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Goals . Understand the following
differentiation rules :

-Constant rule : For > constant
,

= 0

- Power rule : &x" = nx
n- 1

dX

- Linearity : Forc constant , fig differentiable ,

(f + (g) = d+

- Product rule : For fig differentiable ,

(f(x) - g(x)) = g(x) + f(x)-



- Quotient rule : For fig differentiable , whenever g(x) +0

( =
g(x) f(x)

g(x)2

-Constant rule : For > constant
,

= 0

Pf For f(x) = c ,

f(x) = Imf C

= lim E
h+ 0 h

E lim 0 = 0.
ho



- Power rule : x" = nx*" for any
constanti

We will justify the case where n is a positive integer now
/

n negative integer later , but the general case is true.

Pf forn positive integer By the binomial theorem,

(x +h) = (n)m + (4]xh
*"

+ (4)x-h4 +... + (x h + (m)x
2

I ~ -
z ~

N I

th+ (" )xhn2 +... + (*) x1 -h + n +
+ )

solim Intim(h)h+ 0



= nx"

E
.g. f(x) I But constant fractional

and negative powers work too !
X =x 1 xo = 1

X2 2x = 2x =
X
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* Non-constant powers don't work!) xx* = x

x
X
b

- Linearity : Forc constant , fig differentiable ,

(f + (g) = d+

In particular , (f + g) = f +g c = 1

(f -g) = f' -g c =
- T

(2f)) = c(f))



If (f + (g) in g(x
+h) - (f(x) + cg(x)
m

inf(x) + c(g(x+h) - g(x)
h

= im
f(x)

+ in

=

Eg We can differentiate polynomials !

(2x) - 5x +
x +3)" = 2(xx)" - 5(xy) + x + (2)



= 2 . 3x2 - 5 . 2x1 + 1 - x + 0

= 6x2 - 10x + 1

Problem Determine =* ) = (x-x
= (x*) - (x ) = [x

= "
- (x )

= x + x=



- Product rule : For fig differentiable ,

(f(x) - g(x)) = g(x) + f(x)-

If Let j(x) = f(x) g(x) . Then

jo(x) = Im
=
Lim g(xih)

- f(x)g(x)
h->0

= Lim f(xh) glath) - f(x)g(x +h) + f(x)g(x+h) - f(x)g(x)
h+o h

=In (fg(xth) +f



-- --
dafu t ↓gats / limkonst) ↓ defe

f(x) g(x) f(x) g'(x)

= f(x)g(x) + f(x)g(x) , as desired .

Eg. (xy)" = (x-x)" = 1 . x + x 1 = 2x

(x))) = (x2 x)) = (2x) - x + x2) = 3x3

:

(x40 = (xx . x)" = (n - 1)x" -
2

- x + x-

= (n - 1)xn +xn
- 1

= nxn
- 2



- Quotient rule : For fig differentiable , whenever g(x) +0

( =
g(x) f(x) #hi)-hid(low)

g(x)2 low
?

We will give a quick proof of this after we see the chain rule !

Es(t) : ((x)

X2

= Hi
X2

= I
X



= If h(x: the hi x -3)- 3 - (3x+ 1) - 4

(4x -3)2

-- ((2x + 4)
(4x -3)2

=-

13
-

(4x -3)2

Elem Where does
y:I have a horizontal tangentlim?


