Vectors

Equation of aline

>0 D0 O ) )
f=a+Ad - %D—&DM%D@ Xdaizydazzzdas
RN i

The first equation is called the parametric form of aline, and the onein
quotientsis called the Cartesian form of aline (in 3D). Note that the Cartesian form
has no coefficient before the variables and that the fixed point is subtracted. i.e.

—(-3
ox+3 should be converted to w giving a = —g, d, :g; not a, =3,d, =4.

5

The scalar and vector product (or the dot and cross product)
alb=|al|b|cost = aj, +a,b, +ap,

Two vectors that are perpendicular have a zero scalar product.

The projection of one vector onto another is given by g[% :

[
axb=la, a, al,laxb|=|a||b/sing
b b b

The vector product of a and b generates a vector that is perpendicular to the
plane containing a and b, i.e. anormal vector.

Equation of a plane
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r=a+Ap+uq - (r-ajn=0«- @%@jﬁ—d = nx+ny+nz+d=0

The first equation is called the parametric form of a plane, the second equation
is called the normal vector form of a plane, and the last equation is called the

Cartesian form of aplane (in 3D). The normal vector is easily generated from the
vector product.
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Perpendicular distancefrom a point toaline

o |(p-a)d
The perpendicular distance from (X, y;,z) to r =a+Ad is |*= q
Perpendicular distance between two lines
L XAyt 273 L x-b _y-b _z-h
d, d, d, & & &
(1) Find avector perpendicular to both lines using the vector product,
Lok
b=\d, d, d,
& & &
(2) Find avector connecting any two points on the two lines,

%, 0 % C
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z,

(3) The perpendicular distance between the two linesis the projection of

aontob, ab
b

Perpendicular distance from a point to a plane

The perpendicular distance from (x,, y;,z) to theplane ax+by+cz+d =0 is

|ax1+by1+czl—d|
JEeree |

form then use this formula.)

. (If planeisgivenin scalar product form, changeit into Cartesian

Intersection of alineand a plane

X=X _Y=%_2-2
e & &

ax+by+cz=d

(1) Introduce a parameter and express the pointson thelineas x=eA + x,
y=eA+y and z=ed+z
(2) Substitute these expressions into the equation of the plane and solve for A

(3) The point of intersection is found by substituting A back into the
parametric equationsin (1)
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I nter section of two lines
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(1) Solve the simultaneous equations a, + Ad, =b, + 1e and
a, +Ad, =b, + ue, for A, 4.
(2) Substitute this pair of values (A, i) into the two equations for the z-

coordinate
(3) If the z-coordinate for the two lines equal given A, i, then the lines

intersect at a point; otherwise they do not intersect.

Note that if the direction vector of onelineisascaar multiple of the other,
d, O 0,0 gL

e O
@zézniénﬂﬂ , then thetwo lines are parallel. If @zézn%Eandthetwo
3 3

lines do not intersect they are said to be skew.

I nter section of two planes
ax+by+cz=d ex+ fy+gz=h

(1) First eliminate z from the two equations, expressing x in terms of y only
(2) Then diminate y from the two equations, expressing x in terms of z only
(3) Combining the two expressions give an equation of aline

x=a(y)=5(z)

I nter section of three planes

ax+hy+cz=d ax+by+c,z=d, ax+hy+cz=d,
/, b ¢O  OxO O4C

M :& b, ¢, M %D—@z[
b, ¢ ﬁ g 3 E
(1) Thethree planeswill intersect at a point if the matrix M is non-singular,
i.e. detM # 0, in which case the point of intersection can be found by row
reduction or the inverse matrix
(2) If the matrix M is singular, then either there is no solution (two
inconsistent equations when one variable is eliminated in two different

ways) or there are infinitely many solutions (two equivalent equations
when one variable is eliminated in two different ways)

3
IB Notes by Jonathan Hsu, 2™ Edition, 2000



