Practice N 5 “Derivative and its finding”

The limit of the ratio of the function increment to the argument
increment, while the last one approaches zero is called a derivative of the
function y = f (x) at a point X, and is denoted as:

o f(xya+AX)—f(x
f'(%)= lim (g +4%) - 0).
AX—0 AX
The elementary rules of derivatives calculation.

Let the functions u=g(x) and v=y/(x) have their derivatives u’, v' at

some definite point. Then the functions
1.y=cu, (c=const); 2. y=u+xv;3. y=u-v; 4. y:E,v;tO
v

also have their derivatives at this point which are calculated by the following
formulas:

# 0.

Let the function u=g(x) have the derivative uj, =¢'(x,) at the point x,,
and the function y= f (u) has its derivative y’' = f'(uy) at the corresponding
point Uy =(X,). Then the composite function y = f((p(x)) at the mentioned

point x, will also have a derivative equal to the following
Y (%)= (Uo)u (%)
or

Yy = Yo - Uy
In other words the derivative of the composite function is equal to the
product of the derivative of the given function with respect to the intermediate



argument by the derivative of the intermediate argument with respect to the
independent variable.

The table of derivatives of the simplest elementary functions considering
the argument u being some function of x is shown below.

Table 1. Table of derivatives

1)c'=0 '

!

2) (u”) =nu"t.u

9) (sinu) =cosu-u’

10) (cosu) =—sinu-u

!

3) (\/U)’=2$a 11) (tanu)':COSl2u u’
' 1
4) (%j :_uu_z’ 12) (co'fu) !:_Sinj’uu’
5) (Iogau)':urr;a 13) (arcsinu) :\/1_7
' ' 4 u’
6) (Inu) ZUU 14) (arccosu) :_\/—7u2
7) (a“)’ =a'lna-u’ 15) (arctanu) =1fu2
8) (eu) =e'u’ 16) (arccotu),:—lf;z.

Example. Find the derivative of the functions
a) y=x%sinx; y’:(xz) sinx+ x?(sinx) = 2xsinx +x?cos x;

!

: X 1 x
SO R 0

b) y=—F; y'= = :
Jx (&)2 X
c) y=cot?(5x); y'=2cot5x(cot5x) =2cot5x - ———-5;
)Y (5x): ( ) sin?5x
i 1 i '
d) y=In(5 2X); y' = . 5 2X) =
) y=In(5+arcsin2x); y 5+arcsm2x( +arcsin2x)

_ 1 2
5+arcsin2x /1_ ax?




e) y=~%xarctan3x; y' = (§/§ ), arctan3x + 3/x (arctan 3x)' =

2

:lx 3 arctan3x + 9/x
3 1+ 9x2

Homework

ANnswers

Differentiate the following functions.

Ne 3.30.
y = (x2 —3x+2Xx4 + X —1)

7x% —10x* +8x3 —12x% + 4x+3.

Ne 3.31.

y= (% —ﬁj[4x‘°{/§ + :’LXZJ

1(60 v 48\/7]

1-x°
Ne332 y=——. Sl
X +1 <1+X2)2
X° +x+1 1+ 2x+3x% —2x% - x*
Ne 3.33. y=3— 5
X*+1 (1+x®)
Niaa y— VX 1-2 .
LoV 2x(1+/2x)
Ne 3.36. Y =Sin X+ COSX. COS X —Sin X.

tgx ) _X= sinx- cosx
Ne337. y=—.
X x2 cos? X
X Sin X + €os X + X(sin X —cos x)
Ne338. y=— , : |
Sin X 4+ COS X 1+sin 2x
Ne3.39. y=C0s"X. —sin 2x.




Ne 3.40

1.3
Y= 00X~ 00s’X

—sin®x.

Ne 3.41.

y =sin(sin x).

cos(sin x)- cos .

Ne 3.42.

X
= |tg=.
y 92

1

4‘/tg§- cos? *
2 2

Ne 3.43

Ly =ctg 1+ x%.

2X
3sin? Y1+ x2 -3\/(1+ x2)2 |

Ne 3.45. y =sin’(cos3x). —3sin 3xsin(2cos3x).
2 2
No346 Y= X _ - -
arctgx arctgx  (L+ x* arctgx)
.2 2
Ne 3.48. y = arcsin —. -
X XV X2 — 4
Ne 3.49. y = arctg® 1 2arctg 1
X _ 2
1+ x°
2 2
Ne352. y = |nX2_ 1+ x? —2x 2Inx
Ne353. y=+1+In"x. In X |
Xv1+In? x
Ne 3.54. y=In(arccos2x). 2
arccos2x+1—4x>
Ne3.56. y=2%. 2"In2.




X -X(1 _
Ne357. y=—. 47%(1-xIn4).

4

_ X 1—X

Ne 3.58. y_e—x, ~

COSX sin X + COS X
Ne359. y="—"27". B : |

€ e

The logarithmic differentiation. Let the function y=f(x) have its
derivative y' = f’(x) that is difficult to calculate using the previously described
methods and formulas, but its natural logarithm In f (x) Is a function that can be

easily differentiated. Then, in order to find the derivative, we should use the
method of logarithmic differentiation which consists of taking the logarithm of
the initial function Iny=Inf(x) and then in differentiation it as an implicit

function. Thus, if Iny = ¢(x), then

y _
;—(P (%)
whence we find
y=y-¢'(x)
or
y'=F(x)-¢'(x).

Example. Find the derivative of a function y = x@"*,

It is power-exponential function.

Iny =Inx®"*: Iny=tanx-Inx. Calculate derivative from both parts
lz(tanx)'-Inx+tanx.(lnx)';
y
: 1 1),
y=y- >—-Inx+tanx-=|;
COS” X X

1 1
y =X ——-Inx+tanx-= |.
Cos” X X



Ne 3.87. y = (sinx)™**.

(sin x)"OSX[COSZ X

sin X

—sin xInsin x).

Ne3.88. y = s

(x—2)*%/x+1

2(x—2)(x? +11x+1)




