10. Plane

e Equation of a plane in normal form:
o Vector form: Equation of a plane which is at a distance of d from the origin, and the unit vector 7

normal to the plane through the origin is 7 7 =d, where T is the position vector of a point in the
plane

o Cartesian form: Equation of a plane which is at a distance d from the origin and the d.c.’s of the
normal to the plane as [, m, nis Ix + my +nz=d

e Equation of a plane perpendicular to a given vector and passing through a given point:
o Vector form: Equation of a plane through a point whose position vector is g and perpendicular to
the vector ﬁ is [ o N g :, ]:_{f =(), where 7 is the position vector of a point in the plane
o Cartesian form: Equation of plane passing through the point (x1, v, z1) and perpendicular to a
given line whose d.r.’s are A, B, C is Alx—x) +By—y) +Cz —21) =0

e Equation of a plane passing through three non-collinear points:
o Cartesian form: Equation of a plane passing through three non-collinear points (x{, ¥1, z1), (x2, ¥2,
F—x ¥—X»¥4 Z—-Zz
z9), and (x3,¥3,2z3)1s [¥2 ¥ V2 X1 22 7Z11=0
I3—Mx ¥3—N¥ 37
o Vector form: Equation of a plane that contains three non-collinear points having position vectors

—
—

a,b,and ¢ is (F — E’)HE = E’JX[F = E’)] = (), where Fisthepositionvectorofa

point in the plane

e Planes passing through the intersection of two planes:
o Vector form: Equation of the plane passing through intersection of two planes

¥ .m =d; and 7 .my =disgivenby, r (ny +Ang)=d| +Ady, where A is a non-zero
constant

o Cartesian form: Equation of a plane passing through the intersection of two planes
Apx+By + Gz +D) =0 and Azx +Bay + Caz + D3 =0 is given by,

(A1x +Byy + Ciz +Dy) + A (Azx +Bay + T3z + D3) =0 where A is a non-zero constant

e Angle between two planes: The angle between two planes is defined as the angle between their normals.
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o Vector form: If  is the angle between the two planes * 71 =d1 and .13 =d3 hep

7).

cos 8= |———
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Note that if two planes are perpendicular to each other, then ”1-72 = 0. and if they are parallel to

each other, then "1 is parallel to”2 .

o Cartesian form: If 6 is the angle between the two planes

Apx+Byy +Ciz +Dy =0 and Agx +Boy + Caz + D3 =0, then cos 8 = |——t2tBBa*C 2
yai+B Ty +B34c

Note that if two planes are perpendicular to each other, then A Ao+ BBy + CiCy =0: and if they are
rallel to each other theni ~B1.- i
pa ’ Az By Oy

« Angle between a line and a plane: The angle @ between aline 77 = @ +A b and the plane 7 . 7 =d
is the complement of the angle between the line and the normal to the plane and is given by

R e B

e Co-planarity of two lines

—
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o Vector form: Two lines ©* = @1 *Aby and 7 = a3 b3 yre co-planar, if
R
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o Cartesian form: Two lines @1 b ] ag ba ¢z and
X3 — X — gy Pl B
.1.'—.1:'2 = }?—}?2 o 2'—22 2 l '}?2 '}?1 2 1
ag by ¢z are co-planar, if | 4] by c1 |=0
as b3 €3

e Distance of a point from a plane:

o Vector form: The distance of a point, whose position vector is a , from the plane
— d — .
ron=d s ||::" —a ..?=|

Note:

= If the equation of the plane is in the form of 7 .1V =d | where IN is the normal to the plane,

aN —d|
then the perpendicular distance is |_,| .
W



B
= Length of the perpendicular from origin to the plane r N =dis |N | .

o Cartesian form: The distance from a point (x1, y| z1) to the plane Ax + By + Cz+D =0 s
Ax 1+H}f 1+Cz 1+D
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