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Updated: Feb 07

Course: SPH 4U1

Unit: MEchanics

Lesson 2, 3: Title: vectors

Preliminaries: - any problems with equations of motion practice questions?

* Important * 
1. Always check if your velocities, displacements, and accelerations should be positive or negative. 
2. If you end up taking the ( of a negative number, go back and see where you got a sign wrong.
3. When you take a (, most of the time you will automatically take the +ve root. The most common exception is formulas which have a v2 in them. v can easily be negative.\

Example: You throw a rock downwards at 5 m/s from a 20 m high bridge. How fast is it going when it hits the water.

· the initial speed must be negative, (d must be negative, a must be negative

· work it out … note that you can take the + or – square root ! You always have to be aware of signs. Here we choose the negative one.

· What happens to the final speed if we threw it upwards at 5 m/s? 

Lesson:  (2 Days)

Types of variables

1. Sometimes we don’t need to know the size of a quantity, we just need to know if it exists or not. This type of quantity rarely occurs in physics. They are called boolean variables (from computer science) – yes/no, True/false, on/off. 
“Do y
ou have your driver’s license?” Yes.

2. More commonly we are concerned about the size of a quantity. These quantities are called scalars.
In physics all scalars have units (except coefficients and indexes).
Examples:  mass = 50 kg,  time, length, speed, voltage, temperature, pressure, energy, power

3. There are some quantities where the direction and magnitude (a.k.a. size) are both very important. e.g. wind (direction and speed).  These are vectors.
 

Vector quantities are indicated with an arrow over the symbol.
force 
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momentum
velocity
acceleration (can be either scalar or vector, the same symbol is used)
displacement (the treasure is 635 paces from the dead tree) – which direction?!!!
fields (Grav., Electr. Magnetic)
current (huh? Oh! So that you can tell which direction B is going in)

Conventions (i.e. generally agreed upon ways - ) for specifying Vector Directions

There are 3 different ways that one can specify the direction of a vector:
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Mathematics convention:  The +ve x-axis is zero degrees. Angles are measured counter-clockwise. Negative angles are measured clockwise. –90o = + 270o . This is what we will use regularly.
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* it also is how the CAST rule works



(
Textbook method: Use compass directions. The vector 
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, above, would be written as 
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= 30 [N50oW] 

You must also know how to use this method.


( Bearings: This is used for navigation – aircraft, ships. 0 degrees is at the top (North). Angles are measured clockwise up to 360o. There are no negative angles.

When we work only in 1 dimension (up and down, or backwards and forwards) we dispense with the vector symbols and use + and – to indicate direction.

Strictly speaking I suppose that scalars don’t have a sign. If they can be negative, then they are vectors (huh?)

Scale Diagrams  . . .   or  . . .  Graphical representation of vectors:

Why do we do this? (1) to see where your answer should be (get the approx. length and direction)

(2) to actually work out the answer using a scale diagram.

The magnitude of a vector is represented by the length of an arrow, 
and the direction by the orientation of the arrow.









** Vectors can be slid on the page as long as they are not stretched or rotated **


Addition of vectors:
vectors are added by laying them head to tail and then connecting the first and last:
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F.Y.I. Adding two vectors makes a parallelogram (if you have 2
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s and 2
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s. One diagonal is A+B, the other is A–B.    (Show parallelogram - add/subtract)
Subtraction of vectors:
vectors are subtracted by adding a negative vector
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where  -

 is the same as 

, just pointing in the opposite direction








Mulitplication of a vector by a scalar:
a scalar just changes the magnitude of the vector not the direction:
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Practice Questions for Scale Diagrams:

1.
A canoe is paddling directly accross a river at 2m/s. The river is flowing at 3 m/s.  At what angle w.r.t. the shore does the canoe travel? (draw a scale diagram using a protractor and ruler)
Insist on them being able to do this using lines and angles . . .
2.
A boat sails5000m [N] then 2000 m [N30(E] then it sinks. What is its displacement from the dock?

3.
A rabbit runs 20 m [0(] from its warren, then 10 m [135(].  What is its displacement from its warren?

4.
Two people are pulling a log across an iced over lake. If Bob pulls with 900 N [NW] and Sam pulls with 600 N [N10(E], which direction will the log move? (assume that the loggers have ice boots on).

Vector components:


A vector can be resolved into two orthogonal (perpendicular) vectors. When these two are added together they yield the original vector.  This is useful because (i) orthoganal vectors are independant (ie. you can change one without affecting the other); and (ii) we use the Cartesian plane (X-Y co-ordinate system) frequently in both math and physics.

eg. 

 = Ax + Ay










Equations for vector components:


For a vector of magnitude 

 that is in the direction ( the x and y components are:

Ax = 

 cos (

(*extra: this is the same as the projection of A on the x‑axis)
Ay = 

 sin (

NOTE: angles are measured anti-clockwise from the +ve x-axis.

If you have the x and y components, you can determine the mangitude (r) and direction (() using:




(*extra: these are also the relations to translate from rectangular to polar co-ordinates and back)



A vector can be written as an ordered pair: 

 = (3,5). This implies that 

 is the vector from the origin to the point x=3, y=5.

Notes:

· If the vector is in other quadrants the angle may be such that you have to use sine for the x-component and cosine for the y-component

· The signs of Ax and Ay may be negative. Check your results against your sketch of the vector.

Example:

Find the x- and y- components of 
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= 290N [40o]

Bx = Bcos(
By = B sin(
     = 290 * cos 40
     = 290 sin 40 
     = 222 N 
     =  186 N

Practice:

If Cx = – 20m and Cy = 9m, find vector 
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.  
(i) sketch, (ii) do the algebra, (iii) check to make sure that the angle is correct.

Adding Vectors

NOTE: always sketch the problem so that you can see if your answer is reasonable.

NOTE: if you need some brushing up on trigonometry, see the file “trig-vectors.doc” on the webpage. 

Method 1: use scale diagrams (ruler & protractor)

See examples above.

Method 2: use cosine and sine law 

This gets more and more difficult the more vectors you add. Never use it for more than two vectors.

sin(a)/A = sin(b)/B = sin(c)/C

C2 = A2 + B2 ( 2Abcos(c)

example?

Method 3: use vector components

This is the best / preferred method. You are expected to know this method.
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· The 1st diagram shows that F + G = R 

· In the 2nd and 3rd diagrams we show the components of the vectors F, G and R.

· From the 2nd and 3rd diagrams we can see that Fx + Gx = Rx and Fy + Gy = Ry.

· From the 3rd diagram we see that Rx + Ry = R
Adding Vectors using Components: Plan of action:
 
1. sketch the vectors showing their approximate length and direction

2. find the x and y components of each vector.

3. check to make sure that the sizes and signs of each component is reasonable

4. add the x components to get Rx   and add the y components to get Ry

5. combine the resultant Rx and Ry to get length and angle of final vector.

Example:
Add 
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 = 10N [35(] and 

= 25N [120(]






















Ax 
= A cos(
Ay 
= A sin(

= 10N cos(35) =     8.19 N

= 10N sin(35) =    5.74 N

Bx
= 25N cos(120) = –12.5 N
By
= 25N sin(120) = 21.65 N

Rx    =


  – 4.31 N


Ry    =


  27.39 N

Use Pythgoras’ Theorem to find 

  :




 ...
R = 27.7 N

Use 

 to find ( .
( = 98.9(  
      (Yes! This is close to our estimated answer.)

· Practice subtracting vectors:

The vector has the same length but points in the opposite direction.

Do the following problem:
“You want to sail your boat at 40 km/hr [N20E], but there is a current of 10 km/hr [E30S]. Which direction should you aim your boat in order to go the direction that you want?”

Polar ( Rectangular co-ordinates

Most scientific calculators have two buttons: one where you enter r, (   and get back x,y 
and another button where you enter x,y and get back r,(.  
If you can find these and learn how to use them, it will make your calculations a lot quicker. Of course, you still need to know how to do these conversions using the formulas above.

The buttons are probably [( Rec] (or P>R or x,y). The reverse button is called [( Pol] (or R>P or r,()

Different calculators have different ways of entering r and (. 

For example: Find the x and y components of 5[20o].
You will have to enter the two numbers. Some calculators separate them with a [,].

Normally, the calculator displays the x-component. To get the y- component either press [RCL] [F] (and then RCL E)or [(,(]

Homework: 

1. You walk 200 m [-20o], then 150 m [40o], then 100 m [90o]. 
How far are you from your starting point, and which direction must you go in order to get there?

2. A = 5 m [120]

B = 7m [ 200].
a) sketch A-B and find the answer using algebra
b) sketch B-A and find the answer using algebra.

3. Do the vector practice question on the back of the weekly assignment

4. Do the assignment for Monday.

Evaluation: 

Next: relative motion – it fits right in.  Then river crossing problems. 

Only then do projectile motion.
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Call the sum �EMBED Equation ���for Resultant vector


I estimate it will be where the dashed arrow is.





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���








_935416799.unknown

_1107797992.unknown

_1232637025.unknown

_1233514172.unknown

_1264063327.unknown

_1233514171.unknown

_1233513907.unknown

_1233513685.unknown

_1232636947.unknown

_1232636972.unknown

_1107798743.unknown

_1232636134.unknown

_1107798820.unknown

_1107798699.unknown

_1107798594.unknown

_935417823.unknown

_935419693.unknown

_1107797818

_1107797857.unknown

_1107797983

_935419730.unknown

_935419633.unknown

_935419674.unknown

_935419472.unknown

_935419541.unknown

_935418015.unknown

_935417597.unknown

_935417821.unknown

_935417822.unknown

_935417720.unknown

_935417624.unknown

_935417434.unknown

_935417502.unknown

_935417477.unknown

_935417375.unknown

_935416297.unknown

_935416779.unknown

_935416790.unknown

_935416349.unknown

_935416521.unknown

_935416731.unknown

_935416301.unknown

_935415571.unknown

_935416223.unknown

_935415548.unknown

