
Review Problems 2: Applications

I Exponential Growth • II Related Rates • III Optimization

I Exponential Growth

If the rate of change of a function y(t) is proportional to its size, then it satisfies the differential equation y′ = ky

for some constant k. The solution to this differential equation is y(t) = Cekt, and that’s why we say such a
function grows (or decays, if k < 0) exponentially. It’s good to understand this, and in Q5 you’ll actually need
it. But in the typical radioactive decay or population growth problems, you can just set your function to be of
the form y(t) = Cekt , and solve from there. Newton’s Law problems are slightly different, because then the

function should look like T (t) = Ts + Cekt , with Ts the temperature of the surroundings.
I think it’s best not to try and remember what C and k might be, because that can be confusing; you can just
solve from the given information.

1. A radioactive substance has decayed to 90% of its original amount after two days. De-
termine the half-life of the substance.

2. In the year 2000 city A had a population of 2 million while city B had a population
of 4 million. By 2008 the population of city A had risen to 2.5 million while city B’s
population had decreased to 3.5 million. Assuming that for each city the rate of change
of the population is directly proportional to its current population, calculate when the
cities will have the same population and what that population will be.

3. A turkey is put into an oven that has a constant temperature of 200◦C. A thermometer
embedded in the turkey registers its temperature. When the turkey is first put in the
oven, the thermometer reads 20◦C, and 30 minutes later it reads 30◦C. If the turkey is
ready to eat when the thermometer reads 80◦C, how long will the turkey have to be in
the oven before it is ready to eat?

4. A cup of tea, initially at 95◦C, is in a 20◦C room, and obeys Newtons law of cooling.
When the coffee temperature is 70◦C, it is decreasing at a rate of 1◦C per minute. When
does this occur?

5. A curve passes through the point (0, 5) and has the property that the slope of the curve
at every point P is twice the y-coordinate of P . What is the equation of the curve?

II Related Rates

6. A street light is mounted at the top of a 4m-tall pole. A person 1.60m tall walks away
from the pole at a speed of 2m/s along a straight path. How fast is the tip of the person’s
shadow moving away from the pole when the person is 12m away?

7. Suppose a dog is walking west towards a fence (which runs directly north-south) at a rate
of 5

2
m/s. Hardeep is playing an odd game (he’s a mathematician) with the dog where

he walks/runs north along the fence so that the area of the right triangle formed by his
position, the dog’s position, and the fence stays constant. If the area of the triangle is
always 30m2, at what rate is he moving north when the dog is 5m from the fence?

8. A leaky water tank in the shape of an upside-down cone has depth 5m and top radius
2m. When the water in the tank is 4m deep, it is leaking out at a rate of 1/12m3/min.
How fast is the water level in the tank dropping at that time?



9. A cylindrical tank has (horizontal) cross-sectional area 10m2. It leaks water at a rate of
20m3/min. At what rate does it need to be filled in order that the height of the water
increase at a rate of 2m/min?

10. A pendulum has length 2m. At a moment when the pendulum makes an angle π/4 with
the vertical, that angle is changing at a rate of 1/2 rad/s. How fast is the height above
ground of the (end of the) pendulum changing at this moment?

11. A policeman is standing 10m from a highway using a radar gun to catch speeders. He
aims the gun at a car that has just passed his position, and when the gun is pointing
at an angle of 45◦ to the direction of the highway, the gun measures that the distance
between it and the car is increasing at a rate of 100km/h. How fast is the car travelling?

12. A lighthouse is located on a small island 3km away from the nearest point P on a straight
shoreline and its light makes four revolutions per minute. How fast is the beam of light
moving along the shoreline when it is 1km from P?

13. A runner sprints around a circular track of radius 100m at a constant speed of 7m/s. The
runner’s friend is standing at a distance 200m from the center of the track. How fast is
the distance between the friends changing when the distance between them is 200m?

III Optimization

14. Find two numbers whose sum is 20 and whose product is as large as possible.

15. An open-top box is to be made by cutting small squares of the same size from each corner
of a square sheet of tin with sides 12 inch, and bending up the sides. How large should
the squares cut from the corners be to make the box hold as much as possible?

16. Find the dimensions of the isosceles triangle of largest area that fits inside a circle of
radius 1. (A triangle is isosceles if two of its sides are the same length.)

17. When a fish swims upstream for t hours at speed s, relative to the water, the total amount
of energy it expends is approximately equal to ks3t for some constant k. Assume that
salmon swim in a way that minimizes the total energy expended.
How long will it take a salmon to go 240 km upstream against a steady 6 km/h current?

18. Find the shortest path that goes from the point (0, 1) to the x-axis and from there to the
point (2, 3).

19. We’re folding a paper sheet that’s 12 by 8 inches. We do this by taking a corner, moving
it over to some point on the opposite 12 inch side, and creating a straight fold. What is
the minimum length of such a fold? (For a picture see Stewart, p.331, # 65. )

20. A woman at a point A on the shore of a circular lake with radius 2mi wants to arrive at
the point C diametrically opposite A on the other side of the lake in the shortest possible
time. She can walk at the rate of 4mi/h and row a boat at 2mi/h. How should she
proceed? (For a picture see Stewart, p.330, # 46. You’ll have to puzzle with the angles a bit.)

21. A 2m high fence is located 1m away from a wall. Find the length of the shortest ladder
that can extend from a point on the ground over the fence to the wall, resting on the
fence. (Hint: Use the angle between the ladder and ground as your main variable)


