DIFFERENTIATION

This page contains a list of commonly used differentiation formulas. Applications of
each formula can be found on the pages that follow.

1. Derivative of a Constant 11. Quotient Rule
L d ) F'09g(x)-g'(9) f ()
dx dx g(x) lg(x)f
where k is a constant
A d 1 -0
2. Power Rule Cdxg(x) [g()F
ixr =rx"* d .
dx 12. —sinx = coSX
dx
3. Constant-Multiple Rule d .
d 13. —sin f(x) = [cos f (x)] f '(X)
—k-f(x) =kf '(x) dx
dx
where k is a constant 14, dicosx = -sinXx
X
4, Sum Rule

d , .
%[f(x)+g(x)]= £100+ 9'(x) 15. &cos f(x) = [-sin f(X)] f'(x)

d 2
5. General Power Rule 16. &tanx = Sec” X

d r_ r-1 ¢
Gl PO =1l (I (%) 17. %tan f(x) = [sec® f (x)]f '(x)

6 & ~°¢ 18. %cscx=—(cscxcotx)
7 d ot _ Lo fr d
e ¢ (x) 19. &cscf(x):—(cscxcotx)f'(x)
d 1
8. d—ln(X) = — x>0 20. isecx:secxtanx
X X dx
d _ ' d
9. &In f(x) = ) 21. &sec f (x)=(secxtanx) f'(x)
10. Product Rule 22. icotx:—csczx
dx

%f(x)g(x) = f(X)g'(x) + g(x) f'(x)

23. %cot f(x)=—(csc”x) f'(x)



1. Derivative of a Constant d
d Ex. —7 =0
—k =0 dx
dx

where k is a constant

2. Power Rule d
d ) Ex. —x° = 5x*
—x"=rx" dx
dx
EX. iis = ix'3 = -3x*
dx x dx
Ex. ix =
dx
3. Constant-Multiple Rule d d
d Ex. —2x°=2—x>=23x"=6x’
d—k- f (x) =kf '(x) dx dx
X

where k is a constant

4. Sum Rule Ex.
d - : d
L 00+ 900]=T(x)+9'x) &(x4+3x2)
= ix“+ i3x2
dx dx
= 4x° + 6X
5. General Power Rule Ex.
d r r— 1
L OO =T ()] H(X) i(x3 +2x% +1)°
X dx
= 8(x3 +2x° +1)7 -i(x3 +2x% +1)°
dx
=8(x* +2x? +1)' (3« + 4x)
d Ex. i3eX =3 ieX = 3e*
6. —e* =¢" dx dx




7. dief‘x) =e'™ . f(x)

Ex. ie5X =g in =g 5 =5
dx dx

d 2.9)3 2, 53 d
_e(x +2) :e(x +2)° _(XZ + 2)3
dx dx

Ex. = e’ .3(x? + 2)2-di(x2 +2)
X

= e(x* +2)>3(x* + 2)*-2x

= 6x(X* +2)%e(x* + 2)°
Note: The General Power Rule was also
utilized in this problem.

8 iIn(x) = —, x>0 Ex. i2Inx:2-ilnx:g
X dx dx X
0. Lty = L Ex. L in(x? +7%)°
X f(x) dx

Method 1:

d 3
&(x +7X)

(x> +7x)°
32 +TX)(2x+7)
B (x> +7x)°
3(2x+7)
X2+ 7x

Method 2:
This method utilizes the law of logarithms that

states In (x*) =aIn x.
iIn(x2 +7x)° :iln 3(x* +7x)
dx dx

= ?:iln(x2 +7X)
dx

d

— (X +7X

_dx( 1)
X%+ 7x

_3(2x+7)

X2+ 7X



10. Product Rule

%f(x)g(x) = f(x)g'(x) + g(x) f'(x)

EX.
i(2x2 +3X)(X° = 7x* +4)
dx
- (@22 130 L (¢ -7 +4)
dx
+ (X =7x2 +4). i(2X2 +3Xx)
dx
= (2x* + 3x)(3x* —-14x)
+ (X =7x*+ 4)(4x + 3)
EX.
ix3e-5x+2
dx
= xsie'5X+2 + e iX3
dx dx

— X3e_5X+zi(—5X+2)+e_5X+2 . 3X2
dx

5x+2 -5x+2

-5x%>"? +3x% e
Xze-5x+2(_ 5X + 3)
X?(-5x + 3)e ™2



11. Quotient Rule d 3x2+1
X, —
dx 4x* -2
d 0 ge)f0-F()9'(X) -2 @+ 119 (3¢ -2)
_ dx dx

dx g(x) [g()T*
(4x% - 2)?

_(4x° = 2)(6x) — (3x* +1(12x%)
- (4x° - 2)°

_24x* —12x-36x" —12x°

- (4x° —2)?

_ —12x* —12x% -12x

(4 -2)?

il—lnx
dx X

Ex.

d d
x> — (1 =1Inx) = (L—Inx) — x?
_ dx( )—( )dx
(x*)?
2 _1
X% ——=2x(1-Inx)
X

X4

—X —2X + 2xInx

X4

—3x + 2xInx

X4

X(=3+ 2Inx)
X4
-3+ 2Inx

X3

d
d 1 -g'(x) d 1 " dx
"y = 2 EX. —— = 2 2
dxg(x)  [g(X)] dx 3x*—=2x  (3x°—2x)

3x? - 2x

_ —(6x-2)

~(3x% - 2x)?

. —bx+2
(3% — 2x)?




12. isinx = COSX
dx

Ex.

i -3sinx = -3isin X =-3C0S X
dx dx

13. isin f(x) = [cos f(X)]f'(x)
dx

EXx.

isin 4x = (cos4x)i4x
dx dx

= (cos4x)4
=4cos4x
14. Lcosx = -sinx Ex dcosx_1d o _—sinx
dx dx 2 2 dx 2
d 2
Ex. —cos (x° + 1)
dx

15. icosf(x) = [-sin f(X)] f '(x)
dx

= [-sin (x* + 1)] %(X2 +1)

= [-sin (X* + 1)]2x
=-2xsin (x* + 1)

16. itanx = sec?x Ex. iGtanx = Gitanx
dx dx dx
= 6sec’x
17. itan f(x) = [sec® f(x)]f'(x) Ex. q
dx d—tan(x3 +1)
X

= [sec*(x® +1)]%(x3 +1)

= [sec’*(x® +1)] 3x*
= 3x% sec’(x’ +1)




INTEGRATION

This page contains a list of commonly used integration formulas. Applications of each
formula can be found on the following pages.

X"t c 12. .[sin Xdx = —cosx +C
r+1

1. Ixrdx =

. f( x)dx = —cos f (x)+C
1A. jkdx:kx+c I[S'” x=—cos f (x)+

where Kk is a constant 14, .[seczxdx —tan x4 C

2. [k (x)dx=k[ f(x
where k |saconstant 15. I[sec f

3. J.[f(x)+g(x)]dx:jf(x)dx+_[g(x)dx

=tan f (x)+C

4, '[exdx:ex+C
5. Jef(x)f'(x)dx:ef(x)+c

6. Jédx:ln|x|+c
7. jmdx:ln‘f(x)HC
f(x)

8. Integration by Substitution
If(u)du =F(u)+C
where u=g(x) and
du = g'(x)dx

9. Integration by Parts
'[f(x)g'(x)dx = f(x)g(x)—J- f'(x)g(x)dx
10. Icosxdx=sinx+C

11, j[cosf ]f x)dx =sin f (x)+C



r+1 8
X

jx'dx:x +C J'x7dx:—+C

1A .[kdx=kx+C Ex I5dx=5x+C
where K is a constant
[t (x)dx = k] F (x)dx EX.
where K is a constant I 5X6dX25j Xdx
5x’
=—+C
.
f(x)+g(x)dx =] f(x)dx+ | g(x)dx Ex.
JLF O+ 9= 1 (x)x o) o vocean
= I2x2dx+.[3xdx + j2dx
2x%  3x?

=—+—+2x+C
3 2

je*dx:ex +C EX.
j6exdx

= GIede
=6e*+C

Jef(x)f '(X)dXzef(X) +C Ie2x2+14XdX:e2x2+1+C

EXx.
Ex.
je‘“dx
= I%e3x3dx
= %jesxsdx
eSX

=—+C
3




1 Ex.
J;dx:ln|x|+c 5dx
dx
_5j7
=5In|x/+C
' Ex.
.[—d]; (%) x=In|f(x)+C X 2%

(x)

Z—dx:ln‘x2+l‘+C
X“+1

Ex.
I X2+1 I
X2 +3x+2
;(3x2+3)
:Ix3+3x+2 X
_ j 3X +3
B x+3x+2

:—In‘x3+3x+2‘+C
3

Integration by Parts

jf(x)g'(x)dx= f(x)g(x)—jf'(x)g(x)dx

Also written as:

J‘udv:uv—'[vdu where
u=f(x) dv=g(x)dx
du=f'(x)dx v=G(x)

Ex.
sz In xdx

f(x)=Inx g(x)=x

szlnxdx Inx'x—s—.[—- dx
3

3
:X—Inx—lszdx
3 3

3 3
“Xnx-Xic
3 9
Icosxdx=sinx+C EX.
cos xdx
j =—Icosxdx
2 2
_sinx L




I[cos f(x)]f'(x)dx =sin f (x)+C

Ex.
jcos 4xdx

= Ilcos4x4dx
4
1
:—jcos4x4dx
4

:lsin4x+C
4

.[sin Xxdx =—-cosx+C

Ex.
J'—Zsin xdx

:—stin xax

=—-2(—cosx)+C
=2cosx+C

LINEAR INTERPOLATION

If we assume a linear trend between two points (X, y1) and (X, y2) then for any "x value™ say X3, we can
use "similar triangles™ to estimate the missing y value (ys), algebraically...

YooY Y37
7% 37X
Example:
X1 4656 X5 [50.95
Y1 Ys
then

25-0 ;=0

50.95—46.56 50— 46.56

Solving for y; gives
Y3 = 19.6

x1 X3 X2

10



