
MATH 110/003 - Homework 6 - Solution

Problem 1

The distance covered on the runway by a plane which is about to take off is given by the function d(t) = t2

where t is measured in seconds from the moment the plane starts to move; and d(t) is measured in metres
from the starting point. If the takeoff speed of the plane is of 200km/h, at what distance from the starting
point does the plane take off?

Solution

The key to solve this problem is to realize that the instantaneous speed of the plane at time t is the absolute
value of the derivative d′(t) of the function d which gives the displacement of the plane.1

This means the velocity v of the plane is given by the derivative of the displacement, we obtain:

v(t) = d′(t) = 2t

Now, we would like to know at which time t the plane will take off. Before we move on, we have to watch out
for units here. The take off speed is given in kilometres per hour while the displacement is given in metres at a
time measured in seconds. Let’s decide to do everything in metres and seconds (you can chose to do everything
in kilometres and hours as well, both work perfectly fine). For this, we just need to translate the take off speed
of 200km/h into metres per seconds. We get:

200km/h = 200’000m/h =
200′000

3600
m/s =

500

9
m/s

So, for which value of t is the speed exactly the take off speed? Well, we just need to solve the equation:

2t =
500

9
⇐⇒ t =

250

9
= 27.7

This means that the plane will take off after exactly 27.7 seconds.

Note: since the velocity is given by the function v(t) = 2t we can see that it will be positive for any positive
value of t hence it will equal the speed. So, somehow everything works out great here if you ignore the difference
between speed and velocity, but it might not always be the case.

1Physicists make a difference between the velocity and the speed. Recall that the velocity can take negative values, signifying
that the object is moving backwards with reference to the chosen set direction, while the speed is always positive, being the absolute
value of the velocity.
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Problem 2

The floor of a square room is to be tiled with black and white tiles according to the pattern showed in the
figure here below.

Both white sections are themselves square and the larger white square has exactly eight tiles more on each
side than the smaller one. If 1000 white tiles are needed in all, how many black tiles are required?

Solution

What makes a problem like this difficult at first is to chose good variables. If we use a variable L to denote the
number of tiles lining one of the side of the room (the room is squared, so which side we pick doesn’t matter),
what will we do with this? Hard to go anywhere from there.
What seems to be a better idea, is to give a name to the number of tiles lining the sides of one of the white
squares. Let’s decide to denote by W the number of white tiles lining the side of the larger white square. Since
we’re told it has exactly 8 more tiles on each side than the smaller white square, the number of tiles lining the
side of the smaller white square must be W − 8.

Using this, we can now use the other information, that there are a total of 1’000 white tiles, to write an equation
which will allow us to find the value of W . Indeed, there are clearly W 2 white tiles in the larger white square and
(W − 8)2 white tiles in the smaller white square, hence it must be true that

W 2 + (W − 8)2 = 1000

Let’s solve this equation:

W 2 + (W − 8)2 = 1000 ⇐⇒ W 2 + W 2 − 16W + 64 = 1000 ⇐⇒ 2W 2 − 16W − 936 = 0

2W 2 − 16W − 936 = 0 ⇐⇒ W 2 − 8W − 468 = 0 ⇐⇒ (W − 26)(W + 18) = 0

The solutions of this equation are thus W = 26 and W = −182. Since W denotes the number of tiles on the
side of the larger white square, it has to be a positive number, hence we can discard the solution W = −18 and
conclude that there are 26 tiles on the side of the larger white square (and thus, 18 tiles on the side of the smaller
white square).

This allows us to finish the problem. Indeed, it is now clear that the room has 26 + 18 = 44 tiles along its sides,
which means there is a total of 442 = 1936 tiles in total. Since 1’000 of these tiles are white, there must be 936
black tiles.

2If you were stuck with W 2 − 8W − 468 = 0, you can also use the quadratic formula to find the solutions.
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