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Basic Calculus:


f(x) =ex


f’(x) = ex


f(x) = lnx

f’(x) = 1/x


f(x) = g(x) ( h(x)

f’(x) = g’(x)(h(x) + h’(x)(g(x)

Demand Functions.

Demand:

Q = Q (P)

Example: Q = a – b P





a = x-intercept, market size

b = slope, dQ/dP, elasticity

Inverse Demand:

P = P (Q)

Example: P = a – b Q





a = y-intercept, highest possible price

b = slope, dP/dQ

If:
Q = a – b P

Then:
P = a/b – 1/b Q

Profit Maximization (Monopoly, No Price Discrimination)

Assume the firm selects production quantity (q) to maximize profits:

Total Profits  = Total Revenue (q) – Total Cost (q)

((q) = TR(q) – TC(q)

Ex.
((q) = 5q – 4/5,000q^2 – 1000

To find maximum profits, take the first derivative of this function and set it equal to zero

Ex. 
d(/dq = 5 – 8/5,000q = 0

5 = 8/5000q

q = 3125

To be sure that this is a maximum (and not a minimum or a local maximum), take the second derivative ( - 8/5000).  If negative, this is a maximum.

· Where marginal profit is positive , profits are rising

· Where marginal profit is negative, profits are falling

Example (Multivariate):

A firm has 2 outputs – Good 1 and Good 2.  How much of each good should it produce to maximize profits?

Inverse Demand for Good1 = P1 = 1,000 – Q1

Inverse Demand for Good2 = P2 = 500 – Q2

Total Cost at Output Q1 + Q2 = Q1 + Q2 + Q1Q2

Total Revenue = Price x Quantity:  (1,000 – Q1)Q1 + (500 – Q2)Q2

Total Profit = 
Total Revenue – Total Cost


1,000Q1 – Q1^2 + 500Q2 + Q2^2 – Q1 – Q2 – Q1Q2

999Q1 – Q1^2 + 499Q2 – Q2^2 – Q1Q2

2 Conditions for Profit Max:

1. ((/(Q1 = 0

2. ((/(Q2 = 0

Take partial derivative and evaluate at zero:

((/(Q1 = 999 – 2Q1 – Q2 = 0

((/(Q2 = 499 – 2Q2 – Q1 = 0

Q2 = -1/3

Because Q2 is negative, we know that no production of Q2 is the optimal solution.

MC = MR.

Choose Price or Quantity?  When setting MC=MR, you can

1) write profits as a function of quantity in the form Profits (() = TR(x) – TC(x), (i.e. to write revenues as a function of quantity, use the inverse demand function)

2) set the derivative of Profit(x) to zero

or

1) Write profits as a function of the price charged:  TR(p)-TC(p)
dTR(p)  =  dTC(p)










    dp
       dp

Once you have your TC and your TR function in the same terms (as a function of quantity or price), then take derivatives of TC and TR to find marginal revenue and marginal cost and set MR = MC.

Marginal Revenue

Marginal Cost

MR(x)  = dTR(x)    

MC(x) =  dTC(x)



    dx
       


     dx

Interpreting MR

Marginal revenue is the extra revenue raised from selling x+1 units instead of x units.

MR(x) = P(x) + xP’(x)


Note:
**
Whenever we have linear inverse demand, given by:  P(x) = A-Bx

1. TR(x) = Ax-Bx2
2. MR(x) = A-2Bx

That is, MR is also linear, with the same price intercept and twice the slope of inverse demand.

Individual vs. Market Demand.

Market demand is the sum of all individual demand curves.  To find market demand at any price P, sum the demand Q for each consumer in the market at that price.

Market elasticities are market-share-weighted sums of individual elasticities.

Example:
Demand segmented by groups

D1(p) = 1000 (10 – p)

D2(p) = 2000 (15 – p)

D3(p) = 800 (12.5 – p)

Total Demand at p = 5 is D1(5) + D2 (5) + D3(5)

Dtotal(p)= 0





for p > 15



= 2000 (15 – p)




for 15 > p > 12.5


= 2000 (15 – p) + 800 (12.5 – p)


for 12.5 > p > 10, and


= 2000 (15 – p) + 800 (12.5 – p) + 1000 (10 – p)
for 10 > p > 0

Inverse demand is NOT the sum of the inverse demand functions, it is the inverse of the sum of the demand functions.  So, inverse of this demand function is:

Ptotal(Q)= (30000 – Q) / 2000



for 5000 > Q > 0



= (40000 – Q) / 2800



for 12000 > Q > 5000


= (50000 – Q) / 3800



for 50000 > Q > 12000, 


= 0





for Q > 50000
Elasticity.

Demand Elasticity = minus the change in Quantity given a 1% change in Price.

Note:  The higher the elasticity – the more responsive market demand is to changes in price.

v(p) = E = - (dQ/Q) / (dP/P) = - (dQ/dP) x (P/Q)

If:
Q (P) = a – b P
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Then:
v(p) = E = - (-b)(P/Q) = b (P/(a – b P)) = (b P) / (a – b P)



Key Elasticity Formulae:

v(p) = -D’(p)  ( 
 p









D(p)
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dTR(p) = D(p) ( [1-v(p)]
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MR(x) = P(x) ( 
[1 -  1
]

Terminology for Elasticity:

 ((x)



When E < 1, demand is inelastic

When E > 1, demand is elastic

E = 1, unit elasticity

E = 0, perfectly inelastic demand

E = (, perfectly elastic demand

KEY NOTE on Finding Elasticity:
Elasticity = Change in Q / Change in Price



Given:



100,000 units produced



1000 unit increase in production means a .25% change in price



Find Elasticity:



Elasticity = change in Q (1000/100,000)
=
4




     change in price (.0025)


Total Elasticity and Elasticity of Segmented Groups:


To find total elasticity from individual elasticities (“weight each group’s elasticity by quantity):



vtotal = vy(p)( Dy(p) + vx(p)( Dx(p) + vz(p)( Dz(p)



Dy(p) + Dx(p) + Dz(p)
**
Use This when you are given price, Demand of two groups, and their individual elasticities—and you do not have demand of each.  Use this to calculate total elasticity.


To find elasticity of part of group, given elasticity for entire group and for one sub-group:


TE(total elasticity) – [ECT(Elasticity of group we do know)(PCT(group we know as pct of total population)]  
= Other Elasticity




1-PCT (group we don’t know as pct of total population)

MR and the Elasticity of Demand (“v”)

Marginal revenue is less than price by one minus the inverse of elasticity (minus the inverse of elasticity part is the correction for the loss in revenue on the first x units incurred by the price drop required to sell the x+1st unit.

MR(x) =  P(x) [1-  1    ]





  ((x)

So to find MC = MR, you could also set 
MC(x) =  P(x) [1-  1    ]








                Ê(x)


**
If marginal cost is positive, profit maximization can only occur when demand is elastic (>1)

**
At a point where demand is inelastic, MC is positive, while MR is negative, so a drop in quantity will increase profits.

Marginal Revenue and Kinked Demand.


Where the demand / inverse demand curve is kinked at one or more points:

-
This occurs most frequently in examples where Demand is thought of as arising from several groups, each of which has linear demand, but with different intercepts on the (p) axis.

-
A kink in demand/inverse demand means a kink in total revenue – so you need to be careful about MC=MR in such cases.



e.g.




DTotal(p) = 

0


P>100







600,000 – 6000p

100>=P>60







720,000 – 8000p

60>=p>40







800,000 – 10,000p
40>=p>0




Inverse Demand



Ptotal(x) =

100-x/6000

0 <= x <240,000







90-x/8000

240,000 <= x <400,000







80-x/10000

400,000 <= x <800,000

0 x >= 800,000

Multiply by x to get Total Revenue and then take the derivative to find MR

MRTotal(x) = 

100-x/3000

0 < x < 240,000




90 – x/4000

240,000 < x < 400,000




80 – x/5000

400,000 < x < 800,000

0 x > 800,000

Set each MR = MC

If value of x works for more than 1 range of MC = MR, then you need to check at which level gives higher profits.

(1) Set MC = MR at a level, get a value for x.  

(2) Plug x back in to Inverse demand to give you price at that quantity.

(3) If P(x) = 60 – x/10,000, the x/10,000 value is your profit margin.



i.e. if x = 100,000, the margin = $10

(3) Quantity ( (margin) = Profit

(4) Check for both values and choose the one with the highest profit.

What if the Firm Can Set Different Prices for Each Group?


Step 1:
Set MR1 = MC, solve for x and p, and margin, and profits.


Step 2:
Set MR2 = MC, solve for x and p, and margin, and profits.

Average cost:
AC(x) = TC(x) / x 
(average cost = total cost divided by the number of “x” units)




TC(Qx) = AC(Qx) ( Qz



LRTC (Q)
= LRAC
=
LRTC’




      Q

**
Note:  If total cost is a linear increasing function with fixed costs, than MC is a straight horizontal line and AC comes down from the top and approaches MC.
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TC Linear Rising with Fixed Costs
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**
Note:  If total cost is a linear increasing functions with no fixed costs, then MC is a straight horizontal line and MC = AC.







TC Linear Rising with No Fixed Costs
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Average costs and profit margin:
Profit Margin = Price obtained for the product (–) it’s average cost.

Profit(x) = TR(x) -TC(x) = xP(x)-xAC(x) = x[P(x)-AC(x)] 
(profit = quantity produced multiplied by the profit margin per unit)

Profit = (price – AC) ( Quantity

Marginal Cost (MC) < AC whenever AC is falling.  If Marginal Cost < Average Cost, then AC is still falling, and thus your quantity is less than efficient scale.

MC> AC whenever AC is rising  (MC >AC when the derivative of AC is positive, and thus when Average costs are rising)

MC = AC whenever average cost is flat

Average cost near Zero:  (Behavior of average cost for quantity levels close to zero)

If TC(0) = 0 and marginal cost is continuous at zero, then average cost approaches MC(0) as the quantity 

approaches zero.  

If there are fixed costs such that TC(0)>0 (i.e. costs are greater than zero even though you produced 0 units), as quantity falls to zero, average costs explode to infinity.  Marginal costs are not affected by fixed costs because adding a constant to a function does not change the slope (i.e. the MC).  

Efficient scale:  The scale of production (in terms of output) at which average cost is the lowest is called the (technologically) efficient scale of production (where MC cuts through AC at the lowest point)

Note:  Efficient scale is the most efficient (cost effective) way to produce – but it is not necessarily the profit maximizing way to produce – because Efficient scale does not take into account demand and inverse demand.

Graphs w/Mrg Rev, Avg. Rev, Mar Cost, Avg. Cost)

Adding average revenue (demand) and marginal revenue to the picture (page 21):

Average revenue (“AR”)= inverse demand function because AR = TR(x)/x = xP(x)/x = P(x)

See page 22-23: when analyzing a graph of Marginal Revenue (“MR”), Avg. Revenue (“AR”), Avg. Cost (“AC”), Marginal Cost (“MC”), remember:

1) Profits are  positive where average revenue (inverse demand) > AC

2) Profits are increasing where MR > MC

3) Marginal cost crosses through AC where AC is minimized (at the efficient scale of production)

4) Profit is maximized where MR = MC

Based on rules 1-4 above, we should be able to draw a corresponding shape of profits using the MR, MC, AR and AC curves. (see page 24)

Profit maximization and efficient scale (In monopoly not perfect competition):

Average cost is lowest at the technologically efficient scale of production, but this is not the same as the profit maximizing level of production.  There is no connection between efficient scale and profit maximizing production levels.  Profit maximization and efficient scale would only be equal when MC=MR=AR (which can happen occasionally, but is not normal).

Finding Efficient Scale Algebraically:  Two methods:


Method 1:  Derivative of AC

1. Take the derivative of AC

2. Set the derivative of AC = 0.

3. Solve for x.

4. Plug in x into the function for AC, and that will tell you the level at which AC is at it’s lowest, it will also thus tell you MC at that level.

Method 2:  MC = AC at efficient scale
1. Set MC = AC

2. Solve for x

3. plug in x into either the formula for AC or MC.

Example:  Are you producing at Efficient Scale?

Given:


P(x) = 100 – x/100


at profit maximization, firm sells 4000 units


at profit maximization, profits are $100,000


Find:

Is this production level above, below, or at the firm’s efficient scale of production?


Step 1:
Find price at 4000 units:
P(x) = 100 – 4000/100
p=60


Step 2:
Profits = (Price – AC)( Q



100,000 = (60 – AC) ( 4000



AC = $35


Step 3:
MR = 100 – x/50


Step 4:
At profit maximization, MC = MR = 100 – 4000/50




MC = $20


Step 5:
Since MC = $20 < AC = $35, you know that AC is falling, and thus 4000 units is less than efficient scale of production.

Multiproduct firms and cost functions:  (what from the chapter on single product firms can be applied to multi-product firms) 

Total cost function for a multiproduct firm (enumerate firm’s products by k=1,2,…K), then 

MC=MR is the same as

dTR(x1..xk)   =  
dTC(x1..xk) 

Derivative of TR, TC

        d xk
       
     d xk

Keep in mind that firms rarely calculate the cost or revenue of products separately because there is a lot of synergies and overlap in the production processes (example here: R&D is a shared cost, same workers produce lawnmowers, snowblowers and snowmobiles.)

So a multiproduct firm’s cost function is:

TC(x1,x2, ..xk) = OC  + VTC1 (x1) +VTC2 (x2)… +VTCK(xK) 

Total cost = Overhead Cost (“OC”) + Variable total costs (“VTC”) of each product

Technology And Cost Functions.

Marginal rate of substitution:
Amount change in 1 unit of production per unit of another unit of production.

Convex Isoquants:
An isoquant is convex if as you were to move along it, decreasing one factor of production and increasing another, as you take away more and more units from the first unit of production, it takes an increasing amount of the 2nd factor in order to compensate.
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No substitution production process:
  For any level of output, there is a minimal amount of each factor of production needed, without the possibility of substituting one factor for the other.
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Fixed Coefficients technology:  
Example of no-substitution process where the ratio of the efficient level of inputs doesn’t change as the level of output changes.

Constant Marginal Rates of Substitution:
The opposite of non-substitution production technologies.  You can always swap a set amount of input 2 for 1 unit of input 1.
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FIGURE 11.4 Second-Degree Price Discrimination. Different prices are charged
for different quantities, or “blocks,” of the same good. Here, there are three blocks,
with Corresponding prices P;, P,, and P;. There are also economies of scale, and
average and marginal costs are declining. Second-degree price discrimination can
then make consumers better off by expanding output and lowering cost.
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Production Functions:  

Basic production function:  f (x,y,z….,n)  = Output



e.g.  f(10,5) = 6


Finding the marginal rate of substitution along an isoquant:



(f / (y1
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= Marginal rate of substitution of input 2 for input 1
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(Q, + Q). Note that this profit is larger than twice the area of triangle ABC,
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Solving the Cost Minimization Problem
Graphically.  

1. Draw your output isoquant at a certain level.

2. Graph isocost line.

a. Take your cost of each input (i.e. $2m and $3l)

b. Set equation equal to a value on within the scope of your graph (2m+3m=12)

c. Graph that isocost line

3. Move the line up towards your isoquant until it intersects (slope remains the same for additional isocost lines)

4. Point of lowest intersection is cost minimization point.

Algebraically:  

1. You must solve the problem algebraically if you have more than 2 inputs.

2. Find marginal physical factors:



MPPi  =
(f / (yi

MPPj  =
(f / (yj

3. The solution at the cost minimizing level if both (i) and (j) are used in strictly positive amounts:




ri  

rj




________
=     ________





   MPPi
MPPj

where ri = price of i and rj = price of j

Returns to scale.

A technology has constant returns to scale if increasing the scale of all inputs by the same % increases output by precisely that percentage.


A technology has increasing returns to scale if increasing the scale of all inputs by the same % increases output by that percentage or more.


A technology has decreasing returns to scale if increasing the scale of all inputs by the same % decreases output by that percentage or more.


**
Usually, there is increasing returns to scale for a while and then decreasing (technology advancement spurs growth, which is eventually slowed by coordination / management inefficiencies).



λ =
% change in input



f(λy1, λy2, λy3)  = 
λmin [y1, y2, y3] – if constant returns to scale.


**
Note:  If f(l,m) = Lamb  -- then you have constant returns to scale if a=b=1


**
Important Note:
If you have constant returns to scale than AC = MC !





If you have decreasing returns to scale then AC<= MC (for all values)





If you have increasing returns to scale then AC>= MC (for all values)

Total Costs and Cost Functions.


TC(x outputs) = r1y1 + r2y2 + r3y3 …. rnyn


If we know that the firm has constant returns to scale, then:
TC (λx) = λTC(x)


If we know that the firm has increasing returns to scale then:
TC (λx) <= λTC(x)


If we know that the firm has decreasing returns to scale then:
TC (λx) >= λTC(x)

Relating returns to scale to Average Cost


***
Which implies that if you have increasing returns to scale then AC is non-increasing when the scale of output is increasing.



And, when you have decreasing returns to scale, average costs are rising when the scale of output is increasing.  

Choosing Among Several Cost-Independent Production Processes (Algebraically).


Given a desired production level and the cost of using each production process.

1. Find total cost of each production process.

2. Take derivative of each TC function to get the Marginal Costs.

3. Check to see if it makes sense to just use one of the technologies (take the least costly production facility and plug in your desired production level into the MC. If the MC of the desired facility is greater than the one you are not using, then you know you need to use both)

4. Set MC​y1 = MCy2
5. Solve for y1 and y2 (this tells you how much you want to produce from each facility)

6. Plug in y1 and y2 into the TC functions to get the TC of production.

Finding Out How 3 Production Facilities Interact – And How to Graph This -- an example:

1. Find MC of each facility.

2. MC1 = x/500+4
MC2=3x/500+1
MC3 = 6

3. Since MC2  has the lowest MC (at x=0, MC2=1), you want to use just facility 2 to start.

4. At MC=4, facility #1 kicks in.  That means that facility 2 runs alone until 500 units (plug 4 into MC2 formula.

5. Since MC3 = 6 and does not rise, you know that you will just use facility 3 at $6 and beyond.

6. But how much do #1 and #2 produce together before #6 kicks in?

7. Two ways to find this:
(1) Plug 6=MC into both MC1 and MC2 and add the two.



(2) Solve each MC equation in terms of x





x1=500(MC-4)





x2=500/3((MC-1)




  then add the x’s to get total x (horizontal) value.

Example:  Company has two means of production, choosing which to use for how much output:


Given:

TC1(Q1)=405+30Q1+Q1/20




TC2(Q2)=324+28Q2+Q22/4


Ptotal = 80-Q/10


Cost of buying elsewhere = 40 per unit


Find:   


MC of production of Plant 1 at Q1 = 100


MC of production of Plant 2 at Q2 = 24


Would the firm increase production at either plant beyond these levels?


Step 1:
MC(Q1) =
30+Q1/10



MC(100) = 
40



MC(Q2) = 
28+Q2/2


MC(24) = 
40


Step 2:
The firm would not increase production beyond these levels because MC of each plant = 40 = MC of buying elsewhere.


Find:

How much should the company supply from each plant?


What price should it charge?


Will it buy power?  For how much will it buy power?


Step 3:
Since Ptotal = 80-Q/10, we know that TRtotal = 80Q-Q2/10, 
MRtotal=80-Q/5


Step 4:
MC=40, since that is the cost of buying elsewhere


Step 5:
Equate MR=MC:  80-Q/5 = 40  (
Q=200


Step 6:
Since we know that the firm will not increase production at either plant above MC=40, we know that Production at Plant 1 = 100, Plant 2 = 24


Step 7:
which means that we have 200-124 = 76 units to buy elsewhere.


Step 8:
Since Ptotal =80-Q/10, we know that we want to charge price: 80-200/10 = $60 !


Find:  What happens with price ceiling of $45 per unit!

Step 9:
45 = 80-Q/10

Qnew = 350

Step 10:
Since we know that we don’t want to increase production, we now need to purchase 350-124 = 226 units elsewhere.

Example:  Total Demand Functions Based on Two (or more) Units of Production:
Given:
Q = 400 K3/4 L1/4

K = Equipment  
=
$300 per week

L = Labor
=
$100 per week

Demand = 800 per week


Find:

How many units of L and K should be used to for the 800 output per week?


Step 1:
Find:

ri

=

r2






   MPPi

MPPj






300

=

100





300k-1/4L1/4
400K3/4L-3/4

K
=
L

Step 2:
800 = 400 K3/4L1/4
(demand function, based on 800 demand)


2=K3/4 L1/4
Step 3:
Substitute K=L back in to demand function:
2=K3/4K1/4
K=2







2=L3/4L1/4
L=2

Step 4:
TC = 2(300 + 2(100  = $800

Find:
What if you can change technologies to produce 800 output by only using 3/800 units of K and no L ?
Should you switch?

What is new total cost?

Step 5:
800 ( 3/800 =
K


K = 3


Step 6:
New TC = 3(300 = $900


Company should not switch
Find:

Would you switch if you could make 1200 output per week, if everything else remained the same?


Step 7:
Since you have Ka Lb  and a+b = 1, you know that you have constant returns to scale.


Step 8:
Since you have constant returns to scale, increase of output by 50% would also increase costs by 50%, therefor, it still makes no sense to switch.

Find:
Would an increase or decrease in the price of equipment make you more likely to use the equipment only option?

Step 9:
As it becomes cheaper to use equipment, it makes more sense to go to the equipment only option (this is easily seen on an isoquant diagram because as labor becomes very expensive compared to equipment (when the price of equipment is sufficiently low) you will just avoid using labor all together.

Variation on MPP/Bang for the Buck: Choosing Between Two Demand Function.


Given:


Firm has to choose between two pools of employees.  


P = price received for completing work


Q = # of tasks performed

Pool 1:
P1 = 600 – Q1

Pool 2:
P2 = 1000 – Q2

Maximum amount of hours = 600 total for both groups


Completing a task takes exactly 1 hour for both groups


Find:

Profit maximizing number of tasks Q1 and Q2 that the firm should supply


Step 1:
MR1 = 600 – 2Q1



MR2 = 1000 – 2Q2

Step 2:
Constraint:
Q1 + Q2 = 600


Step 3:
Set MRQ1 = MRQ2



600 – 2Q1 = 1000 – 2Q2




-2Q1 = 400 – 2Q2



Q1 = Q2 – 200


Step 4:
Plug back in to constraint equation:




Q2 – 200 + Q2 = 600




Q2 = 400, Q1 = 200


Find:
What happens if the time required to complete a task in Pool 2 is now 2 hours?

Step 5:
New Constraint:
Q1 + 2Q2 = 600


Step 6:
MR1 = MR2​​  
( because the profit margin from group two has been cut in half




2




1200 – 4Q1 = 1000 – 2Q2


200 - 4Q1 = -2Q2



Q2 = 2Q1 - 100


Step 7:
 Plug back in to constraint equation:




4Q1 - 200 + Q1 = 600




5Q1 = 800

Q1 = 160

Q2 = 220

Multiperiod Production 

I. LRTC is always less than SRTC, except at the status quo point where LRTC=SRTC

II. SRMC always cuts LRMC from below and then rises above LRMC….that is, SRMC will be steeper than SRMC, running through the same value at the status quo

Example:  Isoquants and Multiperiod production.
Given:

A firm has constant returns to scale technology.

p(labor) = $40 per hour

p(materials) = $100 per ton

1000 unit isoquant is shown as:

Find:
What is least cost set of inputs that give the firm’s 1000 units of output?

What is TC(1000)

What is firm’s TC function?

What is marginal cost function?

Step 1:
Graphing the Iso-Cost Line:  40x + 100y = $20,000, gives you a line that you can then move up towards the isoquant and determine that the best mix of production is 500 labor, 500 material (note: $20,000 chosen arbitrarily).

Step 2:
TC(1000) = 500 ( $40 + 200 ( $100 = $40,000

Step 3:
Since we have constant returns to scale, we know that MC = AC is constant.

Step 4:
$40,000 / 1000 units = $40 per unit.

Step 5:
So MC = 40, and TC = 40x

New Given:
What if this was the long run technology of the firm, but in the short-run, the firm can freely change material utilization, but cannot change labor at all.

Status Quo position is 10,000 units of output

Factor prices remain the same, as does constant returns to scale.

Find:
Short Run Total Costs at 5000, 10,000, and 20,000 units of output.

Step 6:
Do 10,000 units first since it is the status quo.

Step 7:
10,000 units is just 10 ( 1000 units. So, we use 5000 labor, 2000 material

Step 8:
TC(10,000) = 5000($40 + 2000(100 = $400,000

Step 9:
For 5,000 and 20,000, we know that we cannot change our labor from 5000, since that was labor at the status quo point.

Step 10:
For SRTC(20,000), we now are at a scale of 20(1000 (adjust picture by multiplying axis points)

Step 11:
From our picture, we know that we need 20(500 = 10,000 units of material, and we are maxed out at 5000 units of labor.

Step 12:
SRTC(20,000) = 5000($40 + 10,000($100 = $1,200,000

Step 13:
For SRTC(5000), we are now at a point where labor still = 5000, but material = 625 (this is seen by multiplying the original scale of the graph by 5)

Step 14:
SRTC(5000) = 5000($40 + 625($100 = $262,500

Modeling the Experience Curve

When MP = p  (Porche Story) – retailer vs. manufacturer


Lesson of Porche Story:  in a manufacturer/retailer situation in which the manufacturer charges a franchise fee to the dealer, the best course of action for the manufacturer is to make the price (p) passed on to the dealer as low as possible since this (p) becomes the dealer’s MC – and it is in the manufacturer’s best interest to make the dealer’s MC as low as possible since this allows the manufacturer to collect a larger franchise fee.

Modeling Consumers and Consumer Behavior.

Basic theory behind the modeling of the consumer: 

1. The consumer faces a set of bundles available to him/her, from which one bundle of goods must be chosen.

2. X = set of all consumption bundles ever available

3. A = subset of bundles available to the consumer

4. Consumer must chose one x from a subset A of X.

5. Every bundle x in X has a numerical index u(x) which is the utility of X.
6. The consumer will always chooses whichever element x of A has the highest utility among all elements x of A.




Bundle of 3 goods = bundle of (a, b, c)  -- where a, b, and c are the units of each type of good selected (e.g. (1,2,3) = 1 bread, 2 cheese, and 3 salami.




Note:  “x” is the entire bundle – which includes a amounts of good one, b amounts of good 2, c amounts of good 3, etc.


Utility function for a consumer.



When a consumer has to choose between several bundles of goods, e.g. (3,3,2), (2,1,6), (5,1,1), etc., he/she will always choose the best bundles according to which maximizes under his/her utility function:





Example of utility function:  u(b,c,s) = 3ln(b) + ln(c) + .5ln(s)





Notes on Natural Log:

· ln  1 = 0

· ln  (xy) = ln x + ln y 

· ln  xk = k ln x

· (ln(x)/(x = 1/x

· (3ln(x)/dx = 3/x

· eln(x) = x

Note:
The numerical (a,b,c) function does not matter – it is only the relationship among goods in the utility function that is significant.

Ex:
3ln b + lnc + 0.5lns = 6ln b + 2ln c +ln s


Individual Market Demand.

1. Each good has a price (e.g. p​1=$1,60, p2=$5.00, p3=$8.00)

2. The consumer has a set amount that he/she can spend on the consumption bundle, noted as “y”.

3. Thus, the consumer wants to maximize u(x1,x2,x3….xk) 

· subject to the constraint: p1x1+ p2x2 + p3x3….+ pkxk  <=  y

4. The consumer is able to not spend all of his/her money, but then you also need to account for the utility of the money left in the pocket 






u(b,c,s,m) = 3ln(b) + ln(c) + .5ln(s) + .5m



5.
Getting Bang for the Buck:

· If the utility function is in equilibrium, the “Bang for the Buck” (BFB) for every x in the function will be equal:

MUi
=
MUj
 Pi 

 Pj
where Mui =  (u / (i

e.g. u(b,c,s) = 3ln(b) + ln(c) + .5ln(s)



Mub = (u / (b = 3/b



Muc = (u / (c = 1/c



Mus = (u / (s = .5/s



3/b =
1/c =
.5/c


pb
pc
ps
· Plug in prices and solve for b, c, s in terms of each other.

· You can then plug in to equation for “y” to solve for each variable.

· If “money left over” (m) is part of the utility function, the marginal utility of every x should be set equal to the Marginal Utility of money which is (by definition) = 1.


· If this causes problems in the solution, it may be that one or more goods is valued more highly than money, and will be purchased until there is no M left.   [Set m = 0]

What do you do when you have 0 for a variable?  (ask Kreps in class).



Indifference Curves:


· Each curve represents the willingness
of the consumer to trade one good for
another.


· The (straight) budget line (found by graphing the
line of p1b + p2c = y) is tangent to
the indifference curve at the optimal point –
the point at which the consumer can get
a utility-maximizing combination of goods
item y
within the existing budget.


· If each dot represents a bundle of goods, the
dot on the outermost indifference curve will
yield  the highest utility.

item x

(Think of the indifference curve graph as graphing two coordinates.   The coordinates (b,c) give the various utility bundle lines (e.g. one indifference curve may graph u(b,c) = 4, and a second curve above that curve may graph u(b,c) =6)

If you have U(b,c) = 3ln(b) + ln(c) = 5

ln(c) = 5-3ln(b)

c = e5-3ln(b)      -- from our rules of ln, above.

Solving Consumer Utility Problems:

Basic Procedure:

1. Find BFB for each good and set each BFB equal to the others

· Find MUx /  Px for each x and set equal

2. Solve for one good

· Express the utility of all goods in terms of one

3. Construct budget constraint

· Given available price and budget information, express Y in terms of quantities and prices of each good

4. Substitute the single-variable utility expressions into the budget constraint.

5. Solve for utility of that good, and use the resulting value to solve the others.


Ex. 1 – No Money Left Over

U (b, c, s) = 6 ln b + 2 ln c + ln (s + 3)

Pb = 1, Pc = 2, Pc = 3

Budget = 108

Step 1:
Find MU/P  --  
(6/b)/1 = (2/c)/2 = (1/s + 3)/3


Step 2:
Simplify -- 
b/6 = c = 3(s + 3)

Express all in terms of one good:
b = 18(s + 3)





c = (s + 3)

Step 3: 
Construct budget constraint -- 
108 = 1b + 2c + 3s

Step 4:
Substitute:
108 = 18(s + 3) + 2(3(s + 3)) + 3s

Simplify:
108 = 27s + 72

Solve:

s = 36/27 = 4/3

 
Step 5:
Since s = 4/3

c = 3(4/3 + 3) = 13 units

b = 18(4/3 + 3) = 78 units

Ex. 2 – Money Left Over

U (b, c, s, m) = 3 ln b + 5 ln (c + 0.5) + 5 ln (s + 5) + m

Pb = 1.5, Pc = 5, Pc = 10

Budget = 150

Step 1:
Find MU/P  --  
(3/b)/1.5 = (5/(c + 0.5))/5 = (5/(s + 5)/10 = 1  (by def.)


Step 2:
Simplify -- 
1/2b = 1/(c  + 0.5) = 1/2(s + 5) = 1

Because of money, you know that each must be = 1:


b = 2, c = 0.5, s = -4.5

You can’t consume negative amounts of a good, so s can’t be equal to –4.5 – the solution is to set it to zero, but for full credit you must note why:

MUs / Ps @ s = 0 = (5/(0 + 5))/10 = 1/10

This means that it’s utility is less than that of money (u(m) = 1), so you won’t consume any.

Step 3: 
Construct budget constraint -- 
150 = 1.5b + 5c + 10s + m

Step 4:
Substitute:
150 = 1.5(2) + 5(0.5) + 10(0) + m

Simplify:
150 = 144.5 + m

Solve:

m = 144.5


Individual and Market Demand Functions.



Suppose we fix the prices of all the goods except good i and we want to answer the question:  What is the amount of good i chosen by the consumer as a function of pi, holding fixed the consumer’s budget and the prices of all other goods?



Example 3:  All prices are fixed except for one good (in this case (b)
U (b, c, s) = 3 ln(b) +  ln(c) + .5ln(s)

Budget = 160

budget constraint -- 
160 = pbb +  pcc  += pss 

Step 1:
Find MU/P  --  
pbb = 
pcc = 
pss



 3
 1
 .5


Step 2:
Simplify -- 
set the variable you are holding constant into functions of the variable you are looking for…

set Pcc = pbb/3






set Pss = pbb/6

Step 3:
Plug those functions back into your budget constraint function and solve. 




Pbb + Pbb/3 + Pbb/6 = 160





Pbb (1 + 1/3 + 1/6) = 160




b = 320/3pb

Step 4:
You now know for every possible price of b, how much the consumer will buy.

Relations to Inverse Demand (problem #9).  

· If you have a money left over situation, inverse demand for good x = MUx.

· (Inverse Demand) x (price) = Total Cost of item.

· (review solution to problem #9)

Additional Notes on Utility Functions:

· Utility functions are measured in utils, except when money is in the equation, then the utility is in dollars.

· When you have money left over, the derivative    v’(x) = MUx = inverse demand for x

· This is true if:
(a)
Money left over utility function with money left over as “+m” in the equation.

(b) Consumer has enough to have money left over.  (v’(x) = Px in this situation.

Consumer Surplus: 
Amount of utility measured in dollars that the consumer gets from being able to buy item a vs. a world where item a doesn’t exist.


Example:  U(b,c,m) = v(b) + w(c) + m



Pb = price of bread



b* = amount of bread consumed



Step 1:
Solve v’(b) = 1
= V’(b) = Pb





Pb




Step 2:
So, expenditures on bread is Pb ( b*

Step 3:
Note the difference between a world where consumer can buy bread vs. a breadless world:



If bread exists:  

consumer trades b*(Pb for v(b*)



If breadless world:
keeps her money, gets v(0) from b

Step 4:
Compute Consumer surplus:



utility – expenditure – status qui = consumer surplus



v(b*)  –      b*(pb      –     v(o)      = consumer surplus

**
Review picture of consumer surplus from notes.

Discriminatory Pricing

Reservation Demand Model.  Assumes that each potential customer for the good in question wishes to buy precisely one of the good or none.  No fractional units.  

· Each customer (i) is labeled by a single number (ri) – the reservation price of this customer.

· If the customer can purchase the good for ri he will always do so.

· If the price is greater than ri, then the customer will not purchase the good – he has “reservations” about paying that much.


· When the customer purchases 1 unit of the good at price p (p<=ri), then the surplus the consumer obtains is ri-p.


Money Left Over Model.   The individual consumer’s preferences are defined on the amount of the good that the consumer purchases (x), and the amount of money that the consumer has left over for other purchases (m).

· The consumer’s preferences over pairs (x, m) are given by the utility function: v(x)+m
· where v is a concave function (which means that the more of the good the consumer consumes, the less she is willing to spend for a marginal bit more.)

· Inverse Demand:  dv/dx, or v’

· KEY NOTE:  v’ is the same as MUx

· If the consumer is offered the opportunity to purchase as much or as little of the good as he wishes at a price per unit of p, then the consumer purchases the amount x(p) that satisfies:  v'((x(p)) = p

Consumer’s Surplus from Transaction (gain in utility):


[v(x) + mo – n] – [v(0) + mo) = v(x) – V(0) – n

· where x = # of goods consumed

· n = total price of goods (consumer purchases x goods at a per unit price of n/x)

· mo = amount of money at start.

Note:  if the total cost (n) of x units = v(x)-v(0), then there is no gain in utility.

Overview

First, understand that all this has to do with pricing behavior of firms.

Second, understand basic objective of pricing strategy: Capture consumer surplus and convert to additional firm profits

Third, understand that the most common way to do that is to price discriminate, that is, charge different customers (or customer groups) different prices (maybe for same exact good, maybe for close substitutes (like softcover v. hardcover books, or by varying supply in time))


Need to understand what “capturing consumer surplus” means.  I hate to do this, but we need a graph. This one is useful:

Now, this assumes a monopoly firm, so the optimal single price (no price discrimination) is where MR=MC.  This is price P* and quantity Q*.  Unfortunately, this leaves much consumer surplus (the top triangle with hypotenuse A).  We know that those customers in region A of the demand curve would be willing to pay more (have a higher reservation price), but since we are bound by a single price, we must live with it.  Additionally, those customers of the Demand curve in segment B are above our MC, but not buying (since we don’t want to lower price to Pc and decrease total profit).  If we move to P1 , we have a higher price, but less quantity and are worse off.  Similarly, a move to P2 yields a lower price with higher quantity, net effect is worse for us.

Wouldn’t we be clever if we could charge a different price for consumers on the demand curve above our MC, so we suck out the consumer surplus for each of them?  We can get more customers, and a higher price for each than if we were to only price at one P*.  We’ll capture that triangle from above, and more.  This is the power of price discrimination.

Problem is two-fold.  First, how do we know each customer’s reservation price (it’s not stamped on his or her ass).  Second, how do we get them to pay that. We must understand that a lot of this is illegal, so only theoretically valid.

Three types of price discrimination: First-degree, second-degree, and you guessed it, third degree.

First Degree Price Discrimination.

Short Version: If a customer has a reservation price of ri and that ri is above the firm’s marginal cost of production, then the firm will ideally sell the good to that customer for a personalized price of ri.  This leads to charging different customers higher prices than others (firm will adjust price to be as high as individual’s ri – price discrimination,

Longer Version: We’d love to charge each customer his or her maximum price (reservation price).  If we can, we achieve first degree price discrimination.   Looking again at the previous graph, we see that we now charge each person a price that is on the Demand curve and would expand production all the way to a quantity that goes with Pc, since we’ll sell to anyone at a price above our MC.  We have completely sucked dry the consumer surplus (previously discussed triangle with hypotenuse A).  Our previous variable profit (no discrimination) is the area bound by the MC and MR curves and the vertical axis.  (variable profit=sum of all MR-MC).  New profit is bound by Demand curve, MC and the vertical axis, thereby gaining all the profit between MR and the demand curve because of price discrimination.  In other words, the profit from producing and selling each incremental unit is now the difference between demand and marginal cost. Neat stuff.

Now, we’re most likely not able to do this perfectly, but we do see instances where different prices are charged to different people.  Examples:  Car salesmen, legal profession, accountants, and college tuition (by using financial aid (bet ya’ didn’t think of that one, huh?)).

Example: If in Money Left Over Situation:


Assumes: the firm knows the consumer’s utility function: vi(x) + m.


Step 1:
Let c = firm’s marginal cost of production.


Step 2:  
Solve for x so that vi’(xi) = c


Step 3:
If vi’(0) < c 
then the firm makes no offer to the consumer

Step 4:
The firm offers to the consumer xi units of the good at a total cost to the consumer of vi(xi) – vi(0), “take it or leave it”

Note:
The consumer will always be willing to accept the offer as long as it leaves him as well of as refusing the offer…which is written as:


vi(x) + (mo-n) >= vi(0) + mo   [deal is greater than or equal to status quo]

The firm will extract as much as it can from the consumer (depending on x) if:   

vi(x) – vi(0) = n


Profit = n - c(x

Summary:  The firm, if it can, will try to charge as much as it can for each person.



The optimal situation for the firm is when MU = MC.

** First degree price discrimination does not usually work in the real world because:  

(1) hard to know the utility function of each consumer

(2) individual price discrimination is usually illegal

(3) cost of administering is high

(4) won’t work if consumers can re-sell the product

Discrimination by Group Membership.

-
When a different price is set for different groups (i.e. seniors).

· Different (lower) prices are given to seniors because their demand curve shows large increases when prices are lower.

Example using Demand Functions:

Given:  
XT = 120(5-p)
for 0>p<5


XL = 180(2-p)
for 0>p<3


MC = $1

a:
If you could set different prices for the different groups, what would you set?


Step 1:
Find inverse demand for each.




PT = 5-XT/120

PL = 3-XL/180


Step 2:
Find MR for each




MRT = 5-XT/60

MRL-3-XL/90


Step 3:
Set MR = MC for both




5-XT/60 = 1

3-XL/90 = 1


Step 4:
Solve for XT and XL



XT = 240


XL = 180


Step 5:
Go back to original demand equation to solve for p for both




PT = 3


PL = 2

b:
If you can only set one price, what price would you set?


Step 1:
Find TOTAL DEMAND function:






D(p) = 
0


p>5







120(5-p)


3<=p<=5







1140-300p

3>=p




Step 2:
Find TOTAL INVERSE DEMAND

P(x) =
5-x/120


0<=x<=240  (240 because it gives 

us the value of 3 for P(x))






P(x) = 
3.8 – x/300

x >= 240




Step 3:
Find MR for both and set = 1.






5-x/60 = 1

3.8 – x/150 =1






x = 240


 x = 420




Step 4:
Find which value of x gives you higher profits.






At x=240, price = $3, so profits = 
(price – cost) ( quantity










(3-1) ( 240  = $480






At x=420, price = $2.40, so profits = (2.4-1) ( 420 = $588




so, you know that the best prce is $2.40.

Coupons, Discount Stores, And Unadvertised Specials

· Related to discrimination by groups because it relies on differences in the relative willingness or ability to look for coupons.

Second Degree Price Discrimination.

Short Version: Every potential customer is (clearly) offered the same range of options, but those options take the form of a nonlinear price scheme – and customers self discriminate, based on their private characteristics which drives the amount that they want to purchase.

In book example:  Producer knows the utility functions of 3 individuals.  Under 1st degree discrimination, the producer would just set 3 different prices.  Under 2nd degree discrimination, the producer looks for the best blend of prices – perhaps a fixed price and then cost per item.

Long Version (w/example):

Ok, since First Degree discrimination is not really practical (and usually illegal), we move to second degree price discrimination.  This picture gets a little fuzzier, so hang on.  Basically, here we charge different prices for different quantities or “blocks” of the same good or service.  This may come in the form of a fixed fee + per unit cost, such as many utilities or bank fees (such as $1.00 if any checks cashed +$0.20 for each additional check).  Note that in cases of increasing economies of scale, block pricing may increase quantity, lower cost, and improve consumer welfare.

We have a widget that costs $3 to produce (MC). We also have three customers with the following table of preferences.  The “will pay” column for each person says that person will pay that amount for that many widgets.  The “marginal” column is simply the incremental amount for another unit: (will pay for 1 unit – will pay for 0 units) (or 2 and 1 or 3 and 2, etc.) Naturally, each dude is happy to pay less than that amount and receive back money (or utility, whatever).

# units
Will pay 

(Dude 1)
Marginal

(Dude 1)
Will pay

(Dude 2)
Marginal

(Dude 2)
Will pay

(Dude 3)
Marginal 

(Dude 3)

0
0
N/A
0
N/A
0
N/A

1
10
10
20
20
30
30

2
18
8
39
19
50
20

3
23
5
44
5
60
10

4
25
2
48
4
62
2

5
26
1
50
2
61
1

Note that for most consumers, we will take more goods at a better average unit price, but at a decreasing rate.  Now let’s look at the results for two types of pricing.

First look at 1st degree discrimination.  Here, we want to set get the quantity set for each customer so that his/her marginal price is equal to or a little greater than our marginal cost of $3.  Pretty easy to see the revenue for each.  Note we have discrete prices and quantities.  If we were on a continuum, lowest price would equal MC.

Dude 1: 5 is closest over our 3, so Dude 1 buys 3 units for a total of $23

Dude 2: 4 is closest over our 3, so Dude 2 buys 4 units for a total of $48

Dude 3: 10 is closest over 3, so Dude 3 buys 3 units for $60

Total receipts are 23+48+60=$131

Total costs are 10 units X $3=$ 31

So profit = $101.

Second look at 2nd degree price discrimination. We can charge everyone the same price and have him or her self discriminate.  Example is as follows.  Let’s set pricing as a fixed fee of $35 plus our MC of $3 per unit.  So 1 unit costs $38, 2-$41, 3-$44, 4-$47, or 5-$50.  Go back to the table.

Dude 1 says to hell with you, since he can’t find a quantity/price that he’s willing to pay (1-$10, 2-$18…5-$26.  Frankly, I  think he’s a cheap bastard, but that’s ok.

Dude 2 says, hey, I am closest to my optimum deal (only one unit away), when I buy four units for $47 (close to $48, so I’m jazzed)

Dude 3 says, me too, I’ll buy 3 for $44, and have a heck of a surplus of 16 left, since I’d be willing to pay $60, and I’m psyched).

This yields a total profit to the firm of 44+47=91 in revenue – 7 units X  MC($3) or $21=$70

Many other variations of fixed plus variable costs to consumers leads to different profit maximizations.

 Anyway, the best it turns out is at about fixed fee=19 and per-unit=approx 9.99 which yields profits of $72.95.


2nd degree discrimination beats the single price, but isn’t as good as the total suck-out of consumers in the 1st degree discrimination.  Note that in 1st degree p=MC for each consumer.  Variable p may be much greater than MC in the 2nd degree case.

Again, the following graph may help some folks.

Third Degree Price Discrimination.

Short Version: Involves selling essentially the same product under different conditions or in different guises, at different prices, and using these conditions/guises to have consumers separate themselves into groups.  (i.e. selling books in hardcover and paperback).

Long Version (w/example): This is the most prevalent form of discrimination.  Firms divide up consumers into 2 or more groups and sell essentially the same product under different guises or conditions and at different prices. Examples are airline pricing, hardcover v. softcover books, premium v. non-premium liquor, etc.

Here is an example with Hardcover/Softcover books.  The following graph gets us started, so to speak.


Note that the two horizontal dotted lines are MC for softcover (lower) and MC for hardcover (higher).  They are only about 56 cents apart according to the notes.

Now, with the segmented market, two prices are set, each at MR=MC; one for hardcover and one for softcover.    Now here is the trick.  How do we set all the price and quantity parameters?

1. We need to set the two marginal revenues equal to each other (and divide quantity accordingly between them).  

2. Second, we need to set TOTAL output such that the MR for each group of consumers = MC of production.  It’s time for some equations:  “hold on to your butts.” (Jurassic Park, I believe).

3. Let P1=price for first group

Let P2=price for second group

And C(QT) be total production costs of producing output QT=Q1+Q2
4. Profit=P1(Q1)+P2(Q2)-C(QT)

5. So now we look at incremental (marginal) profit for each of two groups (holding other constant) which is first derivative of above with respect to Q1, which give MR1. Then with respect to Q2, which yields MR2.   Then we have to set MR1=MR2=MC

That’s it.  

Two-part Tariffs

This looks a lot like the franchise fee (or the 2nd degree discrimination example with a fixed fee and then a variable cost).  The two parts are:

Part 1: Consumer must pay a fee up front for the right to buy the product.

Part 2: Consumer must pay an additional fee for each unit consumed. 

 The problem for firms is “What fixed fee?” and “What per unit price?”

With one consumer, it’s easy.  Set the per unit equal to MC and charge a fixed fee equal to the consumer surplus (the top triangle).  If have two consumers with different demand curves, we have following situation:


To find specific values of T* and P*, we need the demand curves (Q1 and Q2) so we can set the equation in terms of P* and T* and then maximize this function, using partial derivatives.

I quickly looked at last year’s mid-term and didn’t see a Two-Part Tariff question, but there was one on the mid-term three years ago that involved 1 consumer only.  Answer was to set the price=MC, calculate the consumers surplus and charge it all as the fee (suck ‘em dry, baby!). 

Bundling (w/example)

Basically bundling is like putting all included vacation packages together, or, more simply a concert series.  Take the following table of dudettes, and willingness to pay for various concerts.  Further, we have only two seats available. Also assumes not reselling (secondary market).  So:


Dudette
Beethoven
Handel
Modern Classical


Dudette 1
15
8
0


Dudette 2
8
3
6


Dudette 3
5
9
12


Dudette 4
3
3
3

If we charged a common ticket price, by concert, we’d charge 8 for Beethoven, 8 for Handel and 6 for the modern Classical, for a total of $44 revenue.  (Basically we take the lesser of the two highest prices (reservation prices) people would be willing to pay).

We could also sell the season ticket.  Since the amount each would be willing to pay is simply the sum of each Dudette, the four possibilities are {23, 17, 26, 9.  We’d therefore charge the top two people the same price of 23 dollars for a total of $46. Bundling in action!

Similarly, we could offer multiple quantity bundles.  This is known as “mixed bundling.”  In addition to the three concert series, I’ll also offer a two concert (Beethoven and Handel) series for $23.  First person wants that for $23, and Dudette 3 will get the full three-concert mega-pack with the easy styling modern classical stylings for $26.  Now we’re up to $49.  Note here that consumers only buy the bundle if it is equal to or less than the sum of their individual concert prices.  Mixed bundling usually works best when demands are only slightly negatively correlated (see below), and/or when MC is significant.

Now, we need to understand when bundling works.  If the valuations for the three concerts were positively correlated, (e.g., Dudette 1 prefers each concert more than Dudette 2 who likes each more than Dudette 3, etc.),  bundling doesn’t give a higher revenue.  They must be somewhat negatively correlated.  Slight negative correlation usually leads to mixed bundling, while stronger negative correlation leads to the first (call it total) bundling example.  The effectiveness of bundling depends on how negatively correlated relative demands are.  It works best when consumers who have a high reservation price for good 1 have a low reservation price for good 2, and vice versa.

The Competitive Firm and Perfect Competition

Basic idea of perfect competition:  Both buyers and sellers of the good in question act as if there is a market price for the good.  Buyers believe they can buy as much or as little as they want at that market price, just as before.  And sellers believe they can sell as much as they want at the market price, but they cannot sell any at even a penny more than the market price.

The Supply Function:  S(p) = the quantity that producers will want to sell, with respect to the price.


The higher the price, the more umbrellas the producer will be willing to sell.

Equilibrium.
Refers to the market condition which, once achieved, tends to persist.


The occurs when the quantity of a commodity demanded in the market per unit of time is equal to the quantity of a commodity supplied to the market over the same time period.



The intersection of the supply and demand curves.


Known as the equilibrium price and the equilibrium quantity


____________


Equilibrium can also be achieved using math equations:



At equilibrium:  QDx = QSx


i.e..



QDx=8000-1000P  



QSx=-4000+2000P



8000-1000P = -4000+2000P



Px=4


So we know that equilibrium exists at the price of $4.


And by plugging x=4 into either equation, we know that equilibrium exists when 4000 units are produced.
Marginal Cost = Price

Assume the firm takes the price (p) for its output, and the firm’s total output level is (y).

· Total revenue for the firm is then (py), where (p) is a constant.

· Marginal revenue per unit output is thus the constant (p).

Rule:

If 
P = a – bQ



Then:
MR = a – 2bQ

**
The firm’s supply function is “almost” the same as the firm’s marginal cost function.
· but, you have to consider cases where there are multiple intersections (in that case, s=MC if MC at a price (p) when p is at a point where MC>AC.

· And, if there are fixed costs, s=MC when MC<AC only when you can avoid paying the fixed costs by producing no output; otherwise, s=MC when MC>AC.

Time Horizons and the Supply of Perfectly Competitive Firm.

**
We know that SRMC always cuts LRMC from below and then rises above LRMC….that is, SRMC will be steeper than SRMC, running through the same value at the status quo.

**
Therefor:  The long run supply curve for the firm will be less steep than its short-run supply curve.
Perfect Competition:  When all the buyers and sellers are price takers.

Formula for Industry-Wide Supply:
S(p) = s1(p) + s2(p) + s3(p) +….+sN(p)






-- where sN(p) = amount supplied by firm n at price p
**  Total supply at any price is just the horizontal sum of individual firm-level supplies at that price.

Calculating Total Supply:

Example:


Given:
Industry supply - 50 firms supply a good

· Each firm’s total cost function is: TC(y) = 2y + 0.01y^2 (no fixed costs)

· Marginal Cost (1st Derivative) = MC(y) = 2 + 0.02y

What is the supply function for this firm?

· Since MC(y)  = p, and MC(y) = 2 when y = 0, we know the firm will supply no goods for any price p < 2.

· For p > 2, the supply of the firm is the solution to p = MC, or

p = 2 + 0.02y

p = 2 + 0.02s(p)

p – 2 = 0.02s(p)

s(p) = 50p - 100

What is industry supply for all 50 firms?

· At prices p < 2 , industry supply is 0; for p > 2, supply is:

S(p) = 50s(p) = 50(50p – 100) = 2500p  - 5000

Example Continued:


Given:
Suppose there are now 50 more firms in the market, each with the total cost function:  TC(y) = 3y + 0.005 y^2

At what price will these firms supply goods?

· MC(y) = 3 + 0.01 y

p = MC(y)

at y = 0, p = 3

So, for prices below 3, these firms will supply no goods.

· For p > 3, each of these firms will supply the amount that solves:

p = 3 + 0.01y

p = 3 + 0.01s(p)

p – 3 = 0.01s(p)

s(p) = 100p - 300

What is industry-wide supply?

· At prices of p < 2, no firm supplies anything, so S(p) = 0

· At prices 2 < p< 3, only the first 50 firms supply, so S(p) = 2500p – 5000

· At prices p > 3, each of the first 50 supply at 50p – 100, and each of the second 50 supplies at 100p – 300, so total industry supply is:

S(p) = 50 (50 p – 100) + 50 (100 p – 300)

S(p) = 2500 p – 5000 + 5000 p – 15000

S(p) – 7500 p  - 20000

Example Continued:  Suppose we are given a demand curve for the market.

Given:
 D(p) = 10000 – 500p

Therefor, we can find equilibrium price by equating demand with supply.

· Assume the supply comes from the first 50 firms:

D(p) = S(p)

10000 – 500 p = 2500 p – 5000

15000 = 3000 p

p = 5

How much does each firm produce?

S(p) = 2500 p – 5000

S(5) = 2500(5) – 5000

S(5) = 7500

Per firm: 7500/50 = 150 units

Finding if MC exceeds AC.  NOTE:  We know that the firm’s supply curve traces along its marginal cost curve if price > minimum average cost.



But how do you know if p>minimum average cost?



Example:



Given:
TC(y) = 100+2y+.01y2 for y>0 and TC(0)=0



Step I:  Compute MC and AC





AC = 100/y+2+.01y





MC = 2+.01y



Step II:
Set AC = MC





100/y+2+.01y = 2+.01y





1002=y2





y = 100



Step III:
Plug y=100 back into AC function to find minimum AC





100/100 + 2 + .01(100) = 4



Step IV:
You now know that the supply of a single firm is nothing up until 4.




At 4, the supply is either 0 or 100




Beyond 4, depends on the MC

Example where firm has fixed costs but can avoid a portion of the fixed costs (but not all) by producing 0:


Given:
TC(y) =
100+3y+.04y2


The firm can avoid $75 of the $100 fixed costs by producing 0. 


Find:
What is the supply of this firm?


Step 1:
Take your TC function.




TC(y) = 100+3y+.04y2

Step 2:
Replace Fixed costs with avoidable fixed costs:

TC(y) = 75+3y+.04y2


Step 3:
Take Average Cost of new function:


AC(y) = 75/y + 3 + .04y


Step 4:
Set MC = AC to find Minimum Average Cost:

MC(y) = 3 + .08y





75/y + 3 + .04y = 3+.08y





y = 43.3 – so we know the firm does not produce at levels lower than 43.





so, we then know that the firm does not produce at levels of p< $6.5


Step 5:
S(p) = 12.5(p-3)

for levels of p >= 6.5

Shifts in Demand and Supply 

and Equilibrium.
If the market demand curve, the market supply curve, or both shift, the equilibrium point will change.


i.e.  An increase in demand (an upward shift) causes an increase in both the equilibrium price and the equilibrium quantity.


On the other hand, an increase in the market supply, (a downward shift in supply) causes a reduction in the equilibrium price but an increase in the equilibrium quantity.


If both the market demand and supply increase, the equilibrium quantity rises, but the price may fall, rise, or remain unchanged.

Long Run, Short Run, Intermediate Run, and Shifts in Demand.


If there is a sudden increase in demand:
a. Short Run:  sharp rise in price and a smaller increase in quantity.

b. Intermediate run:  fall in price to above the original equilibrium level and a continued increase in quantity.

c. Long Run:  further increase in quantity and a further fall in price to a level still above (or at) the original equilibrium price.


Key Note:
Long term equilibrium is where MinAC = p for all firms

How to solve Perfect Competition Problems (in 13 easy steps!)

You will be given a firm total cost function (per firm) and an industry demand function…watch how simple it is.

Step 1: Given firm total cost function: set MC=AC to find Min AC.  This production level is the “efficient scale”.  It is what each producer will produce. (Now we know EACH FIRM’S PRODUCTION)

Step 2: Price = min AC.  This is because the long-run supply curve is assumed flat. (Now we know the PRICE)

Step 3: Plug the price into the demand function to get industry quantity (Now we know TOTAL CONSUMER DEMAND and TOTAL INDUSTRY PRODUCTION.)

Step 4: Divide industry quantity by efficient scale to get # of firms (Now we know TOTAL NUMBER OF FIRMS IN THE MARKET).

( ( ( ( ( This means we know the happy long run steady state of the competition ((((((
( ( ( ( ( Suddenly there is a shock in the system … a tax .. . demand shift, whatever , but you have a new demand function ( ( ( ( ( ( (
Short-run (only price can change):

Step 5: # of firms stays fixed, production stays fixed for each firm and for industry and total consumer demand doesn't change. (know the NUMBER OF FIRMS, EACH FIRM’S PRODUCTION, TOTAL CONSUMER DEMAND, and TOTAL INDUSTRY PRODUCTION)

Step 6: Use the new demand function to find a new price, given the same supply (Now we know PRICE.

( ( ( ( (  -- FIRMS COULD BE HAPPIER, SO….
Intermediate Run (price and production can change):

Step 7: Number of firms stays constant (KNOW THE NUMBER OF FIRMS)

Step 8: Figure out each firms supply function, by inverting the firms marginal cost…Don’t panic….

· write down the marginal cost MC = f(y), it is a function of firm production, y

· where you have MC, write p (for price)  P = f(y), the same function

· Now use a little algebra, so that you have y= g(p), a function of price. 

· This thing is the firm’s supply function

Step 9: Multiply the number of firms by this firm supply function – this gives the industry supply curve.

· If the problem is a little harder, firms might have different supply functions, and you have to add them up one by one – you can’t just multiply.
Step 10: Make this new supply function, from step 9, EQUAL the new demand function (why we have the shift) and solve for price.  (NOW YOU HAVE A NEW PRICE).

Step 11: Put that price into the new demand function (Now you have an INDUSTRY DEMAND/PRODUCTION)

Step 12: For each firm, plug the price into the firms supply function (Now you have a FIRM PRODUCTION)

( ( ( ( (   -- FIRMS ARE GETTING THERE, BUT COULD STILL BE HAPPIER, SO….
Long Run (price, production, and number of firms can change):

Step 13: This is just like we started with, except that there is a new demand function because of the shock.. Using the total cost functions and the new demand function, do step 1 – step 4 again.  What you get is the new long-run equilibrium.

( ( ( ( (  -- FIRMS ARE HAPPY AGAIN!
Example of shift in demand and its impact on supply:


Given:


TC = 100+3y+.04y2


D(p)old = 200(10-p)


Find:

Equilibrium price, demand and supplied at that price, # of firms supplying, profits per firm, production per firm.


Step 1:
MC = 3 + .08y


Step 2:
AC = 100/y + 3 + .04y

Step 3:
Since there is a fixed cost, need to set MC=AC to find min. avg. cost that producers will supply at.


3+.08y = 100/y+3+.04y


y=50


plug back in to AC, and we find that p=$7 = Min. Avg. Cost

Step 4:
Plug $7 back in to Demand function:  D(p)old = 200(10-7) 
Demand =600.

Step 5:
Since y=50, we know that each firm only produces 50, so there are 600/50 firms = 12 firms

Shift in Demand to:  D(p)new = 200(12-p)
Step 6:
We know that:
SR:
Firms can’t change quantity produced and can’t enter or exit market.




IR:
Firms can change their quantity produced




LR:
Firms can enter or leave



**
Bold items below do not change because of these rules.


Before Shift

(from first part of problem)
Short Run
Intermediate Run
Long Run

Price
7
Affected by new demand.

600 = 200(12-p)

p=$9
Find supply curve:

MC = 3 + .08y

S(p) = 12.5(p-3)

Total Supply = 12(S(p) = 150(p-3)

Set new supply = New Demand

200(12-p)=150(p-3)

p=8.14


7

# Firms
12
12
12
1000 demand / 50 units per firm = 20 firms.

Profits per firm
0
Price has increased by $2.  So, each of the 12 firms producing 50 units now make $2 more per unit.  So, profits = $100 per firm
$73.33
0

Total Demanded and Supplied
600
600
At $8.14, new demand = 772
In the Long Run, P reverts back to equilibrium price.  

D(p)new =200(12-7).

D=1000

Production Per Firm
50
50
12 firms produce 772 items at a rate of 64.33 each.
50

What happens when Technology Changes (TC) BUT only some firms are allowed to use the new technology?


Example (from last year’s midterm)

Given:

TC(q)=
10000+100q+q2
P = 400-Q/100

q = individual firms’ demand

Q = Total Demand

Find:
Minimum Efficient Scale

Price of goods sold

Number of firms selling

Step 1:
Set MC = AC



MC = 100+2Q
=
AC = 10,000/q + 100 + q



q=
100 (efficient scale)



p=
$300 = price of goods sold

Step 2:
Plug p=$300 back into total Demand:



Q=40,000-100p



Q=40,000-(100(300)



Q=10,000

Step 3:
Divide Total Demand by efficient scale (# produced by each firm)



10,000 / 100
=
100
=
number of firms selling

New Given:
New Technology =
TC(q)=14,400+50q + q2
52 firms at most allowed to use new technology

Find:

# of firms who use new technology

# of firms who still produce, but do not use new technology

Step 4:
MCnew = 
50+2q


ACnew =

14,400/q + 50 + q


MC = AC
50+2q = 14,400/q + 50 + q 






q=
120





p=
$290


so, you know that firms will want to use the new technology because Min. AC is lower!


How many? 

Step 5:
Will non-licensed firms also participate?  

YES, because at p<300, only the 52 licensed firms will produce, but that does not produce enough goods to meet demand:

If  p= $299
= 
MC = 50+2q


q=124.5 
And 52(124.5 = 6474 – much less than 10,000

Step 6:
We know that other firms will produce at p=300


If p = 300 
= 
MC = 50+2q



q=125 ( and 125(52 = 6500

Step 7:
Since demand has not changed, the remaining firms need to produce 10,000-6500 = 3500

Step 8:
3500 units / 100 units per firm (from Step 1) = 35 firms producing without new technology.

Consumer and Producer Surplus











      Supply

· Consumer surplus is the benefits
in dollars that consumers take
from trading in this market


· Producer surplus is the same 
for producers.


· The sum of the two is the total
value generated by the market.





    Demand

· The supply curve is the same as the marginal cost curve for the entire industry, so:

· The area under the supply curve is total industry costs; 

· The area under the equilibrium is total industry revenues; 

· The area above the supply (cost) curve and below the equilibrium line is total producer profits.

Short Term vs.  Long Term Producer Surplus.

· where fixed costs are unavoidable.  Since the short run supply is steeper than long run supply (STMC starts below LTMC, meets at equilibrium, and then rises above LTMC), it appears that the total producer profits in the short term is greater than in the long term.  But that doesn’t take into account the fact that fixed costs are higher in the short term.  The difference between the area under short term supply and long term supply = difference in fixed costs.

With avoidable fixed costs and producer surplus:


· The producer surplus is noted as above.

· Total revenue = everything within the box

· Total variable costs = the area under the MC curve (or the MC curve)

· fixed costs = the area in between the supply curve and the MC curve

· PRODUCER SURPLUS = Total Profits = TR – VC – FC.

Taxes and Other Non-Market Interventions

Taxes

· Assume seller pays tax to government

· Tax will raise the supply curve vertically by the amount of the tax (the seller will want to recoup the full amount of the tax in the price).

· TC(y) becomes TC(y) + ty (where t is the size of the tax)

· New MC function is old MC plus the constant t

· With sloping demand curve, results of tax are:

1. Equilibrium price rises by less than the amount of the tax

2. Quantity sold falls (the lower the elasticity of demand, the less it falls)

3. Tax receipts are less than the old eq. quantity times the amount of the tax, because of the decline in units sold.

4. Consumer and producer surplus 
both decrease.

5. The total area lost to consumers and 
producers is the loss in welfare due to 
the tax, also called the welfare triangle, 
whose area is the deadweight loss.

Tax Example

Given(without tax):


D(p) = 10000(10-p)
25 firms

TC(y) = 4y+y2/200


Step 1:
MC=4+y/100


Step 2:
s(p)=100(p-4)


Step 3:
For 25 firms, S(P) = 2500(p-4)


Step 4:
Set Demand = Supply

p=$8.8


Step 5:
Plug $8.8 back in to Demand
D=12,000


Step 6:
Graph:


Step 7:
Consumer surplus = 1.2(12,000 
=
$7200






2


Step 8:
Producer surplus = 4.8(12,000
=
$28,800






2

Step 9:
Surplus per firm = $28,800 / 25 
=
$1152

NEW Reality:  $1 tax per unit!
Step 10:
MCnew =
5 + y/100

Step 11:
s(p)new = 100p-500

Step 12:
For 25 firms, S(P)new=2500p-12,500

Step 13:
Set S(P) = D(P)

p=9new
Dnew=10,000

Step 14: 
Graph:

Step 15:
Consumer Surplusnew =
1 ( 10,000/2
=
$5000

Step 16:
Producer Surplus new =
4 ( 10,000 / 2
=
$20,000

Step 17:
Per firm 

    = $20,000 / 25 

= 
$800

Step 18:
Government gets:  [$28,800 + $7200] – [$20,000+$5000] 
=
$10,000

Step 19:
If government gives back to consumers, that means consumer surplus is now $15,000

Step 20:
Since prices go from $8.80 to $9.00 on a $1 tax, firm is eating .80 of tax per unit.

Subsidies

· Think of subsidies as negative taxes – producer tracks amount sold and is reimbursed by a set amount per unit.

· Net effect is to lower marginal cost to producers – this shifts the supply curve down by the amount of the subsidy

· Cost of subsidy is cost to government (e.g., to taxpayers) – the amount they have to pay to shift the market price downward ((new units sold – old units sold) x (subsidy amount per unit)).

Subsidy Example:


Given:

D(p) = 5000(10-p)


S(p) = 25,000(p-4)


Find:

Current Equilibrium price and quantity.


Producer profits

Step 1:
Equate D(p) = 5000(10-p) = S(p) = 25,000(p-4)

p=$5, plugging $5 into demand, we get demand of 25,000


Step 2:
Producer Surplus = [(5-4) ( 25,000] / 2 = $12,500



Consumer Surplus = [(10-5) ( 25,000] / 2 = $62,500



Total Surplus = $75,000


Change:  Importers are now allowed to freely sell at $3 !!!

Step 3:
3 = MC = SP = Demand = 5000(10-P)



New Demand = 35,000


Step 4:
C. Surplus=[(10-5)(35,000]/2




= $122,500

Step 5:
Domestic Producer Surplus = 0, since they cannot produce at prices below $4.


Total Surplus = $122,500


Change:  Government offers a subsidy for domestic producers worth $2


Step 6:
New S(p) = 25,000(p-2)



Step 7:
Set S(p) = D(p)
p=$3  

Demand = 35,000

Domestic Supply = 25,000

Foreign Supply = 10,000


Step 8:
CS = $122,500


Step 9:
Dom. P.S. = $12,500

Step 10:
Government Revenue = -$50,000 (2*25K)


Step 11:
Total Surplus = $85,000 



($122,500+$12,500 - $50,000)

Deadweight Cost of Option #1 vs. free imports = Total Surplus Free Imports – Total Surplus No Imports = $47,500

Deadweight Cost of Option #3 vs. free imports = Total Surplus Free Imports – Total Surplus Subsidy = $37,500

Price Supports

· Government sets minimum price (usually above equilibrium price)

· Producers are willing to supply more, but consumers are willing to buy less than in the equilibrium situation.

· Net effect is often that government will buy difference between quantity demanded and quantity supplied – the cost of this generally outweighs the benefits to suppliers produced by the program.

Example:

Quotas

· Importation of a particular good is limited by quantity.

· Effect is higher prices, lower consumer surplus, and (possibly) higher domestic producer surplus.

Example:  What if instead of doing a subsidy above, the government were to instead allow import of 10,000 units (and domestic makes up the additional units selling at their normal $4 per.

Given:

Ddomestic(p) = 5000(10-p)


Sdomestic (p) = 25,000(p-4)


Importers’ MC = $3


Importers’ quota = 10,000

Find:


Equilibrium price and demand


Effect on consumer surplus, producer surplus, etc.

Step 1:
You know that only importers produce the first 10,000 units at $3 per unit.


At 10,000 units, price jumps up to $4.

Step 2:
SupplyTotal = 10,000 + 25,000(p-4)
=
Demand = 25,000(p-4)

Demand doesn’t change
Equilibrium price =4.667


Equilibrium Demand = 26,665

Step 3:
CS = [(10-6.667) ( 26.6] / 2  = $71,106

Step 4:
Domestic PS = [(4.667-4) ( 16.6] / 2 = 5,555

Step 5:
Importers Profits = 1.667 ( 10 = 16,667

Step 6:
Total Surplus = $71,106 + 5,555+16,667 = $93,320

Step 7:
Deadweight Cost vs. other programs = 



$122,500-$93,320 = $29,180

Formulas (for competitive market):

Sum of Inverse Slopes = Slope of Inverse Demand + Slope of Inverse Supply




Example:




D(p) =
1,000(10-p)





P(x) = 10 – x/1000





Inverse slope = 1/1000





S(p) = 25,000(p-4)





Inverse Supply = 4 + x/25,000





Inverse slope = 1/25,000





Sum of inverse slopes = 1/1000 + 1/25,000



Decline in Quantity 
= 

Tax








sum of absolute inverse slopes




Deadweight cost (triangle) =
½ ( 
Tax2


sum of absolute inverse slopes



% passed on to consumers =

slope inverse demand

sum of absolute inverse slopes 


% passed on to producers = 
slope of inverse supply

sum of absolute inverse slopes


(for monopoly)



% passed on to consumers = 
50%  (if demand is linear and marginal cost is constant)

Deadweight cost =
Proportional to size of tax.  Deadweight cost is thus not small relative to revenues raised, and in some cases can even exceed the amount raised.

When will most of tax be passed on to consumers?
When Price charged with tax – Old price get close to being 100% of tax

When demand is nearly vertical (inelastic demand)

or, when supply is nearly horizontal (inelastic supply)

If Inverse slope of demand = 7, and Inv. Slope of Supply =2, then ratio passed on to consumers = 7/9.

Quota Example: Voluntary Export Restrictions on Japanese Cars

Assume there is only one type of car in the world. Domestic demand for cars is given by:

D(p) = 400 (30 – p)

There are many domestic producers (e.g., 5), and many foreign producers (5 as well).  Each set of producers has identical technologies with zero fixed costs and marginal cost functions:

Domestic - MC(y) = 15 + y/500

Foreign – MC(x) = 12 + y/1000

(Note that foreign producers are significantly more efficient than domestic – they have a $3 thousand/car advantage to start, and costs rise half as fast as for domestic producers).

Total Ban

What if foreign producers were banned entirely?

· Domestic producers are price takers, so p = MC(y)

p = 15 + s(p)/500

s(p) = 500(p – 15)

· With 5 producers total domestic supply would be:

S(p) = 5 s(p) = 5(500 (p – 15)) = 2,500(p – 15)

· Setting supply equal to demand, we get:

2,500(p – 15) = 400(30 – p)

2,900p  = 49,500

p = 17.069 (thousand)

· At this price domestic demand is:

400(30 – 17.069) = 5.172 million cars

No Ban

What if foreign producers can compete without restraint?

· Foreign producers are price takers, so p = MC(x)

p = 12 + s(p)/1,000

s(p) = 1,000(p – 12)

· With 5 producers total foreign supply would be:

S(p) = 5s(p) = 5(1,000 (p – 12)) = 5,000(p – 12)

· Total supply will be entirely foreign up to 15 thousand per car.  After that point, domestic producers will kick in, and total supply will be the sum of both foreign and domestic supply.

· We can guess, given these assumptions that foreign suppliers will shut out all domestic suppliers.  We can test this by setting demand equal to foreign supply only:

5,000(p – 12) = 400(30 – p)

5,400p  = 72,000

p = 13.333 (thousand)

· Since this price is less than the price at which domestic suppliers begin to produce, foreign suppliers will satisfy all domestic demand


· At this price domestic demand is:

400(30 – 13.333) = 6.667 million cars

Voluntary Middle of road

What if foreign producers voluntarily restrict imports to 2 million cars?

· At any price over 15 thousand, industry supply will be the 2MM imports plus the domestic supply, or

S(p) = 2,000 + 2,500(p – 15)

· Supply will equal demand where:

2,500p  - 35,500 = 400(30 – p), or

2,900p = 47,500 or p = 16.379 thousand

· The number of cars sold at this price is:

400(30 – 16.379) = 5.488 million cars

· The net result:

1. Consumers pay significantly more for cars than if free trade were allowed.

2. Domestic producers are able to sell a decent volume of cars at a profit (rather than selling none at all). 
3. Foreign producers sell fewer cars, but at a significantly higher profit per car – they actually make more money in this case. 

Externalities and the Public Good

Externalities:  
Whenever the economic activities of an entity, whether a firm or a consumer, indirectly affects the welfare of another entity, the first activity generates and externality.

· Congestion externalities:  adding to the congestion (driving on 101)

· Networks and Standards:  positive externalities – increases communication, industry standards benefit everyone
· Commons problem:  prisoner’s dilemma  (in public good not to use the commons, but in private interest to use it)
· Public Goods:   commodity whose consumption by one party in no way hinders its consumption by another party.

· Pecuniary externalities:   when one entity in a market has the ability to change market price by changing the scale of its operations.

Why do externalities mean that (price taking) equilibrium outcomes are inefficient?
**
an outcome is inefficient if we can find some way to rearrange the activities of the firms and consumers in a way that makes everyone at least as well of as before and some firms or consumers or both better off. 

**
When there are externalities, marginal private consumer benefit is set equal to marginal private cost of production, as both equal the equilibrium price.  But, marginal social benefit, when there are consumption externalities, is not the same as marginal private consumer benefit, and when there are production externalities, the marginal social cost of production is not the same as the marginal private cost of production.  (i.e. polluting rivers)



**
To be efficient:  we want marginal social benefits = to marginal social costs.





Price equilibrium doesn’t achieve this.
How to Deal with Externalities:

1. Social Norms:  (I maintain my yard because my neighbors expect me to)


2. Property Rights and the Coase Theorem.  (downstream party has just as much right to clean water as the upstream party – and they can bargain the differences)

problem with this is freerider (if someone else pays the guy upstream then i get clean water and i don’t have to pay) – also problem in determining who did the polluting.

3. Collective Action:  non-government action i.e. boycotts, government action, laws.

2 main types:  
1.
Provision of public goods by governments



2.
Regulation of specific negative externalities.

Provision of Public Goods.

The efficient level Y of public good to provide is:




( dui(Y) 
=
dC(Y)



    dY


  dY

Total marginal increase in surplus per unit increase in the public good a the level Y of public good  

= Cost to society Y units of the public good.

**
The efficient level of public good to provide (taking into account the costs and benefits of the public good itself) is where the sum of the marginal utilities generated by the public good, summed over all citizens = the marginal cost of provision of the public good.

In Perfect Competition:
MU = 
P
for consumers





MC =
P
for firms

**  Externalities upset this – MU involves direct value from consumption and indirect cost of production.

Game Theory

We only considered NONCOOPERATIVE games.  These games consist of three things:

1. A list of players

2. For each player, a list of possible strategies

3. For each strategy profile, a list of payoffs, one for each of the players.

· I.e 2 players, 2 choices each = 4 possible strategy profiles

Zero-sum games: When there is a constant, K, such that for every strategic profile, the sum of payoffs to players at that strategic profile equals K.

· Most games are not zero-sum

Examples of simple games you should know:

1. Matching pennies (heads or tails).  This is zero-sum

2. Roe Sham Bo / Rock Paper Scissors: This is also zero-sum

3. The Battle of Sexes (this is the museum/sports game in the notes): Not zero sum

4. Chicken: Not zero sum

5. Prisoners’ Dilemma: If you don’t know what this is at this point, get medical help immediately.  Not zero sum.

Nash Equilibrium:

A strategic profile such that no SINGLE player can improve his position by UNILATERALLY deviating.  In practice:

· Look at each box in a table representing a game.

· Consider ROW’s position: If you can improve row’s payoff in another ROW, this box is NOT nash

· Consider COLUMN’s position: If you can improve row’s payoff in another COLUMN, this box is NOT nash

In the prisoners’ dilemma, the fink-fink position is (the only) Nash Equilibrium, for example.

Less of a technique for making predictions, more of a technique for checking predictions made by other means.

Why it is used?: IF you have a confident prediction as to what your opponent will do, and IF you see (in consequence) a fairly clear course of action for yourself and IF you think your opponent will see things similarly, then your plan of action and prediction must be a Nash equilibrium.
Find Nash Equilibria:


Col 1
Col 2
Col 3

Row 1
4,1
3,2
5,1

Row 2
5,10
1,7
6,6

Row 3
4,4
2,3
10,5

Row 2, Col. 1 is a Nash Equilibrium because if player 1 chooses row 1, Player 2 can’t do any better by moving elsewhere.

Row 1, Col. 2 is a Nash Equilibrium because if player 2 chooses column 2, player 1 cant do any better by moving elsewhere.

Row 3, Col 3 is a Nash Equilibrium because if player 1 chooses row 3, player 2 can’t do any better by moving elsewhere.

Strongly Dominated: When considering between two strategies, one of the strategies is ALWAYS better that the other strategy, regardless of your opponent’s choice. 

Weekly Dominated: When considering between two strategies, one of the strategies is ALWAYS better than or equal to the other strategy, regardless of your opponent’s choice.

Iterated Dominance:

You have a game (almost certainly a matrix) Three steps, it is really that simple:

1. Look for a row that is strictly dominated by another row.  Cross out the weaker row.

2. Look for a column that is strictly dominated by another row.  Cross out the weaker column.

3. Goto step 1, until you are left with one box or cannot go further.

You have found the solution.

♪: There is some debate about weakly vs. strongly in the above algorithm. The conclusion is basically: use either 

Let’s say that you have this game:


Column 1

Column 2

Column 3

Column 4

Row 1

Row 2

Row 3
6,1
2,1
5,2
2,3


8,0
10,1
4,5
1,2


4,4
10,0
3,0
1,1



Solving this game through dominance theory:


Step 1:
Col.3 weakly dominates col. 2


Column 1

Column 2

Column 3

Column 4

Row 1

Row 2

Row 3
6,1
2,1
5,2
2,3


8,0
10,1
4,5
1,2


4,4
10,0
3,0
1,1



Step 2:
Row 1 strongly dominates row 3


Column 1

Column 2

Column 3

Column 4

Row 1

Row 2

Row 3
6,1
2,1
5,2
2,3


8,0
10,1
4,5
1,2


4,4
10,0
3,0
1,1



Step 3:
Col. 3 strongly dominates col. 1.


Column 1

Column 2

Column 3

Column 4

Row 1

Row 2

Row 3
6,1
2,1
5,2
2,3


8,0
10,1
4,5
1,2


4,4
10,0
3,0
1,1



Step 4:
Row 1 strongly dominates row 2.


Column 1

Column 2

Column 3

Column 4

Row 1

Row 2

Row 3
6,1
2,1
5,2
2,3


8,0
10,1
4,5
1,2


4,4
10,0
3,0
1,1







Step 5:
Col. 4 strongly dominates col. 3


Column 1

Column 2

Column 3

Column 4

Row 1

Row 2

Row 3
6,1
2,1
5,2
2,3


8,0
10,1
4,5
1,2


4,4
10,0
3,0
1,1

Multi-step games: Sometimes you are given a game that has multiple steps, use the technique “Think forward, reason backward.”  This means, start by assuming it is the last play in a multi-step game, iterate backward:

1. What would each player do in this stage?

2. This is assumed outcome of the stage

3. Goto the stage before, given the outcome of this stage

The Folk Theorem:

The basic idea of the folk theorem is that in a multistage game, one proceeds with three interests:

· Repetition: The game is repeated more than once (perhaps a known number of times, perhaps not)

· Reciprocity: Actions in one round may be based on actions of an opponent in a prior round

· Multistage strategy: A players strategy to maximize payout may by based on long-term payoffs, as opposed to there interest in a single match.

Some examples of multistage strategy:

· Nice guy: Always cooperate

· Tit-for-tat: Cooperate if opponent cooperates in the prior round (start by cooperating)

· Grim cooperation: Cooperate until opponent doesn’t cooperate, then nuke – fink forever.

What is the payoff for each strategy?  This will be hiring than a single round of cooperating, because it adds up.  It might be a nash equilibrium to cooperate-cooperate in multistage prisoner’s dilemma, where is wouldn’t be in single match prisoner’s dilemma.  Exactly whether/to what extent this happens depends on the game.

Issues with this theory:

· Too many equilibria, and no way to (predict) which will be used

· Finite Horizons: people tend to play until the end is within sight then they move to a fink model.  When?  Likely to happen when the expected cooperate-cooperate payout drops beneath the fink-fink payout.  This depends on the game.

· Noise and breakdown of cooperation: if you cannot verify what the other side is doing, the construction can fail.  Think OPEC!

Implicit Collusion in oligopoly

Basically this is exemplified in two known cases:

OPEC: World oil producers collude to limit supply and, thus, increase price and profits

GE/Westinghouse case: Makers of power turbines implicitly collude to raise prices

Conditions required:

1. Momentary advantage cannot be too decisive: If the fink payoff becomes greater than the theoretical payoff of many rounds of cooperating.  This is basically like the issue of a multistage game, when the fink payoff beats the sum of the long-run cooperation payoff

2. There has to be something worth keeping in the future: This is the part about the future not being too finite.  In the simple game, it is like the LAST round…people fink.  In real life this might happen at the end of an agreement, or when an industry is in decline!

3. Entrants must be kept out: duh. They might not sign up

4. Compliance with the scheme must be observable: this is the problem of noise breaking down the agreement.  Think OPEC…it is easy for a country to cheat a little, then pretty soon things fall apart.

5. Understanding the agreement: Since this agreement often happen via press releases, since they would be illegal if people sat down and negotiated them, they are often vague.

6. Small numbers: fewer people have an easier time with understanding the scheme.  Also, fringe members or members who don’t agree can cheat at very little cost to bulk of group, but at huge gain for the fringe member.  This is a slippery slope problem.  Having small players in with the big guns can be a huge problem.

7. Reaction time must not be too long – must be soon and consistent.  Harder to sustain in declining industries, or in industries facing a deadline.

8. Knockout blows destroy balance.

How to keep others out of market:

1. Most favored customer guarantees.

2. High fixed cost production technology

3. Central lease programs

4. On-the shelf technology

5. Give yourself limited supply (can’t afford special negotiations.

6. High experience curve technologies.

7. Licenses

8. distribution channels

Models of Reputation

Reputation Factors:  In many games with a high probability of playing again, the dominant strategy is to trust the other player not to fink.

· Folk theorem:  Take any outcome of the game that gives to each player a payoff that exceeds the player’s min. payoff.  Then, if the discount factor (probability of playing again) is close enough to 1, there is a Nash equilibrium of the repeated-interaction game that gives this outcome round after round.

· Player can earn this “reputation for fairness” by playing with several other players, not only the one player involved.

· Nash equilibria:  A is never fair, A is fair every other time, A is always fair

Problems with Reputation Factors:  

· If there are too many equilibria, no way to predict which will be used (fink always, fink every other, not fink.

· Finite horizons: in final round, both players will want to fink, same for 9, 8, 7…rounds

· Noise and breakdown of cooperation – sometimes what is intended is not what actually occurs.

Oligopoly and Poter’s 5 Forces

Oligopoly:  Industry in which a given product is supplied by only a small number of firms.



**
each firm is worried about the actions and reactions of its rivals. – RIVALRY.

Porter’s 5 Forces:

1. Rivalry among existing firms

2. potential entrants – and barriers to entry.

3. Substitute productions – keep away

4. Bargaining power of customers – keep low

5. Bargaining power of suppliers. – keep low

Two Types of Barriers to Entry:
1.
Tangible:
-
Scale based (volume of output)

· Scope based (fixed costs are spread amongst a # of products)

· knowledge based – experience curve effects

· financial resources and extending market power

· favored access to particular resources (airline hubs)

· favored access to distribution channels

2.
Psychological
-
If you always fight entry, you will build a reputation; others have to be cautious.

Factors acting against collusion:
1. Noise.

2. closed negotiations – all you know is you lost.  Allows other factors to be weighed such as:  delivery time, compatibility, service, future consideration, and reliability.   Sealed tender has more openness, better for collusion.

Risk Aversion and expected utility

Key concepts:

· Risk aversion: people assign a value to risk, when makes risky investments less valuable than riskless investments

· Risk sharing/spreading: It you own something risky, spreading/selling the risk can pay off

· Adverse selection: sellers have more information than buyers, so people selling at a given price, tend to be those people who know the price is more than the sale is worth.; opposite is usually true with people buying insurance.

· Market signalling and screening: A seller has two choices: Sell A or sell A+B.  The nature of the arrangement is that the seller only makes more in the A+B case, if A is not an adverse selection.  This signals to the buyer, because the seller is putting something of value, B, into the deal to show the value of A.  Another form of screening is when you make people take a test before hiring, or only give insurance benefits under certain conditions.

· Moral Hazard: If you control an outcome such that you are no worse off making the outcome worse (borrowing something and breaking it – it wasn’t your investment.)  Think of the phrase, which will no doubt be uttered many times this ski season after skiing through the parking lot to your car, “It’s just a rental!”

· Incentives: Avoiding moral hazard, by sharing risk/outcome between parties.  Compensation for performance, for example, or not insuring full value of property (so owner has some incentive, too).

· Transaction Costs: controls who owns what in a relationship.  Relationships are designed to minimize these.

· Reputation and relationships: Governance given to the party with most at stake in reputation.  This party is most likely to fulfill bargain.

Basic Expected Utility Algorithm (how do I compute expected utility, again?):

1) Identify a utility function.  You will be given this on the exam (If you have to figure it out, see page 12 of notes on Risk aversion and utility --good luck).  It takes in monetary amounts (prizes) and gives out utility.

· U = f (dollars)

2) For every possible final outcome, find the corresponding value of the utility function for a given prize.

· U1 for outcome 1, U2 for outcome 2, etc.

3) For each chance point (a point where multiple events can happen, each with a given probability, which sum to 1), compute the expected value of utility.

· C1 = p11 * U11 + p12 * U12 + ….

· C2 = p21 * U21 + p22 * U22 + ….

· Etc.

4) Chose the option with the highest expected utility.

Constant Absolute Risk Aversion (CARA):

The notion that risk aversion is independent of starting point.  A utility analysis of a gamble between x and x+y is dependent only on y and not on x.  For example, an analysis between 0 and 100,000 is the same as an analysis between 1,000,000 and 1,100,000.  A function is CARA if and only if it is of the form u = a + b* exp( - l * x ), where a, b and l are constant, and x is the monetary value

Certainty Equivalent in four easy steps:

1) Start with a utility function, u = f (m ).  This will probably be given to you in the problem.

2) Figure out the inverse function m = f’ ( u ).  This will be something like m = ln ( u ) with some constants

3) You have a list of payoffs (m1, m2, etc.) and corresponding probabilities (p1, p2, etc.).  Compute the expected utility, by plugging the payoffs into the utility functions, then multiplying by the probabilities and adding:
                  e(u) = f(m1) * p1 + f(m2) * p2 + …..

4) Now compute the certainty equivalent: ce = f’ ( e(u) ), by plugging step #3 into step #2

Risk Premium:  Difference between EMV of any gamble and CE of any gamble.

People are risk adverse as long as CE<EMV

The Affine Transformation (making the numbers easier):

This is a little advanced, so if you feel comfortable with it don’t worry about why, just take this on faith.  If you get a utility function on a test that is really ugly (Kreps likes these), like:
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It doesn’t have to be so ugly—you can beat it.  It makes no difference for functions of the form (like the one above):
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to just drop the a (set it to 0) and the b (set it to 1), so you have:
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Imagine how much easier this will be to solve.  REMEMBER THIS ONLY WORKS FOR WHEN YOU ARE COMPUTING CERTAINTY EQUIVALENTS OR LOOKING AT RELATIVE RISK AVERSION, which is almost everything, but if you are asked to actually computer the exact utility, use the original equation.  This is just a really simple why to make the calculation of certainty equivalent faster.  Again, the bottom line is that any two utility functions that look like the second equation above are the same risk aversion function, independent of a and b!
The Allais Paradox

The builds on the notion of framing from OB.  Given two functions that should have EXACTLY the same utility, people change their minds, depending on how the decision is framed.  This contradicts the utility model because according to the utility model, people make a choice (one or the other), based on their utility.  In this paradox, the same utility can lead to two different (and opposite) answers.

The Ellsberg Paradox

This is the one with marbles.  People dislike the ambiguity that comes with choice under uncertainty; they dislike the possibility that they may have the odds wrong and so make a wrong choice.  Therefore they tend to select choices where they know the odds.  The paradox is that they will select the same choice whether they are told they will win (positive) for selecting the known odds case, or whether they will lose (negative) selecting the know odds case.  This is a paradox, because once someone selects an outcome to their choice, they have made their choice according to their utility function.  When the criteria is simply flipped from “you win” to “you lose” people should change their choice, but they don’t

Lessons from Catastrophic Summer Insurance.

1. Adverse selection works against the company (when individuals can choose if they want to buy insurance at a certain premium and only they know if they need it or not).

2. Company should try to avoid fractional insurance by individuals.

3. Company does best by screening / fractionalizing on the company’s terms.

4. 1st degree price discrimination is best, but very hard to do.

If an individual or company is risk neutral, they just look at the EMV.

If an individual or company is risk adverse, they look at the CE, through the utility function.

The Agent Problem

Overview: we want to get someone to do something for money, in an optimal way.

Who’s involved: There are two actors involved in these problems, a principal and an agent.

· Principal: the employer, contractor, person paying/desiring services

· Agent: the employee, subcontractor, person to perform services

Adverse selection:  Party A knows something material to Party B.  Party B worries what does willingness of A to transact mean?

Moral Hazards and Incentives:  Party A must take an action that is material to party B.  Party B worries that A will act in a way that B doesn’t like (i.e., not give effort).

Rewards:  Reflect A’s action to the extent possible – in a way that motivates A to do well.

If effort level is observable:  then there is no problem – negotiate on the effort level.

If agent is risk adverse:  then the his compensation must compensate for the risk.

Factors that make incentives difficult:

1. Poor (noisy) measures.

2. Agent has many tasks to balance.

3. Dynamic effects – ratchet effects.

4. Impact on cooperative effects within organization.

5. Screening and sorting effects.

Agency Problems.  The key to these problems is to write down two (or three) equations:

1) (THIS IS CALLED THE OPTIMIZATION EQUATION)What is the principal trying to maximize? This is usually something like gross income – expected compensation.  Write it as (something like):

net profit = gross income – compensation

2) (THIS IS CALLED THE RATIONALITY CONSTRAINT) What is the expected utility for the agent?  Set this equal to the alternative.  So you have something like:

Expected utility = utility from alternative

3) (THIS IS CALLED THE INCENTIVE CONSTRAINT) [SOMETIMES/this is only used when we cannot monitor input – in the “monitor problem” cases].  What is the expected level of effort?  When we can monitor the agent they work hard, so this constraint is unnecessary.  But when we cannot monitor the agent, we know the agent is lazy and doesn’t like to work hard, so we have to expect them to minimize their inputs (e.g., effort).  This minimum occurs when the derivative of expected utility is zero, so you modify the RATIONALITY CONSTRAINT on the left side, by writing:
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Almost always, you are going to have two numbers to set, a base salary, B, and a bonus rate, b, (which is multiplied by the gross income).  In addition, there will be one number (like effort, e) that we WANT to optimize.

You are going to be asked to solve one (or more likely both) of the following:

· The No Monitor problem, where the principal can contract on exactly what they want, so there is no need to monitor.  This is like when they can contract directly of effort, or performance.  In these cases, bonus is $0.

· The Monitor problem, where the principal must pay a base salary and bonus, measured as result of output, but cannot monitor or contract on inputs (like effort, performance, etc.)

Agent Problems in 10 easy steps (for discrete cases)

1) You are probably optimizing for wages (want them to be low), so I assume that here.  That means the OPTIMIZATION EQUATION is wages (we want them to be low).  Wages are Salary (fixed) + bonus (given when something desirable happens – like winning a contract, making a good decision).

2) The RATIONALITY CONSTRAINT says that the utility from doing the job should be at least as high as the alternative, so the RATIONALITY CONSTRAINT is:
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· The stuff on the left, utility(Handwork), is usually a function of only wages.

· The stuff on the right, utility(Alternative), is usually a constant.

------ The no monitor problem ------

3) Since you CAN monitor, bonus is 0 (zero).

4) The “tentative Salary” is the solution to the equation in #2 above.

5) Sanity check step: Compute the principal’s (company’s) profit, assuming the “tentative Salary” in step #4

6) If the firms profit in step #5 is positive, the solution is the salary from #4 and a bonus of 0 (zero); if the firms profits are negative in step #5, the firm is better off not going for the hire!

------ Monitor problem ------

7) You will be given an alternative, probably that the employee is hired but has a different utility function if they do not work hard.  Now we have the third equation, the INCENTIVE CONSTRAINT:
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8) You now use the equations in #2 and #7 to solve for Salary and Bonus.  There are two equations (#2 and #7) and there will be two unknowns, bonus and Salary.  Solve for “tentative bonus and Salary.”

9) Sanity check step: Compute the principal’s (company’s) profit, assuming the “tentative salary and bonus in step #8.

10) If the firms profit in step #9 is positive, the solution is the salary and bonus from step #8; if the firms profits are negative in step #9, the firm is better off not going for the hire!

Agent Problems in 18 easy steps (for continuous cases)

1) The hard part is to write down the OPTIMIZATION EQUATION and RATIONALITY CONSTRAINT, but you gotta do it.  I am going to use the capitalized terms in the next 17 steps.  Just think, what does the principal get out of this (in money) and what does the agent get out of this (in utility).  The two equations will look something like this (but depends on the case) – These are examples:

· Profit = income – wages = effort – (base wage + bonus rate * income)

· Utility = Wages – risk – effort = Base wage + bonus rate * income – k*var(income) –k’*effort

------ The no monitor problem ------

2) Principal takes the risk, so b=0

3) Given b = 0, plug the RATIONALITY CONSTRAINT into the OPTIMIZATION EQUATION.

4) Take the derivative of the equation coming out of #3 with respect to what you want to optimize (effort, probably).

5) Set the result of #4 to zero and solve.  This gives the input level that maximizes net income.

6) Plug the results of #2 and #5 into the RATIONALITY CONSTRAINT and solve for “tentative base salary”, B.

7) Sanity check step: Compute the principal’s (company’s) profit, assuming the “tentative base salary” in step #6.

8) Sanity check step: If the firms profit in step #7 is positive, the solution is the salary from step #6 (and bonus of 0); if the firms profits are negative in step #7, the firm is better off not going for the hire!

------ Monitor problem ------

9) Calculate the INCENTIVE CONSTRAINT, which is the derivative of the RATIONALITY CONSTRAINT.

10) At this point, you have to maximize the OPTIMIZATION EQUATION from step #1, given the two constraints: the RATIONALITY CONSTRAINT, from step #1, and the INCENTIVE CONSTRAINT, from step #9.  The rest of the solution is typical, your’s might be slightly different, but it will be close.

11) Probably the INCENTIVE CONSTRAINT, from step #9, will give you the bonus number in terms of the input (e.g., effort), as a simple equation.  Plug this, step #9, into the RATIONALITY CONSTRAINT (from step #1) and the OPTIMIZATION EQUATION (from step #1) so that you have two variables in two equations.

12) At this point, you plug the new RATIONALITY CONSTRAINT (from step #11) into the OPTIMIZATION EQUATION (from step #11).  You now have one variable (the one that you want to optimize) in one equation, the final OPTIMIZATION EQUATION.

13) Take the derivative of the final OPTIMIZATION EQUATION coming out of step #12 with respect to what you want to optimize (e.g., effort).

14) Set the result of #13 to zero and solve.  This gives the input level that maximizes net income.

15) Plug the results of #14 into the new RATIONALITY CONSTRAINT from step #11 and solve for “tentative base salary”, B.

16) Plug the results of #14 and #15 into the INCENTIVE CONSTRAINT, from step #9, and solve for “tentative bonus”, b.

17) Sanity check step: Compute the principal’s (company’s) tentative profit.  To do this, plug the “tentative base salary” from step #15 and “tentative bonus” in step #16, into the OPTIMIZATION EQUATION from step #1.

18) Sanity check step: If the firms profit in step #17 is positive, the solution is the salary from step #15 and bonus from step #16; if the firms profits are negative in step #17, the firm is better off not going for the hire!

Simple Agency Problem Example:


Given:
Salesperson is trying to make sale of lifetime



2 possible outcomes:


1. Get the sale:  Firm gets $10m profit

2. Don’t get the sale:  firm gets no profits



If she exerts herself enormously, she gets the sale with prob = .2



If she doesn’t exert herself, prob = 0



Compensation = C



u = C1/2 if she gets compensation C and puts in no effort



u = C1/2 – 100 if she exerts herself enormously



To keep her employed, the firm must pay her total compensation so that her overall Ev[u] = 300


Find:
If the firm can contract for worker’s efforts, will she take a $170,000 wage conditional on exerting herself enormously?


Step 1:
She has 3 choices:


1. Turn down the offer (get nothing)

2. Accept the contract and put in no effort (get nothing)

3. Accept the contract and exert herself enormously.

u = (170,000 – 100  = 312  which is greater than 300, so she does this option.


Find
If the firm cannot monitor effort but offers her a flat wage of $170,000 what will happen?


Step 1:
Again, she has 3 choices:

1. Turn down the offer (get nothing)

2. Accept the contract and put in no effort.  u = (170,000 = 412

3. Accept the contract and exert herself enormously.  u = (170,000 – 100  = 312  


Find:
If the firm offers her a base wage of $150,000 and a bonus of $1,000,000 if she makes the sale?


Step 1:
Again, she has 3 choices:

1. Turn down the offer (get nothing)

2. Accept the contract and put in no effort.  u = (150,000 = 387

3. Accept the contract and exert herself enormously.  

E[u] = [prob of not getting sale ( u(payoff)] + [prob. of getting sale ( u(payoff)]

E[u] = [.8 ( (150,000] + [.2 ( ((150,000+1,000,000)  - 100]
=
424





Thus, she accepts this offer

Find:
What are the firms profits under this last scenario?


Step 1:
Calculate the expected payoff for the firm minus what they would have to pay worker:

E[profits] = 
[prob. of not getting sale ( payout to worker] + [prob. of getting sale ( profits from sale – payout to worker]


=
[.8 ( 150,000] + [.2 ( ($10m - $1.15M)]
= $1,650,000
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Slope is always the same.
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This is the budget line
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Point of Max utility





Budget line and utility maximizing point
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Producer Surplus





Equilibrium Price/Quantity
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Deadweight Loss
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In terms of Price





In terms of Quantity





In terms of Quantity
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These are indifference curves
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