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CHAPTER 1

P.E.11
(@ A+B=(103)+(52-6)=(6,2-3)

|[A+B|=~36+4+9=7

(b) 5A-B=(5015)-(52-6)=(0,-2,21)

(© The component of A along ay is Ay =

o

(d  3A+B=(309)+(52-6)=(823)
A unit vector parallel to this vector is
(8,2,3)

a = ——
" J64+4+9

— +(0.9117a, +0.2279a, +0.3419a, )

P.E.12 (a) r,=a,—-3a,+53,

r, =3a,+8a,

(b) The distance vector is

e =Tz — 1y =(0,3,8)—(2,4,6) =-2a, —a, + 23,

(©) The distance between Q and R is

|t FV4+1+4 =3

P.E.1.3 Consider the figure shown on the next page:
40
u, = u, +u, =-350a, +$(—aX +a,)
=-378.28a, +28.28a, km/hr

or

u, =379.3£175.72° km/hr

Where up, = velocity of the airplane in the absence of wind
uw = wind velocity
u; = observed velocity
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P.E.14
Using the dot product,
AeB -13 13

€09 = a8 = J10ves - V50

0,5 =120.66"

P.E. 15

@E, =(E-a ). = EFJF_-1004-105)

FP 141
= -0.2837a, +0.7092a, —0.3546a,

a, a, g
(b ExF={0 3 4|=(5516,-12)
4 -10 5

ag. = +(0.9398,0.2734,-0.205)

P.E. 1.6 a+b+c=0 showing that a, b, and ¢ form the sides of a triangle.
a-b=0,
hence it is a right angle triangle.

Area=Ljaxb|=Zoxc|=[cxa|
2 2 2

E|a><b|:1‘4 ° _W:3|(3,—17,12)|
2 211 3 4| 2

Area = %\/9 +289+144 =10.51




P.E.1.7

(a) PR, :\/(Xz _)(1)2 +(Y2 - Y1)2 +(Zz _21)2
=~/25+4+64 =9.644

(b)rp =1, + /1(er - rpl)
=(1,2,-3)+ A(-5,-2,8)
=(1-54,2-24,-3+81).

(c) The shortest distance is

d = P,P;sing =|P,Py xay |

_1]s 35
- Jo3|-5 -2 8
1
== |(~14,-73-27) =8.2

Prob.1.1

o =4a,—5a, +2,

_fe __ (45D —0.6172a, —0.7715a, +0.1543a,

a, =
® ree | J(16+25+1)

Prob. 1.2
Method 1:

Mg =T —Ta foe =1 —Ig, fea=Ta— I

Mg +lge +lepa =l =M+l =T +r,—1. =0

Method 2
Mg =l — I, =(-2,0,3)-(4,-6,2) =(-6,6,1)
e =1 —r; =(10,1,-7)-(-2,0,3) = (12,1,-10)
fep =1, — 1. =(4,-6,2)-(10,1,-7) =(-6,-7,9)
Mg+ lec +1ca =(0,0,0)=0

Prob. 1.3
(a)




A-3B = (4,-2,6)—3(12,18,-8) = (4,2, 6) — (36,54, -24)
= (-32,-56,-30)

(b)
2A+5B = 2(4,-2,6) +5(12,18,-8) = (68,86, 28)

|B|=+/122 +182 + 8 = /532 = 23.065
(2A+5B)/| B |- (68,86,-28) / 23.065 = 2.948a, +3.728a, —1.214a,
(c)

1 0 0
a,xA= =-6a, —2a,
4 -2 6 4
(d)
12 18 -8
Bxa, = =-8a,—18a,
1 0 0 ’

(Bxa)ea, =-8
Prob. 1.4

(@) A'B =(10,-6,8)(1,0,2) =10+16 =26
10 6 8
1 0 2
=-12a,-12a, +6a,

AxB :‘ =(-12-0)a, +(8—20)a, +(0+6)a,

(b)

(c) 2A-3B=(20,-12,16)(3,0,6) =17a, ~12a, +10a,

Prob. 1.5

(@) A—B+C =(=2,5,1)+(~10,-3)+(4,-6,10) = (1, —1,8)

1 3
BxC = = (18,2,-6)
(b) 4 —6 10
Ae(BxC)=(-251)e(18,2,-6) =—36+10—6 = —32
AeB -2+0+3
c) cosd,, = = =0.05773 —> 60,,=86.69°
© AB J4+25+141+9 he
Prob. 1.6
11
BxC = =a,—2a,+a,
) ‘0 1 2‘ '

A(BxC)=(10,~1){L-21)=1+0-1=0




1 0 -
AxB = =a,—2a,+a,

11 1
(AxB)C =(1,-2,2)10,1,2) =0-2+2=0

(b)

(c) Ax(BxC) L0 e 2a2a
x(BxC) = =-2a, — -
1 -2 1 x Ty T

(d) (AxB)xC = =-5a, —-2a, +a,

1 -2 1
0 1 2

Prob.1.7

@) T=(4,6,-1)and S= (10,12, 8)

(b) rg=r,—r =(10,12,8)-(4,6,-1) =6a, +6a,+9a,
(c) TS=r |=+v36+36+81=12.37

Prob. 1.8

(@) If Aand B are parallel, B=kA, where k is a constant.
B,=kA, B,=kA, B,=kA
For B,, 3=k(-) —»> k=-3
B, =a =kA =(-3)(4)=-12
B, = S =KA, =(-3)(2) =6
Hence, a=-12,/=-6

(b) If A and B are perpendicular to each other,
AeB=0 —— 4a+2-3=0

Prob. 1.9
10 5 -2
(@ Axa, = =2a, +10a,
Y10 1 0
(b) Aea, =2
(©) cosd, =128 2 6, =100.14°

= —
Vv100+25+4 11.358 !




Prob. 1.10

(a) A-B=ABcosd,,
AxB=ABsing,.a,

(A-B)" +|AxB|" =(AB)’(c0s’ f,5 +5in’ 0,5 ) = (AB)’

(b)a, ~(ay ><az):aX -a, =1. Hence,
ayxaz :a_X:aX
a,-a,xa, 1

a,xa, @

Prob. 1.11

@ P+Q=(6,2,0),P+Q-R=(71-2)
|P+Q-R|=v49+1+4 =+/54 =7.3485

2 -1 -2
b)P.QxR={4 3 2 =2(6—2)+(8+2)—2(4+3):8+10—14:4='r
-1 1 2
QxR= 43 2‘:(4,—10,7)
-1 1 2
P.Q><R=(2,—1,—2)~(4,—1O,7)=8+1O—14:£r
4 3 2
(C)Q><P=‘2 ¥ _2‘=(—4,12,—10)
QxP[R=(-4,12,-10)-(-11,2)=4+12-20=-4
-1 1 2
or QxP-R=R-QxP=[4 3 2|=—(-6+2)—(-8-4)+2(-4-6)=-4
2 -1 -2
(d) (PXQ)-(QXR)=(4,—12,10)~(4,—10,7)=16+120+70=@
(e) (P><Q)><(Q><R)=t11 _1?} 170‘:16ax+12ay+8az




PR (-2-1-4) 7
c0s 6, = = = =-0.9526
(f) €00 PR Va+1+4V1+1+4 36
_ IPxQ| 16+144+100 +/260
(9) sin 6eq P[Q  3/16+9+4 329
Ony =86.45
Prob. 1.12

A'B = (4,-6,1)(2,0,5)=8-0+5=13
(@) |Bf=2°+5"=29
AB+2|B[*=13+2x29=171

(b)
a, =+ AxB
| AxB |
4 6 1
Let C=AxB= =(-30,-18,12)
2 0 5
a, =+ ¢ _, (3501812 =+(-0.8111a,—0.4867a, +0.3244a,)
|C| 30° +18° +12°
Prob. 1.13

PQ =(2,-6,5)1(0,3,1) =0-18+5=-13

PxQ 2 75 3 _ 514 -2a +6a
X = = — -
0 3 1 X Y :
P.Q -13
c0S O, = = =-051 —— 6,,=120.66°
" PQ 10465 P
Prob. 1.14

P and Q are orthogonal if the angle between them is 90°. Hence
PeQ=PQcosf#=0

PeQ=(2,4,-6)e(52,3)=10+8-18=0
showing that they are perpendicular or orthogonal.




Prob. 1.15

(@) Using the fact that
(AxB)xC =(A-C)B-(B-C)A,
we get
Ax(AxB)=—(AxB)xA=(B-A)A-(A-A)B
(b) Ax(Ax(AxB))= Ax[(AeB)A-(Ae+A)B]
= AeB) (AxA)} AeA) (AxB)
=-A° (AxB)

since AXA=0

Prob. 1.16 P,

C Ps

a=r,—r,=1-2,4)-(5-31)=(-413)
(@ b=r;-r,=335-@1-24)=(251)

c=r,—r,;=(5-31)-(335)=(2,-6,-4)
Notethat a+b+c=0

alb=-8+5+3=0 —— perpendicular
b-c=4-30-4=0

c-a=-8-6-12+0

Hence P, isaright angle.

-4 1 3

1 1
=—|(@-15)a, +(6+4)a, +(-20-2)a
251‘2“ )a, +(6+4)a, +(-20-2)a,|

Area = E|a><b|:—
2 2

(b)
1 1
= E' (-14,10,-22) |= E\/196 +100+ 484 =13.96




Prob. 1.17

Given r, =(-1,4,8), r1,=(2,-13), r,=(-123)
(@ |PQI=v9+25+25=7.6811
(b) PR=-2a -5a,
(c)
QP =(-1,4,8)-(2,-1,3) =(-3,5,5)
QR=(-1,2,3)-(2,-1,3)=(-3,3,0)
QPR  9+15+0
|QPIQR| 5918
ZPQR =cos™(0.7365) = 42.64°

1 1|-3 5 5
d) Area==|QPxQR|==
(@ 2P RI=21 5 5

(e) Perimeter = PQ+ QR +RP =+/59 ++/18 ++/29 =17.31

0.7365

‘ =0.5|(-15,-15,8)| = 0.5v/225+ 225+ 36 =10.677

Prob.1.18
Let R be the midpoint of PQ.

Iy =%{(2,4, 1)+ (12,16,9)} = (7,10,4)

OR =+/49+100+16 =+/165 =12.845

(~OR_12845 ) 05 ms

Vv 300
Prob. 1.19

Area = Twice the area of a triangue

4 1 5
:|DxE|:
-1 2 3

= (-7,-19,9) |= /49 +361+81 = 22.16

—|(3-10)a, +(-5-12)a, +(8+1)a, |

Prob. 1.20

(a) Let P and Q be as shown below:

y Q

01




10

P|=cos® 6, +sin? 6, =1,|Q| =cos® 6, +sin® g, =1,
Hence P and Q are unit vectors.
(b) P-Q =(1)(2)cos(6,-6,)

But P-Q =cosé, cosé, +siné, sing,. Thus,
cos(é, —6,) = cosé, cosd, +siné, sin b,

LetP, = P =cosf,a, +sinda, and

Q, =cosb,a, —sinb,a,.
P, and Q; are unit vectors as shown below:

y

/K Pl
0,+0,
\HQ\L X

Q1

P Q1 =@ Cos(el + 02)
But P, - Q, =cosé, coséd, —sind, sind,,
cos(é, + 6,) = cosé, cosd, —sind, sin g,

Alternatively, we can obtain this formula from the previous one by replacing

0, by -0, in Q
(c)
%| P-Q |:%| (cos &, —cosd,)a, +(sing, —sind,)a, |

_1\/ 2 §02 2 £ 02 2 25 ;
=5 cos“ 6, +sin“0,+cos"6,+sin“0,-2cosb, cosb, - 2sinb, sinb,

1 1
= E\/Z_ 2(cosh, cosh, + sind, sinb ) = E\/Z_ 2co0s(0,-0,)
Let 6,-6, =6, theangle between P and Q.

%|P—Q|:%\/2—Zcos¢9




11

But cos 2A =1 -2 sin A,
1 1 -2 ;
E||3_Q|=§J2—2+4sm 012 =sin6/2

Thus,
2P -QHsinf24
2
Prob. 1.21
wo(l,-2,2
w:%:(l,—Z,Z), r=r,—r,=0134)-(2,-31)=(-16,3)
1 -2 2
U=@XI = =(-18,-5,4)
-1 6 3

u=-18a, —5a, +4a,

Prob. 1.22

F=@LLY, r,=(01)-(010)=(-11)

cosg= e _@=14D) _1 , c0s3
n, J3J3 3 —

Prob. 1.23

T-S_(2-63)-(121) -7
S| J6 76
S-T)T _-7(2-63
©)S; =(5-a ), = TZTF: (72 )
=-0.2857a, +0.8571a, —0.4286a,
i - ~12110) 245
(C)Sin¢9TS:M:‘2 6 3‘:|( ,,0)|: 245
Tsl o2 1 7 76

= 0, =65.91"

@T,=T-a =

=0.9129

Prob. 1.24
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Let A=A, +A;
A-B
AB] :(A‘aB)aB i

B-B
Hence,

B

A-B

=A-A, =A-—"B
Ao = A=A, = A=

Prob. 1.25

(@) AeB=20+0-10=10

20 15 -10
(b) AxB= =15a, —30a, —15a,
1 0 1 4
© A =(Asa)a, - A2DE TETE) gy 15
Prob. 1.26
Aea =A =Acosa — COSa—i—;—02673 -  a=745
" A Ja+16+36 —
AY —4 0
cosff=—=——=-05345 —> =122.31
NN = p=122.31
A _ 6 o
cosy=—-=—=0.8018 — =36.7
NN~ 7=07
Prob.1.27

(@ H(L3,-2)=6a, +a, +4a,
a (6,1,4)
" J36+1+16
(b) |H|=10= \/4x2y2 +(x+2)*+7*
or

=0.8242a, +0.1374a, +0.5494a,

100 =4x*y? + x> +2xz + 2>+ 7*

Prob. 1.28
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R=Ra;, R=4
a, - PxQ
| PxQ]
P><Q:2 N =-2a, +a, +8a
1 2 0 Y ’
ag = ~2a,*a, 18, =-0.2408a, +0.1204a, +0.9631a

R =Ra, =4(-0.2408a, +0.1204a, +0.9631a,) = -0.9631a, +0.4815a, +3.852a

z

An alternate choice of R is  —0.9631a, +0.4815a +3.852a,

Prob. 1.29

@ At(1,-2,3), x=1,y=-2,z=3.
G=a,+2a,6+6a,, H=-6a,+3a —3a,

(b) GH=-6+6-18=-18

oSOy, = CH___ 18 38
) GH  6.403x7.348

Oy =112.5°
Prob. 1.30

(@) H =10(2)(16)a, —8(-8)a, +12(4)a, = 320a, +64a, +48a,

Let F=a -a,
b _ _
(b) H. = (Hea )a, - (H .|2:)|: _ (320-64)(1,-1,0) _128a, 1282
F 1+1 v
Prob. 1.31

(a) At (1,2,3), E = (2,1,6)
|E|=/4+1+36 = /41 = 6.403

(b) At (1,2,3), F = (2,-4,6)
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E-F)F 36
Er =(E-a)ac Z#Z%

=1.286a, —2.571a, +3.8574a,

(2,-4,6)

(c)At(0,1,-3), E=(0,1,-3), F=(0,-1,0)

0 1 -3
ExF = =(-3,0,0)
0 -1 0
ExF
a == =ta
ExF |EXF| X
Prob. 1.32

(a)AtP,x=-1, y=2,Z:4

D=8a,-4a,-2a,, E=-10a +24a, +128a,

C=D+E =-2a,+20a,+126a,

Cla, =Ccosd, —— c0sb, = Cha, _ 2 =-0.01575
(b) C 224207 +126°

6, =90.9°




