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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(z).

. f) o A7) . .y

Derivative of a constant

function, then

E;M —

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

Proof 0N JEI(X\ 1:{;0 ’é(X) ‘;C
) = fim T(x <) A6)

W0 1% %
e L= 0
Iy

Example 2.9
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d X%
o ; ,_x)j;kﬂ::
Derivatives of power functions (

P X

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

d
— e ne”

% Wwbils W ey

Example 2.10

I T MR T8 R il
£ o a2 e et B i
o cmy - =SHX di:d(x =-S5 d 5 _ 2 X
dm[:r = 2’\ dx[’c'd] aﬁX ....... J s_;s‘dx[a 1= oMot s _1
LU -, wBUSRN P e Gt s P
et = B A=A -1) w7 =4 | b g
:E‘ % = 4 a C— M e ) m
Z - X e
i

Derivative of a constant times a fucntion

THEOREM 2.4 (THE CoNSTANT MuULTIPLE RULE) If f is differentiable at z and c is any

real number, then c¢f is also differentiable at z and

d d
~ef@)] = = [£(@)]

b 2\ _ =
Example 2.11 %[43@8} :4(%(.)(}):“(%)( : ) '%ZX ..................
2
o M e e S e ST %
dx
d x \
%{;} RN, BT o e 0 s i P D S i G B AT i . Bh oy g « e oS R e § e
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Derivatives of sums and diffences

THEOREM 2.5 (THE SUM AND DIFFERENCE RULES) If f and g are differentiable at z,

then so are f +g¢g and f — g and

Example 2.12

Example 2.13 At what points, if any, does the graph of y = 3 — 3z + 4 have a horizontal tangent

line? ) ; X-*Lf} {\@Smﬁmauowu
e Y~ afnon K MM A o731 3Y

Solution.
117 u 0.

W9 X A lia | F’(x) o

b
L P’xy= 2x%=73
Z ! Bl
: . B =320
oo\ =0
RSl

“
N Peia wWa 'F\C;G\Oowm?l,tlﬁ*ﬁu O
e =t A= T %mymmi@ho Ao
K=, tTED= b QQ (42 =10l
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The derivative f’ of a function f is itself a function and hence may have its own derivative. If f’ 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

the second derivative

the third derivative

the fourth derivative

A general nth order derivative

v,
s

1"/

7,

y(n)7

f'(z),

f”(ﬂf),

f///($)7

S,

(@),

d_y
dz’

Example 2.14 If f(z) = 6z — 52% + 2% — 7z + 8,then

F(=z) =

2
F@ = PR -30XT 2

(@)= \4Hr =50

2 1
LAK =1SX +2X-F

d ..
gg{f(@)]

d2
(@)l

dzn ™

206111: Calculus 1

Academic Year 2018



38

Example 2.15 Lety~$+1 Find 3111, . /—____('_){ V\,
e o e SR AL Kt
( -2
=N X ;
- 2
‘? = (DK — (012 K '(~\>'2‘x
2 3 |
e —) '5x
f(—n(:z)( re S—-«——%ﬂ( (12 %)X = |
\5 _ A — =4y (236 i
; = ('l)q' ‘-}{ X

' - AW )
o =(,\7(-’U(“371.--' (*’W\)’X ! ’-(-‘7 444,'0( o

70\Q - 20720
(0 _ () 201al X

-

() B X = (- n.
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2.4 The Product and Quotient Rules

2.4.1 Derivative of a Product

THEOREM 2.6 (THE ProbpucT RULE) If f and g are differentiable at x, then so is the

product f - g, and
%{f(x)g@j)} = 1) 710+ 1)
(ue) -ayd's au%

Example 2.16 1. Let y = (422 — 1)(72% + z). Find dy/dz.

= : %
2 » 2
Solution. anstmv lﬁ = (Uw «\3('-,‘5('77-* x)z 2% al =X

A4 = 1yoxt-ax -1
v = .
T

Waiks woqu AU - (yyzpyd (35 ex) + ()3 lux=1)
WA A% Ax

G
;(Lt\(zf\)(Z(xz+4) + (IR tX)(3%) it
= Iqox" -~

2. Let f(z) = (3z + 1)(22% + 5). Find f/(0).

Solution. __d;ﬂ = F/(X) = C?Y"*’\ )_d_ (’ZX’{%S\ -+ [ZX%S)Q_ (x| )
X it AX

= (3x4)(Wx) + (2% +5)03)

/ b 2
£00) = (36)+) () 4 (20045)(»)

=5 IF
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2.4.2 Derivative of a Quotient

g(x) # 0, then f/g is differentiable at = and

d [f(w)] 9(2) &1 ()] = f(z) & g()]

dz g(z ) l9(=)]?
N a0 - V&’
) =

THEOREM 2.7 (THE QUOTIENT RULE) If f and g are both differentiable at x and if

Example 2.17 Find dy/dx for y.

i |

1.y
=+ ;
Siodten.’ 1% oy = % +w°‘6¢—\> - (-0 xte)

i T s
_ (kM0 @) - (x-\ ) (4x?)
LrT

ey
¥ S gl (%q_'le-—l )
* (W14

2-y:Z;anl (lo-,zfx +\-fL3‘)

NG
Solution. é—“ % \R%(CZX%\y“(QX*‘)%(&)
Ok —
C\M
-z\j;( e (7/7("" J\
X
22l _ oxa1 .4
i X 20X #
%Sl\) ‘ \
X 2
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Example 2.3 Find the slopes of the tangent lines to the curve y = \/z at zg = 1, xo = 4, and 2¢=9.

Solution.
8
- <
Rectilinear Motions 3 E eASUS INAY
) - - lEbve () dmoLm U 1A £
The position coordinate of a particle in rectilinear motion at time t is s = (i) The average velocity
of the particle over a time interval [tg,tg+ h] for h > 01is  ~ns o, W e gl

_miostio @uph¢ET gy TS
change in position (i(tg + h) f (jl} t
time elapsed h

Uave S

Example 2.4 Suppose that s = f(t) = 1+ 5t — 2¢? is the position function of a particle, where s is in

meters and ¢ is in seconds. Find the average velocities of the particle over the time intervals (a) [0, 2]

and (b) [2,3].
Solution. ﬁ)'\&lbmg‘d V) {0,1 ] Y
3 _ f) A | (1-'5('2,)-2(2) )- (145020
/\\ (%f 137\ \?GVC\'.C’\ﬂ 40 7

N +_'O.____._3)" A mlS

3
fz)-f) _ Hzan-f0)

vavz&ﬂ i e o
L 1]
\ 2 _ [1rga-2(s)7-Ta+s52-25
[ \ : oy )
- .-\;W))S.
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Taking the limit of v, as h — 0, we get instantaneous velocity v, of the particle at time ¢g.

f(te+h) e - 1(4)

Uinst — lim
- h—0

Example 2.5 Consider particle in Example 2.4, where

= f(t) = 1+ 5t — 2.

The position of the particle at time ¢t = 2 s is s = 3 m. Find the instantaneous velocity of the particle

at time t = 2 s.

Solution. ch)”b b ‘k =2

e 0 Y S

fnni> o I +=2

{09

FU) = a5t o2t ®
£y 5-ut

A O

-3 wmls.

S,

a1 M’ vanin tsdomﬁ w oA 1.

————

mqu\‘\)g‘d\»‘“ug? \ﬂ?(l)
g 10%)

Py a‘u LiVad
e 1R

(w1 S

Al

. At 1(b) (o)
b-o
QIM -‘:(+0+l’\) "'F('l*o)
h-o W

Z f/("o).
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