California Physics Standard 1j*               Send comments to:  layton@physics.ucla.edu
1. Newton's laws predict the motion of most objects.


As a basis for understanding this concept:
j * Students know how to resolve two-dimensional vectors into their components and calculate the magnitude and direction of a vector from its components.

Vector math can be approached at many different levels.  A good way to start in high school physics would be with a “graphical” method involving drawing vectors.  As the students come to understand the graphical method, they can be introduced to methods involving basic trigonometry.  An interesting way to begin a discussion of vector math is to ask students:  “What is the sum of 3 plus 4?”  Their knowledge of scalar math will suggest “7’ but when you say no, it could be 1, or 3 or 5 or 7 or anything between 1 and 7, they may be surprised. (To be realistic, however, I hope they have been introduced to vectors in their math classes and will only need to be reminded that assumptions were being made as to what “3” and “4” meant.)

[image: image3.wmf]
[image: image4.wmf]
Vectors are different from scalars and the mathematics of vectors is different from scalar math.  While scalars only require one number to be specified, vectors require two.   A vector can be described with a magnitude and an angle or it can be described in terms of its X and Y components.  
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To sum any number of vectors, first assign a rectangular coordinate system and resolve the vectors into components in this coordinate system.  Take the algebraic sum of these components in each of the two rectangular directions.  Use the Pythagorean theorem to find the magnitude of the final resultant.  The angle of the resultant is found using the arctangent.
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Essential approach to Trigonometry in Physics.

The trig needed in High School physics is minimal and essentially amounts to knowing the definitions of the sine, cosine and tangent and the meaning of arc functions.  However, these ideas are used so frequency, students will profit from learning to apply the trig functions directly and quickly without extra algebraic steps.  Given a right triangle in any orientation with one of the acute angles specified, a student should immediately be able to point to the adjacent side and know it is the hypotenuse times the cosine of the angle and point to the opposite side and know this is the hypotenuse times the sine of the angle.
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3 + 4 = 1		3 + 4 = 3	      3 + 4 =		3 + 4 = 7
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The vector sum of several vectors is found by placing the vectors point to tail.  The resultant is a vector that points from the tail of the first to the head of the last.
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An interesting exercise to introduce students to the graphical method of vector addition is to give them a “treasure map” exercise with all sorts of colorful directions that are essentially angles and distances you must pace to find the treasure.  Using protractors and rulers, the students plot out these pacing instructions on the map.  When they finish, suggest it might have been easier for them to simply sum all the components in one direction (say, North) and then to sum all the components at right angles to this (say South) and use the Pythagorean theorem to solve for the final distance.  This should introduce the “component method” of vector addition.
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Much time will be saved if students can immediately recognize the correct trig function and appropriate side related to the location of the angle.  This is particularly useful when finding components of vectors.
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