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Problem Set 2:  Answers

MN3140  Microeconomics

1.
a.
The objective is to maximize utility, U = 4CM1/2, subject to the budget constraint, PmM + PcC = 12, or M + 0.5C = 12, where Pm = 1 and Pc = 0.5.  Thus, 


L = 4CM1/2 + [12 - (M + 0.5C)]


(L/(C = 4M1/2 - 0.5 = 0  =>   = 8M1/2

(L/(M = 2CM-1/2 -  = 0  =>   = 2CM-1/2  =>  C = 4M


(L/( = 12 - (M + 0.5C) = 0  =>  12 = M + 0.5C  =>  12 = 3M


=>  M = 4, C = 16, U = 128.

b.
We want to maintain 128 units of utility, but the price of cookies has increased to 1.  Thus, we want to find the cheapest combination of milk and cookies that gives us 128 units of utility.  This is a minimization problem.


L = M + C + [128 - 4CM1/2]


(L/(C = 1 - 4M1/2 = 0  =>   = 1/4M1/2

(L/(M = 1 - 2CM-1/2 = 0  =>   = 1/2CM-1/2 = M1/2/2C  =>  C = 2M


(L/( = 128 - 4CM1/2 = 0  =>  128 = 4CM1/2  =>  128 = 8M3/2  =>  16 = M3/2

=>  M = 6.35, C = 12.7, I = 19.

Notice that the ratio of milk to cookies changes with the price of cookies.  If the price of cookies increases by $0.50 and you wanted to purchase the same combination of milk and cookies as in part a, you would need $20.  This would give you a utility of 128.  But as the relative prices changes, you can get the same utility more cheaply by changing the mix of milk and cookies.  Specifically, you would reduce the portion of cookies, which have become relatively more expensive, and increase the portion of milk, which is relatively less expensive.

2.
a.
You want to minimize cost, PkK + PlL = 16K + 4L, subject to an output constraint, Q = 2K1/2L1/2 = 64.  Thus, 


L = 16K + 4L + [64 - 2K1/2L1/2]


(L/(K = 16 - K-1/2L1/2 = 0  =>   = 16/K-1/2L1/2 = 16K1/2/L1/2

(L/(L = 4 - K1/2L-1/2 = 0  =>   = 4/K1/2L-1/2 = 4L1/2/K1/2  =>  L = 4K


(L/( = 64 - 2K1/2L1/2 = 0  =>  64 = 2K1/2L1/2  =>  64 = 2K1/2(4K)1/2  =>  64 = 4K



=>  K = 16, L = 64, C = 512.

b.
If K = 16, Q = 8L1/2.  If Q = 128  =>  128 = 8L1/2  =>  L1/2 = 16  =>  
L = 256, C = 1280.
c.
If the firm can adjust both K and L in the long run, it would purchase K and L in the same ratio as found in part a.  Thus, L = 4K.  In this case we want Q = 128, so 128 = 2K1/2L1/2  =>  128 = 2K1/2(4K)1/2  =>  128 = 4K  =>  K = 32, L = 128, C = 1024.  Thus, the firm can save 256 by increasing both capital and labor.

3.
a.
The level of national security is determine by a security production function, where S = f(P,W).  In this case, S = 4P1/2W1/2.  The objective is to determine the combination of W and P that maximizes the level of security, subject to the budget constraint.  You could set this up as a constrained optimization problem, where the objective is to maximize L = f(P,W) +  (B-(PwW + PpP)) with respect to W, P, and .  Alternatively, at the point of tangency, you know that:



-MPp/MPw = -Pp/Pw  or 



MPp/Pp = MPw/Pw
You also know that B = PwW + PpP.  In this case, 1,000,000 = 50P + 250W.  Thus, you should purchase personnel and weapons up to the point where the marginal productivity per dollar for the last dollar spent on weapons is just equal to the marginal productivity per dollar for the last dollar spent on personnel, and you have spent all your budget.  If the marginal productivities per dollar for the last dollar spent are not equal for the two inputs, we could increase security without increasing expenditures by buying more of the input where marginal productivity per dollar is the highest and less of the other input.  Solving for P and L reveals that P = 10,000, W = 2000 and S = 17,888.5.


b.
If the wage rate for personnel increased ceteris paribus, the isocost line would rotate.  The intercept on the personnel axis would move toward the origin, while the intercept on the weapons axis would remain the same.  This rotation would give a new optimal combination of weapons and personnel.  Personnel would decrease, and weapons could increase, decrease or remain the same, depending on the specific shape of the isoquant.  The level of security would decrease because you could now buy less with your limited budget.  In this case, P = 5000, W = 2000, and S = 12,649.1.


c.
An increase in the effectiveness of weapons would shift the isoquants by increasing MPw.  If weapons are on the vertical axis, the isoquants would become flatter.  This indicates that you now need to get more personnel to compensate for given reduction in the quantity of weapons than you did before the increase in weapon productivity (e.g., if you initially needed 10 people to compensate for a reduction in weapons by 1, you will need more than ten after weapons become more productive).  If the isoquants become flatter, the optimal combination of weapons and personnel will include more weapons and less personnel than before.  In other words, if MPw increases, weapons become a better buy relative to personnel.  Therefore, you will buy more weapons and less personnel.


d.
This is similar to 2b.  If W = 2000, S = 4P1/2(2000)1/2  =>  S = 178.89P1/2  =>  P = (S/178.89)2.  If S = 35777, P = 40,000.  To expand P from 10,000 to 40,000, when Pl = 50, would require a budget increase of $1,500,000.  The marginal productivity of labor is given by (Q/(P = 2W1/2/P1/2.  If W = 2000, MPl = 89.44/P1/2.  When P = 10,000, MPl = .8944.  Thus, the last unit of labor increased security by .8944 units.  When P = 40,000, MPl = 0.4472.  This is half the value found above.  Now, when P increases by 1, S only increases by 0.4472.  This decrease indicates that P becomes less productive on the margin as P expands but W remains constant.  If DoD increased security in the long run, it could increase both W and P.  As in part a, it would hire W and P in the ratio P = 5W.  If S = 35777 = 4P1/2W1/2  =>  35777 = 4(5W)1/2W1/2  =>  35777 = 8.944W  =>  W = 4000, P = 20,000, and (TC = (W*PW + (P*PP =  2000(250) + 10,000(50) = 1,000,000.  This is 2/3 of the cost increase found above.

4.
a.  We want to minimize the cost of producing 100 units of output in the U.S. and Mexico given the production function and capital and labor prices in both countries.  This can be solved by Legrangian, equating MBs/MCs or substitution.  I will use substitution.  To minimize cost, we want to solve the production function for K in terms of L, or vice versa.
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Plugging this into the cost function for the U.S.
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To minimize cost, set the derivative of TC with respect to K equal to zero:
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Plugging K into the expression for L derived above  =>  L = 133.33.  Plugging K and L into the U.S. total cost equation  => TC = 48K + 3L  =>  TC = 1200 if K = 16.67 and L = 133.33

For Mexico, output and the production function are the same, So we can reuse the first result derived above.  This expression for L can be plugged into Mexico's cost function, as follows:
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Plugging K into the expression for L derived above  =>  L = 533.33.  Plugging K and L into the U.S. total cost equation  => TC = 128K + L  =>  TC = 1600 if K = 8.33 and L = 533.33




ii.  The marginal products of capital and labor are the partial derivatives of K and L with respect to Q, respectively.  To find precise values for these marginal productivities, plug in the actual values for K and L used to produce Q = 100.  Because both countries have the same production functions, the formulas for MPK and MPL will be the same:
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In the U.S, where K = 16.67 and L = 133.33, MPKUS = 4, and MPLUS = 0.25

In Mexico, where K = 8.33 and L = 533.33, MPKM = 8, and MPLM = 0.0625

The MPs in each country are in the ratios of the capital/labor prices (i.e., 48/3 = 16 in the U.S. (4 = 16*0.25) and 128/1 in Mexico (8 = 128*0.0625)).




iii.  If Mexico used K = 16.67 and L = 133.33 as in the U.S., the MPK and MPL in Mexico would be the same as found for the U.S. above.  As Mexico substitutes capital for labor, Mexico's total costs will increase (from $1600 to $2267 in this case).  This reflects that capital is expensive relative to labor in Mexico.  Thus, the productivity of capital must be higher relative to labor to minimize costs in Mexico.  Even with the same production technology as the U.S., Mexico would not choose the same capital/labor ratio.  Mexico would use more labor.


b.  Because of its lower PK, and because K has a larger impact on Q than L in this production function, the U.S. has lower total costs and would export this good to Mexico.


c.  Even though both countries have the same production technology and Mexico has labor prices that are one third of those in the U.S., both countries will select different capital/labor ratios, reflecting the differences in relative factor costs.  In actuality, the trade flow will depend on both relative factor prices and the relative impact of capital and labor on output as determined by the production function.  The U.S. can compete internationally with lower wage countries, particularly in more capital intensive products.  Our relatively low capital costs and well developed capital infrastructure contributes to our ability to compete against lower wage countries.

5.
a.
This is an optimization problem where we want to maximize utility subject to a budget constraint.  We can use Legrangian, substitution or equate the ratios of the MBs and MCs.  I will illustrate the 1st and 3rd approaches in part a.



i.  In the local community, the service members problem can be stated as:




L = 2AC1/2 + (600 - (A + 2C))  =>




(L/(A = 2C1/2 -  =0  =>   = 2C1/2



(L/(C = AC-1/2 -2 = 0  =>   = A/2C1/2  =>  A/2C1/2 = 2C1/2  =>  A = 4C




(L/( = 600 - (A + 2C) = 0  =>  600 = A + 2C  =>  600 = 4C + 2C  =>  C = 100 




If C = 100, A = 400, U = 8000.



ii.
If military members can shop in the commissary, the service members problem is:
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Plugging this result into the budget constraint:  600 = A + C  =>  600 = 3C  =>  

C = 200, A= 400, U = 11,314

b.  If service members are to be indifferent between shopping in the local community and having access to the commissary, they must be able to receive the same utility in the local community as in the commissary.  Thus, we need to find the income that would allow service members to receive 11,314 in utility when facing local community prices.  This is a cost minimization problem.  From 1.a.i, we know that consumers will select A = 4C when shopping in the local community.  We can plug this into our utility constraint term:  



U = 2AC1/2 = 11,314  =>



2(4C)C1/2 = 11,314  =>  8C3/2 = 11,314  =>  C3/2 = 1414  => 



C ( 125 (126), A ( 500 (504), I ( 750 (756).

If service members currently have I = $600, they would need a living allowance LA ( $150.



i.  If the service members where to buy the same mix of C and A on the local community as they buy in the commissary, they would need an additional $200 (the $1 price difference times the 200 units of C they purchase in the commissary).  Thus, they can reduce the required living allowance by $50 if they shift their consumption mix in response to the different relative prices.



ii.  If service members received a $200 living allowance so that they could afford their commissary mix of goods in the local community, they would voluntarily choose to purchase a different mix that reflects both their tastes and the relative prices of A and C in the local community.  As stated above, they would purchase A and C in the ratio A = 4C.  If I = $800:

800 = A + 2C  =>  800 = 6C  =>  C = 133, A = 533, U = 12,317 (a 1003 increase)


c.  If DoD's net per capita subsidy for the commissary (i.e., (TR - TC)/service members)) is greater than $150, DoD should close the commissaries and shift to the living allowance.  Of course this does not consider the impact on retired military members and others that may have access.  A more detailed analysis would include all parties with access to the commissary.


6.
a.
The cost minimizing combination of K and L can be found by substitution, Legrangian or by short cut (both exponents are 1/2 so inputs are hired in the inverse ratio of their prices; L = 100K in plant 1 and L = 64K in plant 2).  Solving for plant 1 using Legrangian and for plant 2 using the short cut yields:  (Q, K and L should all be subscripted for plants 1 and 2, for expediency I have eliminated most of the subscripts in these answers)

Plant 1
L = 10L + 1000K + (2000 - 2K1/2L1/2)

(L/(L = 10 - L-1/2 = 0  =>    = 10L1/2/K1/2
(L/(K = 1000 - K-1/2L1/2 = 0  =>   =1000K1/2/L1/2  =>  10L1/2/K1/2 = 1000K1/2/L1/2  =>  10L = 1000K  =>  L = 100K

(L/( = 2000 - 2K1/2L1/2 = 0  =>  2000 = 2K1/2(100K)1/2  =>  2000 = 20K  =>

K1 = 100, L1 = 10,000, TC1 = 200,000
Plant 2
L = 64K

1600 = K1/2L1/2 => 1600 = K1/2(64K)1/2 => 1600 = 8K => K2 = 200, L2 = 12,800, TC2 = 256,000

b.


Plant 1

TC1 = PK*K + PL*L = 1000*100 + 10L

Q = 2K1/2L1/2  =>  L1/2 = Q/2K1/2  =>  L = Q2/4K  = Q2/4*100 = Q2/400 = 0.0025Q2  =>

TC1 = 100,000 + 10(0.0025Q12)   =>  TC1 =  100,000 + 0.025Q12.

Plant 2
TC2 = PK*K + PL*L = 640*200 + 10L

Q = K1/2L1/2  =>  L1/2 = Q/K1/2  =>  L = Q2/K  = Q2/200 = 0.005Q2  =>

TC2 = 128,000 + 10(0.005Q22)   =>  TC2 =  128,000 + 0.05Q22.


c.
This is a constrained minimization where we want to minimize TC1 + TC2 with respect to Q1 and Q2 constrained by Q1 + Q2 = 3600.  Using Legrangian:

L = TC1 + TC2 + (3600 - Q1 - Q2) = 100000 + 0.025Q12 + 128000 + 0.05Q22 + (3600 -Q1-Q2)

(L/(Q1 = 0.05Q1 -  = 0  =>    = 0.05Q1
(L/(Q2 = 0.1Q2 -  = 0  =>   = 0.1Q2  =>  0.05Q1 = 0.1Q2  =>  Q2 = 0.5Q1
(L/( = 3600 - Q1 - Q2 = 0  =>  3600 = Q1 + Q2  =>  3600 = 1.5Q1  =>

Q1 = 2400, Q2 = 1200, TC = 444,000
This represents a 12,000 savings over the division of output in part a.  Adjusting the capital stock could further increase this difference.



i.
In the solution derived above, MC1 = MC2 and fixed costs have no effect (the 100,000 and 128,000 terms drop out when you take the derivative.  You always want to divide output between the two plants so that the cost of producing an additional unit of output is the same in both plants.  If it is not (i.e., MC1 < MC2), the cost of producing another unit of output in plant 1 would be less than the cost of the last unit of output in plant 2.  Thus, you could decrease cost by shifting output between plants 1 and 2.  As you move output from the plant with the higher MC to the plant with the lower MC, the cost savings exceeds the additional cost, so there is a net savings.  You would continue to shift output away from the higher MC plant as long as there is a difference between the MCs.  Thus, the optimum occurs where MC1 = MC2.
7.
a.
This is a constrained optimization problem.  The Navy wants to maximize the benefit of its anti-drug budget.  The budget is the constraint and the level of illegal drug demand reduction is the objective.  In general, the solution to a constrained optimization problem takes the form:



MBx/MCx = MBy/MCy = MBz/MCz = ....

In this specific instance, the marginal cost is the extra dollar spent in each program and the marginal benefit is the decrease in drug demand obtained for that dollar expenditure.  Thus, the decrease in drug demand per dollar for the last dollar spent on each program should be the same.  To find this point, the Navy would need information on the impact that various programs have on the demand for illegal drugs.  Ideally, this would be statistical data.  More realistically, this will be subjective data.


b.
If you consider that the Navy's anti-drug budget is unlimited, this is an unconstrained optimization problem.  The general form of the answer to this problem is MC = MB.  In the context of illegal-drug demand reduction, the Navy should increase the budget as long as the cost of reducing the demand for drugs is less than the benefit the Navy receives from that reduction.  The benefit the Navy receives involves increased readiness, morale, fewer lost work days, lower medical costs, etc.  More realistically, the total Navy budget is limited.  An additional dollar spent on anti-drug programs means a dollar less spent elsewhere.  In this case the appropriate criterion is similar to part a:



MBx/MCx = MBy/MCy = MBz/MCz = ....  

The anti-drug program's marginal costs and marginal benefits (e.g., increases in readiness) must be balanced against all other Navy programs.  In either case, zero tolerance is not an economically optimal solution.  It may be so expensive to eliminate the last bits of drug use, that the MC far exceed the MB.  For public relations purposes, zero tolerance may be appropriate, but not for economic efficiency.


c.
The Navy receives several benefits by reducing the demand for drugs.  These include:  reductions in sick leave, health care costs and work productivity;  increases in readiness; and possibly reductions in recruiting and training costs for replacement personnel.  However, this last benefit assumes that personnel separated for drug use will be replaced.  As the Navy downsizes, this may not be appropriate.

8.
a.
If RA = 15,000, C(RA) = 0.0002*(15,0002) = 45,000



If RU = 20,000, C(RU) = 0.0002*(20,0002) = 80,000



If RF = 25,000, C(RF) = 0.001*(25,0002) = 625,000



C(RT) = 45,000 + 80,000 + 625,000 = 750,000


b.
i)
This is a constrained optimization problem, where the objective is to minimize C(RA) + C(RU) + C(RF)  with respect to RA, RU and RF, subject to RA + RU + RF = 60,000.  Setting up the Legrangian:


L = C(RA) + C(RU) + C(RF) + (60000 - RA - RU - RF)


0.0002(RA2) + 0.0002(RU2) + 0.001(RF2) + (60000 - RA - RU - RF)


(L/(RA = 0.0004RA -  = 0  =>    = 0.0004RA

(L/(RU = 0.0004RU -  = 0  =>    = 0.0004RU  =>  RU = RA

(L/(RF = 0.002RF -  = 0  =>    = 0.002RF  =>  0.002RF = 0.0004RA  =>  RF = 0.2RA

(L/( = 60000 - RA - RU - RF  =>  60000 = RA + RU + RF  =>  60000 = 2.2RA  =>  


RA = 27273, RU = 27273, RF = 5455

ii)
The total reduction cost is:


C(RT) = C(RA)+C(RU)+C(RF) = 0.0002*27273+0.0002*27273+0.001*5455 => C(RT) = 327,273

c.
i)
This is an unconstrained optimization problem.  The firms can reduce as much or as little pollution as they like; they just have to pay a tax for the pollution emitted.  To solve we know we want to reduce pollution until the MC = MB from pollution reduction.  In this case, MC of pollution reduction is dC(Ri)/dRi, and the MB is the avoided taxes by reducing pollution.  If L.A. imposes a pollution tax of $10.91/unit of pollution, company's would pay to reduce pollution as long as the cost to reduce an additional unit of pollution is less than the tax they would have to pay to reduce that unit of pollution.  As soon as the marginal reduction cost exceeds 10.91, they would pay the tax rather than reduce pollution further.  Pollution levels are not regulated, but each source must pay $10.91 per unit of pollution generated.


dC(RA)/dRA = 0.0004RA = 10.91  =>  RA = 27273  =>  C(RA) = 148,760


dC(RU)/dRU = 0.0004RU = 10.91  =>  RU = 27273  =>  C(RU) = 148,760


dC(RF)/dRF = 0.0004RF = 10.91  =>  RF = 5455  =>  C(RF) = 29,752   =>  C(RT) = 327,273.


ii.
If RA = 27273, C(RA) = 148,760 and emitted pollution EA = 2727  =>  TaxA = 29,755



If RU = 27273, C(RU) = 148,760 and emitted pollution EA = 12727  =>  TaxU = 138,854



If RF = 5455, C(RF) = 29,752 and emitted pollution EF = 44545  =>  TaxF = 485,986





=>  TaxT = 654,595  =>  C(RT) + TaxT = 981,868

9.
a.
You want to minimize the cost of obtaining 512 units of security.  Thus, this is a constrained optimization problem.  The Legrangian is:

L = 100P + 400E + (512 - 4P1/2E1/2)  =>

(L/(E = 400 - 2P1/2E-1/2 = 0  =>   = 400E1/2/2P1/2
(L/(P = 100 - 2P-1/2E1/2 = 0  =>   = 100P1/2/2E1/2  =>


200E1/2/P1/2 = 20P1/2/E1/2  =>  4E1/2/P1/2 = P1/2/E1/2  =>  4E = P

(L/( = 512 - 4P1/2E1/2 = 0  =>  512 = 4(4E)1/2E1/2  =>  512 = 8E  =>


E = 64, P = 256, TC = 64(400) + 256(100) = 51,200 = TC

b.
If Japan and Germany contribute equipment before the U.S. has deployed, the U.S. would still want to deploy equipment and personnel in a 4:1 ratio.  To get 512 units of security, the U.S. would deploy 256 personnel, 48 units of U.S. equipment and 16 units of German/Japanese equipment.


c.
If Japan and Germany contribute equipment after the U.S. deployment, then their contribution will increase the level of security.  The U.S. would deploy 256 personnel and 64 units of equipment.  Together with the 16 nits of Japanese and German equipment, total security would be S = 4(256)1/2(64+16)1/2  =>  S = 572.  The U.S. cost would be 51,200 (from part a) and the foreign contribution would cost 6,400 (16*400).  Thus the U.S. share of the total cost would be 100*51,200/((51,200 + 6,400) = 88.9%


If the U.S. were to independently supply enough personnel and equipment to obtain 572 units of security, the U.S. would deploy personnel and equipment in a 4:1 ratio (from part a because neither the security production function or the price of personnel or equipment has changed).  Thus, we don't need to resolve the Legrangian.  If P = 4E and S = 572 = 4P1/2E1/2  =>  


572 =  4(4E)1/2E1/2  =>  572 = 8E  =>


E = 71.55, P = 286.22, TC = 71.55(400) + 286.22(100) = 57,243 = TC.
This represents an increase of 57,243 - 51,200 = 6,043 over the U.S. expenditure in part a.  Thus, on a cost avoided basis, the U.S. would value the foreign contribution at $6,043 as opposed to the $6,400 monetary cost.

10.
a.
The U.S. wants to choose the mix of defense and private goods to maximize utility subject to the budget constraint implied by GNP.  Thus, 


L = 16D1/2P + (240 - 16D - 4P)


(L/(D = 8D-1/2 - 16 = 0  =>   = P/2D1/2

(L/(P = 16D1/2 - 4 = 0  =>   = 4D1/2  =>  P = 8D


(L/( = 240 - 16D - 4P = 0  =>  240 = 16D + 32D  


=>  D = 5, P = 40, U = 1431.1
b.
If the U.S. receives the benefit of 1.5 units of defense provided and paid for by Western Europe, then the U.S. utility can be written as U = 16(D + 1.5)1/2P.  The U.S. wants to maximize this utility function subject to the same budget constraint as before.  Thus, 


L = 16(D + 1.5)1/2P + (240 - 16D - 4P)


(L/(D = 8(D + 1.5)-1/2 - 16 = 0  =>   = P/2(D + 1.5)1/2

(L/(P = 16(D + 1.5)1/2 - 4 = 0  =>   = 4(D + 1.5)1/2  



=>  P = 8(D + 1.5)  =>  P = 8D + 12


(L/( = 240 - 16D - 4P = 0  =>  240 = 16D + 32D + 48 


=>  D = 4, P = 44, U = 1651.0
Notice that the ratio of D to P has changed from part a because the U.S. receives some D for free.  Because of diminishing marginal utility, this will affect the ratio between D and P.  In their answers, some people converted the free defense into income for the U.S. (i.e. increased the U.S. budget by 16(1.5) = 24).  In this case, this yields the correct answer.  This can cause problems in some cases.  In particular, if the U.S. chose to consume less than the amount of free defense they received from Western Europe, this approach would indicate that the U.S. would choose a negative amount of defense.  Also, you have to remember that the answer you find in this approach is the total amount of defense consumed (including that received from Western Europe).

11.
a.
You want to maximize utility subject to a budget constraint.  This is a constrained optimization problem.  You can solve it using Legrangians or by remembering the general form of the solution (MUh/Ph = MUs/Ps).  Setting up the Legrangian yields:  L = 10S1/2H1/2 + (64 - 8S - 2H)  =>



(L/(S = 5S-1/2H1/2 - 8 = 0  =>   = 5H1/2/8S1/2


(L/(H = 5S1/2H-1/2 - 2 = 0  =>   = 5S1/2/2H1/2


(L/( = 64 - 8S - 2H = 0  =>  64 = 8S + 2H.


From the first two conditions, 5H1/2/8S1/2 = 5S1/2/2H1/2  =>  H = 4S.  Plugging this result into the third condition yields:  16S = 64  =>  S = 4, H = 16, and U = 80.

b.
After you receive 16 cases of soda free, you have to reconsider whether what combination of soda and hamburgers you should buy.  You can do this using the Legrangian again, only now your utility function becomes U = 10(S + 16)1/2H1/2.  If you solve this, you find a similar result from the first two Legrangian conditions as in part a, H = 4S + 64.  This tells you that as before, you want to purchase soda and hamburgers in a 1 to 4 ratio.  Because you already have 16 cases of soda, you will not buy any more soda until you have 64 hamburgers.  At $2/hamburger, you cannot afford 64 hamburgers with a $64 budget.  Thus, you will use your entire budget to purchase hamburgers.  In this case, S = 16, H = 32, and U = 226.27.  You could also find this answer intuitively by noticing that you want to purchase hamburgers and soda in a 4 to 1 ratio from part a.  This would lead directly to the reasoning that you would only buy hamburgers.


c.
In this case, we want to minimize expenditures, subject to the constraint that U = 226.27, as found in part b.  Again, we can set up a Legrangian, where we want to minimize Y = 8S + 2H + (226.27 - 10S1/2H1/2).  Solving the first two Legrangian conditions as above yields H = 4S.  Plugging this into the constraint yields S = 11.3, H = 45.3, and B = $181.02.  Subtracting our original $64 budget implies that we would need $117.02 from Pat and Vanna.  This is less than the $128 market value of the free soda.  This is the expected result because in part b we had more soda and fewer hamburgers than we would choose.  Thus, we should be able to achieve the same utility more cheaply if we move to an optimal combination of soda and hamburgers.
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