DERIVATIVES (examples - part])
The primary operation in differential calculus is finding a derivative.

Table of derivatives

1. C'=0
2. x'=1
3. (x9)'=2x

5. (a")'=a’'lna
6. (%) '=¢"

7. (logax)‘z; (hereis x>0 and a>0)
xlna

8. (lnx)‘=l (x>0)
X

9, [% L (x=0

(x>0)

11. (sinx)'=cosx

12. (cosx)'= - sinx

13. (tgx)'=

cos’ x

14. (ctgx)'=—

x¢£+k7z
2

xzkr

15. (arcsinx)'= |x| <1

16. (arccosx)'= -

17. (arctgx)'=

1+ x?

18. (arcctgx)'= - " !



General differentiation rules:

1. [ef(x)] =cf "(x)
Linearity
2. ) g =1'(x) +g'(x)
3. (uev)'=u'v+vu Product rule
4. (zj -1y —2v u Quotient rule
v v
Examples:

1. Find derivatives for following functions:

a) y=x
b) y=10"
¢) f(x)=+/x
d) y=logsx
o) fix)=3x*
H fx)= -
X
g y=815
X
h) y=x4/x
. X2 X
) y=

Solution:
a) y=x" = y =5x" asthe4. in table

b) y=10" = y = 10"Inl0 as the 5. in table

o fx)=+Jx = f‘(x):L as the 10. in table
2x
1 .
d) y=logzx so: y = as the 7. in table
xIn3

e) f(x)=3%x" Look out: Here first we have to” prepare" function for derivative: We will use: %7 =x". So:
3 3 2
Yx* =x3 and still working as (x")'=nx""' , [(x)= §x3 = §x3



—n

f) f(x) = i7 And here we must "prepare" function. How is Lﬂ =a
X a X

f' x)=-7x ""=7x"

1 S 5 5 5 1B
g y= ——> y=x' ————> y=-——xf =——x "
8/ 8 8
r 3 3 30 3 L 3
h) y_X\/;: x'x?=x? — 5 y=5x2 ZExZZE\/;

1 5

2 2.7 9 11 11 5

_xAx o xTx?_ox? ¢ N - T

1) y= 2 - y gx 6x
VX x3 x3

2. Find derivatives for following functions:

a) y=>5sinx

1
b) y=—Inx
)y >
o) y= -3 tox
y 4 g
d) y=zx’

e) f(x)= %arctgx
f) f(x)=-actgx

g) y=10
h) y=-2abx
Solution:
a) y=15sinx rule: [ef(x)] =cf "(x)
y =5 cosx
b) y=—Ihx — > y _11_ 1
2 x 2x
-3 -3 1
O y=TRw L,y
4 4 cos”x

d) y=7zx Take heed: nis also constant... y = 73X



4 4 1 4
e f(x)= —arctgex —® {'(x)= — =
) ®) 5 8 ®) 51+x% 5(1+x%)

f)  fix)= -actex — » f'(X)=-a(- ,12 )=—2=
SIn™ x SiIn x

9 y=10 —— y=0

h) y=-2abx — y =-2ab

3. Find derivatives for following functions:

a) y=5x"-3x"+4x -8
b) f(x) = 3sinx - %ex + 7arctgx — 5

c) y= i/;—iJr%—Lﬁ“
X X

\/_ 5x

Solution:

a) y= 5x° - 3x° +4x - 8 use rule: [f(x)tgx)] =f'(x) £g'(x)

v =5(x% = 3(x°) +4(x)' — 8"
vy =30x"—15x" +4-0

y' =305’ - 15x" +4

b) f(x) = 3sinx - %ex + 7arctgx — 5

f(x) = 3(sinx)" - %(ex)‘ + 7(arctgx)' — 5°

f‘(x)=3cosx-lex+7 12-0= 3cosx-lex+ 72
1+x 2 I+x
. 2 3 1 - " . o
c) y= \/;——+—2——3+4 we have to” prepare" function for derivative.......
\/; x° 5x

1 1
y=x3-2x 2+3x'2-%x'3+4

2 3 2 3
1 -5

. - 1. - 3 1 4 1 5, 5 3,3 4
=—x32(2)x 2H3(-2)x" —=(3)x"+0=—x*+x2-6x"+=x
Y =3 (=2) (2x7=2(3) 3 s



4. Find derivatives:
a) f(x)=x"sinx
b) f(x)=¢" arcsinx
¢) y=(Bx*+1)(2x*+3)

d) y=x—sinxcosx

Solution:

As you noticing, in this task, we must use the rule for derivative products: (ucv)'=u'v+v'u

a) f(x)=x"sinx Hereis X° «— u and  sinXx «—>» Vv
f'(x) = (x°)" sinx + (sinx)'x

f(x) = 3x” sinx + cosx x° = x*(3sinx+xcosx)

b) f(x)=¢" arcsinx et «—>u and arcsinx «—» vy

f(x) = (e*) arcsinx + (arcsinx)'e”

f (x) = e" arcsinx + e* = e"(arcsinx +

2 2

1-x 1-x

¢) y=(x*+1)(2x*3)

y' = (3x%+1) (2x%+3)+ (3x*+1)(2x%+3) "= 6x (2x™+3)+ 4x (3x*+1)= 2x[(6x7+9)+ (6x*+2)]=2x[12x*+11]

d) y=x-sinxcosx
y' =1 —[ (sinx) cosx + (cosx) sinx]|
y' =1—[ cosx cosx -sinx sinx] = We know that: sin’x + cos’x =1

y' =sin’x + cos’x - cos’x + sin’x =2 sin’x



5. Find derivatives for following functions:

2) _x2+1
4 xt -1
CcosX
b) y=—-7
1-sinx
5-¢e
C =
)V e +2
Inx+1
d) y=
Inx
Solution:

. u uv—vu
Here we use quotient rule: | —| = 5
v v
x*+1
a) y=— hereis x*+1 —> u and x-1 —> v

yi= X+ =D = (x> =1)'(x* +1)

( 5 1)2 denominator shall remain so until the end!
x —

o 2x(x* =1)=2x(x* +1)
) (x* =1

L 2x(x* =)= (x? +1)]
B (x” -1y’

simplify little ...

-4
Y= 2—)62 here is the final solution!
(x” =1



COS X

1-sinx

. (cosx)'(I-sinx)—(l1—sinx) cosx
(1-sinx)?

. —sinx(1—sinx)+cosxcosx
(1-sinx)?

. —sinx+sin’® x +cos’ x . .2 9
= - > asis: sin'x +cos’x =1
(1—sinx)

~ l-sinx
Y= 1 siny)’

1
'=———— final solution
I-sinx

. (5-e)(e +2)-(e"+2)'(5-¢€")
re (@ +2)

. —e(e"+2)—e'(5-¢")
y: x 2
(e"+2)

. —e(e"+2+5-¢e") . .. ..
= simplify little ...
d (e +2) P

= —7e*
(e" + 2)2

it is:



Inx+1
d y=

Inx

Y= (Inx+1)'Inx—(Inx) (Inx +1)

In* x
llnx—l(lnx+1)
y=X x
In’ x
llnx—llnx—l
X x x
4 In* x
y=—2>%  so: y’=——— is the final solution.
In" x xln” x

6. Determine the equation of tangent for function y= 2x* —3x + 2 in the point A (2, y), which belongs

to the function.

Solution:

First, we find unknown y; we will replace x =2 in the function ...

y=2%2%-6+2=4, and the pointis actually A (2,4)

To remind you:

T angent equationis: y—yo=1"(Xo)(Xx— Xo)

f(x) =2x*-3x+2 we find derivate...
f'x)=4x-3 replace x =2
f'2)=83=5

Y = Yo =f " (Xo)(X - Xo)

y—-4=5(x-2) simplify little ...

y=5x-6 is requested equation of tangent



7. In which point on parabola y= xX*—7x+3 is tangent line parallel with line y =5x +2?

Solution:
fx)=x*-7x+3
£ (x)=2x-7

Condition that two lines are parallel is kj=k,, from y=5x+2 is k=5,s0: f'(x)=5

2x -7=5
2x =12
XxX=6

Now this value change in the equation of parabola to find y. So:

y=x"-7x+3
y=36-42+3
y=-3

Requested point, which belongs to the parabola is: (6, -3) .

8. Determine the equation of normal line for function y= x'—x*+3 in point M (1, y), which
belongs to function .

Solution:

First, find unknown coordinate y.

y=1-1+43=3, socoordinates are M(1,3)

f‘(xo)

Y-Yo= (X — Xp) equation of normal line

y=x'-x*+3
y‘=4x3—2x

y(1)=4-2=2
-1 TP
y—-3= T(X_l) simplify little ...

2y-6=-x+1 — n: x+t2y-7=0 is requested solution



