Econ 121
Problem Set 5
Solutions

Problem 6.2.

To show that the unemployment rate evolves over time to the steady-state rate, let’s
begin by defining how the number of people unemployved changes over time. The change
in the number of unemploved equals the number of people losing jobs (sE) minus the
number finding jobs (fU7). In equation form, we can express this as:
Uipr— Ui =AU, = SE; - fU,.
Recall from the text that L = E, + U,, or E, = L — U, where L is the total labor force (we
will assume that L is constant). Substituting for E, in the above equation, we find:
;‘J_\iUt__'_l = S[L - Ut_}—ﬂ-;rt.
Diividing by L, we get an expression for the change in the unemployment rate from ¢ to
t+1:
AU VL = (U L) = (UJL) = AlU /L), ,, = 8(1 - U/L) - fU/L.
Rearranging terms on the right-hand side, we find:

AlU/L),,,=5-1(5 + HUJ/L
=(s+flls/(s + H-U/L].
The first point to note about this equation is that in steady state, when the unemploy-
ment rate equals its natural rate, the left-hand side of this expression equals zero. This
tells us that, as we found in the text, the natural rate of unemployment (I7/L)" equals
sf(s + f). We can now rewrite the above expression, substituting (U7/L)® for s/(s + f), to
get an equation that is easier to interpret:

AU/L},, = (s + HUU/L)" - UJL].
This expression shows the following:

 If U/L > (U/L)" (that is, the unemployment rate is above its natural rate), then
AU /L), is negative: the unemplovment rate falls.

 If U/L < (U/L)" (that is, the unemployment rate is below its natural rate), then
AT /L], , , is positive: the unemployment rate rises,

This process continues until the unemployment rate I7/L reaches the steady-state rate
(U7/LY

Problem 6.5.

a. The demand for labor is determined by the amount of lahor that a profit-maximiz-
ing firm wants to hire at a given real wage. The profit-maximizing condition is
that the firm hire labor until the marginal product of labor equals the real wage,
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The marginal product of labor is found by differentiating the production function
with respect to lahor (see the appendix to Chapter 3 for more discussion),
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In order to solve for labor demand, we set the MPL equal to the real wage and
solve for L:
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Notice that this expression has the intuitively desirable feature that increases in
the real wage reduce the demand for labor.

We asume that the 1,000 units of eapital and the 1,000 units of labor are supplied
inelastically (i.e., they will work at any price). In this case we know that all 1,000
units of each will be used in equilibrium, so we can substitute them into the above
labor demand function and solve for % :

_8 W~
1,000 = - 1,000(?)
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In equilibrium, employment will be 1,000, and multiplying this by 2/3 we find that
the workers earn 667 units of output. The total output is given by the production
function:

Y= KJ.-"BLB"S
= 1,000%°1,000**
= 1,000.

Notice that workers get two-thirds of output, which is consistent with what we
know about the Cobb—Douglas production function from the appendix to Chapter
3.

The congressionally mandated wage of 1 unit of output is above the equilibrium
wage of 2/3 units of output.

Firms will use their labor demand function to decide how many workers to hire at
the given real wage of 1 and capital stock of 1,000:

-8 -3
L= 37 1,000(1)
= 296,

s0 296 workers will be hired for a total compensation of 296 units of output.

The policy redistributes output from the 704 workers who become involuntarily
unemploved to the 296 workers who get paid more than before. The lucky workers
benefit less than the losers lose as the total compensation to the working class
falls from 667 to 296 units of cutput.

This problem does focus the analysis of minimum-wage laws on the two effects of
these laws: they raise the wage for some workers while downward-sloping labor
demand reduces the total number of jobs. Note, however, that if labor demand is



less elastic than in this example, then the loss of employment may be smaller, and
the change in worker income might be positive.
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Workers will be allocated between the two sectors such that the marginal product of
both sectors will be equal. Therefore, one must first figure out the expression for the
marginal products of each sector. If we denote the letter i in order to generalize

between sector 1 and sector 2, and we differentiate with respect to labor, we get the
following expression:

1 -1 1
MPL, ==(L, )2 =——=
2( ) 24/L,
The latter expression is written for convenience. Then, equating the marginal

products in each sector, we can solve for the amount of labor that would result in
equilibrium.

MPL, = MPL,
11
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Since the total number of workers in the economy is L, and the only condition for the
MPLs to equate is that equal numbers be allocated in each sector, it follows that the

number of workers in each sector is given by %

Because workers are paid their marginal products in each sector and marginal product
between sectors are equal, one can calculate the prevailing wage by substituting in for



L; the amount of workers. Since (L/2) number of workers are in each sector, the
prevailing wage rate will be:

-1

2

1 1

1
2\/::2\5 ﬂ:(zL)

MPL, = MPL,,, =Wwage =

economy

-1

(L/2)2

Because the minimum wage is set above the unrestricted equilibrium wage of the
economy, there will be some level of unemployment in the economy. This arises
because firms are willing to hire workers only up to the point where the marginal
product of labor equals the cost (ie. the wage). In fact, the number of workers
employed in each sector will be:

wage = MPL,
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Therefore, employment in each sector will be (L/8); economy-wide employment will
be (L/4); total unemployment will be (3L/4); and so the unemployment rate will be
75%.

Because minimum is still restrictive, we follow a similar computational procedure as
in part (iii). Doing so, we get the following



minimum wage = MPL,
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Therefore, employment in each sector will be (L/4); economy-wide employment will
be (L/2); total unemployment will be (L/2); and so the unemployment rate will be
50%.

The marginal product of labor is given in part (i). However, the average product of
labor must be computed. It is simply, output per worker, which means that all we
must do is divide by L;.

MPL, = ——

Equating the MPL with the APL, we derive the relative number of workers in each
sector.

MPL, = APL,
11
L, =4L,

Therefore, the number of workers in sector 2 is FOUR times that of the number of
workers in sector 1. Since the total amount of labor in the economy is given by L, the
number of workers employed in sector 1 is (L/5); and the number of workers
employed in sector 2 is (4L/5).



The first step in solving this problem is to determine the equilibrium wage. Because
the wages in sectors will be equal, we can substitute the number of workers in sector
1 in the MPL function for sector 1, or we can substitute the number of workers in
sector 2 in the APL function for sector 2. Either way will yield the same answer.

APL, = ——

1 _ 1 _[5_ .
L [4L V4L
5

Thus, if the minimum wage is set above w*, then there will be unemployment in the
economy, but if the minimum wage is set below w*, then all workers will be
employed (at least in this setup).

When f rises, the slope of the curve depicting fU rises. Because the value of f is assumed
to be positive, the curve becomes ‘steeper’. What we see is a sweeping out of the curve
around the origin.

When s rises, the slope of the curve depicting sL-sU also rises. However, the negative
sign on the latter term of the above expression indicates that the curve will ‘drop’ faster,
and instead of sweeping our around the origin, it will sweep around the y-axis intercept.
In addition to the slope change, the y-intercept will change as well—getting higher.
These two effects happen simultaneously for a given rise in s.

The intersection of these new curves will determine the new equilibrium steady state
level of unemployment. If the resulting intersection is to the right (when view in terms of
the x-axis) of the old level, the natural rate of unemployment will have risen. If the
resulting intersection is to the left, then the natural rate of unemployment will have fallen.
Either case, as well as the coincidental case in which unemployment levels do not change
are feasible. For the case of rising unemployment, taking cross partials (not required for
you to do) yields the stipulation that s*>f*. Otherwise, unemployment will likely fall.
Using the guesstimate that s is usually less than f in empirical analysis...the most likely
scenario is that both a rise in s and f will result in a lower natural rate of unemployment
(albeit, the opposite is theoretically feasible).



