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PROBLEM 1

Use “nablarakning” to verify:  rot (¢Z) = gradgx A+ ¢ rotAd ID3
SOLUTION Add the dots
rot(gbZ) = Vx(¢2) Z/Vx(¢2) +V><(¢Z) =
Now nabla can be considered as a vector: n x (Ca_) +n x (Ca_) = (ﬁc)x a+ C(ﬁx a_) (because c is a scalar)
= (V¢)><Z+¢(V><Z) =
= (V¢)XZ+¢(VXZ)
PROBLEM 2
Use “nablarakning” to verify: divrotd =0 ID8
SOLUTION Now nabla can be considered as a vector.
divrotZ:V-(VxZ) _/ Because: ﬁ.(ﬁxa_):a.(ﬁxﬁ)

=4-(VxV) =(VxV)-4=0



PROBLEM 3
Use “nablarakning” to verify: (va)xz — VA4 —A(V-A)
SOLUTION
(AxV)xA (AxV)x._: R ESREREEEEEE (a_xE)xgz(E-l;)ﬁ—(ﬁ-b)a
=V(4-4)-A(V-4)

:%wﬂ —Z(V-Z) \: v(-3)= V4

PROBLEM 4
The divergence of the magnetic field is zero: V.B =0

Use “nablarékning” to prove: Ex(VxE)—(ExV)xE = —(B -V)E
SOLUTION

Ex(VxE)— EXV)XE:EX(VXE)—(EXV)XEZEX(VXB)+B><(§><V):
7
=V(B-B)-B(B-V)-V(B-B)+B(B-V)= using ax(bxc)=b(a-c)-¢(a-b)
=v(1§ B)—(B-V)B-V(B-B)+B(V-B)=
=—(B-V)B+B(V-B)=B(V-B)-(B-V)B=—(B-V)B



PROBLEM 5

Calculate Eiik it

SOLUTION
We know that &, &, = 5i15jm - é;m5jl

™~

the same expression

Therefore:

We re-arrange the suffixes to with m=j
have an expression similar to
EpEyp = Epbry = 040, — 0,0, = 0,3 =
Remember that
even permutations does Remember that 5 p.=p
km L m k

NOT change the sign 5. =3



PROBLEM 6

Prove Ex(l;xE):(E-E)Z;—(E-b)E
using the suffix notation.

SOLUTION

We know that the i-component of the cross product can be written as: (c_z xb ) =¢&,a,b,
Therefore:

N _ _/
(ax(bxc))i— l.jkaj(bxc)k 66 = 5,5, 5,

im™~ jl
=& ka gklmb Cm = / é;jdlg‘ =d,

(l;xﬁ)k =¢g,.bc,

= ijkgklmajblcm =

=(8,6,,-3,5,)abc, =6,5,ahbc,-35,5,abc, =

im~ jl im= jl

=a,bc, —abc, = (a-c)b —(a_'l;)ci



PROBLEM 7
Use “indexrakning” to verify: div(A X B) = (I”OIA) B — (I’OtB) - A ID4
SOLUTION

div(zx E) = (ZX E)i,i = (gzjkAjBk )’l- = Eiik (AjBk ),,- = Sk (Aj,in + AjBk-i) -

=¢,4, B, +&,AB, =¢,A4 B, - gﬁkBk’l.Aj/:(rotA)-E—(rot§)~Z

remember that: (V X Z) =& Ak, i



PROBLEM 8
Show that: Jl”?x rotAdV = 2”_.- AdV
14 V

if on the boundary surface S of V' the vector field is A=0

SOLUTION

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

_m.rxrotAdV J.H rxrotA dV—J-H rotA (e xr)dV

/7

cT(be)zE-(a_xb)
To continue, we must remember that: V:(axb)=b-(Vxa)-a-(Vxb) (ID4)

T
(éx7)

therefore, V-(Ax(&x7))=(&x7)(VxA)=-A4-Vx(éxF)

re-arranging the terms: (rotZ) (éx7) = div(Zx (& x 7)) +A-rot (& xF)



::"[a’iv(Zx(éi x?))+z-r0t(él. XT) ]dV =

=.”.div(2x(éi x7)) dV+j£jZ-rot(éi x7)dV =

7
/ / /IDS
rot(é,x7)=(7-V)é,—(&-V)r+¢é(V-7)-7(V-¢

Generalized Gauss theorem o
0.

/ - B
xi

= [[(Ax(ex7))-as + [[[ 426, av =2([[ 4 av

B W,
~

=0
Because on S, A=0

So, we have: éi'_UJ-FXFOtZ dVZZJ.”Ai dV
V v
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