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Vectors

OBJECTIVES:

9. Add and subtract vector quantities by the graphical method.

10. Resolve vectors into perpendicular components along chosen axes.

11. Interpret the physical meaning of vector components where appropriate.

12. Add two or more vectors by the method of components.
13. Solve problems involving the vector nature of physical quantities.
If vectors have the same or opposite directions the addition can be done simply:
· same direction : add
· opposite direction : subtract
Multiplying or dividing a vector by a scalar only affects the magnitude, not the direction. This works just like normal multiplication / division.
There are a variety of methods for determining the magnitude and direction of the result of adding two or more vectors. The two methods which will be discussed in this lesson and used throughout the entire unit are:

· The Pythagorean theorem and trigonometric methods 

· The head-to-tail method using a scaled vector diagram
The head-to-tail method involves drawing a vector to scale on a sheet of paper beginning at a designated starting position; where the head of this vector ends the tail of the next vector begins (thus, head-to-tail method). The process is repeated for all vectors which are added. Once all vectors have been added head-to-tail, the resultant is drawn from the tail of the first vector to the head of the last vector; i.e., from start to finish. Once the resultant is drawn, its length can be measured and converted to real units using the given scale. The direction of the resultant can be determined by using a protractor and measuring its counterclockwise angle of rotation from due East. 

An example of the use of the head-to-tail method is illustrated below. The problem involves the addition of three vectors:

20 m, 45 deg. + 25 m, 300 deg. + 15 m, 210 deg.

SCALE: 1 cm = 5 m 
The head-to-tail method is employed as described above and the resultant is determined (drawn in red). Its magnitude and direction is labelled on the diagram.

SCALE: 1 cm = 5 m
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Interestingly enough, the order in which three vectors are added is insignificant; the resultant will still have the same magnitude and direction. For example, consider the addition of the same three vectors in a different order.

15 m, 210 deg. + 25 m, 300 deg. + 20 m, 45 deg.
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When added together in this different order, these same three vectors still produce a resultant with the same magnitude and direction as before (22 m, 310 deg.). The order in which vectors are added using the head-to-tail method is insignificant.

SCALE: 1 cm = 5 m
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Two displacements can be added together by drawing a scale diagram.
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For example, if a body moves first from A to B and then from B to C, the final displacement is the same as if the body had moved directly from A to C. 
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Displacement is a vector quantity. It would seem reasonable to assume that other vector quantities (for example, two forces or two velocities) can be added using a similar method. Consider these two forces: 
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Force 1 has a magnitude of 50N and acts at 45° to the horizontal, upwards, to the right.
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Force 2 has a magnitude of 30N and acts horizontally, to the right.

The resultant of these two forces can be found by drawing a "triangle of forces" as shown below.
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However, when we have two forces to add together, they are often acting at the same point. 

For this reason, we usually draw the diagram in a slightly different way, in order to make it look more like the situation to which it applies. 

First move the vector representing force 2 as shown below.
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Now, complete a parallelogram.
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The resultant force is represented by the diagonal of the parallelogram in between the vectors representing the two forces.

A vector quantity has its full effect in a particular direction but it also has reduced effects in other directions.

The effect of a vector in a direction not along its own line of action is called a component of the vector.

The process of finding the magnitudes of the components of a vector is called resolving the vector into its components.
The Resultant (Net) is the result vector that comes from adding or subtracting a number of vectors.
The Pythagorean theorem is a useful method for determining the result of adding two (and only two) vectors which make a right angle to each other. The method is not applicable for adding more than two vectors or for adding vectors which are not at 90-degrees to each other. The Pythagorean theorem is a mathematical equation which relates the length of the sides of a right triangle to the length of the hypotenuse of a right triangle.
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To see how the method works, consider the following problem:

A hiker leaves camp and hikes 11 km, north and then hikes 11 km east. Determine the resulting displacement of the hiker.

This problem asks to determine the result of adding two displacement vectors which are at right angles to each other. The result (or resultant) of walking 11 km north and 11 km east is a vector directed. Since the northward displacement and the eastward displacement are at right angles to each other, the Pythagorean theorem can be used to determine the resultant (i.e., the hypotenuse of the right triangle).
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The direction of vector R in the diagram above can be determined by use of trigonometric functions. Remember - SOH CAH TOA? SOH CAH TOA is a mnemonic which helps us to remember the meaning of the three common trigonometric functions - sine, cosine, and tangent functions. These three functions relate the angle of a right triangle to the ratio of the lengths of two of the sides of a right triangle. 
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These three trigonometric functions can be applied to the hiker problem in order to determine the direction of the hiker's displacement. The process begins by the selection of one of the two angles (other the right angle) of the triangle. Once the angle is selected, any of the three functions can be used to find the measure of the angle. Write the function and proceed with the proper algebraic steps to solve for the measure of the angle. 
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Once the measure of the angle is determined, the direction of the vector can be found. In this case the vector makes an angle of 45 degrees with due East. Thus, the direction of this vector is written as 45 degrees. (Recall that the direction of a vector is the counterclockwise angle of rotation which the vector makes with due East.)

The measure of an angle as determined through use of SOH CAH TOA is not always the direction of the vector. For example, study the following situation in which the angle of the triangle is determined to be 26.6 degrees using SOH CAH TOA; yet the direction of the vector is 206.6 degrees.

[image: image15.png]10 km, West + 5 km, South

10 tane = 150kk"r:‘ =0.5

5
" R
©=tan"'(0.5)=26.6°

Direction of R is 180° + 26.6°

180°
26.67
R




Just as 2 vectors can be added to give a resultant, a single vector can be split into 2 components or parts.
A vector can be split into two perpendicular components: these could be the vertical and horizontal, or parallel to and perpendicular to an inclined plane.
Example: Resolving a velocity into vertical and horizontal components
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The magnitude of the vertical component of 
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 is given by:

· vv = v sin  

The magnitude of the horizontal component of 
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 is given by:

· vh = v cos 
It is often useful to resolve a vector into its vertical and horizontal components, these two components can then be considered (almost) as two independent vectors.

The same process can be carried out for any vector quantity.

If an object is thrown vertically upwards, its subsequent motion can be predicted using the equations of motion for bodies moving with uniform acceleration.
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If a body is thrown at an angle  to the horizontal we can still use the same equations but we must first find the magnitudes of the vertical and horizontal components of the initial velocity of the body.

The vertical component of velocity changes at a uniform rate because of gravity.
The horizontal component of velocity is constant (assuming that air resistance is negligible).

The path followed by the body is a parabola.
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