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SuperSoaker
Project Overview
The Problem:  One of the most popular new toys to hit the market in recent years is a new high-power water gun called the SuperSoaker®.  This new technologically advanced water gun allows the user to shoot more water a greater distance than ever before.  This provides an opportunity for more strategic and intense water gun competitions and games.  

What affects the distance the SuperSoaker® will shoot the water?  Can one predict the distance a SuperSoaker® will shoot?  Is the amount of water expelled per shot from the SuperSoaker dependent upon the number of pumps?

Areas of Application:


Algebra

Developing and Interpreting Graphs


Developing Linear Equations


Gathering Data

Percents

Materials Included:


Sample Data

Background Information and Assumptions:

One needs to assume that an individual used the same SuperSoaker® throughout the testing, that it operates in the same manner during each trial, and that the amount of water added to the SuperSoaker® for each trial is constant.  Also, one will assume that the water gun was fired from the same location and position each time, which eliminates the effect of gravity in the results of the test trials.  Therefore, the distance traveled by the water is due to the velocity of the water coming out of the gun.   

Background Information
For a simple explanation of the operation of a SuperSoaker®, the water chamber in the gun is first filled with water.  The operator then “pumps” the water gun adding more and more air into the water chamber.  Since water cannot be compressed to any great extent, the additional air added continues to increase the pressure on the water in the water chamber.  The air pressure above the water continues to increase as the number of pumps increases.  When the trigger is pulled, a water outlet is opened in the chamber providing a place for the pressurized water to escape.  This is the stream of water produced by the water gun.  The diagram below shows the basic set-up of the SuperSoaker®.
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A complete explanation and history of water blasters in general, and of the SuperSoaker® in particular, can be found at:  

http://entertainment.howstuffworks.com/water-blaster.htm
SuperSoaker  Experiment
(High School Version)

The Experiment

There are several factors which contribute to the operation of the SuperSoaker®:  number of pumps, volume of water used, volume of water expelled, density of the water in the gun, and distance the water travels.  Students will design experiments to determine the relationships, if any, between these factors.  Some sample questions that can be explored are:
1. What is the relationship between the number of pumps and the distance the Super-Soaker will shoot? 

2. What volume of fluid will be dispensed for a given number of pumps?

3. Can one predict the distance a SuperSoaker® will shoot?  

Background Information

Students should begin by gathering background information about the SuperSoaker®.  A good place to start is at:  http://entertainment.howstuffworks.com/water-blaster.htm, which is off the main page of http://www.howstuffworks.com.

Experimental Design, Key Factors

· Limit independent variable to the number of pumps on the Super Soaker 

· Ask students to determine if the number of pumps on the Super Soaker affects the distance of water stream.
· Allow students to design their own experiment to gather data to determine this relationship.
When designing the experiment, there are several variables which will need to be considered and controlled to ensure the data is somewhat accurate.  A question for the students to consider is:  What affects the distance the SuperSoaker® will shoot the water?  

Important Note:

Some potential contributing variables include:
· the height at which the soaker was held.
· the angle at which the soaker was held.
· the amount of water in the Super Soaker for each shot

· distance measurement for each shot

The previous factors were controlled in experiments already done by using the following procedures:

· The height was stabilized using two patio chairs, back-to-back. The student may find his/her/their own method to stabilize the height.
· The angle was stabilized by spreading the patio chairs, creating a gap between the chairs between which the level part of the gun rested. The student may find his/her/their own method to stabilize the height.
· After each shot, the gun was refilled using a measuring cup and determining the amount of water sprayed for that shot.

· A 25ft tape measure marked the path of the water spray and the student would use it to indicate the major points of spray.
Potential Materials:
	· 1 Large and 1 Small SuperSoaker®
	· 25-foot tape measure
	· water

	· calibrated cylinder
	· 2 chairs
	· masking tapes

	· pencil/pen, paper
	· calculator
	· graph paper

	· string and waster
	· stopwatch
	


Procedures: 

The results of the investigation should include procedures, observations, conclusions and reflections.  Students should show all data collected, develop formulas or rules to model the relationships between the various parameters, and illustrate data using graphs.  Relationships can be used to form predictions and draw conclusions. 
A sample solution and pertinent graphs are presented below. The students should begin by constructing a table to organize their data and for input in the graphing application/calculator. Once the data is collected and input, the application will calculate the kind of line or curve that models the data best. The students should run linear and quadratic regressions to find which one would be the best and graph their results with the pertinent formula. This is an elaborate project that requires attention to detail as well as a little bit of research on regression and modeling.

Good luck and see you in class! 

Sample Solution

The experiment was conducted by a group of teachers at the 2003 Math in Industries Institute at Worcester Polytechnic Institute.  They received the following results:
	Number
of Pumps
	Volume
of Water 
Expelled
	Distance
of Clean 
Water in 
Inches
(MMPWD)
	Distance

of Soapy

Water in

Inches
(MSPWD)

	1
	26.7
	68.7
	84.3

	2
	50
	106
	126

	3
	76.7
	119.7
	144

	4
	111.7
	144.7
	178

	5
	136.7
	169.3
	221.3

	6
	175
	200.7
	243

	7
	223.3
	200
	243.7

	8
	238.3
	221.7
	253.3

	9
	253.3
	231.3
	262.3

	10
	251.7
	217.7
	258

	11
	251.7
	200.7
	242

	12
	266
	226.7
	265.3

	13
	267.5
	205.3
	243.7


They considered the data from several viewpoints, to include fitting what they considered to be the most appropriate equation for the data.

Graphical Results – Linear Regression:
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Though the line of best fit appears to (somewhat) fit the data, they considered the residuals.
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Graphical Results – Quadratic Regression:
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Though there seemed to be a clear relationship between the number of pumps and the distance of the expelled water, there are other variables and potential relationships to consider.
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Conclusions:

· A positive correlation exists between number of pumps and volume of water.

· A positive correlation exists between number of pumps and distance of spray.

· The quadratic line of best fit is probably due to air friction and the inverse relationship between the volume of air in the discharge chamber and the pressure created.
Extensions:

· Parabolic:  for Physics or Trig students, students could study the distance of water spray or maximum height versus angle of elevation.  The experimental data could be compared to theoretical calculations using trigonometric functions.

· Surface Tension:  Chemistry students could experiment with different solutions to test the role of intermolecular forces on the distance of spray. (see Descriptive Statistics Design

· Calculus:  Analysis of the derivative of the quadratic equations for the data can be used to determine the maximum distance.

· Descriptive Statistics Design:  Data gathered using trials with a constant number of pumps can be analyzed for mean, median, mode, 5 number summary, and box and whisker plots.  The T-test can be applied to this design to contrast statistical significance between different substances.  

· Scatter Plot (spaghetti):  Use the activity to introduce graphing experimental points and determining a line of best fit. 
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The inner workings of the SuperSoaker® itself are shown in the diagram to the right.





This photo was found at � HYPERLINK "http://www.howstuffworks.com" ��www.howstuffworks.com�
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