Heavy Lift Rocket Team

.. Member
Mission Report Names:

Make a sketch of your best rocket

Flight Predict How Much | Actual Mass
Test Mass Your Rocket Lifted
Will Lift
1 paper clip = 2gm

1.

2.

3.

4.

5.

Describe your first
rocket.

How did you change your rocket to make it carry more mass?

What other ways could you change your rocket to improve it?

50



National Science Content Standards:
Unifying Concepts and Processes
¢ Evidence, models, and explanation
e Change, constancy, and measurement
Science as Inquiry
¢ Abilities necessary to do scientific
inquiry
Physical Science
¢ Position and motion of objects
¢ Motions and forces
¢ Properties of objects and materials
Science and Technology
¢ Understanding about science and
technology

National Mathematics Content Standards:
¢ Number and Operations
¢ Measurement
¢ Data Analysis and Probability

National Mathematics Process Standards:
¢ Problem Solving
¢ Reasoning and Proof
e Communication
¢ Connections
¢ Representations

Rocket Activity

Newton Gar

Objective

To investigate the relationship between
mass, acceleration, and force as described in
Newton’s second law of motion.

Description

Small student teams use a wooden car and
rubber bands to toss a small mass off the car.
The car, resting on rollers, will be propelled

in the opposite direction. During a set of
experiments, students will vary the mass being
tossed from the car and change the number of
rubber bands used to toss the mass. Students
will measure how far the car rolls in response to
the action force generated.

Materials

Newton Cars (see separate instructions)

Cotton string

Two rubber bands (size 19)

Medicine bottles (see Tip)

25 straight drinking straws (not flexi)

Meter stick or ruler

Metric beam balance or scale

Scissors or lighters (see Management
below)

Popcorn seeds, washers, pennies,
marbles, paper clips, etc. (for filling the
bottles)

Safety goggles

Management

This activity requires a smooth floor or long
tables for a rolling surface. Be sure teams
understand how to set up the car and are
consistent in their placement of straws.
Demonstrate the “loading” of the car. After
attaching the rubber band and string to the
car, press the bottle into the “V” of the rubber
bands. This process must be done the same
way each time. Also demonstrate the string
cutting process. The string must be cut and the
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Slide rubber band
ends over twin posts

Slip rubber band
through string

Stretch string
over third post

Loading the Newton Car

scissors moved out of the way in one smooth
and quick movement. Lighters can also be used
for burning through the string. Have students
light the ends of the string dangling down from
the knot. The flame will climb up the strings
and burn through the knot. Students must
wear eye protection with either string cutting
technique.

Background

Although the purpose of the Newton Car is to
investigate Newton’s second law of motion,

it provides an excellent demonstration of all
three laws. The car is a slingshot-like device.
Rubber bands are stretched between two posts
and held with a string loop ringing a third post.
A bottle, holding various materials that can be
changed to vary its mass, is placed between
the stretched rubber bands. When the string is
cut, the bottle is tossed off the car and the car
travels the other way on straw rollers.

Newton’s first law is demonstrated by the
act of exerting a force. The car remains at rest
until the mass is expelled, producing a force.
The car then moves. The action force exerted
on the car produces an equal and opposite
reaction force. The car moves the other way
from the tossed bottle. This demonstrates
Newton’s third law.

How far the car moves demonstrates
the second law. The magnitude of the force is
determined by how much mass is tossed and
how fast it is accelerated off the car.

By varying the mass and the number of
rubber bands, students are able to see a visual
demonstration of the relationship of mass and
acceleration on force. The greater the mass of
the bottle and its contents and the greater the
acceleration (more rubber bands), the greater
the force. The effect is that the car will travel
further in the opposite direction. (Refer to
pages 19-23 for a more detailed explanation of
Newton’s laws of motion.)

Procedure Making Newton Cars

Materials

11X 3 X8 inch board*

3 1/4” diameter by 2 1/2” long dowels (or
wood screws)

Wood glue
1. Cut the board into 12 22
8” lengths. (Optional: ' :
Bevel one edge as ; o
shown on the previous r|\|> : r|\|>
page.) ; )
. Drill three 1/4” holes : k—’3/16 J

N

3/8” deep for the 5
dowels. If using '
screws for posts '
instead of dowels, E
skip Step 3. :| Newton
. Glue the dowels into | Car

the holes. If desired, :| Top View
bevel the upper end of
the dowels with sand :

paper.

“8_

w

* Note: Dimensions of
lumber are based on '
rough cuts. When
planed, thickness and '

11/4”

width are smaller. A Beve:l lower edge
1X8” board is actually

0.75 by 2.5 inches.
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Procedure The Experiment

1. Provide student teams with the instruction
sheet on how to set up the Newton Car and
the data sheet.

2. Clear areas for each team to set up their
experiment.

3. Provide a station where teams can fill their
bottles with different materials to change
their total mass. Place the popcorn seeds,
washers, etc., in different bowls for easy
access. The bottles do not have to be filled
to the top. However, the rubber bands
should be positioned around the approximate
center of mass of the bottle to get a uniform
toss.

4. Check each team to ensure they are being
consistent in their procedures. For instance,
placing straws differently for each test would
introduce a new variable into the experiment
that could affect the results.

Tip: Provide masking tape so that
students can use small tape pieces to
mark the positions of the straws for
consistency.

Discussion
e How does adding additional rubber bands
change the acceleration?

Like all matter, the bottle has inertia, which
is the property of resistance to change in
motion. Newton’s first law of motion is often
referred to as the law of inertia. A force is
needed to change the motion of the bottle.
In this experiment the inertia of the bottle
retards the contraction of the rubber band.
Two rubber bands, working together, are able
to contract more rapidly and consequently
are able to impart a greater acceleration to
the bottle.

Tip: Ask a pharmacist for a donation of new,
8-dram-size medicine bottles.

Assessment
¢ Review the experiment report for

completeness and check team statements,
explaining the relationship between mass,
acceleration, and the distances the Newton
Cars traveled.

¢ Ask students for other examples of Newton’s

laws of motion at work.

Extensions
e Newton’s second law of motion can also be

demonstrated using a water rocket. Vary the
pressure in the water rocket by using different
numbers of pumps. Vary the amount of
water inside the bottle. Changes in mass and
acceleration will affect the performance of the
rocket in flight.
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. Tie six string loops approximately this size.
. Fill the plastic bottle with small weights provided by your

Newton Car Experiment Procedures

teacher. Measure the mass of the filled bottle and record
the amount on your data sheet for test 1.

. Set up your Newton Car as shown in the picture. Slide the

rubber band through the first string loop. Slip the ends of
the rubber band over the two posts. Pull the string back to
stretch the rubber bands, and slip the loop over the third
post to hold the loop.

. Lay the straws on a smooth floor or tabletop. Place them like railroad ties 5 centi-

meters apart. Put the Newton Car on top of the straws at one end of the line.

. Using the scissors, cut the string. Quickly move the scissors out of the way! The

rubber band will toss the bottle off the Newton Car while the car rolls the other way
on the straws.

. Measure how far the Newton Car moved and record the distance on the data sheet.
. Repeat the experiment using two rubber bands. Be sure to set up the straws and

place the Newton Car on them exactly as before. Record your data.

. Put different weights in the bottle and measure its mass. Record the mass and

repeat the experiment with one and two rubber bands. Record your data.

. Once more, put different weights in the bottle and measure its mass. Record the

mass and repeat the experiment with one and two rubber bands. Record your
data.

10. Answer the questions on the data sheet and write a general statement about the

relationship between the mass and number of rubber bands used and the distance
the Newton Car travels.
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National Science Content Standards
Physical Science
¢ Position and motion of objects
e Motions and forces
Science and Technology
e Abilities of technological design

National Mathematics Content Standards
e Measurement

National Mathematics Process Standards
e Connections

Rocket Activity
Pop! Rocket
Launcher

Objective
To construct a simple air pressure launcher for
paper rockets.

Description

Students stomp or jump on an empty 2-liter
soft drink (“pop”) bottle and force the air inside
through connected plastic pipes to propel a
paper rocket.

Materials

Empty (and rinsed) 2-liter plastic soft drink
bottle

2 1/2” PVC tee connectors

2 1/2” PVC 45 degree elbows

2 1/2” PVC caps

1- 5’ length of 1/2” PVC pipe

Duct tape

Ruler

Balloon or basketball hand pump

Rubber stopper or cork (#1 size, 1 hole)

Eye protection for anyone near launcher

Management

The Pop! Rocket Launcher, although fun for
all students, is an ideal launcher for younger
students because they love to stomp on the
bottle to launch the rocket. The launcher can
be used for any kind of large paper rocket,
including the high-power paper rockets
described on page 91. However, the Pop!
Rockets described in the activity starting

on page 66 are well-suited for this group

of students because of their relatively easy

construction.
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Take the shopping list on the next page
to the hardware store to obtain the PVC parts.
The PVC pipe will be cut into smaller pieces.
Use a fine-tooth saw or a PVC cutter (available
from the hardware store). The PVC parts do not
have to be cemented together. Friction will hold
the parts with occasional adjustment. Leave
the label on the bottle. This gives students a
target to aim for when stomping. If the ends of
the bottle are accidentally squashed, the bottle
becomes difficult to reinflate and has to be
replaced. If you prefer to remove the label, use
a marker and draw a bull’s-eye on the side of
the bottle.

The PVC legs are of different lengths.
The leg nearest the bottle is the shortest.
Angling the legs to the sides results in a tripod
arrangement that supports the launch tube
(the part the paper rocket slips over for launch
(part #11). The launch tube can be aimed at
different angles by tilting to one side or another.
Rotating the entire launcher horizontally
changes its direction.

When using the launcher, place it
in an open space. It can be used inside a
gymnasium or cafeteria. If using inside, aim
the launch tube at a low angle towards a far
wall. Select a target to aim for. If using outside
(choose a calm day), the launcher should
be aimed at a clear area. For fun, place a
basketball in the landing zone. Tell students to
imagine the ball is the planet Mars (it’s the right
color!) and have them launch their rocket to
Mars.

®

Make sure the student doing the
launching and any other students near the
launcher are wearing eye protection. Do not
permit any students to stand in front of the
launcher or in the landing zone while “launch
operations” are taking place.

Procedure
1. Cut the PVC pipe into the following lengths:

#3 - 50 cm
#5-18 cm
#7 -4 cm
#9 -4 cm
#11-25cm
#12 -20cm
#14 - 25 cm

The part numbers indicate where each piece
is placed in the assembled launcher diagram
below.

2. Insert the end of pipe #3 into the neck of the
bottle and tape it securely with duct tape.

3. Follow the construction diagram below for
assembly of the launcher. Match the pipe
lengths with the parts numbers.

4. Swing the two legs outward or inward until
each touches the ground to form the tripod.
The launcher is ready for use.

5. Insert the inflator tube of the balloon pump/
basketball hand pump into the hole of the
stopper.

Using the Pop! Rocket Launcher
1. Place the launcher in an open space and tilt

©)
==
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the launch tube in the desired direction. If 6. When the flight zone is clear, have the next

shooting at targets, have each student aim student put on the goggles, slide the rocket
the launcher for his or her flight. on to the launcher, aim the launcher, do the
2. Make sure the flight zone is clear of anyone countdown, and stomp on the bottle.

who might be hit by the rocket.

3. Have the student put on eye protection and
do a countdown to zero.

4. The student should stomp or jump on the
label of the bottle. This will force most of the
air inside the bottle through the tubes and
launch the rocket.

5. While the student is retrieving the rocket,
have the next student reinflate the bottle by Tip Have a couple of spare bottles and the duct tape
pushing the rubber stopper attached to the ready for a quick change-out in case the launcher
hand pump into the end of the launch tube. bottle becomes damaged and no longer usable.
Pumping will pop the bottle back into shape.

1 -1/2” (PVC) 2 - 1/2” 45° Elbow (PVC) 2 - 1/2” Tee (PVC)
5 feet long (to be cut Slip* Slip*

into smaller pieces) Hardware store or Hardware store or
Hardware store or plumbing supply plumbing supply

plumbing supply

—— &

2 - 1/2” Caps (PVC) Duct Tape 1 #1, 1-hole Rubber Stop-
Slip* Hardware store per

Hardware store or May be available from
plumbing supply hardware store or from

school science supply
Balloon or Basketball Pump

Toy or variety store (two different pumps shown with stoppers attached)

Balloon Pump -:I@

* Slip means a joint connected with cement rather than threads.

Shopping List

Basketball Pump

65



National Science Content Standards
Unifying Concepts and Processes
¢ Evidence, models, and explanation
¢ Change, constancy, and measurement
Science as Inquiry
¢ Abilities necessary to do scientific
inquiry
Physical Science
¢ Position and motion of objects
¢ Motions and forces
Science and Technology
e Abilities of technological design

National Mathematics Content Standards
¢ Number and Operations
e Geometry
¢ Measurement
e Data Analysis and Probability

National Mathematics Process Standards
¢ Problem Solving
¢ Reasoning and Proof
e Communication
¢ Connections
¢ Representations

Rocket Activity

Pop! Rockets

Objective
Students design, construct, and launch paper
rockets.

Description

A rocket with a triangular cross section is made
from three rocket-shaped strips of card-stock
paper and launched with the Pop! Rocket
Launcher. Students can customize their rocket
fin shapes and decorate the rockets using a
computer with an illustration program. An
alternative single-piece Pop! Rocket is also
explained.

Materials

Card-stock paper

Glue stick

Cellophane tape

Scissors

Optional - Computer with an illustration
program and printer

Crayons or colored markers

Ruler

Pop! Rocket Launcher (see page 63)

Penny

30 cm-long pieces of 1/2” PVC pipes

Management

Pop! Rockets are made by cutting out three
rocket-shaped pieces of paper and joining them
together. The basic pattern is a long rectangle
with a triangle on one end. When the three
rocket sides are taped together, the triangles
are bent inward and taped to form a three-sided
pyramid that serves as the rocket’s nose cone.
At the opposite end are geometric shapes such
as triangles or parallelograms, that extend from
the sides of the rectangles to form the fins. The
fins are glued or taped together face-to-face to
make them stiff.
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The basic pattern is found on page
70. If you have a computer with an illustration
program available, the pattern can be laid out
on the computer and the fins custom-designed
by your students. The only dimension that must
be preserved is the width of the rectangle. The
three rectangles, when taped side-to-side, form
a triangular prism shape that slides over the
launch tube of the Pop! Rocket Launcher.

Print the blank rocket pattern or
student’s custom-designed rockets on card
stock paper. If designing by computer, make
three copies of the pattern on the page. To
make all patterns fit, use the rotation control to
rotate the middle pattern upside down.

If using the rocket with young students,
enlist the aid of older students for the rocket
assembly (peer teaching) or have the patterns
cut out and fold lines scored in advance.
Before taping, have students draw pictures
of themselves or friends or family peering out
from “port holes” near the nose cone end of
the rockets. The rockets can be decorated
along their entire length. If using a computer
illustration program, the decoration can
be added to the pattern before printing.

Have students tape a penny to
the inside of one of the three nose cone
triangles before taping the nose cone
together. The penny adds additional
mass to the nose and increases its flight
stability.

To provide support for the nose
cone during taping, insert a PVC pipe
segment into the rocket.

Ask students why fins are
important to the rocket shape. After
collecting their ideas, demonstrate
how fins work by tossing two rockets
(without the pennies) like javelins into the
air. One should have fins and the other
should not. The rocket with fins will
sail straight across the room, while the
one without will flop or tumble in the air.
Have your students describe and explain
what happened.

third

B. Fold sides to
form triangular
prism shape
and tape

seam.

Procedure Three-Piece Pop! Rocket

1. If using a computer with an illustration
program for designing Pop! Rockets, draw
a vertical rectangle that is 3 cm wide and
22 cm long. The nose cone triangle can
either be an isosceles or equilateral triangle.
Add fins to the sides of the bottom of the
rectangle. Keep in mind that the size of the
paper limits the size of the fins.

2. After completing one rocket pattern, copy

it two times and fit all the pieces on the
paper with two patterns pointing up and one
pointing down. If the fins are too large for a
single sheet of paper, create two patterns on
one page and the third on a second page.

3. When the patterns are complete, students
can add decorations to their rockets or
wait until the patterns are printed and then
decorate them.

. Cut out the three pieces and press the edge
of a ruler to the fold lines for the fins and
nose cone to get a straight fold. Fold the fins
outward.

D. Tape penny to

inside of one ‘

triangle.

E. Bend nose
cone triangles
inward and
tape closed.

A. Lay the three rocket sides
next to each other (with
fins bent upward)
and tape the two
middle seams.

C. After folding, tape
or glue the fins together.
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. Tape a penny securely to the inside of one of
the nose cone triangles.

. Slide the pieces together and match up the
sides of the rocket body. Run a strip of tape
along the seams. Do not tape the fins or
nose cone pieces yet.

. Pick up the rocket, bring the two side pieces
together, and tape the seam. It may be
helpful to insert the PVC pipe into the rocket
before taping.

. Use glue stick or tape to join adjacent

fins pieces together to make three fins. If
desired, the fins can be left untaped to make
six fins.

Completed Three-
Piece Pop! Rocket

Ideas for Different Fin Shapes

vy

. Push the PVC pipe inside the rocket body

up to the position of the nose cone. Use the
pipe for support while taping. Fold the three
triangles inward and tape the seams.

10. The rocket is ready for launch. Follow the

launch instructions for the Pop! Rocket
Launcher (page 63).

Procedure One-Piece Pop! Rocket

1.

2.

Print the pattern on the next page on card
stock paper.

Use a ruler and the edge of a penny to score
the fold lines. To do so, place the ruler along
a dashed line and run the edge of the penny
(held at an angle) across the paper to make a
small groove. The groove will insure that the
fold line is both accurate and straight.

. Cut out the pattern on the solid lines.
. Tape a penny to the inside of one of the nose

cone triangles.

. Fold the three rectangles into a triangular

prism shape with the large tab inside. Tape
the seam.
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6. Fold the triangles inward to form the nose
cone. The tabs should be inside. They will
provide support for taping.

7. Bend the fins outward. The rocket is ready
for flight.

Discussion
What are the parts of a rocket?

The pointy upper end of the rocket is the
nose cone. It helps the rocket spread apart
the air as the rocket flies. The nose cone can
be compared to the pointed bow of a boat
that spreads water apart as it sails forward.
Astronauts and spacecraft are usually placed
in or near the nose cone. (Note: The space
shuttle is a little different in design. However,
the astronauts still ride in the cone-shaped
front of the Orbiter.)

The body of the rocket is the tube-shaped
(triangular-shaped in this activity) part of the
rocket that holds the rocket fuel.

Engines are where the rocket fuel is burned.
These are found at the lower end of the
rocket body. The engines push the rocket
into space.

Fins are the tiny wings at the lower end of
the rocket body. They help the rocket fly
straight.

Assessment

¢ Ask students to write or tell a short story
describing their rocket and how they flew.

¢ Have students draw pictures of their rockets
flying through space.

Extensions

e Compare rockets to an arrow, a weather vane,
or a dart. Bring one or more of these objects
to class and compare them to the shape of
the students’ rockets.

e Show pictures of different rockets and
compare them to students’ rockets.

Penny on Inside

One-piece

Pop! Rocket
with single taped
seam and

fins folded
outward.

N
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