2
18. (—6,b,2) and (b, "
;e B odb=0 & HO+DE-D=

b) are orthogonal when (—6,b,2) - {b, pP,by=0 ¢ (—6)(b) + (b) (v*) + () =
0 < b= 0orb= &2

a-b
2B a
ba b \a\
p)a=® —prola®) 27 _
oﬂ‘;hn = _,'_0 —
= ?;‘l\a\ﬁ—:.b-a"“'b B -
_—:b‘a" \8\2
go they arc ﬂ’f\OgO““‘ by @) o
i 'v__m—lll—- g—

t note that n = {a, b) is perpendicular to the line, because if Q1 = (a1,b1) and Q2 = (a2, bs) lie on the line,

P
enn - Q1Qa = aag — aay + bby — bby = 0, since aap + bb2 = —c = aay + bby from the equation of the line.
t Py = (&2, y2) lic on the line. Then the distance from P, to the line is the absolute value of the scalar projection

of P, P, onto n. comp,, (I_’Tﬁz’) g LA e "-7:‘:1;2 —yl _ laza - am; ':byz =byl _ lezit byt : bzlb"' c

. , . . 13- =24 —4.-3+5]
since azrg + = —¢. The required distance 1§ ———mmommmmr—- = -,
2 + by2 q Bt 2 5

34, (r —a) - (r — b) = 0 implies that the vectorsr — aand r — b are
. orthogonal. From the diagram (in which A4, B and R are the terminal
points of the vectors), we see that this implies that R lies on a sphere
whose diameter is the line from A to B. The center of this circle is the

midpoint of AB, that is, B
L(a+b) = (3(a1 +b1), $(az +b2) , 3(as +ba)), and ts radius is R

ila-b|=1% \/((11 - )% + (az — ba)? + (a3 — b3).
Or: Expand the given equation, substitute r - r = z* + 3 + z° and complete the squares.

on atom and the two hydrogen atoms tal aCe T T,
ctor representanons of the line segments emanatmg
~1% and

37, Consider the H-C-H combmatlon con51stmg of the sole carb
and (0,1, 0) (or any H-C-H combination, for that matter). Ve
from the carbon atom and extending to these two hydrogen atoms are (1-3,0— -1y =(3,

(0—3,1~- -4 = (——-- 5, 1). The bond angle, 8, is therefore given by
3op k) n ~3) _ e k| 1 § = cos™ (~%) = 109.5°.
<= ﬂrz -3 22 _Cizaiti . 1 oo 6= 1
keI RTINS
o PP T
9-;“ The Cross Product - °
—— . —
ijk
2 2 -3 2 -3 2
8 axb= -3 2 2| = (- j+ k
31 6 1 6 3
6 3 1

=(2-6)i-(~3-12)j+(-9-12)k=—4i+15j~21k
Since (a x b) - a = {~4,15,-21) - (~3,2,2) = 12+ 30— 42 = 0, a x b is orthogonal to a.
Since (a x b) - b =(—4,15,-21) - (6,3,1) = ~24 + 45 - 21 = 0, a x b is orthogonal to b.



A%?cjnwue/ud‘ 2 e 2

ik
Saxb=|t t? &=
128 3t?
(3t — 264 i— (3 — 1)+ (28 — P )k =t*i~ 2% j+ °k
Since (a x b) - a = (¢*, ~2t%,2%) . {t,6%,¢%) =° - 2t° +1° = 0, a x b is orthogonal to a.
Since (a x b) - b = (¢*, —2t3,t2> . (1,2t,3t2} =t ~ 44* + 3t* = 9, a x b is orthogonal to b.

? 8 t

1 2t

¢

i- i+
1 32

2t 312

16. The parallelogram is determined by the vectors KL = (0,1,3)
and KN = (2,5, 0}, so the area of parailelogram KLMN is
i k

J
]R’E x E{"&’| =|lo 1 = [(~15)i— (—6)j + (~2)K| = |-151+ 6] ~ 2k| = /265 = 16.28.
2 5

3
0

18, (a) PQ = (1,1,3) and PR = (3,2,5), s0 a vector orthogonal to the plane through P, @, and Ris
PG x PR = (1) (5) — (3)(2), B ~ (1)(5), (1) (2) — (@) = (~1,4,~1) (or any scalar multiple
thereof).

—3 _
(b) The area of the paralielogram determined by PQand PRis |
‘P-_(j x ﬁ_}ﬂ =1(=1,4,~1)| = VITI6 ¥ 1 = VI8 = 32, 50 the area of triangle PQR is

2 3 -2
-10 10 —
- - - =—f — 9 —4 = —19. So the volume of
Za (bxe=|1-1 0)=2) 23+( My ‘
2 0 3

the parallelepiped determined by a, b and ¢ is |-19| = 19 cubic units. .

27 The distance between a peint and a line is the length of the perpendicular

from the point to the line, here ‘F:S‘J = d. But referring to triangle

PQS,d= ’PS[ = raBJ sin# = |b|sin¢. But § is the angle between

: _’_-R — e
> QF = b and QK = a. Thus by definition of the cross product,

. la x bj . [bilaxb] _axbj
sinff = —— andscd = Ih 0= =
fal b T

(bya=G@R = (1,2~} and b = QP = {1,-5,~7). Then
axb={(~2)(=7) - (~1){~5), (=1)(1) — (=1)(=7), (~1)(=5) — (—2)(1)} = (9,~8,7). Thus the

. . _ﬁlaxbf_ 1 ™ ool
distance is d = =7 81464 +40= /124 - f.a__




