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Coordinate Systems

B Cartesian Coordinates
B Cylindrical Coordinates
B Spherical Coordinates
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Cartesian Coordinates No. 3
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Variables X, Y, Z
Bases X9, 2z
Line element dl = PP' = #dx + ydy + 2dz

Surface element | dS, = Xdydz, dS, = ydxdz, dS, = Zdxdy

Volume element | dV = dxdydz
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Cylindrical Coordinates No. 4
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Volume element:
Similar to Baumkuchen

Variables P, P,z
Bases 0, P, Z
Line element dl = PP' = pdp + Gpde + 2dz

Surface element | dS, = ppdedz, dS, = ¢dpdz, dS, = Zpdpdep
Volume element | dV = pdpdedz
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Spherical Coordinates

\ P(r,0,9)

P'(r+dr,0+do,p + do)

Volume element:
Similar to onion

Variables

7,0,

Bases

7,0,

Line element

dl = PP’ = #dr + Ord6 + ¢rsin 8 do

Surface
element

dS, = fr?sinf dode, dSy = @rsin 6 drde, dS, =

zrdrd6

Volume element

dV = r?sin@ drdfde
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Transform: (x,y,z) < (p, @, 2) ¢

Position
(x = p COS ¢

(0, 9,z) > (x,y,z2) |y =psing
Z=2Z
\
( Z
p=+x2+y?

(x,y,2) = (0.0.2) Yp=tan'(y/x) |
\Z =Z
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Transform: (x,y,z) < (p, @, z) No- 7

\Vector

Calculate inner products of bases at first.

U o
X-p=cose y:-p=Ssng z-p=0

X-p=—sing (V- P=cosp 12-p=0
X-z2=0 \ y-z=0 z-z=1

Let us transform from (x, y, z) expression A = XA, +
yA,+ZA, to (p, @, z) expression.

A=p(p -A+p(@-A)+2(:2-A) <:| After transformation
= ﬁ(ﬁ - (XA, + 37Ay+ZAAZ)<:I Before transformation
+(P - (A, + PA,+24,))
+2(2 - (RAx + §A,T24,))
=5 (- DAH@ - DA, - D)4,)
+¢ (9 DA+(@ - DAy +(@ - DA,)
+2 (2 DA +(2 - 9)Ay (2 - D)A,)
Inverse transformation is the same as well,

Finish to substitute



Transform: (x,y,z) & (1,0, @) No. 8

Position (o
X =rsinfcos@
(r,8,p) - (x,y,z) Yy =rsinfsing

\Z =T1cosf

r=.x2+y2+ 22

(X,y,Z)%(T,H,(p) <H=COS_1(Z/\/X2 +y2+Z2)
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Transform: (x,y,z) < (1,6, )

No. 9

Vector
Calculate inner products of bases at first.

X7 =sinfcos e y-7 =sinfsing
{% -0 = cos6cosq 1Y 60 =cosfsing
X @ = —sing | VP =059

\

(2. = cos6
Z+-0 =—sind

k Z’\'(ﬁ=0

The procedure is the same as that of the cylindrical coordinates.
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