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The University of Colorado at Boulder
Depar ment of Economics
ECON 6808-1998

Quiz Four--September 29, 1998

SCENARIO: Wilbur maximizesthe linear utility function u=ast+bb subject to alinear money constraint m=pss+pbb
and alinear time congtraint t=tsS+tbb, where Sis the number of ski trips taken, D isthe number of games bowled, Psisthe
of aski trip, Pb isthe cost to bowl a game, IM istotal income, {sishow many hours are required for each ski trip, tb ishow
hours are required to bowl agame, and { isthe total time available.

1. Sketch out three possible cases of Wilbur's constraints: one wher e the money constraint playsnorole,
onewher e the time constraint plays no role, and one wher e both constraints can play arole.

Wilbur solves the following problem:

Let's assumethat Ps=30, Pb=20, m=100, ts=1, {b=3 and t=24.

With the above values, the two constraints can be graphically represented as follows:
ti meconstraint =Line[{{0, 24/3}, {24, 0}}]
Li ne[{{0, 8}, {24, 0}}]

ti megr aph = Show[Gr aphi cs[ti meconstraint], Axes -» True, AxeslLabel » {"s", "b"},
Pl ot Label -»"Ti me Constraint"]

b Ti me Constraint
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noneyconstraint =Line[{{0, 100/20}, {100/30, 0}}]
Line[{{0, 5}, {130, 0}}]

noneygr aph = Show[Gr aphi cs [npDneyconstrai nt], Axes -» True, AxeslLabel -» {"s", "b"},
Pl ot Label - " Money Constraint"]

b Money Constrai nt
5
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Lets sketch three possible cases of Wilbur's congtraints: (a) the time constraint plays no role; (b) the money constraint
plays norole; and (c) both constraints can play arole.

For case (a), the following parameter values are assumed: [9s=30, Pb=20, M=100, Ts=1, th=3, t=24. Only money
constraint binds. The bundles of ski trips and bowling games feasible with the money endowment are also feasible with
the time endowment, but not visa versa.

noti nme =
Show[Gr aphi cs[Text ["noney constraint", {2.5, 2}, {-1, 0}]1, noneygraph, tinegraph,
Axes -» True, AxeslLabel - {"s", "b"}, PlotLabel -" (a) Only Money Constraint Bi nds"]

b (a) Only Money Constraint Binds
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noti me2 = Show[Gr aphi cs[Text ["ti nme constraint”, {9, 5.4}, {-1, 0}]], noti ne,
Axes -» True, AxeslLabel - {"s", "b"}, PlotLabel -" (a) Only Money Constraint Bi nds"]

b (a) Only Money Constraint Bi nds
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For case (b), the following parameter values are assumed: [Ps=30, Pb=20, M=100, ts=8, tb=6, I=24. Only time congtraint
binds. The bundles of ski trips and bowling games feasible with the time endowment are a so feasible with the money
endowment, but not visaversa.

ti meconstraint =Line[{{0, 24/6}, {24/8, 0}}]

Li ne[{{0, 4}, {3, 0}}]

ti megraph = Show[Gr aphi cs[ti meconstraint], Axes -» True, AxeslLabel - {"s", "b"},
Pl ot Label - "Ti me Constraint"]

b Ti me Constraint
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nononey =
Show[Gr aphi cs [Text ["noney constraint”, {1.3, 3.5}, {-1, 0}]], noneygraph, tinmegraph,
Axes -» True, AxeslLabel - {"s", "b"}, PlotLabel -" (b) Only Tine Constraint Binds"]

b (b) Only Time Constraint Binds
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nomoney?2 = Show[G aphi cs[Text ["ti me constraint", {2.4, 0.7}, {1, 0}]], nonopney,
Axes -» True, AxeslLabel - {"s", "b"}, PlotLabel -" (b) Only Tine Constraint Binds"]

b (b) Only Time Constraint Binds
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For case (), the following parameter values are assumed: Ps=30, [0b=20, M=100, {s=6, tb=6, {=24. Both congtraints can

play arole. For bundles of zeroto two ski trips, the time constraint can bind; for bundles of two to 3.33 ski trips, the
money congtraint can bind.

ti meconstraint =Line[{{0, 24/6}, {24/6, 0}}]

Li ne[{{0, 4}, {4, 0}}]
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ti megraph = Show[Gr aphi cs[ti meconstraint], Axes -» True, AxeslLabel - {"s", "b"},
Pl ot Label - "Ti me Constraint"]

b Ti me Constraint

Gr aphics

bot h =
Show[Gr aphi cs[Text ["noney constraint”, {0.8, 4}, {-1, 0}]1, noneygraph, tinegraph,
Axes -» True, AxeslLabel - {"s", "b"}, PlotLabel -" (c) Both Constraints May Bi nd"]

b (c) Both Constraints May Bi nd
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bot h2 = Show[Gr aphi cs[Text ["ti ne constraint”, {2.8, 1.4}, {-1, 0}]1], both,
Axes -» True, AxeslLabel - {"s", "b"}, PlotLabel -" (c) Both Constraints May Bi nd"]

b (c) Both Constraints May Bi nd
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2. Think about what the solution might look like. Consider whether Wilbur will spend all of his money,
whether Wilbur will utilize all histime, and whether Wilbur will both bowl and ski.

Let's consider three possible solutions: (i) Wilbur spends all his money and afraction of histime; (ii) Wilbur spends all
histime and afraction of his money;and (iii) Wilbur spends all his money and time.

For all three cases the following parameter values are assumed: Ps=30, Pb=20, IM=100, ts=6, tb=6, t=24.

In case (i), Wilbur spends all his money (m=100) and some of histime (t=19.98) to consume 3.33 sKi trips and zero
bowling game.

utilitybline=Show[G aphics[{Dashing[{0.03, 0.03}], Line[{{1.5, 5}, {3.33, 0}}1}1,
Axes -» True, AxeslLabel - {"s", "b"}]

b
~ 5
~
~N
~
N
~
3 ~
~N
~
~
2 ~
~
~
1 \\
N
~
> S

1.5 1.75 2.25 2.5 2.75 3 3.25
Gr aphics

noneybi nds = Show[Gr aphi cs[Text ["i ndi fference curve", {2.7, 2}, {-1, 0}11,
noneygr aph, ti megraph, utilitybline, Axes - True, AxeslLabel -» {"s", "b"},
Pl ot Label - " (i) Exhaust Money Endowment" ]

b (i) Exhaust Money Endownment
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noneybi nds2 = Show[Gr aphi cs [Text ["noney constraint”, {2.8, 0.5}, {1, 0}11,
noneybi nds, utilitybline, Axes - True, AxeslLabel -» {"s", "b"},
Pl ot Label - " (i ): Exhaust Mboney Endownent"]

b (i): Exhaust Money Endowmrent
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noneybi nds3 = Show[G aphi cs[Text ["time constraint”, {0.2, 3.9}, {-1, 0}11,
noneybi nds2, utilitybline, Axes - True, AxeslLabel -» {"s", "b"},
Pl ot Label - " (i) Exhaust Money Endowment" ]

b (i) Exhaust Money Endownment
5 \
AN
4 constraint\
3
2 \ i ndifference curve
1
s
1 2 3 4
Gr aphics

In case (i), Wilbur spends al histime (t=24) and some of his money (m=80) to consume 4 bowling games and zero ki
trip.
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utilitybline=Show[G aphics[{Dashing[{0.03, 0.03}], Line[{{O, 4}, {3, 3}}1}1,
Axes » True, AxesLabel - {"s", "b"}]
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t i mebi nds = Show[Gr aphi cs[Text ["i ndi fference curve", {2.7, 3.35}, {-1, 0}11,
noneygr aph, ti megraph, utilitybline, Axes - True, AxeslLabel -» {"s", "b"},
Pl ot Label - " (ii) Exhaust Ti ne Endownent" ]

b (ii) Exhaust Ti me Endownent
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timebi nds2 =

Show[Gr aphi cs[Text ["noney constraint", {2.8, 0.4}, {1, 0}]], tinmebinds, utilitybline,
Axes -» True, AxeslLabel - {"s", "b"}, PlotLabel -»" (ii) Exhaust Ti ne Endownent"]

b (ii) Exhaust Ti me Endownent
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ti mebi nds3 = Show[Gr aphi cs[Text ["time constraint”, {2.6, 1.6}, {-1, 0}]1,
ti mebi nds2, utilitybline, Axes - True, AxeslLabel -» {"s", "b"},
Pl ot Label - " (ii) Exhaust Ti ne Endownent" ]

b (ii) Exhaust Ti me Endownent
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In case (iii), Wilbur spends al his money (m=100) and time (t=24) to consume 2 sKi trips and 2 bowling games.

utilitybline=Show[G aphics[{Dashing[{0.03, 0.03}], Line[{{0, 4.5}, {3.67, 0}}]11}1,
Axes -» True, AxeslLabel - {"s", "b"}]
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bot h = Show[Gr aphi cs[Text ["nponey constraint”, {0.8, 4}, {-1, 0}11,
noneygr aph, ti megraph, utilitybline, Axes - True, AxeslLabel -» {"s", "b"},
Pl ot Label - " (iii) Exhaust Both Mney and Ti me Endownent s" ]
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bot h2 = Show[Gr aphi cs[Text ["ti ne constraint”, {2.9, 1.4}, {-1, 0}]1], both, Axes - True,
AxeslLabel -» {"s", "b"}, PlotLabel »" (iii) Exhaust Both Money and Ti me Endownent s"]
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3. Usethe ConstrainedM ax command in M athematica to solve this problem for specific valuesof a, b,
m, t, ps, pPb, ts, and to.

Let's start this question with the following "benchmark” case where a=4, D=4, ME100, 1=24, Ps=30, Po=20, ts=1,
and to=3.

In this particular case, only money constraint binds; the time constraint plays no role.

Constrai nedvax[4s +4b, {30s+20b <100, s+3b <24}, {s, b}]

{20, {s >0, b->5}}

Now let'sincrease the level of income to 1000 (m=1000) in order to find a solution where the money constraint does not
bind anymore but the time constraint does.
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Constrai nedvax[4s +4b, {30s+20b <1000, s+3b <24}, {s, b}]

{96, {s >24, b->0}}
Now, let's reduce the income to 200 (m=200) to find an internal solution where both congtraints are binding.

Constrai nedvax[4s +4b, {30s+20b <200, s+3b <24}, {s, b}]

b -

256 12 52
{7 ’{367’ 7}}

Findlly let'stry to change the preference parameters. Let's take the benchmark case and change the preference parameters.
Let a=6 and b=2. Now Wilbur has his preferences biased toward the ski trips. Since we haven't changed the amount of
income or total time endowment, we should expect to see again the income congtraint binding and the time constraint
playing norole.

Constrai nedvax[6s +2b, {30s+20b <100, s+3b <24}, {s, b}]

10

{20, {s - 3 b-0}}

Extra Credit: Thefollowing isanother exampleof alinear programming problem.

A horticulturist wishesto mix fertilizer that will provide a minimum of 15 units of potash, 20 units of nitrates and 24 units
of phosphates. Brand 1 provides 3 units of potash, 1 unit of nitrates, and 3 units of phosphates; the unit price of brand 1
fertilizer is$120. Brand 2 provides 1 unit of potash, 5 units of nitrates, and 2 units of phosphates; the unit price of brand
2 fertilizer is$60. What is the least-cost combination of fertilizersthat the horticulturist will purchase?

Constrai nedM n[120x +60y, {3x+y 215, x+5y >20, 3x+2y >24}, {X, y}]

{780, {x>2, y->9}}

Thehorticulturist will purchase 2 units of brand 1 and 9 units of brand 2.



