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Instantaneous Rate of change as a Derivative

The rate of change of f (x) with respect to x when X - c is
given by ft(c).

Example
A toy rocket rises vertically in such a way that f seconds after
lift-off, it is

: lit
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a. What is the (instantaneous) Elocity of the r.o.t rt 
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b. What is its vetocity after 1O seconds? ht ( tO)
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$ignifififfinc* nf th* segn cf f,(x)

lf the function f is differentiable at x - c, then

f is increasing at x - c rt f, (c) > 0

and
f is decreasing at x - crt f,(c) < 0

Example
c. At lift-off, is the rocket rising? 

:

d. ls the rocket rising after 30 seconds?



Derivative Notation
A

Thederivat,u@ofy-f(x)issometimeswrittenas

d{ o, df
dx dx

In this notation , f,(c) is written as

dvi df i

;| Of '. i

dx : r_, - dx ix_c

Example

Find the rate of chan g" * of y - 5 - x2 at the point where
x _ 2. ox

dg.
jr*

Ay

dr

: -JX.,

I| = ^](r=^1
IK-A



Differentiability and Continuity

Continuity of a differentiable function
lf the function f (x) is differentiable at x : c, then it is also
continuous at x - c. This means that for f (x) to be
differentiable al x - c it must at least be continuous there, but
more is required. There are functions that are continuous at a
point but not differentiable there.

Examples of nondifferentiability : :

Each of the functions below is continuous at x - 0 but not
differentiable atx -0.

Crsg,f(x)-x2/3
Cgrnel: f(x) - lxl

= y2{3

+fh

$rn = r'r.
SCxl=LxI
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2-2. Techniques of Differentiation

The Constant Rule
For any constant c,

The Power Rule

#or-o

For any real number n, lt*rl - nxn-1
OX' J -d' nxn 

l

Example
Differentiate the function )/ : JF.

,r
J =r/ xt = (x)v" =
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The Constant Multiple Rule

ff c is a constant and f (x) is differentiable, then so is cf (x)and

*prg)t- rfirr(x)l

Example
Differentiate the function y - Zf/F.

J =)i5. : AC1Vs= ZFaG

H=l htorr) = a, 3x$-r- 7-!rr,
5x'b/

, .lt.: I,i,i j .. 
.i. j..::y=#:7+'L U: L[q*-v\vt I v 

A+ rt+[LT )
trtr,\\

=? *t;b'l =Qtfbr d+r' ).{'tT
= -+€rr(



The Sum Rule

It f (x) and g(x) are differentiable, then so is their sum and

.,\rclrl
+ s(x)l _ ;[r(x)] + rttg(x)lfivvt

Example

Differentiate the function y - ? - 3 *#

3 - ax l- A{z+$xr
J,v A f ^ -r - ^ r

ax -- n (ax | -2g2 *$r)
= fu1n)+ #l .o). #rr *x)
= 

^#rr)-z 
#tn.* *F)

= LFx ) -z(;-^-3) + i (*," 9
= -zxr+txJ _iu /
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Differentiation of polynomials

Example
Differentiate the function y - xs(xz _ 5x +7).

3_ rt(&**7) :xs- rya uTxp

P = cxt- s,q)<3rl '3N\
d.X 

\-/ /\ L7- ' ( J

= ilg+- LOtr3 + rr*, (



Equation of tangent lines

ln7=-j(^-4)

-Y

Example
Find the -equation of the line that is tangent to the graph of the
functlon y - \F - x2 + f at the point (4,-n).//

|uea.tg: K=Ll

'y=rktl:-Ffl"*#

/

t[T'=-y

-')
',i'.

-53
z XYr- -AX-3LK

=jt*t'n-r(\) -u(tl r
Z-r =1L *r



Relative and Percentage Rate of Change

The relative rate of change of a quantity e(x) with respect to x
is

Q'(x) -/a(") ./
The corresponding percentage rate of change of a(x) with
respect to x is

100Q'(x)
a(x)

.'.:i 
' 
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Relative and Percentage Rate of change

Example
It is estimated that f years from now, the population of a certain
town will be P(t) : t2 + 100f + B, 000.

a. Express the percentage rate of chanryf the population as
a function of f.
?(+)=?+t*rleirtf-rn (oOru -@l' ''' :F"v"tAeN' .'- 'Pt+) -+mt:WWv\Lt l-ry\ngN , L \r.\ ,^_ ,, pg"ple?'(t): at + tOO t '. pe[rd!d^.

b. What will happen to the peicentage rate of change of the
population in the long run?

?+ P-.0,c. t \,rs,,"

(at,O t- to o) ( t0o)
-"lLo'e)^""

@ + (od (tr,)tfooo 1t eo

:tot ?

4- l. < 2s Dr$ wa^,



Rectilinear Motion

Motion of an object along a line is called rectilinear motion.
lf the position at time f of an object moving along a straight line
is give by s(f), the the object has

velocity y(f) -s'( il-4') - dt

and

acceleration a(t) - vt (f) : dY\"/ dt'
The object is moving to the right when v(t) > 0,

moving to the left when v(t) < 0, and
stationary when v(t) - 0.

ia,



Rectilinear Motion

Example
The position at time f of an object moving along a line is given
bY s(f) : f3 - 9t2 + 15t + 25.

a. Find the velocity of the object.

b. Find the total distance travered by the object between f - 0
and f: 6.

c- Find the acceleration of the object and determine when the
object is accelerating and decelerating between I _ 0 and
f:6.


