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Overview  
In this lesson students learn about two 

more forces important for flight. Students 

construct a rocket using paper, pencil, 

and tape to investigate thrust and drag. 

Students build, test, collect data, and 

record observations using their paper 

rocket model. They investigate how a 

single variable on the rocket fin will 

change the performance of the model. 

They make careful observations, draw-

ings, and notes as they investigate how 

the paper rocket model moves.  

 

Objectives  
Data Collection:  
Students will  

 build, test, and fly a model rocket 

made of paper;  

 make and record observations about 

the flight of a paper model rocket;  

 observe that a force must be applied 

to make a paper model rocket fly; 

and  

 observe that drag increases when 

they bend the fins on a model rocket.  

Sense-Making:  
Students will  

 explain that thrust is the force that pro-

pels an object through air;  

 explain that drag is the force that 

slows the motion of an object moving 

through air;  

 apply the idea from Lesson 1 (that the 

more surface of an object air comes in 

contact with, the more the “push” of 

the air resists the motion of the object 

as it moves through it) to explain why 

changing the fins on the paper model 

rocket increased drag;  

 explain, using the paper model rocket 

as an example, that the position and 

motion of objects can be changed by 

pushing or pulling the object and that 

the size of the change in the motion of 

an object is related to the strength of 

the push or pull acting on the object; 

and  

 demonstrate that models are tools 

used for communicating ideas about 

objects, events, and processes, includ-

ing flight.  

 give examples of how models do 

some things well but have limitations.  

 
 

 Moving Through the Air: Thrust and Drag 

The Principles of  Flight 

Technician Durwood Dereng measures elevation of double Deacon 

booster prior to launch of RM-10 research model at Wallops, February 6, 

1951.  

 

PHOTO COURTESY OF NASA  
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 Student Handouts  

 Flight Research Card Paper 

Rocket 

 Paper Rocket Directions 

 Cardstock or a 3” x 5” index 

card 

 Straws, 1 per student 

 Scissors 

 Clear or masking tape 

 Pencils, 1 per student 

 Meter stick or tape measure 

 Goggles 

Time: 90 minutes  

You Will Need 

 Paper Rocket Model 

Moving Through the Air: Thrust and Drag 

A Pictorial History of Rockets, 

NASA  

nasa.gov/pdf/153410main_Rockets_ 

History.pdf  

 

Literature Connection 

Flight Path Correction 

Flies straight, glides smoothly Do not make any changes 

Banks to the right or left Align fins parallel to tube 

Spins Check that fins are straight 

Sticks on straw Loosen rocket tube 

Doesn’t go far Check to make sure  it is airtight 

Teacher Tip: Parachute Flight Problems and Solutions 

Background  
 

NASA Website for Students: The 

Beginner’s Guide to Rockets  

 

www.grc.nasa.gov/WWW/K-12/

rocket/  

bgmr.html  

 

Teaches basic math and physics 

that govern the design and flight 

of rockets.  

 

NASA Website for Teachers: 

Educator’s Guide to Rockets  
 

nasa.gov/audience/

foreducators/topnav/ materials/

listbytype/Rockets.html  

 

A comprehensive guide to and 

history of rockets.  

Connecting to Standards  
The lessons in this unit of study relate to the 

National Science Education Standards 

(NRC, 1996), and the National Common 

Core State Standards in Language Arts 

and Mathematics.  

 

National Science Education Standards 

Grades K–12  

Content Standards: Unifying Concepts 

and Process  

 Evidence, models, and explanations 

Grades K–5 

Content Standard A: Science as Inquiry  

 Abilities necessary to do scientific inquiry  

 Understanding about scientific inquiry  

Content Standard B: Physical Science  

 Positions and motion of objects  

 Motions and Forces (Grade 5 only)  

Content Standard E: Science and Technol-

ogy  

 Abilities of technological design  

 Understanding about science and tech-

nology  

Content Standard G: History and Nature of 

Science  

 Science as a human endeavor  

 

National Research Council (NRC). National 

Science Education Standards. Washing-

ton, D.C.: National Academies Press, 1996.  

 

National Common Core State Standards  

 National Common Core State Standards  

in Language Arts and Mathematics  
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 Paper Rocket Model 

Moving Through the Air: Thrust and Drag 

How does an aircraft over-

come its weight and the push 

of air to lift into the air and fly? 

Focus Question: 

Procedures  
1. Opening Discussion and Teacher 

Demonstration: Help students re-

view what they learned by asking 

them to explain why a parachute 

falls slowly to the ground and a 

kite lifts into the air (air is pushing 

up on them). Help students recall 

that weight and lift are opposing 

forces, and that when one force is 

greater than another, an object’s 

motion will change, but when 

they are equal in strength the ob-

ject’s motion will not change. (In 

other words, if weight is greater 

than lift, the object will fall).  

2. Remind students that they looked 

at models that either fell through 

air or were lifted off the ground by 

moving air. Tell them that they will 

now look at objects that take off 

from the ground.  

Collect and record students’ ideas 

for discussion later. Next, crumple 

a piece of paper into a ball and 

throw it across the room. Then ask 

students: What caused the paper 

to move? What caused it stop? 

Slowly repeat the motion of throw-

ing the paper ball to show stu-

dents that you applied a force 

with your arm to make the paper 

move, and that the force of the 

air pushing 

against the paper 

and the force due 

to the weight of 

the paper were 

greater than the 

force applied by 

your throw, caus-

ing the paper ball 

to fall.  

Building and Testing a Paper Rocket Model  

3. Distribute the five student 

handouts for this experience 

found on pages 37-41 of this unit. 

Tell students that in this experi-

ence they will build a paper 

rocket and test it just like a NASA 

engineer might test a real one. 

The paper rocket model to be 

constructed has three sections, 

including tube, nose, and fins. 

Hand out the other materials 

needed for this lesson.  

4. Rocket Tube: Cut a narrow rec-

tangular strip of paper about 5 

inches long and roll it tightly 

around the pencil. Roll the paper 

at an acute angle less than 90 

degrees. This will cause the paper 

to cover the entire length of the 

pencil. Make sure that it is not 

tight on the pencil. If the tube is 

wound tight it will be difficult to 

remove from the pencil and the 

straw will not fit into the body. 

Have students rewind the paper 

if this occurs. Remove the tube 

from the pencil. Make sure it 

slides back and forth on the pen-

cil. Students may need additional 

help rolling the paper on the 

pencil to form the tube. Several 

attempts may be necessary to 

make the rocket tube five to six 

inches long. Tape the tube once 

it is the correct size. 

Point out to the students 

that one end of the 

rocket tube is thicker 

than the other end. The 

thick end will be the 

bottom of the rocket. 

5. Rocket Nose: Squeeze flat the 

front end of the rocket tube 

about 1.5 centimeters (about 1 

inch). Crease it and fold it 

hotdog style. Place your pencil 

back in the paper rocket tube 

and push it toward the front. 

Tape the folded tip of the rock-

et. Make sure the front end of 

the paper rocket is airtight and 

pointed. Remove the pencil 

and gently blow into the open 

end of the table to check for 

leaks. If air easily escapes, use 

more tape to seal the rocket 

tube.  

6. Rocket Fin: Cut out two sets of 

fins using the pattern. Place the 

pencil back inside the rocket 

tube to make it easier to tape 

the fins. Each student should 

write his or her name on the 

rocket tube near the fins. Tape 

the two sets of fins near the 

open end (bottom) of the rock-

et tube. Use a small amount of 

tape to secure the bottom tab 

of the fin to the bottom of the 

rocket tube. Make sure that the 

tape does not stick to the pen-

cil. Repeat with the second 

rocket fin. Check to make sure 

that the rocket fins are even 

and perpendicular to the rocket 

tube.  
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 Paper Rocket Model 

Moving Through the Air: Thrust and Drag 

7. Launch Measurements: In the 

classroom or a hallway use mask-

ing tape to lay out a launch pad 

and landing area 5 to 8 meters 

long. (Mark off the area in meters 

ahead of class in order to save 

time.) Place markers along the 

path at regular intervals. Many 

classrooms, lunchrooms, gyms, 

and hallways have uniform ceiling 

or floor tiles that can be used for 

easier measurement—both to cre-

ate the launch pad and to esti-

mate the distance the rockets 

travel. Most ceiling tiles are two-or 

four-foot sections. Teachers can 

help students pace the distance 

based on their own stride. Students 

need only count their own dis-

tance because they are not com-

paring data with each other.  

8. Teacher-Led Launch: Students 

should wear goggles when 

launching the paper rockets. The 

following is an effective way to 

conduct paper rocket launching 

with students:  

a. Divide the students into two 

groups: launchers and observ-

ers. Each student should have a 

partner in the opposite group.  

b. Line up the students on opposite 

sides of the classroom. This sys-

tem will also work in a larger ar-

ea—gym, hallway, lunchroom, 

or other group area.  

c. Direct the launcher group to 

prepare their rockets for flight. 

Each student should slip the 

straw into the rocket’s opening 

at the bottom of the tube. Re-

mind students to be careful not 

to aim the rocket toward any-

one but only toward the landing 

area. Each student should take 

a deep breath and blow into 

the straw to produce a strong 

push of air as you give a “3, 2, 1, 

launch!” command. The rocket 

will be propelled into the air. 

Each student in the observers 

group should try to follow the 

flight of his or her partner’s rock-

et. Do not allow any student to 

enter the landing area until you 

give the command.  

d. Direct students to wait for 

your “All clear!” command be-

fore the observer students may 

enter the landing area. Remind 

them to look for their partner’s 

name on the rocket without dis-

turbing it from its landing posi-

tion.  

e. Students should record the 

distance flown and draw the 

flight path on their worksheets. 

Then the rockets may be re-

trieved.  

f. Repeat the paper rocket 

launch procedures with the oth-

er half of the class from the op-

posite side of the room. Students 

who were observers are  

now launchers, and vice versa. 

Students can complete the in-

vestigation in a safe manner by 

taking turns this way.  

9. Student Launch Trials: The pa-

per rocket is complete and ready 

to fly. The first step in flying the 

model is to make sure it is trimmed 

to fly in a straight path. Instruct 

students to gently launch the 

model directly in front of them 

and away from any other person. 

Tell them to make sure to launch 

the rockets with the same 

strength and at the same angle 

each time. Ask them to observe 

how the paper rocket moves. 

Show students how to make small 

adjustments to the rocket fins and 

tube until the rockets fly in a 

straight path. Let the students 

continue to make adjustments 

after each test flight. Once a pa-

per rocket flies in a straight path 

for a distance of 5 feet, allow stu-

dents to complete the launch 

trials on the student handout 

Flight Research Card. Students will 

complete three rocket launches 

with the fins straight and stream-

line. They should get long straight 

flight paths. After students record 

their observations, they should 

change the position of the fins. 

Direct students to bend each of 

the four fins to control the flight of 

the rocket. If students bend all 

four fins in the same direction, the 

rocket will spiral and have more 

drag and less distance. Have stu-

dents complete three more 

launches. Each flight with bent 

fins should be a shorter distance 

than the three when the fins were 

straight. Rockets should move in a 

spiral through the air as the air hits 

and interacts with the fins.  
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 Paper Rocket Model 

Moving Through the Air: Thrust and Drag 

Working in pairs, one student can launch 

and the other can measure; then they can 

switch.  

Teacher Tip 

E17 Drag Research Model  

Technician Durwood Dereng prepares 

to pull the external-power plug from 

an E17 drag-research model at Wal-

lops, September 8, 1950.  

PHOTO COURTESY OF NASA  

Sense-Making Discussion and Questions  

 Review student responses to the focus question after the paper ball 

demonstration, and ask: How did you get your paper model rocket to 

launch? Was that a force? Which one (push or pull)?  

 Tell students that the force applied to propel an aircraft into and 

through air is called thrust. Explain that thrust creates lift by causing air 

to move over the surface of an aircraft. Remind students of the kite 

example and how the air had to move against the kite to lift it into the 

air. Ask: How did you cause lift with the paper rocket? What force or 

forces were opposing the forward motion of the rocket due to thrust 

and the upward motion due to lift?  

 Students should be able to explain that the weight of the rocket and 

the push of air were opposing lift and thrust. Remind them of the para-

chute trials: air is matter and pushes against objects that move through 

it. Tell students that when the push of air resists the motion of an air-

craft, it is called drag. Have students summarize that weight and drag 

oppose thrust and lift by drawing a diagram of a rocket and the direc-

tion of each force as it flies.  

 Ask students how the paper ball demonstration was similar to and dif-

ferent from the trials with their rockets. Guide students to think about 

the shape of the paper ball and the shape of the rocket, and how 

they interacted differently with air. Ask: How did the design of the pa-

per rocket affect the way it moved through air? How did the changes 

you made to the fins change the motion of the rockets? Why?  

 Students should be able to apply what they have learned in this experi-

ence and previous experiences to explain that the paper rocket was 

designed to allow air to pass over its body with little resistance (drag), 

and that when they bent the fins, drag was increased and changed 

the motion of the rocket (slowed it down and caused it to spin).  

 Ask: How did the model you made help you understand how things 

fly? How was the model not helpful?  

NASA Aeronautics Student Re-

ports  
Aircraft models have been tested in 

wind tunnel facilities at NASA Langley, 

NASA Ames, and NASA Glenn research 

centers, and NASA Dryden Flight Re-

search Center. Wind tunnels at NASA 

Marshall Space Flight Center have 

been and continue to be used to de-

velop launch vehicles. Teachers may 

want to assign a student report about 

one of the following topics.  

X-1  

X-15  

Robert Goddard  

Wallops Island Sounding Rockets  

NASA Langley Research Center  

NASA Dryden Flight Research Cen-

ter  

NASA Ames Research Center  

NASA Glenn Research Center  

NASA Marshall Space Flight Center  

NASA Career: Flight Engineer  

NASA Fact Sheet: X-1  

NASA Fact Sheet: X-15  

Information can be found at nasa.gov  
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 Paper Rocket Model 

Moving Through the Air: Thrust and Drag 

Student Handout: Flight Research Card 

Name:          Date: 

Build a rocket to investigate thrust and drag.  

Materials: pattern, scissors, tape, pencils, straws.  

1. Rocket Tube: Cut a narrow rectangular strip of paper about 5 inches long and roll it tightly around 

the pencil. Tape the tube. Make sure that it is not tight on the pencil. Remove it from the pencil. 

Make sure it slides back and forth on the pencil.  

2. Rocket Nose: Squeeze flat the front end of the rocket tube, about 1 inch. Crease it and fold it 

hotdog style. Place your pencil back in the paper rocket tube and push it toward the front. Tape 

the folded tip of the rocket. Make sure the front end of the paper rocket is airtight and pointed.  

3. Rocket Fin: Cut out two sets of fins using the pattern. Place the pencil back inside the rocket tube 

to make it easier to tape the fins. Tape the two sets of fins near the open end (bottom) of the 

rocket tube. Use a small amount of tape to secure the bottom tab of the fin to the bottom of the 

rocket tube. Make sure that the tape does not stick to the pencil. Repeat with the second rocket 

fin. Check to make sure that the rocket fins are even and perpendicular to the rocket tube. Put 

your name on the rocket.  

4. Trials: Launch your rocket six times. For the first three launches, keep the fins straight to reduce 

drag. Use alignment guide provided. Then bend the fins to increase drag for the last three 

launches. Record the distance traveled, the path of the rocket, and any other observations.  

Did the paper rocket move differently when the fins were bent? How? 
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 Paper Rocket Model 

Moving Through the Air: Thrust and Drag 


