Formulae Sheet

Vector Operations
Vector Length (Magnitude)
The length of a vector a is written using the notation |a| The formula for the length of a two

dimensional vector is |a]| =+/X* + y2 and in three dimensions itis |a] =+/X? + y2 +22 .

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 4 = ﬁ For example, if vector ais (0,6,8) it’s length is

10 and the normalised vector, & = (0/10, 6/10,8/10).

Dot product

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

If a=(x1,y1,z1)and b =(x2,y2, z2) then aeb = (x1*x2+ y1*y2 + z1*z2).
It is also equivalent to
aeb = |a|.|b].cos¢ where ¢ is the angle between the vectors.

Cross product
The cross product of two vectors is written
axb=(a,b; —a;b,,a;b, —a,b;,a,b, —a,h)

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
ai dz ds
b; b, b;

where i, jand k are the three orthogonal unit basis 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|.sing where ¢ is the angle between a and b.



Matrix Operations

The determinant of a matrix A is given by| A |= x(a,b, —a;b,) — y(a,b, —a;b,) + z(a,b,

Where the matrix A =

a;

by

Multiplication of a (4x4) matrix by another (4x4) is:-

£
ap  ap
a;y ap
a3 a3y
ay ap

(31 * by +a:* bay + a3* by + a.* by

(821 * byy+822% bay + @3% bay + 824* bay)

(as1 * byy+852* by + @33% bay + 852* bay)

(a1 * byy+822* bay + @s3* b3y + asa* bay)

K] 14 bll bl?.
83 an by by
833 Ay bs;  bsy
84 gy by by

o

(811 * biz+a12* bz + @53% b3z + 812% baz)

(321 * biz+822* bz + @3% b3z + 824% baz)

(851 * biz+a32* bz + @35% b3z + 852* baz)

(a1 * biz+a32* bz + @u3* b3z + a0a* baz)

Multiplication of a (4x4) matrix by a (4x1) matrix is _is:

as

bs

(811 % bis+a12* bas + @53% bss + 812% bas)

(21 * bas+322* bas + @23% b33 + 824% bas)

(851 * by +a32* bas + @35% b33 + 852* bas)

(a1 * bis+a32* bas + @s3* b33 + 22a* bas)

an a;; a3 Aau by
8y ap a3 ap by,
@3 @3 @33 Qaxp b3,
8y 85 A3 Ay b,

(311 * by +a,* by + as™ bsy + a1 byy)
= (a1 * by +a,* by + a3™ bsy + ay™ byy)
(351 * by + @3,* by + a3s™ by + a3 byy)

(351 * by + a5,* by + as3™ bsy + a4™ byy)

_aZbl) ’

(311 % baa+a12* bag + 213% bag + a12* baa)

(321 * baa+a22" bag + 8z3% bag + 325* baa)

(51 % baa+a32* bag + 833* bag + a32* baa)

(a1 * baa+a42* bag + 243% bag + aa2* baa)



