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PROBLEM 1
Use “nablarakning” to verify:  rot (¢K) = gradg x A+ @ rotA ID3

SOLUTION Add the dots

rot(¢A) =V x(gA) :’/V x (¢K) +Vx(gA)=

Now nabla can be considered as a vector: W x(c@)+nx(ca)=(Nc)xa+c(Mxa) (because c is a scalar)

=(V¢)x K—|—¢(Vx K):

=(Vg)x K+¢(Vxﬂ)

PROBLEM 2
Use “nablarakning” to verify:  divrotA =0 ID8

SOLUTI ON Now nabla can be considered as a vector.

divrotK:V-(Vx K) :/ Because: ﬁ.(ﬁxg):a—.(ﬁxﬁ)

=A-(VxV) =(VxV)-A=0



PROBLEM 3
Use “nablarakning” to verify: (ﬂx V)x A — %VAZ _ K(V , A)
SOLUTION

(/K\XV)XKZ (AXV)X'Kz S (a_Xﬁ)xb:(a_-E)ﬁ—(ﬁ.E)g

PROBLEM 4
Use “nablarakning” to simplify: B = Ax(V x A) —(AxV)x A

B=Ax(VxA)-(AxV)xA=Ax(VxA)-(AxV)xA=Ax(VxA)+ Ax(Ax/V)v:
:V(ﬂ-;\)—ﬂ(ﬂ.v)_v(;\.ﬂ)+,E\(,.E\,V): using ax(bxc)=b(a-c)-c(a-b)
=V(A-A)-(A-V)A-V(A-A)+A(V-A)=
=—(A-V)A+A(V-A)=A(V-A)-(A-V)A



PROBLEM 5

Calculate Eiik ik

SOLUTION
We know that & &y = 0,05, — OO
Therefore: \

the same expression

We re-arrange the suffixes to with m=]

have an expression similar to

\

CiikCliik = Cijkéunj = 5i|5jj _é}j5jl =0,3-9;, =20,

\

Remember that

even permutations does Remember that ) —
NOT change the sign S =3 km Pm = P
i



PROBLEM 6
Prove  ax(bxt)=(a-c)b-(a-b)c

using the suffix notation.

SOLUTION
We know that the i-component of the cross product can be written as: (Ex b_)i = £;@;0,
Therefore:
(Bxf)k =&4nPC,,
a X(b xC )i - gijkaj (b xC )k - ik Exim = é‘ilé‘jm _5im5jl
= &3 @;EnPICy = 5;dy =dy

= gijkgklmajblcm ="

:(5“5jm—5 S )ajb,cm =6,6.,.abc, 3,0

im™~ jl jm™j im~ jl

a,bc, =

=a,bc, —abc = (a-t)b—(a-b)c



PROBLEM 7
Use “indexrakning” to verify: diV(Ax B) = (rotA)- B —(rotB ) A ID4
SOLUTION

div(AxB)=(AxB) =(auAB.), =& (AB), =& (A B+ AB ) =

= &3 AiB, + 3 A By = &3 A B, —£;B A =(rotA). B—(rotB)- A

;

remember that: (sz\)i — gijkpkj



PROBLEM 8
Show that: J‘ j j T x rotAdV = 2”‘.‘ AdV
\ \

if on the boundary surface S of V the vector fieldis A=0

SOLUTION

Let’s consider only the i-th component of the left hand side:

é -J'\J/'jrx rotA dv :J.\.!.J.é\i (FxrotA) dv :j\ﬂ(rotﬂ)-(éi xT)dV =

To continue, we must remember that:  V-(axb)=b-(Vxa)-a:(vxb) (ID4)

therefore, V- (Ax(8xT))= (& xT) (VxA)-A-Vx(§

re-arranging the terms: (rotA)- (& x7) =div(Ax (& xT))+ A-rot (&



= [[]| div(Ax (& xT))+A-rot (& xT) |dV =

= [[[div(Ax(& xT))dv +j\_/”ﬂ-rot(éi xF)dV =

/ /ID5

v
/ rot(&x7)=(F-V)& (& -V)T+&(V-T)-T(V-§)

Generalized Gauss theorem

= 0 - — + 3 -0
/ OX;

:H(Kx(éixT))-dS_JrLUK-Zéi dv =2JJM dv

S )
~
=0

Because on S, A=0

So, we have: e -HJ-TX rotA dV = 2_”'[ A dVv
\Y \Y
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