Name: ______________________


Under Pressure: 

Designing a Submarine

Teachers’ Guide

Grade: 6, 8

Concepts: Density, Drag, 
Propulsion, Buoyant Force

Skills: Predicting, Calculating, Graphing
Interpreting Data

Engineering Concepts: Design, Applying Scientific Concepts,

Solving Real World Problems, Testing and Modifying Designs

Time: 

Six 50 minute sessions 

Unit Overview

This unit is designed for students to apply scientific and engineering principles of design to a real world problem.  The students will learn about engineering, density, drag, propulsion, and buoyancy.  The students will then need to use this knowledge to design and build a submarine.  

Day 1: Introduction to Engineering

Teacher Prep: 10 minutes

Activity Summary: 

Students will be introduced to the field of engineering by watching a video that explores the exciting aspects of this field.  Next, students will be presented with the engineering design process used to solve engineering design problems.  Students will identify real world engineering problems they encounter everyday and use the engineering design process to brainstorm solutions.  

Objectives: 

· SWBAT gain a better understanding of the field of engineering by watching a video about engineering.   

· Students will be introduced to the engineering design process and use it to solve basic real world engineering problems.

· Students will create a preliminary solution for the design problem that they will be investigating over the course of the next five days.  
Day 2 - Density

Teacher Prep: 20 minutes

Activity Summary:

Students will learn what density is and how to calculate it.  In this activity the student groups measure the mass and volume of objects in order to calculate density.  The results are used to calculate and compare group error, determine whether objects will float or sink, and learn how to make an object neutrally buoyant.

Objectives: 

· Given a balance and graduated cylinder, SWBAT calculate the density of an object.

· SWBAT determine the volume of an object via water displacement.

· Given the density of an object and a fluid, SWBAT predict whether the object will float or sink.

Day 3 - Drag, Propulsion, & Buoyancy

Teacher Prep: 20 minutes

Activity Summary:

Students will learn about drag, propulsion, and buoyancy.  Each concept will be learned at separate lab stations with a self-guided activity.  The students will perform a short activity at each station.  The concepts will be used qualitatively in the design of their submarines.

Objectives: 

· SWBAT define the buoyant force.

· SWBAT understand the concept of drag by observing how fast a sphere, a cone, and a cube fall through honey.  

· SWBAT understand the concept of propulsion and Newton’s third law.

Day 4, 5, 6 – You’re the Engineer

Teacher Prep: 30 minutes

Activity Summary:
Students are reminded of the submarine problem statement. Student groups will explore the available materials and calculate how much mass is needed for the submarine to be neutrally buoyant.  Students can begin building the submarine.

Objectives: 

· SWBAT determine the mass needed to make an object neutrally buoyant, given its volume.

Applicable Standards of Learning

	VA SOLs
	IETA Benchmarks
	NSES
	MA Tech/Engr

	GRADE 6

Scientific Investigation, Reasoning, and Logic

6.1 The student will plan and conduct   investigations in which

a) observations are made involving fine discrimination between similar objects and organisms;

b) a classification system is developed based on multiple attributes;

c) precise and approximate measures are recorded;

d) scale models are used to estimate distance, volume, and quantity;

e) hypotheses are stated in ways that identify the independent (manipulated) and dependent (responding) variables;

f) a method is devised to test the validity of predictions and inferences;

g) one variable is manipulated over time with many repeated trials;

h) data are collected, recorded, analyzed, and reported using appropriate metric measurement;

i) data are organized and communicated through graphical representation (graphs, charts, and diagrams); 

j) models are designed to explain a sequence; 

k) an understanding of the nature of science is developed and reinforced. 

Force, Motion, and Energy

6.2 The student will investigate and understand basic sources of energy, their origins, transformations, and uses.  Key concepts include:

a) potential and kinetic energy;

b) the role of the sun in the formation of most energy sources on Earth;

c) nonrenewable energy sources (fossil fuels, including petroleum, natural gas, and coal);

d) renewable energy sources (wood, wind, hydro, geothermal, tidal, and solar); 

e) energy transformations (heat/light to mechanical, chemical, and electrical energy).

6.5 The student will investigate and understand the unique properties and characteristics of water and its roles in the natural and human-made environment.  Key concepts include

a) water as the universal solvent;

b) the properties of water in all three states;

c) the action of water in physical and chemical weathering;

d) the ability of large bodies of water to store heat and moderate climate;

e) the origin and occurrence of water on Earth;

f) the importance of water for agriculture, power generation, and public health; 

g) the importance of protecting and maintaining water resources.

GRADE 8

PS.1 The student will plan and conduct  investigations in which

a) chemicals and equipment are used safely;

b) length, mass, volume, density, temperature, weight, and force are accurately measured and reported using the International System of Units (SI - metric);

c) conversions are made among metric units applying appropriate prefixes;

d) triple beam and electronic balances, thermometers, metric rulers, graduated cylinders, and spring scales are used to gather data;

e) numbers are expressed in scientific notation where appropriate; 

f) research skills are utilized using a variety of resources;

g) independent and dependent variables, constants, controls, and repeated trials are identified;

h) data tables showing the independent and dependent variables, derived quantities, and the number of trials are constructed and interpreted; 

i) data tables for descriptive statistics showing specific measures of central tendency, the range of the data set, and the number of repeated trials are constructed and interpreted; 

j) frequency distributions, scattergrams, line plots, and histograms are constructed and interpreted; 

k) valid conclusions are made after analyzing data;

l) research methods are used to investigate practical problems and questions; 

m) experimental results are presented in appropriate written form; and

n) an understanding of the nature of science is developed and reinforced.  

PS.2 The student will investigate and understand the basic nature of matter.  Key concepts include

a) the particle theory of matter;

b) elements, compounds, mixtures, acids, bases, and salts; 

c) solids, liquids, and gases;

d) characteristics of types of matter based on physical and chemical properties;

e) physical properties (shape, density, solubility, odor, melting point, boiling point, color)

f) chemical properties (acidity, basicity, combustibility, reactivity).

PS.10 The student will investigate and understand scientific principles and technological applications of work, force, and motion.  Key concepts include

a) speed, velocity, and acceleration;

b) Newton’s laws of motion;

c) work, force, mechanical advantage, efficiency, and power; 

applications (simple machines, compound machines, powered vehicles, rockets, and restraining devices).
	GRADES 6-8

1.0 Students will be able to develop an understanding of the characteristics and scope of technology.

F) New products and systems can be developed to solve problems.

G) The development of technology is a human activity and is the result of individual or collective needs and the ability to be creative.

H) Technology is closely linked with creativity, which has resulted in innovation.

2.0 Students will develop an understanding of the core concepts of technology.

N) Systems thinking involves considering how every part relates to others.

R) Requirements are the parameters placed on the development of a product or system.

S) Trade-off is a decision process recognizing the need for careful compromises among competing factors.

3.0 Students will develop an understanding of the relationships among technologies and the connections between technologies and other fields of study.

F) Knowledge gained from other fields of study has a direct affect on the development of techno-logical products and systems.

4.0 Students will develop an understanding of the cultural, social, economic and political effects of technology.

D) The use of technology affects humans in various ways, including their safety, comfort, choices and attitudes about technology’s development and use.

F) The development and use of technology poses ethical issues. 

G) Economic, political and cultural issues are influenced by the development and use of technology.

5.0 Students will develop an understanding of the effects of technology on the environment. 

F) Development and use of technologies often put environmental and economic concerns in direct competition with one another.

8.0 Students will develop an understanding of the attributes of design.

E) Design is the creative planning process that leads to useful products and systems.

F) There is no perfect design.

G) Requirements for a design are made up of criteria and restraints.  

9.0 Students will develop an understanding of engineering design.

F) Design involves a set of steps, which can be performed in different sequences and repeated as needed.

G) Brainstorming is a group problem solving process in which each person in the group presents his or her ideas in an open format.

H) Modeling, testing, evaluating and modifying are used to transform ideas into practical solutions. 

10.0 Students will develop an understanding of the role of troubleshooting, research and development, invention and innovation, and experimentation in problem solving.

F) Troubleshooting is a problem solving method used to identify the cause of a malfunction in a technological system.

11.0 Students will develop the ability to apply the design process.

H) Apply a design process to solve problems.

I) Specify criteria and constraints for the design.

J) Make two-dimensional and three-dimensional representations of the design solution.

K) Test and evaluate the design in relation to pre-established requirements, such ass criteria and constraints, and refine as needed.

L) Make a product or system and document the solution.
	GRADES 5-8

Students should develop the ability to:

1.0 Identify questions that can be answered through scientific Investigations

2.0 Design and conduct a scientific investigation

3.0 Use appropriate tools and techniques to gather, analyze, and interpret data

4.0 Develop descriptions, explanations, predictions, and models using evidence

5.0 Think critically and logically to make the relationships between evidence and   explanations

6.0 Recognize and analyze alternative explanations and predictions

7.0 Communicate scientific procedures and explanations

8.0 Use mathematics in all aspects of scientific inquiry

As a result of their activities students should develop an 

Understanding of:

1.0 Properties and changes of properties in matter

1.1 A substance has characteristic properties, such as density, that are independent of the amount of the sample.

2.0 Motions and forces

2.1 The motion of an object can be described by its position, direction of motion, and speed. That motion can be measured and represented on a graph

2.2 An object that is not being subjected to a force will continue to move at a constant speed and in a straight line

2.3 If more than one force acts on an object along a straight line, then the forces will reinforce or cancel one another, depending on their direction and magnitude. Unbalanced forces will cause changes in the speed or direction of an object's motion.

3.0 Abilities of technological design

3.1 Identify appropriate problems for technological design

3.2 Design a solution or product

3.3 Implement a proposed design

3.4 Evaluate completed technological designs or products

3.5 Communicate the process of technological design

4.0 Science in personal and social perspectives

4.1 Personal health

4.2 Environments

4.3 Risks and benefits

4.4 Science and technology in society


	MIDDLE SCHOOL

2.0 Engineering Design

2.1 Identify and explain the steps of the engineering design process

2.2 Demonstrate methods of representing solutions to a design problem

2.3 Describe and explain the purpose of a given prototype.

2.4 Identify appropriate materials, tools, and machines needed to construct a  prototype of a given engineering design.

2.5 Explain how such design features as size, shape, weight, function, and cost limitations would affect the construction of a given prototype. 

6.0 Transportation Technologies

6.1 Identify and compare examples of transportation systems and devices that operate on each of the following: land, air, water, and space.

6.2 Given a transportation problem, explain a possible solution using the universal systems model.

6.3 Identify and describe three subsystems of a transportation vehicle or device.

6.4 Identify and explain lift, drag, thrust, and gravity in a vehicle or device.




Materials

Provided with kit:

· Teachers Manual with Student Worksheets Ready to Photocopy

· Density Worksheets
· Engineering Introduction Homework
· Engineering Introduction Worksheet
· Exploring Buoyant Forces Worksheet
· Exploring Drag Worksheet
· Exploring Propulsion Worksheet
· You're the Engineer Worksheet
· Submarine Motors (1/ group)

· Engineering Video (Day 1)

Materials not included:

· Water Bottles (1/group)

· Pitchers of water

· AA Batteries (2/ motor)

· Hot Glue gun/glue (3/class)

· Balloons (1/group)

· Straws (1/ group)

· Tape 

· String (12 ft length/ group)

· Scissors

· Honey

· Sphere, Cone, and Cube

· Stop watches

· Cups, Buckets

· Aquarium

· Spring Balance, Graduated Cylinders, and Balances

· Sand, Rocks, Marbles, Cork, Styrofoam, Rice, etc.

· Screws, Washers, etc.

Lesson Plan Day 1: Introduction to Engineering

Activity Summary: 

Students will be introduced to the field of engineering by watching a video that explores the exciting aspects of this field.  Next, students will be presented with the engineering design process used to solve engineering design problems.  Students will identify real world engineering problems they encounter everyday and use the engineering design process to brainstorm solutions.  

Teacher Prep: 

Teacher needs to be familiar with the different fields of engineering and know what areas those fields address. Teacher also needs to be aware of how the engineering design process works.  Have the video and handouts ready at the start of class.

Objectives: 

· SWBAT gain a better understanding of the field of engineering by watching a video about engineering.   

· Students will be introduced to the engineering design process and use it to solve basic real world engineering problems.

· Students will create a preliminary solution for the design problem that they will be investigating over the course of the next five days.  
SOL’s: 6.1

Materials: 

TV, VCR and tape 

(Tape to be provided in this ETK)

For each group of 4-6:

· 4-6 pieces of blank paper to sketch ideas
· Colored pencils or crayons
For each student:

· Handout 

Teacher Preparation:

At each table, have the blank sheets and crayons or colored pencils available.

During Class…

Introduction: (10 minutes)

1) T asks students what they know about engineering.

2) T shows the video to the class.

Activity: (25 minutes)

1) Within their groups, the students will be given a handout relevant the exploration of the design process.

2) T will assign each group a situation they encounter everyday (i.e. Going to school in the morning, going on vacation, taking a shower, etc.) and instruct them to brainstorm four different real world-engineering problems that arise in that specific situation.   

3) Students will complete the handout using the engineering design process to solve one of the engineering problems they derived in their group.   

Wrap Up: (10 minutes)

1) Ask each group to briefly describe the problem they were trying to solve and what solution they decided on.  Comment on creativity and ask each group why they did what they did.

2) Introduce the design problem of building a submarine.  Tell students that their homework is to complete the handout provided to them.  Explain that for the next 2 days they will be learning important concepts that will help them design a submarine, and in 2 days they will be able to work in teams to actually build a model of a submarine.

Homework/ Assessment:

Collect all of the sheets at the end of the class and check over them to make sure that students got the basic idea of following the design process.

Distribute problems statement handout to be completed at home.  

 Lesson Plan Day 2: Density

Activity Summary: 

Ss will be introduced to the concept of density.  During a lab activity Ss will measure the mass and volume of various objects.  Using the formula Density = Mass/Volume, Ss will calculate density and then record their averaged results on a graph.  Ss will answer questions about the concept of density.

Teacher Prep: 

T needs to be familiar with the concept of density including displacement, mass, and volume.  T also needs to understand why things sink or float in water.

Objectives:  

· Given an object, SWBAT predict whether that object will be able to float or sink in water by comparing the density of the object with the density of the fluid.

· Given an object, SWBAT determine the density of that object by calculating mass and volume of fluid displaced: Archimedes Principal

SOLs: 6.1, 6.6

Materials: 
For each group of 4-6: 

1 Triple beam balance or electronic scale, Graduated cylinder, Pitcher of water, 6 pieces of object #1 and 6 pieces of object #2 (suggested objects:  marbles, screws, etc.)
For each student: 

Pencil, calculator, lab worksheets

Teacher Preparation:

Have a lab station set up for each group that will be in the class.  At each lab station have the following materials set up: pitcher of water, graduated cylinder, 2 different objects (six pieces of each making a total of 12), one triple beam balance or electronic scale. Have enough handouts for each student in the class.  Have a large water tank in the front of the class for the intro portion of the activity.  

During Class…

Introduction: (5 minutes)

Before T drops a can of diet and regular soda into the tank, T asks the Ss to predict the outcome of the activity. The Diet coke can floats while the regular soda can sinks.  T asks Ss why this happens.  T suggests that density might have something to do with the phenomenon and tells class the lab today will cover density and the relationship between density of an object and how this relates to it floating or sinking in water.  

Activity: (35 minutes)

Ss break into groups and work through the handouts.  Ss use the graduated cylinder and scale to measure the volume and mass of each object.   Using the mass and volume measurements, Ss find each objects density using the formula Density = Mass/Volume.  Ss then average their density calculations and use this data in the post lab handout.  Post lab activities include graphing various object densities in relation to the density of water.  Also, Ss answer various questions to aid in their understanding of the lab activities.  

Wrap Up: (10 minutes)

Ss will clean up lab equipment.  The T will review the important concepts and ideas which were covered during the class period.  The diet coke/regular coke example will be revisited with Ss offering further insight into the phenomenon using their new knowledge from the lab activity.  Ss will be questioned on their understanding and overall effectiveness of the lab.

Homework/ Assessment:

Any questions not answered from the post lab handout will be completed for homework.  Ts will collect these handouts the next day and evaluate S responses.  

Lesson Plan Day 3: Drag, Propulsion, Buoyant Forces

Activity Summary:

Students will learn about drag, propulsion, and buoyancy.  Each concept will be learned at separate lab stations with a self-guided activity.  The students will perform a short activity at each station.  The concepts will be used qualitatively in the design of their submarines.

Teacher Prep: 

20 minutes.  

1)
Photocopy worksheets

2)
Students will be working in groups of 4-6 and rotating between three stations. Set up the stations at the tables as follows: 


Buoyancy: 

Fill a bucket with 2 gal water.


Drag:

Fill four plastic cups with honey

Have sphere, cone, and cube available

Set out paper towels and stop watches


Propulsion:

Cut two 10ft pieces of string

Have balloons, straws, tape available

Objectives: 

· SWBAT define the buoyant force.

· SWBAT understand the concept of drag by observing how fast a sphere, a cone, and a cube fall through honey.  

· SWBAT understand the concept of propulsion and Newton’s third law.

SOLs: 6.1, 6.2, 6.5, PS 1, PS 10

Materials: 

For each station:

Buoyancy: bucket of water, spring scale, water bottle filled with water or other heavy substance, string (to attach to scale).


Drag: 8oz cups, sphere, cone, and cube, honey, stopwatches


Propulsion: balloons, straws, string, tape, scissors

For each student:


Pencil


Worksheets: Exploring Buoyant Forces; Exploring Drag; Exploring Propulsion.
             

During Class…

Introduction: (5 minutes)


T. will introduce the concepts of buoyancy, drag, and propulsion to the students.

Depending on the intellectual level of the students, T. may want to demonstrate each activity for the class as a whole (add 5 minutes).


T. instruct S. to:

1) Follow the experiment directions on worksheet for station to perform activity

2) Answer discussion questions as a group

3) Clean station before switching

4) Spend 10 minutes at each station (T. will tell when to switch)

Activity: (35 minutes)


T. pre-assigns groups of 4-6 students


T. tells each group where to start 


T. circulates among groups to make sure S. are on task


T. tells S. when to switch lab stations 

Wrap Up: (10 minutes)


T. brings class together


T. asks questions about student observations: 



Which object (sphere, cone, or cube) fell the fastest in the honey?



How does propulsion relate to Newton’s Third Law?



How can you make a square piece of solid aluminum float?

Homework/ Assessment:


S. will finish discussion questions to be turned in next class


T. will question S. informally about concepts while they are working


T. will give quiz at the end of the unit


T. will evaluate S. based on group work

Lesson Plan Day 4: Designing the Submarine

Activity Summary:  

Students will begin to construct their submersible vehicles.  They will work as a team to develop a submarine design that will be neutrally buoyant so that it can go through a ring in the middle of a water tank.

Teacher Prep:

 20 minutes

The T. should prepare materials before class.  Each group will receive one water bottle, submersible motor, and one AA battery.  Submarine filler materials (rocks, rice, etc.) should be placed out where students can have easy access to them throughout the class.

Objectives: 

· SWBAT understand the engineering design process and follow it to solve a problem.

· SWBAT go through the process of designing an underwater vehicle in a team by using a number of different materials.

· SWBAT use what they have learned about density, buoyancy, drag, and propulsion to develop their design.

SOLs: 6.1, PS 2, PS 10

Materials: 

For entire class:  

Various materials to be used in underwater vehicle construction:  Sand, Rice, Rocks, Marbles, Cork, Styrofoam, and Foam Sheets
For each group of 4-6:  

Water bottle, Submersible motor, AA battery
For each student: 

 Pencil, You’re the Engineer worksheets

Teacher Preparation:

1) Photocopy Worksheets

2) Place each group’s materials on their tables

3) Place entire classes materials on one easily accessible table

During Class…

Introduction: (5 minutes)

1) T. will review the problem statement (Shipwreck in the Atlantic) and then explain Ss objective: S. will be designing a submarine to probe into the shipwreck.  The submarine should be neutrally buoyant.

2) T. should review the Engineering Design Process and emphasize that the student should explicitly follow this on their worksheets, completing each step before moving on to the next.

3) T. should set the goal of having the submarine filled with filler material and motors hot glued onto the end of the bottle by the end of this class

4) T. should have students split up in groups of 4-6

Activity: (40 minutes)
Using the worksheet as a guide, students will answer questions and draw a preliminary design 
      of their submarine, listing all materials to be used.

T. circulates throughout the classroom and makes sure each group is on task and following the design process

Students use materials to fill the water bottle with enough mass to achieve a neutrally buoyant submarine. 

Wrap Up: (5 minutes)

T. will discuss what the students will do tomorrow (testing and redesign).
T. will discuss what is due for tomorrow and remind students to follow the Engineering Design process.
Homework/Assessment:

S. will finish worksheet to be turned in next class


T. will question S. informally about concepts while they are working


T. will give quiz at the end of the unit


T. will evaluate S. based on group work

Lesson Plan Day 5: Testing/ Redesigning the Sub

Activity Summary:  

Students will continue to construct their submersible vehicles.  They will work as a team to develop a submarine design that will be neutrally buoyant so that it can go through a ring in the middle of a water tank.

Teacher Prep:

 20 minutes

The T. should prepare materials before class.  Each group will receive one water bottle, submersible motor, and one AA battery.  Submarine filler materials (rocks, rice, etc.) should be placed out where students can have easy access to them throughout the class.

Objectives: 

· SWBAT understand the engineering design process and follow it to solve a problem.

· SWBAT go through the process of designing an underwater vehicle in a team by using a number of different materials.

· SWBAT use what they have learned about density, buoyancy, drag, and propulsion to develop their design.

SOLs: 6.1, PS 2, PS 10

Materials: 

For entire class:  

Various materials to be used in underwater vehicle construction:  Sand, Rice, Rocks, Marbles, Cork, Styrofoam, and Foam Sheets
For each group of 4-6:  

Water bottle, Submersible motor, AA battery
For each student: 

 Pencil, You’re the Engineer worksheets

Teacher Preparation:

4) Photocopy Worksheets

5) Place each group’s materials on their tables

6) Place entire classes materials on one easily accessible table

During Class…

Introduction: (10 minutes)

T. will ask s. what they did the previous day/ how far they are on their submarines. 
T suggests that s. test the buoyancy of their submarine before adding anything to the outside of the sub.

T. leads a discussion of other aspects that s. may need to consider in building their submarine (drag)

Activity: (35 minutes)
S. continue working on their submarines. S. test their subs and make modifications as 
      necessary.

T. circulates throughout the classroom and makes sure each group is on task and following the design process

Wrap Up: (5 minutes)

T. will discuss what the students will do tomorrow (testing, final modifications, contest).
T. will discuss what is due for tomorrow and remind students to follow the Engineering Design process.
Homework/Assessment:

S. will finish worksheet to be turned in next class.


T. will question S. informally about concepts while they are working


T. will give quiz at the end of the unit


T. will evaluate S. based on group work

Introduction to Engineering: Applying the Engineering Design Process

Situation: _______________________________________________________________

________________________________________________________________________
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Introduction to Engineering Homework:  Applying the Engineering Design Process

Situation:  A shipwreck has been discovered at the bottom of the Atlantic.  It is not practical to use scuba gear to search the ship, so an underwater vehicle needs to be designed to explore the inside of the ship.

Assignment:  Following the first few steps in the Engineering Design Process, identify the problem, brainstorm possible solutions, and develop a design for a submersible vehicle.




Exploring Propulsion

This activity will illustrate the concept of propulsion and how it causes objects to move in response to a force.  

Part 1: Build the Demo
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Part 2: Questions

1) How is the balloon being propelled?

2) Draw a diagram of the balloon making sure to label with ARROWS the direction of the balloon and the direction of the air released.

3) Which one of Newton’s Laws explains propulsion the best? 

Exploring Drag

Drag is one force that acts on an object moving through a fluid.  One factor that affects the amount of drag on an object is the shape.  This activity will examine the affect of shape on several objects of the same mass and material.  

Part 1: Procedures

For each of these objects, you will time how long the object takes to sink to the bottom of a cup of honey.  Each should be dropped as shown below:



1) In the pictures above, circle the object that will sink the fastest.  

2) Drop the sphere into the honey as illustrated above and time its decent using your stopwatch. Have one person drop the sphere while one starts the stopwatch.  Record the time it takes the object to reach the bottom in the table below.  

3) Record any interesting observations or problems you encountered in each test in the table below.

4) Repeat steps 2 and 3 for the cone and cube.

	Object
	Time
	Observations

	Sphere
	
	

	Cone
	
	

	Cube
	
	


Part 2: Questions

1) Drag is a force that resists the motion of an object.  Because of this, if an object sinks fastest, will it experience more or less drag than an object that sinks slowly?

2) If you changed the orientation of the cone or cube would the drag change?  Why or why not?

3) How could you design a vehicle (car, truck, plane, submarine, etc) to have less drag?

Exploring Buoyant Forces

Overview:


In this laboratory, we will explore buoyant forces by calculating the buoyant force exerted on an object that is immersed in water.  We will then develop conclusions about the relationships between mass, density, displacement, and Archimedes Principle.  

Procedure, Observations, and Calculations:

1. Record the volume of Object A in the table below.

2. Hook Object A to the spring scale as shown in the figure.  Record the mass in the table below.

3. Submerge Object A in the bucket of water.  Be sure the bottle is completely     submerged, but not touching the bottom.  Record the mass in water in the table below.

4. Calculate the apparent loss of mass using the following equation:

            (mass in air) – (mass in water) = apparent loss of mass



5. When the object is submerged in water it displaces its own volume in water.  To calculate the mass of the water displaced by the object, use this equation:          

              Density of Water (1g/ml) x Volume of Object  =  Mass of water displaced by object

6. Repeat steps 1 – 4 with Objects B and C.


Discussion Questions:
1. Archimedes principle states that the mass an object looses in water is equal to the mass of the water displaced.  How close is the “apparent loss of mass” to the “mass of water displaced by the object”?  Why might they may different?

2. What should the density of an object be to achieve neutral buoyancy in water?  (Hint the density of water is 1 g/mL)

Density Lab

The purpose of this lab is to calculate the density of objects and to compare them with the density of water.  Density is equal to an objects mass divided by its volume.  To calculate density you will need to find the mass of an object and its volume.

Part 1: Finding the MASS of an object

1) Fill in the name of the first object you are measuring in the table below. 

2) Place two pieces of the object on the electronic scale.  Record their mass in the table.  

3) Repeat measurements with four and six pieces. 

4) Repeat the process for the second object.

Part 2: Finding the VOLUME of an object

1) Pour about 30 ml of water into the graduated cylinder.

2) Record the exact level of water in the graduated cylinder in the original water level column.   

3) Place 2 pieces of object #1 in the graduated cylinder.  Record the new water level in the table below.

4) Add 2 more pieces to the water.  Record the new water level in the table below.

5) Add 2 more pieces to the water.  Record the new water level in the table below.

6) Repeat for second object.

Part 3: Calculating DENSITY

1) Calculate the density of object #1 and record the results in Column 6.

2) Repeat for object #2.
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Density Lab Discussion Questions

1) Record the density of all of the objects the class used and compare it to water on a graph below.
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2) Based on the graph, predict which objects will sink, and which will float.

SINK:




FLOAT:
3) If salt is added to the water what would happen to its density? (Increase, decrease, or stay the same)  Why?

4) Is it easier to float in a pool or the ocean?  Why?

5) Metal is more dense than water so it sinks.  So how can an aircraft carrier float?

You’re the Engineer!
Objective:  You will develop your own submersible vehicle.  You will apply what you have learned in the previous lessons to design your vehicle.  You will also follow the engineering design process.

Problem Statement:  A shipwreck has been discovered at the bottom of the Atlantic.  It is not practical to use scuba gear to search the ship, so an underwater vehicle needs to be designed to probe into the inside of the ship.  

Engineering Design Process

1. Identify why you need to design a submersible vehicle.




2. Each group will be given a bottle, motor, battery, and a number of materials to use in the design of your submersible vehicle.  Brainstorm which materials you plan to use BEFORE building it.  You will add materials to the inside of the bottle and the outside.  Also, make a sketch of your submersible vehicle in the space provided below.





3. Follow the steps listed below to guide the process of developing a design.


3. In this step of the design process you will test your design.  Place your vehicle in the tank of water and see if is neutrally buoyant.  Record below how well your vehicle performed.  If the vehicle is not neutrally buoyant, brainstorm revisions to the design and alter your vehicle as necessary.  You can hot glue more dense items (washers, screws) to the outside of the bottle if your vehicle has a tendency to float.  You can use less dense items (cork, Styrofoam) if your object has a tendency to sink.  You may want to add fins for stability in the water.

TEST 1





TEST 2















TEST 3





TEST 4



















Identify The Problem





Identify four problems that arise from the given situation.


1.








2.








3.








4.
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Cone








Cube








Sphere





Brainstorm Possible Solutions





Develop a Design





Use one or more of your ideas from brainstorming and sketch a design that could be used to solve the problem you choose.



































Be ready to present your solution to the class.





Choose one problem and brainstorm possible solutions.


Problem:





Solutions:





Identify the Problem





Brainstorm Possible Solutions





Develop Design





__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________





Identify


Problem





List of materials you plan to use:





_______________________________


_______________________________


_______________________________


_______________________________


_______________________________


_______________________________


_______________________________


_______________________________


_______________________________





Sketch of Design





Brainstorm


Possible


Solutions





Develop


Design








The vehicle should be neutrally buoyant so the density of the total submersible vehicle should be 1 g/ml.  First find the volume of water the submersible vehicle will displace.





Volume of submersible vehicle: _________________ ml





Describe how you found the volume of the submersible vehicle:


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


_________________________________________________________________________


In order to make the density 1 g/ml the volume in ml should equal the mass in grams.  Record what the total mass of the submersible vehicle should be to make the density 1 g/ml.





Total mass of the submersible vehicle: ________________ g





Add materials to the inside of your bottle to make it the mass you calculated.





Describe how you were able to make your vehicle the correct mass:


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 





When you have added the materials to make the submersible vehicle the correct mass, have the motor hot glued to the end of the bottle so that it forms a good seal and no mass of water will be able to seep into the inside of the bottle.





Test Results:


_________________________________________________________________________________________________________________________________________________________________________________________________________________________





Test Results:


_________________________________________________________________________________________________________________________________________________________________________________________________________________________





Test


Design





Brainstorm Ideas:


__________________________________________________________________________________________________________________________________________________________________________________________





Brainstorm Ideas:


__________________________________________________________________________________________________________________________________________________________________________________________





Brainstorm Revision to Design





Add the ideas you brainstormed to your submersible vehicle.  Continue to test the new design, brainstorm ideas, and develop a new design until you are satisfied with the results.  Use additional pages as necessary.








Add the ideas you brainstormed to your submersible vehicle.  





Develop


Design





Test Results:


_________________________________________________________________________________________________________________________________________________________________________________________________________________________





Test Results:


_________________________________________________________________________________________________________________________________________________________________________________________________________________________





Test


Design





Brainstorm Ideas:


__________________________________________________________________________________________________________________________________________________________________________________________





Brainstorm Ideas:


__________________________________________________________________________________________________________________________________________________________________________________________





Brainstorm Revision to Design





Add the ideas you brainstormed to your submersible vehicle.  Continue to test the new design, brainstorm ideas, and develop a new design until you are satisfied with the results.  Use additional pages as necessary.








Add the ideas you brainstormed to your submersible vehicle.  





Develop


Design





Final Description of Design:









































Description of Submersible Vehicle:


______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________





Materials Used On Outside of Bottle:


____________________________


____________________________


____________________________


____________________________


____________________________


____________________________


____________________________


____________________________


____________________________


____________________________








Materials Used On Inside of Bottle:


____________________________


____________________________


____________________________


____________________________


____________________________


____________________________


____________________________


____________________________


____________________________


____________________________








Develop


Final Report





Drawing of Design:
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