Calculus 1 Section 4-8: Optimization

Question 5

A square and an equilateral triangle are to be constructed from a single wire 100 cm long. The square and
the triangle do not overlap. How much wire should be used for each shape in order to minimize the total

enclosed area?

Square Equilateral Triangle
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Calculus 1 Section 4-8: Optimization

Question 5 - Solution
Let:
x = length of wire used for the square, 0 < x < 100

Then:
100 — =z = length of wire used for the triangle

Step 1: Expressions for Area

Square:
Let s = 7 be the side of the square. Then area of the square is:

2
As uare — ? = (E) = T4
a *=\1) T 16

Triangle:
Let each side of the triangle be ¢ = 100%. Then area of equilateral triangle is:

V3., V3 /100—z\> V3 )
Atriangle - Tt = T ( 3 ) = 36 (100 — l’)
Total Area: 2 3
T 3
A(x) = ~—(100 — z)?
(z) 16—|—36(00 x)
Step 2: Minimize Total Area
Differentiate: 3
ey = Lo~ V300 =
A(x) = 55T 13 (100 — )
Set A'(x) = 0:
1
—x= ﬁ(lOO—x) = 18z = 8V/3(100—x) = 18z = 800v3—8V3z = (18+8V3)z = 800vV3 = = = _800v3_
8 18 18 +8V/3

Rationalizing denominator:

800v/3(18 —8v/3)  800v/3(18 — 8v/3) _ 800/3(18 — 8v/3)

(18 +8v/3)(18 — 8v/3) 324 — 192 132

Approximate:

x ~ 43.5 = Use about ‘43.5 cm for the square ‘, ’ 56.5 cm for the triangle‘

Step 3: Justification for Minimum

We compute the second derivative:

1. V3
A// — v
(x) 8+18 >0

Since A”(x) > 0, this critical point gives a local minimum.

The wire distribution minimizes total area.
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