2007 BC Calculus Exam – Solution to Problem 1
Part A – with calculator
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1. You should recall the very familiar graph of 
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 and this one: 
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   So don’t be so fast with the calculator! 
   Now that you have the correct picture, 
   you can use the calculator to find the 
   intersection point(s),  
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 which you
   could have found ‘by hand’, right?

Since, the functions are both even, we’ll integrate from x = 0 to x = 3 and double…
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(a) AR = 
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(b) Washer Method for Volume: 
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   Now big R = y1 and little r = y2 = 2, and double as in (a) 

   V = 
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(c) With semicircles, we have: 
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    Here, the diameter equals: y1 – y2  so… radius equals: 
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    And again, we’ll integrate from x = 0 to x = 3 and double...
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  2007 BC Calculus Exam – Solution to Problem 2

2. Looks easy… 

(a) 
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(b) Water decreases when it leaves, g(t), faster than it enters, f(t). g(t) > f(t) when 

the step graph (leaving rate) is higher than the sine graph (entering rate).

      No calculus here!  
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(c) Total amount of water (W) starts out at W​0 = 5000 gallons and the change in water (
[image: image14.wmf]W

D

) is found by integrating the ‘entering rate’ minus the ‘leaving rate’…

      So at any time, t, the amount of water is given by: W = 
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      Now we have a max/min problem for water or W…
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. Now set this equal to zero and we have t = 1.617 and 5.076 hr.

       Since W is continuous on [0,7] , just check W(0) , W(1.617), W(5.076), W(7).

       W(0) = W​0 = 5000 is a relative max at least since in part (b) water was decreasing.

       W(1.617) is a relative minimum since f(t) > g(t) after 1.617 hr. At t = 3 hours, we 

       have the absolute maximum amount of water, W(3), as the amount (area) of water 

       lost from 3 to 5.076 hr is greater than the amount added from t = 5.076 to 7 hr.  

       Come to think of it, a number line might have been easier?!?!

       W                        decr                 incr             decr                   incr
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        W(3) = 
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 = 5000 + 126.591 = 5127 gallons

        Relative maximum since 
[image: image21.wmf]W'

changes from + to 
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 at t = 3 hours.

        Absolute maximum since W(3) > W(0) = 5000 and W(3) > W(7) since the integral 

        from 3 to 7 is negative (g > f) .

  2007 BC Calculus Exam – Solution to Problem 3

3.  Hey, they graphed the two polar curves for you. Also the intersection angles… nice!

     (a) [image: image23.jpg]



I noticed as I was doing this one, that they want the area below the x-axis also, so I’ll double my results to get:  R = 2(R​1 + R2) = 10.370 

Method 2 – We can find R without a calculator (btw). Perhaps just to review integration…
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     R = 1.993 + 
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 = 10.370

(b) We don’t need a calculator for this one if 
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if 
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 or with the calculator 
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With the calculator, go to Polar MODE and enter the function again, then 2nd CALC.

You might want to tweak the WINDOW to get the full graph.

The interpretation is that the particle is getting closer to the origin as it moves on the curve.

(c) Again, we don’t need a calculator.  Recall  
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So… 
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 (product rule) and using 
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We obtain: 
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above. Plugging in…
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2007 BC Calculus Exam – Solution to Problem 4

Part B – no calculator

4. This one looks really easy! We’ll see…
(a) Tangent line at (e, 2)??? Too easy! We’ve got the point (e,2), just find the slope.   
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 and our tangent line is: 
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(b) Here we just use the product rule to find 
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 and concavity.
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 (I set 
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= 0 out of the habit!) 

    Hmm… that habit seems to payoff as without a calculator, maybe I will find I pts…

    Factoring ‘x’ out of 
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 but for 1 <  x < 3, ln(x) > 0 and x > 0.

    I guess we don’t need inflection points here, as 
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> 0 and the curve is concave up.

(c) 
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     Integration by Parts  –  
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    Finally, we get to play tic-tac-toe!
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    Now to find C, we plug in x = e and y = 2 to get 
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    Finally, rewrite the function as:  
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2007 BC Calculus Exam – Solution to Problem 5

5. Can you see it? Here comes the Riemann sum problem! Oh yeah! 

    Hey, as I start reading this, I see it’s going to be a related rate problem too! I’m ready!

    So… first of all, be careful with that table… it’s not ‘r’, it’s the slope of r (that is, dr/dt).

    Also, the graph of r (vs ‘t’) is concave down and since dr/dt > 0, increasing. Sketch it?
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    Also, check out the ‘givens’ before we get rolling!  
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   (a) Using the tangent line (since we really don’t have the equation!) approximation…

         Tangent line? Point-slope form (as usual!)  y – y0 = m (x – x0)

         So… 
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              Since the curve (see sketch above) is concave down, this is an overestimate.

              The tangent line is above the curve.

   (b) Related Rates! An easy one!  
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         So… when t = 5, r = 30 and dr/dt = 2 (see the table),
[image: image57.wmf](

)

3

2

min

43027200

ft

dV

dt

pp

=×=


    (c) Be careful not to look at that sketch I made of r(t) above! Use the table!

         If you need a picture, plot a few points from the table and play dot-to-dot.

         Here’s another ‘faked’ curve for 
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 = 8 + 6 + 2.4 + 2.4 + .5 = 19.3 ft


It’s the change in radius (in ft) or here, the increase in the radius. 

      (d) Since the right Riemann sum is a lower sum on a decreasing curve,

            SRight < 
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    (I just threw that last part in as a bonus!)

2007 BC Calculus Exam – Solution to Problem 6

6. Boy do they love this function!  
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    (a) Too easy if you know the infinite series for y = e-x = 
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          Now just substitute 
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 for  ‘x’ in the series above to get f(x).
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    (b) 
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    (c) 
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…  Estimate = 
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    (d) Error for an alternating series is easy! Just look at the next term:   |
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          The error is less than 
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We can do the area inside the circle without a calculator.


 � EMBED Equation.DSMT4  ���


Inside the limacon, we’ll use radian measure…


 � EMBED Equation.DSMT4  ���= .9964





r (ft)			


			        


        Of course, I just ‘faked’ the curve (smooth). 


                                       I think it will be good enough to handle this problem?





     dr/dt or � EMBED Equation.DSMT4  ���


                                         Draw in your own rectangle(s) using the right  


x-value for each subinterval.





				t (min)
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