Worcester Public Schools 

Science and Technology/Engineering Lesson Plans

Grades: The target grade level is 5th-6th grade, but lesson can be adapted to higher or lower grades for use with different levels.

Teacher:  Alex Audette (Science/Math teacher)

Lesson Title:  Planets and Satellites 

Lesson Overview:  The lesson is broken into four different sections that involve looking at the solar system and the different parameters that distinguish each planet.  Students will learn about the different planets in the solar system by studying the following parameters:  mass, density, radius, orbital distance, orbital period, rotational period, average temperature, and atmosphere composition.  Activities will involve working through concepts using graphing and ratios, and developing a conclusion after analyzing the data.  The lesson can be taught in small groups or independently. 

Materials:  Activity #1, 2- pencil, colored pencils or markers, graphing paper, and a 

ruler

Activity #3- pencils, meter stick or tape measure, clay, and a balance 
Activity #4 – pencil, protractors, colored pencils or markers, meter stick or tape measure

Length of Lesson:  Lesson should be completed in three to five days (45 minute classes), 

         depending on the level of the students understanding of the material. 

MA State Frameworks Standard:

1. Grades 3-5 Earth and Space Science, The Earth in the Solar System #2, 3.

2. Grades 6-8 Earth and Space Science, The Earth in the Solar System # 8, 10, 14.

3. Grades 5-6 Number Sense and Operations, 6.N1, 6.N.2, 6.N.16, 6.M.3, 6.M.5. 
4. Grades 7-8 Number Sense and Operations, 8.N.1, 8.N.3, 8.N.4, 8.N.7.
5. Grades 7-8 Measurement, 8.M.4, 8.M.5, 8.D.2, 8.D.3. 
WPS Benchmarks:

1. Grade Six Mathematics-number sense and operations 0.6.MA.NS.01, 06.MA.NS.02.
2. Grade Six Mathematics-Patterns, Relations, and Algebra-06.MA.AL.06.
3. Grade Five and Six Mathematics- Measurement- 06.MA.ME.03, 06.MA.ME.05. 05.MA.M.03
4. Grade Five and Six Science-Earth/Space Science- 06.SC.ES.07, 05.SC.ES.01, 05.SC.ES.08
5. Grade Six Science- Physical Science- 06.SC.PS. 02.
Essential Questions:  1.What planets make up the solar system?  

2. What are the different sizes, densities, temperatures, and compositions of each planet in the solar system and how do they compare to Earth? 

3. What are the different orbits, rotations, and distances from the sun of each planet in the solar system?
4. By comparing different properties of each planet in the solar

 system, what can be said about the formation and the make up of 

our solar system?

Student Outcomes:   1. Students will identify all nine planets in the solar system. 
2. Students will use their Solar System Parameters handout and the graphs they created using the handout to determine each planet’s size, density, temperature, composition, orbit, rotation, and distance from the sun.

3. Students will be able to use their graphs and Solar System Parameters handout to analyze data and come up with conclusions about the solar system and how it was formed.   
Procedures: 
ACTIVITY #1
1. Students should be arranged into small groups. 

2. Students will be given a handout, titled Solar System Parameters (http://www2.jpl.nasa.gov), which will provide them with information about the planets in the solar system.  
3. Together with the class, the teacher will explain how to read the Solar System Parameters chart.  (Additional time may be needed to explain exponents/powers of ten).  In addition, the teacher will review each row heading (ex. Orbital distance = distance from the sun).  
4. Students should be given time to analyze the data and ask questions.

5. Next, students will be given graph paper.  The teacher will instruct the students to create a line graph showing the mass of each planet vs. the orbital distance from the sun. Students may need help with setting up the graph correctly.    

6. Students will be expected to complete the graph for homework if they are unable to finish the graph in the amount of time allotted during class.  

7. Lastly, as a whole class, the students will discuss the patterns they observe in their graphs. (Pattern:  students should see that as the mass of the planet increases, so does the distance of the planet from the sun.) 

ACTIVITY #2

1. Students should be arranged into small groups.
2. Teacher will review ACTIVITY #1 with students, and answer any questions.  
3. Next, the students will create a line graph of the radius of the planet vs. the orbital distance from the sun.  At this point, students can figure out the actual circumference of each planet by multiplying the planet’s radius by 2 x Pi. 
4. Students will be expected to complete the graph for homework if they are unable to finish the graph in the amount of time allotted during class.  

5. The teacher and students will discuss their line graphs and the patterns they observe. (Pattern:  students should see that the radius of the planet increases with the distance from the sun).  
6. The teacher will then hand out the Earth Days worksheet, where students will have a chance to calculate how old they would be in years on each planet.  The teacher will point out to students the differing rotation and orbital speeds of each planet.  Students will have the opportunity to check their answers on the following website:  http://www.exploratorium.edu/ronh/age/index.html.
ACTIVITY #3
1. Students should be arranged into small groups.

2. The teacher will review ACTIVITY #2 with students, and answer any questions

3. Students will make small models of each planet, using clay to demonstrate the varying mass of each planet.

4. Students will use the Solar System Parameters worksheet to calculate the mass of each planet in grams.

5. Students will use the balance to measure the amount of clay for each planet’s mass.

6. Students will have the opportunity to hold each clay planet and compare and contrast the mass.

7. Then students will position their clay planets in order of orbital distance from the sun, using millimeters. 
8. The teacher and students will discuss what students have learned about mass and orbital distance.
ACTIVITY #4

1. For the first half of class, students will work individually.

2. The teacher will review ACTIVITY #3 with students, and answer any questions

3. Students will use their Solar System Parameters worksheet to make a pie chart of the atmospheric composition of a planet assigned to them by the teacher.  Some students will be assigned the same planet.

4. After students have completed their pie charts, the teacher will ask students to get together in groups based on the planet they were assigned.  Each planet group will share with the class the pie charts they have made.

5. For the second half of class, the teacher and students will work together as a class.

6. If possible, the teacher will have students work outside in an open area.  Otherwise, a scaled down solar system could be created in a gymnasium or cafeteria. 

7. The teacher will have students be a part of a real life model of the solar system.  The teacher will ask a volunteer to be the sun.  
8. Using the planet groups assigned in the first half of class, and the following website, http://www.exploratorium.edu/ronh/solar_system/index.html, the teacher will dictate where the planet groups need to stand so that their planet is an appropriate orbital distance from the sun.  The teacher will measure the orbital distances using a meter stick or tape measure.
FINAL ASSESSMENT
1.  Students will complete a quiz that reviews the material they have learned in Activities #1-4.
Student Accommodations: 

· Students will have the opportunity to work in groups and will be assigned to those groups based on their learning level.

· Students will be given a help sheet, which will include powers of ten and metric conversions, that will further their understanding of the Solar System Parameter worksheet. 

· Students will be able to use websites and calculators to help calculate mathematic equations. 

· Students that are struggling with formulating their graphs will be able to use the teacher’s master graph to help them with set-up and number plotting. 

· Students that struggle with calculations involving decimals will be able to round their values and use whole numbers for the computations. 

Assessments:


Students will be assessed by their completion and accuracy of:
· Line graphs, pie charts

· Worksheets and Final assessment questions

· Overall cooperation and individual behavior

· Overall participation in class activities and discussions
Extensions and Modifications:  
· The lesson can be adjusted to a lower learning level by rounding the Solar System Parameters to whole numbers.  The amount of information in the chart can also be decreased, by only giving a certain amount of information at a time.  

· Graphs can be set up ahead of time so that the students are able to just plot their information.  The graphs can also be drawn on the chalk board so that the students can plot the information together as a class. 

· Calculations can be given or completed as a whole class. 

· To modify the activities so that they are more challenging, the graphs could be created entirely on the student’s own.  Students could also be asked to create more line graphs and compare more information, such as temperature and distance from the sun. 

· The more advanced students could calculate mean density using mass and radius, convert to scientific notation, or convert to ratios: (mass of Jupiter/mass of Earth). 


Some Powers of 10
	109
	106
	10³
	10¹
	10°

	10-1
	10-3
	10-6
	10-9

	1,000,000,000
	1,000,000
	1,000
	10
	1
	0.1
	0.001
	0.000001
	0.000000001

	1 billion
	1 million
	1 thousand
	1 ten
	One
	1 tenth
	1 thousandth
	1 millionth
	1 billionth


Metric Conversions:

Length, Width, Distance, etc…

	Millimeter (mm)
	10 mm = 1 cm

	Centimeter (cm)
	100 cm = 1 m

	Meter (m)
	

	Kilometer (km)
	1 km = 1,000 m


Mass/Weight…
	Milligram (mg)
	1,000 mg = 1 g

	Gram (g)
	

	Kilogram (kg)
	1 kg = 1,000 g

	Metric Ton (t)
	1 t = 1,000 kg


Temperature…

	
	Kelvin
	Celsius
	Fahrenheit

	Absolute Zero
	0 K
	-273.15 °C
	-459.67 °F

	Freezing Point of Water
	273.15 K
	0 °C
	32 °F

	Boiling Point of Water
	373.1339 K
	99.9839 °C
	211.9710 °F


Solar System Parameters
	
	Mercury
	Venus
	Earth
	Mars
	Jupiter
	Saturn
	Uranus
	Neptune
	Pluto

	Mass 

(1024 kg)
	0.3302
	4.869
	5.975
	0.6419
	1,898.6
	568.46
	86.83
	102.43
	0.0125

	Eq. Radius 

(km)
	2,439
	3,052
	6,378
	3,393
	71,492
	60,268
	25,559
	24,766
	1,137

	Mean Density (kg/m3 )
	5,427
	5,204
	5,520
	3,933
	1,326
	687
	1,318
	1,638
	2,050

	Orbital Distance

(106 km)
	57.9
	108.2
	149.6
	227.9
	778.3
	1,427.0
	2,869.6
	4,496.6
	4,913.5

	Orbital Period (days)
	87.969
	224.7
	365.25
	686.98
	4,330.6
	10,747
	30,588
	59,800
	90,591

	Rotational Period 

(hours)
	1,407.6
	5,832.5

(retrograde)
	23.934
	24.62
	9.92
	10.5
	17.24 (retrograde.)
	16.11
	153.3 (retrograde)

	Average Surface Temperature (K)
	440
	737
	288
	210
	129
	97
	58
	58
	50

	Atmospheric Composition
	98% He

2% H2
	96.5% CO2

3.5% N2
	78%N2

21%O2

1%H2O
	95.32% CO2,

2.7%N2
	89%H2

11%He
	89%H2

11%He
	89%H2

11%He
	89%H2

11%He
	Meth,

N2


*Graph data and chart found at http://www2.jpl.nasa.gov
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[image: image2.emf]Radius of Planet vs. Orbital Distance
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Name: __________________________________


Date: ____________

Earth Years

Did you ever wonder how old you would be if you lived on a different planet?  Use the following formula to figure out your age on the different planets, and place your answer in the appropriate box.  Then answer the questions.

Formula: 

Your Birth Date: ______________

Earth Days = (365.25 * Your Age) + Number of Days since Your Birthday 

Your Age on Planet P = Earth days / Planet P’s Orbital Period 

Your Age on Earth:  ____________ (years)

	Mercury


	Venus
	Mars
	Jupiter

	Saturn


	Uranus
	Neptune
	Pluto


1. On which planet would you be oldest?  _____________________________

2. On which planet would you be youngest?  ___________________________

3. Which planet age is closest to your age on Earth?  ____________________

4. Why do you think your age changes on each planet?  ____________________________________________________________________________________________________________________________________________________________________________________________________.

Check your answers on the following website:  http://www.exploratorium.edu/ronh/age/index.html

Name: ___Alex Audette_____________________


Date: ____________

Earth Years

Did you ever wonder how old you would be if you lived on a different planet?  Use the following formula to figure out your age on the different planets, and place your answer in the appropriate box.  Then answer the questions.

Formula: 

Your Birth date:  May 4, 1979

Earth Days = (365.25 * Your Age) + Number of Days since Your Birthday 

Earth Days = (365.25 * 29) + 76 Days = 1,0667 days
Your Age on Planet P = Earth days / Planet P’s Orbital Period 

Your Age on Earth:  ___29__(years)

	Mercury

1,0667/87.969 =

121.2 years


	Venus
	Mars
	Jupiter
1,0667/4,330.6 =

2.46 years

	Saturn


	Uranus
1,0667/30,588 =

0.34 years
	Neptune
	Pluto


Name: __________________________________


Date: ____________

Solar System Unit Review
1. After looking at your solar system line graphs, what patterns can you identify in each?

1)_____________________________________________________________________________________________________________________.

2)_____________________________________________________________________________________________________________________.

3)_____________________________________________________________________________________________________________________.

2. What planets can be grouped into the terrestrial planets (small in mass, high in density)?

1) ____________________________________

2) ____________________________________

3) ____________________________________

4) ____________________________________

3. Which planets would be part of the gas giants (large in mass, low in density)?

1) ____________________________________

2) ____________________________________

3) ____________________________________

4) ____________________________________

4. In which group would you classify Pluto? A terrestrial planet or a gas giant?

______________________________________

5.  Which planet is most like Earth?

a. Venus

b. Jupiter
c. Mars

d. Neptune

6. According to your data, which planet do you think would float?

_________________________________
7. How can you explain why orbital periods increase as the distance from the sun increases?

_________________________________

8. Which planet rotates the fastest?  Which planet rotates the slowest?

_____________________________________________________

ANSWER SHEET:

Name: __________________________________


Date: ____________

Solar System Unit Review
1.  After looking at your solar system line graphs, what patterns can you identify in each?

1) Mass of a planet increases with distance from the sun.

2) Radius of a planet increases with distance from the sun.

3) Density generally decreases with distance from the sun.
2.  What planets can be grouped into the terrestrial planets (small in mass, high in density)?

1) Mercury
2) Venus
3) Earth
4) Mars
3.  Which planets would be part of the giants (large in mass, low in density)?

1) Jupiter
2) Saturn
3) Uranus
4) Neptune
4. In which group would you classify Pluto? A terrestrial planet or a gas giant?

__Terrestrial planet___
5. Which planet is most like Earth?

a. Venus

b. Jupiter
c. Mars

d. Neptune

6. According to your data, which planet do you think would float?

______Saturn________

7. How can you explain why orbital periods increase as the distance from the sun increases?

The orbits are longer the further the planet is from the sun.
8. Which planet rotates the fastest?  Which planet rotates the slowest?

Jupiter rotates the fastest.  Venus rotates the slowest.
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