MATH312: Applied Mathematical Modelling III
Autumn 2008
Solutions of Surprise Test for Week 3

Question 1:

1.
5’]’ 6ij = 51]' 61]' + 52]' (52]' + 53]' 53j summing dummy index %
= 511 511 + 522 (522 + (533 (533 other 51']"8 Zero
=1+1+1=3.
2.
€ijk Ejki = €1k €jk1 + €92k Ejk2 + €3k €4k3 summing dummy index 17
= €12k €2k1 T €13k €3k1 + €21k E1k2
+ €93k €3k2 T+ €31k €13 T €32k E2k3 summing j, other 5ijk7s Z€ero
= €123 €231 T €132 €321 T €213 €132
+ €931 €319 + €312 €123 + €321 €213 summing k, other €;;,’s zero
=1x1+4+(=1) x (=1)+(=1) x (=1)
+1x14+1x14+(-1)x(-1)
= 6.
Alternatively, you could use the € — ¢ identity.
3.
5@' Eijk = 5“ Eiik = j, otherwise 5ij =0
=0 because ¢, = 0 due to repeated index

Question 2:

1.
9= (gi€i) - (hje;)
= gihiei - ¢5)
= gih;0i
= gih;.
2.

hxg- [ =I(hic:) x (g5¢5)] - (fren)
= (higj€ijnen) - (frex)

€ijnhig; fr(en - ex)

= Eijnhig;j fionk

= €ijkhigj [
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gxf-h=hxg-f
:5ijkhz’gjfk-

V1 xg= (g ) Ui % ()
0
= (ngx—m) -[figj€ijnen)

0
= 5ijn@x_m {fig;} (em - €n)

= €ijnlfim8;j + [i9jm)Omn
= Cijnlfing; + figinl-

Question 3:

1.
O cos X? —X'sinX? 0
J = ‘an =|sinX? Xl'cosX? 0 |= X'(cos® X?+sin” X?) = X',
0 0 1
2}
0 _8_<I> oxt 00 ozt N 0b Oz? N od O
0X2  9ri9X?2  O0x'dX?  0x20X?2  Ox30X2
b od
2 w2 Y9 1 2 0%
= —X*sin X 81‘1+X cos X 8x2+0
- oxl ox?’
3.
_ 0zF 0z _ 0zt 021 N 022 022 N 023 023
I = OXToXT T 9X1oX! T OX1oX! | 9X1oX!
=cos? X2 +sin2 X240
—1.
B 0zF 9zF B 0zt 021 N 022 072 N 023 073
92 = 5X29X7 T 9X?0X? | OX?0X? | 0X?0X?
= (X1)?sin? X? + (X")? cos® X* 40
= (X1
4.
g=1J’
— (X1)2
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5. If metric tensor is a diagonal matrix, then

|gij| = g = 911922933
= (X1)2 =1x <X1)2 X g33

= ¢33 = 1.
Question 4:
The metric tensor becomes
1 sin 6 0
gij = | sinf 1+2rcosf+r* 0 |,
0 0 1
while the conjugate metric tensor becomes
1+4-2r cos O+12 . sin 6 0
) (r+-cos 0)2 (r+-cos 0)2
]k — _ sin @ 1 0
g (r+cos 0)2 (r+-cos 0)2
0 0 1

Question 5:
These are some possible answers - there are an infinite number of possible correct answers.

1. B, B=B.
_ oz’
3. B™, B" = BmaX .
ox™
~ oxt Oz’ Ok
4. Eijks Erst = é‘zjkﬁmﬁ-
e OX™ Oxd
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Question 6:

A+ V(Y- u) +pViu =0

0 0 0?
0

(A+p) (9"‘697) [ujilei - €j)] + tttnpren =0
0
(A+ ) Cmp [1,i0i5] + ptp gren = 0
0
(A+p) Cm o | Ui + nken = 0

(A + ) emtli im + Pt kren = 0
(A + p)ejuiij + pujiie; =0
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