
3.71 Optimization Problems (Ward Problems)

Strategy

" Read of Under stand the problem

2. Draw diagrams, graph if possible

3. List variables, constants, ete. Create
variables it needed & solve

4. Decide which governly equationg touse

5. substite variables to simplity the problem
to a single en and one dependant variable

6. Use exterma tools to optimize the egh.

7: Answe the question



EXI Find the minium vertical distance between
Two parabolas:

? Diagram V (x) = 1, (x) - 12 (x)

1
- 1

? x= independ. var , V= dependent

V (x) = y, (x) - Yz (X)

=(x2+1) - (x-X')

(x) = 2x2-x+11 minimize this egn

V ' ( x = 4 x - 1
0  =  4 x - 1  =

u " ( x )  =  4 > 0 50

absslute min.

x = %  c r i t i c l  p o i n t

concare Up (minimum)
v (x)

?v(4)=2(4)-4 +1 1

a n s .

most min
vertical
distance

better cunes.
LoS.



An opentop box must contain 32l of liguid
The bare must be square. What should the
dimensions be of the box so that the construction

mater ia l  i s  m in imized  ?
-  3 2 l =32000 cm 3

b

Qwhich uses lessmaterial to constuct?

h=height, b= base, S= surface area
5 = 4sides + 1 base = 4hb+b"

* We desire to minimize 5* Iwe need a relationsbetwea b5.

use volume do connect bih:
V = Base: height

fixed.
amount

?  S o l v e  f o r  b =  y o

? Subst i tu t io :

S ( b , h )  = 4 4 6 + 6 °
5 ( h = 4 h . "'+ Vo

minimize
this



? Set to0 :0 = 2  5 - T

W e  a l s o n e e d  t

? answer the quest

? h= 3/32000 ==358000=3/2310°= (20)

?b=/32098=11600 =547105=410-40

Afcube!!

2 0

40 - 4 0



* Bu siness Application.

? Cal = cost function, it is the functio
that yeilds the cost of having produced
X widgets cars, phones, pencils, drugs!

? C'(x) = margined cost function, it is
the rate of change of the cost function
but it is also an approdimation of the
unit cost dC(x) =d x AX

(5)

? p(x) = sell price per unit that the
company charges for the next unit
AFTER the tith unit is produced

? R(x) = total revenue I cash intake]

after selling X unitsI sell price per unit
R(X) = X?P (x)

- Tnumber of anits sold

? R'(X) = mar inel rev. funct, the revenue/unit
selling the ath unit. a DR/Ax



? PIx) = total profit received after

selling x units.
? P(x)= R(x) -C(X)

| I (x) = x p(x) - C(x))

? P'(x) = margiel total profit, an approximate

of the unit profit afte we have
sold x units.

? Ausage Prof i t  /un i t  =  P(x)X

? Average Cost /unit
c(x) = (x)



Lexi show that if the ave. cost is at a

minimum then the margined cost is equal
to the ave. Cost.

C ( x )
? avecost = c(x)=-

? marginal cost = C(P)

If are cost = minimum
them C'(x) ? C(x)

show this is the case

? ave cost = minumum
we need d! (C(X)x) = 0

Apply the goutient rule
C': X-(x) C(X)

=
d x

C ' = . - Q E D .



Lext let C(x) -16,000 +200x + 4,23/2

startup costs
unit cost

maintanence costs.

(a) Find the cost, are cost & marginal cost
after producing the 1000t unit.

? C(x)).11000=16000 +200 (1000) +4V(000) 3

=1 6000+200000 +40000 STu

= #342,4911

? are cost C(x) =C(1000) #342.49/unit
1000

?marg. cost = C'.1000=0+200+4.Zx"2
=200+651000 219389,74 unit

(b) What production level minimizes the
average cost?

? ave cost ((X)

? min is when



E Cont. C(x). 16000+200X+4X%2
C(x) =16000 x+200 + 4x1

From the previous Exl we shawed that the

min. are cost happens when it is equal
to the margine cost. @ the optimal
production value, x.

So instead of minmity Sly) we set it
egual to C'(x):
? C'(x) = 200+65x

But C' (x) = C(X) at the minimam

200+6x43=16000" +200+4×42

(6-4) x*2=16800 x' 7 * X
3/22 x = 16000
3/2 =8000
X =(4(8000))°
x = ( 2 0 ) }

min. are cost.
x=400 units



Pot whats the are cort at the optimal pads?!
At x=400 unils procued

((400): 16000+200-400 +4 400)'

128,000

?  a v e  c o s t  C ( 4 0 0 )  =
128,000

4 0 0
400

320/unit


