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Calculus

imits & Derivative

from First Principles



Calculus is a branch of maths thatGEPKEHAIRR ifthGPAdREATS oF tangents and areas enclosed by
curve. An important mathematical thought that relates to these concepts are finding ways of
dealing with quantities approaching the infinitely small or infinitely large. Calculus was originally
developed to solve problems in Physics, mechanics in particular. Later it developed to solve many
other problems that limited modern day advancements.

Average Gradient between 2 points
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We can write this average gradient as: (1, yl) Az — 120 — 11
f(x2)—f (x1) Lo
m = /N .
X2— X1

Downloaded from eduresourceza.com




Gradient on a Curve

Lets consider  f(x) = x?
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a point.

We can see that this average gradient value
doesn't stay constant on a curve, it changes
continuously. This is where we prefer
working with the gradient of a tangent at

S
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So, we use the average gradient concepta@¢helgaisitergetthesourceza.com
gradient at a particular point on the curve, i.e. the gradient of

the tangent at that point. /‘? AN 7\

Average gradient = [acth)~/(x) \ /

x+h —x

_ fx+h)-f(x)
m = h \
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\\ f /il x4 )

To get the gradient at the point (of the tangent): \ /
Gradient at a point = lim fGth) =/ () (GO}
h—0 h -
oy
<h >
@ h—-0 h /
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There are a number of different notations for this gradient at a point : f'(x), % , Dy [eenir ],

So the DERIVATIVE is the gradient/change of a

tangent at a particular/specific point.

We can find this gradient by this formula:

R (CET b (€

h—0 h

This is referred to as DERIVATIVE FROM FIRST PRINCIPLES or by DEFINITION
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So how do we use this: Downloaded from eduresourceza.com

Example 1: (Lets first see how to use limits)

Determine the lim(x? —2x — 1)

x—0

This is a simple substitution : ,lcil’%(xz —2x—1)= (0)2-2(0) -1
= -1

Example 2: Determine the average gradient of f(x) = x? — 2x + 2 ,betweenx = 2 & x = 4

whenx=2: f(2) = (2)* ~2(2) +2 whenx =4: f(4) = (4)* —2(4) +2
A\ < = 10
Average gradient = %
_ 10-2
T2
=4
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Example 3: Determine the derivative"f1'8# FirsT srincRsIEs G 1 %) = x2 + 1

/ i fx+h)—f(x)
f'(x) = lim -

flx+h) = (x+h)?*+1

= x>+ 2xh+h*+1
x2+2xh+h?+1 —(x%+1)

= Hm n o
) *
— lim x2+2xh+h%+1 —xz—l/
h—0 h
— iy XMt h?
o h-0 h
. h(2x+h
= |jm 2 > we always take out only h as a common factor
h—0 h
= lim 2x+ h
=0 This gives us a general equation to find gradients on
94+ 0 the function f(x) = x2 + 1
= 2x
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Example 4:

a) Determine g’(x) from first principles

Given g(x) — —x2Dowrloaged from eduresourceza.com

b) Determine the gradient of the tangenttogatx=-2
c) At which value of x is the gradient equal to -3.

g(x+h)—g(x)

(a) g'(x) = lim

—x2-2xh—h?+43x+3h—-2 —(—x%+3x—-2)

glx+h)=—-(x+h)?+3(x+h)-2
=—(x?+2xh+h*) +3x+3h -2
=—x2—2xh—h?+3x+3h—2

= lim
h—-0 h

—x2-2xh—h%+3x+3h—-2 +x%2-3x+2

= lim
h—-0 h

. —=2xh —-h%+3h
= lim
h—0 h

. h(—-2x—h+3
= lim ( )
h—0 h

=lim —2x —h+ 3
h—-0

=—2x —0+3
= —2x+3
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(b) g'(x) =-2x+3 Downloaded from eduresourceza.com

9'(=2) =-2(-2)+3

= 7 Note: this is a positive gradient

(c) Gradient = -3 means g'(x) =-3
g'(x)=—-2x+3
—3=—-2x+3

—6 = —2x
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[E¥} HOMEWORK:

Exercise 2 page 91

(a) 1-6
Q: Why was the parent
q dike Pushing 54 function upset
@’hings to the Limits ~ withits child?
I_,( ) = i L5 —\; ~ f () A: It was stretched
i to its limit.
- ]UICYQJOTES.COM |THE BEST JOKES TO SHARE
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