Déerivativiess

DEFINITIONS The slope of the curve y = f(x) at the point P(x,. f(x,))is
the number

i f(xo + h) — f(xy)

) ; (provided the limit exists).
r—0 1

The tangent line to the curve at P is the line through P with this slope.
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DeriatiVess

Derivative of a Constant Function

\WARVARRE?

C. =L

If f has the constant value f(x) = ¢, then 1y = lim [ix+ ';" =) _ im T lim0 = 0.
A= -0 1 Ll
df _diy-9
ax A

Derivative of a Positive Integer Power

Ifnisa pOSiliVe imeger, then i‘_“ i culx + hy — culx)
d dx bl
et =t i M B — u(x)
A=) f
o
“dx
Derivative Constant Multiple Rule
1f 1 1s a differentiable function of x, and ¢ is a constant, then
‘%(cul = c‘i‘—:.
Derivative Sum Rule

If w0 und v are differentinble functions of x, then their sum w + 1715 differentiable
at every point where u and v are both differentiable. At such points,

Derivative of the Natural Exponential Function

d
==(e') =.e*
dx
Derivative Product Rule
If wand 1 are differentiable at x, then so is their product wr, anc
d.r(m) e L

Derivative Quotient Rule
1f w and 11 are differentiable at v and if 1(x) = 0, then the quotient u/ 1 is differ-

entiable at x. and

du dv
2oy Tde i
dx\ v o



EXAMPLE 1 Differentiate the following powers of x.
(a) x* (b) x** () x? (d) LJ (e) x 9 (f) Vx?+m
X

Solution

(a) f;(.r’) = Jxb= Iy
d  1a 2 a3 2o

b) — ([ x % =_'\./3QI=_-|/3

WG] =52 %

(© i'(xﬁ) = V2 x¥i-1

(d)—( )——(\‘ ) = —4x+! = —4x ‘=—%
4 3) 4 :
4By — & a3 — %
(e) —dx(.r ) 3A 3.\
d 252 x/2) w (w2 l : m
(f) E{V.\“' .)_d\( xiH )=(I+E)x' 2)-1 =§(217rNx

Let y=7¢x) beafunction of x . If the limit :
“ay s Jlx+AaAx)— [(x) _ Ay
S e % ax
exists and is finite , we call this limit the derivative of f at x and say

that s is differentiable at x .

EXAMPLE : Find the derivative of the function : ﬂx)-T‘=

2x+3
Sobk:
/ o
[(x)= lim J(x+a¢)-[(x) _ lim VA x+Ac)+3 2x+3

w lim V2x+3 =2 x+A)+3 V2x+ 34 A x+Ax)+3
a A 2 x+ Ac)+ 3V 2x+3 V2x+ 3+ [Ax+Ac)+3
= lim (2x+3)—(2(x+Axc)+3)

AW A 2 x4+ A )+ 3V 2x+ IV 2x+ 3+ A x+Ax)+ 3 )
_ -2 B 1
(2x+3)(N2x+3+2x+3)  [(2x+3)
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EXAMPLE Find the derivative of (a) vy = %.(b) y=e"

Solution

(a) We apply the Quotient Rule withu = 1> — landv = 7 + I

Q=(13+1)'21“(12—])'312 ilﬁ {dufdt) — u(dvjdr)
d (1 +1)° a\v 03
2t 4 2t — 3t 4 32
N (13 +1)°
_ =t 4 3142
(3 +1)°

diocoy.. difl =e-‘-O-—l~e—‘ ____—__1_2__,‘
oz = &) (eh)? ex "

EXAMPLE Find the derivative of the polynomial y = x* + %.\'3 - 5x +1

dy d di4 , d d
Solution &L = L3 L 4 (2.2) 4 5, LS
" dx d.vrr K d.r(3r ) dx(Sr) " dx“)

3.:2+§-2.r-5+0=3.r1+§.:-5

EXAMPLE Find the derivative of

(x — D(x2 — 2x)
x*

y =

_(x=D(x?2—2x) _ x?—3x% 4 2x
- x* - x4
dy
dx

)o

=x1 —-3x"2 4 2x-3

—x"2 —3(=2)x 3+ 2(-3)x*

| 6 6

-

x2  x3  x¥

-Y¢
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EXAMPLE Find the derivative of (a) y = l(.\‘3 + e*),(b)y = e?.
X

Solution

(a) We apply the Product Rule withu = I/xand v = x* + e*:

d l(r +e‘)]=l(2x+e")+( )(r-+e‘)
dxlx X
gy =6
X x2
=l+(\—l)—‘

d Zx —i o X . pX — pN .
Mye™i="ple" )= 8 5 dx

EXAMPLE :
EX-2- Flnd dy for the following functions :
a) y=(.r +1)
Sol.-

i) :': =-SCx’+ 1) 2xm 10x(x +1)°

b) y=[(5-x)4-2x)
Sel

b '
/ :’_x-z[(s-x)u-zx)][— 2A5—-x)—(4-2x))

=8(S-x)(2-x)2x-7)
c) y=(2x"-3x"+6x)"'

¢) —==5(2x"=-3x"+6x)"(6x° -6x+6)
==30(2x" =3  +6x)(x =x+1)

o)+ Liery.er = 2ex e
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d) y=DRx'—dx"+3x"> % ==12x7 4+ 12x7 - 12x*

dy __12_ 12_12
S x’+x‘ x’

_ (X¥+x)x’=-x+1)

€y s
ok
e) y___(x+l)(x; -x+l)=

dy _ x'[(x"-—x+l)+(x+ I)(2x~l)]-3x"(x+ INx'-x41) 3
dx x' x’

Second- and Higher-Order Derivatives

How to Read the Symbols for Derivatives

v “y prime”
R *y double prime™
d3y

o2 “d squared y by dx squared™
adx -

y “y triple prime”
yin Sy super n”’

dn"y
dx”
D" “d to the n”

“d 1o the n of y by dx to the n”’

2y . g
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y=x*4+x+8

w=3z7 — 723+ 212>

EXAMPLE
The first four derivatives of y = x* — 3x? + 2 are
First derivative: y = 3x? — 6x
Second derivative: Yy =6x—-6
Third derivative: ¥ =15
Fourth derivative: v/ = ().
Heme Werks
Derivative Calculations find the first and second derivatives.
1. "'. - —-“2 + 3 2.
.3
5y=4-%—x+2e‘ 6.

y=S e
v-——2t"+74;-

Find the derivatives of the functions in Exercises

y:2x-|-5
3x -2

v =(1—0(+12)"

s.,:ﬂ
T 3x2 4 x
12 —1
6. 7 3 —
7 2 t—2

.w=2x -1 x+9)

u=5x+l
2Vx
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Dervatives of Tnaonometrc Funchions

Derivatives of Trigonometric Functions

Derivative of the Sine Function

sin(x + ) = sinxcosh + cosxsinf.

If f{x) = sinx, then

g : (x+ h)— f(x . sinlx + i) — sinx
f'x) = lim ! Jo) lim
frsl) I B h
lim (sinxcosh + cosxsinft) — sinx
= i
fr—0) h
- sinx{cosh — 1) + cosxsinh
e h
- cosh — 1 " sin fi
= lim|sinx - + lim|cos x - ——
fr—0 i —0 h
. . cosh—1 . sinh
= Sinx - lim + cosx - lim
h--0 H h;_() '

T TR

= sinx -0+ cosx -1 = cosx.



Derivatives of the Other Basic Trigonometric Functions

Cos X |
3 coty = —, secxy = : and CSCY = —
Cos X sin x Cos X sin x

The derivatives of the other trigonometric functions:

;;L(tan x) = sec?x jl—(cot.r) = —csclx

X X

-di(sec X) = secxtanx -‘;—I-(csc X) = —cscxcotx
X X

EXAMPLE Findy” if y = secx

Yy =secx

y =séextanx

"= i(sc:c X tan x)

X dx

-

d d
sec x—(tan tan x —( sec
xdx( x) + X x( x)

= (sec x)(sec?x) + (tan x)(sec x tan x)

secx + sec xtan?x

YAAY/Y.VE
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Derivative of the Cosine Function
With the help of the angle sum formula for the cosine function
cos(x + h) = cosxcosh — sinxsinh,

we can compute the limit of the difference quotient:

d . cos(x + h) — cosx
—(cos x) = lim
dx fysl) h
- lim (cosxcosh — sinxsinh) — cosx
T heeb h
— cosx(cosh — 1) —sinxsinh
T k0 h
. cosh — 1 " . sin /it
= lim|cosx + ——— | — lim|sin x -
fe—0) h h—0 h
. cosh — 1 ; . sinh
= ¢cosx - lim —— — sinx « lim
h—t) I sty h

= ¢cosx -0 —sinx-1

= —sinx.

The derivative of the sine function is the cosine function:
d
dx

EXAMPLE We find derivatives of a difference, a product, and a quotient, each of
which involves the sine’ tunction.

(sinx) = cosx.

(a) y = x? — sin x: 2 2x — —‘-l-(sin x) Difference Rule
dx dx
= 2x — cosX
i dy 2 2
(b) v = e*sinax: LY _ er i(sm x) + ((—Ie")sm.r Product Rufe
dx dx dx
= ¢" COsX + e‘sinx
= e*(cosx + sinx)
d ;3 %
sinx W d—‘-(sm xX)—sinx -1
(¢) v = . — = = ~ Quotient Rule
X dx x*

XCOSX — Sinx

N
X~
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EXAMPLE We find derivatives of the cosine function in combinations with other
functions.

(@) y = 5¢* + cos x:

% — %(5‘,:) 4 %(cos .\’) Sum Rule
= 5("‘ et Sinx

(b) y = sin xcos x:
& el

" d )
= SImx—{(cosx) + (—' SINY)|COsS X Product Rule
dx d.\‘( ) dx( )

= (sinx)(—sinx) + (cosx)(cos x)

= cOos?x — sin’x

R | d _—
dy _ (1 - sinx) -d-—‘(cos.r) ~ COS X E(I ~ sinx)

dx (1= sinx)? . .
sin“x +cos“x=1

_ (I —sinx)(—sinx} — (cosx)(0 — cosx)

(1 - sinx)’
I — sinx I
(1 — sinx)’ | —sinx
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HemeWerks:

3 :
l. y = —10x 4+ 3cos x 2. y ==+ 5sinx
-
3. y'= x%¥cosx 4.y = VYxsecx + 3
% B | o A
5.y = —4vx + — 6. y = x*cotx — —
. = . =
_ COS X
7. f(x) = sinxtanx 8. g(x) = —
sin® x
9. y = xe*secx 10. y = (sinx + cos x)sec x

Chain Rule

dy _ dy du

dx  du _cE 'ﬁ
4/

C:yturns B: wturns A:.xturns
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Derivative of a Composite Function

EXAMPLE The function v = (3x + I)°

is obtained by composing the functions y = f(u) = u* and u = g(x) = 3x* + |
Calculating derivatives, we see that

= 2u -+ 6x
du  dx
= 2(3x* + 1) 6x
= 36x* + 12x.
EXAMPLE Show that the slope of every line tangent to the curve v = 1/(1 — 2x)"
is positive.
Solution We find the derivative: Power Chain Rule with w = (1 ~ 2c).n
dy d -3
—= = —(] — 2x
dy  dx !
= ~3(1 = 200 . L1 - 21)
dx
=—3(1 = 25)" . (=2)
= 6
(1-=20%

EXAMPLE 2 An object moves along the x-axis so that its position at any timer > 0
is given by x(1r) = cos(7? + 1). Find the velocity of the object as a function of 1.

Solution We know that the velocity is dx/dt. In this instance, x is a composition of two
functions: x = cos(u) andu = t* + 1. We have

g—z = —sin(u) ¥ = cosiu)

“1!—"‘ = 2t w=1*+1
By the Chain Rule. dx _dx du

di  du di

= —sin(u) - 2t
—sin(r? + 1) -2t
= —2rsin(1? + 1).
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EXAMPLE 6  The Power Chain Rule simplifies computing the derivative of a power
of an expression.

(a) 'di-(it"‘ — g )7 > 7(5"_3 — xd )6i(5x3 —x%) Power Chain Fulc with
X

-

dx u=5" X =

= 7(5x% — x4)*(15x2 — 4x3)

wyi(' )=iux-m”

dx\3x — 2 dx
== . —Z_d_ " Power Chuin Rule with
==1(3% ) dx(3x ) u=3xr—2 n=-l
=—1(3x —2)% (3)
I
(3x — 2)°

In part (b) we could also find the derivative with the Quotient Rule.

d, . s A - Power Chain Rule with u = sinx, n = 5,
(¢) —(sin’x) = Ssin*x - —sinx , et
dx dx because sin” x means (sinx) , n = -1
= Ssin*xcosx
Power Chain Rule with

(d) i(em) = 35l i(\/&r + 1) u=3x+1 n=172

dx dx
=e£§L%Bx+DWL3
___3 s

T a3 +1
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Derivative Calculations
given y= f(u) and u = g(x),

Ly=6u—-9 u=(1/2)x* 2.y =2u’, u=28x-1

J.y=sinu, u=3x+1 4.y = cosu, u = e~
5.y =~u, u=sinx 6. y = sinu, u = x —cosx
7.y = tanu, u = wx? 8. y=—secu, u= L + Tx
X
Second Derivatives
Find y” in Exercises
3 _
1.y=(l+l) 2._\2:(1—\/5)l
X
Ay = —l—cot(3x — 1) 4. y = 9tan(£)
: 9 3
5.y =x2x4+ 1? 6.y = x2(x3 —1)
7.y = e** + 5x 8. y = sin(x?e*)
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Rules for Inequalities
If @, b, and ¢ are real numbers, then:

l. a<b=a+c<b+c
2 D= d—esh=¢
3. a<bande >0 = ac < be
4

. a<bandc <0 = bc < ae
Special case:a < b = —b < —a
5. a>0=1>0

6. If a and b are both positive or both negative, thena < b = % < -(17

Notation Set description Type Picture
Finite: (a, b) {x|a < x < b} Open
a b
[a, b] {xla =x=b) Closed
7] b
[a. b) {x|la = x < b) Half-open >
a b
(a. b)] {xla <x=b) Half-open
w »
Infinite: (@, 20) {x|x > a) Open
o
la, o0) {x|x = a} Closed
“
(—0, b) {x|x < b} Open -— o
(=00, b] {x|x = b} Closed - »
(—o0, 00) R (set of all real
numbers) Both open -

and closed
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EXAMPLE 1  Solve the following inequalities and show their solution sets on the real

line.
x 6
m &x-1<x+3 (b) =3 <2+ | © ;=728
Solution - .y
(@) e—1<x+3 01 4
n<x+4 @)
x<4 | | x
2 ]
The solution set is the open mterval (—00, 4) (Figure 1.1a),
X (b)
(b) “3 <2x+ 1
1 X
—x<6.\'+3 0 1 1
0<Tx+3 5
-3<x (c)
X i
—7‘<-\

Absolute Value

The absolute value of a number x, denoted by | x|, is defined by the formula

X x=0
x| =

=¥, x <.
Absolute Value Pmpcrﬁcs '\h\()lull‘ ‘alue\ and lnl(.‘l"als
If @ is any positive number, then
L |-a|=|a Yy po
5. |x|=a ifandonlyif x= *a
2. |ab|= |a||b|

6. |x|<a ifandonlyif —a<x<a
| lal 7. |x|>a ifandonlyif x>a orx < —a
bl ~ b 8. |x|=a ifandonlyif —a=x=ua
4. |a + b|=|a|+ |b| 9

3.

. |x|=a ifandonlyif x=aorx=-a



EXAMPLE 2 Solving an Equation with Absolute Values
Solve the equation [2x — 3| = 7.

Solution By Property 5, 2x — 3 = £7, so there are two possibilities

2x—3=7 2x —3=-7
2 = 10 2x = —4
x =35 x = —2
The solutions of |2y — 3| = 7Tare x = S and x = —2.

EXAMPLE 3 Solving an Inequality Involving Absolute Values

Solve the inequality |5 -2l <. »

=19

-

EXAMPLE  Solve the inequality and show the solution set on the real line:

B,
<le-1<5-5F<I

euo—fv<—-2-<—4

X

@3>;>2

o> - <

3

(@ |2x—3| =1 ®) |2 - 3| =

@ ly—=3=7 @) |25 =

r<%.

1

YAAY/Y.VE



Functions
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EXAMPLE Sketching a Graph & | =%
Graph the function v = x* over the interval [-2, 2]. J - -i \
| 3
‘ y=|x|
[ xoxz0 prenidt
bl = —x. x<0 m—) ;:
s e e | M R T T
Even Functions and Odd Functions:
DEFINITIONS A function y = f(x)isan B
even function of x if f(—x) = f(x), (% y) —s/i5.3)
odd function of x if f(—x) = —f(x), 0 .
(a)
for every x in the function’s domain.
r=H‘L”
0 RY

(—x,—¥)

(b)
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EXAMPLE Even function: (—x)? = x? for all x; symmetry about y-axis. So

f(=3) = 9 = f(3). Changing the sign of x does not change the
value of an even function.

Even function: (—x)?* 4+ 1 = x? + 1 for all x; symmetry about
y-axis

f(x) = x? e

f(x) = x? 4+ 1

Odd function: (—x) = —ux for all x; symmetry about the origin. So
f(—3) = =3 while f(3) = 3. Changing the sign of x changes the
sign of the value of an odd function.

Not odd: f(—x) = —x 4+ 1,but —f(x) = —x — |. The two are not
equal.

Noteven:(—x) + 1 = x + lforallx = 0

flx) = x

f6e)=-x-+1 ; i
1 X

Y¢



Hemewerks:

Defined Functions

LS :<sx <1
f“)_lz-r. l<x<?2

l—x 0<x<1
§x)= lz—.:. <x<2

4 —x* x <1
F(x) =

[.t3 +2x, x> |

lx, x<0
i {.\'. 0<x

Functions

LiMITS AND CONTINUITY

Average and Instantaneous Speed

A moving body’s average speed during an interval of time is found by dividing the dis-
tance covered by the time clapsed. The unit of measure is length per unit time: kilometers
per hour, feet per second, or whatever is appropriate to the problem at hand.

EXAMPLE 1

A rock breaks loose from the top of a tall ¢liff. What is its average speed

Even and Odd

Ay 16(ty + h)* — 168"

At i
Finding an Average Speed

(a) during the first 2 sec of fall?
(b) during the 1-sec interval between second | and second 27

(a) For the first 2 sec:

(b) From sec | tosec 2; v

Ay 1602)° = 16(0)°
At 2-0
Ay 1602)° = 1601
21

-~

= &=

= 48

3

Slx) =
f(x)
g(x)
féx) =
flx) =
glx) =

glx) =

Distance fallen (m)

= x? +1

x3 +x
0
x2 +x

x4 + 352 — 1

x2.—1

YAAY/Y.VE

Elapsed time (sec)




Average Rates of Change and Secant Lines

Number of Mlies

Average Rate of Change over an Interval
The average rate of change of v = f(x) with respect to x over the interval [x, x;] is

Ay _ [fla) = flx) _ Sl + R) = flx)

i = X=X h h#0.
¥
"
i 10005 3%
. h
m .
20 Ap= 190
xm 340 — 150
i e
i ¥ (45, 340) 35 —33 L 46
(]
0
t 0 "
0 I 0 ¥ ) 50
Time (days)
THEOREM 1 —Limit Laws

If L. M, ¢, and & are real numbers and

lim f(x) = L and limg(x) = M, then

1. Sum Rule: lim(f(x) + g(x)) = L+ M
2. Difference Rule: him(f(x)—gx)=L—-M
3. Constant Multiple Rule: lim(k -« f(x)) = k- L
4. Product Rule: him(fix) - gx)=L-M
5. Quotient Rule: lim ) = L. M =0
e glx) M
6. Power Rule: lim [ f(x)]" = L",napositive integer
7. Root Rule: lim Yf(x) = YL = LY, na positive integer

(If n is even, we assume that f(x) > 0 for.x in an interval containing c.)

Y/AY/Y .

Y¢
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m). e e ’

T -

), [ B o=

Dl

B
A, g St =
e ———-— N

2. Vode Livd B el o
(-:" ’O‘o”'-.f:;' -, e,

bowt wow Con Soy v > )

EXAMPLE Use the observations limk = &k and limx = ¢

Ll x

‘ % =

(a) lim(x* + 4x* — 3) (h) lim"—f,—-i—sl- (c) limz Jax® + 3
N L F S

Solution

(a) lim(x* + 4x* — 3) = limx* + limd4x? — lim 3 (€) lim Vdx? 4 3 = Jlim (4x? + 3)
E—c ¢ e 1= et faand

= ¢d 4 4et' =3 = "limltix: - lim13
(o A -
Hm(x* + x* —1) = V4(-2)" +3

4 =
) lim X =1
T -

x5 lim (x? + 5) =Ji6+3
flim x4 + lim x? < lim 1 =19
T T s
St et —1
2+ 5



Example : Evaluate limits of the following

(d) Vi-3 _ V-3 _ 0
I S =5e =%
i VX -3
M =3 R +3)
= lim : = 1
9 (VX +3) (VO +3)
.
“3+3 6
O i 5x* +8x? _ 5(0)*+8(0)* _0

‘\—-~o3x‘-—16x2 3(0)‘ 16(0)%2 0

x*(5x +8)

20 x2(3x2 — 16)

_ 5(0)+8
~ 3(0)-16

YAAY/Y.VE

4—x*

& M aErs 3o

4 -4
Vits

0
]

- 4—x* (3+\}x!+ 5)
"’23 w/x’+5 (3+Vx2 +5)

— iy @B +VETFE)

=2  O—(x2+5)

= lim (4-x)(3+VxT +5)

x=2 (4—Xz)

= lim (B+Vx2+5)=(3+Va+5)=3+9

=6

1=1 0 _
TYiti-2 Vva-2

(x—=1) ‘in+ +2 lm(x-l)(\/xz+3+2)
x~wx2+3 2 VaZi3+2 1 (13-4

. (x-l)(v‘x5+3+2) N G l)(v‘x5+3+2)
= lim = lim

x=-1

(g) lim \/x2_+

OIO

11 (x*-1) -1 (x=1)(x+1)
V24342 J1+3+2 Vai+2 4

= lim = = ===12

-1 (x+1) 1+1 2 2



Limits at Infinity of Rational Function

(VS g Yl SO0 1 (3 )k g el e g gl 12 Jad

Al 8 ol et o s Coogas 4 glia alial) g Jasd) & oW1 da o clS 13
a2 05S; alll

o S e Alall o Go gud Hladl e Ji) Jacadl 8 V) 4 o calS 1Y) 2
e g shsa 5% 8l 5 30 e

syase ol ST e Al o Haal e ST Ll 8 WY1 ds e calS 13 3
. 00 (o) sy iUl Leas

: : x%-2

Example : find lim ———
x—00 2X°—3Xx4—5
Sol :
i x%—2 0? -2 00
oo 2x3 —3x2 -5 2(®)? — 3(0)2—5 o
x2_2 1_2 et o
. X x3 e X X% . 00 ghd V.
}l—r»ro]on3 3x2 S_Jlmoz i_i—z_i_i—Z-o
T EE ¥ 27w o

Y/VY/Y - YE



2X"+3

Example : find lim
X—00 5x+7

Sol :
2X +3_2(00) +3_00

I = =—
xow 5x +7  5(0) +7 oo
Zx—x+% 2+% 2+ 240
lim =——= = lim = =
x—>oo5_x+z x—»oo5+z 5+1_ 5+0
X "X X 0

Y/Y/Y-YE
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Inequalities .
O |

Graphing Inequalities ‘
O |




AT

Graphlng Rules

Symbol Clrcle Direction
of Arrow

> Oien Riiht

> Closed Right
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Examples:

@,

109 87 6 54324901 23 4 54867 8810

109 87 6 54324901 23 454867 8810

09 87 6 54324901 23 4 54867 8810

09 87 6 54324901 23 4 54867 8810
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You Try:
O

40 987 6 5432901 23 45@867 8810

0987 6 5432101 23 4 54867 88 10

0987 6 5432901 23 4654867 82810

0987 6 5432901 23 4654867 82810



Y/AY/YAYE

Solve an Inequality w + ¢

< A
- [~} -0
= All numbers less
than ¥ are
W < Y solutions to this
problem!
} 'aY | | | |
| | | | [ YA [ | | [
Yo _Y. _Vo ) ° 6 Y« Yo Y. Yo

More Examples

AN+rP-Y
-A A
r Il numbers greater than-) « Z -\
(including -) +)
—
YeYa e\ e . e ). Yo Y. Yo
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More Examples

Yx > -V
\ Y All numbers
greater than -)
_ \ makethis problem

X > ‘ true!
o
Yo _Y. Yo\, ) o Yo Y. Yo

More Examples
Yh+A<Y¢
-A -
Yh< s
\ \ All numbers less
than A (including
h<A D
Tttt
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Solving One-Step Inequalities

O
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Solving One-Step Inequalities

O

y+lo<ye
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Solving One-Step Inequalities

O




AT

Solving One-Step Inecualities

O

Solving Inequalities!

Dividing by a
negative means
switch the sign!!

09 87 6 54324901 23 4 5867 84810

AR
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Special Case 1: Switching the Signs

O

* When solving inequalities, if you multiply or
divide by a negative you must switch the signs.

* Switching the signs:
© Less than becomes Greater than < switches to
© Greater than becomes Less than > switches to
© Less than or equal to becomes Greater than or equal to
< switches to
© Greater than or equal to becomes Less than or equal to
> switches to

\"

IA

Division Property for Inequalities

Notice: Sign

CHANGED

'Y
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Multiplication Property for
| nequalities

Caution! When you
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ | Multiply by anegative ——
number

~ thesign
CHANGES

Solving One-Step
Inequalities

O
e

V'Y
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Solving One-Step

Inequalities #1
O

Solving One-Step
Inequalities #2

V¢
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Solving One-Step

Inequalities #3
O

Solving One-Step
Inequalities #4
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Answers 51‘ #1- #4

X<)
ASxorxzA
X<O0

X>¢

Solving One-Step
Inequalities #5

O
e

1
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Solving One-Step

Inequalities #6
O

Solving One-Step
Inequalities #7

VY
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Solving One-Step

Inequalities #8
O

Answers for #5 - #8
O

X2-1
YY<xorx>Y)
x2Y

XxX>\0

YA
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Solving Inequalities

O

Practice

O
e
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Time to Practice!

O

Practice Problem 1

O
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Practice Problem 2

O

Practice Problem 3
O
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Practice Problem 4
@)

Practice Problem 5
O
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Practice Problem 6
O

@)
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Practice

O

Y¢



