76.

12.

[ Inx for0<x<2

If = then li '
/() ﬂxzmz for2< x<4, - xl—%f(x) .
(A) In2 (B) In8 (C) Inl6
(D) 4 (E) nonexistent

yd

/ 0 a

The graph of a function f is shown above. Which of the following

(A)
(B)
(©)
(D)

(E)

f 1is continuous at x=a.

statements about f is false?

f has a relative maximum at x=a.

x = a is in the domain of f.

lim+ f(x) isequalto lim f(x).

x—a x—a

lim f(x) exists.

X—a



12.

76.

lim f(x)=In2#4n2= lim f(x).

x—2 x—2

Therefore the limit does not exist.

From the graph it is clear that f is not

continuous at x = a. All others are true.



83.

28.

16.

If a#0, then lim

x2—a2

is
x—=ax —da

1 1 1
A) — B) — C) —
()a2 ()2a2 © 6a’
(D) 0 (E) nonexistent
jlx ¢ dt
li 5 1S
-1 x“ -1
(A) 0 ®B) 1 © 3
(D) e (E) nonexistent
eh -
lim is
h—0 2h
1
(A) 0 (B) 5 © 1

(D) e

(E) nonexistent



28.

83.

16. B

2 2 2 2
B limx4 a4=lim 2 xz a2 N
x=sax —a x=a(x"—a”)x“+a”)
: 1 1
= lim ="
x=a(x“+a°) 2a
lxe’zdt o
Apply L’Hépital’s rule. lim 5 = lim —
x—=1 x4 -1 x-12x

=€
2



15. The graph of the function f is shown in the figure above.
Which of the following statements about f is true?

(A)
(B)
(©)
(D)
(E)

lim f(x)= lim f(x)

x—a x—b
lim f(x)=2
X—a

lim f(x)=2
x—b

lim f(x)=1
x—b

lim f(x) does not exist.

X—a

21. lim—— is

—llnx

(A) 0

(D) e

®) * © 1
e

(E) nonexistent



15. B  Statement B is true because lim f(x)=2= lim+ f(x).

x—a x—a

Also, lin}, f(x) does not exist because the left- and right-sided limits are
X—>

equal, so neither (A), (C), nor (D) are true.

.X . ) . . .
21. E lim—— 1is nonexistent since limlnx=0 and limx#0.
x—llnx x—1 x—1



24. Let fand g be functions that are differentiable for all real numbers, with g(x)# 0 for x # 0.

If hm f (x)= hm g(x) 0 and hm f(x) exists, then lim —— ACIN is
-0 g'(x) =0 g(x)

(A) 0

BAC)]

® g'(x)

© limL®)
-0 g (x)

D) ./'(x)g(x)—fgx)g'(x)
(f(x)

(E) nonexistent

42, lim(1+ 2x)°% =

x—0

A 0 (B) 1 (C) 2

D) e E) ¢

) 3 -5n .
3. lim - i is
n—o pn” -2n°+1

(A) -5 B) -2 (C) 1

(D) 3 (E) nonexistent



24. C  Thisis L’Hopital’s Rule.

42. E

Suppose lim In ((1 + 2x)°s°x) = A. The answer to the given question is e”.

x—0

Use L’Hopital’s Rule: lim In((1+2x)"**) = lim 2420y 2 1
x—0 x—>0 sinx x>0 1+2x cosx
5
.. 3 .. 3n° —5n . 3__2
3. D Divideeachtermby »n”. lim = lim n__-3

n—so n° —2n° +1 n—>w1_2+1
n n



1-cosO .

29. lim 5 1s
6—-0 2sin“ 0
1 1
a) 0 ® o © 5
(D) 1 (E) nonexistent

. The statement “ lim f(x)= L means that for each € >0, there exists a 8 > 0 such that

x>
(A) if0<|x-a|<e, then | f(x)-L|<8
(B) if0<|f(x)-L|<e, then |x—a|<8
(C) if|f(x)-L|<8, then 0<|x-a|<e
(D) O0<|x-a|<8 and | f(x)-L|<e

(E) ifO0<|x-al|<3d, then | f(x)-L|<e



29. C  Use L’Hopital’s Rule

llInl —cos0 ~ lim sinB ~ lim 1 _

1
0-0 2s5in’@ 0—04sinBcos® 0-04cosb 4

A way to do this without L’Hdpital’s rule is the following

. 1—cosB 1-cosB im 1-cosB
lim = lim
0-0 2s5in%@ 0-0 2(1-cos e) 9-»02(1 cose)(1+cos9)

: 1 1
= lim =—
0-02(1+cosB) 4

20. E  This is the definition of a limit.



k
35. If kis a positive integer, then lim s

x40 @F
(A) O (B) 1 (C) e
(D) k! (E) nonexistent
Ix
15. Whatis lim lt;n°x
(A) -1
(B) -3
(C) 1
(D) 2

(E) The limit does not exist.

No Calculator

16. lim AnGx+1)-x _

X0 x2

(A) 1

(B) 0
©) -4

D) 3

B) -5



35. A

Quick solution: For large x the exponential function dominates any polynomial, so

k
. X
lim —=0.
X—>+0 e‘x
15. B p.6
0
The given limit has the indeterminate form 7. Hence we can use
: lim 1=€% _ Jim =3¢”
L'Hopital's Rule: >0 tanX = x-0 sectx =-3
16. E p.50

oo . . 0
The limit has the indeterminate form 0"

, In(x+1)=Xx oy xe1 "L
TrA ' . llm — llm _—
By L'Hopital's Rule: =0 2 = o0  2X
1
_lim _x+)? 1

T x=0 2




Calculator Active

5.

The graph of y =

sin X

has

I. avertical asymptote at x =0
[1. ahorizontal asymptote at y =0
III. an infinite number of zeros

(A) Ionly

(B) I only

(C) III only (D) Iand III only

(E) II and III only

No Calculator

L (3-2)
lim, @=3) is

(A) 0
(B) -2
€) 1
(D) 1

(E) nonexistent




E p.55

Consider the function y = gpx_x
I. It has a removable discontinuity at x = 0. False
g lim $2X_g True
X—o0 X
III. It has zeros at x =+ nx, where n is an integer. True
ton T- -z
Solution I: lig@s Ts) = l’-q‘a -(3-z) =0.

Solution II: Since the given limit problem is of the form 0/0, L'Hépital’s Rule may be used.

b 8=2 _ yp 28-2)(1)

z—3 -3 T3 1 0

The correct choice is (A).




No Calculator

=7

x| +
lz| -1

Which of the following graphs best resembles y

7.

(©)

(A)

o ——— ——

—_————— — =

—_—— e — — — -




First, it should observed that the graph of y = E-E} has two vertical asymptotes, 2 = —1
and z = 1 (As ¢ — 1, y — 00). This rules out choices (B) and (C). Next, to find the
y-intercept, set = 0 and solve for y. If z = 0, y = —1, and the graph must have a
y-intercept at y = —1. This rules out choice (D). Next, tb find the z-intercept, set y = 0
and solve for z. If y = 0, then ld:l +1 = 0 or |[z| = —1 which is impossible. Therefore,
the graph has no z-intercepts — which rules out choice (E). The student may find other
approaches to determine the graph ;f y= H}}

The correct choice is (A).




Calculator Active

~34.. Which of the following functions grow faster than e* as z — 0o?

(A) ot
(B) Ina
(C) e~
(D) 3°

(E) ze*




A function f(z) grows faster than g(z) as z — oo if hm@—oo In our problem, a

9(z)

function,say}(z),willgmwfasterthane‘asz-*oolf lim ff:) 0.

Let’s examine the choices:
zt = =
(A) 811%;=0(Graph,. and see that as z — 00, & — 0).

Note: Exponential functions like 2* and e* grow faster than polynomial functions as z — oo.
For that matter, e* grows faster than any power of z, say z'00:000.00 55 7 — 0.

(B) lim E-O(anh%’-andseethatasz—»oo,%’-—om

Note: Inz grows slower than any polynomial as z — oo, and (obviously) slower than e* as

Z — 00.
N 1 e _ & _ 1
(© Jim, G = Jim o =0 (Note: & = 3 = )
N 3\* .
(D) lune—:-=’li_%(z) = 00. So 3* grows faster than * as z — oo.

Keep in mind, that ifa > b > 0, t.hena‘alwaysgmwsfasterthanb’asz—»‘oo. Since
a>b>0,so(§)>l,andlim¢_.°°§=lim,_.°.,(§)’=oo. '

Wesayt.hat.fandggmwatthemxgrateasz—oooileim %-L#O (L is finite and
not zero).

In this problem, the limit is %, so f(z) grows at the same rate as g(z), but f(z) does not
grow faster than g(z) as z — oo.

Note: This problem could have been solved by graphing the functions in the window [0, 10] by
[0,6500]. You will see that 3% is the fastest growing function. Be careful: z* appears
greater than €%, but the functions cross at-z =~ 8.6. Remember, every exponential
function grows faster than any polynomial function.

The correct choice is (D).




14. A function f(z) has a vertical asymptote at 2 = 2. The derivative of f(z) is positive for all

z # 2. Which statement is true?

(A)
(B)
(C)
(D)
(E)

I1.
I1I.
I only
IT only
IIT only
I and IT only
I, II, and ITI

lim f(z) = +o0
:l-l-gl'* f(:l)) = ¥o0

lilg_ f(z) = +o0




14.

Since the function has a derivative for all z # 2, it is continuous everywhere else. The
derivative is positive indicating that the function is always increasing. The function must
increase to infinity on the left side of the asymptote and then increase from —oo on the right
side. In other words, this is an odd vertical asymptote. Thus the limit in II should equal —oo
and the limit in I does not exist since the two one-sided limits are different. Only IIL is true.

An example of such a function is f(z) = ;__—12; its graph is shown below:

)

F_—‘:"

The correct choice is (C).




