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Lines and Line Segments in Space

Suppose that L is a line in space passing through a point P,(X,, Y,,Z,) parallel to a vector v =v,i+Vv,j+v,k or
V=Vi+V,j+v,k. Then L is the set of all points P(x,y,z) for which ﬁls is parallel to v =V (see Figure in

the text, Figure 12.36 in 14" edition). Thus, @ =tv =tv for some scalar parameter t. The value of t depends
on the location of the point P along the line, and the domain of t is (—o0,). The expanded form of the

equation PP =tv =1V is

(X=Xo)i+ (Y= Y)i+(z—25)k =t(v,i +V,j+V,K)
(X_Xo)r"'(y_ yo)]"‘(z_ Z,)k :t(V1r+V2]+V3k) '

which can be rewritten as

Xi+ Yj+ zK = Xyi + YoJ+ ZoK + t(v,i +V,j+ V,K)
XT + Y] + 2K = X0 + Y, ] + ZoK +t(v,i +V, ] +V,K)’

(1)

If r(t) =r(t) isthe position vector of a point P(x,y,z) on the line and r, =T, is the position vector of the point
P, (X Yo, Z,) » then Equation (1) gives the following vector form for the equation of a line in space.

Vector Equation for a Line

A vector equation for the line L through Pj(X,, Y,,Z,) parallel to v=v is
r)=r,+tv, r(t)=r+tV, —o<t<oo, @)

where r =T is the position vector of a point P(x,y,z) on L and r, =T, is the position vector of P,(X,,Y,,Z,)-

Parametric Equation for a Line

The standard parametrization of the line through PR, (X,, Y,.Z,) parallel to v=v,i+v,j+Vv,k or

V=Vi+V,]+Vk is

X=X, +tv, y=Yy,+tv,, z=27,+1tv,, —o<t<oo (3)
Vv Vv
r)=r,+tv=r,+tjvj== r, + t |v| ——
|V| Initial Time Speed |V|
position Direition (4)
v

F)=HL+tV,rt)=H+tv= F + t v —
initial  TIMe gpeeq |V|
position Direction
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The Distance from a Point to a Line in Space

Distance from a Point S to a Line Through P Parallel to v=v

‘P—va‘ ‘P—SxV‘
d= —

P (5)
MW
An Equation for a Plane in Space
Equation for a Plane
The plane trough P, (X, ¥,,Z,) normal to n = Ai+Bj+Ck or n= Al + Bj +Ck has
Vector equation: nPP=0 n-PP=0
Component equation: A(x—x,)+B(y-y,)+C(z-12,)=0
Component equation simplified: Ax+By+Cz=D  where D= Ax,+ By, +Cz,
The vector n = Ai+Bj+Ck or A= Ai +Bj+Ck is normal to the plane Ax+By+Cz=D.
Distance from a Point S to a Plane with Normal n=n at Point P
d=|ps. = ﬁ; (6)
] | Ini
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