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Q1 F1x y 23 y3 9ay find the critical points first

Foc x 321 9y 0

y 3y 920 军2 然 n.isyz iy4 3y 0

solve yly3 2710 9然 9品
two critical points

Next check the SOC sufficient conditions

H 1篾 ㄏㄨㄚ

Where Fxx 9 Fxy 9 Fyx 9 Fyy qy

H 19 g
At 1x 0 y 0 H 19
the first order leadingprincipalminor Hi 0
the second order leading principalminor H2 81 0
So this Hessian matrix is indefinite nonofthecriticalpoints are
eotremums



Q2 fi742 2XiX2X22 g XitX2

H 1 主 主
borderedHessian matrix

1His1 2 2 2 2 4 0 compare with 1
2
so

IHzl 1 20 alternate in sign

Negctne definite

03

Be we Know the optimalbundle is m o

n x

Solve with kunn Tucker Lagrangian

I 74 22 ⼀ ⼊ Xit2X2 M UiXi t Uzxr

Ǒěōs i n t ui o
1 2⼊ U2 0

⼊ X 2 2 M 0

⼊ 0 X 2Xz M 0

111 0 120 UiXi o
1122080 x220 1112X20

Then check for which constraints are binding
I.Suppose Xi 2ㄨ2 M o is not binding Xitxz M o ⼊

According to Ui 1 co contradicts with
Then we know Xitzxz M0 binding

I Suppose X2 0 is notbinding Xeso u2 0
According to we solve ⼊⼆三



Then solve Ui i accordingto contradicts with
Then we know X2 0 andU2 0

I Smee X20 from Xi2X2 M we solve Xi M.so and Uno
According to ⼊⼆1 then from 112 1
Hence XF M X2 0 ⼊ 1 112 1 U 0

this satisfies all the KKT conditions

Next we can cheek the Soc
me know two constraints are binding 9X1 2 2 M

Xz 0
The Hessian matrix is
ordered

11 18 品 引9

The second orderconditions nefuires that the 1Hl has the sane
sign as 1 2 Soc is satisfied



Envelope theorem

let f be a continuously diferentible function of cntk
variables

Define ft the function of R variables

f r my fcxr r f x r r

Where x is considered as endogenous variables n vector
and r is considered as exogeneons variables k vector

The envelope theorem says if the solution of the maximization
problem is a continuously differentiable function of r then

f尧 N fnthlxtr r
f
A fcx.ir flX.rs

fexirzifYN

myflxirliflxtnrliiii.in蘸
rs

slopeshereare the same

Application the economic meaning of the lagrangian multiplier

Suppose a utility fometon takes theform as
u U x



the budget constraint is gX c

器1 X ⼊ c UX ⼊ glx C

By solving the UMP we know X is a function ofc
x is typically called the Marshalian demand

we know in the optimal condition gㄨ c

and By envelope theorem

装 a
2
壆

then ⼊ is the implicitpriceof intome


