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Conﬁ'nuﬁy & D:mrenﬁhbﬂﬁy

Conf‘fnw'fy at a Point

A Fonction + is continuovs “at x ="¢ i
the Tatoe limit exists at ¢ and

ezuals the valve of the function there.

X=7C

i Hx) = ) <-all 3 must agree
g e ot -,C{c)

Three conditions
.(f)n ) is dehined
i) i e exists (LHL
Gu) LHL = L = B/

RHL)

bl

Conh’nw’fy on an Interval

£ /(s continuous on (a,b) £ i+ is continvous

at every point of (d,b). On [a,bj add

M afcavcaflal;, LHL af & = Ae) 7

Types of Discontinvity

(a) femovable - lirmit exists but 7= £
() Jomp  » LHL exists, FoHL exists, LHL ?= FRHL
() Infinite : one or both limits are inﬁfy

(d) Oscillatory : e.9. sin(1/x) near O

Pofyno”ria!s & Sim, €0z, ¥ x are continuous euerywhere.
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| Algebra of Continvous Functions

FEnf and 9 are continvous at x = ¢, then

‘l (F +/’ ﬂ)(x) s continvous at <-sum/diEE rule

! (F . 9)()«) 5 continuous at ¢ <-product rule

(r ﬂ)(X) ek ar o y(c) P= | O <-guotient rule

Composition Rule

If g is <fs af ¢ and F is cfs ab 9(<,
then FQ (£ o 9)()0 ~ p{g(x?)

IS continoovs at i =0 2o

(.p o y)(c) = qy(c)) <-chain of <ts fns

<-is ifself ofs

DifRrentiability at a Point
| F is differentiable at x = < £ the limit

h->0

| FQ) = dim  [Rcth) - RJIT ] h| <sore oF

<= f'anﬁenf' line

. exists and (s Finite. LHD = FmHD rezuired-'

f Diff at « = s At ic pbut MOT wre—oerso converse.

[ !
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Derivatives — Standard  Results

x| Gseygr

0 (x ») = »

' Trl'qonomefﬂ'c

d/dx (sin x) = cos x
| i (o %) = 2 Gy
f d/dx (tan x) = sec 2 x

d/dx (ot x) = - cose o
d/dx (sec x) = sec x . tam x
d/dx (cosec x) = - cosec x . cof

Lnverse Trigonometric

d/dx (sin -/ x)
L dids (cos -7 x)
didx Gan, o) x)
- d/dx (ot -/ x)
: d/dx (sec - %/

X

= Syl - x| 2)
z-//szrf'(/—x 2)
= F ) () x
= - Lt x 2

Exponential & Logarithmic
f dldx (¢ x)

il (o' 'x)
d/dx (I()ﬂ x)
d/dx (loya x)

/l/lemory tip

—

e

—

-

—
eI

—
P

=/ / ( x
e X :
Qa x on a
L) e
Lot {x log al
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szrf(x 2-/7)

(e 7 0

. memTorTze practise these .daily %
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Chain Rule & ZImplicit DiFF

Chain Rule

If v = Ru) and o| = glx), then

cly /e dylds . du/du <omeest

<-then multiply

Ex . v = =l 12) = dy/d>; = cosle 2)

Sum, Product - & Quotient

o £/ ) = o 4 z_/'

(v u)'lz gl gt _ (Leibnitz)
(u/u)'Z(u'u—uu')/u.Z sia lpa == )

I mplicit Diferentiation

When v 1s given implicitly via F(x =0
dfﬁperenhlaf'e f'erm—by»f'erm w.r.t. X, freat
y as a Fonction of x and use %%% chain rule.

Ex:xZ-I-y Dm0

Differentiate 2x 4 Zy : dy/dx =0

dY/dX - / 7/ < -slope on circle

Al inverse f'rfg resolts come from this idea ?

E.ﬁ. y = Sin =L > .:7 sin 'y = x ==
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- Logarithmic & Parametric

Logarithmic Ditlerentiation
Useful when y = [ﬁ(x]j y(x? or produd‘s/.
guotients of many factors. Tawe log First.

-
4 |
!‘ Steps
/. Tace loj on both sides
. | 2. Use log laws to expand
‘ = Differentiate w.r.t. x
_ i /l{fulh'ply both sides by Y
|
FoiEose e = x x =7 Ioﬁ Y x= X Ioﬂ x

//y - dy/dx = loy X g/

| dy/dx =2 e X ( Ioﬂ x -+ / ; <-variable base

" <=-ANMD exponent

P arametric Form

—

E‘l iF x = 15(’1"), y = ﬁ(f'), parameter t

\

E C{Y/d)( = (dy/d‘f') / (dX/d’f') <-divide rates -

Bcx .  x = g 08 b |y = a st
j L = - s 1 dy/dt = 4 o
|
L dy/dx = = lcof (Slope _013 c:}-cle)_

Meed dx/dt T= O for dy/dx fo be deﬁned_.
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Second Derivative & WT

Second Order Derivative

Ditferentiate dy/dx once more to gef

d 2 4 o e Gy

B o= Sin x

] r

o= el x| 72—5:?))(

So v+ v =0 (SHM-type relation)

For parametric x:'.gf'), YZj(f) iz
d. 2 4 /o dx 2 = d/dt (dy/dx) / (dx/dt)

olle's Theorem *

IF £ is ots on [apl, diFF on (ap),
and Ha) = Rb), then Exists ¢ in (a,b)
such that i) = O, " (horizontal f'anjenf')

Mean Valve Theorem

IF £ is ots on [a,bj, difF on (a,b)

Fl) = [ ARp) - Ra) } /) (o -| aFtagange's

<= AT

Geometric :  slope of fangent at < eguals

2

slope of chord \jofnfny {a',C(a)) and (b,ﬂ’b)).

!
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