Analysis 1, Summer 2024

List 4
Limits
93. Calculate the following limits:
x? —4x — 21 10 ) 8r—1 1)
im——— =| — e) lim +2) =7
(&) i v 8 |3 ()x»o(x—:c? z

()t E BB S ©) Jim (VO+ 50— 3n) =
= n—00
=039 — 625 + 24 — 120+ 1
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94. At x =1, does the function
20 —1 ifzx <1,
flx) =1 z/3 ifl <xz<9,
N3 ifx>9

have a jump, hole, vertical asymptote, or none of these?
Atz =97

95. Match the functions with their graphs:

@) <[] @ S=[W] o) @

(I) (II) (III) (IV)
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(a) If the graph of f has a hole at x = 10, is it possible to know the value of

lim f(x) from only this information?

z—10+

(b) If the graph of f has a hole at x = 10, is it possible to know the value of
f(2) from only this information?

(c) If the graph of f has a jump at = 10, is it possible to know the value of
lim f(x) from only this information?

z—10+

96. Suppose lim f(z)=2.
z—10~



(d) If the graph of f has a vertical asymptote at = 10, is it possible to know

the value of lim f(x) from only this information?
z—101

, but it must be either 400 or —oo.
(e) If the graph of f has a vertical asymptote at = = 10, is it possible to know

the value of lim+ |f(z)| from only this information?
z—10
because lim f(x) = logy(9) = 2 does not equal lim f(z) = /9 = 3.

z—9~ z—9+

97. Find the followmg limits, if they exist:

(a) lnn u lim u (c) im — il | does not exist |

—0t X z—0—- X z—0 I

98. For which value(s) of the parameter a does the function

22 —a
f(x):a:Q—i—a

have a vertical asymptote at x = 37

99. For which value(s) of the parameter a is the function from Task 98 continuous?

any

100. For which value(s) of the parameter a is the function
r—6a ifr<a
f(x)_{ax—Hl ifr>a

continuous? ’a =—4, a= —1‘

101. Which limit expression below gives the derivative of 3 at the point z = 2? | (C)

z° — 8 . (2+h)*-38
(&) = O
. h -8 . (2+h)?—n?
BB .

) =0 and hm 1) oxists, then

L’Hépital’s Rule: if lim f(z) =0 and lim g o0o)
Tr—a

—a (
lim @ = lim f'(z)

r—a g(qj) T—a g’(:(:).
The same substitution works if lim f(z) = oo or —oco and lim g(x) = oo or —o0.
r—ra Tr—a
And also for one-sided limits and for x — oo and z — —o0.

323 + 42 — 132 + 6
1204 + a3 — a2+ 2 — 3
922 + 8r — 13 94813 4

lim :_:2
x—>18x3—|—3x2—2x+1 +3—-2+1 10 5

102. Calculate hm




2 —dz+18 1-4+18 [15
103. (a) Find li . =2
(a) Find it =290 3410 |13

20 —4 2(1)—4 [—1

b) Find li .
(b) Find i === =553 3
(¢c) Why are the answers to (a) and (b) not equal?

2_ .
Because Z=22+18 is NOT Y or = when z = 1.
3x2+10 0 00

2sin(z) — sin(2z)

104. Find lim

20 1z —sin(z)
I 2sin(x) —sin(2z) . 2cos(x) — 2 cos(27)
im =
z=0  x —sin(z) 20 1 — cos(x)
i -2 sin(x.) + 4sin(2z)
20 sin(x)
— tim —2cos(x) + 8 cos(2z)
20 cos(x)
—2+438
== 6]
1
T\ _ T 1 /: -
(e") =e (In(z)) .
105. For the function f(z) = 2%, find lim f(z) and liII(l) f(z) and lim f(x).
T—00 T— T——00
2
) 2 -z 1o TTUH . 20ym o2
(@) Jim o' = Jim = Jim 2 i 2 =[0)

(b) Do not use L’Hopital! Just plug in = = 0 to get 60720 =

(¢) lim a%¢™* = lim z%¢" = [4o0].

Tr—r—00 T—00
. sin(mz) . wcos(mx)  mwcos(4m)
106. Calculate 31612511 m = al:lilzll -3 11

107. Give an equation for the tangent line to y = e3*(cos(4x))® at z = 0. |y = 3z + 1

108. Is y = e concave up or concave down when z = 7? |concave down | because
f"(m) = —1 is negative.

109. Find the local extremes of f(z) = /T — In(z). |z = 4 is a local min |

1 1 1
110. Find the limit lim &) LHopital: lim &) — jiy /7
e—0t 1/x a0t 1/x a0t —1/22
1 2
Then /v S —x, so the limit is —0 = @

—1/2? x



1
111. Find the limit lim xIn(z)  Algebra: xln(z) = ﬂ, so this is the same as
z—07t 1/1‘

the previous task! @

112. (a) Calculate lim n-In(1+ 1) using algebra and L’Hopital.

n—o0

(b) Calculate lim In((1+ 1)") using log rules and L’Hépital.

n—o0

1 n
(c) Calculate lim (1 + —) using the fact that 2 = €@ and therefore
n

n—oo
lim (1 + l)" _ eln(nlimw(1+%)n).
n

n—oo



