CURVILINEAR COORDINATES (u,,u,,u;)

differential

Base vectors 6=19 \ith scale fuctor 1=
hi 8ui u,
. A
Position vector g = Zh,.du[e‘

CYLINDRICAL COORDINATE SYSTEM

Surface element

dS, = hh,dudu, (dS, surface perpendicular to u, axis)

Volume element

dV = hh,h,du,du,du,

Gradient Vo= Zl 6¢ é
. - 1 0 0 0
Dvergence | VA= L {6% (e )+ )|
hé  heé, he
- 11le o o
curl VA | B, |-
WA, A, A,
CYLINDRICAL COORDINATES (pp y

Position vector

7 =(pcosg,psing,z)= pcospé + psinpeé +zé,

r=pe,tze,

Scale factors

h=1  h=p, =1

SPHERICAL COORDINATE SYSTEM

Base vectors

e, =(cosp,sinp,0) =cospeé, +singpe,

é,=(-singp,cosp,0)=-sinpé_ +cospe,

é.=(0,0,1)
dS = pdodz
Surface element .
sracesEmen dS. = pdodp
Volume element dV = pdpd pdz
i op 10 0p) 26, 104, 04,
Gradient (ap P 6zj ap pa¢ 62 Cirs
—[(10(pa,) 104, oa
i Vd=|——"20  — — 0 7%
Divergence [p P +pa¢+az
vi 04, 04, a(p4,) o4,
Curl VxAd= [GA ]e +[ 6A] . (p )
pPop 0z oz op pop pa¢
10 0 1 0% 0
Laplacian V2¢=(p¢]+¢+¢
pop\  oOp

pz 6(p2 P

SPHERICAL COORDI

ATES

Position vector

A

Scale factors

;~\|

hy=r, h(P:rsinH

F=(rs1n€cos¢ rsin@sing, rcos@)—rsm@cosq)e +rsin@singe, +rcosfe,
r
1

Base vectors

é, = (sin@cos @,sin Isin g, cos ) = (sin & cos p) €, +(sinIsin p)é, +cos O e,

=(cos @ cos @, cos @sin @, —sin @) = (cos @ cos ) é,_ +(cosOsinp)é, —sinbeé,

e, =(-sing,cosp,0)=—singé, +cosgpe,

Surface element

ds. =r*sin0d0dp

Volume element

dV =r*sin 8d60d pdr

) op 1og 1 op)_ o4, 104, 1 0,
v o 99 o 99
Gradient = [6r r o6’ rsmﬂaq)] 6rer 700 +rsim96¢)e"’
- 10 1 0 1 0
i V-Ad=——(r* 04 —(4
Divergence r* or (r ') rsin @ ae(sm o)t rsin @ 6(/7( q’)
| vad=|—_2 —(sin64,)- ! o4 Y %—lﬁ(m ) é,,+(lﬁ(mg) 104, j
Curl rsin@ 060 ?7 rsin@ op rsin@ 6p ror: * ror r 00
1 0 0 1 . 0 1 0’
Laplacian V2¢=—2—(1’2—¢j [S ¢j Py f
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VEKTORALGEBRA FORMLER, NABLA OCH INDEXRAKNING

=(a,,a,,a.) 1Xkartesiska koordinater

Sl
Il

(b,,b,,b.) ikartesiska koordinater

S>

=(n,,n,n) ikartesiska koordinater

=1

il

a=b innebiratta =b, cykl,dvs
vektorerna @ och b sammanfaller efter

parallell forflyttning.

|5|: Na-a :m ar beloppet

(dvs langden) av vektorn a.

Kartesiska enhetsvektorer:
e =(1,0,0) éy =(0,1,0) é. =(0,0,1)

a=ae +ae, +ae,

S
Sall

67+l;=(ax +bX,a}, +by’a2 +b.)
a-b

=E+(—5) =(ax _bx’ay _by’az _bz)

cla+b ) =ca+ch
(s+t)a=sa+ta
Skaldrprodukten:

;~Z=ax~bx+ay ‘b, +a, b,

E-E:|a||b|cosa = cosa=——

a-a=la
a-b=0=alb
Kryssprodukten
e, e e
axb = a, a, a,
b, b, b,
|Z><E| = |5 |Z| sina

Vektorn ax b #r vinkelrit mot @ och b

(sa)x t_):st(c_le;)
ax(b+c)=axb+axc
axa=0

é.xé =eé e xe =e éxé =¢e

y

Sl

ax
'(Z;XE) =|b, b,
CX

aZ
b,
CZ

S IS 2

bac-cab regeln: @ x ([;xE) =b(a-c) —E(E-l;)
(axb)xc=(a-c)b-(b-c)a

Derivator i vektoranalysen:

Hir 4r 4 och B vektorfilt, medan ®

och W ér skalarfilt, dvs funktioner av

laget i rummet 7 = (x, y, z).

Vz(i,i,gjzié +£é +£é i kartesiska koordinater
ox 0y 0z) ox © oy 0z

Linjdritet :

V(tCD+s\P):tVCD+sV‘I’

V-(td+sB)=t(V-A4)+s(V-B)
Vx(tZ+s§)=t(VxZ)+s(Vxl_?)

Produktregler:

V(OY)=0VY +¥VD

V(ZJ?)ZZx(Vx§)+Ex(VxZ)+(Z~V)§+(§-V)A

Andraderivator

V- (Vx4)=0

Vx(V®)=0
Vx(Vx4)=V(V-4)-V'4
Indexrékning

a-b= ab,

(Exl;)i =&,4;b,

Ep =& =&y och g, =-¢,

g g J

EiCim = 5[/5/”1 -3,0

im™ jl

1 i=j ;=3
= och
" |0 otherwise Sl i =L

(Vo) =¢, V-A=4, (VXZ)iZ(?UkAk,/

F-T,
— —3
r=1

AF) = %éy eller AF)=s med kéllen pa 7,
r

Point source: { A = grad¢ = ¢= e
r

ﬁ S 505 0  om Killen yttre punkti V
—e - =
St 47s om killen inre punkt iV

5F = B 3pT)F
r3 och E(l")=—r—3+(r—5)

Dipole source: ¢ =

Vortex: c.fké{p -dr =27kN
P
L



