
Merit Calculus 1, Fall 2009, Worksheet 11

Reminders: The last twenty minutes of today’s class will be a quiz on differentiation that
will count towards your Math 221 grade.
If you have any queries about how your exam was graded, they should be submitted by
Thursday.

Problem 1. Find an equation of the line tangent to the graph of x2 + (y−x)3 = 9 at x = 1.

Problem 2. Use implicit differentiation to find the derivative of y = ln x (for x > 0).

Problem 3. What is the relationship between ex and ax (where a > 0 is a constant)?
(Hint: e? = a.) Use this to find the derivative of ax.

Problem 4. What is the relationship between ln x and loga x (where a > 0 is a constant)?
Use this to find the derivative of loga x.
You could also use your result from the last problem to solve this problem. How?

Problem 5. Differentiate the following functions:

ex
2+1, (x2 + 1)7, (x2 + 1)x

2+1

Problem 6. Differentiate the following functions

(a) y = x1/x for x > 0 (b) y = (cos x)x for |x| < π
2

(c) y = xsinx for x > 0

(Hint: your first step should be to take the natural log of both sides of the equation.)
Why are there restrictions on what x we consider? What types of functions do you differen-
tiate using logarithmic differentiation?

Problem 7. Why would you expect the rate of population growth to be proportional to the
population? What model does this suggest for population growth and why?
In 1750, the world’s population was roughly 790,000,000. In 1850, the world’s population was
roughly 1,260,000,000. Use this to estimate the world’s population in 2000. Is this accurate?
Can you explain the discrepancy? What was wrong with your model for population growth?
In 2000, the world’s population was roughly 6,080,000,000. In 2008, the world’s population
was roughly 6,707,000,000. Use this to estimate the world’s population in 2030.

Problem 8. Your intestines are (probably) hosting some Escherichia Coli bacteria at this
very moment. In a suitable environment, a cell of this bacterium divides into two cells every
20 minutes. Let’s say the initial population is 60 cells.



a. Find the relative growth rate.

b. Find an expression for the number of cells after t hours.

c. Find the number of cells after 8 hours.

d. Find the rate of growth after 8 hours.

e. When will the population reach 20,000 cells?

Problem 9. Carbon-14 has a half-life of 5,730 years. What does this mean?
A parchment fragment is discovered that has 74% as much Carbon-14 as does plant material
on the earth today. Estimate the age of the parchment.

Problem 10.

Find the slope of the tangent line to the curve x3y − 4
√

x = x2y at the point (2,
√

2).

Problem 11. I heard on the radio that the number of newly laid-off workers signing on for
unemployment benefits decreased for the third straight month. If W (t) is the number of
people employed at time t, express the above statement in terms of derivatives of W (t). Is
this good news or bad news?

Problem 12. The biggest challenge in computing the derivatives of
√

(x2 + 4)(x3 − x + 1),
(x2 + 4)

√
x3 − x + 1, and x2 + 4

√
x3 − x + 1 is knowing which rule (product, chain, . . . ) to

use when. Discuss how you know which rule to use when.

Problem 13. Find the derivative of

y =
4

√
x2 + 1

x2 − 1
.

There is a faster way of doing this than using the chain and quotient rules, using ideas from
this worksheet. What is this faster way and when is a problem suited to using this method?

Problem 14. How long will it take for an investment to double in value if the interest rate
is 6% compounded quarterly?
How long will it take for an investment to double in value if the interest rate is 6% com-
pounded continuously?

Preparation for next time

Read Section 3.7. Also, you will be filling out (anonymous) Informal Early Feedback forms,
so think about whether you have any comments to make about how things are going in this
class.


