11.3

5.a-b=(2i+3j) - (i-2)=2-6=—1

Toa-b=(01 -3)-(10,m, —7w) =7+ 37 =47

(1,¢)-(1,2) /2 1+2c /
23. 08450 = e = = = v"ﬁ\-"l—l—czzz—l—%:)10(1+52)=4—|—160+16€2=>
Vi+e2y1 442 2 V1435

6¢2 +16c —6=0= (3c — N{c+3)=0=c=-3 or%. Ifce = %.thené? = 45° and if ¢ = —3. then @ = 135°, so the

desired value of ¢ is %

31. If (¢, 2, —1) and (2, 3, ¢) are orthogonal, then (¢,2, —1) - (2,3,¢c) = 0:thatis, 2c+6 —c =0 ¢ = —6.
32. Let v = ai + bj + ck be a vector orthogonal to botha =i+ j+kand b = —2i + k. Then
via= a+b+c=0 .
Solving the system, we find a = %c and b = —%c. S50V = % %CJ +ck=
v-b=—1a +c=0 < 2
v] = V 3]‘[6‘2 + %cz +e2 = 3%— |e|. Thus, one such unit vector is — = g %ﬂj + ﬁgk. Note that the other unit

\ectorls—| | _—-“'CH—Jﬂ] ﬁé-;l{
v

37 o = 331'- and v = 341'_- Since cos® o + cos® 3 + cos?y = 1, we have cos? {331-] + cos? 8+ cos? {%_—j =1=

2 2
0052;3:1—(%) —("/T,E) :% Thus. cos 3 =+ andso 3 = T or 2T,

3 3

[\JI»—~

4. a=2i+j+4dkandb =3i+k

_ a-b (2i4j+4K) - Gi+ k)
a. promb:(_)a:[ ] }(Ei—l—j#—alk):%itzi—l—j—l—élk}:%—%i+%j+§'—?—k

la]? 44+ 1+16
_ a-b (2Qi+j+4Kk) - (3i+ k) 644 (2 .
b. projjya=|—]b= (3i+ k)= (3i+k)=3i+k
Pred (|b|2) [ 9+1 ] o
43, a={-3.4. —2)andb = (0,1, 0).

a. proj, b = _a-b a= (73.4.72)-(0.1.0) (—3.4 2)=2 134 —2'1':(_]2 i _8)
1 a2 0+16+4 T T B/




11.4

ij k|
3.axb=1 1 0)}=31—3]+2k
0 2 3|
i j k
S,axb=|1 —2 1|=314+35j+7k
3 1 -2
ij k
s . . 3i+j—4k 26 s
15.axb=|_3 1 -2 =31+]—4k.sotherequu‘ed1u11t1-’ectorsa1‘e:|:(7):thatls.:I: = (31 4] —4K).
VO9F1+16 26
11 1
— —
19. For P(1.—1.2). 0(2.3,1). and R(—2.3.4). PO = i+ 4j — k and PR = —3i + 4j + 2k
o
s0 PQ x PR = | 1 4 -1 I = 12i 4+ j + 16Kk. so the area of APQOR is
| -3 4 2|
11 0]

27.a-(bxe)={0 1 =2 | =5=V=la-(bxc)|=][5/=5

[
| ]
L]

. 4 . —_— , .
29. For P (0,0,0). 0(3.—2.1). R(1.2.2). and §(1.1.4). PO = (3, —2.1). PR = (1.2.2). and P& = (1.1.4). s0
'}3 —2 1i
— = = — = =
PO (PRxPS)=|1 2 2|=21Ths 7 =|PQ-(PRx P5)|=I21]=21

1 14

54. Let v = ai + bj + ck be a vector in the desired direction. Since v lies in the plane determined by a =i + 3j + 2k and

|abc|

b=—i+2j+4k. v.a.and b are coplanar.sov-(axb)=0=v-(ax b) = 1 3 2|=81—6b+5c=0 (1). Also,

!—1 24!

vis perpendiculartoc =3i—j+2Kk.sov-e=0=v-c=(ai+bj+ck) - (31 —j+ 2k) = 3a — b+ 2c = 0 (2). Solving

the system for @ and b in terms of ¢ gives a = —qgc and b = —qpc. s0 v = —qgci — 1pci + ck
3a— b+2c=0
We may take ¢ = —10. Then the vector w = 7i + j| — 10k also satisfies the requirements, and the desired unit vector is
w 1 o A6 s 7v6: , v6: A6
U= — — —=W = i+j— 10k) = i+ — k.
] sve 30 (i) )=T30 1+ 3l -3
55.I1fa = (—1,a,3)and b = (2,3, b) are parallel, then a x b = 0 &
i jk )
axb=|-1a 3 | =@ab—-9i—(-b—-06)j+(-3—-2a)k=0i4+0j+0k=ab—-9=0.0+6=0.and
230 )

—3 — 2a = 0. Solving, we finda = —% and b = —6.



11. 5

. . . . x—1
3. Parametric equafions: X = 1+ 2f. y = 3 + 47,2 = 2 + 5f. Symmetric equations: —— = - m = .

T.Let4(2,1,4)and B(1,3,7). Thenv = B = (—1, 2, 3) is parallel to the required line. Thus, parameiric equations of the

. , , x—2 r—1 z—4
linearex =2 —1f,y =1+ 2f, z = 4 4 3t and symmetric equations are N =2 =

14. Suppose L1 and L» intersect at the point Py (xg, vp, Zp). Then there exist numbers f; and £ such that

4+ h = 642

54 H = 1144 Solving the first two equations simultaneously, we find f{ = —2 and f, = —2. Substituting
—142ff = =34+ b
these values into the third equation gives —5 = —5. so the solution to the system is f{ = f = —2. Therefore the point of

infersection is (2, 3, —5). The required line is parallel to the vector v = 4i 4 5j 4+ 2k and so paramefric equations of the
required linearex =24+ 4f,y =3 + 5f,z = —5 + 21.

27. A normal to the given plane is n = (2, 3, —1}. Because the required plane is parallel to the given plane. n is also normal to
the required plane, so an equationis 2(x —3)+3(y —6)—1(z+2) =0 2x + 3y —z = 26.
31. Let 4(1,0, —2). B(1,3,2).and C (2, 3,0). Then AHB = (0,3.4) and A_C}* = (1,3,2). A normal to the required plane is
ij K|
4 I = (—6,4, —3), so an equation of the plane is —6(x — 1) +4(y—0)—-3(z+2)=0&

2 |

(=1
[¥¥) L R -,

1

[ S%]

t
n:ﬁxﬁ:{
t

6x —4y 4+ 3z = 0.

33. Let P(1,3,2). Sefting f = 0 gives the point @ (1, —1. 3) on the line. Also, a vector in the same direction as the line is

i k|
v = (1, =2, 2). so a vector normal to the required planeisn = PQ x v = ‘ 0 —4 1 |= —6i+j+ 4k. and an equation of
| 1 -2 2 |
theplaneis —6(x — 1)+ 1(yv—3)4+4(z—-2)=0=6x —y —4z = —5.
37. Let P(2,1,1)and Q(—1,3,2). %0 @ =(—3,2,1). If n = (2, 3, —4) is normal to the given plane. then a normal to the
ij kK
2 1

[ 8]

3 —4
planeis 11 (x —2)4+10(yv — 1)+ 13(z—1)=0<= 11x + 10y 4+ 13z = 45.

—
required plane is PO x n = ) -3 | = —11i — 10j — 13k = — (11i 4 10j + 13k). Thus, an equation of the required
I |

43. A normal to the plane x + v + 2z = 6isn = (1,1,2) and a vector parallel to the line
L:x=14+fty=2+41fz=-14+tisv=(1,1,1)}. sothe angle between the normal to the plane and the line is
n-v (1,1,2) - (1,1, 1} _ . : :
6 = cos™! (l |) =cos ! ( I : ) ) =cos™1 —* _ 2 19.5°. Therefore, the required angle is about
| [v| VIFI+4/TH1+1 Vo3

90° — 19.5° = 70.5°.

47. A normal to the plane 2x + 4y — 3z =4isn = (2, 4, —3}. Since the line is perpendicular to the plane, its direction is given
by v = n, so paramefric equations of the linearex =2+ 2f, y =3+ 4f,z = —1 — 3f.



. iy . . x— y+2z=1 - .
50. The line of intersection of the two planes is defined by the system Y ’ To find two distinct points on
2x43y— z=2
. ) ) x— yv=1 X— yr=-1 .
the line. we take z = 0 and z = 1 successively to obtain and Solving each system.
2x + 3y =2 2x4+3y= 3

n
tn

we find the points to be P (1,0, 0) and Q (0, 1, 1). Letting R (3, 4, 1) denote the given point. we see that a normal to the

i j k
required plane is RP x RQ = | -2 —4 —1|=-3i+3j—6k=—-3(i—j+2k). Takingn=i—j+2kand R(3,4,1).
-3 =3 0

|
we find an equation of the required plane tobe (x —3)—(y —4)+2(z - 1)=0=x—y+2z=1.
To find the distance between P (3, 1, 2) and the plane 2x — 3y + 4z = 7 < 2x — 3y + 4z — 7 = 0. we write
2(3)=3()+4(2)—7 _ 4,29
\_.-"22 +32 +42 29

n={a b c =2 -3.4=D=



