Solving a Related Rates Problem 

Step 1: Identify the changing quantities, possibly with the aid of a sketch. 
Step 2: Write down an equation that relates the changing quantities. 
Step 3: Differentiate both sides of the equation with respect to t. 
Step 4: Go through the whole problem and restate it in terms of the quantities and their rates of change. Rephrase all statements regarding changing quantities using the phrase "the rate of change of . . . ." 
Last Step: Substitute the given values in the derived equation you obtained above, and solve for the required quantity. 
Example 1
The area of a circular doggie puddle is growing at a rate of 
[image: image1.wmf]s

cm

/

12

2

. How fast is the radius growing at the instant when it equals 
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Step 1: Identify the changing quantities, possibly with the aid of a sketch.
Here is a little sketch of the puddle showing the changing quantities.
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Step 2: Write down an equation that relates the changing quantities. 

The relationship between the area and radius of a disc is given by 
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Step 3: Differentiate both sides of the equation with respect to t.
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Step 4: Go through the whole problem and restate it in terms of the quantities and their rates of change. Rephrase all statements regarding changing quantities using the phrase "the rate of change of . . . ." 

The original problem reads: The area of a circular doggie puddle is growing at a rate of 12 cm2/s. How fast is the radius growing at the instant when it equals 10 cm?
"The area of a circular doggie puddle is growing at a rate of 12 cm2/s."   translates to: "The rate of change of area = 12." How fast is the radius growing at the instant when it equals 10 cm?   translates to: "Find the rate of change of radius at the instant when the radius = 10 cm." 
Last Step: Substitute the given values in the derived equation you obtained above, and solve for the required quantity. 

Find the rate of change of radius given that the rate of change of area is 12 cm2/sec, at the instant when the radius is 10 cm. In Symbols, this is find 
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 at the instant when the radius is 10. Substituting these values in the formula gives 
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Example 2
Here is a "ladder problem." 
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Joey is perched precariously the top of a 10-foot ladder leaning against the back wall of an apartment building (spying on an enemy of his) when it starts to slide down the wall at a rate of 4 ft per minute. Joey's accomplice, Lou, is standing on the ground 6 ft. away from the wall. How fast is the base of the ladder moving when it hits Lou? 
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Step 1. The changing quantities are 
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Step 2. An equation relating these quantities is 
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	That's Pythagoras' Theorem applied to the triangle shown 
    x2 + y2 = 102 
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Step 3. Differentiating both sides with respect to t

The equation is 
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. Taking the derivative 
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of both sides (and remembering the chain rule) gives 
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Step 4. Restating the problem in terms of rates of change gives the following

Find the rate of change of 
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, given that the rate of change of 
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 is 4 ft/sec, at the instant when 
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(Note that y is decreasing, hence the negative rate.)  

Find 
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, given that 
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Substitute the given values, and conclude that the base of the ladder moving rate

The related rates equation is 
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Substituting the values we have so far gives 
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To solve for 
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, the only remaining value we need is that of 
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. We can get this from the following triangle, using Pythagoras' theorem. [image: image27.png]3





Substituting 
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 = 8 and solving for 
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 now gives 
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= 32/6 ft/sec. 
Practice Problems

1. A balloon is being deflated after a fun day at the carnival. The volume of the balloon is decreasing at a rate of twice the radius of the balloon. The surface area of the balloon is 400 when t=0. (Assume the balloon is spherical) 

Find the following: 

a) Rate of change of the radius. 

b) Rate of change of the surface area. 

2.Radar Tracking and Jet Aircraft:

A low-flying jet aircraft covering a straight course is tracked by a radar station set 6 miles to one side of the flight path (see figure below). Here, x = (distance from a reference marker on the course), and s = (direct distance from aircraft to radar unit). A radar unit can measure only the "range" s and the rate of change ds/dt. 
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Suppose the observed values are s = 10 miles and ds/dt = 800 mph. Calculate the actual speed dx/dt of the aircraft.

3. If a snowball melts so that its surface area decreases at a rate of 1 
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, find the rate at which the diameter decreases when the diameter is 10 cm.

4. Water is flowing into a tank in the form of an inverted cone at a rate of
[image: image33.wmf]min

/

5

3

ft

. If the radius is half the height of the cone, how fast is the level of the water changing when it is 8 feet deep?
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