
Linear algebra notes, Arun Ram August 7, 2023

8.7 Points, lines and planes in R
3

8.7.1 Equation of points in R
3

The equations for the point r0 = |x0, y0, z0i in R
3 are

x = x0,
y = y0,
z = z0.

P ICTURE

8.7.2 Equations of lines in R
3

Let r0 = |x0, y0, z0i 2 R
3 and v = |a, b, ci 2 R

3. The line in R
3 with direction v going through the

point r0 is

r0 + Rv = {r0 + tv | t 2 R} =

0
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The points in the line are the |x, y, zi in R
3 such that

x = x0 + ta,
y = y0 + tb,
z = z0 + tc,

with t 2 R.

Solving for t gives that that the points on the line are the |x, y, zi in R
3 which satisfy the equations

x� x0
a

=
y � y0

b
=

z � z0
c

.

8.7.3 Equations of planes in R
3

Let r0 = |x0, y0, z0i in R
3 and let u = |u1, u2, u3i and v = |v1, v2, v3i in R

3. Let

n = |a, b, ci be a vector in R
3 such that hn|ui = 0 and hn|vi = 0.

The plane orthogonal to n going through the point r0 is

r0 + n? = {r = r0 + su+ tv | s, t 2 R} PICTURE

In other words, the points in the plane are |x, y, zi in R
3 such that

x = x0 + su1 + tv1,
y = y0 + su2 + tv2,
z = z0 + su3 + tv3,

with s, t 2 R.

If r is in the plane then r � r0 is orthogonal to n and so the plane is

r0 + n̂? = {r = (|x, y, zi 2 R
3 | hr � r0|ni = 0}.

If r = r0+su+ tv is in the plane then hr|ni = hr0+su+ tv|ni = hr|ni+shu|ni+ thv|ni = hr0|ni+0+0.
So

r0 + n? = {|x, y, zi 2 R
3 | ax+ by + cz = d}, where n = |a, b, ci and d = hr0|ni.

In other words, the points in the plane are the |x, y, zi in R
3 such that

ax+ by + cz = d, where n = |a, b, ci and d = ax0 + by0 + cz0.
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