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8264)( dttf gallons 

 
The amount of water [wudder] in the tank is decreasing on the intervals 617.10 ≤≤ t  and 

076.53 ≤≤ t  because during those time intervals )(tf <  )(tg .  [I looked at the graph and 

found where the rate at which water entering the tank is less than the rate at which water is leaving 

the tank] 

 
[Ack!  This is a closed interval so we must remember to check the endpoints!] 

 

[First we need to find any candidates other than the endpoints. ] 

At time 3=t  )()( tgtf −  changes from positive to negative values. 

[Now to find the amount of water in the tank at time 7,3,0 === ttt ] 

 

Amount at time 0=t  is 5000 gallons [given] 

 

 

 

 



Amount at time 3=t  

∫ ∫−+

3

0

3

0

250)(5000 dtdttf 591.5126≈  gallons 

[Initial amount + amount that entered – amount that left the tank 

 

Amount of water in the tank at 7=t  

∫∫ ≈−+

7

3

7

3

807.45132000)(591.5126 dtdttf  gallons  

[Amount at time t = 3 + amount that entered during 73 ≤≤ t  minus the amount that left the tank 

during 73 ≤≤ t ] 

 

Hence, the amount of water is the greatest at time 3=t  hours.  At that time, the amount of water 

in the tank to the nearest gallon is 5127 gallons. 

 

[Note:  Yes, they did penalize if you did not have your answer to the “nearest gallon”] 

 

 

 
( ) ( )( ) 3611 =−= gfh  

( ) ( )( ) 7633 −=−= gfh  

Since h  is continuous, then by the Intermediate Value Theorem there exists a value 31, << rr  

such that 3)(7 <<− rh  and  since 357 <−<− then there must be a value 31, << rr  such 

that 5)( −=rh  

 

 



By the Mean Value Theorem there is a value 31, << cc , such that 
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ch  which 

equals 5
13

37
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−

−−
.  Hence, there is a value 31, << cc  such that 5)(' −=ch . 
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∫ ==  

So, ( )( ) ( )xgxgfxw ')(' =  

Then, ( )( ) ( ) 23'3)3(' −== ggfw  

 

 
[What do we need?  A point and a slope] 

To find the point:  2)1( =g  so ( ) 121
=

−
g  

To find the slope:   ( )
)1('

1
)2('1

g
g =

−

5

1
=  

So, our point is ( )1,2  and the slope of the tangent line is 
5

1
 

Hence, the equation of the tangent line is ( )2
5

1
1 −=− xy  
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980)( dttR people  [you can’t have a partial person!] 

 

 

 

 

 

 

 

 

 



 
[First find the critical values] 

0)(' =tR  when 0=t  and 36296.1≈t  

Let 36296.1=A  

[Remember that you must check the endpoints!] 

120)2(

527.854)(

0)0(

=

=

=

R

AR

R

 

Hence, the maximum rate occurs when 36296.1≈t  

 

 

∫=−

2

1

)(')1()2( dttwww  

  ( )( )dttRt∫ −=

2

1

)(2  

  5.387≈  

Hence, the total wait time for those who enter the auditorium after time 1=t hour is 387.5 hours. 

 

 
[This one is really tricky!] 

( )( ) ( )( )dttRtw ∫ −=

2

0

)(2
980

1
2

980

1
 

        77551.0=  

Hence, on average, a person waits 0.77551 hours. 

 

 

 

The non-calculator free response 
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  [Yes, you must have the difference quotient] 

 

 
[Remember to use the rules of integration!] 

( ) ∫∫ ∫ −=−
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)('53)('53 dxxfdxdxxf  

  

 

 

 

 

 

 

 

 

( )( ) ( ) ( )( ) ( ) ( )( ) ( ) ( )( ) 188553322)1()(
13

2

=+++≈∫ ffffdxxf  

[Remember to show that you are using function values for the heights of your rectangles] 

 

 
The equation of the tangent line at x = 5 is: ( )532 −=+ xy  

Since 0)('' <xf , then the graph of  f  is concave down and the tangent line will lie above the 

curve for all 85, ≤≤ xx  .   



To estimate )7(f : ( )5732 −=+y , hence 4)7( =f  which would mean that 4)7( ≤f [because 

the tangent line is above the curve] 

 

First find the slope of the secant line:  
3

5
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)5()8(
sec =

−

−
=

ff
m  

The equation of the secant line between 5=x  and 8=x : ( )8
3

5
3 −=− xy  

       OR ( )5
3

5
2 −=+ xy  

Since 0)('' <xf for x , 85, ≤≤ xx , the secant line lies below the graph of  

)(xf .   

To estimate )7(f  using the secant line: ( )57
3

5
2 −=+y  

      
3

4
=y  

Since the secant line is below the graph, then 
3

4
)7( ≥f  

 

 
)(')( tvta =  
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