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# 1 Q U E S T I o N S # 3 s o L UT'O N First, we need to calculate the distance between the

skylight and the sun. We can use the Pythagorean

: Suppose your room is 10 feet wide, 12 feet long, and 8 theorem to find the distance:
Have you ever woken up to a dark and gloomy morning,

wishing you could have more sunlight in your room? In this S ] .
project, we will use multivariable calculus to determine the maximize the amount of sunlight that reaches your bed in

optimal placement of a skylight in your room to maximize the morning. The skylight has a diameter of 2 feet and is where (25, s, 25) represents the position of the sun.
the amount of sunlight that passes through it and reaches located 4 feet from the wall on one side of the room. The In this case, we know that the skylight is located 4
your bed in the morning. sunrises in the east and sets in the west, and the skylight feet from the wall on one side of the room, so we can

is facing directly upwards. We want to find the optimal assume that it is located at (4, 0, 8) (since the
skylight is facing directly upwards). We also know

feet high. You want to place a skylight in the ceiling to
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r=+/(z - x5)? + (¥ — ¥s)* + (2 — 25)

location for the skylight to maximize the amount of

that the sun rises in the east and sets in the west, so

sunlight that reaches your bed.

we can assume that it is located at (0,0, 0) (the

origin).

#2 EXPERIMENT
DESIGN

Suppose your room is 10 feet wide, 12 feet long, and 8 feet
high. You want to place a skylight in the ceiling to maximize
the amount of sunlight that reaches your bed in the
morning. The skylight has a diameter of 2 feet and is
located 4 feet from the wall on one side of the room. The

Using these values, we can calculate the distance

between the skylight and the sun:

r=1/(4=0)2+(0—0)% + (8- 0)% = v/80 ~ 8.94 feel

MNext, we need to calculate the angles # and ¢. We

can use trigonometry to find these angles:
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: : . , : f = tan~! (u)
sunrises in the east and sets in the west, and the skylight is

facing directly upwards. We want to find the optimal

¢ =tan (o2t
location for the skylight to maximize the amount of Vi(zs Ya—1)
sunlight that reaches your bed. In this equation, /represent the intensity of the sunlight, lainigifaeserpalaes weicaniealolate tieang es:
x, y, and zrepresent the coordinates of the skylight, S 0 = tan~! (3=¢) = tan"}(—0) =0
represents the solar constant (the amount of energy that
the sun emits per unit area), rrepresents the distance
between the Sl’(yllght and the sun, 6 represents the mgl—e I-'inﬂ]ly, we can use the equation we derived earlier

TR 0-8 — gam =l AN ol
¢ = tan (—\l{[] BT ”]__,) tan™"'(—2) 1.11 radij

between the sun and the skylight, and ¢ represents the to calculate the intensity of the sunlight:

angle between the skylight and the ceiling. B4 B L 8L _ S cog(9) cos(d)

Plugging in the values we calculated, we get:

Al ar , oI _ 1361 W/m2 i _ .
=t et E ="/ cos(0) cos(—1.11) =~ —16.8 |

This negative value means that the intensity of the

sunlight is decreasing as we move in the direction of

the skylight. This is because the skylight is not

optimally placed to maximize the amount of

sunlight that reaches your bed.
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