Properties of Vector Operations

Addition and Scalar Multiplication
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i+b=0b+a 2. A+ (b+d) = (@+b)+¢
i+0=a 4. @+ (-a)=0
c(@+b)=ci+cb 6. (c+d)d=ci+da
(cd)a = c(da) 8. la=a

Dot Product
The dot product is defined by

a= (a17a27a3)7 g: (b17b27b3)

— 65: a1b1 + aoby + asbs

and obeys

0.

R A

a, b are vectors and a - b is a number

a-a=|al’ 2. @a-b=>b-a
i-(b+d)=ad-b+a-¢ 4. (cd)-b=c(@-b)
0-d=0 6. a-b=|al|bl coso
G-b=0 <= g=0orb=0ora.lb

In property 6, 6 is the angle between a and b.



Cross Product
The cross product is defined by

a= (&1,&270,3), g: (b17b27b3)

—> a X 5: (CLng — agbg,agbl — albg, Cllbg — CLle)

and obeys

0. a,band a x b are all vectors in three dimensions
1 6x5L@5

2. ||@x bl| = ||a@| ||b]| sin6

3. ixji=k ixk=1i kxi=j}

4. @xb=|all|b|sinb n

5. @xb=0 < @g=0orb=0oralb
6. Gxb=—bxa

7. (c@) x b=ax (cb) = c(@ x b)

8. dx(b+d& =daxb+axé

9. @-(bxd) = (axb)-¢

10. @x (bx@) = (¢ ab— (b-a)¢

In properties 2 and 4, 6 is the angle between a and b.
In property 4, |7 =1, A L @b and (@,b,7) obey the
right hand rule.



WARNING: Take particular care with properties 6
and 10. They are counterintuitive and cause huge

numbers of errors. In particular,
b =~ b x a
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for most a, b and & For example

ix(ix)=ixk=—-kxi=—)
(ixi)xj=0x7=0



