
xl+x +, =Then x ==d= f'x
e= f(t) %(t)

Then x"(t = f"x + f' = fa +f(8) =f + (8)-0.
Since mehaow (x) T= xa=f'a, we here
185 = (n" = If "a +fc)T

Then (C)T =0 implies 18'-f" =0.
E it,"(z) xt) =(tmf(t)'

Then by FTC wehere

enf'c =6"xsIds. -> f'(t) =eSTxIods
#f(t) = Steb"x(o)dsdx
Then choosing this parameter x

=f(t), by above (x)T=0 and

&(*) is a goodesic,



2) i) For convenience relabel x= n, y
=n). Then

lx(x =x(n(t),u+(t)),i= on*
The Lagrangian for the energy is
2 = z(xix) = (gy(n)" + gz(nz)2).

·

areand the EL equation
*- d(s) =0 (1)I &- ls) =0. (2)

f =(gy,(n)" +gm,(nYY)
*

= gvil, a=g,in + g,,,(n)"+give
Using Gij.=Yubij, ii) becomes
-tdtydyVIE t-to.
Siikely, we turn

z =(gu,n()" + 92,z(nY
= gaz,) = g22i+ guy, i- +gm-(42
so (a) becomes

j(x- +() - =0.cE1 = (Y)+j( =0



So we have the geodesic equations:

s di-t- j(-+()=0
i) x(t) = x(ct). So i = 0, i

=
1

We have (x) = (1" + ini) X2, x' =c" Xm
i
=0 = i' =0.

=>a=Xz
i = 1 =420.

when i = 1, BR = 0. So only time vij=2 term
j
=1, 1(n =8

ii.(x"T = (((n)" + (n(**) X.
So by company with geodesic equation in (i) above,we
see that

fiz +1 = I and weleve

(x)T = -Xz = ExSnce x' =Xz.

so taking - it weseethat x is a pre-geodesic



ii) x(t) =x(Rust, Rsint), R> 0, 0<t<Th.
2x= aXm = -RstX + RostX2i = = Rsintoost-

"=-Rest, 1" =-Ront., (
== Rsmst

(jT =(ak + cu"ai)Xn (43z =Rx)t.

- (i + J,+2fn+ J'(u)4X
+ (n+ y(n)+2925 +7E(n4)Xz

=> (-Rest +1' R"smIt-2SinRnitest+SaRustX1
↑7Rsit+fPRsmit-292Rsmtest+PzR35t)Xz
Then comparing with the geodesicequation in (i),we get
9 i =0, Si =0, 232 = =y- Si2

=Fy.
9 =-254270,1 =i.
Then Ca'5 =

(-RcowetaNsirtosAtX
Cy=Rsint) =7Rest +2Rcost)X

-C-Rsint+Rsint-Rs) Xn



= ResstX1-RB5X2.
x=-RsitX+ ReostX2.
so choosing A=- 35I, wesee
(xT = Xx1., so a is a pre-geodesic



3) Tonus panametrization
X(u(V) = ((a+re(v) cosn, (a+rcesv) smic, inam w

f(u) f(u)

The geodesic equation for a surface of revolution are
(1)

SwithGIVEsiv=s (2)

specializing tom specific fig, we were
f=-rsair

,
f"= -ressu

g'
=rys, g" =

- rsi

(f) + (g)z = r
so (i) becomes C +

**(v)Ersait) sp
(atresv)x

= i-irsingi = (14)
(2) becomes

v.Ersars+Ercosu)+Crcsv) [-rsair)2
r2 r2

=i trosusmitoosr-r-csusnive
↑z 52

=i + amtricosunivar-



geodesic a tangent A parallel B(t):X(t,(),so
8 = 0 at intersection > esst =1.

Claimant's relection grice
const=(ros U(t)+a) (sf(t)
*

Cress] +a) 658 = a.
atpoeme
=>(rysr(t)+a)co5f(t) =a

=>essf(t) = a

·(t)+a.(
suppose for contradiction that there isat sit.
v(t)t [-π,t])[-l].
Then us(v(t)) < 0.

Then above implies
ess5(t) > I which isa contradiction

- Let B(t) = (acost, arit, of bethe topmost parallel (v=).
Repanometrize by acclength:

&Itl= (- asint, acst,0) -> <p'U),p'CtEa.t t
=>s=S"p'(IIdt=Jadt=at f t = 1a.
so s(s) = (acos, ama, r)



p(s) =7smi,us,0)

& "(s)
= Fc3E.-sin, 8).

Xu= ((atrcsv)Sin, (atraesulcosa, 0)
xv=) - vsmicosu, -vsiustice, roos)
XuxXv
=Carcsv+ras(v) cesu, Carosfricosiv) smile,Cartr csv)sair)
= (artrosv) essucosu, Car+r23sv) essusion,Cartrzosv)sinc

1 xnx*vF=Carcesvercs21"osn+ Carcesv+ricsv)"Si
+Cartr2esr)" smer
= Carcsv+rzosiv)it Cartresv)"siner
= (essu (artress)) + Car+r2osv)"si2

2

- Car+rosv).
=>N= (essvissu, osusinu, swirl

kg= cp(s)XB"(s),N), av
=E,N =(0,0,1).

skg= smi+ usat



4x(s) =e(s)e37(s) + e2(s)Smb(s)

a==N+x = Nx(e,(s)es(f()) + en(s)sin(f(s]))
=Nxe,())ps(f(s)) + (Nxez(s))si(z(s))

Note: (e,x()xe. = (eepez-Gee,
= e2.

(e,x(z)xz = cees - Leeel'e,
:-e.

soa =(Nxe,())ps(f(s)) + (Nxez(s))si(z(s))
=>ezIscos((s) -e,(s)sm((s)). V.

kg:= <x", Nxn' = <X", al
=- (X,a') -

a= -e,(s)si(f(s)) -e,(s)3s(o(s))7'(s)
+e(s)es)f(s)) - ez(s)smi((s)) t'(s)

so(X,a') = see,six +<e,ast,ecosta's
+(2,357,ext) +ceesezsi88's

-
20

-> censint,-e,snit) +<eShit,2,6388'
+censenB353 +LezSniE,-ecSi71'C
=-93788'(s) + 658(e,e2's -smilt (ez, e1's -smi278'(s)



Note: (e,e2)' = <ei,e2) +<e,e2)
=>(,en = 7'-(e), e2>

=- (e,,ez).

80(xa's =-8() - (8528(e),ez)+sin27(ei,ex)
if(s)-cei,ez).

Sugz - (a,a) =(xi,z) +f(s)

- <()',k) +1T)
= <1)', *() + A'(s) I IgniteErie
=> c (to s(x)+ X,Ested:E) +8'
- ezcX1,Xx +cz +y

= e
-28csX1,Xz) + 8' -

- e8xX,n +Xin1,Xx +8(Xij =kXk+ kN)
=ercuiX+MiuiXzthiN

+UX,+TEUiXzthN, X2> +1'
=ef)(mixz+ JzncX2, X2> + 8'



- ef(sni + 1uz)gz + 8(gu =e+)
= (Yu + ((zv) +8) (u, =u,uz=v)

=Snifi+Skifi-Gyfr
=>Ti = Guf+inG -Enfz = -2
9 =8x8z +6228- fizf = on

So finally,wehere
·

ng= (lm + fzV) +8

= tuff the +8'Y..


