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2.3 Basic Differentiation Formulas

REcAP Henceforth, we will use the following notation for the derivative of

a function y = f(r).

® f’(;) ® L]_[}L(I)] . dy ’

dr ® y

Derivative of a constant

THEOREM 2.2 (THE CONSTANT RULE) Let ¢ be a constant and f(x) = ¢ be a constant

function. then

Proof 'F(*\ s C 'F _F(
. T(x+h)-T(x
£ex = &:\o -

= fim R-£
h-0 W

o #

\\

Example 9




2017-1 CALCULUS 206111 Sec 006 Thursday 23 August 2017 Page 2

Derivatives of power functions

s r

THEOREM 2.3 (THE POWER RULE) If n is any real number. then

£(x) = X"

—["] = na" 1,

dx & n

Example 10

= R v 4 b =0ef %y
— { - V { /5.
(Z_:q_fﬁ.xji.? %LIJ)]*.: ...... %‘ (!’ipv-lz.&..?& .........
d 2 0 5 ( ) d 1
— s = . £ X..... — V1] = e =
la 5 (. \'x l zﬁ dvy/x '.' -2
4 [x%] : 2

e 2
z) R BV SN IV
Derivative of a constant times a f%‘éntien d (x =K 2)(

THEOREM 2.4 (THE CONSTANT MULTIPLE RULE) If f is differentiable at o and ¢ is any

real number, then cf is also differentiable at & and

()] = e ()]

C——
dr’

2o 49 (KM =@)Ex?) = 32x

Example 11

= dx ...........................................................
i

i[-zl‘)} = SN -nx ....................................................................

il

d _a "
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Derivatives of sums and diffences

THEOREM 2.5 (THE SuM AND DIFFERENCE RULES) If f and ¢ are differentiable at r.

then so are f+ g and f — g and

d d [
TP £ g()] = L fla)] £ ().
E 2
Example 12 %_.r\ +0% =, 8x “’2’( ..................................................
10
;L[()I g, .... “x ....................................................................
- <0
/o Lty < -l+4
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2.4 The Product and Quotient Rules

2.4.1 Derivative of a Product

THEOREM 2.6 (THE Propver RurLk) If f and g are differentiable at ., then so is the

product f - g, and ; YR (? + ﬂd
(9] = () =la(r)] + g() W)

-F(x) g(x)

Example 16 1. Let y = (42 — 1)(7+2 + ). Find dy/dr.
‘_“

soution. ' = (@01 (304%) + (264304 (452-1)
) - o't + 9&) -£7x)

= (4x1—n(znxi+ 1)+ (4x$+x )(8x)

4 .2
-ttt _
y = (4x -n(qx 1X) = BXS +4x° - FIX X
= 28X —‘Sx -x
P mox —ax"-1 H

2. Let fiz) = (3= +l)(‘71 —r-)) Find f/(0).

2 K 4
Sotution. TL0) ~. S “ = (7,x4\)%‘ (2% +5) + (2x +ﬂ%¥ (3x4 1)

Y A
= 3x+N(4X) + (A ) ()

N _rl(o) "("W +(2(0)+5)(3’
= (s #
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2.4.2 Derivative of a Quotient

TueoreEM 2.7 (THe QuoTieNT RULE) If f and ¢ are both differentiable at 2 and if

g(x) #£ 0, then f/g is differentiable at » and ) '
o QAU - U 32
(GG V()] = () g ()]

—

dr gel') [‘J( r)]4

M v

Example 17 Find d; r]; for 4.

s -R;! (;, (x“*.)d (x". 1) _(Xt-l)gx( \(441\)

1. 1 =—— -
D o)

Solution. (x "’1)
_ 0Eanfan - () (4x>)

(f—n)

z_x"- +2% ~4XC+ X
(x*39)

"

)
- - 2% +4X + 2X
(x +n’—

ax{ xt-2x=1)
. T
b (X"+1) #

o ’ (\F)d (x4) - (zx*lali X

Solution.
y=2x+ L (%?

= (2 - ik

I

2. y=

X
= 21 “(‘ZZL;)-:)_4X-(2X+')
X i
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(P.36) Miouoth

Example 13 At what points. if any. does the graph of y =+ — 3.- 4+ 4 have a horizontal tangent line?

/‘\ verticel pmﬁv

e
_ e‘b”"* mwnﬁmmmf— )

Torgth l’
ananmay O
{ 2
Sy =3R=G= O
P ")Xz'.‘ =0

)(7‘-| =0
X-Hyxsp =0

X :l)"l

'n X=1,-|
b\'\wnzﬂhw f‘-‘"a”d'o'
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2.3.1 Higher derivatives O\':a wbouRY ‘S J

Page 7

The derivative f’ of a function f is itself a function and hence may have its own derivative. If 7 is

differentiable, then its derivative is denoted by f” and is called the second derivative of f. As long as

we have differentiability, we can continue the process of differentiating to obtain the third, the fourth,

the fifth. and even higher derivatives of f. These successive derivatives are denoted by

the first derivative Yy,
the second derivative y".
the third derivative y".
the fourth derivative gy,

A general nth order derivative y

Example 14 If f(r) = 6% — 5% + 2 — 70 + 8.then

Fax),

f7().

f”;(.l')_

mm:ufimf4u4?

2
o= FUR - 0% + 2

= Il K= 20
o - WY
9w=0
750 = O

dy

(/.J’~

42y

dr?’

By

da3’

dy

dat

d"y

dem’

d ..
E[.f(-")]

Tl
K
& (e
L



= X+ g (n)
X Y

-
9'4*&=1+X

q o*(n(—nx = =X .
y' = (X o _(nmx

-4
\,"’ - (n(-n(-z\(-s)x - —(MA3)X
_ ()X = (D) (x

. =2 W2
\5('” - - (I)(l).‘ ...-(Nl)')( =-441, l

n |_ _1-2-3-.. 0nen) l

Y
—( 000 00¢) 1000 o0 )
\0 ! ’ - - ) ] (] @ob,mz_.-
106,000 +1




