AP Calculus
Summer Prep

Topics from Algebra
and Pre-Calculus

(Solutions are the last pages of this handout)

The purpose of this packet is to give you a review of basic skills. In calculus you
will need to recall every math concept you have ever learned (s =/, but this packet
will help you recall those topics that are most important and that will show up in

the beginning of the year.

You are asked to have this packet completed for the first day of school and all
problems are expected to be completed without the use of a graphing

calculator. Questions will be answered on the first day of class.






ALGEBRA TOPICS
FACTORING POLYNOMIALS AND RATIONALS: basic factoring and factoring of binomials, fractional
exponents and binomials within rational expressions to simplify.

Factor completely:

1 3
1) x3(x +4)° — 2x%(x + 4)° 2) 2x(5> (x +2)* + 2x<5) (x+2)3
8x(x+5)3—4x2 (x+5)>2 3(2x%2-8)+12(x+2)2
3) > 4) >
16x-+80x 12x4+6x—-36
SOLVING POLYNOMIAL INEQUALITIES
Example 1: x?—4x -5<0
Solution: (X + 1)(X - 5) <O factor and determine cvitical values: x = -1, 5
+ - +
-1 5
Answer: (-1, 5) mark the zeros; pick a test point to determine the sigm of the

polynoniial in each intenval- this is called a SIGN CHART!

PRACTICE PROBLEMS - Include a Sigh Chart
5) x3+7x*+10x >0 6) 3x(x+2)P +9x%(x +2)2<0

PRE-CALCULUS TOPICS

Analyzing Graphs:
Domain and Range, x-intercepts (zeros) and y-intercepts, extrema (local and absolute)
End Behavior (limits at infinity): im £ ()

Continuity and Discontinuity: All Polynomials are continuous for all x.
Types of discontinuities: removable (graph as hole), removable with point (piece-wise), infinite
(vertical asymptote) and jump (piece-wise.
Even/Odd Functions:
Even: Symmetric to the y-axis. Algebraically: f(—x) = f(x)
Odd: Symmeftric to the origin. Algebraically: f(—x) = —f(x)







Parent Functions that all graduating Pre-Calculus students should be able to sketch without the
use of a calculator. Determine any key characteristics, domain, interval of continuity,
symmetry, end behavior and type and location of any discontinuities.

Linear: y =x Quadratic: y = x? Cubic: y = x3
g 4 4
2 - .

5 B -D 4 4 5 8 B - 4 5 B D §
Fad Fad 5

AbsoluTeE:Value: y=lx| = {_x;c’i{fxxioo Raﬂognal: y :% Root: y = \/E5
5 -4 B P z g 5 B D j y 5 -4 .B D j 4
Exponem‘;ial Growth: y =e* Exponential iecay: y =e* Logarithmic irowfh: y=Inx
whegr'e x>0 where x < 05 .
? ? 5 - B P % ]

5]

{

g1 o )
g e
i e o

Sine: y = sin(x) Cosine: y = cos(x) Tangent: y = tan(x)







7 - 8 Write the absolute value function as a piecewise function then identify the vertex and sketch the
graph.

7) fG)=2lx—-3]+1 8) f(x) = I1—x]

Analyze the following functions without graphing them on a graphing calculator (except where noted).

9) f(x) =x?—-2x-3 10) g(x) =6(x +2)2 — 4(x + 2)®
Domain: Domain:

Range: Range:

x-intercept(s): x-intercept(s):

y-intercept(s): y-intercept(s):

Extrema (by hand):

End Behavior: End Behavior:
lim f(x) = lim g(x) =
X——00 X——=00
lim f(x) = lim g(x) =
x>0 X—00
Interval of Continuity: Interval of Continuity:

Tests for Symmetry:






Asymptotes.

End Behavior (limits at infinity):

Rational Expressions and Functions:
Domain: excludes all zeros of the denominator - both removable and non-removable.
Range: effected by any horizontal asymptotes. Recall, a function may cross a horizontal asymptote.

lirll f(x) = horizontal and Oblique asymptote
Xt

Discontinuity: occur at the zeros of the denominator:
1. Zeros of the denominator that CANNOT be simplified: infinite discontinuities graph as vertical

2. Zeros of the denominator that CAN be simplified: removable discontinuities graph as holes.
Simplifying: factor out and cancel common factors, simplify complex fractions by multiplying
through by the LCD over itself.

Solving: relate terms to zero, combine all terms, determine the zeros of the numerator and
denominator (called critical values) and create a sign chart to determine the signs before, between
and after all critical values.

11) Determine the following for the function f(x) =

Domain:
x-intercept(s):
End Behavior:

Jim f(x) =

Interval of Continuity:

12) Simplify
3e*x?-3e*
& erx(xr1)3

13) Solve
0 <y
x—1

3x%4+2x—1
2x24+x—1
Range:

y-intercept(s):

lim f(x) =
X—00
Name and Location of Discontinuities:
1
3x2 c X+1
. 1 - 2 1
-1 __Za—4 e
1x 3* x-3 x2-2x-3
5x(x+1)+10(x+1)?

20{x+2)(x+1)3







FUNCTION OPERATIONS AND COMPOSITION: INVERSE FUNCTIONS

Composition of a function g with a function f is defined as:
h(x) = g(f(x)
The domain of h is the set of all x-values such that x is in the domain of f and f(x) is in the domain of g.
Inverses: Functions f and g are inverses of each other provided:
flg(x)) =x and g(f(x)) = x

The function g is denoted as f 7!, read as “f inverse” and f~1(x) # }76155

Horizontal Line Test: If any horizontal line which is drawn through the graph of a function f intersects
the graph no more than once, then f is said to be a one-to-one function and has an inverse.

14) Let f and g be functions whose values are given by the table below. Assume g is one-to-one.

a. f(g(3))
x | f(x) | g(x)
b. g7*(4) 1 6 2
2 9 3
c. fg76) 3] 10 | 4
4| -1 6
d. £ (flg@))
TRIGONOMETRY
UNIT CIRCLE: Complete angles and Sine/Cosine Key Trig Identities - formulas you should know:

sin?x + cos?x =1
sin(2x) = 2sinx cos x
cos(2x) = 1 — 2sin? x

1+ tan® x = sec? x
sin(—x) = —sinx ODD
cos(—x) = cosx EVEN

—

15) Without using a calculator or table, find each value:
bia 11w -1 -1
a. cos (— 5) b. sec (———) c. tan”t(-1) d. sec™*(-2)

6






16) Solve the trigonometric equations algebraically by using identities and without the use of a
calculator. Find all solutions in the interval 0 < 6 < 27,

a. 2sin?8—-1=0 b. sin(2x) = cosx

EXPONENTIAL AND LOGARITHMIC FUNCTIONS:

Logarithm: For any positive numbers b and y with b= 1, we define the logarithm of y with base b as
follows: log, y = x if and only if b* =y

LAWS OF LOGARITHMS (for M,N,b>0, b #1)
(i) log, MN =log, M +log, N

(i) log, % =log, M —log, N

(iii) log, M =log, N if and only if M =N

(iv) log, M* =k -log, M

(v) bl=M =M
The logarithmic and exponential functions are inverse functions.
Example: Consider f(x)=2" and g(x)=log, x . Verify that (3,8) is on the graph of f and (8,3) on the
graph of g. Inaddition, f(g(x))=2"%" =x and g(f(x))=10g,(2*) = x which verifies that f and g
are indeed inverse functions.

Simplify.

1 o 3
17) logs — 18) log, V16 19) Zlng
20) %ln et 21) e3In(+5) 22) e~Inx

23) 41Ine*’ 24) g3x+in5 25) ¢3(n(x)+In5)






26) Write5in(x) - 31ln(y) + 2In (4x) - 6 In (y?) as a a single logarithm.

3x2
27) Expand In (ZJJ/—Z:Z)'

28) Evaluate:
a. In1 b. In3e c. Ine d. In0 e. In(lne)

Limits: lim f(x) = N “Limit as x approaches c of f(x) equals N"

LIMIT = CONTINUITY

Understanding the difference between limits and continuity: Limit is the value (y) that the function
APPROACHES as you get close to ¢ (either from one side or from both sides). Continuity implies that
the limit exists (from both sides) and that the limit = the value at ¢!

Limit Exists: lim f(x) = lim f(x) ~ lim f(x) exists and will equal all the same value or +co.
X—C xX—=C X—C

Continuous: lim f(x) = xlirgl_ f(x) AND = f(c) = A (where Ais a constant not + ) MUST SHOW ALL 3l
X—=C -

One-Sided limit: exists if graph approaches a value from one side: + (right) or - (left)

HimC=C

xX—-a

Evaluating Limits:

1. Tables: either from table or by graphing and viewing table looking for values of y approaching the same
number. Check one sided limits first and if they are equal the overall limit exists.

2. Graphically: Check one sided limits (again - value of limit is the y-value or the height of the graph) and
if they are equal overall limit exists.

3. Algebraically - Direct substitution: plug in c. If you get a constant then limit exists. Rational functions
may need to be simplified first!
When you use Direct substitution and you get

then the limit is equal to O
number

o | most likely a removable discontinuity, try simplifying or rationalizing.
number

most likely an infinite discontinuity, look at each side and evaluate one sided

limit or if asking for two sided limit make sure the function is approaching the same
from both sides.
xliirgo f(x): End Behavior:

* Polynomial: use degree (even or odd) and sign of leading coefficient o decide parabolic or cubic.
* Rational: end behavior is determined by the Horizontal or Obligue Asymptotes.
e Other "Known" Graphs: know the graphs!







Examples: Evaluate the limits:

o : 1 _ _ .3
29) }Cl_rg(Zx ) 30) xl}{ﬂﬁ v 31) il@(x sin x) 32) chl_rg o
. 3x%-2x-1
. » . Zx A
33) xlirggr In(x) 34) xlirzlgtan(x) 35) xl_1>r_noo 3e 36) )lclir% )
1
. 2x N ) . 3
37) lim — 38) lim*— 39) lim 2x(x —3)2(x + 1) 40) lim —
x—o0 X—1 x—1x-1 X~>—00 X——00 X—5

2x—3, if x < —1
41) If f(x) =< 2, if x = =1, determine the following:
S5x, ifx > —1
a. lim f(x) b. lignﬁf(x) c. lim f(x) d. Is f continuous?

x-—1" x-=1

42) If f(x) = |x+2] = {_?xizé)x 5;2—2 determine the following:
a. XBEnZ_ f(x) b. x1i£n2+ f(x) c. lim f(x) d. Is f continuous?

43) Determine whether f(x) is continuous. Justify. Then, determine domain, interval of continuity and
location and type of any discontinuities.

2
3%, x_< 0 Inx, x <e? 3x2 -1, x<2
a f(x)= 4, x=0 b. f(x) = ‘> c. f(x)= Sxt+1 % >2
3sinx, x >0 - !






44) Let f(x) be the graph below. Determine the following:

a. lim f(x)=

b. nglﬁf(JC) =

C. xlirpg flx) =

CHR N

I
d. f(-3)= 1,
I
e. Is f continuous at —3? J4 P o—>
K v
7 P IR
f. lim f(x) = I !
x—->-=1 . I g I
A4 4
g. lm f(x)=
h, Jim fQx) = L fED = lim f() = k. Jim f(x) = L lim f(x) =
m. f(1) = n. lim f(x) = o. lim f(x) = p. lim f(x) = q. f(3)=
r. xLier flx) = S. 911_)1’2) flx)= t. Continuity Interval:
u. Location and type of each discontinuity: v. Domain:

45) Draw a graph given the following conditions:

¢ f(0)=0 ¢ lim fGx)=~1
¢ f(1) =2 ¢ lim f() =1

¢ f(4) = -3 ¢ lim f(x) = —oo
¢ Jim fO) = oo

46) Draw a graph given the following conditions:

¢ f(=2)=0 ¢ lim f(x) = —o
¢ f(2) =2 ¢ iingof(x)=5

¢ lim f(x)=4 3 xE£n2+f(x)= 0

X—>—27







ALGEBRA TOPICS
FACTORING POLYNOMIALS AND RATIONALS: basic factoring and factoring of binomials, fractional
exponents and binomials within rational expressions to simplify.

Factor completely:

1) x3(x +4)° — 2x%(x + 4)° 2) 2x()(x+2)+2x()(x+2)3
1 oy . o Lir i
)(‘/)(M)“’[x -axed) | A (x| +x(x+2)]
(X d)° (- X -5) 208 (xe2f (13725
OF_ x> (xr4)? (x+3) X% (x+2)* (x +1)°
8x(x+5)3—4x2(x+5)2 3(2x2-8)+12(x+2)?
3) 16x2+80x 4) 12x24+6x—36
i, X : . 2 s )
¥ xes) [alxes) X] o) #1312 _ G (2 Lix=2) 1 20x42)]
L/%X/({(/V@ 6 (AX*+X—6) { (RX -3 [ X+2)
(X5 X H10) o ﬁ/xfg)f,u/o) = BX+2
4 2X-3
SOLVING POLYNOMTIAL INEQUALITIES
Example 1: x?-4x -5<0
Solution: (x +1)(x =5) <0 factor and determine critical values: x = -1, 5
+ - +
A 5
Answer: (-1, 5) mark the zeros; pick a test point to determine the sign of the
polynomial in each interval- this is called a SIGN CHART!

PRACTICE PROBLEMS - Include a Sign Chart
5) x3+7x2+10x >0 6) 3x(x+2)3+9x2(x+2)2<0
X (X 4FX +10) 20 3x(x+a)> Exfz)+3x )
X (x+5)(x +%) >0 2l pt 3x (x+3) 3 (4xta) =0 or bx (ce2) (axet) £0
=06 ¢ - — -2 |
CNV. X20-5,-2 ST 4] [-11+ CV. X=0,-2,~ /2  — ﬂflt’H

Jolutron zl) v (0,0 ) Solufion: X == and E:/“2 OJ
PRE-CALCULUS TOPICS '

- |

*—q-n

Analyzing Graphs:
Domain and Range, x-intercepts (zeros) and y-intercepts, extrema (local and absolute)
End Behavior (limits at infinity): Jim £ ()

Continuity and Discontinuity: All Polynomials are continuous for all x.
Types of discontinuities: removable (graph as hole), removable with point (piece-wise), infinite
(vertical asymptote) and jump (piece-wise.
Even/Odd Functions:
Even: Symmetric to the y-axis. Algebraically: f(—-x) = f(x)
Odd: Symmetric to the origin. Algebraically: f(—x) = —f(x)







Parent Functions that all graduating Pre-Calculus students should be able to sketch without the
use of a calculator. Determine any key characteristics, domain, interval of con‘rinuify,(/""éw)
symmetry, end behavior and type and location of any discontinuities.

Linear: y=x /m=/ b=] Quadratic: y = x? yerfiX(g,0) Cubic: y =x3 r Dmain,
) 2| : E Domadn . 5 -0, 00
: e hup Loty ) HAHH 2
. L \ [ 1/ (0.6 : // [-o0)0)
‘ 1.0.¢C: » (- ,00) . Symnme
(’00/ 00) i ?ﬂ,nmf% ! /| J 2/()()_ ib%
RIEEEY symmehy: TP T FINETE I % R EEV ] ;
' ;Z[ )M 1 Hx)= x* 7
2 X) ==X ; even i
2 E odd 3 Ao f 3 ausw/u‘
éuuq) " + disnd. V
, S - scont. i &
= e 3 = - m =0 'l = Y = - : =
Absolute Value: y = |x| = Luif x 2 Oy - i Rational: y == RooT y =+/x
i —x,if x <0, X ypix=0 B (
& verex: (6)0) Ta HA' =0 Domaun
3 Domeun: 3 Domad N 5 , [o,%)
2 (-0, o) q (_.»o 0)U(0,%) ’ . I‘O'C'[U/w)
4. l‘ 0.¢C '(':)0 06) + \0\ N /0 G- ( \ 1 ¥=0 is (,C’I’l‘f:
g e e ] ] ‘.Sy/nmany I ; y ‘(«w())v ¢/ e 4 ] r ﬁ/pmfmryn’r
: x> RIE . ftn)=-+ . ym
s even. : SYmmeiry 3 fi-x)=J=x
+ Vwou,scon-i. ; od r/ 4 neSimn
5 5 L ne Po'nd‘f'js.c
# Jo CO Ly = U g=0 £ 4 o Y=DNE fu, y = 20 it
Exponenhal Growth: y =e* Exponéhtial Decay g Logarn‘hmuc Grow‘rh y=Inx
where x > 0 pl{o,/) where x < 0 pﬁ (0,/) Hﬁfy:O ,)14(/0) VA: X=0
A9 TR porain : oy
Nl Domain ; \[ (~e0, %) ] 2 1(0,%)
. (-0,00) 7 20 ,00) 2 / lo.c: (0 aO)
Lo.. (—uO/¢7O) : l.0.c:( / 1 1L
, ; Mt ): £ ' Symmedvy.
BRI fix)-c” it —pr T e s 1 9Hx)= InlY)
4' o Syimmedy T no Y 1 nosymm
. no ousiont : no oluscont. il 4 g’ :
3 3 ~ 0 i
y 4 : cagwnﬁha#
£B.UM _y= 0 Uy = EBUm o Y=o K3 4Y=-0 EB: 4 4 = PNE Z’off R
ine: y = sm(x) penpd: AT osine: y = cos(x) Tangent: y = n(x)
1 Domain’ P Periog 211 DD/WU/' Peyiod : T Domain:
o) | (-, X¥ N
T RPN ot |t ‘ rog Qo

) AN /’\ (o)
Gmm. lﬂmly
| 7 x)=—-5MX
T o O3
. ‘ﬂ"(r ﬁI_'ZW even Lo
iz

0
ouswni D/sw/vﬁm‘ (e,

‘ }(,’,g:l’) inhnnk

v

EB anl’) S q"j DN{: CR:







7 -8 Write the absolute value function as a piecewise function then identify the vertex and sketch the
graph.

7) f(x)=2x—-3]+1 8) f(x)=|1—x| 4
i) - | AX3)H /2 x75 x5 ;X2 3 ) - <K, KEE e, XS
2X-3)#H , X4 T [Rx+E x4 3 ’(/ X), x> T (A, XA
‘t R\ : , 1 T\ |
s, S 8 fatied verteX: (1,0)
N \ (3,1) >
4 , , |
'EER RS NNANN L— \ -
v . | \v
Analyze the following functions without graphing them on a graphing calculator (except where noted).
(K-3Xx+1)
9) F) =x?—2x~3 = (x—1) =/ -3 10) gGo) = 60x +2)% — 4(x + 2)% = 20xt2)* (3-206c+) |
=<1 ) %4 ‘ =2(x12)* (-2x~1)
Domain: (- 2, %) Domain: (-#0, 2 ) = -2 (X4 7(axH)
Range: [—LI /00) Range: (- <0, 00)
x-intercept(s): x =3, -/ x-intercept(s): x= -2, -/,
y-intercept(s): ‘j =3 y-intercept(s): j: = i
Extrema (by hand): absolute mak ==7
L LV —yx?
End Behavior: End Behavior: (gdzél/{jﬁ”’" (XY ==X
x1_1>r—noo flx) = 20 xl—ibr—noog(x) -
lim f(x) = 20 lim g(x) = ~2©
Interval of Continuity: Interval of Continuity:
(-20, 2°) (- 20,x)

Tests for Symmetry:
Fl-x)= (-X)*-2(*) B
= X+ AX -3 horne—






Rational Expressions and Functions:

Domain: excludes all zeros of the denominator - both removable and non-removable.

Range: effected by any horizontal asymptotes. Recall, a function may cross a horizontal asymptote.
End Behavior (limits at infinity): xHTw f(x) = horizontal and Oblique asymptote

Discontinuity: occur at the zeros of the denominator:

1. Zeros of the denominator that CANNOT be simplified: infinite discontinuities graph as vertical
Asymptotes.

2. Zeros of the denominator that CAN be simplified: removable discontinuities graph as holes.

Simplifying: factor out and cancel common factors, simplify complex fractions by multiplying

through by the LCD over itself.

Solving: relate terms to zero, combine all terms, determine the zeros of the numerator and

denominator (called critical values) and create a sign chart to determine the sighs before, between

and after all critical values.

(3%~
11) Determine the following for the function f(x) = 52,;2:5)‘ 1 /- TKXL—’%:B)

Domain: (=20 ,~/) V’/"// ) L//’/Z//o) Range: (- oo

HA o = 34
,28) v Zh,00)
x-intercept(s): x= V3 ok ['/3, D) y-intercept(s): Y=-2 o [(7/‘3)
End Behavior:

lim fGo) = 3, lim () = 9/

Interval of Continuity: (-0, - )iz f=1, 'h) l// '/7,/049 Name and Location of Discontinuities:
X=-1  remorabl-
X7 inhte

12) Simplify

, ) /3 : 204
a. Bz e -‘3.__,“__6)(()(}’/) b. — g ’Z)L,ZL- 2(— C.~ % ___x_i—11 = 5 >
DT @ W x)? -t (% '5)595)( (=7 ) (x+iXx-3)
-3(x
jWX ) qxj— )((;BX t) s
@‘”‘ (XH)B/ -/ g/xn) -/ - 07\7;7
= Jx=lt
63:( (XH)”L
13) Solve , ‘
x4, sx(x+) o xn) > )
Y 20(xea)x +1 )2 -
__Xx_f_?_,,qi—o A /)[X+NXHﬂ<
¢ 20(x+R)(XH)"*
X43 l/(X’/) Z0 i .
=4 5 -0[ _ Bt o 20 |
Sx+F < U FHxenlxr)” g )l )
X1 | (’OO/’>V[7/3'/ ) cv X”% -2, !
c.v. x=%3 and EFERC A

7"7:474/ = /“’14 - [ =0 -+






FUNCTION OPERATIONS AND COMPOSITION: INVERSE FUNCTIONS

Composition of a function g with a function f is defined as:
h(x) = g(f(x))
The domain of h is the set of all x-values such that x is in the domain of f and f(x) is in the domain of g.
Inverses: Functions f and g are inverses of each other provided:
f(g()) =x and g(f(x)) = x

The function g is denoted as f71, read as "f inverse" and f~1(x) # %

Horizontal Line Test: If any horizontal line which is drawn through the graph of a function f intersects
the graph no more than once, then f is said to be a one-to-one function and has an inverse.

14) Let f and g be functions whose values are given by the table below. Assume g is one-to-one.

0 f(g®) = £(4) = -/

| x | f(x) | g(x)
b g7 W = g(x)- (,j/'—l)*"‘g"/%):(‘%,’l) 11 6 |2
N, e N I 2 9 3
: fGI3 3] 10 | 4
c. flg= () p-1/, ) _ /Y -
7/4))'7 H9) =1 4 1 | 6
d. f(f9@)) = f’/{/g'» =f 7{,@);3
TRIGONOMETRY
UNIT CIRCLE: Complete angles and Sine/Cosine Key Trig Identities - formulas you should know:
o)
sin? x + cos?x =1
sin(2x) = 2 sinx cos x
cos(2x) =1 —2sin®x
1+ tan?x = sec?x
sin(—x) = —sinx 0ODD
cos(—x) = cosx EVEN
@)
15) Without using a calculator or table, find each value:
a. cos (—%) b. sec (%) c. tan"1(-1) d. sec71(-2)
! A3 - 2
* =1 4 .






16) Solve the frigonometric equations algebraically by using identities and without the use of a
calculator. Find all solutions in the interval 0 < 6 < 2.

a. 2sin?6-1=0 b. sin(2x) = cosx
As5in’6 =1 HIKCosx = sk
= J’ 2SINXCOSX — (oSX=0

2 )
§inb= - ng-? LZSX/Q&:?X‘—/ ) =0
Y AV

O =T 2T 5 Wy X2 W, 5,

EXPONENTIAL AND LOGARITHMIC FUNCTIONS:

Logarithm: For any positive numbers b and y with b= 1, we define the logarithm of y with base b as
follows: log, y = x if and only if b* =y

LAWS OF LOGARITHMS (for M, N,b>0, b # 1)
(i) log, MN =log, M +log, N

(i) log, % =log, M —log, N
(iii) log, M =log, N if and only if M =N
(iv) log, M* =k -log, M
(v) b= — m
The logarithmic and exponential functions are inverse functions.
Example: Consider f(x)=2" and g(x)=log, x . Verify that (3,8) is on the graph of f and (8,3) on the

graph of g. Inaddition, f(g(x))=2"%" =x and g(f(x))=10g,(2) = x which verifies that f and g
are indeed inverse functions.

Simplify. -3

17) 1085 T (Dg: 18) log, V16 % 19) Zlné = In (éi) :/H /é)
kL
5—3 (’Of}‘{ H ) :/,4‘4 - In 6b
S SNRILS B l/ ‘ ’
- logy ¢ - Inl4) b & ) ¢
20) ~Inet 21) 31+ 22) e—lnx) )
/ t5 In(X
)] o) ¢ ,-
= .(x+5) = xR
23) 41lne*’ 24) @3x+NS 25) eS?n(x)-l—)lr)lS)
» “ * In® 3(In(5X
e e’ e =€

) 5@3)‘ 2 CMKBX) :(5)()3: R5X g






26) Write 5in(x)- 31In(y) + 2In (4x) - 6 In (y?) as a a single logarithm.
X%-Ing® 4 Infox * - jny ™ < |}y, /X7 lex* JoX
j hie ’y - /7/,5 /A ,:/V/' G
A g

3x

2
27) Expand In (2 y2_4).

=In3 + Inx>-Ind '/h/y‘vic/)'/ﬂ - /ﬂg’,La?/nX,/nJ,:{/n/y)/#)

28) Evaluate:
a. Inl b. In3e c. Ine d. In0 e. In(Ine)
0 In3+Ine / DNE in(1) =0
/n3) 1
Limits: lim f(x) = N “Limit as x approaches c of f(x) equals N"

LIMIT = CONTINUITY

Understanding the difference between limits and continuity: Limit is the value (y) that the function
APPROACHES as you get close to c (either from one side or from both sides). Continuity implies that
the limit exists (from both sides) and that the limit = the value at c!

Limit Exists: lim f(x) = lim f(x) ~ lmf(x) exists and will equal all the same value or +oo.
X—C X—C X—C

Continuous: lim f(x) = lim f(x) AND = f(c) = A (where Ais a constant not + o) MUST SHOW ALL 3l
X—C X—C

One-Sided limit: exists if graph approaches a value from one side: + (right) or - (left) —|
ie=¢
Evaluating Limits:
1. Tables: either from fable or by graphing and viewing table looking for values of y approaching the same
number. Check one sided limits first and if they are equal the overall limit exists.
2. Graphically: Check one sided limits (again - value of limit is the y-value or the height of the graph) and
if they are equal overall limit exists.
3. Algebraically - Direct substitution: plug in c. If you get a constant then limit exists. Rational functions
may need to be simplified first!
When you use Direct substitution and you get

then the limit is equal to O
number

0
¢ 5 Mmost likely a removable discontinuity, try simplifying or rationalizing.
number

most likely an infinite discontinuity, look at each side and evaluate one sided

limit or if asking for two sided limit make sure the function is approaching the same
from both sides.
lim_ f(x): End Behavior:

e Polynomial: use degree (even or odd) and sign of leading coefficient to decide parabolic or cubic.
® Rational: end behavior is determined by the Horizontal or Oblique Asymptotes. I
e  Other "Known" Graphs: know the graphs!







Examples: Evaluate the limits:

29) 11m(2x2) 30) lirr%+;5 %’g 31) Jltl_rar;(xsmx)
=z ¥ ﬂ_
)=2(9)-19 ,, / Lsin(%)
,//4 xaf oy 610
V) 3
4
33) lim In(x) =~ 34) lim tan(x) 35) lim 3e?* 36) llmT—[jm 3
e = BB e oL e
K/Zab&/’ glﬂp}? ilkﬂow/"lﬂm | El ® K:lDWV! 5 P = 3/::2/’/ = _00_ ,—emD\/a/bM
bc - .
-DVE b] “"‘t{; slm (3l XA
x_),y-tan(x) i - x2 1 (xet YXAT)
' ( *tZIMX'”'X) o :_é'ﬂ_;_‘t:
b o1 ﬁ"’?’ X
37) hm s 38) llm—- 39) hm 2x(x —3)?(x+ 1) 40) lim —
/ x—o0 X—1 P x—1: S % P /’x—>—oo x—5
ED. f/ﬁl-y.:l,:) ’/_/_/,; z renw. eb, léﬂdlﬂfﬁ/m XX/X);( i HA: 4o
— /\ :
0 » L{‘m 3
2y m G=1) X _lim 1-x U/VIKX[)(»3)9[X+1) 20 M = =)
x&a’j’o X-I 74 X2 (x- 1~) X X2 leny) X HIZRRT
=lmr -( xA) - B
2x =3, if x < =1 X7/ odpx /
41) If f(x) =< 2, if x = —1, determine the following:
5x, if x > —1
a. lim f(x) b. lim_ f(x) c. lim f)=-5  d. Isf continuous?
X< \;x>u1 b/oé«/n L= C(; j/\/’0,, ble
= » a =5(-1)=- X2=1" ; . s
23)-3 = 2-3=% rll==5 i E1x) =57 lm £e0)=5F f4)-2
X>-17 X-9-/
42) If f(0) = |x + 2| ={_z‘x++zé)1xf<‘2_ .+ determine the following:
a. lim f(x) b. lim f(x) c. lim f(x) =0 d. Is f continuous?
X2 x--2% Y
YX<-2 X>2 Ye yﬁ), bl
Um #O=qt2=0  lm fix) )==(3)20 i pr)z0 Um pix) = £2)=0
NeP=gl X7-2" X -2
0
im0

43) Determine whether f(x) is continuous. Justify. Then, determine domain, interval of continuity and
location and type of any discontinuities.

o i = { 332, xx:<00 b. £(x) = {lnx, x < e? e o) = {3x2—1, x<?2
' ' ' N > T x4+l x >2
3sinx, x >0 Ve, x ze? x x

=2 >
lim #69= 3000 . i f)°0 el Lim f)< £8) =381 =13+ =

X20~ 50 _

lm_fix) = 2(6100) 20 e (F00= 7[/6} 5 5 Xﬂg o) =) =1/

X70" _ i/jwnﬁnumﬂf Ate o st L umFK) ) =H2)= 1/
F(0) 1 /< 0 rmomblsw fump. X cond |






44) Let f(x) be the graph below. Determine the following:

a. lim f(x) = — o0
x—-=3

b. lim f(x) = - 09

|
I
|
|
I
|
c. lim f(x) = — X :
x—--3 T -+ A i 3 4
I
d. £(-3) = d. | A |
" | 1
e. Is f continuous at -3? /\/0’, /nﬁni/{ ‘ I - ! o—
w;mﬁ% W v
f. lim_f(x) = Y l :
x—--=1 I -y \|l
A \4
g. lim f(x) =4
h. lim f(x) = 4 i f(-1)=2 o Jim f) =0 k. lim, f(x) = @ l. li_r)r}f(x):D/\/E ble
m fO=wund. n lim f(x)=/ o. lim f(®)=-3 p. limfG) =DNE q f(3) =/
be 1#-3
r. lim f()=gb s lim f(x)=-3  t. Continuity Interval: (-0, -3) V-3, -1)ul-1,1) v(i,3)VI3,2
u. Location and type of each discontinuity: . v. Domain: (-0, -3)v (-3 1)V/], 2
X:‘3 Iﬂﬁnf-f@ )(:’ /\n)@,/ua / ) / ) / / )

45) Draw a graph given the following conditions:

1) =2 y li =1 or :

o (D) Pfg ¢ xl-_)nolof(x) behavi EREE L
¢ f(4) = -3 ¢ lim f(x) = —oo <-FFE - ;

¢ lim f() = oo }/ EEAERMREaErans

/A a x-3 ’ i

46) Draw a graph given the following conditions: :

IeR=n Ly im0 = °°/7 e [Iprtn T
C @ =2, $ SO =S Jbwr ot

¢ xE{nz_f(x) =4 e‘\j""’nP — ¢ xkznﬁ fx)=0 .







