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MCL704: Applied Mathematics of Thermo-Fluids

Problem Set: 1

Prove the following vector and tensor identities and discuss their useful ap-

plications.
Single bar denotes vectors
Double bar denotes tensors
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11. flﬁ?j- dr = f}f’j.dx + fpizj-dx, where P; is in between P, and P,

12. V(A+ B)=VA+ VB

13.V-(A+B)=V-A+V-B
14.Vx(j+§):ij+Vx§

15. V- (ad) = (Va) - A+ a(V - 4)

16. V x (ad) = (Va) x A+ a(V x A)

17. V x (V x A) = V(V - 4) — V?4

18. V- (v xw) = (Vxv)-W+7-(V x )

19. V x (# x @) = (- V)i — (V- 0)idi — (7 V)G + (V - 0)7
20. V(7 %) = (@ - V)T + (7 V)T + 10 x (V X §) + 7 x (V x i)



21.540=0+8=13 Existence of additive identity
22.9+(—-¥) =(—v)+v =0  Existence of additive inverse
3. 0+w=w+7v Commutative Law
2.4+ (W+w)=@W+7V)+w Associative Law
25.a( + W) = av + aw Distributive law
26.(a + BV = av + pv Distributive law
27.a(av) = (aB)v Associative Law
28.1v = v Multiplication with scalar identity
29.u.v =v.u  Commutative
30.u(av + pw) = au.v + pu.w Linearity
31.V.V=20and v.v=0 © v =0 Positivity
Prove the following dyadic products
32. QW = wRD
33.UR(a¥ + W) # alilRV + PURW
34. (ati + D) QW = i@ + fERW
35. (URV).W = (8. W)U
36. 4. (BQW) = (&. D). W
37.Prove for identity tensor 1, following holds: I.% = ¢.] = ¥
38. Prove for orthogonal tensor 0, Q0T =1 or Q-1 =QT
39.7 xw =—w Xx ¥ Anti-symmetry

40.U X (a¥ + W) = au X U+ Bux w Linearity



