
Mathematics 111, Spring 2009
PRIVATE 


Lab Activity #5, Related Rates
You should do this lab activity in groups of three if possible. 
This lab does not require the use of the computer, just your brains. 
Don’t rush!!! Take your time and understand what you’re doing!

Problem 1:  Suppose you are blowing up a round (i.e., spherical) balloon at the constant rate of 3 cubic inches per second. At what rate is the radius of the balloon changing as time goes by? Stop and visualize this situation before you proceed. Do you think the radius will also be changing at a constant rate? Why or why not? (Discuss with your partners!)

How could you approach this kind of problem, where you are asked about the rates of change of two quantities which are related to each other? In this case, the two quantities are the volume of the balloon and the radius of the balloon. How are these two quantities related?? Well, you should know from geometry that the relationship is:



V = 4/3 ( r3 

But now as we blow up the balloon, both  V  (in cubic inches) and  r (in inches) are functions of time t (in seconds), i.e., they are changing as time passes. Now here’s the punch line: We can find out how their rates of change with respect to time are related by taking the derivative of both side of the formula above with respect to time t , and using the chain rule on the right side since r is a “chunk” (i.e., r is a  function of t).

So what do we get? Well, on the left we get  dV/dt (i.e., the rate of change of the volume with respect to time), and on the right, using the chain rule, we get  4 ( r2 times  dr/dt .  So here is how the rates are related:



dV/dt = 4 ( r2 dr/dt

In words, the rate at which the volume changes over time is equal to 4 (  times the square of whatever the radius is times the rate of change of the radius.

Okay, so now you can answer the original question: You know that  dV/dt is the constant 3 cubic inches per second. So, what is the rate of change of the radius (including units!)

a. when the radius is 2 inches?________________________________

b. when the radius is 6 inches?_________________________________

Call me over to check your answers.
Problem 2. Suppose two quantities x and y  are related by the equation  y = e1 – 3x  and that both x and y are changing as time passes, i.e., they are both functions of t. 

a. Write an equation which tells how dy / dt  and dx / dt are related.


b. What (to two decimal places) is  dy / dt   when x = 1 and dx / dt = 4?


c. What (to two decimal places) is  dx / dt   when y = e  and dy / dt = 2?
Problem 3. A computer screen saver contains a square which is expanding on the screen. The edge of the square is growing at a constant rate of  0.3 cm/sec. How fast is the area inside the square growing when the edge is 


a. 2 cm long?                   b.  6 cm long?

Solve the problem using the following steps:

1. Write the equation which relates the area A of a square to its edge  x


 __________________________________

Take the derivative of both sides with respect to time t , using the Chain Rule.



______________________________________________



2. Fill in the data you know into this equation to find out the answers (including units):




Answer to a?________________________________


Answer to b?________________________________

Call me over please to check these two.

Problem 4. A conical pile of sand whose height is always three times its radius is growing as time passes (cause they’re dumping more sand on it!). 
Recall that the volume of a cone is  (/3 r 2 h.

1. Write down an equation which relates the volume of the cone and its radius.

2. Calculate an equation which shows how the rate of change of the volume with respect to time t is related to the rate of change of the radius with respect to time.

3. If the volume is increasing at constant rate of  5 cubic feet per minute, at what rate is the radius increasing at the moment it is 15 feet?
Please show me this.
Problem 5. A train is moving down a straight track at the constant rate of 60 miles/hour. One mile from the track, a video camera is focused on the engine of the train. Looking at the diagram, how fast is the camera turning (i.e. how fast is the angle ( (in radians!) changing) when the engine is 

             a. 1 mile from point A?                       b. 4 miles from point A?



PICTURE IS MISSING FROM THIS WEB COPY.


PLEASE OBTAIN A PRINTED COPY.

(Remember the procedure. Write down an equation relating  (  and  the distance x of the engine from point A. Take the derivative with respect to time. Plug in what you know.)


Answer to a (with units)__________________________________

Answer to b (with units)__________________________________

Call me over.

That’s it! See you Wednesday.       GE

