Cylindrical coordinates

Cartesian <— Cylindrical

x=rcosO R=r+z

y=rsin® R=ri+2zZ

z=2 r=/x*+y?

If a vector v depends on u, the vector that points in the direction of increasing u is,

av
€y = a (1)

Identifying x' = 0, x> = r and x> = z, we compute the vector e; in order to obtain the elements of the covariant metric

tensor g;j = €; - €;.

r=(r-%) X+(r-§) §

r=rcos® X+rsinf y

Thus, R=7r cos® X+r sin® §+zZ, and the vectors e; are,

JR
ee:%:%(r cosO f("‘r sin® }A’+Zi)
ep = —rsin® X+ rcos® § &
JoR 0 . A
&= = $<r cos® X+7 sin® §+2z2)
e, =cosOX+sinb § )
_ JR

)
e, = %= a—z(r cos® X+r sin® §+7z2)

e, =12 “

The cylindrical coordinate system is orthogonal, therefore g;; =0V i# j. Accordingly,

g11 =@&-8 = (—rsin® XK+ rcosO§)- (—rsin® X+ rcos®§) =rsin®0+r’cos’0= — g =1
g0 =& & = (cos® X +sinB §) - (cos® X +sinB §) =cos’O+sin’0 — gp=1 5)

g3 =¢8-6=22 — g =1



The “physical” components, B_;~ = ,/g;; B' become,

B> =Bg=+/g11 12\/"»23] — B<1>:"B1
Bo» =B,=gn B’ =V1B* - Bo. = B

Boy =B, =/gnB =V1B* - B = B

Be the equations (29)-(32),
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where g = g11 g22 €33. In cylindrical coordinates, /g = V 2-1-1=r,B' = Bg/r, and,

q=29o, p:—/rBZa’r7 t=2=Ro 0, H:—/Bedr.

! p:—/\/§B3dx2, r=x, H:—/\/gBldxz.
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