1) The vector v has norm one while gradient and hessian of f are

et Y — ety
Vf=(e"" —e"Y)Hf = { oy gr }.Thus
Dy f(O) =0T - Hf(O) - v=
(cosa, sina) - [ _11 _11} : (zfsz) =cos? o — 2cosasina + sina =

1 — sin2a.. The condition is satisfied iff sin 2. = 0 and this is true for
a=0Va=n/2Va=71Va=23r1/2

2) f is differentiable at point (0, 0) iff exist an affine function 7'(zx, y) such that:
lim 4@y = f(0,0) - T(z,y)

(2,9) — (0,0) NCERR
coordinates with T'(x, y) = ax + by, we have

pCOSapsina\é)cosw)sina\ B (apCOSa + bpSin a)
lim - -
p—0 p

= 0. Rewritten the limit in polar

gimo(pcos asin acos asin a| — (acos o + bsin ) ) and the limit is 0 only if

a = b = 0. To conclude that f is differentiable at point (0, 0) we must verify that
the result is uniformly on «, for this goal consider

|pcos asin a|cos asin a|| = p(cosasina)? < p, Vaand if a = b = 0 we can
conclude that Ve > 0, p < e = |pCos asin «|cos asin || < €, convergence is
uniformly and f is differentiable at point (0, 0).

3) Lagrange function of the problem is
L(z,y,2,\) =1+ i +1-Aa?+yP+22-3).
VL= (- % —2)\x, — % —2\y, — % —2Xz, — (2* + y* 4 2% — 3)). Put the
first order condition we have the sistem:

(-5 -22=0 1+ 2)2% =0 z= — /127
) —F-2w=0 _ J1+2nP=0  _ Jy=— 122

— L —222=0 1+2X23 =0 z= —/1/2)
|22+ + 22 =3 ?+y* 42" =3 2+ +22=3
(2= — /1/2) z = F1

= — /1/2)\ = . o ) .
<y A / =Y 1 . Two points satisfied first order conditions
z= —/1/2) z=7Fl1
| 3¢/1/302 = 3 A ==£1/2

P =(1,1,1, —1/2)and P, = (— 1, — 1, — 1,1/2).



0 2z 2y 2z
~ 20 % —2A 0 0 | _
= | 9y 0 % _ 9y 0 , becouse there's only one constraint
2z 0 0 % — 2\
we must analyse third and fourth principal minor of border hessian:
0 2x 2y 5 0 ,
My=|20 F-22 0 = o, 2_2A‘+2~y§x F_ZA‘:
2y 0 Z —2) L 0
Yy
20% (5 — 2)) — 27 (5 — 2));
0 2z 2y 2z )
2 & — 2\ 0 0 2z 55— 2A 0
Hay= = — 2 _
Ha= gy 0 29\ 0 |T TF 0 g2+
2: 0 0 2-2) 220 0
~ 2 92X\ 0 N
2 _ CE3 2 .
=225 =20 (5 —20) + (F 20 [ - 227 (5 - 2)) —20% (5 —2))] =

=22 (5 —20) (5 —2\) —2°(5
Second order conditions:

Hs(P) = —12<0;H4(P) = —54
Hs(P) = +12>0;H 4(P) = — 54

—2)(2 - 2)

2
3

—222(% —20) (5 —2)).
< 0. P, minimum.

< 0. P, maximum.

The proposed problem has minimum equal 3 on point (1, 1, 1) and maximum equal

—3onpoint(—1, —1, —1).

4) The condition is satisfied on point P, 1 -
22422 Yy 611;2+2z2

f(z,y,2) =me

Tre

2y2+22 224222

2,2 2 2 220 2
Vf — (€2y +z _nyef +2z ’4$y62y 425

— 2¢%), but any element of V f(P) is different from zero

VI(P)=(—¢’3¢,

e = 1- ¢e?; rewritten the condition as

= 0 we calculate the gradient of

2 2 2 2 2 2
e? T2 2x2e? TF — 4yze® T2 ) and

thus we can have in implicy form a function of kind (z,y) — z(x,y) or
(z,2) — y(z, z) or (y, 2) — z(y, z). If we choose the first kind,

) (P —e é H
Va1 = (= B8, — ) = (= 2 - 55) = ( 4.2). The equaton
of tangent plane will be
z—1=Vz(1,1)- (g:i) Sz—-1= —%(x—1)+%(y—1)<:>

r—3y+2z=0.
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5) Vz = (32" + ay,ax + 3y°), Hz = [ N Gy] - 2,(1,0) = 2,(0,1) = 6,

2,(1,0) = z/.(0, 1) = o; the condition is true when 36 = o® = o = +6.



