ANSWERS TO PROBLEMS
Chapter 1

1.2 Problems
1. a.scalar b.scalar c.vector d.neither e.vector f. scalar
g.scalar h. neither i.scalar  j.vector k. vector 1. vector

1.3 Problems
1. aac=b-a b.c=a-b c.c=-a-b

2. a. &:a+b b. TB:b—a

4. OM =0A+AM =0A +rAB

LLur wur - win
= OA+1(AO+0OB)
wur W wur wm
=(1-1)OA +tOB = sOA +1OB C

UL i (VO U] UL i D

5. Let OA=a, OB=b, OC=¢, OD =d, OP =
wur - un

Since ABCD is a parallelogram, AD = BC.
Henced-a=c-b, so ta+ic=1b+1d
This shows that P bisects AC and BD.

A

6. Let M and N be the mid points of AC and
Let P be the intersection of medians AN and

CP = (1-s)CM + sCB = (1 - s)(1 CA) + sCB (1)
CP = (CA +(1-1)CN =CA +(1-1)(:CB) )
Equate (1) & (2).
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(1-s)(ACA) +sCB = 1CA +(1-1)(1CB)

[(1= 5)(}) ~1]CA =[(1 - 1)(}) - sICB

Since a,@not parallel, (I-5)F)-t=0&(1-1)(3)-s=0,

Solving these equations for s, 7 gives § =1 =73.

So CP=(1-s)(LCA)+sCB=(1-1)LCA)+1CB=1CA+1CB.

Let Q be the mid point of AB. Then FQ =§C_A; +%@ :%(§a+§@) :%@

This shows that CPis parallel to CB so P lies on CQ. Hence the medians are

concurrent.
1.4 Problems

2. (1,0,0), (1,1,0), (0,1,0), (1,0,1), (0,1,1,), (0,0,1)
3, (2,0,0), (2,3,0), (0,3,0), (0,0,1), (2,0,1), (0,3,1)
4. (2,0,0), (0,2,0), (1,1,2)

5. (372,172, 0), 376,172, N2/3)

1.5 Problems

1. a.(5,2,1) b. (-1,0,5) c. 8,-2,2) d. (-5,-1,12) e. (4,6,4) £.(9,6,-1)



(S

(1,2,

4) b. (2,6,-3)

B=(4,8,06)

A=(-1,0,2)

b. B=(3,3

b. A=(2,

c.(6,-8,1)

, 6)

—4,3)

d. £(=2/~29,3/~29, —-4/29)

+2

1.6 Problems

1.

a.

&

e

(S

[S)

o

11 b2 ¢ 13 d 13
\/6 b. \/2_9 C. \/ﬁ
11/4174 b, 2//66

V14 b.V14 c.6v2 d. 30 e V26 f 14

d. (2,-3,3)

+(2/3,2/3,1/3) b. +(3/5,0,4/5) c. =(1/14,2/14,3/14)

e. 28
d. V57 e 153
c. 13//319  d. -23/-/741

C(2,1,3)+ AL1L-D=2)DH+ DD +G)(=D)=2+1-3=0

. (13,5 (2,1, =D=M+ +G) (-1 =2+3-5=0

. (4,51 (2,-1,-3) =(H)(2) +(S)(1) +(1)(-3) =8-5-3=0
. (1,0,1)# (0,1,0) = (1)(0) + (0)(1) + (1)(0) =0+0+0 =0

. (2,3)

b. (1,-2) c. (3,

. (312,172, 0)

1715

b. 9/5

b. (13/9, 26/

c. 60/13

D d (1,3)

9, 26/9)

d. 8/+/5

c. (6,2,2)

d. (27/26, 18/13, 9/26)
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8. c=a+b0 cec=(a+b)*(a+b)l]
cec=a*ata*b+bea+bebl c

b
el =[] +0+0+[b[" 0
el =" + o] «
9. Let OA =a and OC =c. Then .‘
wr - ur
BCes AC=(a+c)*(c—a)
=aec-aca+tcec—cea B A
= —Joft +ef* =0 since [ =Je] and a O

10. ||u+v||2+||u—v||2 Z(u+v)e(u+v)+t(u-v)*e(u-—-v)
—ueutuevtveut+tvevi+ueu-uev-veut+vev

=2ueu+2ve v =2ful +2)v[" = fuf" + fuf + v+ |v]

11. (w+v)*(u—v)=ucu-uev+veu—veyv
=usu-vev=Jul’=|v[ =0 since Ju]=|v|

12. Let ABC be rt. A with hypotenuse BC. Let M be the

mid point of BC. Then C
BM| = ‘CMH :% BCH- We must show N

AM| =1 B?H
o) Now A B

2 — RN — N
AM| =AM+ AM=(AB+1AC)* (1 AB+1AC)

=1AB+* AB+1AB* AC+1AC+ AB+1AC+ AC
2 _ RN -
(AB OAC; OAB- AC =0)

— 2 RN
AB| +0+0+1AC

1
=3
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’ +HR *)=1|pc| (using pythagoras' theorem)

:%(

B

— 2 — _
Since HAMH =1|BC *, taking square roots gives HAMH = %HBCH as required.

13. Let AE and BD be altitudes of AABC. Let altitudes AE and BD intersect at M. We
must show CM 0 AB or

m°ﬁ=0. Now

—_— — —

CMe+AB=CM« (AM+MB)=CMs+ AM +CM * MB
= (CB +BM)+ AM + (CA + AM)+» MB
=CB+ AM +BM+ AM +CA *» MB + AM « MB
=0+BMe+ AM +0+AM+ MB = AM « (BM + MB)
=AM+ (BM -BM) =AM+ 0=0

14. a. i*i=(10)10)=1 i*j=(,0)*(01)=0
b. a=Oj:a+ﬁ:cosai+sinaj
b:@:&+ﬁ:cosBi+sinBj
c. a*b= ||a|| ||b||cos(a —B) =10 Los(a —B) =cos(a —P)
But a*b =(cosai+sina j)e (cosBi+sinf j)
=cosacosP+sinasinf3

Equating the two expressions for a* b gives
cos(0 —3) =cosacosf+sinasinf3
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1.6 Problems

l. a (7,-2,11) b. (10,-12,-2) c. (1,-14,3) d. (17,-14,-13)
2. a. (37,-10,-59) b. (3,-50,11) c. 0

3. a. (7,-2,-11)  b.(10,-12, -2)

4. a. J174 b, 2462 c. V206

5. a V17472 b, J62 ¢ 206/2

6. a. \26/2 b, 5J5/2

7. atb+c=00 ax(atb+c¢c)=ax00 p
axa+taxb+axc=0. Butaxa=00
axb=—-axcl axb=cxall b a
[ to] Sin € =] ] Sin B O
sinC _sinB . . sinB _ sinA A c B
—— =——. Similarly —— = ——
el [Iw] bl [l

8. a. uparalleltovll v=ku O v =(ku,,ku,, ku,)
uxy= a ) 0

ku, ku, 0

= (u,kuy —usku,, —ukuy +usku,, uku, —u,ku,)

=(0,0,0)=0.

u U

ku, ku,

u, u,

ku, ku,

b

b. uxv=0 [ ||u||||v||sin9=0 O sin6=00 6=0.



1.8 Problems

1.

a 4i+3j+7k

a.

b. 3i—j+2k

c. 2i+5j+6k  d.i+2k

i*i=(1,0,0)¢(1,0,0) =M1 +(0)(0)+(0)(0)=1+0+0=1

ixj=(1,0,0)x(0,1,0) ZQ

. 1x1=(1,0,0)%(1,0,0) ZQ

do
ixk =(1,0,0)%(0,0,1) = , )
' ( )X ) EO 1 10 1110 0O

3%k =(0,1,0)%(0,0,1) = - ,

. j*Jj=(0,1,0)¢ (0,1,0) = (0)(0) + (D) +(0)(0) =0+1+0 =1

L i j=(1,0,0)¢(0,1,0) =M)(0) +(0)(1) +(0)(0)=0+0+0=0

. j*k=(0,1,0)* (0,0,1) =(0)(0) +(DH)(O0)+(0)(1)=0+0+0=0

0 0 [t ot OD_(OOO)_O
0 0 |t o]t 0% o
0 o [t o OD(OOl)_k
1 o |0 oo 15: o

o [t o1

0|0 ,
[~ (0,-1,0) =—(0,1,0) = —j

gr of |0 O] |0

(100)—-
F s U, 1

6-6+5=5 b.6-5+24=25 c.8-10-9=-11 d.6-3-6=-3
37 =P P Clan-n-13=7i-75-15k
s ’ — s 1T = 1- -
3-1 s 3 s 2|8 !
A P AP Y E 26 -10.-17) = 26i-10j- 17k
s ) ~ ,» 11U, ™ = 1- -
35 6" |2 o2 5o !
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o b 9 b l
2 2 2 2 l

5. a. a—6a—-5=00 —-5a=50 a=-1 p.6a-12-3a=00 3a=120 a=4
1.9 Problems

1. a. (6,6,2,5) b. (-13,-34,5) c. (3,43,1)

2. a.18 b. 25 c. 41

3. a. A30 b, 115 ¢ /29

1 ]
C(1/:30, 3/+/30, 2/:30, 4/+/30) b, E(S,&O,l) c. ﬁ(&z,—m)

i
o

5. a (1,2,3,D+GB,LL=8)=DB)+2)D+B)D)+A)(-8) =3+2+3-8=0

c. d. similar to a. as shown above.

s

a
o

. (L,1,0,0)=(1,-1,2,3) = (D)D) +(DH(-D)+(0)(2)+(0)(3)=1-1+0+0=0
(1,1,0,0) (2,-2,1,-2) =(1)(2) + (1)(2) + (0)D) +(0)(-2) =2-2+0+0=0
1,-1,2,3)¢ (2,72,1,2) =(D)2)+ (-D(2) + 2)(D) + 3)(—2)=2+2+2-6=0

b. c. d. similar to a. as shown above.

Chapter 2
2.2 Problems

1. a. 2,3,4) b. (1,3,-2) ¢.(3,0,5)



142

2. a.(323)*(x-1,y-0,z-1)=(0,0,0) b.(L23)*(x-2, y=2, 7=-2)=(0,0,0)

c.(5,2,-3)s(x-1, y-1,2-0)=(0,0,0)

3. a. 2x+3y+z=23 p Sx+2y+3z2=28¢c. x+7z=8d. 2x—-y+3z=-4

4. a.2x+y—-z=1 p. Sx—-y+6z2=43 c. x+2y+z=2 ({d 2x-2y-z=2

2.3 Problems

1.

a X=(123)+1(21,4) x=1+2¢, y=2+¢, 7 =3+4t

s

e

d.

=

x=(3,1,3)+1(4,2,5) x=3+4¢, y=1+2t, z=3+5¢
Xx=(415)+1t(1,03) x=4+¢t, y=1+0t, z=5+3¢
x=(1,-22)+t(2,3,-1) x=1+2t, y=-2+3t, z=2—t
Cx=(2,0,-D)+1(1,-2,3) x=2+¢, y=0-2¢t, z=—-1+3¢
x=(-3,2,0)+¢(0,-1,3) x=-3, y=2-t, z=3¢t

Cx=1+t, y=3+4+2¢t, z=4-3t b x=4-2t, y=3—t, z=—-1+4¢
x=2—-t, y=-1+t, z=-3+t d. x=5-4t, y=1-2¢t, z=3-¢
x=4-3t, y=3t, z=-5+t fx=2+1t y=2-5t, z=-2+2t

x-1_y-3 z-4 b x—4 y-=-3 z+1
1 2 -3 =2 -1 4
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x—2 _y+1_z+3 d x—5_y—1:z—3
“T21 T 1 o4 -2 T
x—=4 _y-0_z+5 fx—2_y—2_z+2
“ T3 T3 1 1 55 2
2.4 Problems

I. a.90° b.60° c.60° d.30° e.45° f£.45°

2. a.—17/4/231 b.15/24105 ¢ 14/3J22  d. 1577

2.5 Problems

a3 b.37/52 c.1 do

o

2. a.5/3 b.16/4/11

3. a.13/422 b.10/43 e V14 d. V21
4. a.2//51 b.8/+/83 ¢ 0  d 8/510
5. a1/43 b.10/417 ¢ 137435

2.6 Problems
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6 7
1. a.x=§-t,y=§—7t,z=0—5t b. x=0+4t, y=1-7t, z=1-2¢
3 11
c.x=1+3t, y=2-Tt, z=0+2¢ d.x=0+4t,y=§+2t,z:Z—t

e. X=2+¢t, y=1+4¢, z=3+7t f. x:%+4t, y:%+4t, z=0-5¢

2. a.(3,2,1) b.(2,2,1) c.(-3,4,-5 d.(1,4,1)

3. a.(3,2,1) b.(0,1,1) ¢ (3,0,2) d. do not intersect.

2.7 Problems
1. a.(2,3,1) (2/@, 3/\/ﬁ, 1/@) b. 4,1,1) (4/3@,1/3@,1/3\5)
c. (1,2, 3) (l/ﬂ, 2/@, 3/@) d. (1,3,5)

(11435, 31435, 51435

2. a.(1,-3,4) [1/N26,-3/326,4/26) b, (-1,2,0) (-1/3/5,2/+5,0)

c. (4,2,3) [4/329,2/329,3/4/29) d. (3,0,-4) (3/5.0,-4/5)
3. a. X=2+43t, y=5+2t, z=1+4¢ b. x=3-t, y=-2,z=1+2¢t
c. Xx=4+3t, y=1,z=3+2¢ d. x=5+42t, y=t,z=-2-2t

4, a. 3x+2y+4z=20 b x-2z=1 ¢ 3x+2z=18 4. 2x+y-2z=6



