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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

T =Te — 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:

u, = u, +u, =-350a, +£(—aX +a, )

V2

=-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,
COSH 5 = AB_ 18 B3
7 AB 10465
0,5 =120.66°
P.E. 15
(E-F)F _-10(4,-105)
a)E =(E-a = =
(@) Er =(E-a;)a; = = il
=-0.2837a, +0.7092a,, - 0.3546a,
a, a, a,
(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=[axb|=Zlpxc|=Zfoxa]
2 2
114 0 -
—| b == E|(3,—17,12)|
211 3 4| 2
Area = E\/Q +289+144 =10.51
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P.E.1.7

(a) PR, :\/(Xz _)(1)2 "‘(yz - 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,

=T o GSD) 61704 077150, +0.15430,
R e (16+25+1)

Prob. 1.2

Method 1:

rAB:rB—I’A, ch:rc_rB1 r‘CA:r‘A_rC

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)
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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|=~/127 +18? + 87 = /532 = 23.065

(2A+5B)/ | B|= (68,86,~28) / 23.065 = 2.948a, +3.728a, —1.214a,

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

(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
BxC = = (18,2,-6)
(b) 4 —6 10
Ae(BxC)=(-2,5,1)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
111
BxC = =a,—2a,+a,
(a) 01 2 y

A(BxC)=(10,~1){L-21)=1+0-1=0
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AxB:‘

10 -
=a,—2a, +a,
11 1 g

(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

1 -2 1
d AxB)xC = =-ba —-2a, +a
@) (AxB)xC=| 2‘ —23,+3,

Prob.1.7
(@ T=(4,6,-1)and S=(10,12,8)
(0) rg=r,—r =(0,12,8)—-(4,6,-1) =6a, + 6a, +9a,

(€) TS =1, |=~/36+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,=-

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

Prob. 1.9
10 5 -2
(@ Axa, = 01 0 =2a, +10a,
(b) Aea,=-2
(©) cosd, =128 2 6, =100.14°

%
\v100+25+4 T 11.358 !
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Prob. 1.10

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

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

(b)ax~(ay><az) a,-a, =1. Hence,

a, xa, a

__x:ax
a,-a, xa 1

a, xa a

z X :—y:ay
a,-a,xa, 1
axxay =aZ=a

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
-1 1 2
oxRr=|* ° 2‘:(4,—10,7)
-11 2
P.QxR=(2,-1-2)-(4,-10,7)=8+10-14=4
4 3 2
(C)Q><P=‘2 ¥ _2‘=(—4,12,—1o)
QxPIR =(-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 = 206
4 -12 10

4 -10

(e) (PXQ)X(QXR):‘ 7‘:16ax+12ay+8aZ
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PR (-2-1-4) =7
w050 =-0.9526
(f) €0S6q = PR J4+1+4J1+1+4 36
_|PxQ| _ V16+144+100 \/260—0.998

6
(9) 5in b = PQ]  3v16+9+4 329

Op, = 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)
0 5
a, == ¢ _, (30-1812) = +(-0.8111a, - 0.4867a, +0.3244a,)
|C| \/30 +182 +12°
Prob. 1.13
PQ =(2,-6,5)(0,3,1) =0-18+5=-13
Q= 3 514 24 +6a
P x =— -
0 3 1 X Y :
P.Q 13
cos 6, =-051 —— 6,,=120.66°
7 PQ ViV "
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.
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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 = %|axb|:5
(b)

= %| (-14,10,-22) |= %\/196 +100+ 484 =13.96
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Prob. 1.17

Given r, =(-1,4,8), r1,=(2,-13), r,=(-123)

(@ |PQl=v9+25+25=7.6811
(b) PR=-2a -5a,
)
QP =(-14,8)-(2,-1,3) =(-3,5,5)
QR=(-12,3)-(2,-1,3)=(-3,3,0)
QPR  9+15+0
IQP|[IQR| /59418

ZPQR = cos™(0.7365) = 42.64°

-3 55
(d) Area = %|QP xQR| = 1 ‘ =0.5|(-15,-15,8)| = 0.5v/225+ 225+ 36 =10.677

=0.7365

2-3 3 0
(e) Perimeter = PQ+ QR +RP =+/59 ++/18 ++/29 =17.31

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_ 42.82 ms

v 300

Prob. 1.19
Area = Twice the area of a triangue

5
3-10)a, +(-5-12)a, +(8+1)a
|, JH3-10a,+(-5-12, +@+Da, |

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

=|DxE|= ‘

Prob. 1.20

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

y Q

01
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P|=cos® 6, +sin? 6, =1,|Q| =cos® 6, +sin® g, =1,
Hence P and Q are unit vectors.

(b) P-Q = (1)(1)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

/M 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)

1| P-Q |:%| (cos &, —cosd,)a, +(sing, —sind,)a, |

1 - - - -
= —\/coszel+ sin*f, + cos*0, +sin’ 6, - 2cosh, cosh, - 2sind, sind,

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

Thus,
l| P -Ql=lsin % 6 |
2
Prob. 1.21
w(,-2,2
:% = (1; _212)! r= rp - ro = (1,3, 4)_(2,—3’1) = (—1,6,3)
1 -2 2
Umoxr= =(-18,-5,4)
-1 6 3

u=-18a, —5a, +4a,

Prob. 1.22
nr=111, r,=@101)-(010)=(1-11)

r-r, (1-1+1) 1

cosf =-+-2= == — @#=7053
J3/3 3 —_—
Prob. 1.23
T-S (2-63)-(121) -7
@T,=T-a= = =— =-28577
s| 76 7
ST
(b)ST:(S'aT)aT_( )T ( )

T? 72
=-0.2857a, +0.8571a, —0.4286a,
sl p oo 9 w8
Tlsf b 2 1 76 746

= 0, =65.91"

(c)sinf;g = =0.9129

Prob. 1.24



https://ebookyab.ir/solution-manual-for-elements-of-electromagnetics-sadiku/

https: //ebookyab |r/solut|on manual for elements-of- electromagnetlcs -sadiku/
Email: ebookyab- e : p, Eitaa)

Let A=A, +A;
A-B
Ay =(A-ay)a, =ﬁ3
Hence,
A-B

= A- A-22B
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;=(Aeay)a; = (A.IZB)B _10(a ) =5a, +5a,
B 2
Prob. 1.26
Aea =A =Acosa — COSa—i—;—02673 -  a=745
" J4+16+36 '
A _ 4 :
cos —~L=——=-05345 > =122.31
NN = p=122.31
A _ 6 o
cosy=—-=—=0.8018 — =36.7
Y= /56 y=30.1
Prob.1.27

(@ H(L3,-2)=6a, +a, +4a,
a4 - (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]
PxQ= N =-2a, +a, +8a
2 0 Y ’
a :—2ax+ay+8az =-0.2408a, +0.1204a, +0.9631a
R m X y z

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

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,+6a, H=-6a +3a, -3a,

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

oSOy, = CH___ 18 538

©) GH  6.403x7.348
Ony =112.5°

Prob. 1.30

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

(b) H. = (Hea )a, - (He IZZ)F (320—64)(1,-1,0)
F 1+1

=128a, ~128a,

Prob. 1.31
(@) At (1,2,3), E=(2,1,6)

|E| = V4+1+36 = /41 = 6.403

(b) At (1,2,3), F = (2,-4,6)
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(E-F)F :36

Ff

=1.286a, —2.571a, +3.8574a,

Er=(E-ap)a. =

5 (4746)

(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 22420 +126°

0, =90.9°
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