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Exercise 1-1

Problem (Ex. 1-1)

Let f(x,y) = €™ cosy, where a is a constant. Find a function g(x,y)
satisfying

g:v:_fya gy:fza 9(070)20
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Exercise 1-1

f(x,y) = e cosy, 9z = —fy, Gy = fa, 9(0,0) = 0.
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Exercise 1-2

Problem (Ex. 1-2)
a: al-formon U = R?\ {(¢,0); t <0} as

Y
a=a(z,y)dr+ b(z,y)dy := g dr + p dy.

P = (rcosf,rsinf) e U (r>1,0<6 <),
c1(t) := (w1(t), y1(t)) = (cost,sint) (0=t<0),
ex(s) = (22(5), 12(5)) = (5086, 55in0) (1< s <),

~—

0
/01Uc2a - /0 (a($1(t)’ yl(t)) % dt + b(xl (t), y1(t) dﬂ dt)

T

_l’_

—

(a(:vg(s),yg(s)) % o e ) ‘% ds) 7

v
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Exercise 1-2; Differential Forms

o a=a(x,y)dr+b(x,y)dy: a l-form
o B =c(x,y)dx Ndy: a2-form

df == fydx + fydy f = f(x,y): a function
da = (by — ay) dz AN dy a=adxr+bdy: a 1-form.
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Exercise 1-2; Differential Forms

The Exterior Product:
(1-form) A (1-form) = (2-form); bilinear, skew-symmetric

The Exterior Derivative:

d(fa)=df ha+ fda,  d(dz)=d(dy) =0

(f: function, a: 1-form)
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Exercise 1-2; Poincaré lemma

Yy

xT

Theorem (Poincaré lemma)

e U C R?: a simply connected domain

e «: l-formon U.
e da=0
=
e df such that df = «.
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Exercise 1-2; Line Integral (1)
U=R?\{(t,0);t <0}, P = (rcosf,rsinf)

= x2_+yy2 dx + 2 j_ y2 dy
cr(t) := (z1(t), y1(t)) = (cost,sint) (0=t <6),
[ [ (ctos@mne) 2 de seorno) L o)
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Exercise 1-2; Line Integral (2)
U=R?\{(t,0);t <0}, P = (rcosf,rsinf)

-y T
a:J:Q——l-yzd$+m2_|_y2dy

co(s) = (332(5%?;2(8)) = (scos @, ssinb) (1<s<7),

/62 Q= /17" (a(m(s)»w(s)) % ds + b(za(s),y2(s)) % ds) ]
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Exercise 1-2

P = (z,y) = (rcosf,rsinf)

/ a=0=
c1Uca

=df =«
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Ordinary Differential Equations

%az(t) = f(t,z(1)), x(ty) = xo (*)

@ Existence
@ Uniqueness

@ Regularity on initial conditions and parameters
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Example

—x(t) = f(t,x(t)) = \z(t), x(0) = xp.
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Example

z(t)\ _ [ zocoswt+ Lsinwt
y(t))  \—zowsinwt + yo coswt
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Example
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