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	Program Information
	[Lesson Title]

Concepts of Density Based on Area and Volume in Modeling

	TEACHER NAME

Andrea Karpiak
	PROGRAM NAME

Mansfield City Schools – Adult & Community Ed


	
	[Unit Title]

Area and Volume Modeling
	NRS EFL(s)

2 – 6 
	TIME FRAME

Density Lab Activity: 60 minutes
Calculating Density and BTUs Activity: 60 minutes
Optional Density Classroom Activity: 20 minutes


	Instruction 
	ABE/ASE Standards – Mathematics
       

	
	Numbers (N)
	Algebra (A)
	Geometry (G)
	Data (D)

	
	Numbers and Operation
	N.3.22

N.3.26 
N.3.28

N.4.6


	Operations and Algebraic Thinking
	A.2.2

A.2.10

A.3.9 
A.3.10

A.3.13

A.3.16

 
	Geometric Shapes and Figures
	
	Measurement and Data
	D.2.9

	
	The Number System
	
	Expressions and Equations
	
	Congruence
	
	Statistics and Probability
	

	
	Ratios and Proportional Relationships
	
	Functions
	
	Similarity, Right Triangles. And Trigonometry
	
	Benchmarks identified in RED are priority benchmarks. To view a complete list of priority benchmarks and related Ohio Aspire lesson plans, please see the Curriculum Alignments located on the Teacher Resource Center.

	
	Number and Quantity
	
	
	Geometric Measurement and Dimensions
	G.4.4

	

	
	
	
	Modeling with Geometry


	G.6.2
	

	
	Mathematical Practices (MP)

	
	(
	Make sense of problems and persevere in solving them. (MP.1)
	(
	Use appropriate tools strategically. (MP.5)

	
	(
	Reason abstractly and quantitatively. (MP.2)
	(
	Attend to precision. (MP.6)

	
	(
	Construct viable arguments and critique the reasoning of others. (MP.3)
	(
	Look for and make use of structure. (MP.7)

	
	(
	Model with mathematics. (MP.4)
	(
	Look for and express regularity in repeated reasoning. (MP.8)

	
	LEARNER OUTCOME(S)

· Students will be able to apply concepts of density based on area and volume in modeling situations (e.g., persons per square mile, BTUs per cubic foot). 

	ASSESSMENT TOOLS/METHODS
· Monitor conversations, use observations to determine students understanding of the Density Lab Activity. 
· Hold discussions about the videos.

· Students will complete a worksheet regarding Density and BTU measurements. 
· Complete worksheet using formulas.



	
	LEARNER PRIOR KNOWLEDGE

· Students should have already completed  lessons Finding Perimeter and Area of Polygons, Real-World Application of Area, Volume, and Surface Area of Two and Three Dimensional Shapes, and Volume for Cylinders, Pyramids, Cones and Spheres
· Students should be able to apply formulas for area and volume.  
· This lesson is an extension of the Ohio Aspire lesson Volume and Mass in the Metric System.


	
	INSTRUCTIONAL ACTIVITIES 

Density Lab Activity:
1. Complete the attached Density Lab: Sink or Float. This activity should be connected with Physical Science (Matter, Density, Mass, Volume, Liquid displacement).
2. Watch 5 Facts About Density once the Density Lab: Sink or Float activity is complete

3. Use How To: Find Density/Mass/Volume and the solving method to work out the problems on the video using a whiteboard or paper. You may hit pause before the problem has been solved so that your students can work it out first. 

Calculating Density and BTUs Activity:

1. Pass out the Mathematics Formula Sheet & Explanation handout from GED Testing Service.
a. Encourage your students to keep this reference and write down their own notes on it how they will find volume that is more user friendly for them.
2. Complete the Working with Density and British Thermal Units worksheet.
Optional Density Classroom Activity:

1. End this unit by completing the 12 Layer Liquid Density Tower with your students.


	RESOURCES
Student copies of Density Lab: Sink or Float (Student Version) (attached)
Torowski, T. (n.d.). Density Lab: Sink or Float. Project LEARN of Summit County, Akron, OH.

Materials needed for Density Lab: Sink or Float
· Balance

· Ruler

· Graduated Cylinder

· A bowl, or container of water

· Variety of objects, see lab for more details (such as: 10 large paper clips, Marble, a wood block)

Computer with Internet access

Projector, ability to project

Speakers

Chalk/white board

Drollinger, M. (2014, March 23). 5 Facts about Density. Retrieved from https://www.youtube.com/watch?v=zlkpZZW29b0
Student copies of Mathematics Formula Sheet & Explanation
Mathematics Formula Sheet & Explanation. (2014). Retrieved from http://www.gedtestingservice.com/uploads/files/0756c16704434ff71e43c8117a5fa738.pdf
Student copies of Working with Density and British Thermal Units worksheet (attached)
Shmoop Editorial Team. (2008, November 11). Common Core Standards: Math: Sample Assignments. Retrieved from http://www.shmoop.com/common-core-standards/ccss-hs-g-mg-2.html
The Sci Guys. (2013, March 07). The Sci Guys: Science at Home - SE1 - EP5: 12 Layer Liquid Density Tower. Retrieved from https://www.youtube.com/watch?v=4EMUsPJtCoc
Optional Density Classroom Activity Supplies:
· Glass

· Bowl

· Spoon 

· Turkey baster

· Rubbing alcohol

· Dish soap

· Lamp oil

· Baby oil

· Food coloring (purple and green)

· Extra Virgin Olive Oil

· Vegetable oil

· Corn syrup

· Honey

· Chocolate syrup

· Whole milk

· Maple syrup

· Water 



	
	DIFFERENTIATION

· This lesson uses videos, hands on labs, discussions, observations, and a worksheet to meet the needs of all of your learners.  Students will actively participate in the hands on activities and they will be able to work together. 

	Reflection
	TEACHER REFLECTION/LESSON EVALUATION



	
	Additional Information
Additional standards addressed: R.4.4, R.4.11, R.5.4, R.5.9, R.5.10



Density Lab: Sink or Float (Teacher Version)
Activity Summary

This lab investigates physical properties of matter as they pertain to density. Students will practice measurement skills for mass and volume, including liquid displacement. This activity has multiple extensions online including: the story of Archimedes and the gold crown,  a density simulator, where students can manipulate variables and observe the effect on density; a population density map that gives students the opportunity to read maps and infographics while learning about social issues; a video that explains buoyancy. 

Objectives

Students will

· Measure, collect, and calculate data

· Define qualities of sinking and floating in water by analyzing data and drawing conclusions

Standards

R.4.4. Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks. (RST.6-8.3) 

R.4.11. Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table). (RST.6-8.7) 

R.5.4.Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or exceptions defined in the text. (RST.9-10.3)

R.5.9. Integrate quantitative or technical analysis (e.g., charts, research data) with qualitative analysis in print or digital text. (RH.9-10.7)

R.5.10.Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words. (RST.9-10.7)

G.4.4.Solve real-world and mathematical problems involving area, volume and surface area of two-and three-dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. (7.G.6) 

A.3.13.Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand that a variable can represent an unknown number, or, depending on the purpose at hand, any number in a specified set. (6.EE.6)

Physical Science

P.c. Chemical Properties and Reactions Related to Living Systems

2 Physical and chemical properties, changes or state, and density
Assessment: DoK 1, 2, 3

Students will be assessed on their measurements, data analysis and conclusion.

Teacher Notes: 

· General rule: The density of water is 1 g/mL. Objects with a greater density than 1 g/mL will sink, and less than one will float. For this lab, we are focusing on density not buoyancy. 

· General rule: In the metric system, a cm3 is equal to a mL. Therefore these units are interchangeable. As a result the unit for density can read g/cm3 or mL.
· Archimedes’ story can be a useful opener for this activity. See the online extension section.

· Invite students to bring in objects for this lab. The volume of the objects will need to be measured either by l × w × h or liquid displacement, so they will need to fit in a graduated cylinder. Also the objects will be placed in water to see how they sink or float. Possible objects could be: marbles, dice, dominos, wood blocks etc. 
· The TRY THIS AT HOME can be used as an opener/follow up lab. You will need a can of diet and regular of the same kind of soda (regular and diet Dr. Pepper for example) and a bucket or tub of water. The diet soda will float and the regular will sink. This is because the regular soda has a different mass due to sugar, while the volume stays the same. You can use the data on the can to show this mathematically. Density is mass/volume, use the balance to show the mass of each soda, then divide by the volume on the can. 
· Students may need help determining the length, width, and height of a solid. Choose one vertex and measure each of the lines that touch it. 

[image: image91.png]

Key: Examples of Data. Mass and Volume may vary, but density should be similar to the data below
	Object/Material
	Prediction:

Sink or Float
	Mass in grams
	Volume in cm3 or mL
	Density = m/v
	Density in 

g/cm3 or g/mL
	Sink or Float

	Clay (one stick)
	
	13.5
	7 mL
	13.5/7
	1.92 g/mL
	Sink quickly

	Foam Block
	
	32.8
	10x10x10=

1000 cm3
	32.8/1000
	.03 g/cm3
	Float mostly on top of water

	Candle
	
	19.6
	20 mL
	19.6/20
	.98 g/mL
	Float, but mostly submerged

	Crayon
	
	4.4
	5 mL
	4.4/5
	.88 g/mL
	Float but mostly submerged

	Eraser
	
	8.1
	1.2x2.1x2.3=

5.8 cm3
	8.1/5.8
	1.4 g/cm3
	Sink quickly

	4 Glass beads
	
	17.8
	7 mL
	17.8/7
	2.54 g/mL
	Sink quickly

	10 large paperclips
	
	10.8
	1 mL
	10.8/1
	10.8 g/mL
	Sink quickly

	Sponge
	
	15.3
	12x7.6x1.6=

145.92 cm3
	15.3/145.92
	.1 g/cm3
	Float on top, unless saturated which changes the mass


1. Analysis/Discussion
Look closely at your data and observations. Did all objects sink or float in the water the same way? 

No, some objects floated almost on top of the water, like the foam block, while others were mostly submerged, like the crayon

Based on your data is there a correlation between density and whether an object/material sinks or floats in water? The lower the density, the more the object floats. If the density is greater than one the object sinks, if it’s less than one it floats. 
2. Conclude

Revisit your hypothesis. Take your thoughts from the Analysis/Discussion sections and summarize them into one concise conclusion. Student answers will vary
Density Lab: Sink or Float (Student Version)
Which is more dense, a sponge or a brick? Would the size of the objects matter? What IS density?
You could probably answer the first question without much thought. If you said a brick is denser than a sponge, you are right. Your experience and observations from everyday life probably led you to that conclusion. The next two questions may have taken some more thought. Density can easily be described as how much “stuff” is in a given amount of space, or more scientifically speaking how much mass is in a given volume. In this lab, we are going to investigate density as a property of matter, and how density helps determine if objects/materials float or sink in water. 
3. Question: How does density relate to sinking and floating in water?
4. Hypothesis: Make a prediction of whether or not each object/material will sink or float. Record your predictions on the data table on the next page. 

Materials:

Balance

Ruler

Graduated cylinder

Objects to measure:

Ten large paper clips

Marble

A bowl or container of water


A wood block

A variety of other objects/materials *
*Note: Use a variety of objects for this lab. The requirement is that the objects can be measured with the graduate cylinder or ruler for volume, the balance for mass and can be in water without being ruined. Other objects may include: crayons, stones, buttons, beads, dice etc. 

5. Experiment

Procedures

1. Measure the mass for each of the objects/materials. Keep track of this data in the data table. 

Note: The paper clips are in groups of ten because the instruments may not be precise enough to measure one paper clip alone. 

2. Measure the volume for each object. Keep track of this data in the data table. For help with measuring volume, see page 3. 

Note: The paper clips are in groups of ten because the instruments may not be precise enough to measure one paper clip alone. 

3. Use the formula to determine the density of the objects.

4. Test if the objects sink or float in the bowl of water. 

a. Note: if you used the graduated cylinder to measure volume, you can make this observation from step 2. 

5. Record observations. Be descriptive of HOW the object sank or floated.

	Object/Material
	Prediction:

Sink or Float
	Mass in grams
	Volume in cm3 or mL
	Density = m/v

g/cm3 or g/mL
	Sink or Float

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Density = mass/volume or m/v

Simply divide the mass by the volume

Measuring Volume
There are two basic ways to measure volume in the lab. 
The first method is to simply measure the length, width and height of an object and multiply these values. When using this method, the proper units would be km3, m3, cm3 or mm3 depending on which unit you were using. For this lab you will use cm3. 
But, what if the object is irregular and doesn’t have a defined length, width, and height? In that case, use a process called liquid displacement. This process requires a graduated cylinder and water. 
First, fill the graduated cylinder about half way and record the amount. Carefully add the object, and record the new water level. Make sure to eliminate any air bubbles by tapping on the graduated cylinder. Lastly, subtract the original recording from the new recording. This will give you the volume of the object in milliliters (mL).
One mL is equal in volume to one cm3, which means they are interchangeable units, one major perk of the metric system. For example, if a ball of clay is 4 mL using liquid displacement, you can assume that it is the same as 4 cm3 .
Therefore, the units for density, g/mL and g/cm3 are equal! We read this as “grams per milliliter” and “grams per centimeters cubed.”

Example 1: 

A wood block is cubed shape and has 3 cm sides. 

We can measure this by multiplying 3cm x 3cm x 3cm = 9cm3 . The mass of the block is 7 g. 

To find the density, divide the mass by the volume. 7g/9cm3 = 0.78 g/cm3
Example 2:

A marble, when placed in a graduated cylinder, made the water rise 2 mL. 

The mass of the marble is 4.2 g.

Density = mass/volume: 4.2g/2mL= 2.1 g/mL

6. Analysis/Discussion
Look closely at your data and observations. Did all objects sink or float in the water the same way? 

Based on your data is there a correlation between density and whether an object/material sinks or floats in water? 
7. Conclude

Revisit your hypothesis. Take your thoughts from the Analysis/Discussion sections and summarize them into one concise conclusion. 

TRY THIS AT HOME:

Put a can of diet soda, and regular soda in water. Do they sink or float? Why?

ONLINE EXTENSIONS:


Online Example:

Scroll down to “The Puzzle of King Hiero’s Crown” to read a comic of Archimedes’ important discovery

http://archimedespalimpsest.org/about/history/archimedes.php 

Online Density Simulator

Try a similar lab online. Follow the link and click “run”

 http://phet.colorado.edu/en/simulation/density 

Online Investigation: Population Density

Density can also apply to population, meaning how many people live in a certain area. Analyze various locations on the map. Can you think of reasons that some areas are more densely populated than others?

http://ngm.nationalgeographic.com/2011/03/age-of-man/map-interactive
Online Video: Density and Buoyancy

Maybe you are curious why a metal paper clip sinks, but a metal cruise ship floats. This has to do with a property called buoyancy. This video will help explain.

https://www.youtube.com/watch?v=y0SnFCs9z1g 

Working with Density and British Thermal Units

1. A hot air balloon holds 74,000 cubic meters of helium, a very noble gas with the density of 0.1785 kilograms per cubic meter. How many kilograms of helium does the balloon contain?

[image: image1.wmf](A) 740 kg[image: image2.wmf] (B) 6,529 kg[image: image3.wmf] (C) 13,209 kg[image: image4.wmf] (D) 414,565 kg

2. The population density of Themville is 17.5 Thems per acre. Exactly 840 Thems live in Themville. How many acres is Themville?

[image: image5.wmf](A) 48 acres[image: image6.wmf] (B) 1470 acres[image: image7.wmf] (C) 480 acres[image: image8.wmf] (D) 14700 acres

3. A Wisconsin-based dairy farm has 1,200 cows in their milking herd that collectively produce 160,500 pounds of milk per square kilometer of grazing pasture, for a total of 7,704,000 pounds of milk products. How many square kilometers do these cows get to roam around on?

[image: image9.wmf](A) 48 km2 [image: image10.wmf](B) 133.75 km2[image: image11.wmf] (C) 6,420 km2[image: image12.wmf] (D) 25 km2
4. Twenty-seven people skated their hearts out at big Ben's birthday party at the skating rink last night, each producing an amazing 2,400 BTUs (British Thermal Units) of heat while listening to an hour's worth of Beatles, Spice Girls, and Adele. The interior of the skating rink is 90 feet long, 40 feet wide, and 20 feet tall. To the nearest thousandth, how many BTUs per cubic foot did they produce?

[image: image13.wmf](A) 0.033 BTUs/ft3[image: image14.wmf] (B) 0.667 BTUs/ft3[image: image15.wmf] (C) 0.900 BTUs/ft3[image: image16.wmf] (D) 1.111 BTUs/ft3
5. Neil Glennbuzz, astronaut extraordinaire, has returned to the Kennedy Space Center with samples from his recent interplanetary travels. He has 3.47 kilograms of soil from Mars. Given that Mars has an average soil density of 3.93 g/cm3, how many cubic centimeters of soil is that?

[image: image17.wmf](A) 3470 cm3[image: image18.wmf] (B) 13.637 cm3[image: image19.wmf] (C) 882.952 cm3[image: image20.wmf] (D) 1.133 cm3
6. Over a 24-hour period, brown bears counted 840 salmon swimming upstream, and they safely assumed that they only counted 30% of the total number of fish going by. The salmon-spawning haven along Copper River measures approximately 90,000 cubic meters of water. Given that the haven was empty before this week, that the salmon swim upstream at a constant rate, and that once they reach the haven, the salmon hang out there indefinitely, what will the population density of salmon in the Copper River spawning haven be after one week (to the nearest thousandth fish/m3)?

[image: image21.wmf](A) 0.009 fish/m3[image: image22.wmf] (B) 0.031 fish/m3[image: image23.wmf] (C) 0.093 fish/m3[image: image24.wmf] (D) 0.218 fish/m3
7. The Mom & Pop Coffee Shop wants to open new locations, either downtown or uptown. They will open a new location wherever the ratio of existing coffee shops per person is less than 0.01. The population density of the 20-city-block downtown area is 225 people per city block, but there are already 48 coffee shops in the area. The population of the 30-block uptown area is 125 people per block, and there are 16 coffee shops around. Where, if anywhere, should they open their new location(s)?

[image: image25.wmf](A) Downtown only[image: image26.wmf] (B) Uptown only[image: image27.wmf] (C) Both downtown and uptown[image: image28.wmf] (D) Neither downtown nor uptown

8. In the 1980 census, the population density of a given 15 km2 region was 19.8 people per square kilometer. This density grew to 26.2 people per square kilometer by 1990. In 2000, the population density of the area was 36.4 people per square kilometer. And in 2010, there were 47.6 people per square kilometer. Which statement best describes the population growth of the area?

[image: image29.wmf](A) From 1980 to 1990, the population grew by 38.9%.[image: image30.wmf] (B) The smallest percentage increase in population occurred between 1990 and 2000.[image: image31.wmf] (C) There were 546 people in the region in 1990.[image: image32.wmf] (D) The biggest increase in number of residents in the area occurred between 2000 and 2010.

9. Farmers in Field County are experimenting with new varieties of corn to see if they can increase their crop yield per acre. They planted 452 acres with Lotsacorn and collected a total of 69,110 bushels. They also planted 396 acres with Cornaplenty, which yielded a total of 59,637 bushels. Which of these statements most accurately describes the experiment?

[image: image33.wmf](A) Lotsacorn yielded 16% less per acre than Cornaplenty.[image: image34.wmf] (B) Lotsacorn yielded 1.5% more per acre than Cornaplenty.[image: image35.wmf] (C) Cornaplenty yielded 14% more per acre than Lotsacorn.[image: image36.wmf] (D) Cornaplenty yielded 2.6% less per acre than Lotsacorn.

10. A balloon archway has been ordered for decorating the high school gym for a 1950's style prom. The archway will contain 275 balloons, each holding 1.2 liters of helium. Each balloon has a mass of 27 milligrams when empty, and all the string and fixings that hold the balloons together total another 45 grams. If helium has a density of 0.1785 grams per liter, what is the mass of the entire archway?

[image: image37.wmf](A) 1,113,300 mg[image: image38.wmf] (B) 11.133 g[image: image39.wmf] (C) 111.33 kg[image: image40.wmf] (D) 0.11133 kg

Answer Key:

1. A hot air balloon holds 74,000 cubic meters of helium, a very noble gas with the density of 0.1785 kilograms per cubic meter. How many kilograms of helium does the balloon contain?

[image: image41.wmf](A) 740 kg[image: image42.wmf] (B) 6,529 kg[image: image43.wmf] (C) 13,209 kg[image: image44.wmf] (D) 414,565 kg

Correct Answer:

13,209 kg

Answer Explanation:

Density is calculated as [image: image45.png]3



, or mass divided by volume. Fill in the two parts we know and solve for m = Vd = 74,000 m3 × 0.1785 kg⁄m3 = 13,209 kg.

2. The population density of Themville is 17.5 Thems per acre. Exactly 840 Thems live in Themville. How many acres is Themville?

[image: image46.wmf](A) 48 acres[image: image47.wmf] (B) 1470 acres[image: image48.wmf] (C) 480 acres[image: image49.wmf] (D) 14700 acres

Correct Answer:

48 acres

Answer Explanation:

Using [image: image50.png]3



, we can plug in the data we know to get 17.5 [image: image51.png]


. Solve for V = 48 acres. Of course, when talking about population density, we're really using more of an area measurement than a volume one, but the formula holds true either way.

3. A Wisconsin-based dairy farm has 1,200 cows in their milking herd that collectively produce 160,500 pounds of milk per square kilometer of grazing pasture, for a total of 7,704,000 pounds of milk products. How many square kilometers do these cows get to roam around on?

[image: image52.wmf](A) 48 km2 [image: image53.wmf](B) 133.75 km2[image: image54.wmf] (C) 6,420 km2[image: image55.wmf] (D) 25 km2
Correct Answer:

48 km2 
Answer Explanation:

We can ignore the number of cows for this question. That's not the piece of information we care about. To find the number of square kilometers grazed, we divide the number of pounds of milk by the milk per square kilometer, or [image: image56.png]LOLOE D 48k
160,500 Ibs/km’



.

4. Twenty-seven people skated their hearts out at big Ben's birthday party at the skating rink last night, each producing an amazing 2,400 BTUs (British Thermal Units) of heat while listening to an hour's worth of Beatles, Spice Girls, and Adele. The interior of the skating rink is 90 feet long, 40 feet wide, and 20 feet tall. To the nearest thousandth, how many BTUs per cubic foot did they produce?

[image: image57.wmf](A) 0.033 BTUs/ft3[image: image58.wmf] (B) 0.667 BTUs/ft3[image: image59.wmf] (C) 0.900 BTUs/ft3[image: image60.wmf] (D) 1.111 BTUs/ft3
Correct Answer:

0.900 BTUs/ft3
Answer Explanation:

We know the total amount of heat produced was 2,400 BTUs × 27 = 64,800 BTUs, and the total cubic feet in the rink is 90 ft × 40 ft × 20 ft = 72,000 ft3. The BTUs per cubic foot is just 64,800 BTUs divided by 72,000 ft3 = 0.9 BTUs per cubic foot.

5. Neil Glennbuzz, astronaut extraordinaire, has returned to the Kennedy Space Center with samples from his recent interplanetary travels. He has 3.47 kilograms of soil from Mars. Given that Mars has an average soil density of 3.93 g/cm3, how many cubic centimeters of soil is that?

[image: image61.wmf](A) 3470 cm3[image: image62.wmf] (B) 13.637 cm3[image: image63.wmf] (C) 882.952 cm3[image: image64.wmf] (D) 1.133 cm3
Correct Answer:

882.952 cm3
Answer Explanation:

Given the density of Mars is 3.93 g/cm3, we can solve the density formula [image: image65.png]3



for V in cubic centimeters. If we substitute in our density and mass values (remembering to convert 3.47 kg into 3,470 g), we'll be able to solve V for 882.952 cm3.

6. Over a 24-hour period, brown bears counted 840 salmon swimming upstream, and they safely assumed that they only counted 30% of the total number of fish going by. The salmon-spawning haven along Copper River measures approximately 90,000 cubic meters of water. Given that the haven was empty before this week, that the salmon swim upstream at a constant rate, and that once they reach the haven, the salmon hang out there indefinitely, what will the population density of salmon in the Copper River spawning haven be after one week (to the nearest thousandth fish/m3)?

[image: image66.wmf](A) 0.009 fish/m3[image: image67.wmf] (B) 0.031 fish/m3[image: image68.wmf] (C) 0.093 fish/m3[image: image69.wmf] (D) 0.218 fish/m3
Correct Answer:

0.218 fish/m3
Answer Explanation:

The bears only counted 30%, which means the salmon are swimming upstream at a rate of 2,800 fish per day, or 19,600 fish per week. The population density will be [image: image70.png]= 19,0600 hish
90, 000 m3

= 0.218 fish/m”



.

7. The Mom & Pop Coffee Shop wants to open new locations, either downtown or uptown. They will open a new location wherever the ratio of existing coffee shops per person is less than 0.01. The population density of the 20-city-block downtown area is 225 people per city block, but there are already 48 coffee shops in the area. The population of the 30-block uptown area is 125 people per block, and there are 16 coffee shops around. Where, if anywhere, should they open their new location(s)?

[image: image71.wmf](A) Downtown only[image: image72.wmf] (B) Uptown only[image: image73.wmf] (C) Both downtown and uptown[image: image74.wmf] (D) Neither downtown nor uptown

Correct Answer:

Uptown only

Answer Explanation:

First, we should find the total number of people in the uptown and downtown areas. The 225 people per block × 20 blocks downtown = 4,500 people downtown, while the uptown area has 125 people per block × 30 blocks uptown = 3,750 people uptown. Now, we can divide these by the number of coffee shops to get the ratios we need. Downtown, we have a ratio of [image: image75.png]L 1.1
1500 people

0.0107 shops per person



, but uptown, the ratio is only [image: image76.png]7750 neeje = 0.0043 shops per person



. They can open a new uptown shop because it's less than the specified 0.01 ratio.

8. In the 1980 census, the population density of a given 15 km2 region was 19.8 people per square kilometer. This density grew to 26.2 people per square kilometer by 1990. In 2000, the population density of the area was 36.4 people per square kilometer. And in 2010, there were 47.6 people per square kilometer. Which statement best describes the population growth of the area?

[image: image77.wmf](A) From 1980 to 1990, the population grew by 38.9%.[image: image78.wmf] (B) The smallest percentage increase in population occurred between 1990 and 2000.[image: image79.wmf] (C) There were 546 people in the region in 1990.[image: image80.wmf] (D) The biggest increase in number of residents in the area occurred between 2000 and 2010.

Correct Answer:

The biggest increase in number of residents in the area occurred between 2000 and 2010.

Answer Explanation:

Using the population densities and the total area of the region, we can create the following table to show how the population grew each decade.

	
	Population density
	Number of People
	Change in Population
	% Change in population

	1980
	19.8
	297
	
	

	1990
	26.2
	393
	96
	32.3%

	2000
	36.4
	546
	153
	38.9%

	2010
	47.5
	714
	168
	30.7%


Of the answer choices, only (D) is correct. While its percentage wasn't the greatest, the 10 years between 2000 and 2010 did see the highest number of residents.

9. Farmers in Field County are experimenting with new varieties of corn to see if they can increase their crop yield per acre. They planted 452 acres with Lotsacorn and collected a total of 69,110 bushels. They also planted 396 acres with Cornaplenty, which yielded a total of 59,637 bushels. Which of these statements most accurately describes the experiment?

[image: image81.wmf](A) Lotsacorn yielded 16% less per acre than Cornaplenty.[image: image82.wmf] (B) Lotsacorn yielded 1.5% more per acre than Cornaplenty.[image: image83.wmf] (C) Cornaplenty yielded 14% more per acre than Lotsacorn.[image: image84.wmf] (D) Cornaplenty yielded 2.6% less per acre than Lotsacorn.

Correct Answer:

Lotsacorn yielded 1.5% more per acre than Cornaplenty.

Answer Explanation:

Lotsacorn gave a yield of [image: image85.png]52.9 bushels per acre



, while Cornaplenty gave a yield of [image: image86.png]50.6 bushels per acre



. This means Lotsacorn boasted a 1.5% larger return per acre than Cornaplenty.

10. A balloon archway has been ordered for decorating the high school gym for a 1950's style prom. The archway will contain 275 balloons, each holding 1.2 liters of helium. Each balloon has a mass of 27 milligrams when empty, and all the string and fixings that hold the balloons together total another 45 grams. If helium has a density of 0.1785 grams per liter, what is the mass of the entire archway?

[image: image87.wmf](A) 1,113,300 mg[image: image88.wmf] (B) 11.133 g[image: image89.wmf] (C) 111.33 kg[image: image90.wmf] (D) 0.11133 kg

Correct Answer:

0.11133 kg

Answer Explanation:

The helium will weigh 275 balloons × 1.2 L/balloon × 0.1785 g/L = 58.905 grams, and the balloons themselves weigh 275 balloons × 0.027 g/balloon = 7.425 grams, and the strings weigh 45 grams. Combined, that's 58.905 g + 7.425 g + 45 g = 111.33 grams, or 0.11133 kilograms. Not too bad for an arch, daddy-o
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