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The graphs above show the monthly change in U.S. jobs from mid-2006 to mid-2012. The 
first graph shows the actual data; the second graph shows the actual data along with a 
model of the monthly change:

                       
  
C(t) = at

2

t
2
+ c

+ b , with a = 1000, b = –800, and c = 40,

where C is in thousands of jobs per month and t is time since the beginning of 2009, in 
months. 
    Because of population growth, the number of people who want jobs increases by about 
100,000 per month. So in the absence of job growth, the number of unemployed workers 
will increase by about 100,000 per month.
    Use the first graph above for part (a); use the model for parts (b) through (h).

(a) Using the first graph, estimate the total number of jobs lost from the beginning of 2008 
to the beginning of 2009. Show your work clearly.

(b) Using the model, calculate the total number of jobs lost from the beginning of 2008 to 
the beginning of 2009. Round to the nearest whole job. Show your work clearly.

(c) According to the model, what was the increase in the number of unemployed workers in 
the U. S. from the beginning of 2008 to the beginning of 2009? Round to the nearest 
whole worker. Show your work clearly.

(d) According to the model, when was the number of jobs in the U. S. at a minimum? 
Justify your answer.

(e) According to the model, when was the number of unemployed workers in the U. S. at a 
maximum? Justify your answer.

(f) What was the net change in the number of unemployed from the beginning of 2008 
months to the time you found in part (e)? Round to the nearest whole job. Show your 
work clearly.

(g) Find 
  
lim
t

C(t) . In a sentence, explain the significance of this number for the U. S. 

economy.

(h) According to the model, at what time will the number of unemployed be back to what it 
was at the beginning of 2008? (For partial credit, estimate the time; for full credit, find 
the time exactly.) Show your work clearly.



Answers:

(a) Estimate the area under the x-axis from t = –12 to t = 0 by counting rectangles: about 
6.5 to 7 rectangles, times 600,000 jobs per rectangle, equals about 3.9 to 4.2 million 
jobs lost.
    Or try adding up the changes each month for 12 months: –90,000 + –90,000 + 
–200,000 + ... + –800,000 = about 4.5 million jobs lost.

(b)

  

C(t) dt

t= 12

0

= 4466.864 , so 4,466,864 jobs lost.

(c) There are  12 100,000 = 1,200,000  new workers who need jobs, plus 4,466,864 jobs 

lost, so 5,666,864 more unemployed workers.

(d) The solution to   C(t) = 0  is t = 12.649 months. 

    C, the rate of change of jobs, was negative before t = 12.649 months and positive 
afterward, so the number of jobs was at a minimum at t = 12.649 months.

(e) The solution to   C(t) = 100  is t = 18.974 months.

    C is less than 100,000 jobs per month before t = 18.974 months and greater 
afterward. So after that point the economy will be creating more new jobs each month 
than there are new workers, and the number of unemployed will begin to decrease. 
Maximum number of unemployed at t = 18.974 months.

(f)

  

C(t) 100 dt

t= 12

18.974

 = –11,669.156, so 11,669,156 more workers unemployed.

(g)
  
lim
t

C(t) = lim
t

1000t
2

t
2
+ 40

800 =
1000

1
800 = 200 . 

    In the long run, the economy will be adding 200,000 jobs per month. So unless 
something changes, it will be a long time before we make up the increase in 
unemployment we found in part (f). Both candidates for President say they have a way 
make this time significantly shorter. Both probably don’t have policy changes that 
would accomplish this — but C could get better (or worse) for other reasons, such as a 
rebound in housing (or sequestration).

(h) Estimating: (for example) Through t = about 19 months, we have about 11.7 million 
extra unemployed workers. After t = 19 months, the economy is adding about 150,000 
(pessimistically) or 200,000 (optimistically) jobs per month. That’s a net decrease in the 
number of unemployed of 50,000 to 100,000 per month. Dividing 11.7 million by those 
two figures, it will take 117 to 234 months after t = 19 months, so it will take until t = 
about 136 to 253 months, or about 11 to 21 years since the beginning of 2009.

(h) Finding exactly: Solve 

  

C(w) 100 dw

12

t

= 0  by graphing on your calculator. Answer is 

t = 153.409 months, or 12.784 years since the beginning of 2009: sometime in 2021.



Note 1: How does this compare to actual job numbers?

Here is the actual graph of total number of employed workers:

                               

From peak to trough, about 9 million jobs lost (138 million – 129 million), plus about 

 25 100,000 = 2,500,000  new workers, so about 11.5 million more workers unemployed. 

Very close to the answer to (f) above.

On the other hand, if you approximate the recovery since 2010 with a line, it has a slope of 
only about 137,000 jobs per month, so a reduction in the number of unemployed of only 
37,000 per month, so it will take about 310 months to get the number of unemployed back 
to the initial number. More than twice as long as the answer to (h) above. (Having a limit of 
200,000 jobs per month in the model is too optimistic compared to actual data.)

Note 2: The first comment on Krugman’s blog entry is this, by Rob from Colorado:

So we're keeping up with population growth and doing well creating jobs?

http://data.bls.gov/timeseries/LNS12300000

Horse excrement. The Employment-Population Ratio (% of the workforce with a job) 
is LOWER than it was June 2009 when the recession ended.

If your "recovery" doesn't add jobs faster than the population grows, this goes down. 
If we were doing amazingly well with our recovery, this would go up.

How can Krugman not know this? 

Oh I'm kidding; why does Krugman think his readers can't bother to find this out with 
minimal effort? Clearly he's smart enough not to be this dumb... why doesn't he think 
anyone else is?

Reading this, I thought, uh oh. Is the premise of this problem wrong? And did Krugman 
mislead his readers, and me? Then I realized that Rob has made the classic AP Calc 
mistake of thinking that jobs were at a minimum in June, 2009, when C was at its 
minimum. In fact, jobs were at a minimum when C changed from negative to positive (early 
2010), and the number of unemployed was at its maximum even later, when C went above 
100 (late 2010). So a good question for students would be, “What is Rob doing wrong?”


