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AP Calculus AB
Dr. Edmiston
Homework - Chapter 2C

Related Rates
#1
Volume and Area Problems 
  
p. 149 #19-23 odd


#2
More Related Rate problems 

p. 150 #25, 27, 31, 33, 35. 
5 pts.  

Problem Set Bonus: Include attached Problem Set Bonus in orange folder due Monday.
Problem Set Bonus – Related Rates

1987-AP Test

The trough shown in the figure is 5 feet long, and its vertical cross sections are inverted isosceles triangles with base 2 feet and eight 3 feet. Water is being siphoned out of the trough at the rate of 2 ft3/minute. At any time t, let h be the depth and V be the volume of the water in the trough.
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(a)
Find the volume of water in the trough when it is full. (1 pt.)
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(b) What is the rate of change in h at the instant when the  trough

   is ¼ full by volume? (I had better see you use 5 clearly labeled steps!!!!) (5 pts.)

(c) What is the rate of change in the area of the surface of the water (shaded in the figure) at the instant when the trough is ¼ full by volume? (3 pts.)


(Don’t try to take shortcuts – I tell you to use 5 steps for a reason!!!!)

Funnel Lab CBL Activity
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Rate of Change of Volume of Water

YOU NEED (I supply): (groups of 3)
1 CBL2 Unit with CBL-DIN adapter 

1 TI 84 Calculator with Unit-to-Unit Link

1 funnel with string

1 bottle of water 

1 can to catch the water

1 force meter clamped to table 

ruler

Calculator Application: Physics
DATA  COLLECTION   
  
· Measure the height (use the entire height including the extension of the side to a point) and diameter of the funnel in cm.  ht= 
r = 

· Measure the height and diameter of the can. ht= 
r = 
             

· Set up your apparatus like the picture.
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· Start the APPs Physics on your calculator and follow these instructions to calibrate: 

· [image: image5.png]


1: SET UP PROBES

· 1: ONE
· 2: FORCE

· Make sure your CBL2 is plugged into Channel 1. ENTER
· [image: image6.png]


To Calibrate: 2: PERFORM NEW

· With the empty funnel hanging on the force meter press  +  to zero and enter   0     ENTER  

· Hang a metric mass on the funnel, pre   +  and enter the size of the mass. ENTER
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Main Menu: 2: COLLECT DATA

· 2: TIME GRAPH
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TIME BETWEEN SAMPLES: 0.1 

· NUMBER OF SAMPLES: 50  ENTER   ENTER
· 1: USE TIME SETUP, 1: NON(LIVE DISPLAY

· Now you are ready to conduct the experiment. Fill the funnel with water holding your finger over the hole. Remove your finger and press ENTER to start collecting the data. When you are complete, record where your data is located and press ENTER . 
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The resulting plot should appear to be linear.

· If you are dissatisfied with your results press ENTER and 2: YES to repeat.  If you like your graph, press 1: NO.
· What are the units and variables of the axes? x: ______ = _________,  y: _______ = _____ 
(The force variable will be the unit of the mass you used.) 
· Return to your desk with the calculator. 

LAB REPORT

Each member of the group must have his/her own lab report. 

Write your name first and then all the other members of your team. 

Answer questions in sentences and make sure to use your data in your answers.

CALCULATOR ANALYSIS of your data:

1. On the calculator trace to the point of the maximum mass.  Sketch a graph in your lab report and label the point. What is this point telling you? (don’t forget to use your data (numbers and units) in your answers)
2. Trace to the first point where the graph becomes a horizontal line.  Label this point on your sketch. Label the sketch appropriately.  What is this point telling you? What is the total mass of the water? What is the density of water? What is the total volume of the water?
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Main Menu: 3: ANALYZE. 5: SELECT REGION and go through the steps to select a linear portion of the graph. Once you have a linear model select 1: CURVE FIT,    

1: LINEAR L1, L2, and you will get the linear regression.  Write down the equation. Press ENTER to see the model. Draw a second sketch with the chosen data (should be dots) and linear regression graph (should be a line) and write the equation next to it.  What is the slope of your line telling you concerning the volume of water? (Don’t forget to use your numbers in this answer.)
4. Trace on the plot (not on the equation) to x = 1 and x = 2 and label these points on your sketch. What do these points tell you? What are the volumes of water at these times? 
(This much of the lab must be finished on the first day because you are leaving the calculators in class and the data will be erased. Note question #9 and 10 before you come to class tomorrow.)
RELATED RATE PROBLEMS involving your data: Do the following calculations on your lab report.  Label all parts of your calculations. Number the five steps in your process:
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5.
What is the rate of change of the height of water in the funnel when the height is 5 cm? (Make sure to do all five steps.)
I. 
Identify variables and draw a sketch. 

II. 
Create a primary equation of two variables using secondary relationships

III. 
Implicitly differentiate with respect to time.

IV. 
Substitute given quantities

V.
Answer in a sentence. (no negative #’s)
6.
What is the rate of change of the height of the water at 1 second? (See question #6 for necessary data.) (5 steps)
7. 
What is the rate of change of the height of the water at 2 seconds? (Only setps 4 and 5 are necessary.) 

8.
Let y be the depth in cm of water in the can.  Determine the rate the y is changing when the height of the water is 5 cm. (5 steps)
SUMMARY:  

9.
Describe in detail a practical application in which it would be important to know the rate of changes in a situation similar to this experiment. (Remember a related rate problem compares two rates so your problem must discuss why you would need two rates. Each member of the group must have a different application.) 

10.
What additional calculations would have to be done if you were conducting this experiment with this program and the liquid was not water? (Discuss density and the units generated by the force meter.)
Bonus:
(3 pts.) Write a summary detailing what you learned in the experiment.
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