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11 COST MINIMIZATION

PuJl!OKS: To show how a cost minimizing firm chooses q,w in the Ioog-run. To show bow to
derive a firm's long-run total cost curve.

Corqrnter file: nJlhpinl98.x1s.

BackgmlJlld infurmation:

Consider a firm, say a UDiversity, that produces an output, tor llXlIq)le, the mml!er of
studcnl aedit hours, ftom two q,uts, labor, L, and capital, K. The uoMrsity's prowst (chief
academic officer) can buy any lIJDOUIJtS ofthe two inputs used in production 1Il fiud, blown
prices. The problem she fiIces is to cbooae the amounts oflabor and capital that wi11l11jiiljmjre the
total cost ofproducing a specified output. In other words, this is the standanJ cost IIIjujmjr.,im

problem in the theory ofthe firm.

The productioo function fur the UDiversity gives the current teebnology ofproductio~
Given the technology ofproduction, the cost minimizing amounts ofthe inputs are those tor
which (i) the finn can produce the required output, and (n) the WMigimI IlIte oftechnical
substitution oflabor fur capilal equals the mio ofthe price oflabor to the price ofcapitaI.
Another way to say this is that the UDiversity should be on a cost CODStIalnt (isocost line) wbere
the comtraint isjust tangent to the given isoquant.

Once you find the cost minimizing amounts of iDputs, you will eumine the efi:cls of
changing input prices on the university's minjmum cost ofproduction, and you will derive the
schoors long-run total cost curve.

The spreadsheet shows a fi:w ofthe universiJy'a isoquanta, and • cost COiiSlIaiot fur the
current !eYe1 ofoutput and input use. The baseline value fur output is 30. and the baseJiae YMIuI:a
of labor and capilal are S9 and $4, lespectively. You can return to these values by cIil:tioB 011 the
appiOpiiate button OD the spreadsbeet. Excel~ the amoUDt ofapilal aeolIed to produce
the cmreol output of30 units of instruction.

Get a i:eI fur how the model wmb by setting output to 30. and cboosiag lIOIDe dili::itd
values fur labor. Notice how the cost ofproduction cIJanses evay time you choose a dilbtd
amoUDt oflabar to produce the given output. Notice also that the isocost line (cost COiiSlIaiiil)
changes every tUne you change labor to show the effi:l:ts on total cost.

The centtaI question bere is bow to produce the requiIed output at mininwnn total cost.
The answer is to choose input amounts that make the Marginal Rate ofTechnicaI Substitution of
L fur K equal to P(L}'P(K). Here's how to use Goal seek to find the answer.
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Set output to its required amount, and make sure input prices are at the amounts you
want.

(i) Select the cell containing the current value for the MRTS.
(ii) Enter Goal Seek from the Formula menu.
(iii) Click on the To Value box, and enter the numerical value of the price
ratio of the inputs using the keyboard.
(iv) Click on the By Changing Cell box, then click on the cell containing
the current value of labor. The cell address should appear in the By
Changing Cell box.
(v) Click on OK, and, ifeverything goes well, Excel will find a solution.
To update the worksheet with the solution, click on OK

The firm's long-run total cost curve shows the minimum cost ofproducing any output,
given input prices and the teclmology ofproduction, when all inputs are variable. You can find
points on the LRTC by solving the finn's cost minimization problem for a succession ofoutput
levels, holding input prices constant. That's just what you're asked to do in the problems, and you
will plot the LRTC from the points you find.

Here are some things to watch for and learn as you do the problems.

I) At the cost minimizing input choices, the ratio ofthe input prices (plJPK) is equal
to the MRTS (L for K). The isoquant and cost constraint are tangent to each
other.

2) Lowering an input price will lead the finn to use more of the input whose price
has fallen.

3) Note the similarity between the cost minimization problem finn's face and the
utility maximization problem consumers face.

4) Note that the MRTS oflabor for capital is equal to the ratio ofmarginal product of
labor to the marginal product ofcapital (MPJMPK.l

MAm MAVEN'S CORNER: The production function used to generate the graph is given by
Q = ALaK P where L is the amount of labor and K is the amount ofcapital. The cost constraint
is given by C = PLL+ PICK, where C is total cost, and PL and PIC are the prices ofL and K,
respectively. The values ofA, a, and fJ are chosen randomly, but can be seen in the Answer Bin.
The math problem is to minimize C subject to the production function with output set to the
required output. It can be solved either oftwo ways: substitute the constraint into the definition
of total costs so onlY one of the inputs is a variable and then minimize, or use the Lagrangian

12-2



Theorem. SatisfY yourself; ifyou wiolh, that the marginal rate oftechni:al substitutioo ofL tOr K
is (a1B)(KIL) in this case. The MRSLblt in general is -dKIcnJ'O"'-@QIaL)I(ClQIaK).
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COST MINIMIZATION

Questions

Set output and input prices to their baseline values. Set labor use to 50.

I) What is the total cost of30 units ofoutput when labor is 50?
2) How much capital is used in this case?

Continuing on from the last question:

3) What is the marginal product oflabor?
4) What is the marginal product of capital?
5) What is the MRTS oflabor for capital?

Be sure output and input prices are at their baseline values.

6) What is the minimum cost ofproducing 30 units of output?
7) How much labor is used at the cost minimizing solution?
8) How much capital is used at the cost minimizing solution?

Continuing on from the last question:
9) At the cost minimizing solution, what is the ratio ofthe price of labor to the price of

capital?
10) At the cost minimizing solution, what is the MRTS ofL for K?

Set all variables to their baseline values. Questions 11-16 generate the data to find the firm's long
run total cost curve.

II) What's the minimum cost ofproducing zero units ofoutput?
12) What's the minimum cost ofproducing 10 units ofoutput?

13) What's the minimum cost ofproducing 20 units ofoutput?
14) What's the minimum cost ofproducing 35 units of output?
15) What's the minimum cost ofproducing 40 units ofoutput?
16) What's the minimum cost ofproducing 45 units of output

17) Print out the Graph Paper sheet by selecting it (by clicking on its tab at the bottom ofthe
screen), and clicking on the button to print. Graph the firm's total cost curve using the points you
found in questions 6 and II to 16.

Set all variables to their baseline values. Now raise the price oflabor to $12/unit.
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18} What's the new mjnnnuJD cost ofproduciDg 30 units ofoutput? (CoIqJeae to
question 6.)

19} Following on from the last question, what's the new best level oflabor use?
(Co~ to question 7.)
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21 MORE COST MINIMIZATION

Purposes: To illustrate cost minimization by emphasizing input marginal products. To show how
to derive the firm's total product curves for a single variable input.

ComPUter file: costmin298.x1s.

Background infonnation:

Consider again a university that produces student credit hours from two inputs, labor, L,
and capital, K. Just as in the previous problem set, the provost fuces the standard cost
minimization problem - for given technology and input prices, how can total cost be minimized
for a given level ofproduction.

The difference here is in the form of the infonnation the provost has about the technology
ofproduction, the university's production function. In this problem set she knows directly the
marginal products (MP) ofthe two inputs. She can compute the marginal rate of technical
substitution from the marginal productivities, but those data are not displayed on the spreadsheet.
Indeed, the MRTS(L for K) is equal to the marginal product of labor (MPL) divided by the
marginal product ofcapital (MPK).

This gives us a different, and, to many people, more intuitive explanation ofthe decision
rule for minimizing the cost ofproduction. The decision rule for minimizing cost is to choose
inputs so that MPJPL = MPKIPK• MPJPL' labor's marginal product divided by it's price, is the
extra output due to spending another dollar on labor. Costs are minimized when the marginal
product per dollar spent on all inputs is the same.

Ifthe marginal product per dollar differs between any two inputs, output can be increased
(or cost lowered), buy shifting resources in filvor ofthe input with the higher MP per dollar.

In the spreadsheet, you are asked to find the minimum cost following this rule. Use Goal
Seek to do this, First set output to the desired amount. Then use Goal Seek to set the difference
between the marginal products per dollar to zero by changing the amount oflabor.

One new exercise here is showing how to find the short-run total product curve for a
single variable input, given some amount of a fixed input. You're asked to set the capital amount
to 60, and find the relationship between output and the single variable input, labor. Doing this for
several amounts oflabor allows you to find - and plot - the total product curve. In a subsequent
exercise you willleam about the relationship between these short-run total product curves and a
firm's short-run cost curves.
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Here are some things to watch fur and learn as you do the problems.

1) At the cost minimizing input cbDiccs, the nmgiual product per dollar spem on
labor equals the nmgiual product per dollar spent on CIIPital The iIoquaot lIIIlI
cost constraint are tangent to each other, just as in the previous piobJem lid.

2) You should be able to tDlIDlIge the cost mj"injl8,j"n problem both in terms of
Dl8igiwll products, and in terms ofthe nmgiuaIllIte oftecJmjc:a1 .........ion.

3) The firm's total product curw is the re!ationsql bctweea output .... siDaIe
variable input. Be sure you can teD by lootiDg at your graph ofthe total product
curve whether or not the technology obeys the Law ofDimin"'" Rdums.

Here is a trick to help you get lIIISWeIS to questions 9 to 15:

Finding the values oflabor and output fur a given level ofc:apiIal can be tricIty, bennne
you ClIIIDOt change the capital BIOOUDt dim:tly on the spreadsbeet. HIn's how to pioceed.

(i) Set the value fur labor to the value called fur in the problem.
(0) Select the ceD containing the current value ofcapital.
(iii) Enter Goal Seek from the Tools menu.
(iii) Click on the To Value box, and enter the numerical value ofthe
capital
(iv) Click on the By ChaDging CeD box, then click on the ceD containing
the current value ofoutput. The ceD address should appear in the By
Changing CeD box.
(v) Click on OK, and, ifeverything goes weD, Excel will fiDd a solution.
To update the worksheet with the IOhrtion, click on OK.

MAm MAVEN'S CORNER: The production fimctioD ued to jdWate the paph it given by
Q = .a4 K' where L is the BIOOUDt oflabor lIIIlI K is the BIOOUDt ofcapital The cost CODalainl
is given by C = PL L+ PI(K, where C is total coat, lIIIlI PL ... PI( are the prices ofL lIIIlI K,
respectively. The values ofA, a, andfl are chosen randomly, bit can be _ in the Answer Bin.
The math problem is to minimize C subject to the production function with output Bel to the
required output. It can be solved either oftwo ways: substitute the CODal_ fto tile definjtion

oftotal costs 10 only one ofthe inputs is a variable and then minimize, or use tile Lapaugim
Theorem. Satisfy YOlllllelt ifyou wish, that the nmgiJwl rate oftecbnical aubBtitution ofL in' K
is (a1B)(KIL) in this case. The MRSuorIt in general is ~dIJ~=(clQIaL)l@QlaK).
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COST MINIMIZATION

Questions

Set output and input prices to their baseline values. Set labor use to 40.

I) What is the total cost of27 units ofoutput when labor is 40?
2) What is the marginal product oflabor when output is 27 and labor is 40?

3) Continuing on from the last question, what is the marginal product ofcapital when
labor is 40 and output is 27?

4) Continuing on from the last question, if the firm buys another dollar's worth of
labor, by how much does output increase?

5) Continuing on from the last question, ifthe firm buys another dollar's worth of
capital, by how much does output increase?

6) If the firm wants to minimize total cost, should it be using more labor or more
capital? (enter labor or capital).

7) Continuing on from the last question, what's the best level oflabor to use to
produce 27 units of output?

8) What are total costs at the best amount oflabor (and capital)?

Set aU variables to their baseline values. Now suppose the firm is operating in the short-run with
fixed capital of60 units.

9) For capital equal 60, and labor equal to I, what is output?

Continuing on from the last question:

10) For capital equal to 60, and labor equal to 5, what i<loutput?
11) For capital equal to 60, and labor equal to 10, what is output?
12) For capital equal to 60, and labor equal to 20, what is output?

Continuing on from the last question:

13) For capital equal to 60, and labor equal to 30, what is output?
14) For capital equal to 60, and labor equal to 40, what is output?
IS) For capital equal to 60, and labor equal to 50, what is output?

Print out the Graph Paper sheet by selecting it clicking on the print button.
16) Use the data you generated answering questions 9 through IS to plot the total

product curve for the firm as a function oflabor.
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31 MARGINAL PRODUCTS AND
MINIMIZING COST

Purpose: To illustrate cost mininrization using umgiual producta direc:tly, rather tha the
idea ofUiiigiuaI rate ofteeImicaI substitution.

Computei:' file: cestmia39lLs11

Background iDi>!!!!!!tinn:

This problem set takes adiftiaem tack to UDderstlllldiDg cost miDjlllj18' ilQ b a
given level ofoutput. Instead ofrelyiog on the diftficult idea (at least fur people who
don't know calculus) ofthe UiiigiuaI rate oftee:bnicaJ substitution, we consicIa" the rule
fur cost minimizati9n rewritten so that it ~basizes the umgiual products ofinputs, mil
the notion ofumgiual product per dollar.

Regardless ofone's tec;1micaI background, many people find the intuition ill the
approach taken ill this problem set to be more acc cuble.

Again take a typical firm that wants to minirnRe the total cost ofproducing a
particular level ofoutput. The firm uses two inputs, labor mil c:apiIaI, that can be bougbl
at filled prices P(L) mil P(K). We can find (fur any amounts ofthe q,uts) the lIUU'giIulJ
product ot: say, L as the increase ill output acbieved fi'om ~Ioying an extJa UDit of
labor, holding capital constant. The rruugiml/productper do/1m spenr on labor is
tben:fure MP(L)IP(L). ThB is the increase ill output the firm can lIl:bieve fiom ......in&
aoother doDar on labor. Similar defmitions hold fur capital

A firm wanting to millimize cost should always seek a milt ofiaputs, L mil K.
such the the umginal products per doIllr spent on each should be equal That is, we want
MP(L)IP(L) = MP(K)IP(K). Why? SIIJlIlOlIC the finn is producing the desRd output
with MP(L)IP(L) > MP(K)IP(K). Spending one dollar less on capital wiD n:duc:c output
by capital's umgiual product per doIllr. But because the umginaI product per dollar b
labor is greater than that fur capital less than a doDar's worth oflabor IIIUSt be hougbl to
lIl:bieve the desired output. Costs an: n:duced by buying more ofthe..wbo8e
umginaI product is higber.

The graph ill this problem set displays direc:tly the umginaI products per doIllr
fur each input. You can determine by~Ie inspection ofthe height oftbe graphs
whether cost ifminimjzrd, mil ifDOt, which input should be more iraensivcly eqJloyed.

14-1



To find the cost minimizing amounts oflabor and capital, use Goal Seek to make
the difference between their marginal products per dollar equal to zero by changing the
amount of labor.

MATH MAVEN'S CORNER: The production function used to generate the graph in
this problem set is the same exponential form given by Q = ALBK ~ where L is the
amount of labor used and K is the amount ofcapital used. Once again tbe actual values
for the parameters appear in the Answer Bin, and you can use them to answer the
questions by more conventional means - pencil, paper, and a band calculator.
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MARGINAL PRODUcrs AND MINIMIZING COST

QuestiollS

Set output and input prices to their baseliDe vaNes. Set labor 1IIe to 12.

I) What. the total cost of231111its ofoutput wbcn labor. 121
2) What. the marginal product oflaborwbcn output • 23 aDd labor. 12?

3) Continuing on from the last question, what is the Uiiigiatl product ofcapilal
when labor is 12 and output • 23?

4) Continuing on from the last question, ifthe finn buys IIDOtber do....worth of
labor, by how umcb would output increase?

5) Continuing on from the last question, ifthe finn buys IIDOtber do.... worth of
capital, by how umcb does output increase?

6) Ifthe finn wants to IiIj"jlilju: total cost, should it be usiDg more labor or mon:
capital? (enter labor or capital).

7) Continuing on from the last question, what's the best level oflabor to 1IIe to
produce 231111its ofoutput?

8) What are total costs Bl the best amount oflabor (and ClIpUl)?

Set aD variables to their baseline values, and find the best amounts oflabor and capital to
produce 20 IIIIits ofoutput.

9) What is the cost minimizing amount of labor?

Continuing on from the last question, now lower the price oflabor to SS.

10) Which iqJut now his the higher nmgiatl product per dollar? (labor or
capital)

II) What's the new cost minimizing amount oflabor?
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41 TOTAL, AVERAGE, AND
MARGINAL COSTS

Punwse: To illustrate the relationship between total, average and marginal costs. To show the
effects ofchanges in fixed costs and ofper unit (excise) taxes.

Conmuter file: tamc98.IIs

Instructions and background infurmation:

You operate the Smiling Dog Vineyard and Winery in Paw Paw, Michigan. The top graph
shows the short-run total cost curve for the production ofwine. Quantity is the number ofcases
you produce each year. Total costs are measured on the vertical axis. The base value for fixed
cost is $25,000, and the amount oftax on your output is zero. When you change either fixed cost
or the tax the new total cost curve is drawn in the upper diagram

The bottom graph shows the average and marginal cost curves that correspond to the base
case. When you change the level offixed costs or the tax, Excel draws the new corresponding
average and marginal cost curves. When you choose an output level Excel computes and shows
the corresponding levels oftotal, average, and marginal cost.

In both diagrams, output is the independent variable and costs are the dependent variables.
You choose a value for output, and the corresponding cost curve shows the value for costs. In

the spteadsheet, you can choose Output, Fixed Cost, and the Tax per unit of output. Excel then
computes the new total, average, and marginal costs, and redraws the cost curves.

Here are some things to watch for and learn as you do the problems:

I) The shape and position ofthe average and marginal cost curves is completely
determined by the total cost curve. All information relating output to costs is
contained either in the total cost curve or in the companion set ofaverage and
marginal cost curves. Which representation ofcosts economists use depends on
the particular questions that must be answered.

2) Average and marginal cost curves have a special geometric relationship that is
clearly shown in this problem set. When average cost is dec1ining as output
increases, marginal cost is less than average cost. When average cost is rising,
marginal cost is greater than average cost. When average cost is neither rising nor
falling (at a minimum or maximum), marginal cost equals average cost.
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3} MaIgioaI cost can be thought ofa the cost ofone more UDit ofoutput. It is the
slope ofthe total cost curve (ATClAQ). It is easy to deduce the gaaaI shape of
the DliUginaI cost curve by iuspec:ting the total cost ClIne. In this j1ioblem set the
total cost curve increases at an increasing rate, so DliUgimd cost rises wah output.

4} An excise (per UDit) tax raises both avenge and DliUginaI costs by euctIy the
amount ofthe tax per unit. Total cost iuweases by the output times the tax per
unit. One comequence ofthis is that the output at which avenge cost is
~nmis~~aan~~taxis~m

5} An iDaease in fixed costs raises total cost by Piecildy the IiDOIDIl ofthe iacreu:.
An increase in fixed costs raises avenge costa, IlUt leaves Iil8igimd costs
uncIumged. This 1Ist IeSUIt fOllows directly &om the iIatUie ofan inen rIe in fixed
costs. TIle merer9eshifts the total cost curve upward, IlUt Ieaws its slope the
same at each output.

Here are some hints to he\> )OU get the _ quicker:

I} At the minimum avenge cost, DliUginaI cost equals avenge COlt. TIle .........ct
shows a value fur the diffinewe between avenge and naginal costs. You can use
Goal Seek or l:XfH",imeutatioD to find the output that msbs this difi:awce equal to
zero. that is, the output where avenge cost is minimized

2} For letter or word _ to some ofthe questiollS, be SlIR: to use 10_cue
letters only. Or search the Answer Bin fur correct optioas.

MAm MAVEN'S CORNER: TIle total cost curve in the problem is gMio by
TC = PC+a(Q}+b(Q'}+ t(Q}

where TC is total cost, PC is fixed cost, Q is output, and , is the tax per unit ofoutput. Tbe
values ofthe puameters a and b are cbosen randomly. TIle avenge cost is TCIQ. and uargimd
cost is a(TC)idQ.
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TOTAL, AVERAGE, AND MARGINAL COSTS

Questions

Set all variables to their baseline values.
I) When average cost is declining, is marginal cost GREATER than, LESS than, or

EQUAL to average cost?

Set all variables to their baseline values.
2) When average cost is increasing, is marginal cost GREATER than, LESS than, or

EQUAL to average cost?

Set all variables to their baseline values, and set output 4,000.
3) What's the value ofaverage cost?
4) Is AC rising at that output? [yes or no]
5) What is marginal cost when output is 4,000?

Set all variables to their baseline values, and set output to 1500.
6) What's the value ofaverage cost?
7) Is AC rising at that output? [yes or no] I,
8) What is marginal cost when output is 1500?

Set all variables to their baseline values.
9) At what level ofoutput is average cost a minimum?
10) Wbat is average cost CAC) at that output?
II) Wbat is marginal cost (Me) at that output?

Set the value ofthe per unit tax to $10.
12) Ifoutput is 4,000, how much did AC increase?
13) Ifoutput is 4,000, how much did MC increase?
14) If output is 4,000, how much did total cost increase?

Set the tax at $10 per unit of output.
IS) At what output is the value for the new AC at its minimum?

Set all variables to their baseline values. Now increase the level of fixed cost to $50,000.
16) Ifoutput is 4,000, how much did AC increase?
17) If output is 4,000, how much did MC increase?
18) If output is 4,000, how much did total cost increase?

Set the level of fixed cost to $50,000.
19) At what output is the value for the new AC at its minimum?
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20) Which option best describes the effect ofiocre8sing a per UDil tax? [am a, b, or c]
a) AC rises by the amount ofthe tax per UDit.
b) TC rises by the amount ofthe tax per UDit.
c) MC is UDChanged.

21) Which option best desaibes the effect ofiocre8sing hed COlt? [am a, b, or c]
a) TC ioaeases by FC times output.
b) AC ia:rl lei bytheamoUDl ofFC.
c) MCisUDChanged.
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51 PRODUCTION AND COST
IN THE SHORT-RUN

PUl;pose: To iIlustrate the relationship between total product curves and total cost curves. To
show the relationship between changes in input prices and a firm's cost ofproduction in the short

run.

Computer file: tptc198.x1s

Instructions and background information:

You own and operate an apartment cleaning service firm in Detroit. Your business is to
clean and repair apartments for landlords whose tenants have recently moved out. The left graph
in the computer display shows the total product curve for your firm. The input is the number of
workers you hire per day, and the output is the number of apartments cleaned per day.

There are two baseline variables in this problem. One is the wage rate you must pay your
workers, and the other is something called "labor efficiency".

Labor efficiency is an index ofhow efficiently labor services are used to clean apartments,
and is an aspect ofthe technology ofproduction. It doesn't have anything to do with whether you
are a good manager, or whether your workers goofoff on the job. The relationship between the
numbers ofemployees you hire and the output produced is purely technical. Labor efficiency is
.50 in this problem, and you cannot change it -- that is reserved for the next problem set. In the
real world, the labor efficiency index might go up ifyou provide your workers with more
equipment -- mops and brooms, for example.

Workers for your business do not come free. In fact, you must hire workers and pay them
ata rate of$1O per worker per day. $1O/day is the market wage. Ifyou try to pay less than that,
workers simply wiD not work for you.

The data on the total product curve (see the left graph) shows the output you get for any
amount oflabor input you choose.

The data on the total cost curve show total cost for any output you choose, given the
wage rate. You can pick any values you want for output and the wage rate, and the total cost
curve on the right displays the results. The table also shows the amount of labor required for the
output you choose. The left and right graphs operate independently. The input and output you
see in the total product curve can be different from the output and cost you see on the total cost

curve.
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Here are some things to WlIIch fur and Ieam as you do the probIeua:

1) Given the technology ofproduction, you can't get more oUlput wOout using
more labor input.

2) Given the wage rate aud the teclmology ofprodudion, JUsher output is possiJIe
0Dly with increaSed costs.

3) Raising the wage rate (the price ofa variable input) Wem lei total, &W'IlIF. IIIId
marginal costs. AD increase ill the wage causes total cost to increase more at higher outputs thin
lower outputs.

4) In the short-run, fied COils are the firm's COSII when output is za'O.

Here are some hints to he~ you get the answers quil:ker:

1) Average coil is total cost divided by output.

2) Margiosl COlt is the change ill total cost per unit-chanp ill oUlpllt. 4ClAQ.
MaIgiDal cost is the "colt ofone more", the extra colt ofUcnlasing oUlput by one unit. 11Ie
IiiaJgioal cost ofthe 25th unit ofoutput is the difti:tence ill total cost at 25 miaus the total COIl at
24 units ofoutput.

MAm MAVEN'S CORNER: The total product curve fur the cotqJUter problems is Q - ,fL".
where the el<JlOnel1t e is the efficiency index, aud A is a consIaDL e ill this cue is also the
elasticity ofoutput with respect to chlmges ill L The IiiaJgioal product is the derivative oftotal
product with respect to L, or Aee-'. The total COil curve is TC - Fe + (JIl,)(QfA).... where PL is
the wage rate, $]0.00 a day to start offwith.
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PRODUCTION AND COST IN THE SHORT-RUN

Questions

Set aD variables to their baseline values, and set labor input to 10.
1) How many apartments are cleaned per day with this amount oflabor?

Set an variables to their baseline values, and set labor input to 20.
2) How many apartments are cleaned per day with this amount oflabor?

Set aU variables to their baseline values, and set labor input to 20. Increase the wage rate to
$12/day.

3) With labor at 20, what is the change in output?

Set the wage is $IOIday.
4) ]f 15 apartments must be cleaned, how many workers must be hired to get the job

done?

Make sure the wage is set to $lO/day, and set output at 15 apartments per day.
5) What's the TOTAL COST ofcleaning 15 apartments?

Now set the wage to $12/day.
6) What's the TOTAL COST of cleaning 15 apartments?

7) When the wage rose from $10 to $12 per day, did total cost INCREASE or
DECREASE?

Set an variables to their baseline values and set output at 15 apartments per day.
8) What's the AVERAGE COST of cleaning IS apartments?

Now set the wage to $12/day.
9) What's the AVERAGE COST of cleaning 15 apartments?

10) When the wage rose from $10 to $12 per day, did average cost INCREASE or
DECREASE?

Set the wage back to SIO/day, its baseline value.
11) What's the MARGINAL COST of cleaning the 15th apartment?

[Hint: What's the total cost of cleaning 15compared to 14?]

Now set the wage to $12 per day.
12) What's the MARGINAL COST of cleaning the 15th apartment at the higher wage?
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13) When the wage rose ftom SI0 to S12 per day, did ibiIgiual cost INCREASE or
DECREASE?

14) What's the amoUDt offixed cost for the firm?
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61 MORE PRODUCTION AND COST
IN THE SHORT-RUN

PuJllOse' To illustrate the relationship between changes in technology and a firm's cost of
production in the short-run.

CO!!!Duter file: tptc2'S.x1s

Instructions and background infurmation:

You own and operate an apartment cleaning service firm in Detroit. Your business is to
clean and repair apartments for landlords whose tenants have recently moved out. The left graph
shows the total product curve for your finn. The input is the number ofworkers you hire per day,
and the output is the number ofapartments cleaned per day.

Just as in the last problem set, the value called "Labor efficiency (new)" is an index ofhow
efficiently labor services are used to clean apartments. Labor efficiency here is part ofthe
teclmology ofproduction.

The baseline value for "labor efficiency" is .50. You can experiment with what happens to
the total product curve for different values for the index. Technological improvements mean an
increase in the labor efficiency index, as you can verify with a little experimentation. Notice that
an improvement in technology allows you to get more output from the same amount of inputs,
and allows you to produce the same level ofoutput at lower cost because you'll need fewer
workers.

The figure at the right ofthe screen shows the short-run total cost curve for your
apartment cleaning business. The daily wage you must pay is $10.00, and there are fixed costs,
mostly in the form ofrental contracts on machinery, and insurance. Under the "TOTAL COST
CURVE" information you can seleet a value for output, and Excel computes the total cost needed
to produce that output in the short-run. Notice that under the "TOTAL COST CURVE"
information Excel also computes the labor required to produce the output you desire.

You can change the labor use in the left diagram and the level of output in the right
diagram independently. Experiment with changing output and the efficiency index until you
understand how each kind of change affects the display.

Here are some things to watch for and learn as you do the problems:
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I) A change in teelmology cbaDges the total product curve aud aud the total cost
curve. An improvement in teclmology increDses the output ,ou get iom • gMnlllDOUlll oflabor,
lIIId decTf!QSes the cost ofproducing. given level ofoutput.

2) It is DO aa:idem that the total product ClImlS aud total cost ClImlS lie logically
linked. In this ellllqlle. the total product curve inaeases at • dea"'" rate (the uagiual
product oflabor diminishes as tDOTC labor is used), aud the total cost curve inaum at III
increasing rate (the marginal cost rises as more output is produced).

Here are some hints to be~ ,ou get the _was quicbr:

I) Word answers (as opposed to DUIJIbers) must be eDtered ..m- cue.

2) Avaqe cost is total cost divided by output.

3) Marginal cost is the cbaDge in total cost per IIJIil chauge in output. In ecowmills'
jargoo, the "marginal cost ofthe 10th IIJIil ofoutput" is the increue in total cost in going tiom 9
to 10 units ofoutput.

MAm MAVEN'S CORNER: The total product curve in this problem is the same fimrtioDll
funn as the previous problem set.
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MORE PRODUCTION AND COST IN mE SHORT-RUN

Questions

Set efficiency to the baseline value of .50.
1) How many apanments can you clean per day with 20 workers?

Keep efficiency at its baseline value.
2) Does the production function (total product curve) have the property ofdiminishing

marginal product? [yes or no1

Increase efficiency to .60.
3) How manyapanments can you now clean per day with 20 workers?

Keep the efficiency index at .60.
4) Does the production function (total product curve) still have the property of

diminishing marginal product? [yes or no1

Set the efficiency index to its baseline value.
5) What's the TOTAL COST ofcleaning IS apartments?
6) What are the labor requirements for cleaning IS apanments per day?

Now set the efficiency index to .60.
7) What's the TOTAL COST ofcleaning 15 apartments?
8) What are the labor requirements for cleaning IS apanments per day?

Set efficiency to its baseline value of.50.
9) What's the AVERAGE COST ofcleaning 15 apartments?

Increase the efficiency index to .60.
10) What's the AVERAGE COST ofcleaning 15 apartments?

Set the efficiency index to its baseline value.
11) What's the MARGINAL COST of cleaning the 15th apartment?

Now set the efficiency index to .60.
12) What's the MARGINAL COST ofcleaning the 15th apanment?

You can summarize your resuhs now. For each cost concept listed, does an improvement in
efficiency cause an INCREASE or a DECREASE in cost?

13) Total cost.
14) Average cost.
15) Marginalcost.
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I DISCOUNTED PRESENT VALUE

Purpose: To illustrate the idea ofdiscounted praem value with computatioDa ofthe YIUe of
payments to be received in the fiJtun: at differeDt rates ofinteIest. To use discouDIed)ll" leu
value to determine the profitability ofimestments.

Coupner file: pv9l.dl

Instrnctinm end herJtammd jofin"',.,;....

The spreadsheet fur this problem set is a kind ofc:aIcuIator that will be~ you coqJUte the
discounted present value ofa series ofpayments and costs.

The first three spradsbeet cohmms show infurmation on pa)iDtiiIIS BDd COllI Plociated
with an asset in sewraI years. The relationship upon which aD the ralnJlatimls me'-I is that
the present value ofP(t) doDars to be received t years hence is equal to [p(t)l(I+I)1. where i is the
rate of interest expi IIIdas a decimal.

Cohmm A lists the mg pa)lllClltl are to be received or COllI incurred. YClII' 0 is today.
year I is ODe year 1iom today (ODe year bence, in ec:onomist's.PaBon). etc.

Cohmm B shows the lIIIIIlunts ofll'lY"""1J (in doDars) receioed by the o_ofa
bypothetical asset in respective years. On "wab up. this column has SIOO in rows 3
through 7. You can enter any mnnben you wish in this column. Hitting the "Reset to
Baseline" button will clClll'the values 1iom this column.

Each eotr) in coluum C shows the di!!m"!!tpIIKcseDt "'.... (DPV) ofthe paymr:IIljust to
the left in coluum B. E.g., the DPV ofSI00.00 to be received 4 years in the fiItun: ifthe
interest rate is 6% is $79.21 [eeD C7]. [S79.21 - SIOOI«I + .06)1] In Cl OMMMllid's IiDgo
this is ca1Ied "TIle )ll"mDt value ofSlOO fuur years hence at 6 perceut.•

CeD E3 shows the current iUelj!Slll!le. On "wab up. i - .06 or 6%. To dJIDgc the
interest rate. seJect eeD E3 and eater the rate of interest either as a perc:eu or • decimal For
example, to change the iDterest rate to 10 perceDt, eater~ .10 or 10%.

Many assets, and the one shown is an example. give the 0_. series ofpaymeDts in
many years in the future, not just • single payment. CeD F3 shows the cIiscowad )A em wUe of
the~ ofpayments in cohmm B. That is, it is the sum oftbe vaIuea in column C. The wIue in
eeD F3 is the p1esent value ofthe ISlet.
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The graph is a bar chart showing the present value ofeach of the payments in the
respective years. You should experiment by choosing some different values for the payments
andlor inserting new ones. and seeing what happens to the present values in the graph. You
should also experiment by choosing some different values for the rate of interest. Be sure you
understand~ an increase in the rate of interest must decrease the present value ofa payment to
be received in the future.

Here are some things to watch for and learn as you do the problems:

I) For a payment to be received in the future there is an inverse relationship between
the rate of interest and the present value of the payment. Higher interest rates
always lead to lower discounted values.

2) You should buy an asset if the discounted present value ofthe benefits (payments)
is greater than the discounted present value of the costs.

3) The DPY ofan asset is the amount ofmoney you would have to put on deposit
Oend) today at the current interest rate to be able to withdraw (receive) the
payments in the future.

Here are some hints to help you get the answers quicker:

I) In these problems all future payments and costs are assumed to take place at the
end ofthe period in question. For example. in question I, enter the value ofthe
payment in cell B6. next to year 3. In question 5, enter the first interest payment
from the bond next to year I. The payment for year 0 should be blank.

2) In question 5. enter the first interest payment from the bond next to year 1. The
payment for year 0 should be blank.

3) In question 7, the first return from owning the machine occurs in year I, that is,
after one year. However, the cost of the machine occurs today, year O. In all, you
get 6 years ofreturns from owning the machine. Remember to add the scrap value
of the machine to the returns in last year.

4) In question 17 you get the payoff from the first year ofenergy saving in year 1.
(Year 0 should be blank or zero.) Then enter $40 through year 10.

Try this exercise to get some insight into the value ofyour college

education.

Suppose you are considering buying a college education (majoring in
Economics?) which you expect to give you considerably higher incomes in future
years than ifyou had just a high school education. Your income is expected to be
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SI5,OOO per yearhigher with the college education. Yourwo.liJc lililwiD start 3
years from now. say, and last fur 40 years.

What is the value ofthe mums to the college education ifintemlt IlItCI are
3%, 6%. and IO",{,?

What's your own pelSOlllll estmale ofthe cost ofyour college education?
Assume a 4 year college career. Add a) and b) together. disc:oum:iag the
future costs ifyou wBh to get the total cost.

a) Opportunity cost in lost wages.

b) Oui ofpocket costs oftuirion, boob, supplies, etc. (but DOt bollliDg or 1IIClI1s).

Is the investment going to be worth it?
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DISCOUNTED PRESENT VALUE

Questions

Note: The values ofpayments and costs you need to answer the questions are generated
randomly by the spreadsheet when you open it. You will need to look at the questions in the
spreadsheet to obtain the values.

Your Uncle Harry says he will give you $ three years from now to help you pay for a new

car.
I) When the interest rate is 6%, what's the present value ofhis gift to you?
2) What's the present value ifthe rate of interest is 3%?

3A) Some people set up trusts or make other financial arrangements to pay for their kid's
college education. Martha Klutz knows that when her daughter goes to college the
expenses will be $ per year for four years. [Go on to 3B.]

Her daughter is now a high school sophomore, so the first bill will arrive 3 years from now. The
rate of interest is 8%.

3B) How large a trust must Klutz set up today so that her daughter's college education is
just paid for in the future?

4) HoW large would the trust have to be if the rate of interest was 3% instead of8%?

5A) A bond is a promise to pay its holder fixed amounts ofmoney at speci1ied times in
the future. Suppose you have a chance to buy a bond that pays the following
amounts in interest and principal: [Go on to 5B.J

5B) After one year you will receive a series ofannual interest payments of$ for
10 years. At the time you receive the last interest payment you will receive the
principal value ofthe bond of$20,OOO. [Go on to 5C.)

5C) If the rate ofinterest is 7%, what's the maximum amount you would be willing to pay
for the bond?

6) Ifthe rate of interest were 10%, what would be the price of the bond?

7A) You are in the pizza business and want to buy a new pizza making machine. The
machine costs $ today. At the end ofeach year you own the machine it will
give you returns of$ after paying for maintenance and repairs. [Go on to
7B.J

After you have owned the machine for 6 years you expect to sell it for scrap for $1,000. (You
scrap it at the same time you get the last $ return.) What is the present value ofthe
RETURNS at
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7B) 3%1
8) 7%1
9) 11%1

What's the present value ofthe COST ofthe JDBclrine ifthe iderest nde is:
10) 3%1
II) 7%1
12) II%1

Should you buy the IDIICbiDe 111 each ofthe following interest 1lltes1 [Enter Yes or No.]
13) 3%1
14) 7%1
IS) II%1

16A) You win a big prize in the Super Lottery. You rec:eiveS__today, mI then
$__ for each ofthe Slv:reeding 9 years. [Go on to 168.]

168) How much would the Slate have to put on deposit today to just payJOU offifthe
state's interest nde is 1%1

I7A) You go to Big George's to buy anew leliigaatOr for)'OlD' apiidueul. The ston:
otTers two models, regular (costs s l mI euergy efticieuI (COSIS S l.
Both wiD last for 10 years. [Go on to 17B.]

The euergy efficient leliigall10r wiD save you S40 per~ in electricity bills.
17B) What's the diffi:reDce in the initial purchase price betwc:en the euergy efliLiem

model SDd the regular model?

CoJ4inuing on fiom the previous question _ the nde ofinterest is I2%.
18) What's the present value ofthe enetBY saving Iiom the euergy efficieul JDDdeI?
19) Should)'Ou buy the euergy efficient model? [Yes or No]
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I INTERNAL RATE OF RETURN

Purpose: To illustrate how to compute the internal rate of return on an investment or series of
future payments and costs. To show how to use the internal rate ofretum to make investment
decisions.

Computer files: irr98.x1s

Instructions and background information:

The first two spreadsheet colunms show information on payments and costs associated
with an asset in several years.

Cohnnn A lists the years payments are received or costs incurred. Year 0 is today, year I
is one year from today, etc. Colunm B shows the dollar payments received or costs incurred on a
hypothetical asset in respective years. On "wake up" this colunm has -9500, 500, 500, and 10500
in the topmost cells. Costs are entered as negative numbers, so the asset represented is one that
costs $9,500 today and pays $500, $500, and $10,500 in each ofthe next 3 years, successively.

Cell 058 shows the internal rate of return (IRR) on the asset whose cash flow values are
listed in the cells in colunm B. The IRR is the interest rate that makes the sum of the present
values ofthe payments equal to zero. Ifi is a rate of interest, the IRR is the value ofi that makes
this equation true:

0= R(O) + R(1)/(l+I) + R(2)/(l+!)2 + ... + R(T)/(l+i)r, ,

where R(t) is the dollar return t years from now.

Another way to define the internal rate of return is as the interest rate that makes the net
discounted present value ofan asset equal to zero. Or, equivalently, as the interest rate that
makes the discounted present value of the costs equal to the discounted present value ofthe
returns. All ofthese ways ofsaying it corne down to the same thing.

Ofcourse, solving the equation for the internal rate ofreturn may not be an easy task. In
fact, for T larger than 5 there is, in genera~ no way to do it using the ordinary methods of algebra,
so various methods ofapproxirnation are used. Excel finds the IRR by trial and error, and the
way the computer you are working on is set up, it gives up if it doesn't get close to the answer
after 20 tries.
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To help Excel out, you can choose a value in ceO FS8.1abe1ed BEST GUESS. It is the
interest rate Excel starts with as it tries to find the IRR by trial and error. When the lIpI"'JId~

wakes up the BEST GUESS for the inlemaIllIIeofretumis 10%.

You can change BEST GUESS and aD ofthe vab:s in cohmm B to _weI'the q"estions
AD other cells in the sheet are locked.

The graph shows the Bet discounted praeot value ofthe asset you 11ft WOIUc with at
inten:st rates from 0 to 100 percent in I percent intervals. The memaI IlIle ofretum ClIII be
estimated by seeing where the graph aosses zero on the~ axis. You ClIII use the gnph to
make a good BEST GUESS.

ExpetiInent with some difIinot values fur returns and costs in di&teul yars and _ wIIat
happens to the iDlemaIllIIe ofmum.

NOTE: The IIUIIIbcn in colmm B IDIIt coorain at Il:ast one positive wIue and one
negative value for the procedure to wort. In additiou, Excel has a quidt in the lRR
~utationthat IDIIkes it treat blanks and zeros diffaemiy. Ifyou WlIIIt a zero JIIIYDIaIl
or cost in an intermediate year ofyour asset, be sure to emer ·0· in the ceD, don't just
leave it blaDk.

Here are some things to watclJ for and Ieam as you do the problems:

I) The lIIISWeIlI to questioDS 1.3.4. and 8 are pertedl8geS - rates ofmum. Emer
your _ in the lIDSwei' sheet eitIIa" as a decinwl, or with a pen:aII sip (%).
For~1e, ifyour_is 7.52 perceot, eorereither .0752 or7.52%.

2) The lRR is thea~ ammaIllIle ofmum on aD asset.

3) GeDeraIIy. you can profit by buying assets that have aD lRR 81catei thaD the IlIle of
interest you have to pay to borrow money. The idea is that if lRR esr:ccds the late
ofinten:st you can use the income from the asset to pay otrboth princ4Jal aDd
interest from the loan aDd stiD have somethiDg left over.

4) Higher inlemaIlates ofretum oc:cur wbeD costs 80 clown or returns rile.

Here are some hints to he" you get the lIIISWeIlI quicker:

I) In question 3. leuon!ler to deduct the $3.000 down paymeiil from the c:ost ofthe
car. Enter the loan IliDJlDIt as a negative mnnber in eel 858. Theu aaer the 5
payments you must make in sunnding yars.
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2) Question 4 is very much like Question 7 in the problem set on discounted present
value. Remember to add the scrap value of the machine to the last return that you
enter in year 7.

3) In Question 8 on the lottery, you sell the winning ticket to someone else. That
means the buyer's return in period zero is a negative amount that is tbe payment to
you, plus the immediate payment when the ticket is cashed. The remaining 9
payments are entered as positive numbers.

Try this exercise to get an idea how economists use the IRR to measure the value ofa
college education.

Suppose your sister or brother is about to finish high school and is considering buying a
college education (majoring in Economics?) which he/she expects to yield considerably higher
incomes in future years than ifhe/she had just a high school education. Income will be $18,000
per year higher with the college education. Ifyour sibling goes to college, hislher working life
will start 5 years from now, say, and last for 40 years. Suppose the costs in each ofthe 4 years of
college are $12000. The first year ofcosts occurs one year from now, so enter it next to Year 1.
And remember to put a minus sign in front of the costs. Then enter the remaining costs and
benefits next to the correct years. (The last income payment should be entered in year 44.)

What is the internal rate ofreturn on a college education for your sibling?

In the computer exercise on discounted present value you gave an estimate
ofyour real life estimated costs ofyour college education. Divide that total cost
by 4 to get the estimated annual cost, and enter the costs in the spreadsheet. What
is the expected internal rate ofreturn on your investment if the annual income gain
estimates of$15,OOO per year for 40 years are correct?
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INTERNAL RATE OF RE'I1JRN

QuestioDS

Note: The values ofpayments lIIId costs)'Ou need to _the questioDS lIRl gea....dtel
mndomly by the spreadsheet when )'Ou open it. You wiD need to look at the questious in the
spreadsheet to obtain the values.

IA) A gownweut bond costs $__ today,lIIId wiD pay)'OU $__ in iulaeat in each
ofthe next 3 years. The &st paymem oc:c:urs ODe year ftum DOW. [00 OD to 18.J

At the time you m:eive the last interest paymr:al )'Ou IIso teeeiw: the boad's pincip8l or tiK:e
value ofSIO,OOO.

18) What's the iDlemaI rate ofretum OD the boad?

Continuing on from the last question:
2) Ifyou can bonow money at 4% should )'OU buy the boDd? [Yes or No.J

3A) you are COIISidering buying a car fur $ . lIIId need to borrow the CdR 8IIIIJlD

less a down paymem of$3,OOO. You taIce out a loan that )'OU will pay bEt in five
aJiIlual jostaJlments ofS__. [Go on to 38.J

38) The first loan paymr:al is due ODe year ftom the time )'Ou get the car, the ICCODd two
years hence, etc. The saJesnwn tells )'OU that the loan pIl}'IIII:IItS inc..both
princ~ lIIId interest. [Go OD to 3e.J

You will own the car after )'OU make the last payment.
3C) What rate ofinterest are )'OU paying OD the loan?

4A) You are in the pizza trw;"ss lIIId want to buy a new pizzamakina-j,.... The
machine costs $__today. At the end ofeach year )'Ou own the pIICtiw: it wiD
give )'OU returns ofS__ after paying fur maintel!8nce and n:pUs. [00 011 to 48.J

After)'OD have owntd the JJW:hine fur 6 years)'OU expect to seD it iJr 8Crap b SI,OOO. (You
scrap it at the same time )'OD get the last $__ return.)

48) Wbat is the intemal rate ofretum OD the machine?

Consider again the pizza JJIIchine in the last question. WOuld)'OD buy the JJW:hine if)'OU could
bonow money at the fuDowing rates? [Answer Yes or No.J

5) 5%
6) 12%
7) 20%
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8A) You win a big prize in the Super Lottery. You will receive $,__ today. and then
$ for each ofthe succeeding 9 years. [Go on to 8B.]

8B) There are private parties who will buy your winning ticket for a lump sum payable
today. In filet, one such person offers to pay you one haifofyour total winnings (10
tiInes $---J. [Go on to 8e.]

Suppose you sell your ticket for the offered price.
8C) What rate ofreturn is the buyer receiving on the investment?
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