EXERCISES 10.4

1

A single equation involving the coordinates (x, y. z) need not
always represent a two-dimensional “surface” in R*. For
example, x? + y? + 22 = 0 represents the single point

(0,0, 0), which has dimension zero. Give examples of single
equations in x, y, and z that represent

(a) a (one-dimensional) straight line,

(b) the whole of R?,

(¢) no points at all (i.e., the empty set).

In Exercises 2-9, find equations of the planes satisfying the given
conditions.

2.

Passing through (0, 2, —3) and normal to the vector
4i—j—2k

. Passing through the origin and having normal i — j + 2k
. Passing through (1, 2, 3) and parallel to the plane

Ix+y—-2z2=15

. Passing through the three points (1, 1,0), (2,0, 2), and

(0,3.3)

. Passing through the three points (—2,0,0), (0, 3,0), and

(0,0.4)

. Passing through (1,1, 1) and (2,0, 3) and perpendicular to the

plane x +2y -3z =0

. Passing through the line of intersection of the planes

2x 4+ 3y —z = 0and x — 4y + 2z = -5, and passing through

the point (=2,0, 1)
9. Passing through theline x + y =2, y —z = 3, and
perpendicular to the plane 2x + 3y + 4z =5

10. Under what geometric condition will three distinct points in
R* not determine a unique plane passing through them? How
can this condition be expressed algebraically in terms of the
position vectors, ry, r2, and r3, of the three points?

11. Give a condition on the position vectors of four points that
guarantees that the four points are coplanar, that is, all lie on
one plane.

Describe geometrically the one-parameter families of planes in

Exercises 12-14. (A is a real parameter.)

12. x+y+z=2A B13 x+iy+Aiz=2A
Hu x4+ V1-2y =1

In Exercises 1519, find equations of the line specified in vector

and scalar parametric forms and in standard form.

15. Through the point (1,2, 3) and parallel to 2i — 3j — 4k

16. Through (1,0, 1) and perpendicular to the plane
&x—y+7z=12

17. Through the origin and parallel to the line of intersection of
the planes ¥ + 2y —z =2and 2x — y + 4z =

18. Through (2, —1, —1) and parallel to each of the two planes
x+y=0andx—y+2z=0
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19. Through (1, 2. —1) and making equal angles with the positive
directions of the coordinate axes

In Exercises 20-22, find the equations of the given line in standard
form.

20. r=(1=20)i+ (4 +3Nj+(9—-41)k.
x=4-5t

x—=2y+3z=0
- 2 ov+3y—dz=14
23. If Py = (x1.y1,2y) and P = (X3, ¥2, 23), show that the
equations

x =x1 +1(x2—x1)
yi+t(y2—y1)

z=2z1+1(22—21)

y

represent a line through Py and P;.

24. What points on the line in Exercise 23 correspond to the
parameter values t = —1,1 = 1/2, and t = 2? Describe their
locations.

25. Under what conditions on the position vectors of four distinct
points Py, P2, P3, and P4 will the straight line through Py
and P; intersect the straight line through P35 and Py ata
unique point?

Find the required distances in Exercises 26-29.

26. From the origin to the plane x + 2y + 3z = 4

27. From (1,2,0) to the plane 3x —4y — 5z = 2

28. From the origintothelinex + y +z=0,2x -y -5z =1
29. Between the lines

x+2y=3

{x+y+:=6
y+2z=

L xX—2z=-5

y+3 z-1

30. Show that the line x — 2 =

plane 2y — z = |. What is the distance between the line and
the plane?

is parallel to the

In Exercises 31-32, describe the one-parameter families of straight
lines represented by the given equations. (A is a real parameter.)

B 31 (1-2)(x —x0) = Ay — ¥o). 2 = 2o.

X —Xo Yy — Yo
B3 — =""_"=:;_3,.

Vi-22 A

33. Why does the factored second-degree equation
(Aix+B1y+Ciz—Dy)(Aax + Bay + Caz — D3) =0

represent a pair of planes rather than a single straight line?
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