Time allowed 2.0 hours
Calculators may be used.
Note: In the following questions vectors are written as (x,y,z) triples where x,y and z are the length of the three orthogonal unit vectors i, j and k respectively.
Approved calculators and formulae sheet only may be used.

Answer all questions.

1) [bookmark: _GoBack] Given s=ut+0.5at2  where t=5s; u=10m/s and a=4m/s2 , find s (units m) correct to 2 d.p.
											[3 Marks]



2a)     The  rotation transformation about the x axis for a right handed co-ordinate system is given by the equations:

            x’ = x 
y’ = ycosA –zsinA
	z’ = ysinA +zcosA
	

Assuming we represent our position as column a matrix, rewrite the rotation equations above in matrix form.
										            [5 Marks]

2b) 	Write down the inverse of this orthogonal matrix.
            [ 2 Marks]

    
2c)  	Assuming x=5, y =  0.886 and z =4, determine x’, y’ and z’ for the above transformation when the angle A = 60 degrees.
											[6 Marks]

		 
3)	Using homogenous co-ordinates, the translation matrix is:
	


 	 Assuming a point, P = [1,-7,2,1]T   calculate T.P  with Tx= -5, Ty = 2 and Tz =1.


[ 5 Marks]


4a)	Find the dot product of the two vectors (3,4,0) and (12,9,0) and hence  calculate the angle between the two vectors.
											[8 Marks]

4b)	In the polygon shown below the co-ordinates represent the position of each vertex of the polygon.  Represent two edges (sides of the polygon) as vectors and hence use the cross product of these two vectors to find a vector perpendicular to the face of the polygon.  Using the right hand rule, indicate the direction of this perpendicular vector relative the page on which the polygon is drawn.  

(1,2,5)					 	

			(1,1,4)                     (5,2,1)


											[9 Marks]

5) 	If   A =    2      1      -1    then  find the determinant of A.
                             5      2     -2
		    3      4     -3


											[4 Marks]



6)   Using any method, find x, y and z in the following set of simultaneous equations.

2x  + 1y - 1z = 1
5x + 2y - 2z  = 3
3x + 4y  - 3z = 2

Hint: the inverse of matrix A in question 5 is           -2    1   0
						          -9    3    1			
                                                                            -14  5    1


											[8 Marks]




Vector Operations

Vector Length (Magnitude)


The length of a vector a is written using the notation |a|  .  The formula for the length of a 2 dimensional vector is |a|  = and in three dimensions it is |a|  =.



A vector can be normalised (its length made equal to one) by dividing it by its length. The direction remains the same, of course. The notation is .  For example, if vector a is (0,3,4) it’s length is 5 and the normalised vector,  =  (0/5, 3/5,4/5).  Now check the length is really equal to 1.

Dot product

Another common vector operation is the scalar product, usually called the dot product and written . It is defined thus:

If a = (x1, y1, z1) and b = (x2, y2, z2) then = (x1*x2+  y1*y2 + z1*z2).
It is also equivalent to

=  |a|.|b|.cos where  is the angle between the vectors.

Cross product
The cross product of two vectors is written



A handy way of remembering the cross product is to write it as a matrix and to see it as a determinant, that is:

	i
	j
	k

	a1
	a2
	a3

	b1
	b2
	b3








where  i, j and k are the three orthogonal unit vectors in the x, y and z directions.

The result of a cross product is a vector.

The length of the vector cross product can be determined by:

|axb|  =  |a|.|b|.sinwhere  is the angle between a and b.


Matrix Operations

The determinant of a matrix A is given by


,

	x
	y
	z

	a1
	a2
	a3

	b1
	b2
	b3


where A= 





Example of the multiplication of a (3x3) matrix by another (3x3) is:-

	a
	b
	c

	d
	e
	f 

	g
	h
	i



	j

	k
	l

	m
	n
	o

	p
	q
	r


          
	x
	y
	z

	a1
	a2
	a3

	b1
	b2
	b3


                            
 



	(a*j + b*m + c*p)
	( a*k + b*n + c*q )   
	( a*l + b*o + c*r )

	(d*j + e*m + f*p)
	( d*k + e*n + f*q )   
	( d*l + e*o + f*r )

	(g*j + h*m + i*p)
	( g*k + h*n + i*q )   
	( g*l + h*o + i*r )


=
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