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PROBLEM 1

(a) Apply the formal “nablarakning” to rot rot A to obtain an expression for V24
(b) Use the previous expression to calculate Vzér in spherical coord.
SOLUTION

(a) Vx(VxZ):VX(VXZ):V(V-E)—(V-V)22V<V-Z)—V22

T

Therefore: V22=V(V-Z)—VX(VXZ)
(b) Ve =V(V-¢)-Vx(Vxe)

We need gradient, divergence and curl in spherical coordinates



SOLUTION
Spherical coord: (7, 6,¢)
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h,=r

h(p =rsin@
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SOLUTION
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rot4 = =—|—
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Let’s go back to our initial problem:

V?e =grad(divé, )—rot(rote,)

e = (1, O, O) (in the spherical coordinate system!)

So we have to calculate:

1o 1o 1o
divi=—2(r4 9 (sin04 (4
e 8r( o ae 9)+rsin6’8(o( ‘)

with A =(1,0,0)




SOLUTION

Therefore: dive, = ii( = ) —

Then we have to calculate:

rotd = 1 i(siné’A )— 1 6A9, 1 aAr_li(rA ),lg(rAg)_laAr
rsin@ 00 7 rsin@ ¢ rsin@ oo ror: ’ ror r 00

Therefore:  roté =(0,0,0)

Finally: l
2n . A A 2 2 2 A
V?¢, = grad(dive,)—rot(roté )= grad| = |-Vx(0,0,0)=| ——,0,0 [=—=-¢
r r v



PROBLEM 2

Consider the following fields: V=" A= > %

where (7, 6, ¢) are spherical coordinates.

Calculate:
Q) Vi
b) Vx4

c) Vi and VX(VXZ)

SOLUTION
(a) grady = 8;//918;//, 1 oy :(2(30389,8“13(9,0)2200389ér+sm39é9
or r 06 rsinf Op v v v r
(b) rotd = 1 ﬁ(sin@A )— 1 8A6,, 1 aAr—lg(rA ),lg(rAe)—
rsin@ 00 7 rsin@ Op rsin@ op ror> 7/ ror

2
r

with 4 = (o, 0, Smej
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SOLUTION

. 2 . .
rotd = 1 0 szg ,_lg(smﬁj’o :( 31_ 2Sint9COSt9,Sln9L2j=
rsin@ 0@\ r ror\ r 7> sin @ ror

2cosf sind
( s ,0j=gmdl//

r r

(c) Vzwzv-(Vw):V-(VxZ):O
. see ID7 and IDS8 in lesson 4
Vx(VxA4)=Vx(Vy)=0






PROBLEM 3

The Orion nebula can be considered as a sphere with constant radius R,
Assume that the velocity of the Helium atoms in the nebula is described by the following field:

2
V:k(r—%cosgpjér +k(2r2 sin@sinqp)é(p

Calculate the flux of Helium atoms that flows outside the nebula

SOLUTION

Guass theorem

Flux:jjv-dEijj’c{iv(V)dV

(in a spherical coord. system)

_ 10 L —
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2 4
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