Bouyancy Project

This project will address the following California State Science Standards for 8th grade;

DENSITY AND BUOYANCY I

8. All objects experience a buoyant force when immersed in a fluid. As a basis for understanding this concept, students know:

a. density is mass per unit volume.

b. how to calculate the density of substances (regular and irregular solids, and liquids) from measurements of mass and volume.

c. the buoyant force on an object in a fluid is an upward force equal to the weight of the fluid it has displaced.

d. how to predict whether an object will float or sink.

9. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept, and to address the content of the other three strands, students should develop their own questions and perform investigations. Students will:

a. plan and conduct a scientific investigation to test a hypothesis.

b. evaluate the accuracy and reproducibility of data.

c. distinguish between variable and controlled parameters in a test.

f. apply simple mathematical relationships to determine one quantity given the other two (including speed =distance/time, density = mass/volume, force = pressure x area, volume = area x height).

Students will present their research and results in a poster session.
Project Overview  What element is most important to design a boat to hold the most weight?
Student groups will create a foil boat (see size restriction of foil sheet). The foil boat should be designed to hold the maximum amount of weight possible without sinking (any water entering into the boat due to the design or position of the boat in the water). The class average float weight will be computed on the date of the boat float. In order to receive the maximum number of points for their boat, the boat must hold within 20 g of the class average boat float weight. Student groups will also present their group conclusion to the question: What element is most important to design a boat to hold the most weight? (Areas to explore: boat hull design, placement of weight, type of weight, height of boat sides, surface area of boat) The answer to this question must be based on research and experimental data. (see below). Student groups will present this information in a poster presentation (poster board available from school). Information presented on poster should be typed, resouces should be listed and diagrams/drawings/images should be neat, labelled and clear.
Boat Specifications

Size of foil sheet: may not exceed 16 cm x 18 cm
Type of foil: heavy duty foil (please use recycled if possible), single layer 
Weight held: Must hold weight above water (weight may not get wet or be submerged).  Type of weight may be selected by the group, but “official” amount of weight held will be determined on a school balance, on the day that the foil boat is tested.  To achieve maximum points for boat, boat must hold within 20 g of class average for boat float.
Research

Prior to testing, student groups may want to research the various types of boat hulls presently used in commercial boats of all types (cruise, shipping/container, sail, barge, tugboat) listing general advantages and disadvantages of each hull style (feel free to include this information as part of your justification for selecting a particular design to test.)  Data tables showing results for each area researched must be presented on poster. Student groups will define the independent, dependent and controlled variables for the trials in their project and present information on their own final boat design including, volume and mass of boat, how much weight they predict their boat will hold (can be estimate but must be included as part of buoyant force calculation), and the buoyant force on that object (water displaced to support the total weight of the object). (Please see sample problem and solution attached to understand how to find this.  We wil go over this example in class.  If you need help in setting up the formula for your final boat design, please ask your teacher during office hours.)

Experimental data

Students will keep written data tables, (descriptive as well as drawings) of the various attempts they conduct in order to finalize their ULTIMATE FOIL BOAT! All attempted trials should be documented in their data. Data should include progression of thought used to arrive at their final boat/weight/ design and a data table showing volume and weight held for each trial. (Why did you change the hull type/side height of a boat? Why did you expect the next boat to work better? Does placement of weight affect how much boat will hold?  Does type of weight contribute to how much total mass a boat can hold?)  This data will serve as evidence to support your conclusion regarding the question: What element is most important to design a boat to hold the most weight? 
HINT: There are many ways of obtaining volume. You have tried a few of them in class.  If you need to measure volume using equipment in the lab, please set up an appointment to do so during my office hours.
Poster: Size not to exceed 110 cm x 72 cm
Poster should include research, experimental data and drawings/images of ULTIMATE FOIL BOAT. Research and a summary of the experimental data and progression should be typed using a size 18 font for the text. Writing should be in complete sentences (unless bulletted), grammatically correct and with proper spelling. Drawings/images should be large enough to show detail, clearly labelled and neatly done.  Some great general information on how to produce an effective poster can be found at http://www.personal.psu.edu/drs18/postershow/
Things to remember:

N=kgm/s2        Fg= M x G

N= newton,  M=Mass of object  G= 9.8m/s2 (acceleration due to gravity)
Force of gravity (Fg) is a function of the mass of the object.  Therefore as the mass of the object goes up, the force of gravity increases.

Buoyant Force (Fb) is a function of the mass of the water displaced.  The amount of water displaced is dependent on the volume of the object displacing the water. Therefore, as the mass of the displaced water increases so does the buoyant force.  Equally, the greater the volume of the object the greater the buoyancy force.

(Remember the density of water is 1 g/cm3 = 1 g/ml = 1 kg/litre = 1000 kg/m3)
Sample Problem; Calculate the buoyancy and gravitational forces acting on an object suspended in water. The object has a mass of 55 g and a volume of 12. 2 cm 3
To Solve:

1) Fg = M x G

Mass of object is 55 g but we need to convert this to kg because a Newton (unit of force) is kg/s2     so
55g x 1kg/1000g = .055kg

2) We can now place the converted mass of the object into the formula for the force of gravity;

.055kg x 9.8m/s2 = .539N    rounded to 0.54N   is the weight of our object
3) Now we go to the buoyant force, which is a function of the mass of the water displaced.  We get the mass of the water displaced by looking at the volume of the object. To do this we need to know the density of water to go from volume to mass, since D=M x V.

Density of water = 1g/cm3
The volume of the object is 12.2 cm3 as stated in the original problem. 

Therefore, the equation should look like this:

1g/cm3 = M/ 12.2 cm3      To solve for M we rewrite the equation like this:

M = 1 g/cm3 x 12.2 cm3   and solve the equation which is 12.2g and that is the mass of the water displaced.

4) Now we need to convert the mass of the water into the weight and again we need to convert grams into kilograms before we do this.

12.2 g x 1kg/1000g = .012kg
Fg = M x 9.8m/s2   so   Fg = .012 kg x 9.8 m/s2    and the answer is  .119N or 

.12N is the weight of the displaced water.
If the weight of the displaced water (buoyant force) is greater than the force of gravity, the object will float. (positive buoyancy) 

If the weight of the displaced water (buoyant force) is less than the force of gravity, the object will sink. (negative buoyancy)

If the weight of the displaced water (buoyant force) is equal to the force of gravity, the object will be suspended in the water column.  (neutral buoyancy)

In this case the weight of the displaced water (buoyant force) .12N is less than the force of gravity (weight of the object displacing that water) .54N so the object will sink.
Class Workday: 11/25 
Research check:  12/16  (will count as a lab report)
Poster Session: 1/13
Boat Float: 1/14
Grade rubric:

	Boat

15 pts
	Size: <18cm x 16 cm
Heavy duty foil, single layer
Top weight held by boat in class  
18 pts

	Size: <18cm x 16cm
Heavy duty foil, single layer
2nd & 3rd top weight held by boat in class 

17 pts
	Size: <18cm x 16cm
Heavy duty foil, single layer. Boat holds within 20g of class average float weight 15pt

	Problem with boat size or type of foil, not single layer or does not holdwithin 20 g of class average float weight.

Less than 15 pt

	Research

Conclusion

10 pts
	Conclusion based on group trial data.  Trial data is thorough and includes all elements of  research.
	Conclusion based on group trial data.  Trial data is fairly thorough and includes most elements of  research.
	Conclusion based on group trial data.  Problem with trial data.
	Conclusion somewhat based on group trial data.  Trial data is inadequate or missing. Evidence of researchis sparse.

	Research 

Final boat data

20 pts
	Variables defined and all calculations done correctly (show work)
	Variables defined and all calculations done correctly but work not shown
	Variables missing and calculations done correctly but work not shown
	Variables missing and problem with calculations

	Experimental data

20 pts
	Original data taken during testing showing labelled drawings & progression of thought process. Data is complete, clear and easily read.
	Original data taken with labelled drawings but missing few elements to show progression of thought process
	Major gaps in original data taken, few drawings or drawings not labelled or not original data
	Missing most of the data needed to show logical progression of thought process

	Poster

20 pts
	Simple but visually compelling, appropriate for audience, logical grouping of information, does not exceed space limit, contains all elements required
	Simple but visually compelling, appropriate for audience, logical grouping of information, does not exceed space limit, missing few elements required
	Simple but not especially visually compelling, appropriate for audience, logical grouping of information, does not exceed space limit, missing some  required items
	Not very professional or compelling, appropriate for audience, grouping of information lacks organization, may be missing some required items or exceed space limit 


Group score  10 pts. Peer assessment by each group member on participation, cooperation and effort. Scores will be averaged.
