	SCIENCE 10

[image: image1.jpg]



	Notes 3

Solving Velocity Problems
	MOTION

[image: image2.jpg]





Problem-solving skills are important in everyday life, in school and in the workplace.  Whether you realize it or not, you solve many problems every day.  For example, one of the first problems you solve every day is deciding what to wear.  The “given” information that you use to make your decision is a knowledge of what items of clothing you own and which ones are clean.  Then you have to think about what is required of you on that day.  If you are going for a job interview, you dress differently than you would if you were going to play soccer or softball.  After you have analyzed all of the information, you make a decision, get dressed, and get out to start your day!

Although solving numerical problems seems more difficult than deciding what to wear, you can use the same method to solve both types of problems.  Solving any problem is easier when you establish logical steps.  One excellent method for solving numerical problems includes five basic steps:  Given, Required, Analysis, Solution, and Paraphrase.  You can easily remember these steps because the first letter of each word spells the word GRASP.  These steps will help you get a “grasp” on quantitative or numerical problem solving.

The GRASP Method

Given

The first step in solving a numerical problem is to organize the given data.  Read the problem carefully.  Make a list of all of the numerical quantities given in the problem statement, as well as any other important qualitative information.  Include the symbols, numerical values, and units for each numerical quantity.  For example, if you are told that the displacement of an object is 2.50 km, you would list “displacement, (d = 2.50 km.”

Required
The second step in the GRASP method is to identify exactly what information the problem requires you to find.  Write the name of the quantity, the symbol, and the units.  For example, if you are asked to find the velocity of an object, write “velocity, v (m/s).”

Analysis
To carry out the third step, analyze the problem statement by breaking it down into individual phrases.  A single phrase may contain important information.  You can use the following strategies to help you analyze the problem:

· Look at the given data and the required value.  Write down any relationship between these quantities.  For example, if you are given values for the time interval and velocity and you need to determine the displacement, write down “v = (d/(t.”

· If possible, make a diagram.  A good diagram can often provide the key to solving a problem.

· Ensure that the units in the given data are consistent with each other and with the units you will use in your final answer.  If the units are not consistent, make the necessary conversions.

· Analyze the problem statement to determine if you need any information that can be found in a table, appendix, or other reference.  For example, the densities of many substances are listed in tables in science textbooks.  Look up and record any numerical values that you need.

· Write down any assumptions that you will have to make in order to solve the problem.

Solution
In the fourth step, use all the data and information that you have accumulated to find the solution.  Convert all the units to the units required in your final answer.  Then substitute the given values into the relationships that you have written down.  Finally, carry out the mathematical operations.  Include units in your calculations, but leave your answers un-rounded.

Paraphrase
The purpose of the fifth and final step is to clarify the meaning of the calculations you have done.  The word “paraphrase” means to restate in a different way.  Paraphrase your solution, including the quantity, value, and units, in the form of a sentence.  Round your answer(s) to the appropriate number of significant digit(s).

Choosing and Rearranging a Formula

Solving a numerical problem often involves choosing a standard mathematical formula and then rearranging it so that the variable you are solving for is isolated on the left side of the equation.  The first two steps of the GRASP method remind you to identify the variables that you are given and the variables that you need to find.  (Remember that a problem sometimes gives you an extra variable “in disguise.”  A phrase such as “from a standstill” or “starting from rest” tells you that the starting velocity in the problem is 0 m/s.)  In the Analysis step, you need to choose a formula that includes these variables.  (If you cannot find the right formula, check that you have identified the right variables.)  You can now use techniques of algebra to rearrange the formula and isolate your “required” variable.  Only then, in the Solution step, should you start to replace variables with numerical data.

For example, suppose that the average velocity of an airplane over a 10 s time interval was 200 m/s, and you want to know how far the airplane traveled in this 10 s interval.  The formula that relates average velocity, displacement and time interval is



v 
= (d/(t

As this formula stands, you cannot work out the displacement.  If you multiply both sides by (t, however, and then reverse the equation, you get



(d
= v × (t


or
(d
= v(t

This rearrangement allows you to do the calculation.



(d = v(t



(d = (200 m/s) × (10 s)




= 2000 m

In your Science 10 studies, the formulae that you will need will be similar to the one above.  (Note: the word formulae is the plural form of formula.)

Sample Problem #1

What is the average velocity, in km/h, of a tractor-trailer that traveled a total of 125 km in 2.00 hours?

Given

displacement, (d = 125 km

time interval, (t = 2.0 h

Required
velocity, v (km/h)

Analysis
The formula that includes velocity, displacement, and time interval is

v = (d/(t

This formula does not have to be rearranged.


Solution

v = (d/(t

v = (125 km)/(2.00 h)

v = 62.5 km/h
Paraphrase

The tractor-trailer’s average velocity is 62.5 km/h.

Sample Problem #2

A train travels at a constant velocity of 60.0 km/h.  If it takes the train 3.05 h to travel from town X to town Y, how far apart, in km, are town X and town Y?

Given
velocity, v = 60.0 km/h

time interval, (t = 3.05 h

Required
displacement, (d (km)

Analysis
The formula that includes velocity, displacement, and time interval is

v = (d/(t

This formula needs to be rearranged to isolate (d:

v × (t = (d
(Multiply both sides by (t.)

(d = v(t
(Reverse the equation.)




Solution
(d = v(t

(d = (60.0 km/h) × (3.05 h)

(d = 183 km

Paraphrase
Town X and town Y are 183 km apart.

Sample Problem #3

A cannonball is fired with a constant velocity of 650.0 m/s.  How long, in s, will it take the cannonball to hit a target 325 m away?

Given
velocity, v = 650.0 m/s

displacement, (d = 325 m

Required
time interval, (t (s)

Analysis
The formula that includes velocity, displacement, and time interval is

v = (d/(t

This formula needs to be rearranged to isolate (t:

v × (t = (d
(Multiply both sides by (t.)

(t = (d/v
(Divide both sides by v.)

Solution
(t = (d/v

(t = (325 m)/(650.0 m/s)

(t = 0.5 s

Paraphrase
The cannonball will take 0.500 s to reach the target.
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