®

((ﬂ 'F(‘Y;y\= max M'x, 93}

Ax <y?
. |
/_____—lx-—y
T
ax> ys
—
X:j_
2

(b) f(xy)= 3x-min 12,9yl

Y

y>3)l I-?X-.-‘L’,

L

£ x>y > flug)= 3x-y=7
Y= 3X-q

K <y & flxy) = x
x=q

o x>Y = fluyl= x*-y2 =?
Y= x2-f

If <y = fxy=y>-x*

Y= w2+f

Note: lsoquant =% dhows the combinations
of nputs that yield the same output.



®

(@) flL, k)= kL*+L ‘
the rate ak which. gou can substitute

additional— WP = 2kL+l (oo o akL+l 4k L one. input , such as labor, for ansthas.

output as & o _ 2 T L L2 3 ,such as capital, w/o charging the.

result of using / level of gesulting output.
an additionals As L goes Up, both teems go down. Thus, METS is dimiaishing. Now , fo oY ey

unt labag/ :
of la Fleb o) e Kb(al)?+ wl = PR+l > wblidal = ¢ Cet2+Ll= o § (L, 0).

ccx_rital ‘ .
Thus, it exhubits ILTS.
L the level o'f output bacreases mope Hran o
when all 1 flam's inputs are increased o Hmes.

(b) $L, )= FL+1av-4
MPL=*( Imets)= Yin which is constant,
mPy =12 Thus, MRTS is not diminishing.
* Now, foe any oc>i, flxb, o) = 7 (al) + 12 (i) =4 > *F (ab) +1alx k) —4u= FEI(NAR
Thus, it exhibits 1RTS,

() L, )= aL%u

-,y s
mh= Lk } mesle Lok |k
mp < 3L5 T
- hs L goes up, it decreases. Thus, MRTS is dliminishing. Now foz any x>|, we have
\ | ! s 4
flatymi) = 3(ut) ® (wi) = ,S"“ )s:.“z - «Mfu,0) > aflL,E), Thus & exhibits TS

(d) £ (k)= min 13,1k}
. I 3> then f(L,k)=k , and MP_=0 and MPp =, where [MRTsI=0. If 3L< kK then

F(L/k) = 3L ,and MP_ -3 and MPL=0, where IMRTS|=w . If 3L=k , ten meTsis

not clefined. Now , for ony «>\ , we have f(xk,®L) = min T 3L, ak] = . min 131,k = «.5Q, k).
Thus , & exhibits CRTS.

. 3L <k slope= ™

s 3L=k — AF e Lknk
/ meTs is ot defined -

/ ALK
clope of the isoquant =0

ql




®

®

c
£ (%,%) =('xlb+ xzbJ s b>0, e»0

<
‘F (k%“ kxz) = ( (k?f-!)b-f (I\’-xg)b)
= (5% + k)

(kb ( fx;b-r x.zb))c

I

= () = L7 £ ()

5 bl then fam has TeTs ( LPOF(x%) > L §(x%))

v QL) = IEOI:-"L:'—sza ; L=5

(@) TP, = 190.425. L*~ |25.12= 3350 L” - jasL®

me, = 3TP:./3L = 3500 L - 335L2
AP = TPL/‘_ = 2350L - la5L?
(k)

P, AP

me,_

APL

G |=———

. ﬂ(x,_g)..-; 484?4-64{5-—'1-45

max T
FoCs- 91r/ax=0 = Moo
AANN

\

9%9 =0 = 32 _ai_o 3
Ny

*(CNIJL 5.0.C. as well )

(C.) QMPL/;’L—_-D -_-} F50L = FH00
L=lo

(d) mp_= AP =, m¥sOL= 850L*
L=\5

(e) ATy, =0 = F500L —375L =0
37#5L (ao-L) =0
L=0 902 L=20
L=0=» 8=0 } ¥« 20
L=20 % Q=‘500.000

{(y") = 6.24 + 33 = 208



®

(@) mox T= pf (LD -rk - wL
= Moy pr{_ﬂt-r—wL

(b) Trom Foc, AF _w=0 = LU'= 5‘3{
NTL -

Thus, §(£,0)= NS = -?OL

() m=p. ﬁcg--r.l._ m.ff;= ap*— wr
w w

*
(d) a;tl <0 — woge increases, L* decreases and optimal  output level decreases.

28
£ <0

2!5' >0 _ if price decreases, ¥ and optimal output lewels decrease.

3
S >0

3,
@ X2 where 0<x<4

: ‘P(Y‘: X+4 whare x> 4

x%-_- 3y where 0£%<4

T = FX)-3x = {4—2)& where  x>4

* Notice that when X>4 = 4-2X<0 5 Optimum s not here ¥

3, v,
M *—9%x) _ 2 02 4_ i it
— -2 X -3=0 5 x=4 s o criticol
point for the fiest cose.
M (xP_sx) L, %
o 2 _‘Tﬂc’ >0 Then ¥=4 is o Mintmum Poini;.

o Chack the othas boundae.g x =0

T0)=0 & tw orﬁmum‘



() fut)= L2 (Cobb - Douglas)
(i) £(k,L) = L+0.5L (feefect Substitutes)
(i) £, 0 = Ymin 1,11 (Peafeck tomplemaents)

(a) petuens 4o Scale -

() ek, 6L) = () (1) 22 422 o #4 S0) > ¢ feL)  (TRTs)

(i) £t e0)= ¥ min 1oL, 6L — +2 Amin L) — £ 2§ < + 5G40 (eTs)

(b) lost functions:

(i) Foe (obb-Douglas coses , cost minimization pequires:

mers — _ L«

( =

Ny 2 g W
MU, ae®L e

Rl i Pm% g=L nto peoduction function.
f) =ty y=t' > k=yboL
Henw , cost function is €Y= wy L+ wp. L= L+ L= 3‘4+3'/4_ aylﬁ
(i) Notiw that the fiam will only use k (see ¢ input peic.) ond no L.
mP'/Fnrz: %.5=2> Wi, =
Y= L+0.65L= kL = Pg this o the cost function.

C(y):- uJ,,_.ILH.O._-L:: I-af 1.0 =‘3

Gil) Notice that the cost—minimising combination is r=r , 4£fWL)= Nmnin 3,3
y = /\]E = k= L=81
Plug. Hhis into the cast function.
CY)= wyp. L+ w,.L =kt = ay*
(e) Cost function C—;la{;us:
c c

.23’-

|
ay A

. (i)
(l:) (LI.)



(d) ac & mMC fmctions:

pecall that AC(g) = %&l and Mely)= d:(g)
o

W) Acy= 4% 2§ %4
g

D‘!CCy) = ﬂ_)= —RI- 9~34
dy

(i) Ac=

g “le

LE'\
n

mMc=

(i) Ac= Wy= 2y

mec = ‘i('_"'.‘r_l.)-_-4y
.

Ac=2y ‘4
mc= %9-5,‘
Y
A-C-_—mf,-:l
Y
mc-_=49
Ac=2y




®

P xE ey

(a) To find the unconditional demand , we need to olve the Pmﬁt motx Pmbhm
1 ]
L ('xé*’y %) - P -% ~fy-Y .whare P is output pric
TOCs: aﬂ/ax=0 =

_“1_ P ﬁi-ll‘_ Px =0 x=("Fr_ )1 and Py and Py are input

Pax

e pcas foe x ¥ Y-
3“'/%’=0 =#_LP.5 z—P =) (
A | )
_ pottter a4 o fincl supply) fae
" NP
(b)SUPPLQ 'ﬁl(: QLP Px,PS)“ __—-_*.;?9 M=P = q-‘%’i;%g = qf.‘lﬁg*’.ﬂ%

(c) t(P,P,PY= P (’afﬂ '”’9 _PXLPJ - Py. (.ary)

(d) To Afind Am conditional demandl, we need to solve the cost mia. poblom.

— 72
min  P.X + Py.9 st q=X ’4-3!'4

&by, 2) = Prx+ gy +2( c’q-xy‘—gl")

) 1 4L b
FoCs: kg = Py HAX 2 =0 L g . G 3.—.)(—2.
L Ay 4 = ¥ Fy?
Why="y-%>Y ==
My m G-rBoy's \
/‘”- q-X?2-4y=*=0 . e

Plug (;hia into the Pé.oducﬁon function:
4 e

& i Re

q R % ..Pg_x (|+ @)

_ L 2 3 — 3
q-': X (|+ —P‘%) % K*LP/PXIPQ)" q = = Ps q a
(|+ %) (Px+fy)

a2 2aqa
3‘(91 Px s i’5-_)): a 3 Px* = Px 9
(1+ %K-)“ Py (Px+Ry)?
L

(&) e(rx,ry A= Px-X" (e, 8y, + Ry 9 (F, 79A)

O RRAR Ry PRE3R by (Pt fy)
(Px +Py) ? (Px+Py)?

_ &xPM1
Px+Py



: ax
P(x ,X2,¥3,%4) = TN Taxi+xa, Xa+2%q}

(a) conditonal factoe. demands 5 w= 11,2, 3, 43
To Pr.odua 14 unit of oukput , cost-min. behavior s W tXa= Xzt dXy =]

Nvﬂm-ﬁ\at‘thunmﬁwwﬁ“{”mweﬁ

Cose1: ax+xp =1 = x*=Yy =0
Fa¥a¥a sty

\___'—V__-_—-__’ )
25> W =L see the factoe prices wy=1, wy=-2
s fiem woil] only use X ; then

- | _
Cost = ':1"'+°'2"'5'

(C"'.; l)

LA Xary=l S xf=0 =L

LW -3 Xgin, similar
2w 4 e to factoe pricas, wa-3 A ay=4

Cost = L.4+02=2
Given .mPUt' ?’dm; conclitional factoe. demand is:  (%,% %2, %) = (%,0,0, '4)

(b) Cost function:

A optimum X +%2 = X3+dX4 =q
e Bisa = - « Too +he sake of Simplicty, we will not
f L ] g call %arq comsider. here the \nequauties Wigy, =2 and

CF W o x=0 and %=1 W3 j =" whidt would gield 9
Wa “ sons lastead of
conditions nste 4.

1 & d -9
-HCG‘”E>1=>9<30 and  Xg=_J

w =
* l? -UJ;-(%-# X4=0 and X3 q

s0, (i) i %>i‘ = K=2%=0 , %=q A xu=9
- Ly g and
(7] \
(w) i %(-i— = ¥|=%=0 , Xa=%3=q.
L) _82_>.L1-) Xz=X3=0 ) X""‘x‘l‘q/n_
4

Y Ll <2 and

Wa
(v) if a":‘)i.<é=>9t;-x4=0 ) =Y A x3=q

. Henw Hhe cost functions for thwse 4 cases are:

(i) + 4 )
M bl 35 Teom these nfoemations, we can weite tha
st function :

B quak qre ctuoa) = q.(minfh ] « min{ #3251

(iit) _%,Lu1+ _}_- wa

Uv)_g__w.-i- 9.3



(c) £(rx, A%, X%z, A%g)= Mmin 1 A%+ A% , Axz+ A2%}
= min f x(ax+x2) , ',\(7(,34-;14)}
A mn | Xy 4xg 5 X3+ 2x4}

= A § (X X%, %) (cRTs)

I
O * -P(W-n’ln/ Xgs %)= 2mun T, 0t + 3min 1%, %4}

Cuy sz w3, uu) = (8,5,3,4) 5 G=70

NotHwe that at oPamum, % =% ond Xg=%y4
Jets say % =%=a and G=X=b whee a and b are constant .-

so, producton function will ook lke (a,b) = 2a+ 2k
peafect substitutes

mp,
il - SN SLE - T
A whare — Pa= 8+5=I13
L loput peice (cost of Lunit of &)
e -Pbs 244=7F

(cost of | unit of b)

S0, fiem will use only b in the peoduction process, and a=0.
Since quantity s giver as 0;

Total wst = 39_.54.19__4 = 4%
3 3 3



@

- _ y0.5 0.5
fle)= 7L ; Pe=10 ; R-20

(@) L(kyL, A e P+ Bl + A(G- £°°%L%%)

(b) Fo0Cs:
v =k
9"'/ai,_= ﬁf_—--é—ﬂk.é!.-z—_-o 5____?5-
£ R
Y, =l
My = P-Lar*Ll %0 Ty
L Pr
3%;\-’- q- L%'thﬁ
{ %
CC)L—LPL-;?,-— Pé& = f)a'
= L. —= =(L. . ) L =
R LN

P (BP7 A e g=(Lfa

=40 L 7=1000;, (*_500 A k"= 2000
Pe=1o

Csg (10,40, 1000)= 10.2000 +40.5000 = 40.000

(d) Z=2000 ; L con vary ; 7=a000
b
(L) maf_k’-,gow = L"= 2000

Total cost - 2000. |0 + L000.40 = 100.000

(e) use concktional input demand functions tut we fond In past (o);
L (10,40, 2000) = 1000 =5 L*=\00D
(o, 40,2000)= 4000 => "= A00D
¢ .o (i0, 40, 2000)= 10. 4000 + 40.1000 = $0.000

€f) W the 5/2, in order to produce 4000 cales, Lerem has 4D use exactly 2000L and

2000 K. In the S/x, he does not solve a cost minimizaton problem. In the L/,
however, e has Hn a]owha_ 1 adjust amount of labor and wpial n the

Produr.‘ﬁon procss o that he can chicose levels of (abor and capital in order o
minimize. production costs.



6)

Y 1 T
fiikhe ("““(%f{;)) 5 ajbic»0

(&) et us plck zome aebitrary pair (kL) and assume for mow tat win (2¢,3L) = 2E.
Then,fo2 any o>l , min i 2uk, sai} = 2k Then , we have that £ (e ot t) = (minja2<k, 2aL )¢
= (aqk)C_ wC(aK) = o(c(fmin 122’“_.&);: «© ’FLK;L).

Note that this calculation would have worked oactly the same waiy § we had
assumed min (2K,3L) = oL This production function exhibts cecreasing , constant,
and increasing retuens 4o saale whin «€ s less than, equal o, and greates tan |,
respectively. That &5, it exhibits o1 f c<l, ce15 f o=l and 1278 i evl.

(b) pecoll fiask that the conditiol factor demands K(quie) , L(quoir) are the solutions,

L0 and L20, 4o the cost min. problam :

mn  rk+wk s (mm (_"i,%))c;q
jLed

In this wase, becouse only the mia. of '% and ,.:.-[. cordeibutes €0 Pmducﬁon,tm_
L

fem minimiaes mSthmwm%gi_mMm nave tat:
. < c
q= (mﬂ(.%—,_l.—b_)) =('%-')=(-lé—)c
we can solve foo ¥, as follows:
fimt o vmoq®

e _L & L=b e
ad Q=% 9

l/(_

k(q,w,r‘ls aq

L(quuoir) = Iqu"c ]

The eesubting. cost function is:

|
c(q,ud,r]: rk_(q,w;r) + W L-(.q,w;r\ = ’rq,q/‘ + wbq"f.

=(ra +wb) q‘/’—

(c) we obseove tmt the onditional factor damnd.s}v.(q,w;r)=¢9y°and L(q,m,r\: I:g"")
are botln rrlepenient of the input peices r and w, while the st funcon {s increasing in

both. r and . The reason Tz this is as Aollows. because (a units of]cg?ﬂal ond (o units of)
labor act os peefect complements foo this "fixed ?wfolﬂm" production Loncbon (meaniog the
\soquants (cole exackly  Like indifference. cusves fog perfect complements , with thn. slope. being
siter sem oo ity everywhere), he fiem wil alwags choose o palk L/ such tt Lk
i order o minmiu cost. This equation thus fues e 7 /o he optimal level of

L and the optimal level of L.
(oo teadeoff exists laput prces oo not affect the cost of icimizing loput levels Land b
, and L are chosen, the fiem ofil has © pay foo them, which of couese

Houweved oce
why the cost funclon s increasig in  and w.

affects s cost farction , wdnch is



(d) The cost functon can now be weltten as:

C(q)= Aq‘/‘
The fiem's marginal cost is given by: meq) = clq) ____<_%_) al(l—r:)/c
The fiem's averqge “otal cost is given by:
ATC(C‘L—.: _(’_E_) = Aqapc)/‘:
! = &.Melq)
' ; o (1-2)/c
The slope of the cost curves s given by: amCQ)/aq = (cﬂ-) (1-c) q
20 >0

ad  ATCq) _ aTc.mc@l_ sic(q)

q q q
= A (1-¢) &"’")/‘
c Pl O
vy >0

(e) Decall that F£(1,k) exhibits:
rets W c<|

cets f c=l
Tets M.
Notice +he s\gno? +he slope of both mc and AT is the same as the sign of {-c. whan £
orhibits T2Ts (ceTs) (pets) , we have that esif e=1)(e<1) ond dherefare both mc and

ATc will be downward sloping (constant) (upward sioplng) . Tuetheemore, when £ has €27,

we have that mc=ATc. Whe W& has 1215, AC will be above mc, and when * has I8,
and whethar it s

mc will be above AC, configming the r/s bio the slope of e Kic
above or below MC.



b
5y %em

* flyem= 5L
Fiem's ost mia. problem 4 pduc g units is given by:
un e
L/V-]m)o U)y"'r +m
L2 im=q

LlL,gm, w, r;q,i\)r_ wl+rL+M+ 9‘(‘1-'91-1/3&./3-01)

_ - -3 Y . P
TOCs = aa/m__w-m L2=2 } va. v l"F L=rk
L k% e

Wy = v- AL L0

Y
9/pre q- oL LB-M=0

. Toom Hhe fiest ane:

[}
A=l = UJ:’_.E:.—-—/'S K:'—quLg
L‘a 7
%
Witk y yo L. ad L=—
g w“ﬁ " wr2 oL

)
%" L\5(_L\2
m=q-sL k2 = m=c\-3.(“_,_2.r) wrﬂ)

3
=4

. A
C(I—(QIU’H'] / L’—Cquﬂjr) / mQIU’ITH ‘(’_ll;;;r’ a)j-:l ’ q u-'l‘l’)

. The cost funcbon \s given bY:

clquir)= b (quor) + 7 K(qew,r)+ m(g,w;¥)

1. r - 1q-—>2
LlJu.\’r+ wr2 A=

I

\l

JEPR S
or ¥ wr Q- wr

Y
_.-q_.wr



(Cl) TCCq)s ﬂq"—q+4
Ac=aq-l+4/3 5 AVC=29-1 ; AFC=4f ;5 mc= 4q-I

(b) Tc(q)= 1000+ 5092

AC= 004 +50q ; AVe=50q; AFC= b00/j; mc= 1009

(c) teq)= q>+|
= Vo =q7%; = 3
AC dlg-l— /q 5 AYC qQ~ 5 AFC= [/q > Me= 3(‘2

s on the MC ceve, you neec 1 find the q that

. To veeify that the min_of Ac
of ¢ ; ond shows thak this q and the minimized

minimises Ac and the mlnimized value:
value s on the Mc cupve.



