


④ a) We we a direct computation and the
chain rull :

ecoxib = xial 8n) =xextone
= is)to +EAis aex

The second tem on the rhs
. is the panion

that we would expect for the transformation of
a (0 ,2) tenson. However

,
the first ter is

not and hence we conclude that
Oxfxb

does NOT transform as a 10 ,2) tensor.



b) Notice that if Vab = Ube
,
than

Vab-Vba = 0

Under coordinate transformations,
Vab-V'ba = ex exis ↳

= -see
e

e
= O

where in the second line we have med that

Veg = Use and in the third line we wed

that the indice (d) and (e
,f) me

dummy indices
.



⑤ a) We are given
x = x = 2) O

X2 = y = 2) sinO

The inverseulations are :

x = f = 1 h(x2 +y)
x = 0 = arctan(&)

Now we can calculate Ex and Exas .

We find

Ox
- 28

&x = 0 = x
4= O,

Ex
= 2 = ye =

eine

12 -28

2x = 08 =
-

y e2)= - esimO, = GO = xe = Toe

Similarly ,
2x = x I 'mO = x , &x=x = -

esivo e
-x

&x = 23 = PeinO =y , Ox = Ey = 2co a



⑦ Adb = Aba Bab = -Bba

=> AdbBad = - A* Aba = - Ab Bba = - ABab

The first equality follows from the antisymmetry
of Bab ,

the second equality followe from the

eyometry of A ,
and the third equality

follows from the fact that the indices (a ,b)

are dummy indices and we can re-label them

at om convenience .

Since Aab Bab = - A* Bab it followe that
Ab Bab = O



① Question: geometry
• Consider the object Fij = fiAj - Ojai , when
Ai is a 10,1 ) tensor . Compute the

transformation of Fij under a change of
coordinates

.
xn=xYx ' ') . Is Fij a tension ?

- Solution :

since Ai is a tensor
,
it transforms as

Ai = 0¥ ! A 'j

as for the partial derivatives one has
,

Iii = E Iii

Putting these two results together , we get
Fij = Di Aj - Dj Ai

= 2*1 A'e) -3¥:*.IE#iAH--3IiI3II*A'etffIo*A'e)



- ' %IiAItI¥Eµ¥I
The first tennis on each line canal

.

To see this
,

one realises that they are equal to

3¥? #nfE)A'e=Ii×, Ate

III. £451:) A 's = JIo×iA 's
.

Therefore ,
one is left with

,

Fii = £¥e - III. E¥¥pA 's

= 131dm -3¥:)
= III. III. the

Therefore , Fij transforms as a 192)

tension
.



⑭
b) By the definition of covariant crivative,
PiBjn = fiBjn - Mij Ben - Min Bje

c) DiiBjn] = 8 ziBjk)
since all the indices are anti-symmetric
while Mister and NinBje are

symmetric in the pain of indices (ij)
and (ik) respectively.
d) Since AtiBjus = PtiBjus and

the RHS is clearly a tensor
,
so must

be the LHS.


