m110
Chapter 3.4—Piecewise Linear functions, and (dis)economies of scale
Name______________

1.A particular worker gets paid $10/hour for regular time (up to 40 hours/week), time-and-a-half for overtime up to an extra 20 hours a week, and double-time after that.  Fill out this table:

	Hours
	0
	35
	40
	41
	55
	60
	61
	70

	Total Pay
	
	
	
	
	
	
	
	


And graph the worker’s total pay at 0, 40, 60, and 70 hours here: 
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If a worker goes from 25 hours this week to 50 hours next week, does his total pay double? More than double? Less than double?
If you need 80 hours of work done and you have two workers available, which is the cheapest of these options:

 Option A: have one person do all 80 hours, give the other one the week off (without pay)

 Option B: have one person do 60 hours, and the other do 20 hours

 Option C: have each person do 40 hours.

2.A regional electricity company has the following generators available.  A generator can be operated at any production level between 0 and its capacity limit.  Note that MW is a MegaWatt; the common figure is that 1 MW is enough to power 1,000 homes, but you don’t need to use that fact for this problem.  Use the “Fake” costs, since they are easier to work with and produce a more dramatic result.  The “true” costs come from a site run by the Nuclear Energy Institute, so you may imagine what biases they might have, if any.
As an example, to produce 3000 MW, we might run each plant at 1000 MW, at a cost of 1000*$12 + 1000*$30 + 1000*$70=$112,000, but that’s not the cheapest way to produce 3000 MW.  We could also run our Natural Gas plant at 2000MW and our coal at 1000MW to produce 3000MW, but that’s not the cheapest way either.  
	Plant
	Capacity (MW)
	Fake $/MWh
	True $/MWh

	Nuclear
	2000
	$12
	$17.2

	Coal
	3000
	$30
	$22.1

	Natural Gas
	2000
	$70
	$75.1


The company has to decide which plant(s) to operate tomorrow and at what production levels to meet a variety of demands.  Fill in this table:

	MW demand
	0
	1000
	2000
	3000
	4000
	5000
	6000
	7000

	Total Cost 
	
	
	
	
	
	
	
	


And graph the results:
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If electricity demand goes from 2000 MW to 4000 MW, does the total cost double? More than double? Less than double?
Which of the following two options (each totaling 10,000 MW) is cheaper:

 Option A: the city uses 4000 MW from 10am to 11am, and 6000 MW from 11am to noon.  

 Option B: the city uses 5000 MW from 10am to 11am, and 5000 MW from 11am to noon.
3. Bulk Discount type 1: If we order custom-printed T-shirts, we can get the following bulk discounts:
	# t-shirts:
	
	

	from
	to
	$ for each additional

	1
	9
	$8 

	10
	19
	$5 

	20
	infinity
	$3 


(this means that shirt #10 costs $5, for example).  As an example, buying 15 shirts will cost (9*$8 + (15-9)*$5).  Fill out this table, and do the graph:
	#shirts
	1
	9
	10
	19
	20
	30

	TotalCost
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If your club wants 30 shirts, how should you order:

Option A: all 30 this week, none next week
Option B: 15 this week, 15 next week

4. Bulk Discount type 2: A religious organization offers the following bulk-subscription rates for a 4-page flier published once a month.  Prices are for a year’s subscription.  Note that the prices apply to each copy of the whole order, as opposed to the t-shirt problem above where they applied only to additional copies above the most recent breakpoint.
	#Copies:
	
	1
	copy:
	$13.00 
	ea.

	2
	to
	9
	copies:
	$9.00 
	ea.

	10
	to
	99
	copies:
	$4.80 
	ea.

	100
	to
	199
	copies:
	$3.96 
	ea.

	200
	to
	299
	copies:
	$3.24 
	ea.

	300
	to
	499
	copies:
	$2.40 
	ea.

	500
	to
	999
	copies:
	$1.92 
	ea.

	1000
	to
	9999
	copies:
	$1.58 
	ea.


Fill out this table and graph the result:

	#copies
	1
	2
	9
	10
	99
	100
	199
	200
	299

	TotalCost
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If you wanted 9 copies for a small discussion group, what would you do?

What if you wanted 8 copies? 7? 6? 5?
Of the above 4 problems, which show “economies of scale”?  Which show “diseconomies of scale”?

m110
Chapter 3.4—Piecewise Linear functions continued
Name______________

5. A nurse-training web site recommends the following daily amount of fluid via IV for pediatric patients, based on their body weight in kilograms:

	Weight Range (kg)
	Fluid amount (mL)

	0 to 10
	100 mL/kg

	10 to 20
	1000+(kg above 10)*50 mL/kg

	Above 20
	1500+(kg above 20)*20 mL/kg


Fill in this table.  For example, a 12-kg patient would receive 1100 mL of fluid.
	Body weight
	0
	5kg
	10kg
	15kg
	20kg
	25kg
	30kg

	mL of fluid
	
	
	
	
	
	
	


And graph the results:
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If a boy’s body weight is 11 kg and his older sister is 22 kg, does she get twice the fluid he does?  More than twice? Less than twice?
Do you think the amount recommended by the formula is truly the ideal value?  What would the graph of the ideal amount look like?  Why do we use a piecewise linear function here?

6.  Here is the simple version of how US federal income taxes are computed for people with the filing status of “single” for tax year 2006: Take the actual income, subtract the personal exemption of $3300 and then subtract the standard deduction of $5150 (a total subtraction of $8450).  This gives the “Income subject to tax”, which we will use as our “x” variable.  Then, compute the tax based on that result and the following table.  

	From ($)
	To ($)
	Rate

	           0
	     7,550 
	10%

	    7,550 
	   30,650 
	15%

	  30,650 
	   74,200 
	25%

	  74,200 
	 154,800 
	28%

	154,800 
	 336,550 
	33%

	336,550 
	 infinity 
	35%


The key point is that once you move into a new tax bracket, the new rate applies only to money above the bottom end of that bracket.  The money below that cutoff is taxed at the lower rates.  For example, someone with an income of $18,450 will have an income subject to tax of x=$10000; their tax is $7550*10% + ($10000-$7550)*15%=$1,122.50.  Note that this is not equal to 15% of $10,000, and it is also not 15% of $18,450.

(a)Compute the tax amount for someone whose income subject to tax is x=$30,000:

(b)How much of that $30,000 do they get to keep (in $)

(c)If they get a $1000 raise, so now x=$31,000, what is their new tax amount? How much of that $31,000 do they get to keep (in $)?

(d) They went from the 15% bracket to the 25% bracket; did their take-home pay go down? Yes/No

Write definitions for each term in your own words:
· Breakpoint

· Bulk Discount

· Continuous Model

· Discontinuous Model

· Economies of Scale

· Diseconomies of Scale

· Overhead Cost

· Marginal cost

· Progressive Tax

· Flat Tax

