
Derivative of trig functions
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In fact; since = coscx)

Memorize them!
Similarly, ¥ coscx) = -since)



Example ¥C§¥})=f"⇒{;÷j⇒8⇒
differentiate for> = tense

ten c) = (%÷¥)← quotient rile

¥÷÷⇒=¥i⇒•;.¥"⇒¥
= ose⇒iod%g¥Y⇒-Gsin
=GIESEYcopse . = %2x=sÑx

Thus
, for GD = seize✓dd-xtncx-ddzcsincx.co:c)



Derivat.ie of tag functions

Imt since> = cos cos
= -since

at⑦=9÷E⇒and consequently :

d- toned = seise ddzcotx= - csidxdx

see@D= -see@ toned
.

csc@ = -csccx) . cotcx)

csc =
1- ton = since) . Costa)→
since f-Cx) = e-

1-

@x⇒j1= f-↳⇒ i gcx)=osx .



Chain rite

Lets try to differentiate for>
= since1)

We cannot differentiate this using
•hot we hare

learnt

so far . Need to use composition of functions
.

Let y = since)
ad u= ¥+1

Note that if we substitute u=x7_
1- to yea) we

get y
= sin (a) = sin(oft) (oh -ch is the originalfunction )

we want to compute ¥g=¥ d⇒→ differentials

chain rule : ¥4 = % . dd¥ = coscug.dd-xtse-D-coscu.ae
=cosGE+D.



Chain rile Yu
isa function ofa

Version 1 : Let y=fcu) and u=g
be differentiable

f-cnet.com . Then

¥: = ¥2 . dd÷
( need to substitute a

bark.

Versify we can rewrite the chain site oboe
.

Substitute u=gGD in y=fCu) gins
us.

yifcscxdadd-e-fcgcxig-ffgcxp.jo
a-
-

differentiate differentiate
inner function .outer function



^

Examples .

① Compete ¥tnCx→
otu function : fcu>

= tone

"""" "
"*&

inner function :
Ucsc) = 25

tomcat = fYucxD .
a'Cx)

= seek>E)
U=x←

= sedgy
f-
'
(u = f-flu?/ u⇒E

u

U'(a) = 5×4

So
, by chair rule : d- ten Cxs) = s.ee?(x5) .

5×4
=

doe



⇒ Ed c±L⇒> linear function .
fcu)= v75 ,

Ucsc) =/+3K

f-
'
Cu) = 75674 ,

n'Cx) =3

⇒ fcucxs) =
754+3×5+4.3 =

2254+3×54
=

7m¥ Let f be differentiable and gcx)=ax←b

for some a.be/R .
Then

fcgcxs)=af'(ax

⇒ flax,⇒ .ae

°"

=fCgcxD . g'GD_



3' Ed ddg egos c2⇒ = cotcx)

*
= ¥ . :÷Éi÷÷÷÷÷:÷÷;⇒.

Lets use dt

outer fcnetion : foe)=eu
""nm faction : ucx>= •cz⇒

} ⇒ flu ) gives
original

function

= dd÷ ( nose) isa composition offaction)
-

To armpit 0¥ , Ucr)
= cosCD and •Cx) = Zoe

⇒ ucvcx)) -_col2x)

↳ d¥= ¥ . dug = -since) .2
= -2 sinGx)

& #⇐ en = eosczx) }
combineER

=¥ . ¥.at#d&=dd--u.d-I=ecosc*?fzsinaxD
-



Applications in Economics

Recall the following :

Business wat to maximize Profit
= Revenue - Cost

.

Cost can be
modeled as i Got = Fixed cost

-1 Variablecost

c- mm

independentof dependent
of

on of

Revenue is : Revenue = Price ✗ Chatty
= pig

The demand equation is the equation that inlets

pad q .

colon is
'

profit maximized - related to Marginals .



Demolay •

ma
>
bso&;
- ↳

n.n.am P

The law of demand states
Ket at a higher price ,

consumerdemand of a good is lower - ( i.e. as p increase

of
decreases . of✓ ←

not generally
possible.1-
,



dbrgindcost
Common economic definition :

the additional cost ofproducing

1- extra cent ofgood . This is captured by D÷g
b-

average
rateof

Formal definition change

The derivative of cost with respect to

qnaty q . MC = dogg ( units
are

$/unt) .

EEK: Cost function C.(g) =
2000-1-10off
-

fixed

Marginal cost = ¥ = 20g



Margiudsevenne.com
mon definition : Additional

revenue for 1 extra

- units of production.

Formddefinition : Marginal Revenue,
MR =d¥g

In general :
"Marginal-

"
= dzg(_)



t%÷profit is P= R- C

↳↳ is soft maximised
?EgiPcq-6ooq-2oq2@i.H.is

30

Profit is maximized colon ¥-0 ,
i.e. marginal profit

its zero .

d-q
= Goo - 40g

=0 ⇒ q=
15

so
,
dp

Fd
= ddtf-ddc-g.so.de?---o--Sdd-Rq=dd-gcIn general :

dp

So
, profit is maximized •Lan Marginal cost

-Marginalseren⇐



the optimal output to maximize profit given

ddR_q = 8g
ad

=

agg
set ddIf=÷-

"

¥÷⇒ 8g = 900-10of

⇒ 18g -900

⇒ of .
- 50 ÷÷÷-÷÷



Example
suppose the

demand one for a product is given by

q=
1350 - sp end the cost function is ccq)=6oq+

4g
'
- Find the quality of

that maximize profit.

1. MR = ddRz
Rcq) = pq

and need to substitute p for q
.

Since g-
1350 - sp ⇒ 5ps 1350-8⇒ p=

270 -If

so
, Rcqd = (

270- g) + of
= 2t0f-§q2_

& doff = 270 - F-of



2. Find Maginot cost
-

Me = DIG = §q(Goq + yqe)
= 60+88

3. Set MC = MR.

⇒ ¥ = d¥g ⇒
60 + •q=

270- F- of

⇒ 8g -1?gq =
270--60

D= R-E ⇒ 4--3-8 =
210

= Rcq)- CGD
⇒ of

= 2-5

59 profit is maximized when 25 goods are sold .


