AP Calculus                                                                   Unit #4 – Applications of the Derivative – Part I 

Unit #4 Homework
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For exercises 1 – 4, find 
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by implicit differentiation.
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5.  Find the coordinates of the points where the curve 
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has a horizontal tangent.
6.  Find the coordinates of the points where the curve 
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has a vertical tangent.

7.  Find (a) the equation of the tangent line and (b) the equation of the normal line drawn to the curve
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at the point (8, 1).

8.  Find 
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9.  The radius r and area A of a circle are related by the equation A = πr2.  Write an equation that relates
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10.  The radius r and surface area S of a sphere are related by the equation S = 4 πr2.  Write an equation

       that relates 
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11.  The radius r, height h, and volume V of a right circular cylinder are related by the equation V = πr2h.
	How is 
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	How is 
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	How is 
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12.  The length of a rectangle is decreasing at the rate of 2 cm/sec while the width is increasing at the
       rate of 2 cm/sec.  When l = 12 cm and w = 5 cm, find each of the rates of change indicated below.

	a.  Area


	b.  Perimeter

	c.  Length of a diagonal of the rectangle



13.  A spherical balloon is inflated with helium at the rate of 100π ft3/min.  
	a.  How fast is the balloon’s radius increasing when

     the radius is 5 feet?
	b.  How fast is the surface area increasing when the

     radius is 5 feet?




14.  A conical tank with the vertex down is 10 feet across the top and 12 feet deep.  If water is flowing
       into the tank at a rate of 10 cubic feet per minute, find the rate of change of the depth of the water
       when the water is 8 feet deep.
A ladder is 25 feet long and is leaning against the wall of a house.  The base of the ladder is pulled away from the wall at a rate of 2 feet per second.  Use this information to complete exercises 15 – 17.
15.  How fast is the top of the ladder moving down the wall when its base is 15 feet from the wall?

16.  Consider the triangle formed by the side of the house, the ladder and the ground.  Find  the rate at

        which the area of the triangle is changing when the ladder is 9 feet from the wall.

17.  Find the rate at which the angle between the ladder and the ground is changing when the base of
       the ladder is 7 feet from the wall.

Water is flowing at a rate of 50 cubic meters per minute from a concrete conical reservoir.  The radius of the reservoir is 45 m and the height is 6 m.  Use this information to complete exercises 18 and 19.

18.  How fast is the water level falling when the water is 5 meters deep?

19.  How fast is the radius of the water’s surface changing when the water is 5 meters deep?

20.  A man 6 feet tall walks at a rate of 5 feet per second toward a street light that is 16 feet tall.  At

       what rate is the length of his shadow changing when he is 10 feet from the base of the light?

21.  If the volume of a cube is increasing at a rate of 24 in3/min and each edge is increasing at 2 in/min,
       what is the length of each edge of the cube?

22.  If the volume of a cube is increasing at a rate of 24 in3/min and the surface area is increasing at
       12 in2/min, what is the length of each edge of the cube?
23.  On a morning when the sun will pass directly overhead, the shadow of an 80—foot building on
       level ground is 60 feet long.  At the moment in question, the angle θ the sun makes with the ground
       is increasing at the rate of 0.27 radians per minute.  At what rate is the length of the shadow
       increasing? 
For exercises 24 – 26, determine the open intervals on which the given function is increasing or decreasing and the coordinates of any relative extrema.  Show your analysis and explain your reasoning.
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27.  If 
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, where is the graph of F(x) increasing, decreasing, and/or reaching

       a relative maximum or minimum?  Show your work and justify your reasoning.

For exercises 28 and 29, use the Second Derivative Test to find the local extrema for the given function.

Show your analysis and justify your reasoning.
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For exercises 30 – 31, identify the intervals where the function is concave up and concave down.  Also, identify the coordinates of any points of inflection.  Show your work and justify your reasoning.
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32.  If 
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, identify the intervals where h(x) is concave up or down.  Show your

       analysis and justify your reasoning.
33.  Pictured below is a function, s(t).  Complete the chart below indicating the sign (+ or – or 0) for 
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 at each of the indicated points.
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34.  If, for all real numbers x, 
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 > 0, which of the following curves could be part of 

 the graph of f(x)?  Explain your reasoning FOR EACH GRAPH.
                     Graph A


       Graph B



        Graph C
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35.  The graph of a twice differentiable function is shown below.  Order the values of f(2), 
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in order from least to greatest.  Explain your reasoning.
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The graph of
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, the derivative of f(x) is shown in each of the following questions.  Answer the questions 36 – 38 using this graph.
36.  How many relative maximums does f(x) have?   Label these x values with the letter C.  Explain        
       your reasoning.

37.  How many relative minimums does f(x) have?  Label these x values with the letter D.  Explain your 

       reasoning.

38.  How many points of inflection does the graph of f(x) have?  Label these x values with the letter E.  

       Explain your reasoning.

Pictured to the right is the graph of
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.  Use the graph to answer questions 39 – 45.

39.  What are the value(s) of x where f(x) has a relative     
       maximum?  Explain your reasoning.
40.  What are the value(s) of x where f(x) has a relative 

        minimum?  Explain your reasoning.
41.  On what interval(s) is the graph of f(x) increasing?  Explain your reasoning.

42.  At what value(s) of x does the graph of f(x) have a point of inflection?  Explain your reasoning.

43.  On what interval(s) is the graph of f(x) concave up or concave down?  Explain your reasoning.

44.  If f(2) = 4, what is the equation of the normal line to the graph of f(x) when x = 3?
45.  If f(2) = 4, what is the tangent line approximation of f(2.9)?  Is this an over or under approximation
       of f(2.9)?  Explain your reasoning.
A function, F, is continuous on its domain of [–2, 4].  Additionally, F(–2) = 5, F(4) = 1 with 
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have the properties shown in the table below.  Use this information to answer questions 46 – 50.
	x
	–2 < x < 0
	x = 0
	0 < x < 2
	x = 2
	2 < x < 4
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	Positive
	Does not exist
	Negative
	0
	Negative
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	Positive
	0
	Negative


46.  At what value(s) of x does F have relative extrema?  Classify the extrema by type and give a reason   

       for your answer.

47.  At what value(s) of x does F have a point of inflection?  Justify your answer.

48.  On what interval(s) is the graph of F increasing, decreasing, concave up or concave down?  Justify 
       your reasoning.

49.  Suppose the equation of the tangent line drawn to F at x = 2 were used to evaluate F(1.6) and F(2.4).      

       Would the approximations be under or over approximations?  Justify your answers.


50.  Sketch a possible graph of F(x).
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