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PAFIT - A

Answeranyfour queslons. Each question canies 4 marks:

1. Skelchthe eve sets and graph ol the iunclon i:R'z+ R delined by

2. show that lhe sel of all unil veclors aialpoinls oi lR'iorms a 3_sudace n &'

3. Showlhat I d:l+ R"r is a pararnetrzed cLtoe wilh conslant speed lhen

.i(l)1a(l) Ioral t nl.

4. t X and Y are smoolh vector iields langenl lo an n-surlace S in x"'r along a

parametrized cu rve drlJS veily tlrat (X V)'=X Y + X .Y , where X' denole

lhe covarianl derival ve ol x.

5. Find the length oflhe paramelrized curue o: [O 2]e R'? deiined by

d(l) = (1'z t3)

6. Dellne lhe dilerenlia do oJ a sniooth map O:UJ R' where U is open in R"

Also with usualnolalions. show that lhe value oi dp (v)does nol depend on

lhe choce oilhe paramelrized curue. (4x4=16)



Answer any tour questions wilhoul omiltirg any Uni. Each quesrior cairies

trnil I

7 a) Show thal lor a srnoolh veclorlled X on an open set U of P"r there
exists a maxmal nlegra curue ol )ilhrough each poinl p oi U

b) consider lhe veclorield x (xi. x2) = (xr xr,1, o)on i'? ForrerRa.d
p. a2, elgj(p) =dp(t)wheredp slhemaxma ntesra c!rye oi rl lhoLgh p.

i) Show thal for, eaclr l, .rj s a one to one translormation irom P': onlo

r\q o^r1o D ..o, ,o dt ...?.dro
1l L= !l_ foralteF

8. a) Let U be af oper set n ii' I and el l:U !:F be smooth Let p e U be a
.egular point oi i and let c = I (P) Prove thallhe set 01 ail vectors langenl 10
iiic) ar p s {v l(p)lr.

b) Del ne an n-soriace in R'r. Lel i U > n be smoollr where U is open in
:i" '. Showlhai graph (l) is an n-surlace in lE! l

o dr 5 "le " d orore LaSrdng6 a rllp p r po 6l

b) Let S be an n suriace ir:i" r,lel x be a snroollr lanaenl vecloriield on S

and p € S Prove lhe ex slence ot the md ma ntegral curve oi X through p

c) F ncl two orienlalons on tre n'sprere xi+....+ xi,, = I

Unit ll

lO a) DeJne sphercal mage oi a. oienled n'surface in R"'r andiuslralewilh

b) Le1 s be an n-surJace n &" ' el p € s and et 1'E so.Prove the existence
ol lhe mallma geodesic in S passing through p wilh inilalveocily_{

ll lt I
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ll. a) Whal ls meanl by Levl Civta paralelism ? Stale anylour properles ot
Lev Cvta paraleism

b) Lel S be an n-surlace in P"r, el p q ES Le1 d be a piecewse smo
parametnzed c!toe lrom p 10 q Prove thal lhe para le lranspod Pq :So +
aong o s avector space isomorphism which presetues dot prodlcls

12 a) Provelhallhe Weinganef map is seli-adjolnt.

b) Provelhal loca parameirizalons oi pare curves are !nque up 10

reparamelrizalion.

1". . -/,rr'r tl.. lbad onolo oFrrpoDa
c-aeC.S"owthdl-oD .\ I ..o,oa^oF--F
c!ryatureofcatpEc.

Unii_lt
l3 a) LetC be a connecled or e.led planecurue and let 0:lJC bea untspeed

global parametr zation ol C. Prove thal B is e ther one to one or pe od c

b) Let I be the 1 iorm on ].': (O) dei ned by

r=( ,,i ( , i . 
" 

; ) ) 
d 

" 
, r ( 

" 
, r ( x i + x i ) ) o x , erovermrior,l ra, bt , :i'? {ol

any closed piecewlse paramelrized curve n lF': {0), Jr =2"k ior some

14. a) On eacli compacl orienled n-surface S in R"r, prove lhat there e{sts a
po nl p such thal the second 1lndameniaLiorm at p is deiinile.

b) Find rhe caussar curuature otthe eripsoid xi+ (x: i a)* (x: /r)= 1,

orenled by ils ourward norma.

15. a) Find lhe Gauss an cuvat!re ol the paramelrized torus v in le3 deiined by
\, (0. 4') = ((a + b cos g) cos 0, (a + b cos g) s n 0. b s n O ).

b) LetS be an n sorlace in il"r and lelf:S i frk Ilor is smooth loreach
oca paranelrizal on o : U + S, lhen p.ove lhat I is smoolh. (4x1 6=64)


