Review Sheet – Scientific Reasoning
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Experimental Design:

Given a description of a situation involving objects that move and interact, be able to:

· identify measurements you can make

· determine which measurements are independent and which are dependent

Independent variables are the ones that you directly control or change.

Dependent variables change indirectly as a result of the changes you make.

· control variables by designing several experiments so that each one has only one independent variable

Study Tips:  Imagine you are repeating the bouncing ball lab, the “lab” with parabaloids of geometrical figures, the apparent size lab, or the pull back lab and had just seen the equipment demonstrated for the first time.  Review how to identify measurements, determine independent and dependent variables and control the variables.  

Data Analysis:

Given some measurements from an experiment, be able to:

· design a data table and use it to record the data ... include units

· graph the data ... label axes with names and units

· determine an equation that describes the data

· match the shape of your graph with one of the three functions we have studied.

These are the only three functions that will appear on the test.

One of these three functions will fit the data for every lab we do all year long.
      These are the only three functions you need to know.

· use a slider and plot-function in Fathom to best fit your data

· clear the incompatible units by providing appropriate units for your slider

Study Tips:  Open a fathom file with the solution to a problem or lab.  Save the file as another name.  Use ctrl-z to undo until you have just a data table.  Repeat the analysis.  Check your work with the original file. 

Answer Questions about a Situation:

Given a graph and an equation that goes with that graph, be able to:

· answer questions by plugging numbers into the equation to get an answer.

· answer questions by using the mathematical pattern expressed by the corresponding proportionality

For example, if you have a squared proportionality, then y quadruples when x doubles, etc.

· answer questions based on the graph itself

For example, explain why it makes physical sense for the graph to increase or decrease, be straight or curved

Estimate values from the graph

Equations:

· Be able to:

· Define any variable you use by referring to an object and a property.  This includes very familiar things like “meter” or “second” that you have used for a long time, but now must learn to define more precisely.  

· Write an equation comparing two variables, such as lengths of stick with length of table or area of parabaloid and area of its square base.

· Recognize correct and incorrect equations.  Draw pictures of correct equations and explain what's wrong with incorrect ones.  Some typical problems, but by no means a complete list:

· Setting a variable equal to a pure number.

· Equating two unlike quantities such as length and area.

· Trying to add unlike quantities.

Study Tips:
In this class, we do not do a lot of drill and repetition of similar problems. Instead, we concentrate on understanding a few problems in depth. Each homework or whiteboard problem  has a specific lesson to teach that will probably not be repeated again. It is important to practice solving the homework problems to make sure you understand what each one has to say. IMPORTANT: It is not enough just to look at your old work, nod and say to yourself, Yes. That makes sense. I solved that before. YOU MUST ACTUALLY HIDE YOUR OLD WORK AND SOLVE PROBLEMS AGAIN. Use your previous work only to check your answers or bail yourself out if you get really stuck in the middle of the problem. If you just look at your work and do not re-solve problems, you will not be prepared for the test.  Make use of the online materials when studying for the test. There, you will have a record of all of the whiteboards from class, previous forum discussions, blogs and chats to review, and some specific review materials.  You can ask additional questions and get answers from other students by using the forums or chats to study. Not only will this help you learn how to solve the problems, it will also remind you of the common mistakes so that you will be less likely to repeat them. Studying common mistakes is an often neglected part of preparing for a science or math test.

Practice Problems:

For each of these problems, use Fathom to determine an equation to describe the data set. This includes a data table with units, a graph, a slider, a best fit line or curve, and compatible units.  You will turn in your Fathom file as well as this PDF file when you are done.  When you make a graph in fathom, assume the 1st column in each set of values to be the independent variable and the 2nd column the dependent variable.  Sketch the graph to the right of the table as you would for a white board – label each axis with symbol and units, and draw the best fit line or curve, but don't plot specific points.  You will turn in your Fathom file separately, and it will have the points on it.


Data set  A

Age (months)
W (lbs)

1
7

2
9.4

3
10.5

4
12.0

5
13.0

6
14.3

7
15.2

8
16.7

(a)  Determine the weight at 12 months.


Data set B

V (L)
P (atm)

.1
40

.5
8

1
4

2
2

4
1

5
.8

8
.5

10
.4

(a)  If the volume is reduced to 1/10th of its current value, how much will the pressure increase?


Data set C

t (hours)
x (miles)

.1
.03

.2
.12

.5
.75

1
3

2
12

3
27

4
48

5
75

(a)  How far will the object travel in 7 hours?

(b)  If it takes the object a time, t, to travel a distance x, how far will it travel in:

· twice the time?

· six times the time?

· one-third of the time?

3.  The following data was gathered from experiments by Honda to determine the gas mileage of a new experimental car.  The first two columns are independent variables and the third column (Distance Traveled) is the dependent variable.  In each case, the car is driven until it runs out of gas, and the total distance is recorded in the table.

Gas in Tank (gallons)
Speed (mi/h)
Distance Traveled (mi)

2
50
102

4
50
205

6
50
307

8
50
410

10
50
512

Gas in Tank (gallons)
Speed (mi/h)
Distance Traveled (mi)

10
10
2560

10
20
1280

10
40
640

10
60
427

10
80
320

(a)  Graph this data and determine the type of proportionality for each experiment.

(b) Use these proportionalities to solve the ranking task on the following page.

(c)  How far would the car travel on a 20 gallon tank of gas traveling at a speed of 50 mi/h?

(d)  How far would the car travel on a 10 gallon tank of gas traveling at a speed of 100 mi/h?

(e)  How far would the car travel on a 15 gallon tank of gas traveling at a speed of 30 mi/h?

3b)  Ranking task.

The following pictures illustrate the gasoline in the tank and the speed of an experimental Volkswagen.

Assuming the Honda proportionalities do apply to the Volkswagen, rank these trips from greatest to least based on the distance traveled.
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3 gallon tank
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v = 36mi/h





18 gallon tank
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