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. Give a short answers (three lines) for each of the next questions.
(a) Give the expression for the scalar product for any coordinate system.

=1 i i . 8wk 8xk
AB=) gjA'B, with g;j=3 ddg; ddg;
ij k .

(b) Wich fact does ensure that a transformation matrix is orthogonal?
If S is real and SST =T < ST = S~! = S is orthogonal.

(¢) Put down the Stokes’s Theorem.

é-dfz/ﬁxé-da
oS8 S

(d) Put down the metric tensor for a curvilinear transformation.

8xk 8xk .
i = . . s th 5 e s R
Gij §k 9dq; Ddg; with  zp = 21(q1,92,- )

(e) Give the formal definition for a Hilbert Space.

Tt is a funtions space with adition (conmute and associate) and multiplication by scalar (conmute,
associate and distribute) both closed; generated by an infinite number of numerable funtions and a
well defined escalar product.

1= aile = X ledeilf) = (Z |s0j><90j|) i

. Shows that: . L Lo Lo L
Vx (AxB)=(B-V)A— (A-V)B— B(V-A)+ A% - B)
VX (AxB)i = €ij50j(ctimAiBm)

= €ijk€rim(0;(A1Bm))

= (0udjm — 0im0j1)(A1(9;B) + B (05 A1)

= 5’il6jm(Al(6ij)) + 5il5jm(Bm (8jAl)) - 5im6jl(Al(aij)) - 5i7rz6jl(Bm(8jAl))
= Ai(9;B;) + (B;0j)A; — (A;0;)B; — Bi(9;4;)

= (B;0j)A; — (A;0;)B; — B;i(0;4,) + Ai(0;B))

= (B-V)A;— (A-V)B; — By(V - A) + A;(V - B)

Scaling both sides by é;,

Vx(AxB)=(B-V)A—(A-V)B—B(V-A)+ AN -B)

Q.E.D.



3. Shows that:
(a) V- (k:qb/f) = k[(V¢) - A+ ¢V - A]; k constant, ¢ escalar field, A vectorial field.
(kpA) = Z Di(kpA;)

=k Z (0:)A; + $0; A; ) k does not sums over i and by the chain rule

- k[Z(am JAi+ 6 0,4

=k[(Vo) - A+¢V-A]
Q.E.D.

(b) Div of gravitation force equals zero.

But 7 = 77/7“ and doing k = —GMm,

Computing (Vr—3) - 7,

(Vr™3) .7 = [( i0, +jo, + k0,)(z* + y* + 22)_3/2} (zi+ yj + zk)
3

= —5 (2w +2yj + 22K) - (21 + yj + k) (2% + y? + 22) 7572

= -3(2% + 9%+ 22)(2® +9° + 22)_5/2

= -3r3

Computing r =3V - 7,

—

W F=rT (18 +jo, +k9,) - (xi+ yj+ zk)
=3r"

Then, putting (3) and (4) into (2),

—

Fy=k[-3r7+3r7%] =0

<

Q.E.D.

4. Shows that:
/%-Echz M-d&—/ﬁﬁdr
14 ov Vv

/ﬁ-édfz/ B-d&
1% ov

/Vﬁ-(wf) dfz/avwf-d&

/(%-/H(N./Y) dr= | ¢A-dz
\4 ov

By the Gaufl Theorem,

Let B = ¢ff. Then,
By the chain rule,

Or,

/%-ldT: M.d&—/W-AdT
|4 1%

oV
Q.ED.



