Suggested Solutions to EC2102
Macroeconomic Analysis I
Tutorial 4, Week 6 (February 22-26, 2010)

(1) Since the production technology is Y; = 2. F(K;, N;) = 2, KN, (0 <
a < 1), the marginal product of capital in time period ¢, M PK:

MPK,; = 0Y;/0K; = % F1(K;, N;) = az KN}~ > 0; (1)
and the marginal product of labor in time period ¢, M PN;:

MPNt = 8Yt/8Nt = ZtFQ(Kt,Nt) = (1 — G)ZthNtia > 0. (2)

(#4) The firm’s maximization problem in period 1 is:

T2 3
max m; +

{1\/1,K2}1 L+rr (14+r)(1+m)

Since
Ty = ZtF(Kt7 Nt) — tht — It = ZtF(Kt7 Nt) — tht — [Kt+1 — (1 — 5)Kt]

Therefore, we can rewrite the firm’s maximization problem in period 1 as:

2 F (K3, Na) — woNy — [K3 — (1 —0)K
max 2 F(Ky, Ny)—wy Ny —[Ko—(1—0) K]+ (K2, Np) — waNa — [K3 — ) K]
{N1,K2} 1+

F.O.C.(Ny) : 1 Fy(Ky, N7) — wy = 0 (3)
FO.C(Ky): —1+ [22Fy (K5, Ny) + (1 —68)] = 0 (4)

1+T1
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Substituting equation (1)and (2) into equation (3) and (4), we have

2By (K1, NY) = (1 —a)z Ky (Ny)™* = w,

The economic meaning of F.O.C.s: equation (3) tells firm how much
labor to demand in period 1, i.e. demand labor till M PN; exactly equals
to marginal cost of labor, which is wy; equation (4) tells firm how much
capital to demand in period 1, i.e. net benefit of investing (M PKsnet of
depreciation) till M P K, exactly equals to marginal(opp.) cost of investment,
which is r;.

(77i) The representative consumer’s maximization problem in period 1 is:

{lea)é }U(Cb h) + Bu(Cy, ly) + f*u(Cs, ls) + - -- (5)
s.t.
Cl—f-Sf:wl(h—ll)—I—(l—f-?”o)SéD—f-?Tl (6)
Cy+ SE = wy(h —Ip) + (1 +71)ST + 7. (7)
+...

By assuming S’ = 0, and combining equations (6) and (7), we can rewrite
the maximization problem above as:

{Ig*lalx}u<017 h) + Bu(Cy, ly) + B*u(Cs, I3) + - - -

where
02 = w2(h - 12) + (1 +T1)[w1<h - ll) + T — Cl] + Ty — 52P

F.O.C.(Cy) : ui(CF,17) + Pui (Co(CFL 1T 1), I) [ (1 4+ 7)) =0 (8)
FOC(ll) . Ug(cik, l;) + 5’&1(02(0{, ZI, lg), lg)[—wl(l + 7“1)] =0 (9)
Equation (8):

u (G, 17)

ﬁul(CQ(Cika l?lz),lz)
since u(Cy,l;) =InCy+1nly ui(Cyly) = C’i
t

CQ(CLZL l2)

sO ————=1+4nr;

pCY

:1+7’1



Equation (9):

U2< ikv ZT)

5”1(02(Of7 13, 12), 12)
1
since U/(Ct, lt) =In Ct + In lt UQ(Ct, lt) = l_

t
02( T? Ial2>
_— = 1
SO B wy(1+ry)

pCY

= 'lU1<1 + 7”1)

therefore —*1 = w;.
1

(iv) A competitive equilibrium is an allocation (C}, Sf, N©*, NP* I¥) and
a set of prices (1}, w;]), such that,

e the representative consumer chooses (C}, Sy, N *) each period in order
to maximize lifetime utility, taking (), w;) as given;

e the representative firm maximizes its present value of profits by choos-
ing (NP* I}), taking (r},w}) as given;

e the labor market and goods market clear at (r},w;).

In time period 1, equilibria in the labor and goods markets are illustrated
as:
Figure 1: labor market
Figure 2: goods market

(v) If the minimum wage w]” < wj, how would the equilibrium in the
labor and goods market change?

As minimum wage w}" is below market wage w] level, nothing changes:
(wi, NY) is still labor market equilibrium and (7, Y;*) is still goods market
equilibrium. This is because minimum wage is now non-binding, since firm
already pays a wage rate above the minimum wage.



Figure 3: labor market
Figure 4: goods market

(vi) Derivation of new output supply curve:

Output supply curve shows the relationship between interest rate and
output. In the labor market diagram (Figure 6), initial supply curve is shown
by N{(r}). Now consider two different cases:

1. Suppose labor supply curve is N; (7%), which is located to the right
hand side of point T, where 7{ < 7] < rj. In this case, there will be no
changes in labor demand. Thus, the output supply curve will be verti-
cal for any interest rate higher than r{, which is shown by the vertical
line extending from KL in Figure 6.

2. Suppose labor supply curve is N7 (7}), which is located to the left hand
side of point T, where 7] < r{ < 77 < rj. In this case, as interest rate
increases, labor supply increases, equilibrium level of labor increases,
implying a positive relationship between interest rate and output sup-
ply. Thus the output supply curve is upward sloping for any interest
rate less than 7¢, which is shown by the JK segment of Y;° in Figure 6.

Therefore, goods market equilibrium point is at L. Current employment
falls from N to N{"; aggregate output falls from Y;* to Y]"; real interest rate
goes up from 7} to r{"; real wage rate goes up from wj to wi".

Figure 5: labor market
Figure 6: goods market
Figure 7: firm’s production function
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