Solution to Practice 1o

A5(a) The first thing we need to find is proj jP_Q, which we begin by calculating
PO = [ X ] - { b } - [ » } Then d- PQ = (~2)(—1) + (2)(—4) = —6 and

3/2

32 |° This means

|d][? = (-2)> + 22 = 8. So proj;PQ = (—6/8)d = {

L . 57 1 3/2 5/2
thatr—p+pr0JJPQ—[4]+ _?{/2]—{5?2

closest to @ is R(5/2,5/2). And to find the distance from @ to the line we first
L oo [ -1 3/2 1 [ -5/2

calculate perp ;PQ = PQ — proj ;PQ = [ 4 ] — [ 372 } = [ 572 } So

the distance from @ to the line is ||peerP@|\ =./(-5/2)2 + (-5/2)2 = 5/V/2.

] , so the point on the line

A5(b) The first thing we need to find is proj jP_Q, which we begin by calculating
PQ = [g] - {:” = [ :é } Then d - PQ = (1)(=1) + (—4)(=2) = 7

and ||d]> = 12 + (-4)2 = 17. So projPQ = (7/17)d = { _72/81/717 } This
S A 7/17 | B8/17
means that 7 = P + proj;PQ = { . } + [ _98/17 ] = { 01/17 }, so the

point on the line closest to Q is R(58/17,91/17). And to find the distance

from @ to the line we first calculate peerP_Q = P_Q — pronPZ) = { :; } —

/17 | —24/17 . L. Bl
[ —28/17 } = [ —6/17 } So the distance from @ to the line is ||perdeQ|| -
V(=24/17)2 + (—6/17)2 = 6//17.

A5(c) The first thing we need to find is proj JP@, which we begin by calculating

1 2 -1
PO = [o] [ 2 ] = {—2]. Then d - PQ = (1)(—1) + (=2)(-2) +

1 -1 2
5/6
(1)(2) = 5 and ||d]|* = 12+ (~2)2+12 = 6. So proj;PQ = (5/6)d = | —5/3
L 5/6
2 5/6 [ 17/6 ]
This means that 7 = p + pronP_Q = 2 + | =5/3 | = 1/3 |,
~1 5/6 ~1/6

so the point on the line closest to Q is R(17/6,1/3,—1/6). And to find the
distance from @ to the line we first calculate perp JP@ = PQ — projPQ =

-1 5/6 ~11/6
-2 | —| =5/3 | = | —1/3 |. So the distance from Q to the line is
2 5/6 7/6

[perpgPQI| = /(=11/6)% + (=1/3)2 + (7/6)% = \/29/6.



A5(d) The first thing we need to find is proj JP@, which we begin by calculating

2 1 1
PQ=1|3|—-| 1 |=|2]. Thend-PQ = (1)(1)+ (4)(2)+ (1)(3) = 12
2 —1 3
2/3
and [|d|]> = 1% + 4% + 12 = 18. So proj;PQ = (12/18)d = | 8/3 |. This
2/3
1 2/3 5/3
means that ¥ = g+ pronP_’ = 1 + | 8/3 | = 11/3 |, so the
~1 2/3 ~1/3
point on the line closest to @ is R(5/3,11/3,—1/3). And to find the distance
1
from @ to the line we first calculate perp JPZQ = PZ) — proj JP@ =2 |-
3
2/3 1/3
8/3 | = | —2/3 |. So the distance from @ to the line is ||perpd~P_Q|| =
2/3 7/3

V/3)2+(=2/3)2 + (7/3)2 = V6.

A6(a) The first thing we need to do is pick a point P on the plane. I choose to

. 2 0 2 3
use P(0,—1,1) Then PQ=| 3 | —| =1 | =| 4 |. Readingri = | —1
1 1 0 4
off the equation, we can now compute 7- PQ = (3)(2)+(—1)(4)+(4)(0) = 2 and
~15/13
||71]|2 = 324 (—1)2+42 = 26. Then proj;PQ = (2/26)ii= | 5/13 |. So the
~20/13

distance from Q to the plane is ||proj; PQ|| = /(—15/13)2 + (5/13)7(—20/13)2 =
2/+/26.

A6(b) The first thing we need to do is pick a point P on the plane. I choose

—2 0 —2
to use P(0,0,1) Then PQ = 3 — 0 = 3 |. Reading 77 =
-1 -1 0

2
—3 | off the equation, we can now compute 7 - PQ = (2)(—2) + (=3)(3) +
—5
(=5)(0) = —13, and ||ii||]> = 22 + (=3)2 + (=5)2 = 38. Then proj;PQ =
—26/38
(—13/38)7 = | —39/38 |. So the distance from @ to the plane is ||proj; PQ|| =
65/38
V(—26/38)2 + (—39/38)2 + (65/38)2 = 13//38.

A6(c) The first thing we need to do is pick a point P on the plane. I choose




to use P(0,0,—5). Then PQ = | 2 | —| 0 | = | 2 |. Reading @ =
~1 -5 4
. )
0 off the equation, we can now compute 7 - PQ = (2)(0) + (0)(2
-1
(=1)(4) = —4 and ||7]|2 = 22 4+ 02 + (—=1)% = 5. Then proj;PQ = (—4/5)@i =
[ —8/5

~—

+

0 . So the distance from Q to the plane is ||proj; PQ|| = V/(=8/5)2 + 02 + (4/5)2 =
4/5
4//5.
A6(d) The first thing we need to do is pick a point P on the plane. I choose to
-1 2 -3 2
use P(2,0,0). Then PQ=| =1 | —=| 0 | = | —1 |. Reading@ = | —1
1 0 1 -1
off the equation, we can now compute 7 - PQ = (—3)(2)+ (—1)(=1)+ (1)(=1) =
-2
—6 and ||71]|2 = 22 + (—1)2 4 (—1)2 = 6. Then proj;PQ = (—6/6)7 = | 1
1

So the distance from Q to the plane is ||projPQ|| = v/(=2)% + 12 + 12 = /6.
A'7(a) The first thing we need to do is pick a point P on the hyperplane. I choose

1 0 1 2
- 0 0 0 L -1
to use P(0,0,0,0). Then PQ = ol lol=10ol Reading 77 = 1
1 0 1 1
off the equation, we can now compute 7i- PQ = (2)(1)+(=1)(0)+(1)(0)+(1)(1) =
6/7
=112 2 2 2 2 s Py = =3/7
3 and ||7i||* = 2%+ (—1)* + 1% + 1% = 7. Then projzPQ = (3/7)ii = 3/7
L 3/
1 6/7 [ 1/7
. oo 37| | 37
Finally, we can compute ¥ = ¢ — projz PQ = o~ 3/7 = | —3/7
1 3/7 4/7

Thus, the point on the hyperplane closest to Q is R(1/7,3/7,—3/7,4/7).

A7(b) The first thing we need to do is pick a point P on the hyperplane. I

1 1 0
= 2 0 2 .
choose to use P(1,0,0,0). Then PQ = 1ol =111 Reading
3 0 3



n= _32 off the equation, we can now compute - PQ = (1)(0) + (—2)(2) +
0
(3)(1) + (0)(3) = —1 and ||7]|* = 12 + (=2)? 4 32 + 0% = 14. Then proj; PQ =
~1/14 1
S 1/7 . L R 2
(-1/14)7m = 3/14 | Finally, we can compute ¥ = ¢ — proj; PQ = 1l
0 3
~1/14 15/14
-1/7 | | 13/7 . .
3/14 = | 1714 | Thus, the point on the hyperplane closest to @ is
0 3

R(15/14,13/7,17/14, 3).
A7(c) The first thing we need to do is pick a point P on the hyperplane. I

2 0 2
choose to use P(0,0,0,0). Then PQ = ;l - 8 = ;L . Reading
4 0 4
3
= _41 off the equation, we can now compute 7 - PQ = (3)(2) + (—=1)(4) +
1
(4)(3) + (1)(4) = 18 and ||7]|2 = 32 4 (—1)2 + 42 4+ 12 = 27. Then proj; PQ =
2 2
S —2/3 . L, R 4
(18/27)1 = 8/3 | Finally, we can compute ¥ = ¢ — projzPQ = 3 |
2/3 4
2 0
gz/é 3 = 114/ 33 . Thus, the point on the hyperplane closest to @ is
2/3 10/3

R(0,14/3,1/3,10/3).
A7(d) The first thing we need to do is pick a point P on the hyperplane. I

-1 0 -1
> 3 2 1 .
choose to use P(0,2,0,0). Then PQ = 9 1ol = N Reading
-2 0 -2
1
= ? off the equation, we can now compute - PQ = (1)(—1) 4 (2)(1) +
-1

(1)(2) 4 (=1)(=2) = 5 and ||if]|> = 12+ 22 4+ 12+ (—1)2 = 7. Then proj;PQ =



5/7 1

(5/N7t = 150/77 . Finally, we can compute 7= ¢ — projﬁP_Q = ;) -
—5/7 -2
5/7 —12/7
150// 77 = 191// 77 . Thus, the point on the hyperplane closest to @ is
—5/7 —9/7

R(—12/7,11/7,9/7,-9/7)



