
THREE DIMENSIONAL VECTORS PRACTICE NOTES

By convention the vector a = (
a1

a2

a3
) , and b = (

b1

b2

b3
) , and so on. r = (

x
y
z )

1. What is a.b? How does it relate to the angle θ between the two vectors?

2. What is a.a?

3. If a.b = 0, what does that tell us, geometrically?

4. What is a×b?

5. What is a×a?

6. If a×b = 0, what does that tell us, geometrically?

7. How can we calculate a vector which is perpendicular to both a and b?

8. What is the parametric equation (that means the equation with t or λ or whatever in
it) of a line going through the point a and with direction b?

9. How much can you change a in that equation and still have exactly the same line?

10. How much can you change b in that equation and still have exactly the same line?

11. What does normalising the vector b mean?

12. How do you calculate the normalised vector ĉ from a vector c?

13. From a parametric equation for a line (that means the equation with t or λ or 
whatever in it), how you calculate a vector equation with no t or λ in it?
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14. How can you calculate the cartesian equations (two equations with x and y and 
z)?

15. What does "the normal vector to a plane" mean? (Beware: "normal" here means 
something different from "normal" as in "normalised".

16. What is the vector equation of a plane with normalised normal vector n̂ ?

17. What is the distance of that plane from the origin?

18. How do you get the cartesian equation of that plane (the equation with x, y, and 
z)?

19. What is the parametric vector equation of a plane which contains the point a and 
the displacements b and c? (Parametric means it has s and t, or λ and μ, or whatever, 
in it).

20. How do you translate that parametric vector equation into a short dot-product 
vector equation for the same plane?

21. How do you translate a short dot-product vector equation for a plane into a 
parametric vector equation for the same plane?
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22. How do you work out the distance of the plane r. m̂ = e from the parallel plane
r. n̂  = d ?

23. How do you work out the distance of the point a from the plane r. n̂  = d ?

24. If you have the equation of the same plane in the form r.n = p, with n not 
normalised, how do you work out the distance of the point a from that plane?

25. You want the line of intersection of the planes r.n = p and r.m = q. How do you 
work out the direction vector of that line?

26. How do you get a position vector on that line?

27. What are skew lines?

28. How do you work out the shortest distance between the skew lines r = a1 + tb1 
and r = a2 + sb2 ?

29. How do you work out the distance between the point s and the line r = a + t b̂ ? 

(Hint: another way of writing the equation of the line is (r - a)× b̂  = 0, which 
means: the displacement from the point r to the line is zero).
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30. How do you work out the distance between two parallel lines r = a1 + tb and
r = a2 + sb (same b in the two equations)?

31. What is the area of the parallelogram defined by the two displacement vectors a 
and b?

32. How does it relate to the angle θ between the two vectors?

33. What is the area of the triangle defined by those two same vectors, a and b?

34. What is the volume of the parallelepiped (squashed box) defined by the three 
vectors a, b, c ?
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35. How do you write that volume as a determinant?

36. What is a tetrahedron?

37. What is the volume of the tetrahedron defined by the three vectors u, v, w ?
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