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CHAPTER 2
P.E.21

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

p=+x2+y? =410, z=5, g=tan'y/x=tan'3=71.6°
P(p,0,2) = P(y/10,tan™*3,5) = P(3.162,716°,5)

Spherical system:

= Jx?+y2+ 7% = /35 =5916
0=tan™\/x* + y? [z = tan"\/10/5 = tan 1 0.6325 = 32.31°
P(r,60,p) = P(5.916,32.31°,71.57%)

At T(0,-4,3), x=0 y =-4, z=3;

p=X°+y?*=42=3,p=tan'y/x=tan-4/0= 270°
T(p,0,2) = T(4,270° 3).

Spherical system:

r=x’+y*+2*=560=tan" p/z=tan"4/3=5313.

T(r,0,¢)=T(55313,270°).

At S(-3-4-10), X =-3, y=-4, z=-10;
p=+X+y> =54¢=tan™ (_—g) =233.1°

S(p,¢,2) = S(5,233.1-10).

Spherical system:
r=x?+y?+z2 =55 =11.18.
0 =tan" 1"7_tan‘li—153.43°;

S(r, 6, $)=5(11.18,153.43°,233.1°).

(b)  InCylindrical system, p=+X* +Vy’; yz=12psing,
Zpsin
Qs =t Q=0 Q - Zpsnd .

/p2+22’ /p2+22’
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Q, cosg sing 0| Q,
Q, |=|-sing cosg 0| O |;

Q, 0 0 1|Q,

Q ZQXCOS¢=LOS¢, Q¢:_stin¢:ﬂ
P /p2+22 /p2+22

Hence,

Q =L(cos¢ap -singa , —zsinga,).

/pz_l_zz

In Spherical coordinates:

Q.- rs'rnezsine;

Q, =—rsingsindrcosd 1 =—rsingcosdsin .
r

Q sindcos¢g sindsing cosé || Q,

Q, | = |cosfcosg cos@sing —sind || O |;

Q, —sing CoS¢ 0 Q,
Q,=Q,sinfcosg + Q, cos@ = sin* fcos g — rsin@cos’ sin .
Q,=Q, cos@dcosg — Q,sin@ = sinHcoscos ¢ + rsin® dcosOsin g.
Q,=—Q, sing = —singsing.

Q= sine(sin @cos ¢—r cos’ Hsinqﬁ)ar + sin@cosO(cosg + rsingsing)a, —sindsinga, .

At T :
Q(xy,2) = %ax + %az =0.8a, +2.4a,;

Q(p.¢.2) :g(cos 270°a, —sin 270°a4 —3sin 270°a,

=0.8a,+2.4a,;
4 45 4 3 20 4
r,0,¢)=—(0-—(-1)a, +=(=)(0+—(-1))a,—=(-Da
Qr.0,9) = (0-—- (=1)a, + £ Q)0+ (=D)a, - (-1)a,
:Ear—@aﬁiw = 1.44a, -1.92a,+0.8a,;
25 25 5
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Note, that the magnitude of vector Q = 2.53 in all 3 cases above.

P.E.2.2 (a)

Hence,

A | |cosg —sing O|| pzsing
A |=|sing cosg 0| 3pcosg
A 0 0 1|]|pcosgsing

A= (pzcosgsing—3pcosgsing)ax + (pzsin® g+3pc0s” g)a, + pcosgsinga, .

But p=1/X+Y?, tan¢_ , COS¢= , Sing= y

X .
X +Y N
Substituting all this yields:

A= m[(xyz -3%y)a, +(zy° +3¢)a, +xya,].

B, | =|sinfdsing cosfsing cosg 0
B, cosé -siné@ 0 sing

BX] rnecosqﬁ cos@cosg —sing|| r?

2 2

: X
Since r=\/x2+y2+zz,tan9=—+y, tan¢=l;

z z
X2 +y°

. z

and sind=—2=A—~—-="_ c0S0=——m—r7-——:
X2+ yi+7? X +yi+7°

and sing= y CoS¢ = X ;
X2+y2 X2+y2

B, =r’sindcos¢ —singdsing = x-Y = 1(rzx—y).
ror

B, = r’sin@sing + sindcosg = ry+5 = l(r2y+x),
ror

B, =r’cosd =rz :l(rzz).
r

1

B= ————{x(x+y*+2°)-y}a, + {y(X’ +y*+2°)+x}a,+z(x" +y* +2°)a,].

X*+y?+12

17
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PE23 (a) At
(L7/3,0, H =(0,0.06767,1)

a,=cosga —singa, :%(ap —\/§a¢)
Hea = —0.0586.

(b)) At
L /3,0), as=cosfa,—sinda,

=—a;.

ap a¢ az
Hxa,=|0 006767 1|=
0 0 1

—0.06767 a,.

(©) (Hea,)a, = Oa,.

a, a, &
Hxa, = [0 006767 1| = 006767a,.
(d) o 0 1

|Hxa,| = 0.06767

P.E.24

(@)
AB = (3,2,-6) ¢(4,0,3) = -6.

6a, —33a, —8a,

3 2 -6
4 0 3|
Thus the magnitude of Ax B = 34.48.

‘AXB

(b)

()

At (1, 7/3, 5714), O=rl3,

a,= cosfar —sinfay = %ar —?ag.

(Aa,)a, = @ —ﬁj[%a —?agj = -0.116a, +0.201a,

18
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Prob. 2.1
(@

p=+X+Yy> =+4+25=53852, ¢= tan?Y —tan12.5=68.2°
X
2 2
r=C+y?+22 =J4+25+41-5477, O=tan XY _ tanl@ — 79.48"°

VA
P(p,4,7) = P(5.3852,68.2°,1),  P(r,0,4) = P(5.477,79.48°,68.2°)

(b)
p=\x+y?=/9116=5 g=tan' Y= tan-1i3:360° ~53.123° = 306.88°
X

2 2
r=x*+y?+z° =5, 0=tan XY _tantoo—go°
z
Q(p, ¢, 2) = Q(5,306.88°,0),  P(r,d,4) = P(5,90°,306.88°)
(c)
p=X+y? =/36+4=6325 g=tan)= tan‘1§=18.43°
X

r=x*+y?+z° =+36+4+16 = 7.483,

X“+y? an-! 6.325
z —4

R(p,¢,2) =R(6.325,18.43°,-4),  R(r,0,4) = R(7.483,122.31°,18.43°)

f=tan™* =180° -57.69° =122.31°

Prob. 2.2

(@)
X = pcos¢ = 2c0s30° = 1.732;

y = psing = 2sin30° =1;
z =5
R(x,y,z) = P (1.732,1,5).

(b) _
Xx=1c0s90°=0; y=1sin90°=1, z= -3.

P,(x,y,2) =R, (0,1, -3).

19
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(©)
X =rsin@cos¢ = 10sin(xz/4)cos(x/3) = 3.535;

y=rsindsing = 10sin(xz/4)sin(z/3) =6.124;
z=rcosé = 10cos(rz/4) =7.0711
P,(X,y,2) = P,(3.535, 6.124,7.0711).

(d)

X =4sin30°co0s60° =1

y =4sin30°sin 60° =1.7321
z=rcosd =4cos30° =3.464
P,(x,y,2) = P,(1,1.7321,3.464).

Prob. 2.3

p=+X+y’ =+4+36 =6.324
(a) ¢=tan’ll:tan’1§:71.56°
X 2

Pis (6.324,71.56°,—4)

r=yx*+y*+z° =J4+36+16 =7.485

X“+y? tan-1 8324
z —4

Pis (7.483,122.3°,71.56°)

() O=tan™’ =90° + tan‘li =122.3°
6.324

Prob. 2.4

(@)
X = pCcos¢=5c0s120° =-2.5
y = psing =>5sin120° = 4.33
z=1
Hence Q =(-2.5,4.33,1)

20
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(b)

r :\/x2+y2 +12° :\/,02+z2 =+/25+1=5.099

2 2
f=tan™* NXHY tan 2 = tan S_ 78.69°
z YA 1

¢ =120°
Hence Q =(5.099,78.69°,120°)

Prob. 2.5

T(r,0,) —— r=10,6=60°¢=30°
X =rsindcos ¢ =10sin60°cos30° =7.5

y =rsinédsing =10sin 60°sin 30° = 4.33
z=rcos#=10cos60° =5
T(x,y,2)=(7.5,4.33,5)
p=rsind=10sin60° =8.66

T(p,4,2) = (8.66,30°,5)

Prob. 2.6
(a)

X = pCoS¢, y = psing,
V = pzcos¢g- p°singcosg+ pzsing

(b)
U=x"+y*+2°+y*+27°
=r>+r’sin®@sin® ¢+ 2r>cos’ 6
=r?[1+sin® @sin® ¢+ 2cos” 0]

21
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Prob. 2.7
(a) i i
X
2 2
F, cosg sing O p oz
F,| =|-sing cosg O 2y =
F 0 0 1||VP *?
4
R

1 - P
F =——=[pcos’ ¢+ psin’§] = ——;
P /p2+22 /p2+22
1
2

F, = \/7[—pcos¢sin¢+pcos¢sin¢] =0;

PP +1

F

— 4 -
z /p2+22 '
= 1
F=———(pa,+4a,)
/pz_l_zz

In Spherical:
_Z_
F sindcosg  sin@sing cosd | | '
F,| = |cosfcosg cosdsing —sind %
F, —sing CoS¢ 0 4
1]
r.., 5 r., ., 4 . 5 4
F =—sin“dcos” ¢ + —sin“@sin“ ¢ + —cosd = sin” @ + —cosé,
r r r r

F, =sin@cosfcos’® ¢ + sin HcosOsin® —fsin9= sinecose—fsine;
0
r r

F, =—sindcosgsing + sindsingcos g = 0;

- F = (sin? 0+ cos 6)a, + sinf(cos e—ﬂ)ag
r r

22
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(b) i .
Xp’
. o'+’
G, cosg sing O )
: yp
G,| =|-sing cosg O||—
¢
G, 0 0o 1||VFHT
1p°
R
G, =p—2[pCOSZ¢+pSin2¢] = p—a;
,p2+22 p2+22
G, =0;
G - P .
z /pz 4 72
,02
G =ﬁ(pap+zaz)
p+z
Spherical :
P’ r’sin®@ s s
G="—(xa, +ya, +za,)= ra, =r-sin” da,
r _
Prob. 2.8

y
B=pa, +=a, +1za,

B, cosg sing 0| p
B, |=| —sing cosg O y/p
B, 0 0 1| z

y .
Bp:pcos¢+;sm¢

B, = —psin¢+lcos¢
o

B,=z2

But y= psing

B, = pcosg+sin® ¢, B, =—psin g +sin gcos 4
Hence,
B = (pC0Ss ¢ +sin® g)a, +sing(cosg—p)a, + za,

23
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Prob. 2.9
A cosg —sing 0|2

A |=|sing cosg 0|3

A 0 0 1||4

At P, p=2 ¢=rl2, 1=-1

A, =2cos¢—3sing =2c0s90° —3sin90° = -3
A, =2sin ¢ +3cos¢ = 2sin90° +3¢0s90° =2
A =4

Hence, A=-3a, +2a, +43,

Prob. 2.10

(a)
A cosg —sing O psing
A |=|sing cosg 0| pcosg
A, 0 0 1| -2z

A = psingcosg— pcospsing =0

A, = psin® g+ pcos’ = p=/x* +y?
A =-22

Hence,

A=x*+y’a, —2za,

(b)
B, sindcos¢g cosfdcos¢g -—sing| |4rcosg
B, |= | sindsing cosdsing cosg r
B, cosé —-sing 0 0

B, = 4rsindcos’ ¢ +rcosdcosgé
B, =4rsingsingcosg +rcosdsing
B, =4rcosfdcos¢g—rsing

2 2

But r=+x*+y?+127%, sing=X Y cosp=2
r r

_ Yy

X2 +y?

sing = COS¢ =

X

24
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B= ;[x@x +2)a, + y(4x + 2)a, +(4xz - X* —yz)az]
VX2 +y°

Prob. 2.11

Method 1:

F, sinfcos¢ cos@cosg —sing || 4/r?
F, |=|sindsing cosdsing cosg 0
F, cosd —-siné 0 0

F :ri'zsin gcosg, F, :rizsin gsing, F, :rizcose

2 2
. A XS+ Z
r’=x’+y*+12%, sing=— X 1Y

cosf =

\/x2+y2+22’ X +y?+7°
Yy X
/x2+y2 ' ’x2+y2
- 4 VX +y? X 4x

Xy A7 X +y +2% X +y? Ty )
F-_ 2 XY y 4
Oy 2 [y e Py (K Yy H2)T
B 4 z B 4z

X4y +22 (P +y +7Y) (P +yr+20)¥?
Thus,

sing = CoS¢ =

F

X

=72 2 23/2[Xax+yay+zal}
(X“+y“+29)
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Method 2:
4a, r 4ra
F = r
r2r o3
"IV [xax +ya, + zaZ]
Prob. 2.12

r=2, 6=xl2, ¢=37/2
(@) B =2sin(z/2)a, —4cos(3z/2)a, = 2a,

(b)
B singdcos¢g cos@dcosg —sing || rsind
B, |=| cosfcosg cosdsing cosg 0
B cosd —siné 0 ||-r’cos¢
B, =rsin’@cosg—r’singcosg, B, =rsindcosdcosp—r’cos’ ¢
B, =rsindcosé
’ 2 2
But r=«/x2+y2+22,cos¢9:£,sin¢9:£=$
r r Jx®+y*+z?
X X y y
COSp=—=—F——, SiNg=—=
P Xe+y? P X +y?
2 2
B =X +y?+z2 1Y X (Cyiez y
» y Y17 Jeey (X" +y"+2%) Y
WX +y xy(xXC+y*+7°)
X2y +7° Xt +y?
’ 2
=Xt +y 427 = WX +y X (X+y2+7?) 2X -
X2 +y?+z \/ +y? X2 +y
3 Xz X (X2 +y*+12%)
JC+y 42 X" +y?
m NG +y 2\ X +y?
g Xt 4y’ +2° \/x2+y2+22
B=B,a,+B,a, +B,a,
Prob. 2.13
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X = pCoS¢

® B=pcosga,

X=rsin@cos¢
(b) B=rsindcosga,, B, =0=B,B, =rsindcos¢

B, sindcos¢g sindsing  cosé 0
B, |=|cosdcos¢g cosdsing —sind 0
B, —sing CoS ¢ 0 rsin @cos ¢

B, =rsinédcosdcos¢ =0.5rsin(26) cos ¢
B, =-rsin®dcosg, B, =0

B =0.5rsin(260) cosga, —rsin’ &cos ga,

Prob. 2.14
(@

a, xa, =(cosga,—singa,)xa, = cos¢
a, xay =(cosga, —singay)xas; = —sing
a,xa, =(singa,+cosga,)xa, =sing

ayxay =(singa,+singa,)xa, = cos¢g

(b) and (c)

In spherical system:
a, =sindcosga, + cos@cosga, —singa,.
a, =singsinga, + cosdsinga, —cosga,.

a; = cosfa,—sinda,.

27
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Hence,
a,xar = singcos ¢;
a,xa, = C0s 6 Ccos ¢;
a, xar =singsin g;
ayxay = cosdsin ¢,
a,xar = cos b,

ézXée = _Sin 0,

Prob. 2.15

(a)

a,=cosda, +singa , a, =-—singa, +cosga,
CcoS sin

a,xa, = _¢ ¢ =(cos’ g+sin*g)a, =a,

r —sing cos¢g 0O

a xa 0 0 singa, +Ccosga, =a

X = = — =

77 lcosg sing O * o
—sing cos¢g O .

a,xa, = 0 0 1:cos¢ax+sm¢ay:ap

(b)

a, =singdcosga, +sindsinga, +cosda,
a, =cosdcosga, +cosdsinga, —sinba,
a, =—singa, +cosda,

singdcosg sindsing cosé
cos@dcosg cosdsing —sind

a, xa, =

= (=sin® @sin ¢ —cos’ Gsin g)a, + (cos” &cos ¢ +sin® cos g)a
+(sin @ cos @sin ¢ cos ¢ —sin & cos dsin gcosg)a,

=-singa, +cosga, =a,

y

28
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—sing cos ¢ 0

a,xa, =| .
" [sin@cosg sindsing cosd

¢

=c0sfcos¢ a, +cosdsinga, +(—sin dsin® g—sin dcos’ g)a,

=cosdcosga, +cosdsinga, —sinda, =a,

cos@dcosg cosdsing —sind
—sing CoS ¢ 0

=singcos¢ a, +sindsin ga, +(cosHcos® ¢+ cosfsin’ g)a,

aexa¢ =

=sinfdcosga, +sindsinga, +cosda, =a,

Prob. 2.16
(a)

r=xt+y2+ 22 = \p*+ 2.

0= tan‘lg; b= ¢.

or

p= \/x"- +y?= \/rz sin® @cos” ¢+ r’sin” @sin® ¢.

= rsing,

Z = rcosé, g= 9.

(b) From the figures below,
cosba,
z A Z A
a, a,
a, a
-,
5 sinfda,, \9
cosfa, sinf(-a,)
p

29
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ar =sinfa, + cosfa,; ag =cosfa, —sinfa,; a, =ay

Hence,
& sind 0 coso]|?”
a| =|cosd 0 -sing a,
0 1 0
Q a:z

From the figures below,

a, = cosba, +sinfa;;a, =Ccosda, —sinda,;a, = a,.

i sinfa, ? -
cosba, sinf(-a,)
a T
4
cosfa,
a
a
0 a, 0
p
ap sing cose 0]
as | = 0 0 1] |ae
cosd -singd 0
a'Z a'Z
Prob. 2.17

z -1
At P(2,0,-1), ¢=0, 6#=cos"'| ————|=cos™ (—]:116.56°
Xy +7? 5
(@) a,ea =cos¢g=
(b) a,
(c) a, e a,=cosd=-0.4472

®a, =C0s¢g=
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Prob. 2.18
If A and B are perpendicular to each other, ALlB =0
AB = p’sin’ ¢+ p* cos® ¢ -p°
=p*(sin® ¢ +cos’ ¢ )-p°
:pz —,02
=0
As expected.

Prob. 2.19

(a) A+B=8a,+2a,-7a,

(b) AB=15+0-8=7
2 1
0 -8
=-16a, +(5+24)a, —10a,
=-16a, +29a, —10a,

3
c) AxB =
(c) Ax ‘5

(d) cosé _AB_ /! I
O AB J914+1425+64 +14+/89
=0.19831
0,, =78.56°
Prob. 2.20

G, cosg -—sing 0| G,

G, |=|sing cosg 0] G,

G, 0 0 1] G,

G,=G,cosg—G,sing=3pcosg— pcosgsin ¢
=3x—xsing =3(3) —(3)sin(306.87°) =11.4

G, =G,a,=114a,
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Prob. 2.21
G, cosg sing 0] yz
G, |=|-sing cos¢g 0| xz
G, 0 0 1 xy

G, =yzcosg+xzsing
X=pC0S¢p,y=pSing, YyZ=pzsSing,XZ= pzCOS¢p

G, = pzsingcosg+ pzcosgsing =2pzsingcosg = pzsin 2¢

G, =—yzsing+xzC0s¢ = pz(cos® ¢—sin’ ¢) = pz cos 2¢
G, =Xy = p° cosgsin g =0.5p°sin 2¢
G = pzsin 2ga, + pz cos 24a, +0.5p° sin 2¢a,

Prob. 2.22
A, cosp -sing Of | A
A/| = |sing cos¢ O |A
A, 0 0 1| [ A

_ . ] y O_
\/xz +y° \/xz +y° A

_ y X 0
- \/XZ L yz \/XZ A yz A¢>
0 0 1 A

A, sindcos¢ cosfdcosg —sing| | A
A | =| singdsing cosdsing cosg || A,

A, cosd —-sing 0 A,
X Xz -y
\/x2+y2+z2 \/x2+y2\/x2+y2+z2 \/x2+y2 A
y yz X A
— 2 2 2 2 2 [2 2 2 2 2 ¢
\/x +y*+z \/x +y \/x +y*+z \/x +y A,
oz Xy 0
Xy + 7 X +y? + 72 |

32
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Prob. 2.23 (a) Using the results in Prob.2.14,

A, = pzsing = r?singcosdsin ¢

A, = 3pcosg = 3rsindcos ¢

A, = pcosgsing = rsingdcosgsin ¢
Hence,
A sin@ 0 cosO | r?sind coso sing
Aj|=|cos6 O -sinf| 3rsindcos¢
A 0 1 0 rsind cos¢ sin¢

AT, 0,0)= rsine[sin¢c050(rsin0+ cosg)a, +sing(rcos’ 6 -sindcosg)a, +3cos

pa, ]

At (10,n/23n/4), r=100=n/2,0=3n/4

A=10(0a, +0.5a, —ia¢) =53, —-21.21a,

NG

(b) B.=r’=(p?+7%), B,=0, B,=sing=———
p-+1Z

B, sine cosd 0O} B,
B,|=| O 0 1| B,
B, cosb -sinb 0] B,

B(p,¢,Z)=«/p2+Zz[pap+ '02 a¢+zaZJ

PPtz

At (2,n/6,1), p=2,0=n/6,z=1

B =+5(2a, +0.4a, +a,) = 4.472a, +0.8944a, + 2.236a,

Prob. 2.24

(@) d=+(6-2)7+(-1-1)%+(2-5)*= /29 = 5385

d2=32+5 - 2(3)(5)cosz + (-1- 5)? = 100

b
® 4 o =10
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(©)

d® =10* +5% - 2(10)(5)Coszcos€ - 2(10)(5)smzsm 5 cos(?E - 3—”)

=125 -100(0.7071)(0.866)—100(0.7071)(0.5)(-0.2334)
=125-61.23 +35.33 = 99.118

=+/99.118 =9.956.

Prob. 2.25

Using eq. (2.33),

d? =12 +r7 —2rr,cos, cosd, — 2r,r, sin &, sin 8, cos(4, — 4,
=16 +36 —2(4)(6) cos30° cos90° — 2(4)(6)sin 30° sin 90° cos(180°)
~16+36—0-48(0.5)(1)(~1) =52+ 24 =76
d=8.718

Prob. 2.26

a, cosg sing O

a, |= —sm¢ cos¢ 0
a

z

a, _cos¢a +5|n¢a a ——sin¢ax+cos¢ay
At (0,4,-1), ¢=90°
a,=sin90°a, =a,

H 0
a,=-sin9%0"a, =-a,

Prob. 2.27
At (1,60°,-1), p=1¢=60°,z=-1,
(@ A=(-2-sin60")a, +(4+2cos60%)a, —3(1)(-1a,
=-2.866a, +5a, +3a,

B =1cos60°a, +sin60°a, +a, = 0.5a, +0.866a, +a,
A'B = —1.433+4.33+3="5.897
AB =+/2.866% + 26 +9+/0.25+1+0.866% = 9.1885

AB 5897
AB  9.1885

C0SH,; =

~06419 —— 6, =50.07°
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Let D=A x B. At (1,90°,0), p=14=90°2=0

(b) A=-sin90°a, +4a, =-a, +4a,

_ 0 H o _
B =1cos90°a, +sin90"a, +a, =a, +a,

a, a, a,
D=AxB=|-1 4 0|=4a,+a,-a,
o 1 1
D (4,1-1)
a,=—=———1-—--=0.9428a +0.2357a, —0.2357a
° D 16+1+1 £ 2 .
Prob.2.28

AtP(0,2,-5),  ¢=90°

B,] [cosg -sing 0][B,

B, | =|sing cosg O]||B,

B,] [ 0 0 1||8,
[0 -1 0][-5
=11 0 0|1
0 0 1][-3

B=-a,-5a,-3a,

(a) A+ B =(2,4,10)+(-1,-5,-3)
=a,—ay+/a,.
AeB 52

AB \/4200

52 )= 143.36°.
o)~ 14830

V420

AeB 52
c = Aeap = = - = —8.789.
() &3 B B 'ﬁ%

(b) cosé,, =

0, = COS”

Prob. 2.29
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Bea, =B,

B, cosg -—sing OB,
B, | =|sing cosg O||B
B, 0 0 1(|B

BX:Bpcos¢—B¢sin¢:pzsin¢cos¢—(z—1)cos¢sin¢
=16(0.5) - (-2)(0.5)=8+1=9

¢

z

Prob. 2.30
G=cos’ga_ + Wéy+(l— cos’ g)a,
i

= cos? pax+2cotdsingay+sin’ ga,

G, sindcos¢g sin@dsing cosé cos® ¢

G, | = |cosfdcosg cosfsing —sind | | 2cotdsing
. H

G, —-sing Cos¢ 0 sin® ¢

G, =sindcos’ ¢ +2cosdsin® ¢ + cosdsin’ ¢
=sindcos® ¢ +3cosfsin’ ¢
G, = cosdcos® ¢ +2cotfdcosdsin® ¢ —sindsin® ¢

G, =-singcos® ¢ +2cotlsingcosg
G =[sindcos’® ¢ + 3cosfsin’ gla,
+[cosfcos® ¢+ 2cotdcosdsin’ ¢ —sindsin’ gla,

+singcosg(2cotd —cosg)ay,

Prob. 2.31
@ An infinite line parallel to the z-axis.
(b) Point (2,-1,10).
(c) A circleofradius rsind=5 , i.e. the intersection of a cone and a sphere.
(d  An infinite line parallel to the z-axis.
(e) A semi-infinite line parallel to the x-y plane.

() A semi-circle of radius 5 in the y-z plane.
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Prob. 2.32
(@ J,= ea,)a,.
At(2, =12, 3712), a,=coséa, —sinba, =-a,.
J, =—cos20singa, = —coszsin(3z/2)as =—a,.
(b)J, = tangln ras = tan%ln 2a, =In2a,=0.6931a,.
(€)J,=3-J3,=J-Jr=-ap+In2a4 = —a,+0.6931a,
(d) J.=(ea)a,

a, =sindcosga, +cosdcosga, —singa,=a,.

At (2, nl2, 37/2),
Jo=In2a,.

Prob. 2.33
Hla, =H,
H,| [cos¢ -sing O] p’cosg
H, |=|sing cosg O] —psing
H, 0 o 1)l o

H, = p>cos’ ¢+ psin® ¢
AtP, p=2,$=60°z=-1
H, =4(1/4)+2(3/4)=1+15=25

Prob. 2.34
(@ 5=r-a, +r-a,=x+y a plane
o) 10:|rxaz|:‘é )(; i‘=|yax—xay|=w/x2+y2=p

a cylinder of infinite length
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