1. Where does the tangent line to the graph of a function y = f(x) have negative slope?

2. s(t) gives the position of a particle at time t.  What would you need to compute to find the average velocity of a particle on the interval [3, 3.1] if all you were given was:

a. the graph of the function y = s(t).
b. a formula for the function s(t).

3. What would you need to compute the slope of the line secant to a function 

y = g(x) at x = 1  and x = 1.5 if all you were given was:

a. the graph of the function y = g(x).
b. a formula for the function g(x).

(. What would you need to compute the slope of the line tangent to a function 

y = h(x) at x = 1 if all you were given was:

a. the graph of the function y = h(x)
b. a formula for the function h(x)

4. v(t) gives the velocity of a particle at time t.  How would you compute the rate at which the velocity is changing at time t = 8 if all you were given was:

a. the graph of the function y = v(t).
b. a formula for the function v(t).

5. Given that a function y = T(t) has a critical value at t = 3, how could one determine whether T had a local maximum at that point if you were given the graph of y = T'(t)?

6. The temperature T of the soil is a function of both the time of day t and the depth h of the soil.  What mathematically gives the rate at which the temperature changes as you go farther and farther underground?

7. The velocity v of a particle as it moves through water is a function of the water's temperature T.  The temperature T is a function of the time of day t.  Use the chain rule to write an expression relating the rate of change of velocity with respect to temperature and the rate of change of the velocity with respect to time.

8. Suppose the temperature T (oC) of a gas is a function of time t.  If  lim 
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 T(t) = 5,   what can you say about the rate at which the temperature is changing for large values of t?

9. Refer to problem 6 above.  In words describe the following:  T'(t),  DhT

10. s(t) gives the postion of a particle at time t.  What would you need to do to find the velocity of the particle at time t = 5 if all you were given was:

a. the graph of y = s(t)
b. a formula for s(t).

11. The volume V of a gas is a function of time t.  Suppose  
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V'(t) = 0.

What does this mean in words?  Can you say anything about the graph of V(t)?

12. V gives the volume of a snowball of radius r; the snowball's radius r is a function of time t.  In words, what do each of the following represent?

a. DtV

b. d2V/dt2

c.  dV/dr

d.  dr/dt 
e. d2r/dt2
f. dV

g. 
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h.  
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i.  dt

j. dr

k. If r is measured in mm and t is measured in seconds, provide units for each of the expressions 12a through 12j.

l. Write down an equation which expresses a relationship between how the volume changes with respect to time and how the radius changes with respect to time.

13. The period P of a pendulum is dependent on that pendulum's length L.  In words what do the following represent?

a.  dP

b. 
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c. 
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d.  dL

e. 
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f.  If P is measured in seconds and L is measured in cm, provide units to each of the terms in 13a through 13e.

14. How would you find the critical values of a function y = F(x) if all you were given was:

a. a graph of the function y = F(x)
b. a graph of the function y = F'(x)

c. a formula for y = F'(x)
d. a formula for y = F(x)
 

15. How could you tell where a function y = G(x) was decreasing if all you were given was:

a. a graph of y = G'(x)
b. a formula for G(x)

16. How do you know when a particle is moving backwards if all you were given was:

a. a graph of its position function s(t)
b. a graph of its velocity function v(t)  

c. a formula for s'(t)

17. How do you know when a particle is accelerating (increasing velocity) if all you are given is:
a. a graph of the acceleration function a(t)
b. a graph of the velocity function v(t)

c. a graph of the position function s(t)

18. Given a formula for a function y = f(x), what would you need to do in order to find the equation of the line tangent to f(x) at x = 3.  Repeat the question if you are given a graph of y = f(x) instead of a formula.

19.  Suppose s(t) gives the position s (meters) of a particle at time t (seconds).

What are the units of v(t) and a(t)?

20. Suppose F(x) gives the magnitude of a force F (Newtons) acting on an object at position x (cm).  Give the units of the following:

a.  dF

b.  dx

c.  dF/dx
d.  dF/F
e.  d2F/dx2


21. Sketch the graph of a continuous function y = g(x) satisfying the following:


g(-1) = -2
g(3) = 4
g(4) = -2


g' > 0 on (-(, 3) (4, ()
g' < 0 on (3, 4)


g" > 0 on (-1, 3) (4, ()
g" < 0 on (-(, -1) (3,4)

Describe the behavior of your function at the points x = -1, 3, and 4.  (Indicate whether the following occur at these points: local or absolute extrema, inflection points, critical values, derivative not defined, derivative = 0.) 

22. Sketch the graph of a continuous function y = h(x) satisfying the following:


h(1) = 2
h(5) = -2



h' < 0 for all x


h" > 0 on (1, 5) 
h" < 0 on (-(, 1) (5,()

Describe the behavior of your function at the points x = 1 and x = 5.  (Indicate whether the following occur at these points: local or absolute extrema, inflection points, critical values, derivative not defined, derivative = 0.) 

1. The tangent will have negative slope wherever the function is decreasing.

2. In both cases compute (s(3.1) - s(3)) / .1.  However, we would need to get the values of s(3.1) and s(3) directly from the graph in part (a) and compute them using a formula in part (b).

3. In both cases compute (g(1.5) - g(1)) / .5.  However, we would need to get the values of g(1.5) and g(1) directly from the graph in part (a) and compute them using a formula in part (b).

(a. Sketch in the line tangent to the curve at the point x = 1.  Then estimate two points that lie on that line and use their coordinates to compute the line's slope.

(b. Compute h'(x).  then evaluate h'(1).

4. In both instances we want v'(8).   In part (a) sketch in the line tangent to v(t) at the point t = 8.  Then estimate two points that lie on that line and use their coordinates to compute the line's slope.  In part (b) we find v'(t) and then evaluate v'(8).

5. The graph of T' must be below the x-axis immediately to the left of t = 3 and above the x-axis immediately to the right of t = 3.

6. T'(h), the derivative of T with respect to h.

7. 
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8. nothing

9. T'(t) gives the rate at which the temperature changes with respect to changes in time.  DhT tells us the rate at which the soil's temperature changes relative to changes in the soil's depth.

10. In both cases we want s'(5). In part (a) sketch in the line tangent to s(t) at the 

point t = 5.  Then estimate two points that lie on that line and use their coordinates to compute the line's slope.  In part (b)  find s'(t) and then evaluate s'(5).

11. The rate of change of the gas' volume is converging to zero.  This tells us nothing about the graph of V(t).

12a. instantaneous rate at which the snowball's volume changes with respect to time

12b. average rate at which the snowball's volume changes with respect to time

12c. instantaneous rate at which the snowball's volume changes with respect to changes in the snowball's radius

12d. instantaneous rate at which the snowball's radius changes with respect to time

12e. average rate at which the snowball's radius changes with respect to time

12f. 
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13a. change in the pendulum's period


13b. relative change in the pendulum's period

13c. rate of change of the pendulum's period relative to changes in the pendulum's length

14a. Critical values would be at any location where the function's graph had a horizontal tangent, a vertical tangent, or a cusp or corner.  These points would include but not be limited to locations of relative and absolute extrema.

14b. Critical points could be identified as locations where the derivative's graph was either undefined or touched the x-axis.

14c. Solve F'(x) = 0 (which may involve having to graph y = F'(x) and looking for the points indicated in part (b)). 

15a. Find where the graph of F'(x) lies below the x-axis.

15b. Compute F'(x) and solve the inequality F'(x) < 0 (which may involve graphing y = F'(x) and seeing where it lies below the x-axis).

16a. Look for where the graph of s is decreasing.

16b. Look for where the graph of v is below the x-axis.

16c. Since s' = v we could either solve the inequality s' < 0 or graph y = s'(x) and see where the graph is below the x-axis.

17a. Look for where the graph of a is positive.

17b. Look for where the graph of v is increasing.

17c. Look for where the graph of s is concave up.

18. To compute the equation of the line we need to know the slope at x = 3 and the y-coordinate of the point on the curve at x = 3.  Then apply the point-slope formula for the equation of a line.  If given a formula for f(x) then the point would have coordinates (3, f(3)) and the slope of the line would be f'(3).  If given the graph of f(x), pull the y-coordinate off the graph and estimate f'(3) from the tangent line to the graph at x = 3 (see exercise ( up above).
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