
]ilffiffiffiffiffiffiIIilr

ililtililtilililil]tQP CODE: 23004010 2300401 0 Reg No

Name

M Sc DEGREE (CSS) EX,AMINATION, JUNEZA2S

Fourth Semester

Elective - ME800401 - DIFFERENTIAL GEOMETRY

M Sc MATHEMATICS,M Sc MATHEMATICS (SF)

2019 ADMISSION ONWARDS

BBCCAO1l

Time: 3 Hours Weightage. 30

Part A (Short Answer Questions)

Answer any eight questions"

Weight I each.

1 . Sketch the 1evel sets f 
*1(0) and rypical values VJfu) of the r.ector lield V/ for the tunction f {*r,*r) * rl - r! nhen

p € / 1(0).

2. Dehne an z-surtlce ,S ald the talgent space ,So at a point p e S. Give an example.

3. What is Gauss Map? Sketch the Gauss Map for 1-surface in R2

4. Desclibe the spherical image. rvhen n, - 2, of the cone -cl + *|+ *?+ ...* *zn*r:0,c1 ) 0 oriented by its unit normal vector

field.

5. IfXandYareparallellectorfieldsalongapa:'ametrizedcun,e c,thenshorvthatX*YaldcXareparallel,forallc€R

6. Define the derivative ol'a smooth vecrorfield X on an open sel [/ in IR."+l withrespect tc] a vectorv € R;*' ,p e tI. Shorv that

V"(/X) : (V"r)X(e) + Jb)(V"X) ufiere / : [/ -+ ]R is a smooth tlnction.

7. Explain a) Circle ofcurvature.

b) Center ofcnrvature.

c) Radius of curvalure of a plane cun e at the point p.

8. Let[/LreanopensetinR"+1 and !:U -+]Rissmooth. Thenfbranyparametrizedcurre a: I -+ UevaluateJ.dJ.

9. Prove lhat a parametrized l-surl'ace is simpl,v a regular parametrized cun e.

10. Let g : tI -* pn+& he any smooth map, U open in R".

a) Dehne vector field along g.

b) Letp € U and v € R3. Delme the derivative of a surooth vector field X .lvith respect to v.
(8x1=8 weightage)
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Part B (Short Essay/Problems)

Answer any six quesflons

Weight 2 each.

11 . llolr,can 1,ou obtain level sets from graph and graph Aom 1evel sets'? Explain the process using the level sets and graphs of the

trurction l(*r,*r,. . ., rn+1) *- ,1 + *l+...+a2**, for n:0 and n : 1.

12. lf S is a connected 2-surface in R."+1 and.g : ,5 -+ [t is smooth and takes on onll- the values *1 ald -l. then plove that g is a

constant.

1 3. For each pair of ofihogonal unit vectols {euez} in lR3 and a € JR, verifl' the great circle cz(t) : (cos at)er * (sin ot)e2 is a

geodesic in the 2-sphere *! + ul + r! : 1 in IRB .

14. Leta: [0,7-] -+,92bethehalf greatcilclein52,runninglromtherlofihpole p: (0, 0, 1) tothesouthpoleg: (0, 0,*1)-

definedbl'o'{t)-{sint,0,ast).Show1ha1, lbrv:(p,rr,or,0) €S;,P"(.,):(q, -o1,r.r2,0)

1 5. a) What do -vou meal b1' reparametrizalion of a parametrized curve .

h) Are local parametrizations ofplane curves unique upto reparametrization?Justify your ans\\€r.

lo. l)efine length of a cormeoted oriented plane curv-e. Find the 1eng1h of the corme cted orie,nted plane curve f -1(c) orientea Ul' # .

r.vhere /: U -+ Risgiven b.t f{q,a2):5cr * 12r2,{J: {(zr,cz) :r!+x2, < 169},c:0'

17 . LerV be a.finite dimensianal vector space with dot product and tet LtY -+ V he a self adjoint linear trans|arntctlion on V ' Let

S:{ue V:u.a:L} anddefine!:S-+R b1'f(r.'):L{u).u.Provethatifvo isaneigentectorof Lr then f isstationary'61

rls € ,9.

1 8" Firccl the normal cur-vature k{v) for each tcutgent direction v, the prircipal curv-atures and princ'ipal cun'otut? dircctions, anrl the

Gauss-Kronecker arulmean curratures, atthepoint p: (L,0,. ..,0) oJ'then-sLtrface r,L+*z+...lr,n+!:l arientedby the

ottt:+atd norniol vector field.
(6x2=12 weightage)

Part C (Essay Type Questions)

Answer any two guesiions.

Weight 5 each. {

19. a) Let X be a smooth vector field on an open set U C R.'+1 and let p € U. Then prove that there exists an open inten'a1 .I containing

0 and an integral cun'e c : f -r [/ ofX such that

(z)a(0) : p

(ii)If p:i -+Uisanyotherintegralcun'eofXr.vithB(0) :pthen i cI and B(t) :o(t)forall te i

b) Given rhe vector.tield(p) : (p.X(p)) where X(p) : (-p) Then find the integral curue through an arbitrarl'poin1 (1,1).

20" Sirorvthateachnarirnalgeodesiconthecylilderfi+rl:linlRsiseitheraverticalline.ahorizontalcircle.ahelixoraconstart.

21 . a) Let S be an n-surface il lR"+1. oriented by the unil normal vectot held N. Let p € ,S and v € ,Sr. Prove that

A(to) 'N(p):Ir(v) .vloreveryparametrizedcunea:f-+,Srvitho(to):vfbrsometll€1.
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b) Shcu' thal if ,9 is an n-surface and N is a unil nonnal vector field on S. then the \tirgarten rnap of 5 orientcil br -N is the

negative of the \&tilgarlen nrap of S oliented b1, N.

22 a.) Let S he an orientedn-sur"face inlR."+l andletp€ S. LetZ be an-v-non-zero normal ,-ectorfietdon S suchthatN: Zllizll and

o,r,

(-t)"tur
9.nz

l.et {v1,v2,. . . , v,} be ary basis for Sr. Prove that K(p) :

z(p)

hr Ler S he the cllips.,id I - #
-?

+ ? : 1 oriented br the outrvard nomral veclot field. Find the Gauss - Kronecker curvature of

s.

(2x5=10 weightage)
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