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Differentiation
The derivative of  f(x): R—3R
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The slope of the secant line is:

:E(xf-mg) — «Ffﬁ}

Ly
Let us take the limit:
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The function fix) is differentiable at the point x = Dy if this limit exists and is a finite one,
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£(x) is called the function’s derivative at point x.
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£(x) _(if it exists) gives the slope of the tangent line to the graph of f{x) at the point

f fails to be differentiable at a point xe Dy if it has a break, a corner or a vertical tangent line
at this point.

Examples:

fy, f» and f; arenot differentiable at x=0.
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T If f(x) is differentiable at x—> f(x) is continuous at x.
The converse of the statement s not true.
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Technigues of differentiation

Instead of obtaining derivatives directly from the definition techniques and formulae were
made to differentiate functions.
/Muost of the proofs: see appendix/
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T If f and g are differentiable at the point x then f+g and f-g are also differentiable
at the point x and :

(frgy = + ¢
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If fis differentiable at x and c€ R, then cf is also differentiable at x and
(ch) =cf

Proof: II
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If f and g are differentiable at the point X, then fg is also differentiable at x
and

(fgy =Pg+fg’

Proof. see appendix.
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Proof. see appendix.
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Te If f and g are differentiable at the point x, then f/g is also differentiable at x and
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Proof. see appendix.
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T. (ey=¢ (a')=a" Ina

Proofs. see appendix

i 3 Inx’=1/x log.x’=1/(Ina)x

Proofs. see appendix

T: sinx"=cosx

cosx ' =-sinx

tanx"=1/ cos” x

cotanx’=-1/ sin” x

Proofs. see appendix
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aresin x° = -
|
: i
arccosx’ =-
1-x*
1
arctan x’ = =
X
1
arccotan x* = - 2
1+x

Proofs. see appendix

The chain rule

If g is differentiable at x and fis differentiable at g(x) then f(g(x)) is also
differentiable at x and

flg) =r (gx) g (x)

Pmef‘ fF( (K;_m) —
{'es) - ({:('3“’ ~ Mo 343»5

Ax 2 °

| + c (’C*M) - g =
)"\m, —({_:L{S{ bﬁ)) ‘F{g J‘) _ngc_,_i—‘

Ky —2o ?(rkﬂ@ 1

(lege) g O




D7






D9

Differentiation of f(x)*™ type functions
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Higher derivatives

D:
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Let f be differentiable at some interval. f is the derivative or first derivative of f.

If fis differentiable we denote it’s derivative f°* (second derivative)
|
0 |
+7¢ ¥l = (7N

As long as we have differentiability, we can continue differentiating derivatives to
obtain third, fourth, fifth and even higher derivatives of f

The successive derivatives of f are denoted with.
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If {* is differentiable then its derivative (nc N)

(=) =@ is the n-th derivative of f.
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