
8th Grade 
DCI: Forces and Motion: 

 • The motion of an object is determined by the sum of the forces acting on it; if the total force on the 

object is not zero, its motion will change. • The greater the mass of the object, the greater the force 

needed to achieve the same change in motion. • For any given object, a larger force causes a larger 

change in motion. • For any pair of interacting objects, the force exerted by the first object on the 

second object is equal in strength to the force that the second object exerts on the first, but in the 

opposite direction (Newton’s third law). 

Performance Expectations: 

MS-PS2-2 Students who demonstrate understanding can: Plan an investigation to provide evidence that 

the change in an object’s motion depends on the sum of the forces on the object and the mass of the 

object. Clarification Statement: Emphasis is on balanced (Newton’s First Law) and unbalanced forces in a 

system, qualitative comparisons of forces, mass and changes in motion (Newton’s Second Law), frame of 

reference, and specification of units. 

Science & Engineering Practices 

Planning and carrying out investigations. • Plan an investigation individually and collaboratively, and in 

the design: identify independent and dependent variables and controls, what tools are needed to do the 

gathering, how measurements will be recorded, and how many data are needed to support a claim 

HS Physical Science  

DCI: Forces and Motion 

• If a system interacts with objects outside itself, the total momentum of the system can change; 

however, any such change is balanced by changes in the momentum of objects outside the system. 

Defining and Delimiting Engineering Problems: (secondary to HS-PS2-3) • Criteria and constraints also 

include satisfying any requirements set by society, such as taking issues of risk mitigation into account, 

and they should be quantified to the extent possible and stated in such a way that one can tell if a given 

design meets them. 

Performance Expectations: 

HS-PS2-3 Students who demonstrate understanding can: Apply scientific and engineering ideas to 

design, evaluate, and refine a device that minimizes the force on a macroscopic object during a 

collision.* 

Science & Engineering Practices 

Constructing explanations (for science) and designing solutions (for engineering) Constructing 

explanations and designing solutions in 9–12 builds on K–8 experiences and progresses to explanations 

and designs that are supported by multiple and independent student- generated sources of evidence 

consistent with scientific ideas, principles, and theories. • Apply scientific ideas to solve a design 

problem, taking into account possible unanticipated effects.  



 

OPERATION ORION: MAKING A SAFE LANDING 

(Adapted from NASA Real World Mathematics) 

INSTRUCTIONAL OBJECTIVE 

Students will: 
Measure and calculate speed and force. 
Manipulate unbalanced forces,  
Use the engineering design process to create, test, and improve an apparatus. 
 

BACKGROUND INFORMATION (from NASA eClips Real World Mathemeatics) 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



OPERATION ORION: MAKING A SAFE LANDING  

Engineering and Design Team Challenge:  
Design a parachuting probe that will land upright on a solid surface, weigh as little as possible, and 
deliver the cargo with zero casualties (don’t crack or break the eggshell), and cost within or less than 
budget.  
 
Background Information and Engineering Tips:  
Scientists use the word “impulse” to describe an impact. Impulse is the force of impact multiplied by the 
amount of time the force is exerted. There are two types of impulse: hard and fast, and soft and slow. 
Hard and fast is usually not the way you would like to experience a change in speed. That’s when you 
run into a brick wall at full speed, going from fast to stopped in a fraction of a second. The great amount 
of force you experience over the short amount of time can result in broken bones, or worse. So, soft and 
slow is the way to go. If the wall you run into is padded like a mattress, you will enjoy the result more 
than if you run into bricks.  
To give your probe the best chance for survival, you need to think about how to give it the soft and slow 
type of impulse. Anything you can do to increase the amount of time the probe spends slowing down 
before hitting the ground will increase its chances of landing intact. Your parachute will be central in this 
endeavor. You may want to do some initial experimenting with parachutes. Think about these 
questions: • What happens if you change the size of the parachute? • What happens if you change the 
length of the strings that attach the parachute to its load? • What happens if the parachute is attached 
in different places? 
 
Supplies: 
Scissors, stapler, electronic scale or balance, stopwatch 
Each group will be given:   
2 meters of string 
6 coffee filters 
1 roll of clear tape 
50 cm of duct tape 
1 sleeve of staples 
1 “spacecraft” 
6 washers (weights for balance) 
1 50 gram lump of clay (for prototype only) 
1 small egg (for final drop) 
1 gallon size bag for supply storage only 
 

You will be given an additional “budget” of $1 million dollars and may purchase additional supplies at 
the rates below:  

String  250,000/ 50 cm 

Coffee filters 150,000 each 

Staples 100,000 / sleeve 

Duct Tape 500,000 /50 cm 

Spacecraft  1,000,000 each 

Plastic Wrap 150,000 / 30 cm 

Cotton Balls 50,000 each 

Sandwich Baggie 50,000 each 

This part can be modified or left out completely depending on time and supplies. The reasoning behind 
the budget is to model engineering constraints as well imposing responsibility for supplies on the 
students.   

 

 



ENGINEERING DESIGN PROCESS AND EVALUATION 
EXPLORE (3-4 DAYS) 
Mission: (what is the problem needing a solution or improvement) 
(group) To slow down the spacecraft as it falls to the surface. 

 

 

What are the criteria (the standards for evaluation) and constraints (the limitations):   

(group) The criteria are that the spacecraft needs to land in an upright position and the egg cannot 

crack. The limitations are time and materials.  

 

 

 

 

Brainstorm/ideas:  

(Individual) Give each student a plain piece of paper and have them fold it in half three times making 8 

squares, then give them 5 minutes to come up with 16 ideas- 1 idea/square front and back, each square 

MUST have something in it, an idea, drawing, thought, question 

(group) After individual brainstorming, have the group discuss and come up with the best 5 to 10 ideas 

 

 

 

 

 

 

 

 

 

 

 

 

 



Design prototype: (sketch with notes added/ materials needed) 

 

(group) only one sketch per group is needed 

Have students draw and label (be specific) their original design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After sketch has been checked by teacher- gather supplies and start building  

Check to make sure criteria and constraints are addressed before building begins 



Students will need a tall drop point, a step ladder is a good height, place a towel on the floor to allow 
some give if not on a carpeted area.  
A. PROTOTYPE DATA:  
1. Before dropping the spacecraft and parachute apparatus, measure and record the mass. 
2.  At the designated drop area, record the height of the drop, make sure the bottom of the spacecraft is 
level with the drop height.  DROP HEIGHT __________ cm 
3. One person will drop the spacecraft, another will time the drop from release until it hits the surface. 
4. Make adjustments as needed between drops, record any adjustments made.  
 
Table 1. Prototype Drop Time 

 Add more trials as needed to improve the design 

 

1. List the strengths and weaknesses of the prototype design: 

Answers will vary 

 

 

 

2. What variables were changed and what were the affects:  

Answers will vary- in discussion talk about only changing one thing at a time in order to determine the 

effect of a change 

 

 

3. What final changes need to be made in order to improve the design? (look at criteria again) 

Answers will vary 

 

 

 Mass (grams) Time (seconds) Landing 
Position 

Adjustments Made 

Trial 1   Upright, on 
side, 
bounced… 

Student need to record changes in detail, I 
encourage students to take photos 
 

Trial 2     
 

Trial 3     
 

Trial 4     
 

Trial 5     
 



Modified Design: (sketch with notes added/ materials actually used in final design) 

Have students draw and label (be specific) their final design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Final Drop Data:  Time the drop for validity  

1. Before dropping the spacecraft and parachute apparatus, measure and record the mass. 
2.  Go to the designated drop area, be aware, you will only have ONE chance to successfully land the 
spacecraft. THE TEACHER WILL BE THE TIMER FOR THIS TRIAL!!!  
3. One person will drop the spacecraft, the teacher will time the drop from release until it hits the 
surface. 
4. Record the data in the table below. 

Table 2.  Final drop time. Assign and number to each team and let them choose their names 
Team #_______ Team Name ______________________________ 

 

Mass (g) Time (seconds) Landing Position Egg Condition 

    

 

EXPLAIN  (1 DAY FOR EXPLAIN AND EVALUATE) 

 

1. What did you do to measure the motion of flight test models?  

Recorded the distance the models fell and the time it took for them to travel this distance. 

2. Using the vocabulary terms above, describe the motion of the spacecraft model.  

If you describe how fast the spacecraft drops, you are describing speed. If you also include the direction it is going, 

you are describing velocity. The acceleration is the change of speed in the time it takes to drop and Earth’s gravity 

is the g force of the falling object. 

3. Calculate the speed of your team’s prototypes (each trial) and final drop. 

Speed calculations will vary, the distance should be the same for every drop and the speed should be 

decreasing as changes are made. A data table would help organize the data. 

 

4. How does the speed of the prototype trials compare as modifications were made to the original 

design? 

Answers will vary, but the speeds should be decreasing as changes are made.  

 

 



If you were to compare the distance the model falls each second as it falls without air resistance or 

other friction, this would represent acceleration due to gravity. When an object is dropped and pulled to 

Earth’s surface, there is a relationship between the distance (d) and time (t) the object travels to Earth’s 

gravity (g). The relationship is given in this equation: g = 2 d / t2   

On Earth, gravity (1 g) is measured as the acceleration of an object affected only by Earth’s gravity. This 

acceleration is approximately 9.8 meters/second squared (9.8 m/s2) or 32 feet/second squared (32 

ft/s2). Ignoring air resistance, the speed of an object falling freely near Earth’s surface increases by 9.8 

meters per second every second.  

6. a. Enter the calculated average speed for your final flight test model into Table 3 (from question 3). 
b. Calculate the model’s acceleration due to gravity and place your answer in the last column below. 
Show work below:  
 
Students need to use the formula g= d/t2 

 
c. How close to 9.8 m/s2 is your calculated value for g? 
Answers will vary based on calculations (should be less than 9.8 m/s2) 
 
Table 3. Acceleration due to gravity. 
 

Height (meters) Drop Time (s)  Speed (m/s) Acceleration due to gravity (m/s2) 

    
 

7. Using Newton’s second law of motion (F=ma) 
a. calculate the force of the landing if no friction or air resistance was present: show work 
Students will need to go back to table 2 to get the mass and use 9.8 m/s2 for the acceleration 

 

b. calculate the force of the landing with air resistance  (your calculated acceleration due to gravity):  

show work 

Students will need to go back to table 2 to get the mass and use table 3 for the acceleration 

 

EVALUATE 

8. In a short paragraph, compare the force calculations and explain the role of air resistance in changing 
the speed and force of a falling object AND how was the impulse affected by the parachute. Be sure to 
justify your answers with data collected (support your thoughts and ideas with the numbers!) 
  

Increasing the amount of air resistance will cause a falling object to fall slower. By changing the speed of 

the object from ___ m/s  to ____ m/s the force of impact, or the impulse, was changed also. The force of 

the object with parachutes was ______N and if only gravity affected the object it would have landed 

with a force of ____ N.  

 

 



Team Data Collected  

 

Hour _____    Final Challenge Team Data:                             

Team Cost Mass (g) Speed (m/s) Successful 
Landing (Y/N) 

Egg  
Survived (Y/N) 

      

      

      

      

      

 

Winning team: _______________________________ 

 

Hour _____    Final Challenge Team Data: 

Team Cost Mass (g) Speed (m/s) Successful 
Landing (Y/N) 

Egg  
Survived (Y/N) 

      

      

      

      

      

 

Winning team: _______________________________ 

 

Hour _____    Final Challenge Team Data: 

Team Cost Mass (g) Speed (m/s) Successful 
Landing (Y/N) 

Egg  
Survived (Y/N) 

      

      

      

      

      

 

Winning team: _______________________________ 

 

 

 

 


