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Mathematical Analysis (1)

The Syllabus:

(1) Differentiation

(2) Riemann Integration

(3) Measure Theory

(4) Lebesgue Integral
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Chapter One

| R
Differentiation

Definition (1.1): Let f be defined on an open interval I, and let x, € I. The

derivative of f at x,, denoted by f’(x,), is defined as

0 x_xO

provided either that this limit exists or is infinite. In this case, we say that f is
differentiable at x,. The operation of obtaining f’'(x) from f(x) is called
differentiation.

Example (1.1): Find the derivative of the constant function f(x) = k, V x, € R.

Solution:
_ f0) = f(x0)
! =1
f'(xo) L ———
- k—k
= lim
x-%o X — X
, 0
= lim
x-%o X — X
=Ilim0=0
x—>x0

Example (1.2): Find the derivative of the linear function f(x) = ax + b, V x, € R.

Solution:

f’(xo) = lim f(x) _f(xO)

Xo X—XO



ax+b—axy—>b

= lim
X=X X —Xp
. a(x—xg)
= lim ——
x=x9 X — Xg
=lima=a
x—>x0

Example (1.3): Find the derivative of the function f(x) = x™, V x, € R.

Solution:

i LG = f(X0)
im

X—Xq X — X

f'(x0)

_oxt ="
= lim ————
xX=x9 X — X

’ (x = x0) (™1 + x0x™ 2 4+ x2x™ 3 + o+ xV2x + x," )
= lim

X—Xg X — X

= lim (x™ 1+ xgx™ 2 + xp2x™ 3 + o 4 xo"2x 4+ x, L)
X—Xq

= xOn_l + xOxOn_z + xoszn_3 + -+ xon_zxo + xon_l
=xo" x4 x4 e+ x T Xy =t

Example (1.4): Find the derivative of the function f(x) = x? at x, = 2.

Solution:
s o f)—f(2)
(@) = il_rle XxX—2
x% — 2%
- gcll?% xX—2
C(x=2)(x+2)
= lim
x—2 xX—2
=lim(x+2)=4
x—2



Example (1.5): Find the derivative of the function f(x) = vx , V x, € (0, )
Solution:

ey — i TS G)

X—>Xg X — Xy

li Vx — vV Xo
im
%0 (Vax — /x0) (Vx + /%)

_ 1 1
= lim

() 2

Example (1.6): If it is possible, find the derivative of the function f(x) = |x| ,
V xg €R.
Solution:
We have

x , x>0
f(x)=l|x| = 0, x=0
-x , x<0

When x > 0

. f() = f(xo)
! — l
f'(xo) L ——
_ i XL 1%l
=um-—-
xX=x9 X — Xg
x_xO _

= lim 1

X->Xg X — xO

When x < 0



