Quiz 13 MA 16020 Nick Egbert

Instructions. Show all work, with clear logical steps. No work or hard-to-
follow work will lose points.

Problem 1. (10 points) A rectangular building with a square front is to be
constructed of materials that costs 19 dollars per ft2 for the flat roof, 11 dollars
per ft2 for the sides and the back, and 13 dollars per ft2 for the glass front. There
are literally no other costs associated with constructing this fictitious building.
If the volume of the building is 5,600 ft3, what dimensions will minimize the
cost of materials?

Solution. Let’s draw a picture to represent the building described.

Then our constraint is V(z,y) = 2%y = 5600, and the function which we
want to minimize is cost. The cost is given by

N =~
top left /right back front

= 41zy + 242>

C(z,y) = 192y +2 - 1lay + 1122 + 1322

Using the method of Lagrange multipliers,

Cp =41y + 48z = X2zy = AV, (1)
C, = 4lx = \x? = \V,. (2)
Using (2), we have
0= A" —4lz
= z(Az —41),

which gives either x = 0 or Ax = 41. We can’t have = = 0 because this would
give us V = 0. Using Az = 41 in (1),

41y + 48z = 2(\z)y
Aly + 48z = 2(41)y

48z = 41y
41
T =—y.
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Using this in our constraint equation, we get

z%y = 5600

41 \?
— = 5600
(3v) v

a1
. 48\ ?
— ¢[5600 ( =
o=l (7)
y =~ 19.7258.

Finally, using the boxed equation for z above, we find

41

z ~ —(19.7258) ~ 16.8491. O
48

Remark. You didn’t have to do this with Lagrange multipliers. This problem is

actually doable with one-variable calculus. We can solve the constraint equation

for 3. Note that z # 0 since we have 2%y = 5600. This gives us

5600
- =

x

Plugging this into our cost function, we get

C(z) =41z p600 + 242?
22

229600
="+

2422,

If we calculate C’(x) and set this equal to 0, we will find the = at which the
minimum occurs, and then we can use this to solve for y.



