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CHAPTER 1

P.E. 1.1

(a)

(b)
(c)
(d)

|4+ Bl=V36+4+9=7

A+ B=(103)+(52,-6)=(6.2.-3)

54-B=(50.15)-(52,-6) = (0,-2,21)

([e)

The component of 4 along a, is A=

34+ B =(3,09)+(52,-6) = (8,2,3)
A unit vector parallel to this vector is
(8,2,3)

J64+4+9

= +(0.9117a, +0.2279a, +0.3419a. )

P. E. 1.2 (a) The distance vector

(b)

(c)

ror = e — 1o =(0,3.8)-(2,4,6)

=-2a,—a, +2a,

The distance between Q and R is
[roki=\/4+1+4 =3

Vector ry, =1, —r = (1,-3,5)- (2,4.6) = (- 1,-7,-1)

et 7
A P

Opor = 70.93°

(d) Area = Y lrop x rop| = 14](15,-4,13)

=10.12

- -—IJI




P.E. 13 Consider the figure shown below:
40
U,=U,+U, =-350a, + —=(-a, +a,)
z 4 W N \/E( X }
= -378a, +28.28a,

or
u=73793£175.72°

- N
% A

u

’ X . 4 E
\ u

Uy

S
P.E. 1.4

At point (1,0), G = ay;
at point (0,1), G = -a,;
at point (2,0), G = ay;

a, +a,

atpoint (1,1),G = :————; and so on.
P NG

It is evident that G is a unit vector at each point. Thus the vector field G is as
sketched in Fig.1.8.

P.E. 15

Using the dot product,
5 AeB -13 13
C = = = - _—
O = ap T J10ves - V30

or using the cross product,

AxB|  [481
AB \630

sinf ,, =

Either way,
6,;, =120.66°

S




P.E. 1.6
E-F)F -10(4.-10,5
(a)E,::(E’thF:( :) — ( )
|F| 141
=-0.2837a, +0.7092a, - 0.3546a,

a. a. a,

X ) M
b)ExF={0 3 4/=(5516,-12)
4 -10 5

a,., = 1(0.9398,0.2734,-0.205)

P.E. 1.7 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 = —1~|axb| = l[bxc| = l|c><a]
2 2 2
40 -1
Laxs|= .l.l 0 I: Li6-17.12)
2 21 3 4 2

Area = —;—49+289+144 =10.51

P.E. 1.8

(a) PP, :\/(xz _xl)z +(.Vz _yl)z +(zz _z’)z

=25+4+64 =9.644

(b)rp =rp + l(r,.l —rp )
=(1,2,-3)+ A(- 5,-2.8)
=(1-54,2-24,-3+84).

(c) The shortest distance is

d = P,P,sin6 =|P,P,xa,, |

6 -3 5

-5 -2 8

(-14.-73-27) =82




Prob.1.1

r=(-3.2.2)-(24.4) =(-5-2,-2)
_(

r -5,-2,-2)
a, = — = ——=———=x=-0.8703a, — 0.3482a_-0.3482a.

Prob. 1.2

(a) A +2B =(2.5,-3)+(6,-8,0)=8a, - 3a, -3a,
(b) 4 -5C =(2,5,-3)-(5,5,5) = (- 3,0,-8)

|A-5C|=v9+0+64 =8.544

(c) kB = 3ka, - 4ka,

[kB| = \/9k? +16k* = 45k =2

= k=¢c.{

(d)A-B=(25-3)-(3-4,0)=6-20+0=14
2

A><B=’
3

5 -3
=(-12,-9,-2
4 0 , ( )

AxB (12 9 23

(— e —) =0.8571a, +0.6428a  +1.642a,

A-B 14’1414

Prob. 1.3

(a) A-2B =(2,1,-3)-(0,2,-2) = (2,-1,-1)
A-2B+C=5a, +4a,6a,

(b) A+ B =(2,2,-4)
C-4(A4+B)=(357)-(88,-16)=-5a, - 3a, +23a,

(c)24-3B =(4,2,-6)-(0,3,-3) = (4,-1,-3)
IC|=v9+25+49 =9.11
2A-3B

cl

=0.439a, -0.11a, -0.3293a,




(d)A-C=6+5-21=-10,

|B|=+2
AC-|B]'=-10+2=-8

3°3 474’4

1 -
2 3 4 2|1.4167 1.5833 0.75

(e)é’“%C (31—1) (3,3 Zj (1.4167.1.5833.0.75)

, =1.1667a, —0.7084a,

~0.7084a,

Prob.1.4
(a) T=@3,-2,1)and S=(4,6,2)
M) rs=r-r=(4,6,2)-(3,-2,1)=a, + 8a, +a,

(c) distance =|rys] = v1+64+1 =8.124m

Prob. 1.5

LetD=aA+ fB+C
=(Sa-p+8)a, +(Ba+4p+2)a, +(-2a+6pa,

D =0-55%-+8=0 (1)
D,=0—>2a+6=0->a=38 (2)
Substituting (2) into (1),
‘ 8 4

15-+8=0->f=——=——

p-b p 14 7
Thus

a:-l—z—,ﬂ;—_—i




Prob. 1.6
A-B=0-0=3a+f-24 (1)
A-C=0->0=5z-2+4y (2)
B-C=0-50=15-28-6y (3)

In matrix form,

(a)A-B = ABcosd ,
AxB = ABsin@ za,
(4-B) +|Ax B' =(4B)*(cos? @, +sin® 6., )=(4BY

241 [3 1 0fa
21=|5 0 4|p
15) |0 2 6|y
310 ,
A=|5 0 4/=3(0-8)-1(30~0)+0(10-0)=-24-30 = -54
026
24 1 0
Aj=12 0 4=-24x8-(12-60)=-144
15 2 6
3 24 0
A, =[5 2 4=3(12-60)-24x30=-864
0 15 6
31 24
Ay=l5 0 2|=-12-75+240=153
0 2 15
A, -144
¥ T Tse T2
A, -864
P=n =T T
y=~A—‘-‘=—1§1=-2.833
A -54
Prob. 1.7




(b)a, ~(a}, xa, )= a,-a,=1. Hence,

a),xa, a

=-2(6-2)+(8+2)-2(4+3)=-8+10-14 = —1

-1 1
P.OxR=(-2-1-2)-(4-10,7)=-8+10-14 = -

4 3 2
(c)QxP='~2 ) _2'=(—4,4,2)

OxP-R=(-442)(-112)=4+4+4=12
-1 1
or OxP-R=R-QxP=|4 3
-2 -1 -2
(d)(PxQ)-(QxR)=(4,—4,2)-(4,—10,7)=16+40—14=§_2
4 -4 2
P R)=
@Ex)xexn-; 7%
P-R (2-1-4) -3 -1
9 = = = = —_—
(DcosOn = plR = Varisavieiod 306 76
0, =114.1°

2
2|=—~(-6+2)-(-8+4)+2(-4+6)=12

=-48a, —36a, - 24a,




_|PxQ Jie+16+4 6

(g)sind =
B)3IMre = IPlo| 3Ji6+9+4 3729
Opp =21.8°

Prob. 1.9
T-5 (2-6,-3)-(1,2,1) -7

(@T,=T-a, = = = — =-2.8577
S| V6 Jo ———

(s- T) _-7(2-6,3)

b S, =(Sa,)a, = =
=-0.2857a, +O.8571ay ~0.4286a,

: T x 5] -6 3 |(-12,,10) 245
Opg = e = = = =0.9129
(©)sin s T|s] 1 2 1 7J6 7J6
= O = 65.91°
Prob. 1.10

AB -1+12+15 26

AA. =A-a, = =6.95
@ = ts = g = s a2
_(B-A)A4_ 26(-165)
b)B, =(B-
(®)B, =(B-a,)a, = 4 (1+36+25)
=-0.4193a, +2.516ay +2.097a,
(c)cos@ _AB_ 20 S
“ 4Bl Je2y1+4+9 V624
0, =28.05
-1 6 5
(d)Ax B = ‘=8ax+8ay—-8az

A unit vector perpendicular to both A and B is
8a,+8a,—8a, a, +a,-a

a = =
A8 8J1+1+1 E)

£ =0.577a, + 0.577a,-0.577a,
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Prob. 1.11
cos&—H‘a"— 3 -3
H|  J9+25+64 98
0, =72.36°
9 Ha, 3 5
cosl = — = =—
|H|  J9+25+64 98
6, =59.66°
0 H-a, -8 -8
COosS = = =
IH  J9+25+64 98
6, =143.91
Prob. 1.12
111
R= =(3,-1,-2
Qx ‘2 0 3) ( )

P-(QxR)=(2,-11)-(3,-1,2)=6+1-2 =5

Prob. 1.13

(a) Using the fact that

we get

(AxB)xC =(4-

C)B-(B-C)A,

Ax(AxB)=~(AxB)xA=(B-A)A-(4-A)B

(b) Ax(Ax(4x B))= Ax[(4-B)4-(4-A)B]
=(4-BYAxA)-(4-A)4xB)
Prob. 1.14
A, A A A, A A
A-BxC) =|B, B, B| (MB)}C=|B, B B
c. C C c, C

Hence, A-(BxC) = (AxB)-C
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Prob. 1.15

PP =r, —r, =(-6.0.-3)
PP =r, —r, =(15-6)

-6
PP, xPP = |
l

=(15.39,-30)

-3
-6

Area of the triangle = %[P,Pz x P,P,| = %\/152 +39° +30° =25.72
Prob. 1.16 }

LetPy=(4,1,-3), P, =(-2,5,4),and P; = (0, 1, 6)
Py

a=r, —r, =(-2,54)-(4,1,-3)=(-6,4,7)
b=r, —r, =(01,6)-(-2,54)=(2-4,2)
c=r, —rp =(4,1,-3)-(0,1,6) = (4,0,9)

Note thata+b+c =0

a-b -12-16+14
a-b=abcos(180-y)—> —cosy = =
(180-7) "l T Vioivaa

14

=08 ——— =73 47°
4 V101424 =
b-c 8+0-18
b-c=bccos(180-B)— —cosf = =
(180-7) p lblc| V24497
-1 10 .
= CoS = 78.04
o V24497 =—

a-c=accos(180 - a) - —cosa = - = -24+0-63
lale] V101497

28.48°

a 87
a=C0S —=——=—==
VI01v97 =

|
|

n
|

it




11

Prob. 1.17

@) rpy =1y —rp =(2,-13)-(~1.4.8) = (3,-5.-5)

Fro = |rop| = V9 +25+25 = 7.681

(b rpg =rg —rp =(-1,2.3)- (—148) (0.-2.-5)=-2a, - 3a,

(C)rogp = =rpy =-3a, +5a, +5a,
=r,-r, _(2,-1,3)-(—1,2,3)= 3a, -3a,

cosg = ¢r Tor 915 __—24
rorlror|  V9+25+25V9+9  (18Y59
6 =137.43°

Tor =

(d) Area = %’rg,, X rQR’

Fop XTop =

-3 5 5
=15a, +15a, —-6a,
3 -3 0 ’ )

Area=%\/152 +1524+6% =11.02

(¢) Perimeter = QP + PR+ RQ =1y, + pg + Tor

V59 + 4+ 25 +418
7.681+5.385 + 4.243
17.31

o

~

2 ;

Prob. 1.18

(a) Let A =(4,B,C) and r =(x,y,2)
(r-A)A = (x-A)4 + (y-B)B + (z-O)C
= Ax+ BIV+ Cz+ D
where D = -4 — C2. Hence,
(r-A)A=0 ——>Ax+By+Cz+D 0
which is the equation of a plane.
(b) (r-A)-r = (x-A)x + (y-B)y + (2-C)z
If (r-A)-r =0, then
x4y +22—Ax——By—Cz=0

which is the equation of a sphere whose surface touches the origin.

(c) See parts (a) and (b).

(



Antonio Pertence



12

Prob. 1.19
(a) Let P and Q be as shown below:

y
\ Q

0;

0,

~
>

|P|=cos® 6, +sin’ 6, =1,|Q| = cos? §, +sin’ 0, =1,
Hence P and Q are unit vectors.

(b) P-Q = (1)(1)cos(8, -6,)
But P-Q = cos6, cosd, +sin6, sin6,. Thus,
cos(#, — 6, ) = cosb, cosb, +sinf, sinb,

Let P, = P =cosb,a, +sin6,a , and
Q, =cosb,a, -sinb,a,.
P; and Q; are unit vectors as shown below:

—> <

P -0, =(1)(D)cos(b, +86,)
But P, - @, =cos6, cosb, —sinb, sind,,
cos(6, +6,) = cos6, cosb, —sin6, sinb,

03 b}' -63 in Q

Alternatively, we can obtain this formula from the previous one by replacing
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(c)
! / . _
3|P~ o= El(cose, - cosf.)a, +(sinf, - sind ,)a,

/
2

4

3 . k4 R . ki . .
= '—\/cos' 0,+sin"0,+cos”0,+sin"0, - 2cos0,cosB, - 2sinb, sinf ,

! /
= 5\/2— 2(cosB,cosb, +sinb, sinb,) = E\/Z_ 2cos(0,-90,)
Let 0,-6, =0, the angle between P and Q.

1 /
—2—|P— O E 3\/2— 2¢cosb

But cos2A =1 — 2 sin ?A.

l / — _
EIP- Ql= E\/Z- 2+4sin"0 /2= sin®/2

Thus, .

i el 92‘91
51P- Ol=lsin——==|

Prob. 1.20
w = Kl’g_z_’g_). = (1,—2,2), r= rp -r = (1’3’4) — (2,—-3’1) = (-—1’6’3)
1 -3 2
u=wxr= = (-18,-5,4)
-1 6 3

u=-18a, -5a, +4a,

Prob. 1.21

(@) AtT, A = (—4,3,-9)
|4 = V16 +9+81 = 1106 =10.3
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(b) Letr,;, = B =Ba,
(-4.3,-9)
B=56a;=a,=—""-
EARERNTE
_5.6(-4,3,9)
10.3
=-2175a, +1.631a, - 4.893a,

rc =B

(C) ryg =rg —rp D> rg =rp +rp
org ==0.175a, +O.63lay -1.893a,

Prob. 1.22

(a) At (1,2,3), E=(2,1,6)

|E| = V4 +1+36 = Va1 = 6.403
(b) At(1,2,3), F=(2,-4,6)

(E-F)F 36
E.=(E-ap)a, =—IF|2——=§g

=1.286a, —2.571a, +3.857a,

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

0 1 -3
ExF = = (-3,0,0)
0 -1 0

ExF

ag.r =il“E;F|=iax

(2,-4,6)
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CHAPTER 2
P.E. 2.1

(a) At P(1,3,5), x=1, y =3, z=3,

p=yxi+y? =410, z=5, d=tan”’ y/x=3

P(p.¢,2)= P(/10,tan”' 3.5) = P(3.162,716".5)

Spherical system:

r=xi+y*+ 20 =35 =5916
r=yxt+ytezt = J35=5916

0= tan" \[x’+ 7 [z= tan" VI0/5= tan™ 06325 = 32.31°

P(r,0,9)= P(5.916,32.31°,71.56°)

At T(0,-4,3), x=0 v =-4, zZ =,

p=yx'+y’ =4,z=3,¢p=tan"' y/x=tan"'-4/0= 270°

T(p,p,z) = T(4,270°,3).

Spherical system:

r=yx*+y’+22=56=tan" p/z=tan"'4/3= 5313°.

T(r,0,p) = T(553.13°,270°).

At S(-3-4-10), x =3, y=-4, z=-10;

p=x>+y* =5 =tan"'-4/-3=2331°
S(p,4,2) = S(5,233.1- 10).

Spherical system:

r=yxt+yrezt = 5J5= 1118

6= tan"% =tan"'5/-10= 15343,
. S(r.0.4)= S(1118.15343° ,2331°),

(b) In Cylindrical system, p= x> +)?; z = zpsind,

p _ zpsing

st 0 =00 Q. =t
CTpee 97T et

ft

'l




0, cosg sing 0f Q,
Q,|=|~-sing cosg 0| 0 1;
Q. 0 0 1j0.

0, = 0, cosb - \/"ﬁ% 0, = -0,siné - \/;’Sﬂ

Hence,

- p . . -
= ——==(cos¢ g, ,- sin¢ a,, - zsind a_).
Q ] va, ¢

In Spherical coordinates:

Qx:rsin¢

= sing;
,

1
Q, =-rsingsinfrcosd Pl rsinfcos@sing.
0. sinfcosg sinfsing cosf || Q,

O, | = |cosBOcosg cosfsing -sing|| 0 |;
4) - sing cos¢ 0 0,

0= QX. sinfcosg + Q, cos = sin’ Gcosg - rsinfcos’ Hsin 4.
0, =0, cosfcosg - Q,sinf = sinfcosPcosg + rsin’ GcosHsin @.

Q,=-Q, sing = - sinBsing.

<

At T :

- 4 - 12 - -
O(x,y,2) = St 5 =08a,+24a.;

- 4 - - -
Q(p,¢,2)= 3 (c0s270°a, - sin270° a4 - 35in270° a-

= 08&¢ + 24[1; N

- 4 45 - 43 20 - 4 -
Q(r.0.9)=5(0- Ss(-Dar+ 5 (500~ 5 (=Das- 5(-Da,

36 . 48

= SzdrtTzast za, = 144a, + 192¢,+ 084, ;

25 25 5

L Q= sin@(sin@cosqﬁ—rcos2 Hsin¢)dr + sinfcos@(cosg + rsinﬁsin¢)d0 - sin@sin ¢d¢ .

16
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P.E.2.2 (a) |

Hence,

Note, that the magnitude of vector Q = 2.53 in all 3 cases above.,

A cos¢ -sing 0 pzsing

X

A | =|sing cosdp O] 3pcosd

¥

4, 0 0 1| |pcosdsing |

A= (pzcos§ sing - 3pcosg sing)a, + (pzsin’¢ + 3pcos’ §)a, + pcosf sing a. .

7 X .
But p=x’+y’, tang= Z, cosf = 5, sing = —,y—T;
X VXt VX 4y

Substituting all this yields: ﬂ

- ! - - -
A:—\/——z+;;~[(xyz-3xy)ax+ (' +3x%)a,+ xya,). |
Xty

sin@cos¢ cosOcos¢p -sing || r?

BX
B, | =|sinBsin¢ cosOsing cos¢ 0
B, cosO -sin@ = 0 sin@ ‘ |

y I

[T, 2
Si - 2 2 2 __xi_ 2.
ince r=4x"+y +z°,tanf = , tan$==;
z

z
_ Jx’+y’ 2
and sm9=——2—22—. COSG=‘_,—‘2——2;
,/x +y +z \/x’+y +2z
y x

d sing =——2—o COS® = .
A = v R AR s

2 . . .
B, = r*sinBcos¢ — sinOsin¢ = rx-

%I Y[\«

B, =r’sin@sin¢ + sinBcosd = ry+

1
B. =r’cos® = rz= —(r’2). !
r

[{x(x? + 7 +2°)=yla, + (x*+y +2%)+x}a, +z2(x° +y +27)a )

i

El
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P.E.2.3
(

(d)

P.E.24
(a

(b)

(c)
At (1,

a.=

(a) At
L,n/3,0), H=(0,05.1

- - ! - -
a, = cos ap—sintb a, = -2-(a0 —\[3_a.)

oL 3
Hea,=- £ = -0.433.
4
(b) At:
(I,n/3,0), ao=cosba,-sinba. = -a..
a, a, a:
- Ji -
Hxa,=|0 > 1= -05a,
0o 0 -1

ap ‘—1‘ &

Hxa. = |0 1/2 1| = 05a,.
0 0 1

Hxa.| = 05

AeB = (3,2,-6)+(4,0,3) = -6.

3 2 -6 - B
6a,-33a, - 8a,

4 0 3

Thus the magnitude of Ax B = 34.48.

n/3. 3a/4)., 8=n/3.

. / J3
cosba, - sinfa,. = Sdr - T da.
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L 3 1. 3.
(dva)a. = (5~ V3) (Gar - = av)

= -0116a, + 0.20] as.

Prob. 2.1

(a)
x = pcosg = lcos60° = 0.5;

y = psing = 1sinl120° = 0.866;
z = 2;

P(x,y,z) = P (05, 0866, 2).

(b)
x=2c0s90° = 0; y=2sin90° =1,

Q =0(0,1,-4)

(©)
x = rsinfcos¢ = 3sin45°cos210° = - 1.837;

y=rsinfsing = 10sin135°sin90° = - 1.061;
z=rcosf = 10cosl35° =2.121
R(x,y,z) = R(-1837, - 1.061, 2.121).

(d)
x = 45in90° cos30° = 3464.

y=3sin30°sin240° = 2.
z=rcos@ = 4cos90° = 0.
T(x,y,z) = T(3464, 2, 0).

Prob.2.2

t
n
f
—_
e

(a) Given P(1,-4,-3), convert to cylindrical and spherical values;




20

- -4
7 c 284.0+4°.
L P(p.0.2) = (4123, 28404 . - 3),

0= tan”’ % = tan
x

Spherical:

reyx 4yt = I 16+ 9 = 5.099.

4123
L tan” = = 12604,

P(r,0,4) = P(5.099, 126.04°, 284.04¢).

= tan

Prob.23
(a)
X = pcosg, y= psing,

V= pzcosg- p’singcosg + pzsing

(b)
Us=x>+y +20+y*+22°
= r* + r’sin? @sin® g + 2+ cos? 6
= F*[1+ sin? Bsin’ g+ 2cos?
Prob. 2.4
(a)
D, cosp sing Ol 0
D,|=|-sing cosp 0| x+z
D. U

D, = (x+z)sing = (pcosé + z)sin¢

D, =(x+ z)cos¢ = (p cosd + z)cos¢

D= (p cosd + z)[sin¢ a,+ cost a,]

Spherical:
D,] sindsing ..|[ 0
D, | = cosbsing ...\ x+z
D0 cosd L 00

p=yx* 4y = JPe 9 =17 = 4123,

20
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D, = (x+ z)sinf cos¢ = r(sinh cos¢ + cosd)sin sin¢.
D, = (x+ z)cosd sing = r(sinf sin¢ + cosd)cosb sing.
D, = (x+ z)cos¢ = r(sinf cos¢ + cosf)cosé.

D = r(sinf cos¢ + cosd)[sinf sing a, + cosO sin¢ ay + cosé a, ).

(b) Cylindrical:

: 2 2
E, cosg sing O} |y -x
E,| = |-sing cosg O xyz
E. 0 0 I |x*-2

E, = (»? - x*)cosg+ xyzsin ¢

= p’(sin’ g~ cos’ g)cosp + p’zcospsin’ ¢
= - p’ cos2¢cosg + p’zsin’ geosd. /

E, = -(y* - x*)sing + xyzcos¢

I

p’ cos2¢sing + p’ cos2@sing + p’zsingcos’ g.

E.=x’-2* = p’cos’ ¢- z2°. '

E = p’cosg(zsin’ §- cos2@)a, + p* sing(2cos® ¢ + cos2@)a, + (0 cosg- z%)a..

In spherical:

E sinfcos¢ sinBsing cosd | |y’ -x’
Ey| =] cosBcos¢ cosOsing -sind xyz
E, -sing " cos¢ 0 x’-z? ,

E, = (y' - x")sinBcos¢ + xyzsinBsing + (x’ - 27)cosh;
but x = rsincos¢, y=rsinfsing, z=rcosd;
E, = r’sin’8(sin’ ¢ - cos’ §)cosd + r’sin’ cosd sin’§ cosd + r’(sin’ 0 cos’ ¢ )cost;
i

t
I

Eg= (¥’ - x’)cosB cosd + xyzcosBsing - (x° - z°)sin; |
= - r’sin’0 cos2¢ cosB cosy + r’sin* 0 cos’@sin’§ cosd - r(sin’@ cos’ § - cos’0)sind:
E, = (x" - y7)sing + xpzcos¢

=r’sin’0 cos2¢ sing + r*sin’ 0 cos’ ¢ sin¢ cos: ”




tw
v

i
E = [-r'sin’ 6 cos2¢ + rsin’ 0 cosh sin” ¢ cosg + »*(sin’ 0 cos’ ¢ - cos’8)cosb a, - |

[~ 7" sin” 6 cos2¢ cosf cos¢ + r* sin’ 8 cos’ B sin” ¢ cosp - r sin@(sin’ 0 cos’ ¢ - cos’8)]a, +

+  [r’sin’Bcos2¢sing + r’sin’0 cos’ ¢ sing cosd]a,

Prob. 2.5 (a) |
[ ] l

X

To |
cosg sing 0| |[VP +Z

F
; y
F,| =|-sing sing 0| | ==
(4 2 2
F, 0 o0 1|VP**

4
/p2+z2J

1 p
F, = -=——=[pcos’ ¢+ psin’ @] = ———= )
P s e = g;

1
F, = ——==——==[-pcosd@singd+ pcosdsin =0
) = ol peosssing+ peospsing]

P 4
N P !
i
_ 1 - - :
F= T (pa, t4a.). '
Vol +z .
) 1
In Spherical:
Fi.
F, sinf cos¢ sinBsind cosh | |~
Fy| = |cosbcosy cosOsing -sinf z
r
F, - sinf cos¢ 0 4
L7 ]
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r. , Fooa ., 4
= —sin"Bcos' 0 + —sin’Osin’Q + —cosh

, =

. 4
sin“d + —cosh;
14 14 ¥ ¥

H

X 4,
sinf cosh - js1n9;

. , : . 4.
Fy =sinb cosB cos™ ¢ + sinf cosfsin" ¢ - —sinh
¥ /4

F, =~ sinf cos¢ sin¢ + sinB sin¢ cosé = 0,

. , 4 i, .
“ F = (sin"0+—sinB)a, + sinB(cosh - —)ay.
r r

(b)
M ” 7
xp°
[ 2. 2
G, cosg sing 0 P +2"
G,| =|-sing sing 0 __y%?
G. o o 1j|VvP*
BEAES
2 3
P 2 . 2 P
G, = —=—=[pcos” ¢+ psin =
T e N
G¢ =0

2

G -
= \/;)2—-1-;;,

2

G =L —(pa,+za)
o+ z
Spherical :
) o xrsinf
G. sinf cos¢ sinfBsing cosh .
Gy | = {cosBcosy cosOsing -sinf| | ysind
G, - sing cos¢ 0 zsinb
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G, =rsin’ 0 cos’ ¢ + rsin’ 0 sin’ ¢ + 7 cos’ 0 sin@
=rsin’@ + rcos’sin® = rsind.

G, = rsin’0 cos6 cos’ ¢ +rsin’0 cossin’ ¢ - rsin’ 8 cosd
= rsin” 0 cosf - rsin’ 0 cosh = 0.

G, = - rsin’0sin¢ cos¢ + rsin’§ cos¢ sin¢ = 0.

¢

.G = rsinf a,.

Prob. 2.6 (a)
A, cos¢ -sing O |p(z2°+ 1)]
A,| = |sing cosp Of|-pzcos
A 0 0 1 0

A= p(z + I)cosd + pzsind cos¢
7, 22 X
x+y (z7+ 1 X+
VXi+y )/——x2+y VX’ }’(x2+y

xyz

x? 4 y?

i1

x(Z2+ D+

A, = p(z°+ )sin ¢ - pzcos’¢

\/x +y (2 +1) %L
\/x‘+y2

x’+y?

xz

= Y2+ 1) - —=;
| yxi+y?

A.= 0

2
= K@+ 1) + )a, + [+ D) - = iy,
VXt yxi+y?

24
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B sinf cos¢ cosB cos$ - sing 2x
B, |=|sinfsin¢ cosfsing  cos¢ | | #cosh cos6
B. cosf - sinf 0 -rsin¢

B, = 2xsinb cos¢ + rcos’ 0 cos’ ¢ + rsin’ ¢

x*+ y’ x+} + 2’

\/x"+y"\/x3+y:+z2 X +yi+ 2’ x ty

xT+yT 2]

2x’ xz LY ‘X’ +y +2’

2 2 .’+ 2 2 2 2 2
\/x+y+z (X + Y )Wx +y' +z

. . 2 . .
B, = 2xsinf sin¢ + rcos 8 sing cos¢ - rsin¢g cos¢

2xy\x’+y? \/x +y’+ 2 (xyz )

;
Y"f'l

7. 2. 2 Xy
+y° + 20 (——
-yJx’+y (x2+ 7)

\/x+y\/x+y+z X'+ yiez?
B 2xy xyz’ xpyx’+ pT s z:..
—\/x"+y2+z2 +x"+y"\/x2+y2+z" ) ‘/x2+y2 ’
B, = 2xcos- rsinf cos cos¢

_ 2xz NP (p)x?+
ey (FP+y’ 420 xl+y?

_ 2xz xz _ Xz )
—\/x"+y"+z2_\/x2+y"+z" ) N

- 2x? p xz ",/x"i» 2v 27
SB = p LAY

) ) ) ]“x
Vxi ey e 2 Yy Wxt e y? 4 2 x*+ y?
2x X Z X ‘[x2+ 2+22 -

[
\/x"+y2+z (x’ +y)\/x +y’+2? x’+y?

Xz -
[ h 2 hd ]a:
\/x' +y +z




(b)

Prob 2.7 (a)

0
1]

D =

cos¢p -sing O] | zsing
=|sing cosg O] |-pcos¢g
0 0 1 20z

R 2
: , Xyz XYy xT+y°
zsingcosg + psingcosg = — Y + :

xt 4y’ Xty
- , yZZ xZ ,x2+y2 '
zsin" ¢~ pcos’ ¢ = —— - 2,2
x“+y X +y
20z = 2z4/x*+ 7
2 2
xyz xy - Yz X - 2 -
= (7= + —=)a,+(—5—5 - > 2)ay4r2z,/x +y’a.
Xty x'+y Xty \/x +y
[ sind |
sinf cos¢ cosB cosp - sing r’
o . cosf
= |[sinOsing cosBsing cos¢ B
,
cosf | - sin¢ 0 0
L J
sin’fcos¢ cos’@cosh coso x
= 2 + 2 = 2 = > k) 2 )
r re r \/x‘+y2(x2+y“+z‘)
sin’ 0 sin¢ . cos’0sing  sing y ‘
r? r? r? V(7 + y e 2y

sin6 cosf sinf cosf
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(©)

Prob. 2.8 (a)
a.ea, =(cospa, - singas)ea, = cos¢
a.say = (cospa, - singas)ea, = - sing
a,ea, =(singa, + cosgas)sa, = sing
a,s a, = (singa, + singa,)ea, = cos¢
(b)
Since a, , a,, and a. are mutually orthogonal
aea.=1, awea,=0;, a.ea,=0.
Also, a,ea.=0;, a,ea.=0.
cos¢ -sing 0 ax* ap ax® as
sing cos¢ O|=| ayea, aya
0 0 1 a,ea, a.ea,

In spherical system:
a, = sinf cosd a, + cosd cos aq - sing ay.
a, = sinfsing a, + cosf sing as - cost as.

<

a.= cosba, - sinfas.

Hence,
a.* a, = sinb cosd;
a.% as = cosH coso;
a,ea, = sinf sin¢;
a,sa = cosd sing;

a-sda, = cosd;

a.eay = - sinf;

a.ea.
a,ea.

aea;
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(a)

Prob 2.9 (a)

rz\/x2+y3+z2 = \/p2+zl.
6=tan'2; 4=y

or

= \Jx?+ 3 = Jr¥sin® Ocos? ¢+ r?sin Gsin’ @.
P J

= rsing,

.

z = rcosé, ¢

From the figures below,

cosf a,

sinf(-a,)

aO
1 a
0 cosaq,
sinfa,
>
Y

a.=sinba. + cosda,; a = cosba, - sinfa.; a, = a,

Hence,
a, sinf 0 COSB o
as| ={cos® 0 <sind
a, 0 1 0

From the figures below,

ay = cosBae + sinBa,; a.=cosba,-sindas; a, = a,.
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