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1. (a) True; each of the first two lines has a direction vector parallel to the direction vector of the third line, so these vectors are
each scalar multiples of the third direction vector. Then the first two difection vectors are also scalar muitiples of each

other, so these vectors, and hence the two lines, are parallel,
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(b) False; for example, the z- and y-axes are both perpendicular to the z-axis, yet the z- and y-axes are not parallel.

(c) True; each of the first two planes has a normal vector parallel to the normal vector of the third plane, so these two normal

vectors are parallel to each other and the planes are parallel.

(d) False; for example, the zy- and yz-planes are not parallel, yet they are both perpendicular to the zz-plane.

(¢) False; the - and y-axes are not parallel, yet they are both parallel to the plane z = 1.

5. A line perpendicular to the given plane has the same direction as a normal vector to the plane, such as
n = (1,3,1). Sorp = i + 6k, and we can také v = i + 3j + k. Then a vector equation is

r=(i+6k)+t(i+3j—|—k)=(1+t)i+3tj—|-(6+t)k,andparametricequationsarex=1+t,y=3t,z=6+t.

11. The line has direction v = (1, 2, 1). Letting Po = (1,1, 1), parametric equationsarez =1+t y=—1+2, 2 = 1+ ¢

y+1

and symmetric equations are z — 1 = >

=z—-1

21. Since the direction vectors (1,2, 3) and (—4, —3, 2) are not scalar multiples of each other, the lines are not parallel, so we

check to see if the lines intersect. The parametric equations of the lines are L;: z = Ly=1+2t2=2+3¢tand Ly:

T =3—4s,y=2~3s,z =1+ 2s. For the lines to Intersect, we must be able to find one value of ¢ and Shie'velue of s that

int from the respecti i i . .
produce the same point from the Iespective parametric equations. Thus we need to “Lsty the following three equations:

t=3-— 489 1 + Qt = 2 — 33, 2 + 3t = 1 + 23. SO]Ving the ﬁISt two equ_’:flions we gett =_1. 5= 1 and Checking we see

that these values don’t satisfy the third equation. Thus the lifies aren’t parallel and don’t intersect, so they must be skew lines

23. Since the plane is perpendicular to the vector (—2, 1,5), we can take (—2, 1, 5) as a normal vector to the plane

(6,3,2) is a point on the plane, so settinga = —2, b = Le=5andzo =6,y = 3, 20 = 2 in Equation 7 gives

—2(x—6)+1(y —3) +5(z — 2) = 0or —2z + Y+ 5z = 1 to be an equation of the plane.

31. Here the vectorsa = (1 — 0,0 — 1,1 — 1)=(1,-1,0)andb=(1-0,1-1,0~-1) = (1,0, —1) lie in the plane, so
a x b is a normal vector to the plane. Thus, we can taken = a x b = (1-0,0+1,0+1)=(1,1,1). If P is the point

(0,1, 1), an equation of the plane is 1(z — 0)+1(y—1)+1(z—1)=0o0rz+y+2z=2

44. Substitute the parametric equations of the line into the equation of the plane: T+20)+2(4t)—(2-3t)+1=0 =
13t =0 = t = 0. Therefore, the point of intersection of the line and the plane is given by x = 1 4+ 2(0) = 1,
y =4(0) = 0,and z = 2 — 3(0) = 2, that is, the point (1,0, 2).
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. 49, Normal vectors for the planes are n; = (1,4, —3) and nz = (-3, 6, 7), so the normals (and thus the planes) aren’t parallel.

Butn; - np = —3 + 24 — 21 = 0, so the normals (and thus the planeg) are perpendicular.

— -

58. If we set 2 = 0 then the equations of the planes reduce to 22 —y —5=0and 4z + 3y — 5 = 0 and solving these two -
equations gives £ = 2, y = —1. Thus a point on the line of intersection is (2,-1,0). A vector v in the
direction of this intersecting line is perpendicular to the normal vectors of both planes, so take

v=m xnz = (2,-1,-1) x (4,3, 41) = (4, -2, 10) or equivalently we can take v = (2, —1, 5). Symmetric equations for

— . zT—2 y+1 =z
the line are s 5

. . . |1(=6) —2(3) — 4(5) — 8] _ | —40| _ 40
B 70. By Equation 9, the distance is D = N E e Ry TR




