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This line has the same direction as the given line, v = 2i — 3j + 9k. Herero = 14 j — 10k, so a vector equation is
r=(14j—10k) +t(2i—3j+9k) = 2ti+ (14 — 3t) j + (—10 + 9¢) k and parametric equations are z = 2t,
y=14—3t, z = —10 + 9¢.

ij k
v=(>{i+j)x(j+k)=|1 1 0|=1i-—j+kis the direction of the line perpendicular to both i + j and j + k.
011
With Py = (2,1,0), parametric equations are = 2 + ¢, y = 1 — ¢, z = t and symmetric equations are z — 2 = y_;ll =z

orr—2=1—-y==z

(a) The line passes through the point (1, —5, 6) and a direction vector for the line is (—1, 2, —3), so symmetric equations for
. z—1 y+5 2-6

the line are < = 3 - 3

(b) The line intersects the zy-plane when z = 0, so we need z_—ll =Y ; > = 0__36 or I__ll =2 = zrz=-1,
% =2 = y= —1. Thus the point of intersection with the zy-plane is (—1, —1, 0). Similarly for the yz-plane,

y+5 z—6 .
weneede =0 = 1= =3 =y = —3, z = 3. Thus the line intersects the yz-plane at (0, —3, 3). For
r—1 5 z—6 3 3 L

the zz-plane, weneedy =0 = =) = 3 = = = T=-32=-3. So the line intersects the zz-plane
at (—3,0,-32).

Since the direction vectors are vi = (—12,9, —3) and vo = (8, —6, 2), we have vi = — %vz so the lines are parallel.

Since the direction vectors (1, —2, —3) and (1, 3, —7) aren’t scalar multiples of each other, the lines aren’t parallel. Parametric
equations of the lines are L1: x =2+ ¢,y =3 —2t,z=1—3tand La: © =3+ s,y = —4 + 3s, z = 2 — 7s. Thus, for the
lines to intersect, the three equations 2+t =3 + 5,3 — 2t = —4 + 3s,and 1 — 3t = 2 — 7s must be satisfied simultaneously.
Solving the first two equations gives ¢ = 2, s = 1 and checking, we see that these values do satisfy the third equation, so the

lines intersect when ¢ = 2 and s = 1, that is, at the point (4, —1, —5).

28. Since the two planes are parallel, they will have the same normal vectors. A normal vector for the plane z = = + y or

32.

39.

46.

z+y—2z=0isn = (1,1, —1), and an equation of the desired plane is 1(z — 3) + 1[y — (—2)] —1(z — 8) =0 or

r+y—z=-T.

Here the vectors a = (3,—2,1) and b = (1,1, 1) lie in the plane, so

n=axb=((-2)(1) — (1)(1),(1)(1) — (3)(1),(3)(1) — (—2)(1)) = (—3,—2,5) is a normal vector to the plane. We can
take the origin as Py, so an equation of the plane is —3(z — 0) — 2(y — 0) +5(z —0) = 0or =3z — 2y + 5z = O or

3z +2y —52=0.

If a plane is perpendicular to two other planes, its normal vector is perpendicular to the normal vectors of the other two planes.
Thus (2,1, —2) x (1,0,3) = (3—0,—2— 6,0 — 1) = (3, —8, —1) is a normal vector to the desired plane. The point

(1,5, 1) lies on the plane, so an equation is 3(z — 1) —8(y — 5) — (2 — 1) = 0 or 3z — 8y — z = —38.

Substitute the parametric equations of the line into the equation of the plane: 3(¢t — 1) — (1 +2t) +2(3 —t) =5 =
—t+2=5 = = —3. Therefore, the point of intersection of the line and the plane is givenby z = -3 — 1 = —4,

=1+2(-3) = —5,and z = 3 — (—3) = 6, that is, the point (—4, —5, 6).



50. The angle between the two planes is the same as the angle between their normal vectors. The normal vectors of the

two planes are (1,1, 1) and (1,2, 3). The cosine of the angle 6 between these two planes is

)-(1,2,3) 14243

cosf = (1,11 5 —\/g
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59. Setting z = 0, the equations of the two planes become 5z — 2y = 1 and 4z + y = 6. Solving these two equations gives
z = 1,y = 2 s0 a point on the line of intersection is (1,2, 0). A vector v in the direction of this intersecting line is

perpendicular to the normal vectors of both planes. So we canuse v =n; x ny = (5, —2, —2) x (4,1,1) = (0, —13,13) or

. . . . -2
equivalently we can take v = (0, —1, 1), and symmetric equations for the line are z = 1, y——l = ; orz=1,y—2=—z

61. The distance from a point (z,y, z) to (1,0, —2) isd1 = /(z — 1)2 + y2 + (2 + 2)2 and the distance from (z, y, z) to

(3,4,0) is d2 = /(z — 3)2 + (y — 4)2 + 22. The plane consists of all points (z,y, z) whered; =d> = df =d5 <
(=12 4+ +(z+2° =2 -3+ @y -4+ &

2?2 —2r+yP+ 22 +42+5=2%—6x+y* -8y +22+25 < 4z + 8y + 4z = 20 so an equation for the plane is
4z + 8y + 4z = 20 or equivalently = + 2y + z = 5.

Alternatively, you can argue that the segment joining points (1,0, —2) and (3, 4, 0) is perpendicular to the plane and the plane

includes the midpoint of the segment.

67. Let P; have normal vector n,;. Then n; = (3,6, —3), no = (4, —12,8), n3 = (3,—9,6), ngs = (1,2, —1). Now n; = 3ny,
so n; and ny are parallel, and hence P; and P; are parallel; similarly P> and P5 are parallel because na = %ng. However, n;
and n3 are not parallel (so not all four planes are parallel). Notice that the point (2, 0,0) lies on both P; and P4, so these two

planes are identical. The point (%, 0, 0) lies on P, but not on P4, so these are different planes.

74. Put z = y = 0 in the equation of the first plane to get the point (0, 0, 0) on the plane. Because the planes are parallel the
distance D between them is the distance from (0, 0, 0) to the second plane 3z — 6y + 9z — 1 = 0. By Equation 9,

0) - 6(0) +9(0)—1] _ _1 1

p = 13 ]
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