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Figure 3-8: Differential length, area, and volume in
Cartesian coordinates.

(b) Components of A

Figure 3-2: Cartesian coordinate system: (a) base
vectors %, ¥, and 2, and (b) components of vector A.

r = ry cylinder

Figure 3-9: Point P(r{,$1,21) in cylindrical coordinates; 7, is the radial distance from the origin in the x-y plane, ¢; is the
angle in the x-y plane measured from the x-axis toward the y-axis, and z1 is the vertical distance from the x—y plane.
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Figure 3-10: Differential areas and volume in cylindrical
coordinates.

surface

X

Figure 3-13: Point P(R1, 61,41 ) in spherical coordinates.

R sin 0 do

X

nates.

Figure 3-14: Differential volume in spherical coordi-




Table 3-1: Summary of vector relations.

Cartesian Cylindrical Spherical
_ Coordinates Coordinates Coordinates
Coordinate variabies X, 92 o,z R, 6,0
Vector representation, A = XA, +FA, + 24, PA, + (f)A¢ + 74, Rag +64, +(|3A¢
Magnitude of A, |A| = {/AZ+AL 4 A2 (/AR +AG +A {[AR+AF+AD
— N . N . N N
Position vector OP; = Xx1 +¥y1 +12z4, tri+12zy, RR;,
for P(x1,1,21) for P(r1,01,21) for P(Ry,61,1)
Base vectors properties $R=9y=22=1|tF=¢-b=2-2=1 R~R=é-é:q§'$=1
29=92=2%=0 | t-¢=02=2-t=0| R-0=6-¢=06-R=0
Ex§=2 Exp=12 Rx0=9¢
§x2=% dxi=+ 6xo=R
EX%=§ ixE=¢ dxR=6
Dot product, A-B = AxB,+AyBy+A;B, A,B, +A¢B¢ +A,B, ARBr +AgBy +A¢B¢
x §y z i ¢ z R 6 §
Cross product, A x B = Ax Ay A Ay Ay A Ar Ag Ay
B, B, B, B, By B Br By By
Differential length, d1 = Kdx+§dy+2dz fdr+¢rddp+2dz | RAR+6ORAO+PRsin0do
Differential surface areas ds, =Xdydz ds, =trdodz dsg = RR?sin0d0d¢
dsy =Ydxdz dsy = ¢drdz dsg = ORsinOdR dd
ds, = 2dxdy ds, = ardrdd dsy = QRARdO
Differential volume, d7 = dxdydz rdrdddz R?sin®dR dO do

Table 3-2: Coordinate transformation relations.

Transformation ‘ Coordinate Variables ‘

Unit Vectors ’

Vector Components

Cartesian to

r= 212

=Xcos¢+§sing

A, =A;cos0+A,sing

Iy
cylindrical o =tan"!(y/x) ¢ = —Ksin¢+§cosd Ay = —Aysing+A,cosd
7=z i=13 A, =A,
Cylindrical to X =rcosd g =fcosp— sin¢ Ay =A;cosd—Aysing
Cartesian y=rsin¢ y=rtsind+dcosd Ay =A;sin¢+Agcosd
z=z =17 A=A,
Cartesian to R= {/x2+y2+72 R =%sinOcos - | AR =A,sinBcosd
spherical +¥sinOsind+2Zcoso +AysinBsing+A,cos0
8 =tan [ {/x2 +y2/z] | 6 =%cosBeosd Ag = Aycos0cosd
‘ +§cosOsind —Zsin® +Aycos0sing —A,sind
o =tan"!(y/x) ¢ = —&sing+§cosd Ay = —Aysing+A,cosd
Spherical to x=RsinBcoso X = Rsinecosq) Ay =AgpsinBcos¢
Cartesian +écosecos¢ —sing +AgcosBcosd—Aysind
y=RsinBsin¢ ¥y =RsinBsing Ay = ApsinBsing
-l—écosesinq)—Hf)cos(b +AgcosBsind + Ay cos
z=Rcost Z=Rcosb—0sin0 Az =AgrcosB —Agsin®
Cylindrical to R=rt+72 R = #sin®+2cos 6 Ar=A,sin6+A,cos0
spherical 0 = tan"(r/z) 6 = fcosb—2sin® Ag=A,cos0—~A,sin0
9=0 4= Ay = Ay
Spherical to r=Rsin6 £ =Rsin®+6cosd A, = AgsinB+Agcos0
cylindrical O=10 o= (f) Ay =4y
z=Rcos6 % =Rcos®—0Bsind A; =ApcosB —Agsinb




~ CARTESIAN (RECTANGULAR) COORDINATES (x, y, z)

: av oV av
VV = axg ‘f'ay‘-a—; +az—5;

_0A, 04, M4, _
VA=Y TR :
a, a, a '
13 9 al| (o4, oa 4, 94, a4, 94,
VXA = ox dy oz 'a"<ay_"é?>+ay<az 8x>+az(§— oy
A A, A,
oV PV PV
2 jamad Rl —_— —
ViV = 8x2+ayz+az2
CYLINDRICAL COORDINATES (r, ¢, z)
dV .19V oV
VV = r—é—r—+¢;%+z—§z—
19 194 94,
VA= LY TR T
£ or 2 .
1o 0 al| .(10A, 94\ .[34, 04\ .1[d A,
VA=Y % & ”r(‘;‘a'a“éz‘>+¢(az‘“a?)*z;b(““q’)—%]
A rhy A
b _ 12 (VY LEY v
ViV = ror\' o +r2 a¢2+822

SPHERICAL COORDINATES (R, 6, ¢)

LV A1V . 1 v
Vo= R 0% 36 HRsme 3
V-A = g BAR Y pome 56 om0+ rine 30
R OR §Rsind
1 |3 9 d
VXA = R%sin6 | 9R 00 90 S
AR RAQ (RSlne)Aq)
_a 1 o, 4] al1[ 1 24z 9 (170 dAg
= Risme [ae(A“’Sme) 3 } 0% Line I §E(RA¢)} oz {ﬁk(RAe)_ "a?]

R2sin6 06 20

2 N 1
ViV = 19 (Rzé‘—/—> + 19 <sineav> + 19V "

R2sin%0 54)—2
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Imaginary
spherical
. surface

Figure 3-20: Flux lines of the electric field E due to a
positive charge ¢.

Figure 3-23: The direction of the unit vector fi is along
the thumb when the other four fingers of the right hand
follow dl.
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