Question
From the relations

e, = isinfcos¢+ jsinfsin g + kcos b
e, = —ising+jcoso
ey = 1icosbfcos¢ + jcostsing —ksinf

verify that e,, ey, ey, the basis vectors of spherical polar coordinates, form
an orthogonal set, i.e. that they each have unit length and are mutually
orthogonal.

Answer
Showing that the vectors have unit length:

le,| = (sinfcos@)? + (sinfsin ¢)* + (cosh)?
= sin® 6 cos? ¢ + sin® @ sin? ¢ + cos?
= sin®f(cos® ¢ + sin® @) + cos® §

= sin?6 + cos®#

1
el = (sing)? + (cos )’
=1
leg] = (cosfcos¢)?+ (cosBsing)? + (sing)?

= cos®fcos® ¢ + cos® O sin® ¢ + sin® ¢
= cos? 0(cos® ¢ + sin? ¢) + sin® ¢
= cos’f +sin® ¢

1

Showing they the vectors are mutually orthogonal:

e .-e, = —sinfcos¢@sing + sinbcos@sing
=0
e -ey = cosfcos®psinb + sinfsin® ¢cosh — cosfsinb
= cosfsinf(sin® ¢ + cos® ¢) — cosfsin 0
0



e, € = —cosfcos@sing + cos¢cos@sing
0



