m Exercises

SECTION 1.5 THE LIMIT OF A FUNCTION 50

1. Explain in your own words what is meant by the equation
lim f{x) =5

Is it possible for this statement to be tue and yet £(2) = 37
Explain.

2. Explain what 1t means to say that

linI:L fix)=13 and ].11::1 filx)=7
In this situation is it possible that lm, . fx) exists?
Explain.

3. Explain the meaning of each of the following.
(2) hm fx) == b} hm fx) = —=
3 4

4. Use the given graph of f to state the value of each quanhty,
if it exasts. If 1t does not exist, explain why.
(2) Lm flx) ) lim flx) {e) him flx)

(d) £2)
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5. For the function £ whose graph is given, state the value of each
quantity, if it exists. If it does not exist, explain why.
(2) lim £ x) ®) lm Ax) () ].'III":I. Ax)
—=1 — —3+

(d) Iig fx) (&) A3)
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b. For the function b whose graph 15 grven, state the value of each
quantity, 1f 1t exists. If it does not exist, explain why.
(2) ].u:l:: hix) () Ii.m_I Al x) (<) lim‘ M x)

() H(—3) @ lm hx) (6 Lm K

(g) I1m hix) oy K0 (1) lilﬂh[ﬂ
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1. For the function g whose graph 15 given, state the value of each
quantity, if it exists. If 1t does not exist, explain why.

(2) lim g{d) (b) lim g(d (<) lim g(d)

(d) lim g{d) (e) lim g(o (f) Lim g(d
(21 gl2) (k) ]I.m:t ald)
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B. For the function & whoze graph is shown, state the following.

(@) lim R(») () lim R
(c) ].1.1::: Hx) (d) ].jn::_ﬂ.r‘.l

(e) The equations of the vertical asymptotes_
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9. For the function { whose graph 1s shown, state the follow-
ing.

@ lm fx) ®) lm () Lm A
(@ lim Ax)

(f) The equations of the vertical asymptotes.
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10. A patient receives a 130-mg injection of a dmg every
4 hours. The graph shows the amount () of the drug in the
bloodstream after ¢ hours. Find

I.iﬁg £l and li||:5|I fa

and explain the significance of these one-sided limits.
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11-12 Sketch the graph of the function and use it to determine
the values of a for which hm, ., x) exists.

l+x 1f v —1
1. Axh = 4 x* if —l=x=1
2—x ifx=z=l

l+smy if x=0
12 fx) = fcos x fl=x=x
sm x if x>=x

15-18 Sketch the graph of an example of a function [ that
satisfies all of the given conditions.

15 lm f(x)=-1, km fld=2 £0)=1
16 lim ) =1, lim fld=-2 lm fld=2
o) = -1, £(3) =1

17. lim fix) =4, lm fix) =12, Jlm, fix) =12,
M3)=3 A-121=1

18 ]EE filx) =12, ]'i:nr?l flx) =10, ].1.1:I4:l flx) =3,
].1'.1:_|11_ flx)=0, A=2 FfA4H=1

19-22 Guess the value of the limat {if 1t exists) by evaluating
the function at the given numbers (comect to six decimal places).
19 w2

—~rx —x—2

r=25 121 205 201, 20035 2.001,
1.9.1.95,1.99, 1995, 1.999

xt—2x
—1 ¢ —x=2
x=0, -0, —0.9, —0.95, —0.99, —0.999,
-2, —-15 —-1.1,-101, -1.001

sIn X

N lm—— x==1, £0.5, =02, +0.1, +0.05 =001
—0 x + fan x
+ B — 32
22 lim 2+ 8 3_.
" h

F
h==03 =01, 2001, 20,001, £0.0001

aﬂ 13-14 Use the graph of the funchon [ to state the value of each

limnit, of 1t exists. If it does not exist, explam why.

(a) lm flx) (b) lim flx) (c) m flx)
1 X+
13 fx) =Ty 14 fix) = m

23-76 Use a table of values to estmate the value of the limit.
If vou have a graphing device, use 1t to confirm your result
graphically.

fx+4 =2 tan 3x
2 lim——— = i
i x —0 tam Sx
. =1 . BT 5T
zﬁ];nﬁ,tj"—l !ﬁ.ﬁ x

| 1. (3) By graphing the funetion f{x} = (eos 2x — cos x)/x*

and zoommg in toward the point where the graph crosses
the y-amis, estimate the value of lim, ., fTx).



(b} Check vour answer in part () by evaluating f(x) for
values of x that approach 0.

FH 2. (a) Estimate the value of

s X
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by zraphing the function fix) = (5 x)/(sin wx). State
vour answer correct to two decimal places,

(b} Check yvour answer n part (a) by evaluatng flx) for
values of x that approach 0.

28-37 Deternune the infinite lomit.

7 2
]imx+L W lim x+ 2
—-i x4+ 3 —-3 x4+ 3

0 I l—x\ :r—l
—1 {x— 1P —t x{x + 2)

2 x-1 M. lim cot
B P+ 2) - Aptx
) =2

®B lm resex 3. lim

— o —dx+ 4

—lx

¥ —2x—8
N b —————
—~1 " —5x+ 6

3. (a) Find the vertical asymptotes of the function

o at+1
S

aﬂ (&} Confirm yvour answer to part (a) by graphing the function.

3. Determine lim — and lim ———— !
—1- x? =1 —1 o =1
(a) by evaluating fx) = 1/(x* — 1) for values of x that
approach 1 from the left and from the nght,
(b} by reasoming as in Example 9, and
Hﬂ (¢} from a graph of £
] M. (3) By graphing the function f{x) = (tan 4x)/x and zooming
in toward the point where the zraph crosses the j-awuis,
estimate the value of lim, .o fx).
(b} Check vour answer in part () by evaluating (x) for
values of x that approach 0.
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#1. (a) Evaluate the function flx) = x* — (29/1000) for x = 1,
0.8, 0.6,04,02, 01, and 0.05, and guess the value of

. 2
1”5'%(’ mm)

(b) Evaluate fx) for x = 0.04, 0.02, 0.01, 0.005, 0.003, and
0.001. Guess agamn.

42. (a) Evaluate A(x) = (tan x — 2)/x" for x = 1, 0.5, 0.1, 0.05,
0.01, and 0.005.

(b) Guess the value uf!_il‘g%.

(c) Evaluate h(x) for successively smaller values of x until
vou finally reach a value of 0 for A x). Are vou still confi-
dent that your guess in part (b) 1s cormect? Explain why
vou eventually obtaned 0 values. (In Sechon 6.8 a
method for evaluating the limit will be explamed.)

(d) Graph the function A m the viewing rectangle [—1, 1]
by [0, 1]. Then zoom in toward the point where the graph
crosses the p-axis to estimate the bt of h(x) as x
approaches 0. Confinue to zoom 1n unhl vou cbserve
distortions in the graph of & Compare with the results of
part (z).

Graph the function f1x) = sin(w/x) of Example 4 in the

viewing rectangle [—1, 1] by [—1, 1]. Then zoom m toward

the ongin several fimes. Comment on the bebanvior of this

function.
44, In the theory of relatrvity, the mass of a particle with
velecity v 1s
m=—
V1 — et

where mm 15 the mass of the particle at rest and  1s the speed
of light What happens as v — ¢ 7

E 85, Use a graph to estumate the equations of all the verfical
asymptotes of the curve

= tan(2 sin x) —mExy=T

Then find the exact equations of these asyvmptotes.

aﬂ 86, (a) Use numencal and graphical evidence to guess the value
of the Lot
hm =1

(b) How close to 1 does x have to be to ensure that the fune-
tion m part (a) is within a distance 0.5 of 1ts Limit?



