Diving for Pennies
List of Materials

· Jar with lid

· 300-400ml soda water

· Timer

· 2-3 raisins

Safety Considerations: No safety issues
Manitoba Curriculum Outcomes

· 5-2-02. Identify characteristics and properties that allow substances to be distinguished from one another. Examples: buoyancy, mass/weight for the same volume (i.e. density).
· 5-2-07. Demonstrate that the mass/weight of a whole object is equal to the sum of the mass/weight of its parts. Examples: compare the mass/weight of a pencil case and its contents with that of the individual components weighed separately and added together.
· 5-3-02. Describe, using diagrams, the forces acting on an object and the effects of increasing or decreasing them. Include force arrows representing direction and relative strength of forces acting in the same plane as well as balanced and unbalanced forces.
· 8-3-01. Use appropriate vocabulary related to their investigations of fluids. (Include density, buoyant force, and pressure).
· 8-3-08. Compare fluids of different densities to determine how they alter the buoyant force on an object.

Justifications for Using Narrative

I chose this narrative because it is a story and experience to which the majority of Middle Years students can relate. At the pool or the lake, students can experiment with density, buoyancy and the force of gravity with their own bodies or with inanimate objects. This experiment encourages students to question facts that they have accepted as truths. For example, many people cannot explain why an ocean liner floats, while a pebble sinks. The knowledge that students gain from this narrative and experiment can be used to design and construct toys or water crafts. 

Mohad and Furdows were down at the community swimming pool as usual. It was nearing the end of summer and the two boys had spent practically every day there. As school was just around the corner they were making every day count. They would spend their days playing tag, swimming, doing stunts and dives. Above all, though, they loved to dive for pennies in the deep end. Furdows was the more athletic of the two, however, Mohad, in spite of being overweight, was an excellent swimmer and appeared to glide through the water effortlessly. It was Furdows, though, who held the record for the most number of pennies collected in one dive. Just last Saturday, he had collected 13 pennies -an incredible feat. Mohad enjoyed the game, but he never came close to matching Furdows. Normally this would not bug Mohad. Furdows was the more athletic of the two and was better than Mohad in every sport. Every sport, that is, except swimming. Mohad took pride in his remarkable ability to move in the water.  Well, at least his horizontal movement. Unfortunately, when it came to descending on a dive, Mohad would expend so much energy to reach the bottom, he had only enough time to collect a few pennies before his lungs were screaming for air and he would have to return to the surface. Furdows did not have this problem. He seemed to descend with ease, leaving him an eternity to pick up as many pennies as he wanted. This just did not make sense to Mohad. He was bigger and heavier than Furdows and therefore should sink quicker to the bottom of the pool. 
Furdows noticed that his friend hadn’t said anything for quite some time as they walked home. “Everything OK?” asked Furdows. 

“Yeah...well no. I don’t get it. Heavier objects should sink faster right,” replied Mohad. 

Furdows thought for a second. “Is this related to the diving game?” enquired Furdows. 

“I just don’t get it. I weigh more than you and yet I don’t sink. You, on the other hand, sink with ease,” Mohad blurted out. 

Furdows realized that his friend was frustrated and terribly confused. Furdows knew the answer to Mohad’s conundrum. “That’s not exactly right,” replied Furdows, “Were you absent when we did the Sink or Swim experiment with Mr. Engel? If you had been there, you would know why you have such a difficult time diving in the deep end and why you float with ease. You’ve been talking about volume and weight (or mass). Although they are part of the equation, they are not the whole story. Have you ever heard of density and buoyancy?
“Nope,” replied Mohad, “should I know them?”

“Well yes, if you want to solve your problem,” Furdows replied, “Go home tonight and do the Sink or Swim experiment on your own. It’s simple, fill a jar three-quarters full of soda water, drop in two raisins and fasten the lid. Then, observe the raisins carefully. Your problem should become clear to you. Oh ya, bring your Dad’s dumbbells to the pool tomorrow too.”

“What, you want to increase my weight? That will never work,” scoffed Mohad.

“Just do it,” replied Furdows. “You’ll understand after you perform the experiment. See you tomorrow Einstein”. The boys parted ways. Mohad was more confused than ever. ‘That Furdows is pulling my leg’, he thought to himself. 

Furdows chuckled to himself. He was delighted to see his friend in such a state. 

1. Students conduct Sink or Swim Experiment. Draw a diagram of what occurred in the experiment and provide an explanation using your own words. 
2. Explain why Mohad has more difficulty diving down to retrieve the pennies than Furdows? Apply the concepts learned in the experiment. (Hint: what are the densities of muscle and fat?) 

3. If you were Mohad, what would you do in order to sink faster? Complete the story with your own ending in which Mohad uses your suggestion. 

The next day Furdows arrived at the pool first. “Unusual,” he thought. Mohad was always the first to arrive. Then he caught a glimpse of Mohad slowly coming down the street, lugging a huge bag on this back. “Oh my god, he brought his dad’s entire weight set,” Furdows squealed with delight. He ran up the street to help his friend. He looked at his Mohad’s tired, yet determined look and burst out laughing.

“I don’t see what is so funny,” Mohad spit out between heavy breaths. Furdows could not reply because he was laughing so hard tears were streaming down his face. Mohad, still not sure what was so funny, began to laugh too. Mohad tried several times to explain but another bout of laughter cut choked off his words. 
“You don’t need so much weight,” Furdows yelled out finally. “I said to bring your Dad’s dumbbells, not the entire set.”

Mohad replied confidently, “I know what I’m doing and if I were you I would be a little more respectful to the new Dive King I read the chapter on density and buoyancy after I did the experiment. I get it. At first, the raisins are denser than the water and therefore sink to the bottom of the jar. However, Carbon dioxide bubbles accumulate and attach themselves to the irregular shape of the raisin, thereby decreasing the overall density; the density of the raisin plus the CO2 bubbles is less than the density of the water, causing it to float to the surface. So, with my new knowledge I decided to improve on your strategy. I am going to tie all of these weights to me and I will sink like a rock. Your record will be nothing but a distant memory!” exclaimed Mohad.
1. What are the factors that affect the force of buoyancy? Carry out a fair test in which you change one of the variables you’ve listed in the previous question. Use the following fair test work sheet.
What will I change? 

What will I keep the same? 
   What and how will I measure?

Record your observations in the box.

 “You may want to rethink your plan Dive King,” replied Furdows on the verge of going into another fit of laughter, “unless you have a plan to escape your death trap. That’s way to much weight. You have solved the problem of descending, but how are you going to float to the surface once you’ve collected all the pennies?”
 “Easy, I brought along a bag of balloons as well. Once I’ve collected say 25 pennies on my first dive, I will just inflate the balloons and like the Carbon dioxide bubbles that cling to the raisins, I will float to the surface”, Mohad explained triumphantly.

“I was wrong Mohad, you really have thought this through,” Furdows replied with as straight a face as possible. “Just one question though, how are you going to inflate the balloons at the bottom of the pool?”

Mohad face appeared to deflate at that instant. “Oh.....I guess never thought of that,” he admitted a little sheepishly. 
“Well, I hope you can hold your breath for a long time,” teased Furdows.

“Very funny, Mr. I-know-everything-about-science,”

“Perhaps we could still use your idea,” suggested Furdows.
“Really? You don’t really like me that much do you,” joked Mohad.
“I was thinking we could design our own submarine,” suggested Furdows, “it runs on the same principle – the Archimedes Principle.”
1. In your own words, state Archimedes Principle.
“You know, that sounds way better than losing to you in another dive competition.”
“Let’s go back to my house start planning. 

“OK, hey, do you think Mr. Engel will give us extra credit,” asked Mohad.
“I wouldn’t hold your breath,” replied Furdows with a sly smile. 
2. Design a watercraft that can support 2kg of mass or a submarine using Archimedes principle and the knowledge you’ve gained from the class experiment.
Discussion Questions

1. Name the force that pushes up on an object that is equal to the weight of the water that the object displaces.

2. Name the force that pushes (or pulls) objects towards the center of the Earth.

3. In your own words, state Archimedes Principle. Draw and label a diagram of the raisin with arrows representing the forces acting upon it. 
4. List the factors that affect buoyancy. Do the characteristics of the water affect buoyancy?
5. Explain why some objects sink and others float when placed in water? For example, how are large cruise ships able to float while pebbles sink.
6. Break down the stages of the experiment. Examine the raisin at the top of the surface and at the bottom of the jar. 
7. Compare the densities of various substances (e.g. wood, aluminum, lead, water, salt water, etc.)
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