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Intro to Def‘imeives

It is all about slope!

} Change in Y

Change inY

Slope = Change in X

Change in X
>
X

v this is called

w LW
secant  Lline

We can find an average slope between two points.

But how do we find/the slope at a point?

There is nothing to \Qeasure!

But with derivatives we use a small difference ...

... then have it shrink towards zero.




Let us Find a Derivativel
To find the derivative of a function y = f(x) we use the slope formula:

ChangeinY _
Change in X ~

I

Slope =

And (from the diagram) we see that:

x changes from x to Xx+Ax

y changes from f(x) to f(x+Ax)

Now follow these steps:

3 i A
e Fill in this slope formula: EZT =

e Simplify it as best we can

e Then make AX shrink towards zero.

Notation

"Shrink towards zero" is actually written as a limit like this:

f(x+Ax) — f(x)
Ax

f'(x) = lim
Ax—0

"The derivative of f equals
the limit as Ax goes to zero of f(x+Ax) - f(x) over Ax"



Example: the function f(x) = x2

We know f(x) = x2, and we can calculate f(x+AXx) :

Start with: f(x+Ax) = (x+Ax)2
Expand (x + Ax)?: f(x+Ax) = x2 + 2x Ax + (Ax)?

The slope formula is: A0 = i

Ax

x2 + 2x Ax + (Ax)2 — x2
Ax

Put in f(x+Ax) and f(x):

2x Ax + (Ax)?

Simplify (x2 and —x?2 cancel): e

Simplify more (divide through by Ax): = 2x + Ax

Then, as AX heads towards 0 we get: = 2x

Result: the derivative of x2 is 2x

In other words, the slope at x is 2x

We write dx instead of "Ax heads towards 0".

o ’ ; d .. :
And "the derivative of" is commonly written g like this:
d
dx
"The derivative of x% equals 2x"

'X?: = Ix

or simply "d dx of x2 equals 2x"

So what does :—xxz = 2x mean?

instantaneous '
It means that, for the function x?, the slope or|'rate of change"|at any point )

is 2X.

So when x=2 the slope is 2x =4, as shown here:

Or when x=5 the slope is 2x = 10, and so on.

Note: f’(x) can also be used for "the derivative of":

f'(x) = 2x
"The derivative of f(x) equals 2x"
or simply "f-dash of x equals 2x"




Tirst - order Deriva’ciVe,

LQVS S0y we have f(’lﬂflﬁ
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And we

want to know the
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5'(% = 2u,

the slope ot As
m = f(-2)
= 2(-2)

oW =4

\/\}iJch a slope & point,
=-4)

g =~ oo

¥ this is the TANGENT
s f,z GENT LINE of- §w)



lLet's say we want
( ) instantaneoys rate
Of change, and
(i) fangen’c line eq.
OE f(u) =

w=35% ,ie. Pom‘cc

(l) \nstahtaneous rate of ckange

fiest - order  derivative.
flu) = n
7("(11) = 2a
At C, slope is:
m = JC'La) =23
“m =0

( or SI,OPe / grao\ien{: > reoLuireS

(II) To make tangent  |ine eq .
* M, = 6 E —From(i)\/l

* At =3 %:§(3)=31=9, C: (5,9>
Y-y, = m (w-w)
S y-9= 6 (uw-3)

we heed o  slope & o point |
(

Yy-9= ¢u -19

Ly 6w -9



NOJE\'CQ ’H/\O«jc when we want to

moke ¢ Jcangev\{ Line

B the SLOPL of flw) at :
U <O must be nega’cive

* U =0 pust be O,

* U 70 must be positive

“hig aligns With nature of g(%).'
* yf(’ll) is decreas(ng oF <0

* yf(‘lﬂ S s’cajcionqry at =0
& 7[(‘&) IS mcreos(ng at >0
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so that the connection between

'f'(@ an d ]((’&) B

when {‘)—ur\(‘,\?ior\ 1S
3C/(’m) <0 decreas'm9

\fy’(u) = 0 Stahonar\i
(Llocal win. / max. )

g'm) 7> 0 increasing
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maximum
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minimum
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fe)>0 . flx)<0
J(x) increasing:  f(x) decreasing

f'(x)‘ =0

fx) >0
f(x) increasing
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Figure 10.2 Local extrema
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?r actice FO Der'wa\:(ve,

Find the (i) derivative, (i) gradient, (iii) tangent eq.
of the functions below at W =2

1 y=3x 2 y=5x 3 y=2x* +3x-5

3

, 2
4 y=x>+2x+1 5 Yy==—+x,x#0 6 y=—,x%0
X x°

And state:
Civ) the function s 'mcreasingl a\ecreqsing at w=2

(v) the range of values  when —\fur\c{'ion is

ncreasing & decreasing _



1 (_|) y = Zap Gi) m =—§'(7-)

= . E
y = 4-3%° 22

. 8!___|2,UL'5
Gi) ¥ ™M, = 96
X A w=2 Szf(2)=3-9f = 48
P: (248)
Y- Yo o mt(u—%?)
2N-49 =96 (w - 2 )
(iv) As f'(1)=96 70/ —guvscﬁon (S

increasing at W = 4.
(v)  \Visvalising y = 12 %> with sign values

. ]C 1S increasing at u7ol and
decreasing at U < Q



2.0) y=2uw+3u-5 (i) m=§'(2)

Y =229 + 3 4l 2
m= 1l
) 3’:4u+5
Gi) % my = |
¥ Ae w=2 y=£02) 2224325 = 9
P: (2 9)

Y- Yo = m(w-e)
2N-9 = 1l (w-2)
(iv) As f'(1)= |l 70/ vguvsc{:ion (s

increasinﬂ at W = Q.
(v) \/‘nsual'\s'mg HI: qut5  \With sign values :

Sign valves of 5/

. ]C 1S increasing at u7‘%' , and
: 3

ecreas\wnog d L - =

dec as\n 9 t w 3



‘oo 2wt | -
= o\ 2 z
3}:'%{-‘-)[@) M=E
(i) % my = =
F A=z, y=fa)= 4a =3
P: (2 2)

Y- Yo ¢ mt('lﬂ.‘u?)

tN- B s _'E(u—:z)
(iv) JARS f'(l) = i’z 7 O, —guvsc{:ion s
increasmﬂ at W = Q.

(V) V‘usual'\s'mg 9’: —3‘—2 + 1 With s'\gn values :
W

NORMAL FLOAT AUTOD REAL IAN 1P u
CALC 2ER0

Sign valves of 5/

- -+

< i o 6—6—>

144 Q0 L
Lvasq\mp\*oi-e

f 5 increasing at U <-144 and U 7191,
decreasing at 1414 < U < 1.419 with w0



