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IV Semester M.Sc. Degree (C.B.S.S. - Reg./Supple. — (One Time Mercy
Chance)/Imp.) Examination, April 2024
(2017 Admission Onwards)
MATHEMATICS
MATA4C16 : le‘ferentlal Geumetry
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Answer four questions from this paft: Eag)ﬁ‘qggstf@'n carges 4 marks. (4x4=16)

> C
1. Sketch the gradient vector field Gﬁtﬁe functlon f( y X } = x - x2

&
. Provethat X+ Y =X+ Y. b o b

4. Define (i) Radius af Cuwaﬁ\ﬂ‘e (u@le% 3> of a plane curve C,

5. Explain why unit speedmﬁr s are parametrlz@ y E)’ /gth
}at, cos 1) in [0, 2x].

f
2. Sketch the graph ofthefunctronf 1,\(2 32 74:2
3

6. Find the length c:f the parﬁmetnzed curve u{t} {sm,t cqs
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Answer four questions from this part wnthout omitting any Unit. Each question
carries 16 marks. (4x16=64)

Unit—1

7. a) Find the integral curve through (1, —1) of the vector field
X(xy, X,) = (X, _x2=_“1§x1}'
b) Show that the unit n sphere is an n surface in R™".

c) Sketch the typical level curves for c = —1, 0, 1 and graph of the function

Xy xp) =%, = xg

P.T.Q.
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8. a)

11..8)

Prove the following : Lt § = f'(c) be an n — surface in R™' where
iU — R is such that Vf(g) # 0 for all g €S, an let ¥ be a smooth vector
field on U whose restrictionto Sis a tangent vector field on S. If et : 1 = U
is any integral curve of X such that aft,) € S for some t, inl, then aft) e S
forallte I.

Find the maximum value and minimum value of the function

G, Xy) =8 + bx + 2x,X,, X, X, € Ronthe unit circle X2 + x5 = 1.

Find the orientations on the cylinder )':2 + %2 =1 in €.

Find and sketch the gradie nffﬂdﬂf{the {un;:tmn,f{x = X2 + xg.
|

i) Verify that a surface{;e ution'is/a 2 —\S\LETHCEE
ii) Sketch the surface of rego‘lton Dgté' neQEy rotating the curve x, = 2.

Show that graph of any, funﬁtlun}*ﬂ“ ~¢*Fﬂ§ a Iegel set for some function
F:R™ 5 R. -_p »ffz',
‘\

p t{mt —]I & rf

Prove the following: Let S gﬁén nc;sface i H3 and o.: | — S be a geodesic
in S with ¢ # 0. Then a veelor field'A tange _tc S along o is parallel along
o if and only it both || X{ighd thea |;| Rolebetweeniand ¢ are cnnstant along .

Computethe Weingarton
R2 (a=0). o \

!
!

b
Prove the following ﬂ’? X

) V(X +Y) =¥ (X ‘0 T

\J
i) vU{th{‘?",}X(PHfEP ; “K}—/l\”/
i) V_(X.Y) = (V,X).Y(p) + X(P)-(V,Y)

With the usual notations, prove that Lp (v).w= Lp(w].u, Yo, W e Sp.

With the usual notations, prove that the parallel transport R..: Sp — Sq along
o is a vector space isomorphism which preserves dot product.

Find the curvature of the plane curve C = {7'(0) oriented by the outward
normal where f(x, X,) = =%
Show that i) D_(fX) = (V) X(p) + f(p)D,X

i) V. (X.Y) = (D X)-Y(p) + X(P)-(D,Y)
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13. a)

Unit -l
Prove the following : Let n be the 1 —form on R? — {0} defined by
X
n=- 2 ok Y Then for o : [a, b] — R?®— {0} be any closed

piece wise smooth parametrized curve in R — {0}, Jurq € RIK.

Find the Gaussian curvature of the surface x? + x2—x, = 0 oriented by its
outward normal.

Derive the formula for Gauss;anﬂtur& ngn orienfed n — surface in R,
o

=
Prove the following : Let S:be’an'n = sprface F{’}‘” and let p e S. Then
there exists an open set \ a.bout p 'E“H“i” -and-a parametnzed n surface
¢ : U — R™ such that ¢ is a‘one; o{fbéwmag.fmm Uento SN V.

Obtain a Torus as a pafamet ed Suﬂf e in ﬁ)‘ 2

Prove the following : Let S be ann urface "1 andletf: S — RX Thenfis
smooth if and only if f o ¢ *U S RN sn{a th for each local parametrization

0:U=S. ? N

Let V be a finite dimensiohal veaor space with dot product and let

L:V — Vbe aself ad]@ﬂlne@fﬁ@g, fafionion V2 Prove that there exist
%ﬁlcmrs of L.

an orthonormal basis for V c@mstmg of ef
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