SOLID ANALYTIC GEOMETRY: PLANES [SST 9.6]

¢ EQUATIONS OF PLANES:

— | Standard Form of a Plane P: Ar+ By+Cz+ D =0, where A,B,C,D €R ‘

— CASE I Given the normal vector n = (n1,n2,n3) and one point Py(zo, Yo, 20):

1. Let components of normal vector (ni,n2,ns) be the coefficients of x, y, z in standard form of plane.
2. Substitute the given point (xo,yo, z0) into x, y, z respectively.

3. Solve the resulting equation for D.
— CASE II: Given three points P(x1,y1,21), Q(x2,y2,22), and R(z3,ys, 23):

1. Form vector PQ = (x2 — x1,y2 — y1,22 — 21)
2. Form vector PR = (z3 — z1,y3 — y1,23 — 21)
3. Form normal vector n using a cross product: n = PQ x PR

4. Using normal vector n and one of the three given points P, @, R, follow CASE I.
— CASE III: Given two intersecting lines ¢1, £2:
. Form vectors v, w parallel to lines ¢1, {5 respectively.
. Form normal vector to the plane: n = v x w.

1

2

3. Pick any point P on either line ¢; or £s.

4. Using normal vector n and point P, follow CASE 1.

e EQUATION OF LINE PASSING THRU A POINT THAT’S ORTHOGONAL TO A PLANE:
Given point Po(zo, Yo, 20) and plane P: Az + By+ Cz+ D =0

1. Form normal vector to the plane: n = (A, B, C).

T = x0 + At
= Bt
2. Equation of line is: Y=ot
z=12z0+Ct
teR

3. Substitute equation of line into equation of plane and solve for the parameter, ¢.
4. Plug value of parameter ¢ into equation of line to determine the point where the line intersects the plane.

e DISTANCE BETWEEN A POINT AND A PLANE:
Given point P and plane P: Ax + By+Cz+ D =0

1. Form normal vector to the plane: n = (A, B, C).
2. Pick any point @ on the plane.
3. Form vector QP.

P
4. (Distance between point P and plane IP’) = %
n

¢ DISTANCE BETWEEN TWO PARALLEL PLANES:

Given two parallel planes P; : Ajx + Biy+ Ciz+ D1 =0, Py : Asx 4+ Boy+ Caz+ D2 =0

1. Form normal vector to plane P1: n = (A1, By, Ch)
2. Pick any point P on plane Ps.

3. Find distance between point P and plane P;.
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EX 9.6.1: | Find two normal vectors to the planes: (a) 4z —3y —6z+20=10 (b) 8y —2—3=0

EX 9.6.2: Find the equation for the plane normal to vector n = (1,2, 3) and containing point P(—3,4, —2).

EX 9.6.3:| Find the equation for the plane normal to vector n = 7:]'\7 9k and containing point P(4,4, —7).

EX 9.6.4: Find the equation for the plane normal to vector n = 8i and containing point P(—9,—11,—13).

EX 9.6.5: | Find the equation for the plane containing points P(1,2,—2), Q(-3,1,1), and R(1,2,3).
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=Tt x=4+43s
. . . . - y=1-8t y=-2+s
EX 9.6.6: | Find the equation of the plane determined by the intersecting lines ¢ : and {2 :
z=—-1-5¢t z=54+9s
teR seR

EX 9.6.7: ‘ ’ (a) ‘ Find an equation of the line containing point P(10, —3, —1) that’s orthogonal to plane z+ 6y — 3z — 18 = 0.

(b) | Where does the line intersect the plane?

(©2013 Josh Engwer — Revised August 15, 2014



EX 9.6.8: | Find the distance from the point P(3,—9,4) to the plane 3z —y + 52 — 11 = 0.

EX 9.6.9: | Find the distance between parallel planes P; : © — 7y + 82z —2 =0 and Py : =3z + 21y — 24z + 11 = 0.
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