Garden Shed Solution
According to the question, four pieces of the same length wood and one piece of a different length make up the roof of a garden shed.

Finding the center beam requires simple subtraction. We know that the length of the entire roof is 300 cm and the two red lengths are 120 cm, and the angle between the black line and red line is 90 degrees. From this, we can deduce:
. 

Notice that a dashed orange line has been drawn. Because we now know that the angles between the orange line and black line are 90 degrees (a line is of angle 180 degrees), we have created a rectangle. This means that the orange length will be equal to the wooden beam.

So in order to find the wooden beam, we need to find the orange length by subtracting the entire length of the roof by the red lengths:

300 - 120 - 120 = 60 cm

Let's revisit the fact that there is a 90 degree angle between the length marked in red and the length marked in black. If we were to draw a line to connect the ends of the red line and black line, then we would create a right-angle triangle. The height of the roof, or the lengths marked in black, were specified to be 60 cm:

Now we can apply the Pythagorean Theorem to find the blue length:

a^2 + b^2 = c^2.

a = 60, b = 120, c = blue length

60^2 + 120^2 = c^2

3600 + 14400 = c^2

18000 = c^2

sqrt(18000) = c

60 sqrt(5) cm = c

Seeing the diagram, the angle between the blue line and the side of the roof is also 90 degrees, so we have created another right-angle triangle of the blue line, the slanted wooden beam, and half of the roof's side. Since we know that the blue length is 60 sqrt(5), and half of the roof's side length is 240/2 = 120 cm, we can once again use the Pythagorean Theorem in order to find the slanted beam's length:

a = 120, b = 60 sqrt(5), c = beam length

120^2 + (60 sqrt(5))^2 = c^2

14400 + 18000 = c^2

32400 = c^2

sqrt(32400) = c

180 cm = c

This brings us to our answer for the first question of the problem. The total length of wood needed to make the five main beams for the roof is:

(180 x 4) + 60

= 780 cm
The second part of the problem asks whether we can reduce the amount of wood needed by changing the lengths marked in red. To test this, we only need to check two values of the red length at most – one greater and one less than the current length.
The two values I chose to use are 100 and 150. This exact process of using the Pythagorean Theorem must be repeated with both cases.
Reducing the red length to 100:
First find the center beam's length by subtracting the total length of the roof by the new red lengths.

300 – 100 – 100 = 100 cm
Next, find the blue length.

a = 60, b = 100, c = blue length

60^2 + 100^2 = c^2

3600 + 10000 = c^2

13600 = c^2

sqrt (13600) = c

20 sqrt(34) = c
Then find the slanted beam length:

a = 120, b = 20 sqrt(34), c = beam length

120^2 + (20 sqrt(34))^2 = c^2

14400 + 13600 = c^2

28000 = c^2

sqrt(28000) = c

20 sqrt(70)
Finally, find the total of all the beams.

(20 sqrt(70) x 4) + 100 = 769.3 cm (4 sf)
769.3 cm < 780 cm
In this case, we have already found one example where you can reduce the amount of wood needed, which means we do not need to test the other value out.
Therefore, you can reduce the amount of wood needed by changing the values of the red lengths.
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