%Lﬂlﬂt and Continuity \

INTRODUCTION

In mathematics, the concept of limit and continuity is foundational in understanding
the behaviour of functions and sequences, especially when applied to real-world
scenarios. This unit will introduce and explore how to demonstrate and find the limit
of a sequemce and a function, understand continuous and discontirmons fimetions, and
applyﬁesecunseptsmvmousmnt:xtsmhaswnnnmlm finance, and natural
sciences,

12.1 Limit of a Fanction

The concept of limit of a function is the basis on which the structure of calculus rests.
Before the definition of the limit of a fiunchon, it is necessary to have a clear
understanding of the following phrases,

12.1.1 Meaning of the Phrase “x gpproaches zero”

Suppose a sequence x_=iz assumes a sequence of values as:
H
Eh L L L. Lo
& 2

We can see that the sequence x,:% is becoming smaller and smaller as » increases and

mbemadeasmﬂ"nsweplemehymhng“n"-mﬁcimﬂylm'gamoﬂmm,

=F becoming closer and closer to 0 a3 » becoming large. This unending decrease
of x. is denoted by x, — 0 and read as “, approaches zero” or “x, tends to zer0 a8 R — 0,
That is, the limit of the sequence x. is 0.
12.1.2 Meaning of the Phrage “x approaches infinity”
Suppose a sequence x,= 10" assumes values as 1, 10, 107, 107, ..., 107, ...
It is clear that the sequence xx is becoming larger and larger as » ingreases and can be
made as large as we please by taking » sufficiently large. This unending increase of the

sequence X, is symbolically written as “x; —oo™ and is read as “x, approaches infinity™
or “x, tends to infinity™ as a—> o«
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12.1.3 Meaning of the Phrase “x approaches a”

Symbolically it i& written a8 "x—a" which ... L

means that x is sufficiently close to @ but different  The symbol x — 0 ix quite diffecent
from the mumber @, from both the left and right fomx=0.

sides of a that is x—a becomes zmaller and :;niummgdmh
smaller as we please but x—a==0. x =0 means that x is actually zero.

12.1.4 Concept of Limit of a Function

(1) By Finding the Area of Circnmscribed Reguiar Polygon

Consider a circle of unit radius which circumseribes a square (4-si_dﬁ:_1r&gu1ar polygon)
as shown in Figure 12.1. :

The side of square is J2 and its area is 2 square units. It is clear that the area of
inscribed 4-gided polygon is less than the area of the cirgum-circle

m=3.142(xr ==(lY’=x=3.142).

Figare 12.1; 4-sided polygon |~ Figure 12.2: 8-sided polygon  Figure 12.3:16-sided polygon
Bisecting the arcs between the vertices of the square, we get an inscribed 8-sided
regular polygon as shown in Figure 12.2, Its area is 24/2 = 2,828 square units which is
closer to the area of circum-circle. A further similar bisection of the ares gives an
inscribed 16-sided regular polygon as ghown in Figure 12.3 with area 3.061 square
units which is more closer to the area of circum-cirele.
1t follows that as “a”, the number of sides of the inscribed polygon increases, the area
of polygon increases and becoming near to 3.142 which is the area of circle of umit
radius.

We express this situation by saying that the limiting value of the area of the inscribed
polygon is the area of the circle as »# approaches infinity, Le.,
Area of inscribed polygon — Arca of circle asn —
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() Numerical Approach

Consider the function f (x) =2

The domain of £ (x) is the set of &1l real numbers.

Let us find the limit of f(x) =x° as x approaches 2.
The table of values of f(x) for different values of x as x approaches 2 from left and right

is a5 follows:

From left of 2 »2 » from right of 2
x 1] 1.5 | L8 | 1,9 | 1.99 | 1.599 | 1.9999 | 2.0001 | 2.00L| 2.00 | 21 ’2.1 25 |3
=% 1|3.375 | 5.832 | 6.859 [7.B806|7.8806| 7.9988 | 8.0012 | B.012 | 8.1206 2.261 13543 15.625|27
The table shows that, as x geta closer and closer to 2 {mﬁimmﬂynloﬂetn?.),ﬁ'umboﬂl
sides, f(x) pets closer and closer to 8,
We say that 8 is the limit of f{x) when x approaches 2 and ‘is written as:
fix)—=8a3x—2 or lg%x’=8

12.1.5 Limif of a Function

Let & function f(x) be defined in an open interval near the number “a™ (need not be at
a). If, as x approaches “q” from both left and right side of “a” f(x} approaches s specific
number “L” then “L”, is called the limit of f{x) as x approaches a. Symbolically it is
written as:

lim fix)="1. read as “limit of f{x) as x — a, is L”.

It is neither desirable nor. practicable to find the limit of a function by numerical

approach. Wemusthenblcmwa]mteahmrtmsom:mnchmcalwa}r The theorems
on limits will serve this parpose. Their proofs will be discussed in higher classes.

12.1.6 Thegfems on Limits of Functions
Let fand g betwo functions for which Iﬂ%f{x}:Lmﬂ EEg(x):M, then
Theorem 1: (i) Ex’:a’,whercp}ﬂmd peR

(iiy lime=e

Theorem 2: (a) The limit of the sum of two functions is equal to the sum of their
Himits.

Lim{ f(x)-+ g()]=Lim f(x} + Limg(x) =L+ M

For example, I;Elil(x+5)=l;ﬂﬂilx+]:£:lll 5=1+5=6
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{b)

{c)

(d)

(e)

o

The Himit of the difference of two functivns is equal to the differemce of thelr
limits.

Lim[ f(x) ~g(x)]=Lim f(x) - Limg(x) = L—M
For example, 9_%(1—5) =II..1_{:5| ("‘}_E‘_ﬁ 5=3-5=-2

If % in amy real mumber, then
Lam&f (x)] =k Lim f(x) = kL

For example, I;E(Sx) = 351;1 (x)=3{(2)=6

The limit of the product of the functions is equal w3ljﬂ;j;ﬁdnct of their limits.
Lim{f(3) g(a))= Lim f(x)- Lird () = LM

For cxample, Lim(22)(x-+4) =Lim (28)-Lifn (x+4)=(2X5)=10

The limit of the guotient of the fnnctlnnn is equal to the quotient of thelr Hmiis
provided the limit of lienuminnlur is non-zero.

Um[fm]jﬂf!f‘) i
e g | Lmgln M’

o e

amdMutﬂ J
[3:+4]_E:‘F‘(3"+43 644 10

%+3 | Lim(x+3) 2+3 5

E—r2

, provided g{x)#0 in a neighborhood of

For exau‘qﬂ

Limit of [ f(x)]", where m is an integer
Lim[ f(x)]" = [Lim f(x)]" =L

For example, Lim(2x~3) =(£jﬂ (21-3))3 —(5)°=125

We conclude from the theorems on limits that limits are evaluated by merely
substituting the number that x approaches into the function,
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12.2 Limits of Important Functions

If by substituting the number that x approaches into the function, we get (g), then one

possible way to evaluate the limits is as follows:

We simplify the given function by using algebraic techniques of making factors if
possible and cancel the common factors, The method explained in the following
important limits.

122.1 Lim x;:z" =na"" where n is 2 non-zero integerand > 0

Case I:  Suppose n is a positive integer,
By substituting x = a, we get [%]form, s0 we make factors.as follows:

X —g" = (x—a)x" + @ P L+ d™)
U O, i +@ i@ @)
x+a x—g x —a I—ﬂ

=Lim(x" +@&" +a' X  +..+a")
=" +a " 4d¥ a" +aa + o +a™
=a" 4@ ke a4 g =na

Case 11: Suppose n is a;-libg"i'tlve integer (Say n = —m) where m is a posgitive integer.

1 1 &2
Now, JEH 87
i—4a x—a Xx—id iA—a

Ijm[x“—a')=m._1 Sm=—T

K= x—d
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12.2.2 LimY*¥*8"~ Ve zj_,wherauismintegernnda>ﬂ.

x—+0 X a

By substituting x = Dweha.ve[ ]fnm,mmnmahmngihenummmr

S # Nara+da) = x(fxra+ia)
=Pﬂ(ﬁ]
MH’_ J_Jln/_ ij_
Bvaluate: (i) Igllﬁ i (i) E’fﬁ:%i@

. =1 {0
Solution ® I;l_‘.lflil e [EJ form.,

= e+ gl

tim® ol @ DD T

x31 2 _x x4l III"'[) ¥l x
1+1 2

.
1 1

y —3 {J_+J_)(ﬁ—f}

(i) Lim— >~ ° _=Lim = Lim(yx+3) =3+3=23
N S N

12.2.3 Limit af Infinity

We have stiic@ e limits of the fusictions F0), 763, g0 wnd 2% . wher x—vo(a

number) &R
Let us see what happens to the limit of the function f{x) if ¢ is + 0 or —oc {limits at
infinity) i.¢., when x — +a0 or x — — o0,

{a) Limit asx—+wo
Letf(x)=—, whenx#0

This functlonhnatheprnperty'lha'tihevalueoff(x} can be made as close as we plesse
to zero when the number x is sufficiently large.

We express this phenomenon by writing Lim1=0

X =+00 ¥
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() Limitasx — —oo
Thiz type of limits are handled in the same way as limits ag x — +oo,

ig, Lim l= 0, wherex # 0.

X—F—0 ¥
The following theorem is useful for evaluating limit at infinity.
Theorem: Let p be a positive rational number. If x?is defined, then

Lim % =0 and Limi=ﬂ,whm'eainmyrealnmnber.

3w pf T3—m gof

For example, J'I_a;ﬂ?—ﬂandxl_a;ﬂ {i—

12.2.4 Limit of a Sequence
Let {a,} be a sequence, the limit of a sequence {a,} isithe value L that the terms of the
sequence approach as # — o, that is,

Lim a, = L

naw ;
If such an L exists, the sequence is said to, converge to L and {a, } is called
convergent sequence. If no such L exists, the sequence is said to diverge.

For example, consider the sequence {a,‘:l}: Asn—rm,l—hﬂ
n n

So, we write Luna —Lam.l=0.

lﬁ]ﬂn

2n+3
n+l

Find the limit of the sequence a, =
We'can simplify the sequence:

3 3

_2n+3_“(2+n]_2+;

gl n[1+lJ il
i n

Asn —> o0, E—»[l:md.l—r{], g0 we are left with: Lima'=w=2
# " B 1+0
Zn+3

P |

=2
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Divergent Sequences: A sequence is divergent if it is not convergent. Divergence

can oceny in the following ways:

e  The sequence may increase or decrease without bowund (e.g., &, = n diverges to infinity).
» The sequence may oscillate between different valuss and not ssttle near any one
value {e.g., a, = (—1)" oscillates between —1 and 1, s0 it does not converge).

12.2.5 Methods for Evaluating the Limits at Infinity

In this caze we first divide each term of both the numsrator and the denominator by the
thestpowerufxﬂntappmiﬂﬂmdmomiﬂaﬂrmdthmuseﬂwmmlhﬁt

Sx'—10x* +1
| % 1071058 | Evaluate Lim
T ate 3% +10x7+ 50

EIIITT, Dividing mumerator and denominator by x°, we got

10, 1 ,
s-102+1 . TN w0 .
= = ; =—00 - Lm
a3 4107 +50 s _, 10 50 -3 +0+0 o
x X
" 45*— 55
E le E = S, .
et Lim 4555
EFIITZT, Dividing numerator and dénominator by 5°, we get
i (& 3
: 4x"—5x . = 0- 0
Lim——— ~=Lim—* % __ o
e 3p 42l fla e 4 2 1 34040
_ r 7
Evaluate:
0 Lim——o 00 LD
F——m 3+4x1 P 3+'4|l'2

I () Here VX =|x=—xasx<0

Dividing numerator and denominator by —x, we get

_2 3
fig 2-3% .. T 043

3
E= N e H-HJB a2
Foa
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(ii) Here Jx_:=|x‘=.r agx>0

Dividing numerator and denominator by x, we pet

2 4
Li.m 2-3x = 1i I o 0-3 =£
SRR Y - S D T -Jﬂ'+4 2
A

1226 Lim (1-1- %]' =
By the binomial theorem, we have

(1+%]' =1+ n(i}« n(r;l) [%]: "("_I;f'_z).(%T#
= l+l+21![1—%J+ %(1—%)[1—%}

1 23

Whm"—p+m, Ty alltendstnm.’ﬂlﬂrefﬂl'ﬂ
n "R A f
I_jm[1+lj‘=1+1+l+l+.—l-+
X=p+m n 2! 3! ‘4!

=14+1+0.5 + 0166667 + 0.0416667 + ... =2.718281 ....

As approximate value of e is 2.718281.

j' : We con also show that |
=g

Lim (1 +1 I =g
n——= H

Lim(1+1

B im n

1
Deduetion: Lim(l+x)*=e

20

Wo know thit m[uﬂ - @

n—so0

Pitn=— in@) then x=—
= n

1
When #—o0,x—( 80, Iim[1+l].=ljm(l+x)5
T — n

0

1
= ]'_jm(1+x); v Lim [1+1].=E
0

il n

Hence I..;i:.'l:l(l+x)i =g

x =0
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a*—1

=log, a
Put &-1 =y @
e, x=log(1+))

From (i) whenx — 0,y — 0
L‘_Eﬂ! -1 L_IPE 1 y 4”;
x =20 log (1+ y) » lﬂg,(l+y)
=Lim : = . =log,a ( Lm;(h., %
¥3¥ ! lug‘e E. ¥)
log,(+3)
e*—1
Deduction: L]]]éll = log,e=1
X x
. [a -1
We know that Lim| —— |= log, @ M
i=2 x - :
-1
Putg= em(1)weknowLun " ='log, e=1
Important Resalts to Remember
@ I..lme"—uc:- : (i) Lime =Lim[é]=u
EKPl'Bss&ach]Jmtmterm;ufe_
nd i
(1) Eﬂ[“y]h (i) ];Il_ﬂf]l(1+2n)

LI, (i) Observe the resemblance of the limit with I_j_m_[1+l]' b
[ ] n
- -6

(“%H(“%J;F " |

f'i'—-‘i(‘*%)h L_m[[lﬁ]'] ¢ where, m="
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(ii) Observe the resemblance of the limit with I;i_ﬁ(1+x)x =e
1 1P
Lim(1+2n)s = Eﬂ[(l+2n)h}
put m=2n, when z >0, m—0

1 . 1

E_'irnn(1+ 2} = ﬂ[(u m).T -
12.2.8 The Sandwich Thearem
Letfgandhbeﬁmchonsmchﬂlatf[x)ﬂgﬂr)*ih(x)fbrallnumbmxmsnmeapm
interval containing “c”, except possibly at c itself.
Ifl.mlf(x) L and leh(.x] =L, then Lung(x)
Many limit problems arise that cannot be dlrecﬂyevaluﬂtﬁdbyalgebmc techniques.
They require geometric arguments, 50 we evaluate an important theorem.

12.2.9 If @ is measured in radisn, ﬂmn %ﬁ%ﬁ =4

Froof: To evaluate this limit, we apply a new technique. Take 8 be positive acute
central angle of a sector of a circle with Tadius » = 1. As shown in the figure, 045
represtsasectornfacrcle Joitt 4 and B and extend OB to I such that O4 | 1D,

Also draw BC | ()Con OA.
Given |OA|=|OB| =1 (radii ﬂflm.'lt circle)

In the Tight AOCB, sme=%=|3c:'|
In the right AOAD, “tan0 =221 =| 4D|
() Area of ADAB | OA| BC| = - (1)ein €)= sin 6

@) Areaofsector oas=%#e=%a)(e)=%a and

(i) Arenof AOAD:%|&||E|= %ﬂ)(mn B):%tanﬂ

From the figure we see that
Area of AOAR < Area of sector OAB < Area of AOAD

1 6 1
e —gin® <« — < —tan P
gy ¥ g W g




Assinﬂispositive.mondivisimby%sinﬂ,weget
8

1«:—«:L [D-:B-:E)
gin® cos @ 2

ie., 1}%3:«00!& or mﬂ<%ﬂql

when @ —0,co8 — 1

approaching 1 itself. So, by the sandwich theorem, it must also | C}
nppmauhlthatm,Lnn%ﬁ 1 \

Evatuate Li *710
i

Let x =76, so that 9=$
whﬂnﬂ—rﬂwahavex—rﬂ
L™ 0 % 7 i 5 7y =7

30§ _x—P{l x =0 ¥

T

Example ]} 0 I.Ji'n.l‘-"‘.:;’li o

1-cos 0 l—msﬂ l+c08 0 1-cos*@
Bl 8  1+cos® ®(L+cos 6)

_ sin’8 _m.na(sinBJ 1
" §(1+cos 8) 8 Mlicos®

. (l-cos@ i sing _, 1 1
Lun[ ] Lim gin 8- Lim——- %.__1113( J=(ﬂ)ﬂ)[m]=0

0 8550 50 0 1+cos 0

P _EXERCISE 12.1 {

1. Find the limit of the following sequences if exists:

: 2n+3 . 2n+3 Sn? . nt—3n+1
W q, n+l @ 2, 2 +1 () 2a+3 v, 2 +n+4
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2,

5.

<mo> Mt

Evaluate each limit by using theorems of limits:

® Lim(zr+4) @)

(iv) 5_1{12:_1\}.1:" +4 (v)

E.E?(Sx‘—zx+4) (iii) I;En}x% x+4

. _ . 2%+ 5x
Lim(vx' +1-v #%+5) (vi) Lim —

Evaluate each limit by using algebraic techniques:

X —x

-1 x+1

@

x’ 3x*+3x-1

(jm[f 5x+6] (i)

(IV} =1 I] s

i) Lim x-2
520 x4 —nj6—x

r¥—-2x-3
[f—ﬁx=+12x-s]

: ¥ -8
Iffz{f —'-__5x+ﬁ]
F xt1
X —4x ™ } Iaﬂ'-ni{.u."—3.1:+L?:]
Jx+h-JI_ ﬁx]' g

h x-.ﬁx-_a-

(v) Lim

32

(viii) Lim

Evaluate the following linmits:

® menSx

x>0 I

(iv) Limsinx—msx

Z—lz r—

l—cos 2 x
(vii) y_ﬁ—f

(x) Lim

(viii)

x —x]pgxll'-l-?;lng.x—g

@ Lim*% (i)

mwa_ax—msix

= _‘-1 (Vi) Lim

)

i SMAEPOSEE oy prp® =L
== cogcr —cosdx

) Lim™2 D

x—+3

x-3

#—=b ] —posx

Express each limit in terms of e.

@ m[uij

M =i n

%) Lim [1+i I
3n

B4

(vi) Lim(1+25%)*

1

- el b
(x) Lim——

],x<[}
e +1

=8

") Lim (1+'—'t]‘ (i) Lim(i+ 30)"
25 = —e"™ : x
(viif) Lim I (ix) Eﬂ(mj
e e
) Lm% x>0 i) Lim —

e +1
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123 Cuntmulty and Discontinuity of Functions

12.3.1 One-Sided Limits

In defining Lili'.nf(x), we restricted x in an open interval containing ¢ i.e., we studied
the behaviour of f on both gides of c. However, in some cases it is necessary to
investigate one sided limiis that is, the left hand limit and the nght hand limit.

() The Left Hand Limit

Limf[x)—Lisread a8 the limit of f{x) is equal to L as x approaches ¢ from the lefi

1.g., Tor all x sufficiently close to ¢, but less than ¢, thevaluacfj{x)mnbemadeas
¢lose as we please to L.

() The Right Hand Limit N The reles for |
Lim f(x)= M is read as the limit of 7{x) is equal to M ag x| caloulating the left hand
il * | and the right hand limits

approaches ¢ from the right i.e., for all x sufficiently close to | . the same 5z wo studisd
¢, but greater than ¢, the value of f{x) :anbemﬂd: s close | to calenlate limits in the

88 we please fo M. preceding section,
12.3.2 Criterion for Exigtence of Limnit/ ﬂ'f a Function
Lim f{x)=Lif and only if Lim f(x)=Lim f(x) =L
Determine whether Lim f(x) and Lim f()exist, when
2c+1 if " 0<x <2
fR)=47-x,if 2<x<4
x\'O i 4<x<6
Solution i L@f’(ﬁ:}=1&n;(2x+1)=4+1=5
' .Li?kf(x)=Linzob(T—x)=?—2=5.

Since Lim /()= Lim f()=3

=% Eirglf(x)existsandisequaltos.
()  Limf(:)=Lim(7-2)=7-4=3

Lim /()= Lim(x) =4

Since Lim f(x) = Lim f(x)
Therefore, I:E];l f(x)does not exist,
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12.3.3 Continuity of a Funcfion at a Point

(a) Continnons Function

A function f'is said to be contimious at a number “£" if and only if the following three
() ARe)is defined (i) Lim f(x)exists (i) Lim f(x)=f(e)

(b) Discontinnons Function
If one or more of these three conditions fail to hold at “¢", then the function 18 said to
be discontinuous at “c”.

Consider the function f(x)=%, discuss the contifwity of fat x= 1.

Here A1) is not defined.
=» f{x) is discontinuous at 1.

IR liE11]  For f(x)=3x"— 5x+4dmcusaountmmtyoffntx—l
BT Lim f (x)= L;n_a(:-;x’ —Sx+4)=3-5t4=2and f()=3-5+4=2
= Limf(x)=/1) |

Therefore, f(x)is continuous st x= 1
IRTTTA12| Discuss the continuity of the functions f{z) end g(x) atx =3

b
(a) P if x=#3
At if x=3

(b) g(x)={% if x#3
EETI () -

= Lim(x+3)=3+3=6
As  Lim f(x)=6=f(3)

f(x) 18 continuous at x = 3. It is noted that there is no break
in the graph. Figure 12.5
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(b) g(x}=£ if x#3
x-3

As g(x) is not defined at x=3
= pix) is discontinuous at x =13
It i3 noted that there is a break in the graph at x = 3 near
x =3 a& shown in the Figure 12.6.
TT R3]  Discuss continuity of f(x) at x =3, when
=1 , if x<3
e {2x+1 if x23

TN A sketch of the graph of fis shown in the Figure 12.7, Wﬂmseathatﬂlere
is a break in the graph at a point whenx = 3. .
Now f{3)= 2(3)+1 =7
= Condition (1) is satizfied.
Lim f{x)=Lim{(x—1)=3-1=2
Ll =Y

Lim f(x) = Lim(25+1) = 6+1=7

Lim f(x) # Lim () '

ie., condition (ii) is not satisfied,
Limf(x}dms not exist.

Hence, f(x) is nntcm]]manns atx=3

P EXERCISE 122 _{

|. Determine the deft lifnd limit and the right hand limit and then, find limit of the
following fynetions when x — ¢.

O f@)=27 +3-5,c=1 @ S@=2"2 c=-3
(@) f()=|x-5|,c=5
2. Discuss the contimiity of flx) atx=¢
. Ixz-1if x<1
0 fe L oy @) femy=la ifx=l, e
® Ax+1 if x>2 - T
2x ifx»1

3% if x=<-2
3, If(x)=x*'—1 if -2<x<2 Discusscontimityaty=2andzx=—
3 if =x=22
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x+2 xr<-1
4, 1If f(x)=
c+2 x>—1
find “c¢” so that Lm_:i f(x) exists.
5. Find the values of m and a, so that given function f'is continuous at x =3
mx if x<3

if 3
O f@={ = if x=3 @ f(x)={ N s
2%+9 if x>3 z
2x+5—+fx+7
6 flx)= =2 y Wl
k y x=2

Find valoe of & so that fis contimuons x = 2.

7. Given the function /(x) ={ sibi-ha
-x+4, x>1

Discuss the limit and continmity atx=1,~

12.4 Application of Transcendémtal Functions to Limits and
Continuity on Real World Problems

Limit and continuity of transcendental functions are fundamental concepts in caloulus
with numerous real-world applications.
These concepts help us model, analyze and solve problems in vations fields such as
growth and decay, finance; economics, surveying and predicting long-term stock
prices,
Growth and Decay (Radivactive Decay)
The radioactive decay of s substance is given by the function 4(f) = A2, where 4, is
the initial amount of the substance, & is the decay constant, and ¢ is the time in years.
Find the limit of the amount of substance as 1 —» .

We need to compute the limit: II.EIA(I}=I£EA°€”
As t—>o,e™ 50, 80 I;i_EAoe'”=Aﬂx0=ﬂ

Thus, the amount of radioactive substance approaches 0 as time increases indefinitely.
Finance (Compound Interest)

The value of an investment grows sccording to the formula for conmtinuous
compounding A(¥) = P_¢”, where P, is the initial principal, r is the annusl interest rats,
and ¢ ig the time in years. What happens to the value of the investment as t 5« ?




We m:ed to compute the limit: I.m:LA(r) Lu:nPe"

Since &” —ooas ¢ —» oo for any positive #, the value of the investment grows without
bound:

LimFe" =c0
Ppen

Thus, the value of the investment increases indefinitely as time approaches infinity.
(01T T1116| Economics (Supply and Demand)
In economics, the demand fonction D(p) decreases as the price p increases. Suppose

thademandﬁmctmmsgwenbyﬂ(p)-%,whmpmlhepncemduﬂm Find the

limit of the demand as the price becomes very large, Le., I.;lmD(p]

XM, Lim D(p)=Lim %

Fyw = p+l
As p—»oo, the denominator becomes very large, mImLTl
-an

Thus, asthepncebecumgsvmyla.rga,the dﬂ:nandappma.cheﬁﬂ
im el 0E17| Astronomy
The apparent brightness B{d) of a star- d,et:rmes a3 the distance from Earth increases

foﬂmnglhamvmesquarelnwﬂ(ﬂ)= , Where L is the star's lnminosity. Find the
limit of the brightness as d—n&,

Lim B(d) < Lim

Asd oo ﬁedﬂnnnnnalmb&cumes\rery]argn,so:
" L 5
n‘—n:dz

Thus, as the distance increases indefinitely, the apparent brightness of the star
approaches 0.

PV EXERCISE 123

1. A substance decays exponentially following the formula A(f) = 4, ™", where 4,

is the initial amowunt. Find the limit of A(f) as 1 » w.
100, 000

2. A twown’s population is modsied byP(t]- 20

What is the long-term

population as £ —» 0.




Uit 1) et e >

3. A company’s weekly sales (in thousands) follow the function §(£) = T‘

i8 the limit of 5{f) as ¢ — « and what does it represent?
4, Signal strength S(d) at & distance 4 from a tower is modeled as S{J]—ﬁ—m
(i) Whatis the signal strength at d= 10?7
(ii) What happens 1o signal strength ag d — o0 ?
5. A stock price grows according to the function P{f)= 50"
(i) Find the limit of P{f) g8 ¢ > . 2
(i) Calculate the price after 10 years,
6. The factory’s cost function is given as: O ™
104500 i x<100
12x+300 i x>1000
Is the cost function contimious at x= lﬂﬂ?r
7. Inflation is modeled by I(f) = I, c ,whrre 1, is the initial price index and 2 ix
the number of years ¢
(i) Find the inflation rate Ilﬂﬁ,i}'ﬂ.l‘ﬂ if Io=100.
(ii) Whatis the expcatedpnoe index after 10 years?
8. The cost to produce x mnisls
;5x+20 if x<10

(x; 16x+10 if x>10

lsth.equt—;ﬁﬁﬁuonmnﬁnuuus atx=107
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