Math 124 CA & CC Calculus 1
TA: Mo Practice Computing Limits: Solutions Spring 2006

The following solutions only provide one way of computing each limit. In many cases, there are
alternate methods and you are encouraged to consider them (they might be easier).

1. First, we factor out an x and apply some limit laws to get

lim z — In(z) = lim « <1 - hl(x)) L lim z - (1 — lim ln@)) .

T—00 T—00 X T—00 T—00 X

The “?” is because we don’t yet know that the second limit exists. We check that it exists
by using L’Hospital’s rule to compute it (why are we allowed to use L’Hospital’s rule?) as
follows:

1
| ) =
TLLCORN Y
T— 00 €T T—00 1
So we have
lim z —In(z) = lim z- (1 — 0) = oc.

r—00 r—00

2. We compute

sin(2x) . 2sin(2z) 3z cos(3x)
m

w0 tan(3z) @—0 2r  3sin(3z)
. sin(2x) 1. _
B 29101—>0 2t 3 :%:1—{% sin(3x) :%:1—{% cos(3z)
1
=2(1)-=(1)-1
-1
_2
=3

3. We compute

r?  3zcos(3x)
lim z* sec(2z) cot(3z) = li :
P sec(2z) cot(3z) " cos(2x) 3xsin(3x)
3z
=lim — - lim ———
z—0 3 cos(2x) =—0 sin(3x)
0
— .1
3
= 0.
4. We compute
. 2*—6z+8 . (z—4)(z—2)
lim =1
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5. The best way to approach this problem is to begin by factoring the denominator. We get

ot —d?+x—4 . 2 —dAxP4+r—4
lim = lim )
z—4 g2 —2r —8 =4 (z—4)(x + 2)

From this, we see that if we can cancel the (z —4) factor in the denominator, the limit should
be easy to compute by continuity. In order to cancel the (x —4) factor in the denominator, we
must see that it is a factor of the numerator. This can be done with polynomial long division
(or you can factor by grouping). Either way, we get

=4+ —4 . (x—4)(2*+1)
lim = lim
=4 x?2 —2x—8 a—4 (x —4)(x +2)
z2+1
= lim
z—4 T+ 2
7
=5

6. We compute

.mvﬂﬁf—g VIO—t+3 (10 —t) —9

li . = lim
t—=1 1=t V10—t +3 =1 (1—1¢)(v/10 —t + 3)
! 1—t
= lim
t=1 (1 —t)(v/10 — t + 3)
1
=lim —
t—1 /10—t 43
1
=5
7. We compute
t
— =t
1
limt+1 =lim———1=
t—0 t t—0t 41
8. We compute
1 1
lim m2_m _ lim 1 —m =0.
m—0 1 m—0
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9. We compute

10. We compute

1 —cos(z) 1+ cos(x) 1 — cos®(z)

lim . = lim —(
1+ cos(z)  2—0x(1 + cos(x))
(

x—0 xX

sin?(x
im —————
z—0 (1 + cos(x))

sin(x)

lim sin(x)

= lim

=0 1  2—0 1+ cos(x)

=10

11. We compute

x—0 sin(3z)  2—0

n(5)
sin (=
_ Ly 57 Ly 57
I’ .
5a—0 T 3 2—0 sin(3z)
)
1 1
— (1) =(1
(1) 5(1)
1
15

12. We begin by combining the two terms into a single fraction:

x 1 rln(zr) — (x —1)

lim — — =
oot z — 1 In(z) 2-1+ (2 —1)In(z)
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0
This is an indeterminate of the form o So we compute

lim+xh[1( )1 1(:c—l) LH lim, ln(x)—i—l—i
-1 (x — 1) In(z) 1 In(z) +1——
x
1
LQ'I . T
= Jm o
A
B 1
=5

13. This is an indeterminate of the form oo®. So we set y = (tan(x))°*® and compute

14.

lim In(y) = lim cos(x)In(tan(x))

—(m/2)- —(m/2)~
_ lim In(tan(x))
e—(r/2)~  sec(x)
LHo cot(x) sec?(x)
e—(r/2)~ sec(x) tan(z)

— lim SeC2( x)
e—(r/2)~ tan?(z)

Then

lim y= lim "® =¢"=1.
z—(m/2)~ xz—(m/2)~

00
This is an indeterminate of the form —. So we apply L’Hosipital’s rule to get
00

. In(e™® +e72%) LH —e T — Qe
lim = lim ———
T—00 €T z—oo e~ % 4+ e—2x

00
At this point, we may recognize that this new limit is an indeterminate of the form — and
00

apply L’Hospital’s rule once more. This would give us

. —e % 2672$ L e~ % + 4672:13
lim — = lim ———
=00 e T 4 e 2x T—00 —E~T — 26—233

00
which is again an indeterminate of the form —. At this point, we should realize that applying

00

L’Hosiptal’s rule again will not make things look any better. So we should go back to the
previous step and instead of applying L’Hospital’s rule the second time, we need to look for
an alternate way of computing the limit. In fact, we see that we can factor e™® from the
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numerator and denominator. This gives us

. —e T =27 e%(—1—2e77)
hm —_— = hm
T 00 e—x+€—2x 00 6—x(1+6—x)
. —1—=2e7"
= hm _—
r—oo | 4 e7%
= —1.

The moral here is that L'Hospital’s rule does not always work, even when the indeterminate
is of the correct form.

15. To simplify things a bit, we should rewrite the second factor using the laws of logarithms:

T—00 T—00 {1}2

lim e *(In(2z + 3) — 2In(z)) = lim e “In (zx : 3) -

This is an indeterminate of the form 0 - co so we rewrite it and compute as follows:

2 227 —2x(2x + 3)

LH 2w+ 3 4
T—00 et
1
5 -
i 23
v—oo z(2z + 3)er 1
I
3
24 =
= lim ————<&
T—00 (21’ + 3)6:5

16. First note that . .
lim x sin (—) # lim x - lim sin (—) .
z—0 x z—0 x—0 x

The reason is that the second limit does not exist. It just oscillates between 1 and —1. No

x
and —1. (Can you figure out why this is true?) The way to approach this problem is to look

1
at sin (—) and observe that
1
sin (—) ‘ <1
T

T
for all values of x (except zero of course). Multiplying both sides by |z| gives us

_ 1
x sin (—)‘ <lz|.
x
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This means that

1
—x < rsin (—) <z.
z

Then the Squeeze Theorem gives us

. . . 1 .
lim —z < lim z sin (—) < lim z.

z—0 z—0 z—0

T

Since the limits on the left and right are both zero, the middle limit must also be zero.
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