DERIVATIVES OF HIGHER
ORDERS



Let f be a differentiable function on set v
and let its derivative f has a derivative at all points in M.

This derivative is called second derivative of function f or
derivative of the second order and it is denoted f~

f“(x)=[f(x)]” forallx e M.



Derivative of order n

Let function f has on set M derivative of order (n-1),
for n € N. If there exists derivative of the derivative of

order (n-1) of function f for all x € M, then this is
called derivative of order n, or the n-th derivative of

function f, and we denote it fin)

£in)(x) = [fn-D(x)]” forallx € M.



Differential of a function

Let f be a function defined and differentiable on some
neighbourhood of point xj .

Number Af _ f(X) . f(XO)
is called difference of function f for increment
AX = X = X,

Formula f'(xg)(x-x,)
is called differential of function at point x; and it is

denoted
dfxo (x)=1 ’(Xo)(x - Xo)



Geometric interpretation of function differential




Taylor polynomial

Let there exist derivatives of function f at the point
X, up to the order n,forn e N.

Polynomial

(%) (%) )
T,(x) = T(x)+ 10 (X=%) + o) (X=%p)" +

............. + f(”)(XO) (X=X%)" = Zn: (I)(Xo)

n! =

(X=%,)

is called n-th Taylor polynomial of function f at the

point x,, while
fOxo) = fixg), O!'=



Geometric interpretation




Function value at point

f(X)=/x % =4 S

..... = 4.
f(4,1) =2,024845673131658 oo
y -_— -~ @ A=(41,0)
- @ B =(0,2.024845673131658)
- @ T=(4.1,2.024845673131658)
4 @ T (K) = sart(4.1) + 1/(2 sqrt(4.1
X Tz{x} =sqri(d.1) + 1 /(2 sqrt(4.1
T (X) 2 + — w0 T(H) = sart(4.1) + 1/ (2 sqrt(4.1
4 =d.1

T,(4.0) = 2,025
x—4 (x-4)°

64 t=4.1

T,(X) =2+

T,(4.1) = 2,02484375

x—4 (x—4)° . (x—4)°
64 512

T,(4.) = 2,024845703125 —

T,(X)=2+




L"Hospital rule

can be used for evaluation of limits leading to
one from the undetermined expressions of type

0 o
0 o

Qoo w—o 0° 1° o’



L'Hospital rule

Let lim f (x)=limg(x)=0
or lim f (x) =limg(x) =

and let there exists proper or improper limit

. F'(x) . f(x)

m- i lim

a g'(X) ° Then there exists also 1M a(x)
while f(x) f'(x)




Remarks

1.Rule is valid also for one-sided limits and
limits at improper points.

2.Rule can be reused multiple-times, provided
all assumptions are fulfilled.



