Marginal Cost and Revenue ... Set 8
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Meathewmotics (AH"NA‘\’WQ) = / nstontanesus rate
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(mara;hm|> - (dtr.nlﬁ"’;\le)
a) Cex): cost N C,'(x) = w\orjiv\a‘ cost

[
b) Rw) : revenve —> R(X) z Marj;v\o-l revenve

) Po): peft — P't)t) : warginal profit

A mo.rs}nal wmay be used to find an estimote for o funetion value.
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£ o)z lim Floth)- feo)

b) Let, hzl. Then,
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floy x ftoxl) - £co)
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Ex. CeX) ¢ the cost of ProAuc—'wb % chonls 1n dollors.
\rb*)

Clx) = pBoo+ TX - o.04 x*
| o) What s the cas+ of ProAuo'\nj 200 chaonrs ?

2
az2ee ! C(200): 25604+ (5)(R0e) - 0.04 (ce)

E‘zw) * $),900)

Nomely, ¥ costs $1,90 o preduce 266 chairs.

L b)) Find W\GTS‘\V\&\ cost fuac.'l’ion.

(..’(X): S-a.cM (2,(3
o0 5 -0.08% |

¢) Find and ih'h\'rrb‘} the wmarginal east when the praduction
1S 206 cloirs.
c'(ao0)= S - 6.08 (poe)
e AP

@ Nowmetly, To woke gne work choil our cost decrenses
Lj $|l.

d)  Fad an esHmote for the cost of Prﬁdud ~9 a0\ chaics.

clrol) & clRen)+ c'(ae0)
= \dece = 1|
| - [$y,e89)
@) Find tu exact cost of prducing 201 chairs.
C (2e1) = 2Sae 4 (S)(Rol)- any (201) = * I 888,‘19;)
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Definition of marginal

Marginal refers to an instantaneous rate of change, that is, a
derivative.

!
marginal cost = the derivative of the cost function ; CO)
marginal revenue = the derivative of the revenue function 3 R'(x)
marginal profit = the derivative of the profit function. : P’(x)

J

If f(z) is a function of z, the derivative (or marginal f) tells us
how f(z) changes if z changes a little.
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x Iwhich is the exact cost to produce the (z + 1)st un@ cslimalt, for
) MO

Marginal cost, revenue, and profit

Marginal Cost
The marginal cost function is just the derivative of the cost
function. In business, we use marginal cost C/(z) to_approximate
the exact cost to produce the (z + 1)st unit. S i
e ( ) find on eshmate
Recal\
Why does the approximation work? -Becatise
C(z+ h) — C(x)
h
and when h = 1, the difference quotient equals
T ——————— I ———

clxer) —cof lc_(xu)z cex) ¢ oo
s 1

12
—‘

7 — l
i L

c’(x) &

'rl'slnw\A ’ p
. Y G(x) is o-ffﬂndmo.h\j the odditional cost fo rfbo\dcc'HlL (ke ) st
o onit,
cClas) = (scoo+a0 (\oo) —a.05 (lee) -
= $ \b'gbo
Example: cel) 2 (85es +80 =
Let X
‘ C(z) = 10,000 + 90z — .05z7 I
be the total weekly cost (in dollars) of manufacturing z fuel tanks
for cars. c (101)% ¢ (1ea)
+ cCios)

*

W shovld\ The aaditional cost o prduce the 161-st fuel tank is
reod appraximately $80,

Compute the marginal cost function and use it to approximate
the exact cost to manufacture the 101st fuel tank.

Marginal cost function:E?’(:n) = 9o-eo.s5 (21‘)l= [:{"“ °"°’U

Marginal cost at z = 100: C'(100) = Ao - o .8 (100) = Qo -10 = do
‘FVCI
'Summary: It costs approxxmately $80.00 to produce the 101st teank

!fue[ tank. WRON G !

300
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Example continued

The marginal cost function:

P~
C(r) = looce +90X -0.03 X

[o@

90 — .10z k

Is the cost of a fuel tank increasing, decreasing or remaining the

same as x increases?

ACC\'CAS;uj b/, we subtract frm 9o,

the (2 -+ 1)st tank.
o the first ta osts about

arginal cost function C’(z) gives the (approximate) cost

See belw TN

(cor=<ae |

Fojg, 202,

Second tank cost about

->¢.°s

Appareatly the cost to produce the (z 4 1)st tar?l?

Ter &

“‘
IS 3

16,089

301

C XYy = lodod QY ~5.05 *%® \

|

Example continued

& x)< -8R

Compute and interpret C/(200):

$‘lo (431

c’('loo) =906 -o-lo (200) :'

foel Tank

e, th oddifionol costte
preduce the 201-s% fuel tank

is $10.
Compute and interpret C’(500):

(5602 Ab - b-10 (Sa0) = 4 Mo per
foel tank

.k

toe Sol- st fuel tankis fue.

<

1. € (o) = leosn $ , fixed st

n. (_'(o): $‘lo per fuel tank.
i.e, the additienal cost t6 wal
fomk '\s 5‘\6.

Thes, cQ)2 cla)rc/(e)

, tha odditianal cost to rmduq_

loocen + 40

e the ls+

$|o,4c\°||

i-e, it casts arpmx;mo.'\'t\_j $14
Pfg&uq, M ‘S" "ﬁ“k-

T R T
cle) = ae - ouio (1) z[$84.0

e the additional cast Prbé
YonkK 15 24 .4¢,

¢ tays ea)pcler)=1s081

?

p, 090 To
lo,a&ﬂ.‘\ﬁ

uce.‘ﬂm.l-s.

4S5 + 8494

P
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2

Example continued

Reordering to approximate total cost of z 4+ 1 units from the
total cost of z plus marginal cost:

C(z) =C=+1)-C(z). V

Clz+1) = C@)+ Cz). Vv
Confirm that C(100) = $18500 and recall that C’(100) = $80:

Use this to approximate C(101):

'Summary: (It costs approximately $80.00 to produce the 101st
|fuel tank_] Or equivalently, the cost to produce 101 fuel tanks i
| approximately C'(100) 4+ 80 = $18580.

The addidisnal cost 1o produce the 101 -5t foel tank is approxima
- s bo :

303

Marginal cost for mining coal
The cost (in dollars) to mine z tons of coal is

C(z) = 3000 + 100z — 2z°.
Write a formula for the marginal cost function.

' c'(ﬂ“loo—Qx —,
ol S

Use the marginal cost to estimate the additional cost to mine 11
tons instead of 10 tons. !
C (10) = (ee-4(10)

|
| c’(\fﬁs $ oo prf fon | cae S0

!
= L©
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Marginal cost for mining coal, continued
Problem:

Use the marginal cost to estimate the additional cost to mine
10.2 tons instead of 10 tons.

The additional cost for mining 10.2 tons instead of 10 tons is
C(10.2) — C(10). The marginal cost C’(10) approximates the
difference quotient
C(104 h) — C(10)
. :

What is h in this example? 'kzo.ll h=le.2-10 =6.2

The additional cost to mine 10.2 tons instead of 10 tons of coal is
cQoth) - cie)

c’(w) ~
-2

|i'“°)'("'ﬂ:(6‘%°a> o gz cQeth)-clio

= |2 iyzr‘hu\ o-2
(00)(2-2) X cio+h) ~ C30)

Marginal Revenue & Profit

The technique of approximating the cost to produce a single
item by the marginal cost also applies to revenue and profit.

If R(z) is the revenue from selling z units, then the
additional revenue earned by selling = + 1 units rather than z
units is:

['R(fa;+1)— R(z) (additional revenuc from selling (z 4+ 1)st unit) }

The marginal revenue, R'(z) is approximately equal to the addi-
tional revenue:

[ = R(z+1) - R(z)|; R&+1) 2R ) +R A

The same thing holds for the profit function, P(z):

. ]
[P@ =P+ -P@).[5 POM)Z PP

306
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Ex, C(X) = 10606 + 40X - 6.05 x°

—

Q. what s the cost 1o produce 200 fuel tanks?

(200) leceo +qg(206)— o. 05(7-“) $2—6/ eoo :J

Q Find the vhary inal cost fometion. -
_cltx) = Qo= (e.08)2%) = Qc-s.10x
Q. 4...4 and interp et the warginal ot x=200, =
_ Cl(ree) = Qo-o\o(z.o) = Q0-20 = 70§ per|
'[hr. eddtional cost t prodver th 201-st fuel o
s §e,

Q Find an estimate fbrfh. t.osf 6€ rnéocwj ;ual f
fanks,

= C(28) % 26oss +70 -B_;:eg,_o_w‘
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Application

The price-demand equation and the cost function for the pro-
duction and sales of television sets are

z = 6,000 — 30p, C(z) = 150,000 + 20z.

where p is the price of a TV and z is the number produced and
sold. Profit and cost are in dollars.

a. Express the price p as a function of z: (-t 15clate r)

X = bose -30p ; X -Gooe = ~30p ; X—6ooo=f
_30

¢ —
b. Express revenue R(z) as a function of z; P = “jut t Ay
R(x)= x-ptx) = x(-3axtze0):

c. Express profit P(z) as a function of z:

Px)= Rooy- Cex) = (—;';quoox)- (I§6u°+20x)

2 2
- i‘ox + 200X -1S50000 -20X = —3—:—},( B0 X -IS0000

1]

Application continued

d. Find the marginal cost, marginal revenue, and marginal profit
functions:

("(X) =20

o

t
! 1 -
Rlx): - = sAX+ 200 ';X-!'?-OO

3o
¢ ..'— = —-L 8>
Plx) = -5, 2x+180 i e

e. Find and interpret R(3000) and R/(3000): l
R(3000) = - & (3000 ) 24200 (3000) = -4, (Gos0e00) + Gossop

« yesore coron = [F35%00]

The cevenst for selling 3os0 4y sels is $ 300, 600.
Agproximate R(3001) = R(3000) + R/(3000):
R'(3000) = - L (3000) 4200 = -200+2e0 <[]

The oddifional revenve from seljny Hie Z00)-5T 4v set is $o.

K()bol)ﬁgooooo.} o = $ 300/ son |

R(3241) % R(3222)+R'(3000) 208
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Application continued
g.Find and interpret P(1500) and

- -7Soc00 4120000 = $ 1S, o000 =

The profit for selling 100tV se¥s 15 $us,000.
Approximate P(1501):

1
p(1500) = - .;lb(l so6) 4188 (1500) ~IS6000 = —i(zzrowo)‘l' 2cce0

IToose

yseoo + RO

f’(li’oo) - -’-‘g (|€OO>+IBO = _loco+tlBe :{80 4 Perﬂsd‘

' 7 ;‘e’, the odd i tional
P(isor) = P(S00)+ P (1500 ) profit fromsellfns
ol -st +v sgtis

§ e,
= $ysegod
pus
309
Application continued
The cost and revenue functions are graphed below.
Revenue/Cost in dollars F\'ba‘{’ feaion > CU‘) ?(X) — RD‘)— C.Ol)

P'0) =R ~¢'0x)
At {’urvs;ao pt ([o
f"(x) s 0.

! !
Thus -
@~ Number produced and sold hud, ROH-Cix

e r——-f—x, —
r or, RW) =C K
wax peri"’

Identify which curve goes with which function.
. lslor!- of Ri) = slepe of Ctx)
Shade the profit area.

Mark the break even points.

Mark the points on the revenue and cost graphs where profit is
maximized.

310
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Cr),Rex)

cex)

Pix)= Kix)~-Cex)
P = R - ctx)
Pee) = R - o)
Y-

st tha ot where
profit is W\Ax:w\{%CA}
the slope of R x)
15 El{,)uo\l to the
Slbfe_ of CCX)‘

11



