Summary of vector relations.

Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Coordinate variables X, Vv, Z rg,z R.0.¢

Vector representation A =

XA, + 5"/4)-' +ZA,

fA, + Ay + 1A,

RAR +045 + 94,

Magnitude of A |A| =

A% + A3 + A2

JAF + A+ A2

Position vector OP] = Xx) + ¥y + 27, try +zy, RR;.
for P = (x1,y1, 21) for P = (r1, ¢1, 21) for P = (R1.01,¢1)
Base vectors properties X'X=y'¥y=2-2=1 i‘-i‘:&-@:i i=1 ﬁ-ﬁ:é-é:$-$:1
§=y-2=2-%=0 | t-¢=0-2=2-F=0 R-6=0-0=6¢-R=0
ix§=1 ixd=12 Rx0=0¢
Fxz=% dxi="r Ox6=R
ixk=¥ ixit=6¢ bxR=0
Dot [)I‘O(lll(‘t A-B= AxBx + A\.‘B} + Asz ArBr + A¢B¢ + Asz ARBR + AQ BQ + A¢B¢
X ¥y oz Poé R 6 ¢
Cross product Ax B = Ay Ay Ag Ar Ay Az Ap Ag Ay
By By B; B, By B Br By By

Differential length 41 =

Xdx+§dy+idz

fdr+ordp+idz

RdR +0R do +6Rsinb do

Differential surface areas dsy =Xdydz ds, =trd¢ dz dsp = RR?sin@ do do
dsy =¥ dx dz dsp =0 drdz dsg =ORsiné dR do¢
ds; =%dx dy ds, =ir dr d¢ dsy =R dR do

Differential volume 4} = dx dy dz rdrdgdz R%sin® dR do do




Coordinate transformation relations.

Transformation Coordinate Variables Unit Vectors Vector Components
Cartesian to r= vx24y2 F=3Xcos¢+ ¥sing Ap = Aycos¢ + Aysing
cylindrical ¢ =tan"!(y/x) ¢ = —%sing + §cose Ap = —Axsing + Ay cos¢
Z=1z i=1 A=A,
Cylindrical to X =rcosg¢ X =ftcos¢p — ¢ sin ¢ Ax = Aycos¢g — Ag sing
Cartesian vy =rsing V="rsing +$cos¢ Ay = A,sing + Agcos ¢
Z=1Z i=17 Az = Az
Cartesian to R= {x2+y2+22 R = &sinfcos ¢ AR = Aysinfcos¢

spherical

6 =tan" [ V/x2 + y2/z]

+ ¥sin@ sing + Z cosé
0= Xcosf cosg
+ ¥cosf sing — Zsin#

+ Aysinfsing + Az cosf
Ag = Ax cosdcosg
+ Aycosfsing — A,sin®

¢ =tan"1(y/x) ﬁ): —Xsing + ycosg Ay = —Aysing + Ay cos¢
Spherical to x = Rsin#f cos¢ X= f(sin@cosgb Ay = Agsinficos¢
Cartesian +@cosf cos ¢ — $ sin ¢ + Agcos@cosp — Ag sing
y = Rsinfsin¢g f:ﬁsinﬂsimﬁ Ay = Apsinfsing
+éc05951n¢—|—$c05¢ + Agcosdsing + Ay cos¢
Z = Rcosf Z=Rcosf —Bsind Az = Apcosf — Agsind
Cylindrical to R= r:+272 R = #sinf + Zcosd Ap = Apsinf + A, cosé
spherical 6 = tan~!(r/2) 0 = fcosd —zsind Ag = Apcosf — A, sind
$=¢ ¢=9¢ Ap= Ay
Spherical to r = Rsin® f = Rsinf +6cosd Ar = Apsin® + Agcosé
cylindrical p=0¢ o=20 Ap = Ay
Z = Rcoséd 7 =Rcosf —Bsind Az = Agcosf — Agsinf

Dhistance Between Two Points

d=[(x3 = x1)% + (3 = ¥ )* 4 (22 = )22

Vector Operators

d = [r§+rf = 2y cosighs — gy D (0 =y PEJ!'.:
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+ =108y sy coslghy = g :|||- '

Vector Products

AB=ABcostp

AxB=nABsint g
ABxCi=B-CxAl=C-IAxB)
AxiBxCr=BA-C)— CiA-IE)

Divergence Theorem
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Stokes™s Theorem
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GRADIENT, DIVERGENCE, CURL, & LAPLACIAN OPERA "OH
CARTESIAN (RECTANGULAR) COORDINATES (x, y, 2)
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CYLINDRICAL COORDINATES (r,¢,2)
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SPHERICAL COORDINATES (R,6,¢)
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