Total utility of consuming (X, y), denoted as u(X, y), is the total level of total
satisfaction of consuming(x, y).

{ Cardinal utility analysis (number itself is meaningful)
Ordinal utility analysis (number is used to rank bundles)

= In Ordinal utility analysis, higher value of TU is associated with higher level
of satisfaction.
utility function is a function from bundles to a real number

hth t{ u(x1,yl) > u(x2,y2) < (x1,y1) > (x2,y2)
such tha u(x1,y1) = u(x2,y2) < (x1,y1) ~ (x2,y2)
u:(y)— R
EX: (2,3) — 100 u(x, y) total utility
(3,77 — 130
(5,10) — 200
u=u(xy)
_ Au(xy) Qu(x.y)
MU, = Ax ( 0x )

_ du(xy) duy)

= The law of Diminishing marginal utility
2
X1 MU (2582 <o)

%u(x,
Y1 MU (=72 <0)



Any positively monotonic transformation of a utility function is also a utility
function representing the same preference.

EX: x : # of toast

y: # of ham
_ . (xy positively monotonic AV
u(x, y) = min {3 ’ 2} transformation - mln{S ! 2} +100
=> same preference.
_ duxy) _ Au®xy)
MU, = =22 MUy = =22
du(x,y) ou(xy)
r ok or _6y
or Ux(Xx, y) or Uy(X, y)
(or simple Uy) (or simple Uy)

If more is better (assumption of nonsatiation)
MU,>0, MU,>0
But “Law of Diminishing marginal utility”
xT, MUy |
yT, MUy |

F'igurel 8:



{& VI y)~ (x4, y1)forall (x,y) € S}
Given (x1,yl) € S, we have total utility

u(x1,yl) : {,y)ulx,y) = ulxy,y)forall (x,y) € S}

y
AN

F igurel9 : Indifference curve
MRS,y= — % (given an indifference curve)
MRS,y depends on (X, y)

note that Au(x,y) = % Ax + Auia;m_ Ay

_ ouy) du(xy) |
(du(x,y) = ™ dx + 3y dy)

du(x,y) = Mu, -dx + Mu,, -dy
On an indifference curve, achange in X and Y must satisfy
Mu, - dx + Mu,, -dy =0

o & _ Mux
dx Mu,y,
}.-’
N\
du(x, v)=l
V. X
A ; "\\ ¥ I.I.I.'.l
1 4
T
N 7 X

Figure20 :



(note: MRS,,= —j—z of an indifference curve)

_ Muy(x,y)
MRSy/(X, y) = %

SUPPOS€ p1y,(x,y) is diminishing on X

M (x.y) is diminishing on y } Diminishing marginal utility.

Can we have diminishing MRSy,?
(MRS | as xt ory|)

x? => Mu, | (Diminishing Mu,)

y|=> Mu,1(stays on the same IC)

Since MRS,y | =2 | as x}
y

F igure21:Diminishing MRS,y

MRSy > o 5
dx <~
dMRS
We hope ——=2 <0.
dx
Muy= uy
Muy= uy
AMuy (x,y) Juy
Ax or ax Usx
AMuy (x,y) Juy __
Ay or dy = Uyy

AMuy (%,y) or duy _
Ax ax ~ yxXT qu

AMuy (x,y) 6& —u
Ay dy yy




Mu u d
di72) d du, Uy
dMRSXy _ Mu, _ uy _ Uy T~ Ux 5
dX dX dX uyZ
duy  duy dy) Ouy Quy dy
(note that dux #* a&) = uy( ox " 0y dx) “X( oy " dy dx)
dx 0x uy?
a—C

duy, .
—, (giveny)

Juy dx
c—b . and p

5

F igure22 :Diminishing MRS,y

_dy _ux o Mu
(note that ax " u ( Mu, )

Ux Ux
Uy uXX—uxyg —Uux uyx—uyyg

=
2
Uy
2 T 4 . ux
uy (uxx Uxy o ) uxuy(uyx uyyy )
= Yy Yy
uy3
Uy ZUyy—2UyUylyy +uyxZUyy
= <0

3
Uy

none satisfaction uy * u, >0

Uxx <0
Uyy<0

} Diminishing Muy, Muy,

Diminishing marginal utility is not sufficient to imply diminishing MRSy, we need

to know uy, 2o



X,Y Quantity:x,y  price: Py, Py  income: m
Expenditure of(x,y)= P.-x+ P, -y
Budget constraint: {(x,y)|P, - x + P, -y < m}
Budget line: {(x, y)|Px "X+PBy= m}
Porx+P-y=m
Pry=m-—-PF -x
m Po-x

BB

y:

F'igure23 :Budget constraint

Ay :
MRSxy = — E lon an indifference curve = Subject exchange rate.

P Ay

— = ———on an budgetline = Object exchange rate.

Py Ax

L Ff(m)e, mt

m—m'

*IT1

E \X

M m'
P P
F igure24 :Budget constraint when income change




2. Py, Pychang
Px1, Py fixed, m fixed

: |

F igure25 :Budget constraint when price of X change(increase)

1.Quantity Discount on X
X < Xo,P,

P
X>X0,?x

m: income

Py:Price of gppd Y} as usual

}‘\::’: ﬂ m I
P 0.8 0P

F igure26 :Budget constraint with special case



m _PXXO

Yo=—pH
Py

(X0, Yo) ison D, B

Price of X =0.5 P, }on D B

income=m’
m - PXXO '
0.5P X+ P, ———— =
Py

0.5P. Xy +m—P.X,=m'

m — 0.5P.X, = m’

m—m' = 0.5P. X,

m—0.5PxX,

= Distance between A.D=
y

= D.Bbudget line = {(x,)|0.5P.X + B,Y = m — 0.5P,X,}
X>Xo

2.Quota on X

F igure27 :Budget constraint with quota

3. WIC(Woman.infant.children)
Food coupon
Xo:good X of food coupon



F'igure28 : Budget constraint with food coupon

4. Endowment ZEf
(X0, y0)~m= PxXo+PyYo
PxT, Px—Pyx’, Px’>Py
m’ = P,"Xo+PyYo

¥
T\

F igure29 :Budget constraint with endowment
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F igure30 :Interior solution of consumer equilibrium

A consumer maximizes his or her utility subjected to his/her budget constraint.
(X*, Y*) is a consumer equilibrium where indifference curve is tangent to the budget
line(indifference curve touches the budget line at e)
or slope of the indifference curve at e = slope of the budget line.

SMRSxy(X*, Y*) = =
or Py

©one more condition: Pxx*+Pyy* =m

corner solution F5f#
e: x*>0, y*=0
orx*=0, y*=0
P,x +Py =m
m

PX=m, X =—
P

X

X = Pﬂ ,y* =0, corner solution at e.
X

Py
MRS > =

y



F igure31 :Corner solution of consumer equilibrium
another corner solution:

— _m Py
X=0,y*= o , MRS,y <

. Py

y
subject change object exchange rate

(EBE ALy (FE)EEZLE

= X1,y

'}'nr
2T

| RS., at

\;-‘I

IIII e

b
I‘ x
7

Figure32:



a—C
¢ has more X => ¢ is better than a.
C—¢C

MRS, =§—§

[E]3, MRS,y < 2—; =>x{,y1

TN
y . m .'I
m [ y——— ]
P =R
NX
T X

F igure33 :Consumer equilibrium with food coupon’s type budget constraint

F igure34 :Interior solution under the preference is perfect complements



u(x, y) is some continuously differentiable function
How to solve the consumer’s problem?

= General problem: max f(x.y)s.t. g(x,y) =0
(min)
L(x,y,A) =u(x,y) + A(m - PX —P)Y) ...Lagrange multiplier method
=fx,y) +2g9(x,y)

constrained problem —non-constrained problem and apply FOC to the
non- constrained problem.

aL(xy ) 6(u(x,y)+l(m—PxX—PyY)) _ou(xy)

® dx ox dx N APx =0
ouxy) _ o

= ax APx ®

dL(x,y,1) 6(u(x,y)+l(m—PxX—PyY)) ou(x,y)

2 = = — AP, =0
oy oy oy y
ouxy) _ a?

= 5y = AP, --0

5 AL(xyA) 6(u(x,y)+l(m—PxX—PyY))

=m—-FPx—-—Py=0 -0

oA aA
budget constraint
olo=Mtx _ x4
Mu,, Py
_ Muy
MRSy = 1o,
M P.
6 MRS,y = = =*
y y

TEEIRENISL Fbhi:

Au(x,y)
Mu, _ Mu,, = Muy “Ax

—  Aexpenditure
P. P P. fexpenditure
x Y x Ax




1. XandY are perfect complement. 3 units of X is always consumed with 2
units of Y in fixed proportion. Px=$2, P,=$5, m=$80.

u(x,y) = min {x y}

3’2
Optimal combination of X&Y: =2 =% =2
3 2 X 3
10
2x +—x =80
3
16 — 80
3%~

x*=15y* =10
Generalized to min {Z,2} - g R SRERILL

s.t. Pyx+Py=m
Ex. X'and Y are perfect complements. A consumer always uses 3 units of X
with 2 units of Y in the fixed proportion.
— min{Z Y — min{* 2
ulx,y) = mln{g,z} = u(x,y) = min {a'b}
Xy
max u(x,y) = min {5’5}
s.t. Pyx+Py=m
Xy b
—_—= - — —
a b Y a x

budget constraint: Pyx+Pyy=m

Pxx+Py5x =m

b
(Px+Py;)x=m

m
X =—
a+@g

Px=$2, P,=$5
a=3, b=2, m=80

. am - 15
¥ T AP, +bB,

i b am bm
y 10

T aaP, +bP, aP,+bP,



Ex. Cobb-Douglas utility function
uU(X, ¥)total utility = xa}’ﬁ; o,p>0

Jdu(x, ax®yP
Mu, = (ry) _ oxty" _

> ™ ax®~1yP > 0 no satiation point (no bliss point)

ayp
l\/luy = —au;;’y) = —a);;’ = Bx“yﬁ‘l >0
oMu
6xx =a(o—1Dx*2yP=0<1
aMuy — _ a ‘8_2 . P . . iy
3y BB —1)x*yP~* = B < 1 - Diminishing Marginal utility
Mu, ax®*yf ay i i dMRS,,
MRS, = M, ~ By i B - (xR, y#N) = — < 0

For any a, >0 and for all x and y
dMRS.
Ty <0
dx
I.e. MRS,y is diminishing (with x)
I.e. indifference curve is always convex

In equilibrium, MRS, = I’j_x
y

ay P
ﬁx_Py

P,y(expenditure onY) = %Pxx(expenditure on X)

Px+PRy=m

P.x +EPxx =m

a+p ) a
P.x = m = e, (expenditure of x) = P.x = mm(short of e,)
di fy) =Py = b h f
ey (expenditure of y) = P,y = mm(s ort of ey)
., a m
T +p P
__ B m

X
B m
Y _a+ﬁPy



