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Consider a spherical coordinate system (r,0,¢) in which point P is located at (50m, 60°, 30°)
and point P' is located at (42m, 30°, 45°). The position vectors of P and P' in the spherical
coordinate system are r = 50a, [m] and r’ = 42a_[m], respectively. Find

(a) the position vectors r and r’ in the Cartesian coordinate system.

(b) the distance vector R =r — r’ in the Cartesian coordinate system.

(c) the distance vector R =r —r’ at point P in the spherical coordinate system
(d) the distance vector R =r — r’ at point P' in the spherical coordinate system

Hint: Make use of the Table given below.

A circular ring of radius a [m] carries a uniform charge 0, [C/m] and is placed on the xy-plane
with axis the same as the z-axis. Without invoking symmetry, i.e. only by making use of
vector calculus, show that in a cylindrical coordinate system the p-component of the electric
field at points on the axis of the ring (z-axis) is zero.

(1) Solution:"

(a) Inthe Cartesian coordinate system:

P =[50sin(60°)cos(30°), 50sin(60°)sin(30°), 50cos(60°)] = (37.50, 21.65, 25.00)
r =37.50a, +21.654, +25.00a, [m]

P = [42sin(30°)cos(45°), 42sin(30°)sin(45°), 42c0s(30°)] = (14.85, 14.85, 36.37)
r =14.853, +14.854, +36.374, [m]

(b) In the Cartesian coordinate system:

R=r-r=3750a,+21.653, +25.00a, ~14.852 —14.853, —36.37a,
= 22.654,+ 6.80a, —11.374, [m]

= Ria,+ Rya, + R,a, [m]

(¢) Inthe spherical coordinate system:

At P:

R=r-r" = [+Rgsin(B)cos(®) + R, sin(B)sin(@)+ R,cos(6)]a,
[+ Rxcos(B)cos(@) + Rycos(0)sin(@)— R, sin(0)] a,
[~ Rysin(Q) +Rycos(9)]a,

! See textbook for relationship between vector components in Cartesian, cylindrical and spherical coordinate systems.
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[+22.65sin(60°) cos(30°) + 6.80sin(60°) sin(30°) —11.37 cos(60°)]a,
[+22.65c0s(60°) cos(30°) +6.80cos(60°)sin(30°) +11.37sin(60°)]a,
[-22.65sin(30°) +6.80cos(30°)]a,,

[16.99+2.94 -5.69]a, +[9.81+1.70+9.85]a, +[-11.33+5.89]a,,[m]
14.24a, +21.36a, —5.44a [m]

(d) In the spherical coordinate system:

At P":

R=r-r" = [+Rgsin(B)cos(®) + R, sin(B)sin(¢)+ R,cos(0)]a,
[+ Rycos(B)cos(@) + Rycos(B)sin(@)— R, sin(B)] a,
[~ Ry sin(@) +Rycos(Q)]a,
[+22.65sin(30°) cos(45°) + 6.80sin(30°)sin(45°) —11.37 cos(30°)]a,
[+22.65¢0s(30°) cos(45°) +6.80co0s(30°)sin(45°) +11.37sin(30°)]a,
[-22.655in(45°) + 6.80cos(45°)]a,,
[8.01+2.40-9.85]a, +[13.87+4.16+5.69]a, +[~16.02 +4.81]a,[m]
0.56a, +23.72a, —11.21a ,[m]

(2) Solution:
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Since a, =cos @a, +sin @a,, the above may be rewritten as:
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Obviously, contributions along ﬁp add up to zero. However, the result was obtained

without invoking symmetry.
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