Math 251: Calculus

Fall 2004

Final Exam

1. Suppose the temperature of an object changes with time according to the equation 

T(t) = 100 – 7t + t2, where T is temperature in degrees Celsius and t is time in minutes.

1a. [5pts] Compute T(4) and write a sentence describing the physical meaning of this quantity.

1b. [5pts] Compute T ‘(4) and write a sentence describing the physical meaning of this quantity.

2. [5pts] Suppose D(h) is the density of the air (in grams per cubic meter) at a height h (in meters) above sea level.  Since air gets thinner at higher altitudes, what does this tell you about the function D’(h)?

3. [10pts]  Compute f(x) if f(0) = 0 and if f ‘(x) = x2 – 7x + 2sin(x).

4a. [5pts] Compute lim x(3  [(1/x) – (1/3)] / x

(show all work)

4b. [5pts] Compute limx((   ([x2 + 5x]   –  x

(show all work)

4c. [5pts] Compute lim x(0  [cos(4x) – 1]/[3x]
(show all work) 

5. [10pts] Imagine two cars driving on the standard xy-plane.  At time t=0 one car begins driving from the point (0,0) up the y-axis at a rate of 12 units per second.  At the same time a second car begins at the point (30,0) and begins driving toward the origin at 5 units per second.  When are the two cars nearest to each other and how close are they at this time?

6. [10pts] A truck is dumping sand into a pile at a rate of 0.4 cubic meters per second.  The pile of sand keeps the shape of a cone with its height equal to its radius.  How fast is the height of the pile rising at the instant that 10 cubic meters of sand have been dumped?

7. [10pts] Sketch the graph of  f(x) = x ([49 – x2].

Be sure to indicate the exact values (not decimal approximations) of all local maxima and minima and points of inflection.  Also, pay careful attention to the domain of the function.

8. Suppose the velocity of an object is given by the formula     v(t) = 3t + cos(t)

where v is in meters per second and t is in seconds.  Answer the following questions.

8a. [6pts] Between time t=0 and time t=4, how far has the object traveled?

8b. [6pts] What is the acceleration of the object at time t=2?

9. [6pts] Let f(x) = |x2 – 1|.  Find a formula (probably as a multipart function) for f ‘(x).

Make sure you note where the derivate is defined and where it is not.

10. [6pts] Suppose  a  and  b  are fixed positive integers Find the maximum value of the expression  [xa (1 – x)b]  for 0 ( x ( 1.  (Note: Your answer will be in terms of a  and  b).

11. [6pts] Suppose f(x) is a function such that [f(a+b) = f(a) f(b)] for all real values of

a and b.  Suppose further that, for this function, lim h(0  [f(h) – 1]/[h]  =  2.

Use this fact (and the definition of the derivative) to compute f ‘(x) in terms of f(x).

