
Problem 3.35 Transform the following vectors into spherical coordinates and then
evaluate them at the indicated points:

(a) A = x̂y2 + ŷxz+ ẑ4 atP1 = (1,−1,2),
(b) B = ŷ(x2 + y2 + z2)− ẑ(x2 + y2) at P2 = (−1,0,2),
(c) C = r̂ cosφ − φ̂φφsinφ + ẑcosφ sinφ at P3 = (2,π/4,2), and
(d) D = x̂y2/(x2 + y2)− ŷx2/(x2 + y2)+ ẑ4 atP4 = (1,−1,2).

Solution: From Table 3-2:
(a)

A = (R̂sinθ cosφ + θ̂θθcosθ cosφ − φ̂φφsinφ)(Rsinθ sinφ)2

+(R̂sinθ sinφ + θ̂θθcosθ sinφ + φ̂φφcosφ)(Rsinθ cosφ)(Rcosθ)

+(R̂cosθ − θ̂θθsinθ)4

= R̂(R2sin2 θ sinφ cosφ(sinθ sinφ +cosθ)+4cosθ)

+ θ̂θθ(R2sinθ cosθ sinφ cosφ(sinθ sinφ +cosθ)−4sinθ)

+ φ̂φφR2sinθ(cosθ cos2 φ −sinθ sin3 φ),

P1 =

(
√

12 +(−1)2 +22, tan−1
(

√

12 +(−1)2/2

)

, tan−1(−1/1)

)

= (
√

6,35.3◦,−45◦),

A(P1) ≈ R̂2.856− θ̂θθ2.888+ φ̂φφ2.123.

(b)

B = (R̂sinθ sinφ + θ̂θθcosθ sinφ + φ̂φφcosφ)R2− (R̂cosθ − θ̂θθsinθ)R2sin2 θ

= R̂R2sinθ(sinφ −sinθ cosθ)+ θ̂θθR2(cosθ sinφ +sin3 θ)+ φ̂φφR2cosφ ,

P2 =

(
√

(−1)2 +02 +22, tan−1
(

√

(−1)2 +02/2

)

, tan−1(0/(−1))

)

= (
√

5,26.6◦,180◦),

B(P2) ≈−R̂0.896+ θ̂θθ0.449− φ̂φφ5.

(c)

C = (R̂sinθ + θ̂θθcosθ)cosφ − φ̂φφsinφ +(R̂cosθ − θ̂θθsinθ)cosφ sinφ

= R̂cosφ(sinθ +cosθ sinφ)+ θ̂θθcosφ(cosθ −sinθ sinφ)− φ̂φφsinφ ,

P3 =
(
√

22 +22, tan−1(2/2),π/4
)

= (2
√

2,45◦,45◦),

C(P3) ≈ R̂0.854+ θ̂θθ0.146− φ̂φφ0.707.



(d)

D = (R̂sinθ cosφ + θ̂θθcosθ cosφ − φ̂φφsinφ)
R2sin2 θ sin2 φ

R2sin2 θ sin2 φ +R2sin2 θ cos2 φ

− (R̂sinθ sinφ + θ̂θθcosθ sinφ + φ̂φφcosφ)
R2sin2 θ cos2 φ

R2sin2 θ sin2 φ +R2sin2 θ cos2 φ
+(R̂cosθ − θ̂θθsinθ)4

= R̂(sinθ cosφ sin2 φ −sinθ sinφ cos2 φ +4cosθ)

+ θ̂θθ(cosθ cosφ sin2 φ −cosθ sinφ cos2 φ −4sinθ)

− φ̂φφ(cos3 φ +sin3 φ),

P4(1,−1,2) = P4

[√
1+1+4, tan−1(

√
1+1/2), tan−1(−1/1)

]

= P4(
√

6,35.26◦,−45◦),

D(P4) = R̂(sin35.26◦ cos45◦ sin245◦−sin35.26◦ sin(−45◦)cos245◦ +4cos35.26◦)

+ θ̂θθ(cos35.26◦ cos45◦ sin245◦−cos35.26◦ sin(−45◦)cos245◦−4sin35.26◦)

− φ̂φφ(cos345◦ +sin345◦)

= R̂3.67− θ̂θθ1.73− φ̂φφ0.707.


