boy stirring a jar of green play clay.]













[image: A warning sign.]







Safety First: Test the inside of the clay with your fingers to make sure it is cool enough to handle before you start kneading it. It will be hot coming out of the microwave and could burn your hands.





What’s Going On


Like bread dough, this play clay is mostly a mixture of flour and water. The other ingredients keep it from getting moldy and help give it a springy texture. Heating the mixture in the microwave (or slowly in a pan on the stove top) helps combine all the ingredients.






[image: Pink play clay molded into dinosaur shapes.]

Unlike goo or slime, play clay can be molded and holds its shape. Sculptures left out to dry can be painted with acrylics (give them a white primer coat first).
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