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N.B. 1) All questions are compulsory and carry equal marks.
2) Figures to the right indicates full marks,
3)  Use of scientific non programmable calculator is allowed.
4) Standard notations have their usual meaning.

1. (a) If T is an inner product on V, there is a basis vy, vy, - - -, u, for V such that T(v;, v;) = by;. (10)
Show that there is an isomorphism f+ R* - V such that T(f(z), f(®) = (z,y) for
z,y € R".

(b) Attempt any two of the following

() I 5 € $X(V), T € §'(V), U € (V') then Show that (S® T) 8 U = S @ (T & U). (5)
(if) If w € A*(V) and 5 € A3(V) then prove or disprove: w AN =nAw. (5)
(iii) If wy,we € A¥(V) and n € AY(V) then show that (Wi +wa) An=w An+wyAn (5)

2. (a) f AC R"™is an open set star-shaped with respect to 0 then show that every closed form (10)
on A is exact.

(b) Attempt any two of the following
(i) Calculate exterior derivatives of 2—form (2% — zy)dz A dy + (y* — zyz)dy A dz in IR, (5)

(ii) In R, let w = zydz + 2zdy — ydz and o : R* — IR? be given by (5)
a(u,v) = (wv,u?,3u + v). Calculate a*(dw).

(iii) If f : R™ — R is differentiable then show that (5)

df = Dif -dz' + Dyf - de® + - D, f - da™.

3. (a) Let A C IR™ be open and let g : A = P be a differentiable function such that g(z) has ( 10)

rank p whenever g(z) = 0. Then show that 97%(0) is an (n — p)—dimensional manifold in
R".

(b) Attempt any two of the following
(i) Define differomorphism and give an example of differomorphism. (5)

(i) Show that the function o : [0, 1] — §" given by a(t) = (cos2nt, sin 2mt) is not a (5)
coordinate patch on S,
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(iii) Let 8 : H* — IR? be the map f(t) = (t,¢*). Let N be image set of A. Show that N (5)
is 1—manifold in R

4. (a) State and prove Stoke’s theorem for a compact two dimensional manifold with boundary. (10)
(b) Attempt any two of the following

(i) Consider vector field F=(y+2)i+(2+2)j+ (z+y)k. Compute [ (F,n)dA, where (5)
aM
M € IR® be a compact oriented two-dimensional manifold with boundary.

(ii) Evaluate [/ A . # ds where A = 182i - 12] + 3yk and S is the part of the plane (5)
2z + 3y + 6z = 12 included in the first octant.

—

(iii) Is the vector field F= % solenoidal? where 7 is a position vector of (z,y,z). Justify (5)
your answer. Also evaluate
f (P, 7)dA
a3

where S is 2—manifold in JR® given by S = {z € R*/|z| = 1}.
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