MECHANICS M1                                             SLBS

VECTORS
Vectors are quantities which have size and direction.

e.g. Displacement, Velocity, Acceleration, Force, Momentum

Scalars are quantities that have size only.

e.g. Distance, Speed, Time

Vectors may be represented by a single letter


[image: image1.wmf]a

 

a

 


or by a directed line segment
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When using vectors, you may need to use Pythagoras and Trigonometry

In particular, you should know how to use the Sine and Cosine Rules:

Sine Rule:


[image: image5.wmf]a

s

i

n

A

=

b

s

i

n

 

B

=

c

s

i

n

 

C

 

a

s

i

n

A

=

b

s

i

n

 

B

=

c

s

i

n

 

C

 


Cosine Rule:
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Example

I travel 6 km on a bearing of 080° and then 4 km on a bearing of 030°.
Find the distance I am from my starting point.
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Ex 6A p 135
PROPERTIES OF VECTORS
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The magnitude of a vector is always positive (never negative although it may be zero).

Two vectors are equal only if they have the same magnitude and direction.

ADDING VECTORS

Triangle Law of Addition:
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To find one vector in terms of the position vectors of its end points
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[Ex 6B p 138 – optional!]
CARTESIAN VECTORS
A unit vector is a vector of magnitude 1 unit.

The unit vectors along the Cartesian axes are denoted by:-
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In the same way that any point may be described in terms of its coordinates, any vector may be described in terms of so many units along the i axis and so many units along the j axis.
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Ex 6C p 141 & Worksheet McEx1A
Such vectors may be added or subtracted.
Example
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MAGNITUDE OF CARTESIAN VECTORS

The magnitude/modulus of a vector is the length of the line that the vector is representing.
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Using Pythagoras


Example
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Note: answers may be left in surd form unless otherwise directed.

Worksheet – McEx1B
THE DIRECTION OF A CARTESIAN VECTOR
Simple Trigonometry can be used to calculate angles.

Example
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Worksheet – McEx1C
PARALLEL VECTORS
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If two vectors are parallel, one is a multiple of the other.

Example
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Example
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Ex 6D p 142
COMPONENTS OF A VECTOR
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Example

The vector a makes an angle of 60° with the x-axis and has magnitude 4

Find a in Cartesian form
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UNIT VECTORS
A unit vector has magnitude one unit     e.g. 1 ms-1 South-East
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To find a unit vector in the direction of a given vector, divide the vector by its magnitude.

Example
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Example
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Worksheets – McEx1D & McEx1E
USING VECTORS IN MECHANICS
POSITION VECTORS
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Position vector of B – position vector of A

This is the position vector of B relative to A

Example

If A is (6, −4) and B is (−1, 7) find the position vector of B relative to A
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Note: this is equal and opposite to the position vector of A relative to B
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VELOCITY VECTORS

Velocity can be defined as the rate of change of displacement with respect to time.  If the velocity is constant, then it equals Change in Displacement over Time.

A body moves in the direction of its velocity.

Example

A body is initially at the point (3, 7) and 2 seconds later it is at the point (−4, 29).  Find its velocity in terms of i and j
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PROBLEMS INVOLVING VELOCITY

Example

Find the speed of a particle whose velocity is
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Example


[image: image42.wmf]F

i

n

d

 

t

h

e

 

d

i

s

t

a

n

c

e

 

m

o

v

e

d

 

b

y

 

a

 

p

a

r

t

i

c

l

e

 

w

h

i

c

h

 

t

r

a

v

e

l

s

 

f

o

r

 

2

0

 

s

e

c

o

n

d

s

 

a

t

 

a

 

v

e

l

o

c

i

t

y

 

o

f

 

–

7

i

+

3

j

 

F

i

n

d

 

t

h

e

 

d

i

s

t

a

n

c

e

 

m

o

v

e

d

 

b

y

 

a

 

p

a

r

t

i

c

l

e

 

w

h

i

c

h

 

t

r

a

v

e

l

s

 

f

o

r

 

2

0

 

s

e

c

o

n

d

s

 

a

t

 

a

 

v

e

l

o

c

i

t

y

 

o

f

 

–

7

i

+

3

j

 


Method 1
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Method 2
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Ex 6E p 144

ACCELERATION VECTORS

Acceleration can be defined as the rate of change in velocity with respect to time.  If the acceleration is constant then it equals Change in Velocity over Time.

Example
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Note: for bodies moving with constant acceleration, the vector equivalents of some of the constant acceleration equations may be used.

You may use:
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This is because you cannot square a vector (what would one vector with a direction multiplied by another actually mean???)
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Ex 6F Q 2-3, 5-7 p 147
OBJECTS MOVING WITH CONSTANT VELOCITY
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(“Initial position vector plus t times velocity vector”)

Example

Initially ship S is at the point (9, 6) and has velocity 3i − 5j
Find its position vector at time t.
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Note; it is helpful to group the i and j components together.

Example

At 2 pm the position vector, relative to a lighthouse, of ship A is 10i and A’s velocity is 12i + 5j.  At the same time, another ship B, whose velocity is −3i + 10j, is in a position 20i − 4j relative to the same lighthouse.  (Distances in km and time in hours)   Find:

a) expressions for the position vectors of A and B at any time t

b) the position vector of A relative to B at time t

c) the time when A is due north of B

d) the distance between them after 2 hours
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Worksheets – McEx1F & McEx1G
Ex 6F Q 1, 4, 8-12 + Extra Question Sheet
USING VECTORS TO SOLVE FORCE PROBLEMS
Example

A force of (6i + 3j) N acts on a particle of mass 4kg.  Find the acceleration.
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Momentum is also a vector quantity


Example
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Example

Find the magnitude and direction of the resultant of the following forces:
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Forces expressed as vectors are in equilibrium if the sum of the vectors is zero.

Example
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The speed of a particle is the magnitude of its velocity
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