
Merit Calculus 1, Fall 2009, Worksheet 13

Note: There will be a Math 221 quiz at the end of today’s Merit meeting. This quiz will
cover sections 3.5-3.8.

Hints for Related Rates Problems (from Dr. Whittlesey’s webpage):

(1) Draw a picture and give names to all quantities involved.

(2) Which rate do we want? Which rate do we know?

(3) Find relationships between the quantities that are true for all times in the problem.

(4) Take a derivative with respect to time (usually) of both sides of every relationship.

(5) Plug in the specific values for the moment in time we care about. Do not do this step
early.

(6) Solve for the rate we want. Does this answer make physical sense?

Problem 1. A plane flying with a constant speed of 300km/h passes over a ground radar
station at an altitude of 1km and climbs at an angle of 30◦. At what rate is the distance
from the plane to the radar station increasing 1 min later.

Problem 2. A lighthouse is located on a small island 3km away from a straight shoreline.
The nearest point on the shore to the lighthouse is Bob’s Bait Shop. The lighthouse’s light
makes four revolutions per minute. How fast is the beam of light moving along the shoreline
when it hits the point on the shore 1km from Bob’s Bait Shop?

Problem 3. A ladder 41 ft tall that was leaning against a vertical wall begins to slip. Its
top slides down the wall while its bottom moves along the ground at a constant speed of 4
ft/s. How fast is the top of the ladder moving when it is 9 ft above the ground?

Problem 4. Suppose an ostrich 6 ft tall is walking at a speed of 4 ft/s directly towards a
street light 12 ft high. How fast is the tip of the ostrich’s shadow moving along the ground?
At what rate is the ostrich’s shadow decreasing in length?

Problem 5. A circular oil slick of uniform thickness is caused by a spill of 1,000,000 cm3 of
oil. The thickness of the oil slick is decreasing at a rate of 0.1 cm/hr. At what rate is the
radius of the slick increasing when the radius is 8 m?

Problem 6. A conical water tank has radius 160cm and height 800cm. Water is running
out of the tank out of a small hole at the tip (at the bottom). When the height h of the
water in the tank is 600cm, what is the rate of change of its volume with respect to h?



Problem 7. There is a function f(x) about which you have limited information – for some
values of x it is easy to find f(x) but for others it is a real nuisance. You know the following
pieces of information:

f(2) = 3, f(5) = 7, f ′(2) = −1.

Sketch as much of a graph of f(x) as you can.
What is the equation of the tangent line to f(x) at x = 2? Add this tangent line to the
sketch from above.
Can you estimate the value of f(2.2)? If so, how? Can you estimate the value of f(9)? If
so, how?

Problem 8. What is the equation of the tangent line to f(x) at x = x0? This is called the
linearization of or the linear approximation to the function f(x) at x = x0.
What is the linear approximation to f(x) = x2+1 at x = 1? Draw a graph showing both f(x)
and its linearization. Use the linearization to estimate f(0.9), f(1.1), and f(2). Compare
these to the actual values.

Problem 9. What is sin π
6
? What is the equation of the tangent line to y = sin x at the

point x = π
6
?

Note that π
6
≈ 0.52. Estimate the value of sin 1

2
. How does this compare with the answer

your calculator gives you?
Use the linear approximation to sin x at x = π

6
to estimate the value of sin 10. How does this

compare with the answer your calculator gives you? Draw a picture that explains where the
estimates for sin 0.5 and sin 10 come from.

Problem 10. What should the values of cos x be close to when the values of x are small?
Check your guess by finding a linear approximation of f(x) = cos x about x = 0. Do you
notice anything peculiar? Why did this happen? (What’s special about the point x=0 for
cosine?)

Problem 11. Use linear approximations to estimate the value of 3
√

1001. (What function
and what center point should you use?)

Preparation for next time

Read Section 4.1


