Mathematics for Biochemistry

LECTURE 3

Equations, Inequalities
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Equations and Inequalities

Available operations: adding/subtracting the same quantity to/from both sides

multiplication of both sides with non-zero constant

1. Domain of definition

2. Solving — available operations, properties of the functions
3. Result

4. Check



Linear equation — solution: number(s) (or function of parameter), sets or none

Linear inequality — solution: interval (or function of parameter) or empty set

Example 1.
10x—-1=15-6x —> D(f)=R
10x+6x=15+1
16x =16 \i
16
Xx=1 —>xeD(f)
10-1-1=15-6-1

9=9



Example 2.

4-2x|=12 - D(f)=R

Removing of absolute value results into two separate equations:

4-2x=12 v —(4-2x)=12
X=-4 v X=8
P ={-4,8}




Example 3.
x—2|<|x+4] N D(f)=R
Removing of abs. values results into 3 separate equations for each of intervals:

a) (—oo,—4) b) <—4,2) c) (2,:)
—(x—2)<—(x+4) —(x—2)<x+4 X—2<X+4

2<-4 =P ={} x>-1 =P =(-12) ~2%4 =R=(2)

a

P=P,UR UP, =(-1)




Quadratic equation — 2 solutions: real or complex numbers

Quadratic inequality — solution: sets of real or complex numbers

Example 4.
x+3 x+6 11 BN D(f)zR—{B,G}
X — 3 Xx—6 5
= 42
X°+33x-198=0 — g
X, =9

P ={-42,9)



Example 5.

16-7x% =79 - D(f)=R
7x°+63=0
X*+9=0
D=b’-4ac=0-4-1.9<0
P={} —P={-3i3i}




Example 6.

x> =3|x+1-x=0 — D(f)=R
a) (—oo,-1) b) <_1’OO)
X2 —3(~1)(x+1) - x =0 X =3(x+1)-x=0

X —3x-3=0

D<0 P =
<0 =P, {} pb=<2—\/7,2+\/7>

P=P,UR =(2-7,2+7)

20 =
16 o

12 A

——




Irrational equation
Irrational inequality

Example 7.

\/1+x\/x2+24 =X+1

(for now, we will not calculate the D(f), however, try to find it later)

\/1+x\/mzx+l /[ x+1>0 /°

1+x\/M:(x+l)2
xmzx(XJrZ) = x =0
IX2 424 =x+217

4Xx-20=0 = X,=5

P={0,5]

Irrational equation (inequality) — always check the results



Irrational equation
Irrational inequality

Example 8.

JBX— X2 < Xx+3 N D(f)=(0,6)

VBX—X2 <Xx+3 | x+3>0 /°?

6x—x2<(x+3)2

x2>—% — valid ¥xe D(f)= P=D(f)

0,6

o
1
——~

~——



Irrational equation
Irrational inequality

Example 9.

Jaoe s - D(f)=(-2,2)-{0}

X

a) for X€<—2,0) S>J4-x*-1>0 —>x*<3 —)Pa=<—2,0)ﬂ<—\/§,\/§>=<—\/§,0)
b)for xe(0,2) —>V4-x*+120 —Vxe(0,2) —> PR =(0,2)

P=P,UR, =(—/3,2)-{0]




Exponential equation
Exponential inequality

Example 9.
23—X _ 42—X
S3x _ g2
2 =(2?)"
2% = 2+



Exponential equation
Exponential inequality

Example 10.
x22X 1 QP2 _ y2obBied 4 -l BN D(f)=R

a) for X e (—oo, 3> —y x22¥ 4 2—(X—3)+2 — y2 2—(x—3)+4 L oxl

X2 2X+1 + 2—X+5 — XZ 2—X+7 + 2X—1 /2)(
2X

2x22%* 4+ 2° =2"x% ¢
4% -1-0=x  —+1
27 (4x2-1)=2°(4x* -1) — B R
2X—1:25:>X3:3 {

b) for x e (3’00) N X2 2x+1 n 2x—3+2 _ X2 2x—3+4 n 2x—1
X224 20 = X224+ 27 = valid Vx € (3,%0)

P :(3,00)




Exponential equation
Exponential inequality

Example 11.
4 2.5 ~10* >0 - D(f)=R
4*—2.5%-10">0
2% —2.5% 265> 0 /-%
2X

2X X X
SHEHRFOR
2 2 2

) 1
2t°-t+1>0 =t =-1 tZ:E

Backward substitution:

X 1
(gj =t,=-1 This is not possible, so the interval for variable t “shrinks” to: te€ £0§j

x 1
oy . 1 1 P=|—xlog, =
(2) h=g = X=100:5 ( 922}




Logarithmic equation
Logarithmic inequality

Example 12.

log, 4+1log, 2=1



Logarithmic equation
Logarithmic inequality

Example 13.
log, (x+12)-log, 2 =1 -
log, (x+12)-log,2=1 /log, x = =
log, a
log, (x+12)- =1
9 ) log, X
log, (x+12) =log, x /Iogax:logbx
log, a
log, (x+12) = Iog4x1
log, 2 =5

log, (x+12)=log, X* = x+12=X" =% =-3; X, =

xeD(f)=P=

{4

——

A

— log,(x+12)=2log,x /



Logarithmic equation
Logarithmic inequality
Example 14.

log. | log X"~ 2X >0 —
L0 x=3

X—3

2
X% —2X
X—3

>8—)X2—1OX+24>O:>X€(4,6)

P =

VR

4,6)

X% —2X X% —2X X% —2X
log, | log, >0 — log, >1—>

> 8



Trigonometric equation
Trigonometric inequality

Example 15.
ZSinX=\/§tanX — D(f):R_{kﬂ-}keZ
2SIN X = @% - K= {kﬂ-}kez
Zcosx=\/§

cosx:£:> X, ={—£+2k72'} X, :{£+2kﬂ}
2 6 keZ 6 keZ

T

6 6 keZ




Trigonometric equation
Trigonometric inequality

Example 16.
1
tanx=———+72 —> D(f):IR{—{£+k7z
tan x 2
SINX COSX
+—=2
COSX SInX
1,
SIN X COS X

sin2x:1:>x:%+k7z

P= {Z + kﬂ'}
4 kez




Trigonometric equation
Trigonometric inequality

Example 17.
sinXx++/3cosx >0 —>

a) On interval (—%%) 5cosX>0—>tanx > —/3 =

T T
Xe|——,— 16 -
( 3 2)

b) On interval (—,%j—)COSX<O—>tanX<—\/§:> 8 -

P:(—z,z—ﬂj+kﬂ; keZ .
3 3
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