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(a) We need to maximize the profit function, P(z,y,z) = 4z + 8y + 6z, on the

(b)

constraint z2 + 4y? + 222 = 800. To use Lagrange multipliers, we define a new
function h(z,y, z,\) = 4z + 8y + 62 — X (z2 + 4y? + 222 — 800). The constrained
critical points of P are the critical points of h. Now h, = 4 — 2Az, h, = 8 — 8y,
h, = 6—4Xz and hy, = —(z?+4y*+222-800). We put hy, = h, = h, = hy, = 0. The

first equation gives z = 3 the second gives y = X and the third gives z = ;’—)‘
The fourth equation now becomes 800 = (2)2 + 4 (1)2 + 2 (1)2 = ﬁ

A A 2 2 )2
so that A\? = 122 5 and A = 3 (we chose the positive root since we want a

maximum). Hence the only suitable constrained critical point is (16,8,12) and
the corresponding profit is 4(16) + 8(8) + 6(12) = 200 thousand dollars.

Now the constraint equation is z? 4+ 4y% + 222 = 801 and the first difference

25
in solving occurs when solving for A, where we now have 801 = —. Hence,
A 0.12492, x ~ 16.009997, y ~ 8.004998, z ~ 12.007498 and the maximum
profit &= 200.12496. Now the increase in profit is = 200.12496—200 = 0.12496 = A.

As you see from this calculation, the Lagrange multiplier A is the instantaneous
rate of change of the profit with respect to a change in the constraint.

(b)

To find the maximum production level we need to maximize f(z,y) = 100 T1ys

subject to the constraint g(z,y) = 150z + 250y — 50,000 = 0. Again we will use

Lagrange multipliers. We put h(x,y, A) = 100 ziys — ) (150z + 250y — 50, 000).

Now hg = 7523 yi — 1507 = 0, by, = 25a% y~% — 250\ = 0 and hy = —(150z +

250y — 50,000) = (. Clearly z # 0 and y # 0 or else there is no production.
1 1

. T 3 yZ
From the first equation we get A = .

After substituting for A in the

second equation we get x = 5y. Now the third equation gives 150(5y) + 250y =
50,000 = y =50 = z = 250. Hence f(250,50) ~ 16718.5076.

Since there were only finite resources, there must be a maximum production level,

hence we have found it. The maximum production is 16,18 units.

~1 1
T 1ys

From part (a) A = . When z = 250 and y = 50, the marginal productivity

(250)~4 (50)4

of money is A = = 0.33437. For each additional dollar spent on

production, an additional 0.33437 unit of product can be produced.

END



