Science Lesson Plan
Unit Plan Title: Force and Motion

Lesson Plan Title: Force and Motion
Grade Level/Subject: 8th Grade Science

Essential Question: When designing some amusement rides (roller coaster, whip) how do engineers use their knowledge of force and motion to help them design the best and safest rides possible?

Vocabulary Development: Word Wall: Place the following words on large index cards or print in large font: inertia, force, acceleration, gravity, speed (average and constant), slope, friction, net force, newtons (N), rate, velocity, distance, kinetic energy, potential energy and work. Place on a wall or bulletin board that is easily seen by students. Also include cards with formulas that will be used during the lesson.
Introduction/Engagement Activity: Ask students for their definition of work. After a brief discussion about what work is, ask students “How much work do they do picking up their textbooks and notebooks each day?” Next have students collect data needed to calculate the work required to lift a textbook off their desk to waist height. Later in the lesson after students have be given the formula for work, students will use the data collected to calculate the work done to lift their textbook/notebooks and estimate the amount of work they do during an 8 period day.
Exploration/Experiment: Students will be working in groups or with a partner to collect data from each station and then will share and compare the data they collected to the data from the other groups.


Group 1 (Potential and Kinetic Energy) will be investigating how the starting height (potential energy) of an object influences the amount of kinetic energy generated. Students are using 3 textbooks, a ramp, 2 toy cars (different mass) and a stop watch. First, students find the mass of each vehicle and the vertical height of the ramp when placed on the edge of 2 stacked books and then on 3 stacked books. Using the formula GPE = mgh, (gravitational potential energy = mass x gravitational constant (9.8 m/sec2) x height), students will calculate the GPE for each car at each height. 





Students measure 60cm from the end of the ramp and place a piece of tape on the floor. Place one car at the top of the ramp, the car is released (not pushed) and students time the car from the end of the ramp to the 60cm mark. Three (3) trials are done for each car on 2 books and then on 3 books. When data is collected, students calculate the speed of the car for each trial and using the formula KE = ½mv2, students find the kinetic energy of each trial. Final, students calculate the average speed and kinetic energy for each car at each height.

Group 2 (Force, Mass and Acceleration) is investigating the relationship between force applied to an object and the motion produced by the force. How mass affects the force required to move an object and how an increase in force affects the acceleration of an object. Students will be using 3 textbooks, looped string, hooked weights or weights plus S-hooks, triple-beam balance and a stop watch.




First find the mass of each textbook, then students place the looped string inside the front cover of one book and place the book 25cm from the end of the table (book spine faces the edge of the table) with the loop string hanging over the table. Students begin hanging weights from the end of string until the book begins to move and reaches the end of the table, (need to be ready to stop the book before it falls off the table). Students then add up the weights hanging on the string and multiply by .0098 N/g to calculate the force acting on the book. 










Leaving the weights on the string, place the book back at its starting point on the table. This time when the students let go of the book, they are to time how long it takes the book to reach the edge of the table. NOTE: Students may have to give the book(s) a tap to get them moving depending on the books and surface used. 













To calculate acceleration use the following formula; a = 2d/t2





Students will repeat the procedure done with one book, for 2 books and 3 books.

Group 3 (Newton’s 1st Law) is investigating Newton’s 1st Law of Motion by measuring the amount of force needed to set a body in motion and deduce the relationship between the force needed to start a body in motion and the mass of the body. Students will be using a triple-beam balance, 3 textbooks, looped string, a string scale and a meter stick.










Students need to find the mass of each textbook. Next, students are to place the looped string inside a textbook and place the textbook 50cm from the edge of the table (mark location with a piece of tape) with the spine of the textbook facing the edge of the table.







Students hook the spring scale to the looped string and begin pulling on the spring scale carefully observing the amount of newtons needed to get the textbook moving (record). Students are to continue to pull the textbook to the edge of the table and record the newtons needed to keep the textbook moving. Repeat 2 more times with one book.











Students repeat the experiment 3 times each for a stack of 2 and 3 books.

Group 4 (Flying Sled*) is using a flying sled to investigate that motion is the act of changing position and that distance is how far an object travels from an initial position to the final position. Students will be using a flying sled, 2 chairs, 6m of fishing line (monofilament), meter stick, tape measure and a stop watch. Students place the 2 chairs 5.5m apart and attach one end of the fishing line to a chair with tape. Students slide the sled onto the other end of the fishing line and attach the line to the other chair. Carefully, students move the chairs apart until the fishing line is tight.
Students must determine if they are going to measure distance traveled from the front of the straw to front of straw or back of straw to back of straw. Next, students need to determine a reference point (starting point to measure from). 



Now, students determine the number of winds they are going to put on the rubber band and record in data table (sled should not slam into chair). Fly the sled, time its flight and record in data table. Determine the sled’s final point, record, and calculate the total distanced traveled using the formula d = Xf – Xi . Finally calculate the speed of the sled. Repeat steps for remaining trials.

      
*To build the flying sled you will need a straw, index card, tape and a balsa wood propeller airplane (will only need the body, propeller, rubber band and the tail hook). Cut the straw 13cm long. Fold the index card in half and tape together. Tape the shorter sides of the index card to the straw and the body of the airplane (make sure to center the index card on each straw). See worksheet for image of flying sled. 
Active Literacy/Explanation: Students will use appropriate terms and skills to record data, explain procedures, describe observations, write conclusions, complete lab reports or present findings. During the labs, students will be asked questions about their procedures, data collected and conclusions reached. At the end of the lesson, student groups will present their findings to the class and discuss any differences that might have occurred between groups and the reasons for the differences.







Culminating Activity: students will calculate the amount of horsepower they generate walking or running up a hill. This activity can be done inside or outside. If done indoors, you will need a flight of stairs and have students walk up the stairs as fast possible. If done outside, have students run up the hill from bottom to top. Need to determine the vertical height of the hill. If you have stairs that go up the hill can measure the height of one step then multiply the height by the number of steps.

 



1. Determine the weight of each student in newtons. First assume that 1 Kg of mass is about 2.2 pounds. Dividing the students’ weight in pounds by 2.2 will determine their mass in kilograms. Multiply their mass in kilograms by the gravitational constant, 9.8 N/Kg, to find their weight in newtons. 

110 lb / 2.2 = 50 Kg     
50 kg x 9.8 = 490 N
2. To calculate the amount of work done, against gravity will climbing, multiply the students’ weight by the vertical distance climbed.  Example: 490 N x 4 m = 1960 N.m (newton meter) or 1960 J (joules).

3. To calculate power, use the following formula: Power = Work / time (P = W/t).  Take the work done by the student and divide it by the time it took to climb the hill.  Example: 1960 J / 3.8 sec = 515.79 J/s. A joule/sec (J/s) is called a Watt. So the student generated 515.79 W of power.




4. One horsepower is equal to 746 W. So the horsepower that a student generated can be calculated by dividing the amount of power generated by 746 W/HP. Example: 515.79 W / 746 W/HP = .69 HP
Application/Elaboration: Share data and discuss results. Draw conclusions. Relate experiments to everyday, real-life experiences.

Reflection/Evaluation: Students will write a paragraph describing the experiment, what they learned from the experiment and how it affects their everyday life. 
Connections to Other Disciplines: 
· Math skills will be integrated by using formulas to calculate speed, acceleration, force and distance.

· Presentation skills will be used to share their results.

· Technology skills will be integrated through the use of photogates, force sensor, distance sensor and NOVA software, Intelliboard. Students will use the Intelliboard to share their data and graphs with the class and used with the links located below.
· The history of science will be addressed with the topic of Newton’s First and Second Law of Motion

Materials: Ramp, toy cars, graph paper, meter stick, flying sled, monofilament, stopwatch, 9 textbooks, spring scale, triple-beam balances, weights, S-hooks, string. If available a NOVA apparatus plus software, 2 photogates, distance sensor, force sensor, Intelliboard, and a computer.
Duration: Three to four ninety minute class periods

Links:

 http://www.eduref.org/cgi-bin/printlessons.cgi/Virtual/Lessons/Science/Physics/PHS0041.html - roller coaster

http://www.usoe.k12.ut.us/curr/science/sciber00/8th/forces/sciber/intro.htm - Force Tutorial
http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l3e.html - Physics Classroom Tutorial
http://www.mansfieldct.org/schools/mms/staff/hand/Lawsmotion.htm - Force Tutorial
http://www.csun.edu/science/ref/measurement/data/graph_paper.html - downloadable graph paper

http://incompetech.com/graphpaper/ - downloadable graph paper

http://graphpaper.us/  - downloadable graph paper
http://nces.ed.gov/nceskids/Graphing/Classic/  - Create a Graph

http://www.touchspin.com/chem/DisplayTBB.html - Interactive triple-beam balance
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