
1) The can show that for a (0px) = v,

drp (v) =F(9(1) It= 0 =(grade (x(t)), ['Ctlz=s
=IgradF(p), v>

where <-> devotes theinner product.
which is clearly independent of a, hence well-defined.

Since the inner product is meltdefined, wethere forw TpM, XERs

dEp1avtu] = (gradF(p), artw
=acgradF(p), v> + <gradE(p),w
=x dEp (v) +eFpLe).

So ep is linter.

alternatively, for inequity, here to shar
dEp1) = xdEp (v) by thing BC = = x(t)= x(nGt),vext))
so that ifI=V,the $10) = NV and then proceed
from definition, and similarly for new so that if
x(s) = v, p'=w, then choose V so that

IP)= rew and use to show

doprtc) = dEp() +dEp(n).



2)x: (0,E) -> x2 plane by

x(t) = (smit, 0, cst + EgtanE).
surface of relation by rotating x about z-axis is given
by
x It,D = (Sitessf, suitsuit, est+gtan).
Then = =(cst20s, costsint -suit+-(swit

Xp = (suitsing, sintessA, 0)
E = 3Xt,xt>= set
F= <xt, Xz) = 8

G= <Xz, No3= smit

EG-F= 35t =>1x2 x Xr1 = cost,

#x2 = Fossites 8,-cstsmit, suitcost)
2 N = (ostes],-cstsnit, sint)
*t = Fontest, fitsit,-ast-assit)
Xta = (costsit, costs8, 8)
100 = (-Suites, -switsint, 0)



e=<N, Xtt= GSE.
f = <N, Xt8) = 8.

g=<N,Xez) = sintest.
Then Kp): egrfase= -



3) M= [exy,2): z= xthy23 K20 can be penameterized
by XLuN)

= (usv, with

Then Xu= (1.0, en)
X= (8, 1,2hr).

When p
= (0,0,0) , u=v=0, and Xu = e,

XV = 22
So at p=1,0,0), ee for a basis ofTM.

N=W* (2U1hr, 13.
Note that this satisfies <N, es) =WSO.
E=<Xu, X2) =1442 at p, Elp=/
F= <Xu, Xv) = 4huv #p= 0
G= <XV, Xr3

= H4Kr2 Glp =

Yuu = J0,0,2),Xur= (0,0,0), Xvv = (0,0,2h).

so e=<N, Xun) =R atp, elp=2
fz <N,Xur) = 8 atp, fp =0.

2k

g=>N, Xur>= TT atp, glp=2b



so at p. sptravage E)I
· 1oi): i)
=18 i)

So the principal creventures of Mat p-1,0,0) are
152, Rz= 21. (R>0) .



4):)dIfN>(v)=<d8(p), v> Np> +8p>dNp(v) by claim ruleand
The <d(GN) (vi) x dAN)(u2),W

product rule.

det (d (GN) (v.), dEN) N2) ,N)

=det(3d8(p),vN(p)8(p)dNpLU),
<elf/p),v2>N(p)+8(p>dNp1uz), N)

·dot (f(p)dNp(u), fIp>dNp(re), N)
= f"<dNp (r) x dNp (2), NC

let Sp:[his] be the Matrixof theshape operator atp.
Recall Sp=-dNp, so aNp=Flit and withe basis[V,v23
dAp (V) = t.U-GNz, aNp (Uz) =-crV-hzzVz.

so dAp (v.) x cNp (re)
2- spice [Vi vz] is an ombs,=fantzztrtz) V.xVz

N=VXVz.

=det(SpIN
= k<p>N.



=>sox dIfN[v2), NC=)xdNpCr),N3
&2 82

=k(p) as required)
i)(xicE):=YEE=1
flsg,z)= (EtatE)*

h.
we cantake

d dh
N: TEGTCY*T)TETA
For avector v = (V.,Uz,Ug), we have

dffN) (v) = =da(v) = =(Endx+Ezey+ 2zd2 (v., v2,v)
= (Ibs2).

let 3n,v5 be anombs, N= UXV=(n,42,43),then by (i),
we have

15 team are feel gatherweeI



ifthe SUV, (ai, buzzingthe
I

-obich<N, Cain,b,on
·gun la;bie), (ni,ni,np)

From N= Ah, we get
(Uisnz,1) = (Ear,z, Een)
=>(ai, n2, Mg2 = G,Ty, red
so Scarb;e. (ni, he no4>
= SaybiPD, LipT,Fent))
- tht fasta
so i grate thefete) = fabicriff
-etable as required)



3) Giventhepartization ofthe catensia

*(us) = (acsh/)ces(), acsh(v)smm),av) axo.
Xu= (-acsh(v)smile), acssh/cs(u),0)
Xv= (asin()css(c), a sinte(v)sm(n), a)
XuxXv= (aresshNess (n), drcssh(smic), -@cshivisint (v)
Muxxv) = cicish" (v)
So N = (plus sites, therest
Sp(Xn) = - Nn= (s,e

S o
Sp(Xc)=- Nv = (csustenb(v> seeh(v), sin(n) tanh(v) sech(v),

sech(v)(
50 E=<Xu, Xu) = 920sK2(v)
*

= RXu, Xr3 = y

G= <Xr, Xv) = aesh(v).
c = (Sp(Xn), Xn> = - a
f = <Sp(Xn), Xr> = 8

g=<Sp(X), Xr3 =a
HpszeF9E: If *N)EG-F2 =F

aresh"(v)


