
PERFECT COMPETITION

Review

We have been developing the industry supply curve from a model of profit maximizing firms.  Found that firms will produce the level of output that equates MC = MR.  The shape of the MC curve depends on the marginal product of labor.  When MPl is increasing (decreasing), MC is decreasing (increasing).  Typically expect increasing then diminishing marginal 
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productivity.  This means the MC curve will be U-shaped.  The shape of the  marginal cost curve also determines the shapes of the ATC and AVC curves.  These curves are typically U-shaped, and the MC curve crosses through their minimum points.  Thus, diminishing marginal productivity also drives the shapes of the short run cost curves.

For example, suppose SRTC = 25,000 +q2/40 (from q = 4L1/2K1/2, K = 25, Pk = 1000, Pl = 10), we can derive the remaining SR cost curves as follows:


FC = TC when q = 0  =>   FC = 25,000.


VC = TC - FC  =>  VC = q2/40.


ATC = TC/q = 25,000/q + q/40.


AFC = FC/q = 25,000/q


AVC = VC/q = q/40.


MC = dTC/dq = dVC/dq = q/20.

ATC, AVC, and MC were graphed previously.  MC = ATC at its minimum point (solving MC = ATC  => q = 1000, ATC = MC = $50).  MC = AVC at its minimum point as well (solving MC = AVC  =>  q = 0, AVC = MC = $0).

Derived the Long Run Average Cost and Long Run Marginal Cost curves from the short run cost curve.  Saw that the LRAC curve is the lower envelope of the SRAC curves as K changes.(i.e., the LRAC is the lowest possible SRAC at each level of output). LRAC and LRMC are used to determine what capital stock we might like in the future, but once we reach the future, we are on the SRAC curve associated with that capital stock.  (For simplicity we frequently assume that LRAC = SRAC and treat the SRAC curve as both curves.  This simplifies the analysis.)

Perfect Competition

That completes the discussion of short run and long run MC.  Now we want to describe MR.  MR is the change in total revenue as output increases by 1.  Total revenue is Pxq, so MR must incorporate the changes in q and P.  This information comes from the demand curve.  As q increases, P decreases, but the impact that any one firm has on market price depends on how important the firm is relative to the industry.  Suppose market demand is given by P = 40 - Q/10.  If industry output is 100, industry price is 30.  If total industry output is divided equally between all firms in the industry, and one firm doubles output, the impact on market price depends on the number of firms in the industry.  The more firms, the smaller the impact of any one firm.  This is illustrated in the table below.  Thus, MR depends on the industry structure. If there are sufficient firms, no one firm will have any significant impact on industry price.  MR does not have to consider any change in P.  If there are few firms in the industry, MR must consider the change in Q and P.

Number of Firms in the Industry
Output per Firm
Industry Q if 1 Firm Doubles Output
Industry Price
Change in Industry Price

1
100
200
20.00
10.00

2
50
150
25.00
5.00

5
20
120
28.00
2.00

10
10
110
29.00
1.00

100
1
101
29.90
0.10

1000
0.1
100.1
29.99
0.01

10,000
0.01
100.01
29.999
0.001

We will begin looking at perfect competition (many firms), then look at monopolies (one firm), oligopolies (few firms), and monopolistic competition (several firms).  A perfectly competitive industry is defined as any industry that satisfies the following four assumptions:  


many firms/consumers (enough so that no one firm/consumer has any impact on market price)


homogeneous (identical) products


informed buyers and sellers (they know prices and that products are homogeneous)


free entry and exit (no barriers, i.e., economies of scale as with phones, regulation as with cable TV, patents as with Polaroid, and advertising as with bleach).

What do these assumptions imply about perfectly competitive firms?  Many firms implies firms can increase or decrease output by as much as they want without affecting market price (i.e., they can sell as much as they like at the prevailing market price).  If they can sell as much as they like at the current market price, would you ever expect to see sales or advertising in perfectly competitive markets?  No.  Homogeneous products and informed buyers imply no firm can charge over the current market price.  Consumers know that products are identical.  Consumers also know the prices charged for different products.  Therefore, if one producer tried to charge a premium price, consumers would not buy that product.  Combined, these three assumptions imply that firms are price takers.  They have no incentive to charge under the current market price, and they cannot charge over it, therefore they must charge the current market price.  They simply observe the market price and decide how much to produce to maximize their profits assuming they can sell as much as they like at that price.  In this case, what is MR?  It is simply the market price.  For perfect competition, and only perfect competition, P = MR.

What does the final assumption, free entry and exit, imply?  It implies that profits must be zero in the long run.  If there are excess profits, existing firms will expand their output and new firms will enter the industry.  This will increase supply, causing prices and hence profits to decrease.  This process continues until excess profits are eliminated.  If profits are less than zero, firms will reduce their output and some will leave the industry.  This will reduce supply and increase price and hence profits.  This process continues until profits increase to zero.  Thus, profits always tend to zero in the long run.  When profits are zero, there is no incentive to change output, so industry output will remain constant.

Before this lecture, if I asked you to name a few competitive industries, what would you have named?  Computers, airlines, gas, autos, etc.  Typically, these are industries where we see a lot of competition (advertising, sales/price wars, rebates, etc.).  However, industries that engage in competitive practices are not perfectly competitive.  Perfect competition is characterized by the absence of competitive practices.  

The assumptions of perfect competition are a pretty strict set of assumptions.  Agriculture and dairy products, and capital markets are among the few industries that conform to these assumptions.  Most industries fall into one of the other categories.  However, perfect competition leads to nice results as far as efficiency is concerned.  It is important to understand this type of industry because it is used as a standard to strive toward.  Efficiency would increase if all industries behaved as if they were perfectly competitive.  We will develop this industry structure and discuss its strengths and weaknesses.  Then we can compare the other industry structures to perfect competition, asking how we can make them more like perfect competition and what are the resulting advantages.

Marginal Revenue

As stated above, one of the distinguishing characteristics of perfect competition is that firms are price takers. They observe market price, assume they cannot influence it, and choose the level of output that maximizes profits at that market price.  If firms are price takers, P = MR.  Specifically, the industry demand and supply curves determine the market price.  This determines the firm's MR.  It also determines the demand curve that the individual firm faces.  Each firm can sell as much as it wants at the going market price, so the demand curve is a horizontal line at the market price.  Furthermore, P also equals AR (AR = TR/q = Pxq/q = P). Thus, in perfect competition, P = MR = AR = D.  This is illustrated below.

Profit Maximization

Thus, industry supply and demand determine market price, and P = MR in perfect competition.  Suppose market price equals 125 in our example above (demand is given by P = 250 - .002Qd and supply is given by P = .002Qs), how much q should the firm produce to maximize profits?  The firm should produce the level of q where MC = MR = P.  Do we use the firm's LRMC or SRMC?  We use SR curves to determine the ( maximizing output level at any point in time.  The LR curves are planning curves.  Graphically, this occurs at the level of output where MR = P crosses the firm's MC, as shown below.  Mathematically, equate P and MC to find the profit maximizing output.  Computing this yields:  125 = q/20 =>  q = 2500.  (For clarity, I will try to use Q when referring to industry output and q when referring to firm output).
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In the graph here, is the firm making positive profits, negative profits, or zero profits?  How can we tell?  ( = TR - TC = Pxq - ATCxq = q(P - ATC).  Thus, per unit profits are determined by comparing P (which is also AR) to ATC (again this is SRATC).  If P > ATC => ( > 0.  If P < ATC  => ( < 0.  If P = ATC => ( = 0.  How can we picture total ( on the graph?  P - ATC is per unit profits, so total profits are q(P - ATC), the shaded area in the graph.  Mathematically, ( = 2500(125 - ATC at q = 2500) = 2500(125 - 72.5)  =>  (  = 131,250.  If ( > 0, as here, what will happen?  Firms will enter the industry in the long run, increasing supply.  This reduces market price.  What happens to output per firm?  Firm's reduce output as market price falls, moving down their MC curve.  What happens to (?  ( decreases as P falls to ATC.

Breakeven and Shutdown Points

As price decreases, ( decrease as well.  When will profits become zero?  ( = 0 =>P = ATC.  But, firms produce where P = MC, so P = ATC = MC.  The only place where this can occur is if price is equal to the minimum of the ATC curve, where MC = ATC.  Thus, the minimum of the ATC curve is the break-even point (there are short run and long run break-even points).  This occurs where q = 1000, and P = ATC = MC = $50.  MC = AVC at its minimum point as well (solving MC = AVC => q = 0, AVC = MC = $0).

What should we do if price falls below the break-even point?  Profits are negative, so we lose money in the short run.  Do we shut down and stop producing?  If we shut down, we still incur fixed costs in the short run; it takes time to liquidate our capital stock.  We have to decide if we can minimize our losses by shutting down or by continuing to operate.  If we shut down, ( = - FC.  If we continue producing, ( = TR - FC - VC = Pxq - FC - AVCxq = q(P - AVC) - FC.  If we want to minimize losses, we would continue producing if P > AVC.  In this case, the first term above has a positive sign.  The excess of revenues over variable operating costs can be used to defray some of our fixed costs. Thus, we will stay in business in the short run if P > AVC; we will shut down if P < AVC; and we are indifferent between staying in business and shutting down if P = AVC.  (This is equivalent to saying that fixed costs are sunk costs in the short run.  We can’t recoup them in the SR, so we should ignore them in our calculations.  As long as revenues exceed variable operating costs, we should operate.)  Thus, the point where P = AVC is the shutdown point.  However, firms always produce where P = MC, so the shutdown point occurs where P = AVC = MC.  The only point where this occurs is if price is equal to the minimum of the AVC curve.  Thus, this minimum point is the shutdown point.  From above, this occurs when q=0, P=AVC=MC=$0.

Short Run Supply

What is the firm's short run supply curve?  The short run supply curve shows the relationship between price and the firm's output.  We have seen that as P (= MR) changes, the firm's SRMC curve shows what output the firm will sell.  Thus, the firm's SRMC curve is its SR supply curve, with one exception.  Only the portion of the MC > AVC is on the firm's SR supply curve.  (In this case, the firm's SR supply curve is MC = q/20, for q ( 0 or P ( $0, or the firm's entire MC curve.)

How do we get the industry supply curve?  We add the individual supply curves together.  How do we sum curves?  Horizontally.  Each firm sells output at the same price.  Thus, we hold price constant for all firms and ask what output each firm will supply at that price.  Sum the total quantity supplied gives industry output at that price.  Repeating this for other prices allows us to draw the entire supply curve.  Mathematically, we have to express the firms' output as a function of price.  Then we can assume that P is the same for all firms and add the resulting q's.  For the MC curve in the example here, MC = q/20.  But for profit maximization, P = MC  =>  P = q/20.  Solving for q in terms of P  yields:  q = 20P.  If there are 25 identical firms in the industry, 25q = Q = 25(20P)  =>  Q = 500P  =>  P = .002Qs (as given in the example above).  When there are n identical firms in the industry , as in this case, you can simply substitute q = Q/n and P = MC directly into the MC equation to derive the industry supply curve.
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Long Run Supply

In the above example, firms are making positive (economic) profits.  What will happen over time?  New firms will enter the industry to gain a share of the excess profits (and existing firms might expand).  Entry will continue as long as there are excess profits (( > 0).  Thus, in the long run, the equilibrium price must be bid down to the breakeven price (the only price where ( = 0).  The  market price always returns to the minimum point of the LRAC curve in the LR.  Thus, the LRAC curve determine the LR market price.  This is the only price the market can support in the long run.  In other words, the LR supply curve is a horizontal line at the price equal to the minimum point of the LRAC curve.  The LRAC curve determines the LR price and the demand curve determines how many firms the industry can support.

In the above example, the breakeven price is 50 (assuming the long run and short run ATC curves have the same minimum point).  When demand is P = 250 - .002Qd, and LR equilibrium price is $50, consumers will demand 100,000 units.  If each firm produces 1000 units at a price of $50 (from the breakeven point calculated above), the industry can support 100 firms in the long run.  To check, if there are 100 firms, Q = 100q.  Substituting this and P = MC into the MC curve, the industry supply curve is P = .0005Qs when there are 100 firms in the industry.  Equating this supply and the industry demand yields an industry equilibrium of P = 50 and Q = 100,000 and the industry supported 100 firms.

Thus, Q = 100,000, P = $50, q = 1000, ( = 0.  Thus, the industry is in LR equilibrium.  Qs = Qd (there is no excess supply or demand putting pressure on market prices), P = MC (firms are maximizing profits so there is no reason for output per firm to change unless market price changes), and ( = 0 (so there is no reason for firms to enter or leave the industry).  When these conditions are satisfied, there is no reason for any thing in the industry to change, in the short or long run, unless there is a violation of the ceteris paribus conditions.  Thus, this is a LR equilibrium.
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Is this the min LRAC of the average firm, most efficient firm, least efficient firm, representative firm, or every firm in the industry?  Generally, the least efficient firm determines the long run equilibrium price.  More efficient firms earn a positive profit.  This profit is considered the return to the production factors or know-how that gives the firm the cost advantage.  (Some people graph the LRS as sloping upward, indicating that industry expansion typically involves less efficient firms.  We typically neglect that here, and assume that all firms have identical LRAC curves.  This simplifies the analysis without significantly changing the implications, though this is probably the most commonly relaxed simplification we use.)

There is a town with two record stores, one selling at list price, the other at discount prices.  The list price store advertises that customers better buy some records from that store.  If not, they will go out of business, enabling the discount store to raise its prices.  Would you believe the ads?  No.  Free entry and low start-up costs will likely ensure the remaining store acts competitively.  (Contestable markets and workable competition).  Consumers in the town were good economists or greedy because the high price store closed (the discount store remained a discount store).

Increase in Demand

Suppose our product catches on and demand increases.  How will this affect the representative firm and industry?  A change in consumers tastes will shift the demand curve to the right.  However, nothing happens to the firm's cost curves. Thus, the industry supply curve is unchanged in the short run.  (The only way the industry supply curve can shift in the short run is for the firms' marginal cost curves to shift.  In the long run, firms entering or leaving the industry can also shift the supply curve, but this cannot occur in the short run.)  We will get a new short run equilibrium price and output, where the new demand curve crosses the supply curve.  In fact price and output will both increase.  As price goes up, output per firm and profits will increase.  This is shown in the graph below.  
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Mathematically, assume demand increases to P = 250 - .0015Qd.  The new market price and output are 250 - .0015Q = .0005Q  =>  Q = 125,000 and P = 62.50.  At this price, output per firm is 62.50 = q/20  =>  q = 1250 (= 125,000/100) and ( = 14,062.50 = (P - ATC)q = (62.50 - 51.25)12.50.

At this point, the firms and industry are in short run equilibrium.  Qd = Qs and P = MC, but ( > 0.  Thus, there is no pressure to change behavior in the short run, but firms will enter the industry in the long run.  Thus, this equilibrium cannot last beyond the short run.

In the long run, firms enter to capture the excess profits.  As firms enter, supply increases, industry price decreases while industry output increases.  Profits and output per firm decrease (industry output increases because there are more firms).  This continues until price returns to the break-even point.  When ( = 0, firms will stop entering the industry.  Thus, in the LR, P = $50.  How many firms are there in the industry in the long run?  Quantity demanded at P = $50 is: 50 = 250 - .0015Qd  =>  Qd = 133,333.33.  We also know that q = 1000 (and ( = 0) when P = $50.  Thus, there must be 133,333.33/1000 = 133.33 firms in the industry.  The new short run supply curve is P = .000375Qs.
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Per Unit Taxes (Variable Cost)

Suppose the government wants to influence consumer's behavior.  In particular, suppose the government wants to limit the consumption of some particular good (i.e., water during a draught, gasoline during a supply cutoff, etc.).  The government is trying to decide between a per unit tax and a flat tax (i.e., a business fee).  Which should the government use?  Lets consider both, starting with a per unit tax.  Recall the cost and demand information from the example last time.


TC = 25,000 + q2/40


FC = TC when q = 0  =>   FC = 25,000.


VC = TC - FC  =>  VC = q2/40.


ATC = TC/q = 25,000/q + q/40.


AFC = FC/q = 25,000/q


AVC = VC/q = q/40.


MC = dTC/dq = dVC/dq = q/20.


Breakeven Point  =>  P = MC = ATC  =>  P = $50, q = 1000.


Shut-Down Point  =>   P = MC = AVC  =>  P = $0, q = 0.


Supply:  P = 100 - .03Qs + .00000225Qs2 (200 firms).


Demand:  P = 250 - .002Qd (original demand before previous increase).

Suppose we are initially in long run equilibrium (P = $50, Q = 100,000, q = 10000 ( = 0, and there are 100 firms) and the government imposes a $10/unit tax on this good (excise tax).  How will this affect the firm's cost curves and the industry supply and demand curves?  Demand curve will not change and the supply curve will only change in the short run if the firms' MC curves shift (without the entry and exit of firms, a shift in the firms' MC is the only way supply can shift).  A $10/unit tax would increase TC by 10q.  This tax varies with the level of output, so it is a variable cost.  In fact, after the tax: 


TC = 25,000 + 10q + q2/40


FC = TC when q = 0  =>   FC = 25,000.


VC = TC - FC  =>  VC = 10q + q2/40.


ATC = TC/q = 25,000/q +10 + q/40.


AFC = FC/q = 25,000/q


AVC = VC/q = 10 + q/40.


MC = dTC/dq = dVC/dq = 10 + q/20.

Thus, ATC, AVC and MC all increase.  In particular, the curves all shift up vertically by the amount of the tax (just the constant term in ATC, AVC and MC change, so they all increase by the same amount at all levels of output).  Because the new curves are parallel to the old curves, the minimum of the ATC and AVC curves occur at the same level of output as before.  Furthermore, because the vertical shift in all curves was $10, the value of ATC and AVC at their minimum points increases by $10.  Thus, we know that the breakeven and shut-down points are:  Breakeven Point  =>  P = MC = ATC  =>  P = $60, q = 1000.  Shut-Down Point  =>  P = MC = AVC  =>  P = $10, q = 0.  (Note:  if the new and old curves are not parallel, we would recalculate these points as we originally calculated them.  The new and old curves will not be parallel if the increase in ATC, AVC and MC is not constant for all levels of output.  This might occur if labor costs increase, where the increase is not a constant proportion of total costs at all levels of output, i.e., TC increases by 2q2 so that ATC, AVC and MC increase by 2q).

If MC for all firms shifts up by the amount of the tax, the increase in costs will decrease industry supply.  In particular, the supply curve will also shift up by the amount of the tax (this is the result we found earlier in the class).  Thus, the new supply curve becomes:  P = 10 + .0005Q.  (As above, if the new and old supply curves were not parallel, we would have to calculate a new industry supply from the firm's individual MC curves.)

Now we can examine the short and long run impacts on the industry an firm.  In particular, we are interested in industry price and output, firm output and profits, and the number of firms.  Because firms are price takers and respond to market price, we first have to determine the new market equilibrium.  Starting with the short run, if short run supply decreases, we know market price will increase and industry output will decrease (see figure).  Solving D = S  =>  250 - .002Q = 10 + .0005Q  =>  Q = 96,000 and (plugging this Q back into the demand or supply function) P = 58.  Compared to the initial equilibrium price of $50, price has increased but by less than the amount of the tax.  Thus, firms have effectively had a reduction in the net price they receive.  We would expect firms to reduce their output.  Equating P = MC  =>  58 = 10 + q/20  =>  q = 960.  (We could also note that there are 100 firms, because firms cannot enter or leave in the short run.  Total industry output is 96,000, so q = 10,900/200 = 54.5).  Finally ( = (P - ATC)q = (58 - ATC)960.  When output is 960, ATC is 60.04 (from the ATC function), so ( = (58 - 60.02)960  =>  ( = -1960.  Thus, output and profit per firm and has decreased, as expected.  If firms were making zero profits before the tax, and they bear a potion of the tax in the short run, then output and profits should decrease in the short run.  (See figure.)

In the long run, firms will exit the industry because ( < 0.  As firms exit, the supply curve shifts further to the left.  This increases market price and reduces industry output.  As price goes up, output and profits per firm also increase (firms' costs do not change any further in the long run, so the increase in price is a real increase in their MR).  This continues until ( = 0.  Thus, price must increase until P = $60 (the break-even point of the new ATC).  We can find industry output from the demand curve at this price (we cannot use the industry supply curve because we do not know what it is until we know how many firms there are in the industry).  In particular, 60 = 250 - .002Q  =>  Q = 95,000.  We know q = 1000, because that is the output per firm at the new break-even point (we can check our calculations by solving for q from P = MC).  Finally, if Q = 95,000 and q = 1000, there must be 95 firms in the industry.  5 firms leave.

The short and long run impacts of a per unit (variable) tax are summarized in the figures below.  The short run analysis is the same as the description of taxes we developed earlier in the class.  At that time we could not discuss the long run adjustment.  Thus, we can now tell a complete story.  In the long run, the entire tax is passed to consumers.  This makes intuitive sense.  If competition has forces ( to 0 in the long run, firms cannot afford to absorb any of the tax in the long run.  The entire burden must be passed to consumers.  If firms could bear some of the burden in the long run, then profits couldn't have been zero before the tax.  

The same generic analysis would apply to any increase in variable costs, though the new and old curves would not necessarily be parallel.  A decrease in variable costs would create the opposite response.

Business Fee (Fixed Cost)

Suppose we are initially in long run equilibrium (P = $50, Q = 100,000, q = 1000, ( = 0, and there are 100 firms) and the government imposes an annual fee on all business.  How will this affect the firm's cost curves and the industry supply and demand curves?  In this case, TC increases by a fixed amount.  Suppose the fixed annual fee is $11,000.  Thus,


TC = 36,000 +  q2/40


FC = TC when q = 0  =>   FC = 36,000.


VC = TC - FC  =>  VC = q2/40.


ATC = TC/q = 36,000/q + q/40.


AFC = FC/q = 36,000/q


AVC = VC/q = q/40.


MC = dTC/dq = dVC/dq = q/20.

Comparing these values to the initial values, AFC and ATC have increased, but AVC and MC are unchanged.  Thus, The ATC curve shifts up along the MC curve (this is not a parallel shift, because the size of the shift decreases as the fixed fee is spread over a larger and larger output base).  The minimum point of the new ATC curve occurs where MC = ATC, but because MC increases with q, the break-even point occurs at a higher level of output.  In this case, q/20 = 36,000/q + q/40  =>  q = 1200 , and P = MC = ATC = $60 at the break-even point.  AVC and MC don't shift.  (The increase in AFC is illustrated by the increase in the distance between the ATC and AVC curves.)  Because MC doesn't change in the short run, the industry supply curve does not change either.  Finally, the demand curve is unaffected by changes in the firm's costs.

Now we can examine the short and long run impacts on the industry an firm.  In particular, we are interested in industry price and output, firm output and profits, and the number of firms.  Considering the short run first, firms respond to changes in market price, so we need to calculate the short run increase in industry price.  In this case, P and Q don't change because neither D nor S have changed in the short run.  If P doesn't change, q doesn't change either (this is consistent with the fact that neither Q or the number of firms changes in the short run, so q must remain the same as well).  All that changes in the short run is (.  In this case, ( = (P - ATC)q = (50 - 61)1000  =>  ( = -11,000 (because profit is negative, we should check to see if we are above the shut-down point.  However, because -11,000 > -36,000, we clearly minimize losses by operating and P > AVC).

If fixed costs change, price, output, and output per firm will not change in the short run.  This makes intuitive sense.  Because fixed costs do not vary in the short run, firms maximize short run profits by maximizing the difference between revenues and variable costs.  If fixed costs change, it affects profits, but not the level of output that maximizes the difference between revenues and variable costs.  Thus, firms should not be able to increase profits by changing output or price.  The only way profits could increase by changing price or output is if they were not initially maximized.

In the long run, there will be a response.  In particular, firms will exit the industry because ( < 0.  This will generate the same long run response as in the per unit tax case.  As firms exit, the supply curve shifts to the left.  This increases market price and reduces industry output.  As price goes up, output and profits per firm also increase.  This continues until ( = 0.  Thus, price must increase until P = $90.25 (the break-even point of the new ATC).  We can find industry output from the demand curve at this price (we cannot use the industry supply curve because we do not know what it is until we know how many firms there are in the industry).  In particular, 60 = 250 - .002Q  =>  Q = 95,000.  We know q = 1200, because that is the output per firm at the new break-even point (we can check our calculations by solving for q from P = MC).  Finally, if Q = 95,000 and q = 1200, there must be 79.167 firms in the industry.

The short and long run effects of a business fee (fixed tax) are summarized in the figures below.  The only short run effect is a reduction in the firms' profits.  Market price and output, output per firm and the number of firms are all unchanged.  In the long run, the entire tax is again passed on to consumers.  This is expected because the firms were making zero profits before the tax.  Thus, they cannot afford to absorb any of the tax in the long run.
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Production Example

		

		Q = 4L^1/2K^1/2				K = 25		L = Q^2/400		∆L=		100.00

		L				0		100		200		300		400		500		600		700		800		900		1000		1100		1200		1300		1400		1500		1600		1700		1800		1900		2000

		Q = 50		200				25		13		8		6		5		4		4		3		3		3		2		2		2		2		2		2		1		1		1		1

		Q = 100		400				100		50		33		25		20		17		14		13		11		10		9		8		8		7		7		6		6		6		5		5

		Q = 200		600				225		113		75		56		45		38		32		28		25		23		20		19		17		16		15		14		13		13		12		11

		Q = 400		800				400		200		133		100		80		67		57		50		44		40		36		33		31		29		27		25		24		22		21		20

		TC = 25,000 + 0.025q^2				100.00		1000.00		10.00

		Q		0.00		100.00		200.00		300.00		400.00		500.00		600.00		700.00		800.00		900.00		1000.00		1100.00		1200.00		1300.00		1400.00		1500.00		1600.00		1700.00		1800.00		1900.00		2000.00		2100.00		2200.00		2300.00		2400.00		2500.00		2600.00		2700.00		2800.00		2900.00		3000.00		3100.00		3200.00		3300.00		3400.00		3500.00		3600.00		3700.00		3800.00		3900.00		4000.00

		L		0.00		25.00		100.00		225.00		400.00		625.00		900.00		1225.00		1600.00		2025.00		2500.00		3025.00		3600.00		4225.00		4900.00		5625.00		6400.00		7225.00		8100.00		9025.00		10000.00		11025.00		12100.00		13225.00		14400.00		15625.00		16900.00		18225.00		19600.00		21025.00		22500.00		24025.00		25600.00		27225.00		28900.00		30625.00		32400.00		34225.00		36100.00		38025.00		40000.00

		MPL				2.00		1.00		0.67		0.50		0.40		0.33		0.29		0.25		0.22		0.20		0.18		0.17		0.15		0.14		0.13		0.13		0.12		0.11		0.11		0.10		0.10		0.09		0.09		0.08		0.08		0.08		0.07		0.07		0.07		0.07		0.06		0.06		0.06		0.06		0.06		0.06		0.05		0.05		0.05		0.05

		Q		0		100		200		300		400		500		600		700		800		900		1000		1100		1200		1300		1400		1500		1600		1700		1800		1900		2000		2100		2200		2300		2400		2500		2600		2700		2800		2900		3000		3100		3200		3300		3400		3500		3600		3700		3800		3900		4000

		FC		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00		25000.00

		VC		0.00		250.00		1000.00		2250.00		4000.00		6250.00		9000.00		12250.00		16000.00		20250.00		25000.00		30250.00		36000.00		42250.00		49000.00		56250.00		64000.00		72250.00		81000.00		90250.00		100000.00		110250.00		121000.00		132250.00		144000.00		156250.00		169000.00		182250.00		196000.00		210250.00		225000.00		240250.00		256000.00		272250.00		289000.00		306250.00		324000.00		342250.00		361000.00		380250.00		400000.00

		TC		25000.00		25250.00		26000.00		27250.00		29000.00		31250.00		34000.00		37250.00		41000.00		45250.00		50000.00		55250.00		61000.00		67250.00		74000.00		81250.00		89000.00		97250.00		106000.00		115250.00		125000.00		135250.00		146000.00		157250.00		169000.00		181250.00		194000.00		207250.00		221000.00		235250.00		250000.00		265250.00		281000.00		297250.00		314000.00		331250.00		349000.00		367250.00		386000.00		405250.00		425000.00

		Q		0		100		200		300		400		500		600		700		800		900		1000		1100		1200		1300		1400		1500		1600		1700		1800		1900		2000		2100		2200		2300		2400		2500		2600		2700		2800		2900		3000		3100		3200		3300		3400		3500		3600		3700		3800		3900		4000

		AFC				250		125		83		63		50		42		36		31		28		25		23		21		19		18		17		16		15		14		13		13		12		11		11		10		10		10		9		9		9		8		8		8		8		7		7		7		7		7		6		6

		AVC				3		5		8		10		13		15		18		20		23		25		28		30		33		35		38		40		43		45		48		50		53		55		58		60		63		65		68		70		73		75		78		80		83		85		88		90		93		95		98		100

		ATC				253		130		91		73		63		57		53		51		50		50		50		51		52		53		54		56		57		59		61		63		64		66		68		70		73		75		77		79		81		83		86		88		90		92		95		97		99		102		104		106

		MC				5		10		15		20		25		30		35		40		45		50		55		60		65		70		75		80		85		90		95		100		105		110		115		120		125		130		135		140		145		150		155		160		165		170		175		180		185		190		195		200

		TC = 25,000 + 0.03125q^2				100		1000		13

		q		0		100		200		300		400		500		600		700		800		900		1000		1100		1200		1300		1400		1500		1600		1700		1800		1900		2000		2100		2200		2300		2400		2500		2600		2700		2800		2900		3000		3100		3200		3300		3400		3500		3600		3700		3800		3900		4000

		AVC				3		5		8		10		13		15		18		20		23		25		28		30		33		35		38		40		43		45		48		50		53		55		58		60		63		65		68		70		73		75		78		80		83		85		88		90		93		95		98		100

		ATC				253		130		91		73		63		57		53		51		50		50		50		51		52		53		54		56		57		59		61		63		64		66		68		70		73		75		77		79		81		83		86		88		90		92		95		97		99		102		104		106

		MC				5		10		15		20		25		30		35		40		45		50		55		60		65		70		75		80		85		90		95		100		105		110		115		120		125		130		135		140		145		150		155		160		165		170		175		180		185		190		195		200

		AVC'				3.13		6.25		9.38		12.50		15.63		18.75		21.88		25.00		28.13		31.25		34.38		37.50		40.63		43.75		46.88		50.00		53.13		56.25		59.38		62.50		65.63		68.75		71.88		75.00		78.13		81.25		84.38		87.50		90.63		93.75		96.88		100.00		103.13		106.25		109.38		112.50		115.63		118.75		121.88		125.00

		ATC'				253.13		131.25		92.71		75.00		65.63		60.42		57.59		56.25		55.90		56.25		57.10		58.33		59.86		61.61		63.54		65.63		67.83		70.14		72.53		75.00		77.53		80.11		82.74		85.42		88.13		90.87		93.63		96.43		99.25		102.08		104.94		107.81		110.70		113.60		116.52		119.44		122.38		125.33		128.29		131.25

		MC'				6.25		12.50		18.75		25.00		31.25		37.50		43.75		50.00		56.25		62.50		68.75		75.00		81.25		87.50		93.75		100.00		106.25		112.50		118.75		125.00		131.25		137.50		143.75		150.00		156.25		162.50		168.75		175.00		181.25		187.50		193.75		200.00		206.25		212.50		218.75		225.00		231.25		237.50		243.75		250.00

		TC = 25,000 + 10q + .025q^2

		q		0		100		200		300		400		500		600		700		800		900		1,000		1,100		1,200		1,300		1,400		1,500		1,600		1,700		1,800		1,900		2,000		2,100		2,200		2,300		2,400		2,500		2,600		2,700		2,800		2,900		3,000		3,100		3,200		3,300		3,400		3,500		3,600		3,700		3,800		3,900		4,000

		AVC		0		3		5		8		10		13		15		18		20		23		25		28		30		33		35		38		40		43		45		48		50		53		55		58		60		63		65		68		70		73		75		78		80		83		85		88		90		93		95		98		100

		ATC				253		130		91		73		63		57		53		51		50		50		50		51		52		53		54		56		57		59		61		63		64		66		68		70		73		75		77		79		81		83		86		88		90		92		95		97		99		102		104		106

		MC		0		5		10		15		20		25		30		35		40		45		50		55		60		65		70		75		80		85		90		95		100		105		110		115		120		125		130		135		140		145		150		155		160		165		170		175		180		185		190		195		200

		AVC'		10.00		13		15		18		20		23		25		28		30		33		35		38		40		43		45		48		50		53		55		58		60		63		65		68		70		73		75		78		80		83		85		88		90		93		95		98		100		103		105		108		110

		ATC'				263		140		101		83		73		67		63		61		60		60		60		61		62		63		64		66		67		69		71		73		74		76		78		80		83		85		87		89		91		93		96		98		100		102		105		107		109		112		114		116

		MC'		10.00		15		20		25		30		35		40		45		50		55		60		65		70		75		80		85		90		95		100		105		110		115		120		125		130		135		140		145		150		155		160		165		170		175		180		185		190		195		200		205		210

		TC = 36,000 + .025q^2

		q		0		100		200		300		400		500		600		700		800		900		1000		1100		1200		1300		1400		1500		1600		1700		1800		1900		2000		2100		2200		2300		2400		2500		2600		2700		2800		2900		3000		3100		3200		3300		3400		3500		3600		3700		3800		3900		4000

		AVC		0		3		5		8		10		13		15		18		20		23		25		28		30		33		35		38		40		43		45		48		50		53		55		58		60		63		65		68		70		73		75		78		80		83		85		88		90		93		95		98		100

		ATC				253		130		91		73		63		57		53		51		50		50		50		51		52		53		54		56		57		59		61		63		64		66		68		70		73		75		77		79		81		83		86		88		90		92		95		97		99		102		104		106

		MC		0		5		10		15		20		25		30		35		40		45		50		55		60		65		70		75		80		85		90		95		100		105		110		115		120		125		130		135		140		145		150		155		160		165		170		175		180		185		190		195		200

		ATC'				363		185		128		100		85		75		69		65		63		61		60		60		60		61		62		63		64		65		66		68		70		71		73		75		77		79		81		83		85		87		89		91		93		96		98		100		102		104		107		109

				Q		L		MPL		Q		FC		VC		TC		AFC		AVC		ATC		MC

				0		0				0		25000		0		25000

								2.00																5

				200		100				200		25000		1000		26000		125.00		5.00		130.00

								0.67																15

				400		400				400		25000		4000		29000		62.50		10.00		72.50

								0.40																25

				600		900				600		25000		9000		34000		41.67		15.00		56.67

								0.29																35

				800		1600				800		25000		16000		41000		31.25		20.00		51.25

								0.22																45

				1000		2500				1000		25000		25000		50000		25.00		25.00		50.00

								0.18																55

				1200		3600				1200		25000		36000		61000		20.83		30.00		50.83

								0.15																65

				1400		4900				1400		25000		49000		74000		17.86		35.00		52.86

								0.13																75

				1600		6400				1600		25000		64000		89000		15.63		40.00		55.63

								0.12																85

				1800		8100				1800		25000		81000		106000		13.89		45.00		58.89

								0.11																95

				2000		10000				2000		25000		100000		125000		12.50		50.00		62.50

		Q		0.00		10,000		20,000		30,000		40,000		50,000		60,000		70,000		80,000		90,000		100,000		110,000		120,000

		Supply		0.00		5.00		10.00		15.00		20.00		25.00		30.00		35.00		40.00		45.00		50.00		55.00		60.00

		Demand		250.00		230.00		210.00		190.00		170.00		150.00		130.00		110.00		90.00		70.00		50.00		30.00		10.00

		Q		0		10,000		20,000		30,000		40,000		50,000		60,000		70,000		80,000		90,000		100,000		110,000		120,000

		Supply'		0.00		6.25		12.50		18.75		25.00		31.25		37.50		43.75		50.00		56.25		62.50		68.75		75.00

		Demand		250.00		230.00		210.00		190.00		170.00		150.00		130.00		110.00		90.00		70.00		50.00		30.00		10.00

		Supply		0.00		5.00		10.00		15.00		20.00		25.00		30.00		35.00		40.00		45.00		50.00		55.00		60.00

		MONOPOLY

		Q		0		5,000		10,000		15,000		20,000		25,000		30,000		35,000		40,000		45,000		50,000		55,000		60,000		65,000		70,000		75,000		80,000		85,000		90,000		95,000		100,000		105,000		110,000		115,000		120,000		125,000		130,000		135,000		140,000		145,000		150,000		155,000		160,000		165,000		170,000		175,000		180,000		185,000		190,000		195,000		200,000

		P		250		240		230		220		210		200		190		180		170		160		150		140		130		120		110		100		90		80		70		60		50		40		30		20		10		0

		MR		250		230		210		190		170		150		130		110		90		70		50		30		10		-10		-30		-50		-70		-90		-110		-130		-150		-170		-190		-210		-230		-250

		ATC				501		253		170		130		106		91		80		73		67		63		59		57		55		53		52		51		51		50		50		50		50		50		50		51		51		52		52		53		53		54		55		56		56		57		58		59		60		61		62		63

		MC		0		3		5		8		10		13		15		18		20		23		25		28		30		33		35		38		40		43		45		48		50		53		55		58		60		63		65		68		70		73		75		78		80		83		85		88		90		93		95		98		100

		P'		250		242.5		235		227.5		220		212.5		205		197.5		190		182.5		175		167.5		160		152.5		145		137.5		130		122.5		115		107.5		100		92.5		85		77.5		70		62.5		55		47.5		40		32.5		25		17.5		10		2.5

		MR'		250		235		220		205		190		175		160		145		130		115		100		85		70		55		40		25		10		-5		-20		-35		-50		-65		-80		-95		-110		-125		-140

		π		0		-1,306,250		-225,000		743,750		1,600,000		2,343,750		2,975,000		3,493,750		3,900,000		4,193,750		4,375,000		4,443,750		4,400,000		4,243,750		3,975,000		3,593,750		3,100,000		2,493,750		1,775,000		943,750		0		-1,056,250		-2,225,000		-3,506,250		-4,900,000		-6,406,250		-6,725,000		-7,056,250		-7,400,000		-7,756,250		-8,125,000		-8,506,250		-8,900,000		-9,306,250		-9,725,000		-10,156,250		-10,600,000		-11,056,250		-11,525,000		-12,006,250		-12,500,000

						Monopoly:  Marginal Revenues

																				Q'		P'		ATC'		π'

				P = 250 - .002Qd																71428.57		142.86		52.86		6428571.43

				Q		P		TR		MR		(∆Q*P+Q*∆P)/∆Q

				0		250		0

										230		[(10,000*230)+(0*-20)]/10,000

				10,000		230		2,300,000

										190		[(10,000*210)+(10,000*-20)]/10,000

				20,000		210		4,200,000

										150		[(10,000*190)+(20,000*-20)]/10,000

				30,000		190		5,700,000

										110		[(10,000*170)+(30,000*-20)]/10,000

				40,000		170		6,800,000

										70		[(10,000*150)+(40,000*-20)]/10,000

				50,000		150		7,500,000

										30		[(10,000*130)+(50,000*-20)]/10,000

				60,000		130		7,800,000

										-10		[(10,000*110)+(60,000*-20)]/10,000

				70,000		110		7,700,000

										-50		[(10,000*90)+(70,000*-20)]/10,000

				80,000		90		7,200,000

										-90		[(10,000*70)+(80,000*-20)]/10,000

				90,000		70		6,300,000

										-130		[(10,000*50)+(90,000*-20)]/10,000

				100,000		50		5,000,000



&F

Page &P



Production Example
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Q = 200

Q = 400

Q = 600

Q = 800

Technology:  Q = 4L^(1/2)K^(1/2)   =>  K = Q^(2)/16L                       Pl = 10, Pk = 1000
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Lnog Run vs Short Run Costs
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Q = 200

Q = 400

Q = 600

Q = 800

Technology:  Q = 4L^(1/2)K^(1/2)   =>  K = Q^(2)/16L                       Pl = 10, Pk = 1000

B=$10,000

B=$15,000

B=$20,000

B=$30,000

B=$25,000
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Ind Costs SR Shift FC

		

		Q = 4*L^a*K^b  =>  L = Q^(1/a)/(4^1/a)*(K^b/a)

		=> TC = Pk*K + Pl*L

		=> TC = Pk*K + Pl*Q^(1/a)/(4^1/a)*(K^b/a)

		=> MC = Pl*(1/a)*Q^((1/a) - 1)/(4^1/a)*(K^b/a)

		Pl =		10.0

		Pk =		1000.0

		K =		25.0		a=		0.5		b=		0.5		∆Q=		50.0

		Q		0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000		1050		1100		1150		1200		1250		1300		1350		1400		1450		1500		1550		1600		1650		1700		1750		1800		1850		1900		1950		2000		2050		2100		2150		2200		2250		2300		2350		2400		2450		2500

		ATC(25)				501.3		252.5		170.4		130.0		106.3		90.8		80.2		72.5		66.8		62.5		59.2		56.7		54.7		53.2		52.1		51.3		50.7		50.3		50.1		50.0		50.1		50.2		50.5		50.8		51.3		51.7		52.3		52.9		53.5		54.2		54.9		55.6		56.4		57.2		58.0		58.9		59.8		60.7		61.6		62.5		63.4		64.4		65.4		66.4		67.4		68.4		69.4		70.4		71.5		72.5

		MC(25)		0.0		2.5		5.0		7.5		10.0		12.5		15.0		17.5		20.0		22.5		25.0		27.5		30.0		32.5		35.0		37.5		40.0		42.5		45.0		47.5		50.0		52.5		55.0		57.5		60.0		62.5		65.0		67.5		70.0		72.5		75.0		77.5		80.0		82.5		85.0		87.5		90.0		92.5		95.0		97.5		100.0		102.5		105.0		107.5		110.0		112.5		115.0		117.5		120.0		122.5		125.0

		K=		15.0		a=		0.5		b=		0.5		∆Q=		50.0

		Q		0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000		1050		1100		1150		1200		1250		1300		1350		1400		1450		1500		1550		1600		1650		1700		1750		1800		1850		1900		1950		2000		2050		2100		2150		2200		2250		2300		2350		2400		2450		2500

		ATC(15)				302.1		154.2		106.3		83.3		70.4		62.5		57.4		54.2		52.1		50.8		50.2		50.0		50.2		50.6		51.3		52.1		53.1		54.2		55.4		56.7		58.0		59.5		61.0		62.5		64.1		65.7		67.4		69.0		70.8		72.5		74.3		76.0		77.8		79.7		81.5		83.3		85.2		87.1		88.9		90.8		92.7		94.6		96.6		98.5		100.4		102.4		104.3		106.3		108.2		110.2

		MC(15)		0.0		4.2		8.3		12.5		16.7		20.8		25.0		29.2		33.3		37.5		41.7		45.8		50.0		54.2		58.3		62.5		66.7		70.8		75.0		79.2		83.3		87.5		91.7		95.8		100.0		104.2		108.3		112.5		116.7		120.8		125.0		129.2		133.3		137.5		141.7		145.8		150.0		154.2		158.3		162.5		166.7		170.8		175.0		179.2		183.3		187.5		191.7		195.8		200.0		204.2		208.3

		K=		35.0		a=		0.5		b=		0.5		∆Q=		50.0

		Q		0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000		1050		1100		1150		1200		1250		1300		1350		1400		1450		1500		1550		1600		1650		1700		1750		1800		1850		1900		1950		2000		2050		2100		2150		2200		2250		2300		2350		2400		2450		2500

		ATC(35)				700.9		351.8		236.0		178.6		144.5		122.0		106.3		94.6		85.8		78.9		73.5		69.0		65.5		62.5		60.1		58.0		56.4		55.0		53.8		52.9		52.1		51.5		51.0		50.6		50.3		50.1		50.0		50.0		50.0		50.1		50.3		50.4		50.7		50.9		51.3		51.6		52.0		52.3		52.8		53.2		53.7		54.2		54.7		55.2		55.7		56.3		56.9		57.4		58.0		58.6

		MC(35)		0.0		1.8		3.6		5.4		7.1		8.9		10.7		12.5		14.3		16.1		17.9		19.6		21.4		23.2		25.0		26.8		28.6		30.4		32.1		33.9		35.7		37.5		39.3		41.1		42.9		44.6		46.4		48.2		50.0		51.8		53.6		55.4		57.1		58.9		60.7		62.5		64.3		66.1		67.9		69.6		71.4		73.2		75.0		76.8		78.6		80.4		82.1		83.9		85.7		87.5		89.3

		K =		50.0		a=		0.5		b=		0.5		∆Q=		50.0

		Q		0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000		1050		1100		1150		1200		1250		1300		1350		1400		1450		1500		1550		1600		1650		1700		1750		1800		1850		1900		1950		2000		2050		2100		2150		2200		2250		2300		2350		2400		2450		2500

		ATC(50)				1000.6		501.3		335.2		252.5		203.1		170.4		147.2		130.0		116.7		106.3		97.8		90.8		85.0		80.2		76.0		72.5		69.4		66.8		64.5		62.5		60.7		59.2		57.9		56.7		55.6		54.7		53.9		53.2		52.6		52.1		51.6		51.3		50.9		50.7		50.4		50.3		50.2		50.1		50.0		50.0		50.0		50.1		50.1		50.2		50.3		50.5		50.7		50.8		51.0		51.3

		MC(50)		0.0		1.3		2.5		3.8		5.0		6.3		7.5		8.8		10.0		11.3		12.5		13.8		15.0		16.3		17.5		18.8		20.0		21.3		22.5		23.8		25.0		26.3		27.5		28.8		30.0		31.3		32.5		33.8		35.0		36.3		37.5		38.8		40.0		41.3		42.5		43.8		45.0		46.3		47.5		48.8		50.0		51.3		52.5		53.8		55.0		56.3		57.5		58.8		60.0		61.3		62.5

		L = 100K

		K =		50.0		a=		0.5		b=		0.5		∆Q=		50.0

				0		50		100		150		200		250		300		350		400		450		500		550		600		650		700		750		800		850		900		950		1000		1050		1100		1150		1200		1250		1300		1350		1400		1450		1500		1550		1600		1650		1700		1750		1800		1850		1900		1950		2000		2050		2100		2150		2200		2250		2300		2350		2400		2450		2500

		ATC(LR)		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0		50.0

		K =		25.0		a=		0.5		b=		0.7		∆Q=		100.0

		Q		0		100		200		300		400		500		600		700		800		900		1000		1100		1200		1300		1400		1500		1600		1700		1800		1900		2000		2100		2200		2300		2400		2500		2600		2700		2800		2900		3000		3100		3200		3300		3400		3500		3600		3700		3800		3900		4000		4100		4200		4300		4400		4500		4600		4700		4800		4900		5000

		ATC(25)				251.0		126.9		86.2		66.3		54.8		47.4		42.4		38.9		36.3		34.5		33.2		32.3		31.6		31.2		30.9		30.9		30.9		31.0		31.2		31.5		31.9		32.3		32.8		33.3		33.8		34.4		35.0		35.6		36.2		36.9		37.6		38.3		39.0		39.7		40.5		41.2		42.0		42.7		43.5		44.3		45.1		45.9		46.7		47.6		48.4		49.2		50.1		50.9		51.7		52.6

		MC(25)		0.0		1.9		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		K=		15.0		a=		0.5		b=		0.7		∆Q=		100.0

		Q		0		100		200		300		400		500		600		700		800		900		1000		1100		1200		1300		1400		1500		1600		1700		1800		1900		2000		2100		2200		2300		2400		2500		2600		2700		2800		2900		3000		3100		3200		3300		3400		3500		3600		3700		3800		3900		4000		4100		4200		4300		4400		4500		4600		4700		4800		4900		5000

		ATC(15)				151.8		78.7		55.5		44.9		39.2		36.1		34.4		33.5		33.3		33.5		34.0		34.7		35.6		36.6		37.7		39.0		40.3		41.6		43.0		44.5		46.0		47.5		49.1		50.6		52.2		53.8		55.5		57.1		58.8		60.5		62.2		63.9		65.6		67.3		69.0		70.7		72.5		74.2		76.0		77.7		79.5		81.2		83.0		84.8		86.5		88.3		90.1		91.9		93.7		95.5

		MC(15)		0.0		3.7		7.4		11.1		14.8		18.5		22.2		25.9		29.6		33.3		37.0		40.7		44.4		48.1		51.8		55.5		59.2		62.9		66.6		70.3		74.0		77.7		81.4		85.1		88.8		92.5		96.2		99.9		103.5		107.2		110.9		114.6		118.3		122.0		125.7		129.4		133.1		136.8		140.5		144.2		147.9		151.6		155.3		159.0		162.7		166.4		170.1		173.8		177.5		181.2		184.9

		K=		35.0		a=		0.5		b=		0.7		∆Q=		100.0

		Q		0		100		200		300		400		500		600		700		800		900		1000		1100		1200		1300		1400		1500		1600		1700		1800		1900		2000		2100		2200		2300		2400		2500		2600		2700		2800		2900		3000		3100		3200		3300		3400		3500		3600		3700		3800		3900		4000		4100		4200		4300		4400		4500		4600		4700		4800		4900		5000

		ATC(35)				350.6		176.2		118.5		90.0		73.1		62.0		54.3		48.7		44.4		41.1		38.6		36.5		34.9		33.6		32.6		31.7		31.0		30.5		30.1		29.8		29.6		29.4		29.4		29.3		29.4		29.4		29.6		29.7		29.9		30.1		30.3		30.6		30.9		31.2		31.5		31.8		32.2		32.6		32.9		33.3		33.7		34.1		34.6		35.0		35.4		35.9		36.3		36.8		37.3		37.7

		MC(35)		0.0		1.2		2.5		3.7		4.9		6.1		7.4		8.6		9.8		11.1		12.3		13.5		14.8		16.0		17.2		18.4		19.7		20.9		22.1		23.4		24.6		25.8		27.0		28.3		29.5		30.7		32.0		33.2		34.4		35.6		36.9		38.1		39.3		40.6		41.8		43.0		44.3		45.5		46.7		47.9		49.2		50.4		51.6		52.9		54.1		55.3		56.5		57.8		59.0		60.2		61.5

		K =		50.0		a=		0.5		b=		0.7		∆Q=		100.0

		Q		0		100		200		300		400		500		600		700		800		900		1000		1100		1200		1300		1400		1500		1600		1700		1800		1900		2000		2100		2200		2300		2400		2500		2600		2700		2800		2900		3000		3100		3200		3300		3400		3500		3600		3700		3800		3900		4000		4100		4200		4300		4400		4500		4600		4700		4800		4900		5000

		ATC(50)				500.4		250.8		167.8		126.5		101.9		85.7		74.1		65.6		59.0		53.9		49.7		46.3		43.5		41.1		39.1		37.4		36.0		34.7		33.7		32.7		31.9		31.2		30.6		30.1		29.7		29.3		29.0		28.7		28.5		28.3		28.1		28.0		27.9		27.8		27.8		27.8		27.8		27.8		27.9		28.0		28.0		28.1		28.3		28.4		28.5		28.7		28.8		29.0		29.1		29.3

		MC(50)		0.0		0.8		1.5		2.3		3.1		3.9		4.6		5.4		6.2		7.0		7.7		8.5		9.3		10.1		10.8		11.6		12.4		13.1		13.9		14.7		15.5		16.2		17.0		17.8		18.6		19.3		20.1		20.9		21.6		22.4		23.2		24.0		24.7		25.5		26.3		27.1		27.8		28.6		29.4		30.2		30.9		31.7		32.5		33.2		34.0		34.8		35.6		36.3		37.1		37.9		38.7

		L = 100K

		K =		50.0		a=		0.5		b=		0.7		∆Q=		100.0

				0		100		200		300		400		500		600		700		800		900		1000		1100		1200		1300		1400		1500		1600		1700		1800		1900		2000		2100		2200		2300		2400		2500		2600		2700		2800		2900		3000		3100		3200		3300		3400		3500		3600		3700		3800		3900		4000		4100		4200		4300		4400		4500		4600		4700		4800		4900		5000

		ATC(LR)				47.0		43.0		40.8		39.3		38.1		37.2		36.5		35.9		35.3		34.8		34.4		34.0		33.7		33.3		33.0		32.8		32.5		32.3		32.0		31.8		31.6		31.4		31.3		31.1		30.9		30.8		30.6		30.5		30.3		30.2		30.1		29.9		29.8		29.7		29.6		29.5		29.4		29.3		29.2		29.1		29.0		28.9		28.8		28.7		28.6		28.6		28.5		28.4		28.3		28.2

		K =		25.0		a=		0.5		b=		0.4		∆Q=		25.0

		Q		0		25		50		75		100		125		150		175		200		225		250		275		300		325		350		375		400		425		450		475		500		525		550		575		600		625		650		675		700		725		750		775		800		825		850		875		900		925		950		975		1000		1025		1050		1075		1100		1125		1150		1175		1200		1225		1250

		ATC(25)				1001.6		503.3		338.3		256.6		208.2		176.5		154.3		138.1		125.9		116.4		109.0		103.0		98.3		94.4		91.3		88.8		86.7		85.1		83.8		82.8		82.1		81.6		81.2		81.1		81.0		81.1		81.4		81.7		82.1		82.6		83.1		83.8		84.5		85.2		86.0		86.9		87.8		88.7		89.7		90.7		91.7		92.8		93.8		95.0		96.1		97.3		98.4		99.6		100.8		102.1

		MC(25)		0.0		3.3		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

		K=		15.0		a=		0.5		b=		0.4		∆Q=		25.0

		Q		0		25		50		75		100		125		150		175		200		225		250		275		300		325		350		375		400		425		450		475		500		525		550		575		600		625		650		675		700		725		750		775		800		825		850		875		900		925		950		975		1000		1025		1050		1075		1100		1125		1150		1175		1200		1225		1250

		ATC(15)				602.3		304.7		207.0		159.4		131.7		114.1		102.1		93.8		87.8		83.5		80.4		78.2		76.7		75.7		75.2		75.1		75.2		75.6		76.2		76.9		77.9		78.9		80.1		81.3		82.7		84.1		85.6		87.2		88.8		90.4		92.1		93.9		95.6		97.5		99.3		101.2		103.1		105.0		106.9		108.9		110.9		112.9		114.9		116.9		119.0		121.0		123.1		125.2		127.3		129.4

		MC(15)		0.0		4.7		9.4		14.1		18.8		23.5		28.2		32.9		37.6		42.3		46.9		51.6		56.3		61.0		65.7		70.4		75.1		79.8		84.5		89.2		93.9		98.6		103.3		108.0		112.7		117.4		122.1		126.8		131.4		136.1		140.8		145.5		150.2		154.9		159.6		164.3		169.0		173.7		178.4		183.1		187.8		192.5		197.2		201.9		206.6		211.3		215.9		220.6		225.3		230.0		234.7

		K=		35.0		a=		0.5		b=		0.4		∆Q=		25.0

		Q		0		25		50		75		100		125		150		175		200		225		250		275		300		325		350		375		400		425		450		475		500		525		550		575		600		625		650		675		700		725		750		775		800		825		850		875		900		925		950		975		1000		1025		1050		1075		1100		1125		1150		1175		1200		1225		1250

		ATC(35)				1401.3		702.6		470.6		355.2		286.5		241.1		209.1		185.4		167.2		153.0		141.5		132.2		124.6		118.2		112.8		108.3		104.4		101.1		98.3		95.9		93.9		92.2		90.7		89.5		88.4		87.6		86.9		86.3		85.9		85.6		85.4		85.3		85.2		85.3		85.4		85.6		85.8		86.1		86.5		86.9		87.3		87.8		88.3		88.9		89.5		90.1		90.8		91.4		92.1		92.9

		MC(35)		0.0		2.6		5.2		7.8		10.4		13.0		15.6		18.2		20.8		23.3		25.9		28.5		31.1		33.7		36.3		38.9		41.5		44.1		46.7		49.3		51.9		54.5		57.1		59.7		62.3		64.9		67.4		70.0		72.6		75.2		77.8		80.4		83.0		85.6		88.2		90.8		93.4		96.0		98.6		101.2		103.8		106.4		109.0		111.6		114.1		116.7		119.3		121.9		124.5		127.1		129.7

		K =		50.0		a=		0.5		b=		0.4		∆Q=		25.0

		Q		0		25		50		75		100		125		150		175		200		225		250		275		300		325		350		375		400		425		450		475		500		525		550		575		600		625		650		675		700		725		750		775		800		825		850		875		900		925		950		975		1000		1025		1050		1075		1100		1125		1150		1175		1200		1225		1250

		ATC(50)				2001.0		1002.0		669.7		504.0		405.1		339.4		292.8		258.1		231.3		210.1		192.9		178.8		167.0		157.0		148.5		141.2		134.8		129.3		124.5		120.2		116.5		113.1		110.2		107.6		105.3		103.2		101.4		99.7		98.3		97.0		95.8		94.8		94.0		93.2		92.5		91.9		91.4		91.0		90.7		90.4		90.2		90.1		90.0		89.9		89.9		90.0		90.0		90.2		90.3		90.5

		MC(50)		0.0		2.0		4.0		6.1		8.1		10.1		12.1		14.1		16.2		18.2		20.2		22.2		24.3		26.3		28.3		30.3		32.3		34.4		36.4		38.4		40.4		42.4		44.5		46.5		48.5		50.5		52.5		54.6		56.6		58.6		60.6		62.7		64.7		66.7		68.7		70.7		72.8		74.8		76.8		78.8		80.8		82.9		84.9		86.9		88.9		90.9		93.0		95.0		97.0		99.0		101.1

		L = 100K

		K =		50.0		a=		0.5		b=		0.4		∆Q=		25.0

				0		25		50		75		100		125		150		175		200		225		250		275		300		325		350		375		400		425		450		475		500		525		550		575		600		625		650		675		700		725		750		775		800		825		850		875		900		925		950		975		1000		1025		1050		1075		1100		1125		1150		1175		1200		1225		1250

		ATC(LR)				41.7		47.1		50.6		53.2		55.4		57.2		58.7		60.1		61.4		62.6		63.6		64.6		65.5		66.4		67.2		68.0		68.7		69.4		70.1		70.7		71.3		71.9		72.5		73.0		73.5		74.0		74.5		75.0		75.5		75.9		76.4		76.8		77.2		77.6		78.0		78.4		78.8		79.2		79.5		79.9		80.2		80.6		80.9		81.2		81.6		81.9		82.2		82.5		82.8		83.1



Number of Firms

Price of Capital

Price of Labor
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Ind Costs SR Shift FC

		



&F

Page &P

MC(15)

MC(25)

MC(35)

MC(50)

ATC(15)

ATC(25)

ATC(35)

ATC(50)

Q = 4*L^a*K^b   a=.5, b=.5

ATC(25)

MC(25)

ATC(15)

MC(15)

ATC(35)

MC(35)

ATC(50)

MC(50)

Quantity

$/q

Short Run Costs



Ind Costs SR Shift/Unit

		



&F

Page &P

MC(15)

MC(25)

MC(35)

MC(50)

ATC(15)

ATC(25)

ATC(35)

ATC(50)

LRAC

Q = 4*L^a*K^b   a=.5, b=.5 
a + b = 1

ATC(25)

MC(25)

ATC(15)

MC(15)

ATC(35)

MC(35)

ATC(50)

MC(50)

LR ATC

Quantity

$/q

Short Run vs Long Run Costs (CRS)



Ind Costs-SR % Shift in VC

		0		0		0		0

		100		100		100		100

		200		200		200		200

		300		300		300		300

		400		400		400		400

		500		500		500		500

		600		600		600		600

		700		700		700		700

		800		800		800		800

		900		900		900		900

		1000		1000		1000		1000

		1100		1100		1100		1100

		1200		1200		1200		1200

		1300		1300		1300		1300

		1400		1400		1400		1400

		1500		1500		1500		1500

		1600		1600		1600		1600

		1700		1700		1700		1700

		1800		1800		1800		1800

		1900		1900		1900		1900

		2000		2000		2000		2000

		2100		2100		2100		2100

		2200		2200		2200		2200

		2300		2300		2300		2300

		2400		2400		2400		2400

		2500		2500		2500		2500

		2600		2600		2600		2600

		2700		2700		2700		2700

		2800		2800		2800		2800

		2900		2900		2900		2900

		3000		3000		3000		3000

		3100		3100		3100		3100

		3200		3200		3200		3200

		3300		3300		3300		3300

		3400		3400		3400		3400

		3500		3500		3500		3500

		3600		3600		3600		3600

		3700		3700		3700		3700

		3800		3800		3800		3800

		3900		3900		3900		3900

		4000		4000		4000		4000



ATC'

MC

AVC

Change in Fixed Costs (11,000)

ATC

AVC

ATC

MC

ATC'

quantity

$/q

0

0

2.5

252.5

5

362.5

5

130

10

185

7.5

90.8333333333

15

127.5

10

72.5

20

100

12.5

62.5

25

84.5

15

56.6666666667

30

75

17.5

53.2142857143

35

68.9285714286

20

51.25

40

65

22.5

50.2777777778

45

62.5

25

50

50

61

27.5

50.2272727273

55

60.2272727273

30

50.8333333333

60

60

32.5

51.7307692308

65

60.1923076923

35

52.8571428571

70

60.7142857143

37.5

54.1666666667

75

61.5

40

55.625

80

62.5

42.5

57.2058823529

85

63.6764705882

45

58.8888888889

90

65

47.5

60.6578947368

95

66.4473684211

50

62.5

100

68

52.5

64.4047619048

105

69.6428571429

55

66.3636363636

110

71.3636363636

57.5

68.3695652174

115

73.152173913

60

70.4166666667

120

75

62.5

72.5

125

76.9

65

74.6153846154

130

78.8461538462

67.5

76.7592592593

135

80.8333333333

70

78.9285714286

140

82.8571428571

72.5

81.1206896552

145

84.9137931034

75

83.3333333333

150

87

77.5

85.564516129

155

89.1129032258

80

87.8125

160

91.25

82.5

90.0757575758

165

93.4090909091

85

92.3529411765

170

95.5882352941

87.5

94.6428571429

175

97.7857142857

90

96.9444444444

180

100

92.5

99.2567567568

185

102.2297297297

95

101.5789473684

190

104.4736842105

97.5

103.9102564103

195

106.7307692308

100

106.25

200

109



		0		0		0		0		0		0

		100		100		100		100		100		100

		200		200		200		200		200		200

		300		300		300		300		300		300

		400		400		400		400		400		400

		500		500		500		500		500		500

		600		600		600		600		600		600

		700		700		700		700		700		700

		800		800		800		800		800		800

		900		900		900		900		900		900

		1000		1000		1000		1000		1000		1000

		1100		1100		1100		1100		1100		1100

		1200		1200		1200		1200		1200		1200

		1300		1300		1300		1300		1300		1300

		1400		1400		1400		1400		1400		1400

		1500		1500		1500		1500		1500		1500

		1600		1600		1600		1600		1600		1600

		1700		1700		1700		1700		1700		1700

		1800		1800		1800		1800		1800		1800

		1900		1900		1900		1900		1900		1900

		2000		2000		2000		2000		2000		2000

		2100		2100		2100		2100		2100		2100

		2200		2200		2200		2200		2200		2200

		2300		2300		2300		2300		2300		2300

		2400		2400		2400		2400		2400		2400

		2500		2500		2500		2500		2500		2500

		2600		2600		2600		2600		2600		2600

		2700		2700		2700		2700		2700		2700

		2800		2800		2800		2800		2800		2800

		2900		2900		2900		2900		2900		2900

		3000		3000		3000		3000		3000		3000

		3100		3100		3100		3100		3100		3100

		3200		3200		3200		3200		3200		3200

		3300		3300		3300		3300		3300		3300

		3400		3400		3400		3400		3400		3400

		3500		3500		3500		3500		3500		3500

		3600		3600		3600		3600		3600		3600

		3700		3700		3700		3700		3700		3700

		3800		3800		3800		3800		3800		3800

		3900		3900		3900		3900		3900		3900

		4000		4000		4000		4000		4000		4000



ATC'

MC'

MC

AVC'

Change in Variable Costs (10 Per Unit)

AVC

ATC

MC

AVC'

ATC'

MC'

quantity

$/q

0

0

10

10

2.5

252.5

5

12.5

262.5

15

5

130

10

15

140

20

7.5

90.8333333333

15

17.5

100.8333333333

25

10

72.5

20

20

82.5

30

12.5

62.5

25

22.5

72.5

35

15

56.6666666667

30

25

66.6666666667

40

17.5

53.2142857143

35

27.5

63.2142857143

45

20

51.25

40

30

61.25

50

22.5

50.2777777778

45

32.5

60.2777777778

55

25

50

50

35

60

60

27.5

50.2272727273

55

37.5

60.2272727273

65

30

50.8333333333

60

40

60.8333333333

70

32.5

51.7307692308

65

42.5

61.7307692308

75

35

52.8571428571

70

45

62.8571428571

80

37.5

54.1666666667

75

47.5

64.1666666667

85

40

55.625

80

50

65.625

90

42.5

57.2058823529

85

52.5

67.2058823529

95

45

58.8888888889

90

55

68.8888888889

100

47.5

60.6578947368

95

57.5

70.6578947368

105

50

62.5

100

60

72.5

110

52.5

64.4047619048

105

62.5

74.4047619048

115

55

66.3636363636

110

65

76.3636363636

120

57.5

68.3695652174

115

67.5

78.3695652174

125

60

70.4166666667

120

70

80.4166666667

130

62.5

72.5

125

72.5

82.5

135

65

74.6153846154

130

75

84.6153846154

140

67.5

76.7592592593

135

77.5

86.7592592593

145

70

78.9285714286

140

80

88.9285714286

150

72.5

81.1206896552

145

82.5

91.1206896552

155

75

83.3333333333

150

85

93.3333333333

160

77.5

85.564516129

155

87.5

95.564516129

165

80

87.8125

160

90

97.8125

170

82.5

90.0757575758

165

92.5

100.0757575758

175

85

92.3529411765

170

95

102.3529411765

180

87.5

94.6428571429

175

97.5

104.6428571429

185

90

96.9444444444

180

100

106.9444444444

190

92.5

99.2567567568

185

102.5

109.2567567568

195

95

101.5789473684

190

105

111.5789473684

200

97.5

103.9102564103

195

107.5

113.9102564103

205

100

106.25

200

110

116.25

210



		0		0		0		0		0		0

		100		100		100		100		100		100

		200		200		200		200		200		200

		300		300		300		300		300		300

		400		400		400		400		400		400

		500		500		500		500		500		500

		600		600		600		600		600		600

		700		700		700		700		700		700

		800		800		800		800		800		800

		900		900		900		900		900		900

		1000		1000		1000		1000		1000		1000

		1100		1100		1100		1100		1100		1100

		1200		1200		1200		1200		1200		1200

		1300		1300		1300		1300		1300		1300

		1400		1400		1400		1400		1400		1400

		1500		1500		1500		1500		1500		1500

		1600		1600		1600		1600		1600		1600

		1700		1700		1700		1700		1700		1700

		1800		1800		1800		1800		1800		1800

		1900		1900		1900		1900		1900		1900

		2000		2000		2000		2000		2000		2000

		2100		2100		2100		2100		2100		2100

		2200		2200		2200		2200		2200		2200

		2300		2300		2300		2300		2300		2300

		2400		2400		2400		2400		2400		2400

		2500		2500		2500		2500		2500		2500

		2600		2600		2600		2600		2600		2600

		2700		2700		2700		2700		2700		2700

		2800		2800		2800		2800		2800		2800

		2900		2900		2900		2900		2900		2900

		3000		3000		3000		3000		3000		3000

		3100		3100		3100		3100		3100		3100

		3200		3200		3200		3200		3200		3200

		3300		3300		3300		3300		3300		3300

		3400		3400		3400		3400		3400		3400

		3500		3500		3500		3500		3500		3500

		3600		3600		3600		3600		3600		3600

		3700		3700		3700		3700		3700		3700

		3800		3800		3800		3800		3800		3800

		3900		3900		3900		3900		3900		3900

		4000		4000		4000		4000		4000		4000



&F

Page &P

MC

MC'

ATC'

ATC

AVC'

AVC

TC = 25,000 + 0.025q^2

TC' = 25,000 + 0.03125q^2

quantity

$/q

AVC

ATC

MC

AVC'

ATC'

MC'

2.5

252.5

5

3.125

253.125

6.25

5

130

10

6.25

131.25

12.5

7.5

90.8333333333

15

9.375

92.7083333333

18.75

10

72.5

20

12.5

75

25

12.5

62.5

25

15.625

65.625

31.25

15

56.6666666667

30

18.75

60.4166666667

37.5

17.5

53.2142857143

35

21.875

57.5892857143

43.75

20

51.25

40

25

56.25

50

22.5

50.2777777778

45

28.125

55.9027777778

56.25

25

50

50

31.25

56.25

62.5

27.5

50.2272727273

55

34.375

57.1022727273

68.75

30

50.8333333333

60

37.5

58.3333333333

75

32.5

51.7307692308

65

40.625

59.8557692308

81.25

35

52.8571428571

70

43.75

61.6071428571

87.5

37.5

54.1666666667

75

46.875

63.5416666667

93.75

40

55.625

80

50

65.625

100

42.5

57.2058823529

85

53.125

67.8308823529

106.25

45

58.8888888889

90

56.25

70.1388888889

112.5

47.5

60.6578947368

95

59.375

72.5328947368

118.75

50

62.5

100

62.5

75

125

52.5

64.4047619048

105

65.625

77.5297619048

131.25

55

66.3636363636

110

68.75

80.1136363636

137.5

57.5

68.3695652174

115

71.875

82.7445652174

143.75

60

70.4166666667

120

75

85.4166666667

150

62.5

72.5

125

78.125

88.125

156.25

65

74.6153846154

130

81.25

90.8653846154

162.5

67.5

76.7592592593

135

84.375

93.6342592593

168.75

70
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