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[image: image3.png]!
MEMO:
T0:Scnce
Reseacnan
PR o v,

Space Agency
Administrator

Background:




To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 05 Oct. 2017 AD

Greetings,

First, thank you for the reports on your model rocket construction. The project manager forwarded the reports to me, and they were impressive. Keep up the good work.
Your next task is to test a critical performance feature of your model rocket design – the acceleration.

[image: image4..pict]The acceleration of an object is a measurement of the rate at which it changes velocity – the speed and/or direction of motion. 

We know from previous missions into space that humans cannot perform their tasks if the acceleration is too great. Your task is the measure the acceleration of your model rocket during launch.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas, but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.

I look forward to seeing your reports for this activity. Information about the acceleration of the model rocket is vital to the engineers who are designing our spacecraft. Please submit your reports to the project manager so the manager can forward them to me.

Again, thank you for your efforts. Good luck on the next phase of the project.

Yours,

Joe Venus
Space Agency Administrator
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This is a FIELD activity that uses the ScienceWorkshop 500 Interface for data logging.
Equipment

Per Team
Qty

Per Class
Qty
Container, 2 L (for carrying water)
2

ScienceWorkshop™ 500 Interface
1
Model rocket
1

Motion Sensor (CI-6742)
1
Per Student


Air pump (e.g., bicycle tire pump)
1
Safety goggles
1 pr

Base & Support Rod (ME-9355)
1
Consumables


Dowels or sticks
6
Cardboard sheet (splash shield)
1

Model rocket launcher
1
Tape
1 roll

Tire pressure gauge
1
Water
3 L

VOCABULARY
acceleration
mass
net force
velocity

What Do You Think?

What is the acceleration of your model rocket at launch? What happens to the acceleration if less water is pressurized in the engine? What happens to the acceleration if more water is pressurized in the engine?

[image: image6..pict]Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.
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The speed and direction of motion of an object is its velocity. Whenever an object changes its velocity, it undergoes acceleration. One way to describe acceleration is to say that it is a measure of the rate of change of velocity. What causes acceleration?

A force is a push or a pull. The net force on an object is the combination of all the pushes and pulls on the object. 

The net force on an object causes its acceleration. The more the net force, the more the acceleration. The less the net force, the less the acceleration. Therefore, the net force on an object is one of the things that determines how much acceleration the object has.

A basic property of every object is the other thing that determines how much acceleration there is. That basic property is the object’s mass. The mass of an object is the amount of matter in the object. 

The mass of an object determines how much resistance the object has to the net force that is applied to it. In other words, when a net force is applied to an object, the more mass it has, the less the acceleration. The less the mass the object has, the more the acceleration it will have.


This is a FIELD activity. You will use a Motion Sensor to measure how fast your model rocket is accelerating when it leaves the launch pad. 

SAFETY REMINDERS
· Wear protective goggles.

· Place the launcher securely into the ground.

· Do not pressurize the model rocket beyond 40 pounds per square inch.

· Do not aim the rocket at anyone, or at buildings or other structures.

· Do not look down at the rocket during pressurization or launch.

 


Procedure Outline
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[ √ ]
Remember, for more detailed information see Appendix B.

In this activity, use the Motion Sensor to measure the change in motion of your model rocket as it leaves the launch pad. For the first trial, use a standard amount of water in the engine (bottle). For the second trial, reduce the amount of water, but pressurize the bottle to the same pressure as for the first trial. For the third trial, increase the amount of water but keep the pressure the same.

[   ]
A. Set Up the Equipment

1.
Fill the 2 liter containers with water.

2.
Get ready to carry the water containers and other equipment (air pump, base and support rod, model rocket & launcher, tire pressure gauge) to the launch site.

[   ]
B. Set Up the Experiment

You can use the ScienceWorkshop 500 Interface to record data outside of a classroom. You can program the interface while it is connected to the computer, disconnect the interface and go collect data, and then re-connect the interface to the computer to analyze your data. 

See Appendix C for detailed information about how to use the ScienceWorkshop 500 Interface for “data logging”

1.
Start DataStudio or ScienceWorkshop and open the file as follows: 

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

M02 Model Rocket.DS
M02 Acceleration
M02_ACCE.SWS

•
The file opens with a Graph display. The Trigger Rate for the Motion Sensor is set to 50 Hz (50 samples per second).

2.
In the software, prepare the interface for data logging. (See Appendix C.)

3.
Disconnect the interface from the computer and power supply.

4.
Carry the equipment, interface, and Motion Sensor to the launch site.

[   ]
C. Do the Experiment

· For the first trial, fill the bottle half full of water and pressurize to 40 pounds per square inch (p.s.i.) with the air pump.

· For the second trial, fill the bottle less than half full of water and pressurize to 40 p.s.i.

· For the third trial, fill the bottle more than half full of water and pressurize to 40 p.s.i.

1.
Connect the Motion Sensor plugs into Digital Channel 1 and Digital Channel 2 on the interface box. Mount the Motion Sensor on the support rod. 

2.
Put the launcher legs securely into the ground. Add water to the bottle. Push the rubber stopper into the bottle neck and set up your model rocket on the launcher. 

3.
Set the Motion Sensor and interface about 1 meter from the launch site. Aim the Motion Sensor so that its “line-of-sight” is at the top of the model rocket. 

4.
Make a curved splash shield and put it between the base of the launcher and the Motion Sensor to protect the sensor from water.

5.
Connect the air hose valve stem to your air pump. Pressurize the bottle to 40 pounds per square inch and prepare to launch the rocket.
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6.
When you are ready, press the LOG button on the front of the interface. Wait ten seconds.

7.
When the green light-emitting diode on the front of the interface begins blinking rapidly, tug sharply on the trigger line to launch the rocket.

8.
After the rocket launches, press the LOG button on the front of the interface to stop data recording. 

9.
Recover the model rocket and repeat the launch procedure, but use less water than for the first trial. Recover the model rocket and repeat the launch procedure, but use more water than for the first trial.

[   ]
D. Analyze the Data

1.
Reconnect the interface to the power supply and computer. In the software, download the data from the interface to the computer. (See Appendix C.)

2.
Examine each run of data in the Graph display to determine the acceleration of your model rocket.

3.
Record your results and answer the questions in the Report.

Report – Activity M02: Acceleration of a Model Rocket
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NAME 
_________________________________ 

CLASS ____________________

DATE 
____________

[   ] What Do You Think?
What is the acceleration of your model rocket at launch? What happens to the acceleration if less water is pressurized in the engine? What happens to the acceleration if more water is pressurized in the engine?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

[   ] Analyze the Data

1.
Use the Graph display to see how much the velocity changes for each trial. [Refer to Appendix B for more information about using the Statistics that are part of the Graph display.]

2.
For each of the three trials, sketch the change in velocity. 




[   ] Conclusion

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

[   ] Questions

1.
How do your answers to the ‘What Do You Think?’ questions compare with the results?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

2.
In this activity, which combination of water and pressurized air caused the most acceleration?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

3.
Which combination of water and pressurized air caused the least acceleration?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Complete the following:

VOCABULARY

acceleration:



mass: 



net force



velocity:



Optional


If one “g” is 9.8 m/sec2, how many “g”s did your model rocket have?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Submit this report to your project manager as soon as possible so it can be forwarded to the Space Agency administrator.
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