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Note: Notations and Terminologies are standard.

Q.1 Choose correct option from given four choices. [08]
(i) Let z = (v2,7,e) and y = (0,—e, 7). Then (z,y) =

(a) 0 (b) 1 (c) 2 (@) 3
(i} Let z,y € R" be 6rthogona1 vectors. Then ||z + y|| =

(a) 1 (b) v2 (c) v3 (@) v4

(i) lim (32 4 22 =

{a) 0 (b) 1 (c) oo (d) none

(iv) Let a € R™ be fixed. Let f:R™ — R be continuous at . Then

(a) Df(a) exists (b) Dy f(a) exist (¢} Djf(a) exist (d) none

(v) Let f:R3 —3 R be defined as F@) = o) +11 — 2l + [1+ z3]. Then f is differentiable at
@ (0.0,0) ) 0.1,0) ©00-1) @2y

(vi) Let a € R” and F+R™ — R such that D, f (a) exists for all # € R, Then

(a) Df{a) exists (c) D;f(a) exists for all 1 < J <n
(b} f is continuous at o (d) fis continuously differentiable at g

(vii) Let S € T3(V) and T € 75 (V}. Then S & T belongs to
(a) 775(V) (b) 73(V) (c) T2(V) (d) T(v)
(viii) Let m; and my be projection maps on R5, Then, for z,y € R®, we have (m ® m9)(z,7) =

(a) =1ys (b) zay; (c) iy (4) 2ayo

Q.2 Attempt any seven. o [14]
() Prove that || z +y <l z || + | y | (z,y e R™).

(ii) Define the oscillation o(f;a) of f at a.

{iii) Prove that every norm preserving linear map is inner product preserving,

(iv) Prove that every linear map is differentiable and its derivation is itself.
v) Is it true that if all partial derivatives of f : R™ — R exist at @, then D f(a) exists? Justify.

(vi) Let o = (2,2) and [ R?% 4 R be defined as J(z) = 2125, Find Df(a}.

(vii) Let s ¢ Rya, 2 € R™f:R™ —; R be differentiable at a. Prove that D fa) = sDy f(a).

(vii) Define tensor product and wedge product.

(ix) Define field and k-form.
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(?a) Define the inner product on ™. Then state and prove the polarization identity.
(b) Let ACR™ let f: 4 -5 R be a bounded function, and let @ ¢ A Then prove that f is
continuous at a iff o f;a) = 0.
OR
{(b) Let A C R™ he closed, f : A — R be bounded function, and € > 0. Prove that the
{zeAio(fiz) > €} is a closed set in R™.
Q.4 , .
(a) Let f,g:R* —3 R he differentiable. Then prove that f + g and fg are differentiable.
(b} Define f: R? —3 R as &) = [z /s (2 € R?). Does Df(0) exist? If yes, then find it.
OR
(b) State and prove the chain rule.
Q.5
(2) Find the derivation of fz) = (zy29, 21 + z3) at (2,3).
(b) Prove that every continuously differentiable function is differentiable.
OR
(b) Let a = (r,7) and f(z) = (21 cos 9,21 — z2) (z € R?). First find the Jacobian matrix
J'(a) and then find Df{a).

6
Cga,) Let S € T*(V) such that Alt{S) =0 and T ¢ TV). Prove that Al(S®T) = 0.
(b) Let w € A*(V) and 1 € AYV). Then prove that u A 1= (-1)MnAw).
OR
(b) Let f:R™ —3 R™ pe differentiable. Then prove that

N
Jis(dm;) = ZDjfi sdmy (1<i < m).
j=1
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