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FE #Z Z (Coordinate Systems)

B B3 EE X% (Cartesian Coordinates)

B EFZ % (Cylindrical Coordinates)

B EKEEZ X (Spherical Coordinates)

T. Hirano



k12 2 (Cartesian Coordinates)

[t
Kl

dx
Z A dy —
7T P(xkdX, yHdy, 2+d2)
dz{z‘ g
P(x, Y, 2)
Z# (Variables) X,V, Z
E K (Bases) X9, 2
##5% (Line element) dl = PP’ = %dx + ydy + 2dz

% (Surface element) dS, = %dydz, dS, = $dxdz, dS, = Zdxdy

#1E%& (Volume element) | gV = dxdydz
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H i3] F2 #Z 2 (Cylindrical Coordinates)

Z A P'(p+dp, o +do,z+dz)

Baumkuchen

N

! ;

Z# (Variables) 0,0, 2
EK (Bases) P, P, 2
##3% (Line element) dl = PP' = pdp + Gpde + 2dz

E % (Surface element) | dS, = ppdedz, dS, = pdpdz, dS, = zZpdpde

#1E% (Volume element) | qV = pdpdepdz
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v
Yald
L=l

k12 % (Spherical Coordinates)

N

1 P(r,0,9)
P'(r+dr,60 +do,p + dp)

Z#(Variables) r, 0,0

E ik (Bases) 70, ¢

##% (Line element) dl = PP’ = #dr + Ord6 + ¢rsin 6 do

E3=(Surface element) | dS, = fr2sin6 dfde, dSy = @rsin0 drde, dS, =
zrdrd6

##5% (Volume element) | gV = r2sin 0 drdfde




BxDRMETR

ff f-dSrsz #+ (fr?sin @ dOde)
S S

T 2T
= ff rsin 6 dode = J f r“sin 6 dodg
S 6=0""p=0

T 2T
= r? J sin 0 d6 de = 1r*[—cosO]F - [p]&"
6=0 @=0

=12(1 - (=1)) - 21 = 4mr? rsin®dy
rdo

P(r,0,9)

P'(r+dr,0+d6, ¢+ do)

- =
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XD 1K

fffv dV=UfV 2 sin 0 drd@de

rr T r2n
= f r?sin @ drdfde
Jr=0 9=OJ¢=O
rT' rTL’ 2T
= r?dr sin 6 d@ do rsin6 dg
J‘r:Or 6=0 @=0 6
3
r
= l? [~ cos 815 [¢]3"
0 zt P(r,0,9)
7,.3

4
= ?(1 — (—1)) C T = §7‘[7‘3
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Z#(Transform): (x,y,2) & (p, @, z)

RIE~R 2 b JL(Position Vector)
(

X = pCoSQ

(p,0,2) > (x,y,z) {y=psing
z=2z

(X,y, Z) - (,0; (p'Z) \ QY = tan_l(y/x)

T. Hirano



Z#(Transform): (x,y,2) & (p, @, z)

~ 4% kv (Vector)
Calculate inner products of bases.

(A A :
= COS @ y-p=sme

x-p 2-p=0
-9 =—sing (Y- -P=cosg z-p=0
£:2=0 . Yz=0 2:2=1

Transform (x,y,z) A = XA, + §A,+2A, to (p, @, z) expresyion.

A=p(p-A)+o(@-A)+2(2-A4) <: After transformation
= ,6([0‘ - (XA, + 37Ay+Z“AZ)<: Before transformation
+@(Q - (RAx + YA, +24,))
+2(2 - (RAy + §A,+24,))
=5 (0 DAAH@ - DAy +(p - D)4,)
+¢ (@ DAy +(@ - DAY +(P - D)4, )
+2((@2- DAy +(Z - 9)Ay+ (2 2)4,)

T Hirano Inverse transformation is the same as well.

Substitute



Z#(Transform): (x,y,2) © (1,0, )

LB~ 2 bk IL(Position Vector)

(x = 7 sin 8 cos @
(r,8,p) - (x,y,z) (y =rsinfsing
\Z =T1cosf

(x,y,z) = (1,0,9)
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Z#(Transform): (x,y,2) © (1,0, )

~ %2 kL (Vector)

Calculate inner products of bases.

X -7 =sinf cos @ y-f=sinfsing (2.7 =cosb
{%+-0 =cosfcosg {90 =cosfsing {2-0=—sinb
| X ¢ =—sing | VP =cose . 2:¢=0
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