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Program Name B.Sc./B.A. (Mathematics)
B.Sc. /B.A. - Part 11
Paper Code — MT- 04 (Real Analysis &Metric space)
Section-A
(Very Short Answer Questions sfa erg xR a1et wer)
Tedeh U 2 37k T & Each Question Carries 2 Marks

ST Tereh ST o HEAAT U <Rl GRATIG hifSrl|

(Define denseness property of real numbers.)

T3l <1 areaforsh GEATRY % A I TRfas GEAR Ui 9 Ui Tt feme B ) 5@
ARAToreh EEATST 3hT FETT T[OTerH e o

(There are infinite real numbers as rational and irrational between any two real
numbers. This property of real numbers is known as denseness property of real
numbers.)

ok sl aieaTi SIS

(Define supremum.)

S Y UG qee S o YRRl o WH=ad I AqH 99, T=ad S I IoaIsh el &

(The least element of set of all upper bounds of set S, is called supremum.)
CRE {(—1)”.n; ne N}ﬁﬁmmﬁﬁﬁ,aﬁmaﬁﬁa%ﬁl
(Find the limit of the sequence {(—1)”.n; ne N} if exists.)

31d: (s0) , Lim(~1)" = #o0

1.e. limit doesn’t exist.

(el srfea 1 = R))
0 ; Xx=0
wer f(x)=4 1 ¥ x =0 W 50 TR 1 @i 22 9 F0
sin— ; x=0
X
0 ; Xx=0
(Which type of discontinuity is present in the function and f(x)= o1 OWhy?)
sin— ; X #
X

= Lim f(x)  Lim f(x) 3 o1 3tfcea T2 & Fifen STRH €A™ -1 9 1 % T I 21 erd:

x—0"
X =0 %A T fgeir Teh st 3iaed 2
(There is second type of discontinuity as both Lim f(x) and Lim f(x) doesn’t exist,

x—0" x—0"

since both these limits oscilates between -1 and 1.)
BT TR T ST Rt ity



(Define Reimann integrability.)

S WETHSH [, H9d U [a, b] #Fuferg Riaawem f, [a, b] WIHH wHTRe Feard 1 At

9.6

R e AfE )
I; f(x)dx = I: f (x)dx

[Let function f is bounded in closed interval, then function f is said to be Reimann
integrable iff

Lb f(x)dx = LE f(x)dx]
REREIFEIRICIIRSITC
(Define metric spaces.)

S WA x U A T 81 U e d i Xx X —> R Sel R ardfosh §ededl i 9o €, X

9.7

T U 3 A FEATdT & Ale T ARTEIAT bl Hqe FHLaT &l

Let x be a non-void set, then a function d : xxx— R is said to be metric function if it
satisfies the following properties:

(i) d(x,y)>0, VX, y € X

(i)  d(xy)=0<x=y

(i) d(xy)=d(y.x)

(i)  d(x,y)<(x,z)+d(z,y), VX y,ze X

(the, set x with metric d i.e. (x,d) is called metric space)
e, T X U Ber d o | 37t (X, d ) gt sy sear 2
e e 3 e freg P afcwiReT i

(Define Limit point of a set)

IR A (x,d) T EE AR A Ac X | TH g xe X wam A i € forg seaar 2 At

e forga e S(x, r) fomsRt 5 x 3 Bear >0 &, x ¥ e 9= A FFH H FH Th
forg 3R wmfed Y

[Let (x,d) be a metric space and Ac X . A point Xxe X is said to be limit point of set A if

9.8

every sphere S(x,r) centred at x and with radius r >0 contains atleast one element of

A instead of x.]
foTen w1 it iR

(Define infimum of a set.)

SR e Oies S S o i aiGET o S 1 ATRaH (STEdW) AU, S S & e

9.9

HEATT 2
(The maximum value of set of all lower bouns of setS, is called infimum of set S .)

iteg == i qieTive i
(Define bounded set.)

ST owid & F o i g S aiterg FEerar 8l At S % gl Sl g T uiey F oo frme

EbIn)
Ik, k, e F, st k, <x<k, VXxeS



.10

T.11

J.12

T.13

J.14

(Any non-void subset S of ordered field F is said to be bounded if there exists both
lower and upper bounds. i.e.
3k, k, e F,s.t. k, <x<k,, VXe$S
TR STTHH T AT SHISRI|
(Define divergent sequence of real number.)
TS, STT5HH TR T & Ale 36eh! SHT IR 781 81 37

Limx, =co0r —oo

nN—oo

(A sequence is said to be divergent if its limit is not finit i.e.
Limx, =00 Oor —o0

EEEEREICRERTIic I
(Write the statements of Darboux theorem.)
AR we f, Haa =0 [a, b F ofierg & 79 & i it gan @ gana air € > 0 % ol

T TRT & > 0 30 v e et 2 fF avft P e Pla, b] & |P| <5 % T
M Ulpf)<[ f(x)xre

() L(p f)> [ f(x)dx—e
If function is bounded in closed interval [a, b] then Ja & >0 s.t. VP € P[a, b], where
[Pl <&

M Ulpf)<[ f(x)xre

) L(pf)> [ f(x)dx—e

et shT STShH 2T TeegT: SATTETOT i TRCTTre shiforl

(Define pointwise convergence of sequence of functions.)

AT < f, > ATt Heane! # el §=ad E < R R 9ieTiNG S i i ST 8l ae afe
T3 forg ¢ e E & fordr ameaforss gt &1 aigm < f(c)> , ufir f(c) & aifiga v 5@
%l-_g?'[: STRTETOT e 2

[Let < f, > be a sequence of functions defined on set E c R, then if VceE, 3f(c)
s.t. f.(x)> f(c), VceE]

3Tt foreg =t aftaTiia hifsran

(Define interior point of a set.)

u (X,d) TwfEm ey 3 aw Ac X, T g xe A Ti=e A 1 TN forg hearar @
afg wsh frga mem S(x,r) e x 7 r >0 G fremm e, @l S(x,r) S(x,r)c Al
(Let (X,d) be a metric space and Ac X , xe A, is said to be interior point of A if 3
and open sphere S(x,r) with centre x and radius r >0.s.t. S(x,r)c A)

ot gfieh wH(E =Rt aftaTive ahifsra

(Define the complete metric space)




q.15

J.16

q.17

T.18

9.19

T glieh qaie X qUf glieh Gaiy sheetrl € e X 1 Jedeh izl 3fshd X H T fofeg ot AT
TR
[A metric space (X,d) is said to be complete if every Cauchy sequence (X,d) in

converges to a point in X .]
TR ot et g hifsrn

(Define positive class.)

& F o1 U 317 STa=ad P, gTeHh ot et & At
(i) a,beP=a+bePs3RabeP wd

(i) OzacF aaxrdracP ar—acP

(A non-void subset P of field F, is called positive class if)
Q) a,beP=a+bePand a,beP and

(i) O=aeF theneither acP or —aeP
HERT STHH T TR hifs
(Define convergn sequence of real numbers.)

Tk ST (X, | ST sheaTd & af ekt whmm uftfia 2t 21 steiq
Lim x, = | =aftfa afsr

n—oo

(A sequence is said to be convergent if its limt is finit i.e.
Limx, =1 =finite value

FHTH f(x)=|x|, VX € R Wl srashert 82 afs Tei al o forg T stasher i 72t 2|
(Is the function f(x)=|x| is differentiable everywhere, if not, at which point f(x) is
not differentiable.)
e et £ (x, y) 3 Prelt g (x,, Y, ) T8 e 1 vt R
(Define the continuity of function of two variable at any point (x,, Y, ).)
e (X, y) g (X, Y,) A BT 2 af T € >0 F e & >0 36 vhn foremm a1 i
[T(X, y)— T (%, Vo) < € TR [x—%,| < &, |[y—yo|< &
(Function f(x,y) is said to be continuous at (x,,Y,) if Ve >0, 36 >0 s.t.
[F(X, y)— (X, Yo )| < eWhen [x—x)|< &, |y—yo|< &)
HHTSHT 0T 2T TAMT T 1 el TeaRerl|
(Write the statement of fundamental theorem of integral calculus.)
A ke f 31t [a, b] W fme guTshera R dor Afd [a, b] W HE sTeherT B g(x) @
TR TR
#(x)=f(x), a<x<bdmm

I (g0} ia)
[If function f is Reimann-integrable and ¢(x))

is a differentiable on [a, b] so that
#'(x)= f(x), a<x<b,then
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q.21

.22

q.23

.24

q.25

.26

[[ £ (x)dx = g(b)- #(a);
T T STTSRH T UhEHT SATHER0T ohi qiedTive hifsr
(Define uniform convergence of sequence of functions..)
e E < R W aitdTivd wei ot 31gshd < f, >, E qaieiva forelt wam f bl wohew &9 &

Afrga Bt € afe € g gam Tt € > 0 % o1 v ook gt ny e N 639 390 Wehr & for
fargail x e E ¥ fomy
If.(x)-f(x)<e,  Vnxn
The sequence < f, > defined on E c R, is said to be uniformly convergent if for given
e >0s.t.
If.(x)-f(x)<e,  Vn=n,, VxeE]
TFSTg, THTY Rl TieTi hifSrl
(Define connected spaces)
TFH A X Targ Feardi e afe X % a1 31k STaq== A 9 B 50 TR el fh
X=AUBa ANB=¢
T aafy X arelg Fecdl ol e Ig SFawsg 31 2|

[Metric space X is said to be disconnected if there exists two subsets. Aand B of X
such that

X =AUB And ANB=¢
Metric space X is said to be connected if it is not disconnected.]
wr= S = x| x e |, %% <16/ %1 I AT
(What is the supremum of the set S = {x| xel,x? 316}.)
4
SaTgY fof ATToreh TGS ol F=e R |l AT 1
(Is the set of real numbers connected or not?)
& (Yes)

HTFA < X, >, T X, =% 6 T Farg|

(What is limit of the sequence X, :% , Where X, =%)

1

2

T I e X = 2 W Had 22

(Is the following function is continuous at x =27?)
g dad 21 (yes, it is continuous)

wert o g < f >, w@t f(x)=mxe ™, wxe[0, k], k>0 F T Lim f, s iR

n—oo

(Find Lim f_for the sequence of functions < f, > where f (x)=nxe ™, wxe[0, k],

nN—oo

k>0.)
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SIS

0

Arag=aAl A 9 B sft=l sht gl shi TieTio shifery]
(Define the distance between two sets A and B.)
d (A, B) = (infimum) {d(a,b)]ae A b e B}
TP T X IH el forga ez 8 2

(Isthe sets ¢ and X are open?)

<&

Bl

qe S :{x:x2 <16,x e I}Wﬁmml

(What is the infimum of the set S = {x X% <16,x e | }.)
—4

T TR STl 1 A== R Hed wee 27

(Is the set of real numbers is compact?)

& (No)

Te SIS, 3TI5RH T 3aTeXTT 41fg)

(Give an example of unbounded sequence.)
<n:neN>

IR ST 1 e ey

(Write the statement of Cauchy sequence.)

T STRH {X, | IR ST T 2, AfE T € > 0 o TG Toh THT SHTee UTieh N, 36 TR

foemm g |x, —x,|<e, Vn=n, m>n,

(A sequence {xn} is said to be Cauchy sequence if vV for given € >0, a positive

integer n, such that [x, —x |<e, V n>n, mxn,)

9.33

9.34

.35

e i TR < f, >, ST f,(x)= X", Wxe[0, 1] % Lim f, e g Hifsd
(Find Lim f, for the sequence of function < f_ >, where f (x)=x", ¥xe[0,1].)

. 0 , 0<x<1
f,(x)= Lim fn(x)_{l .
101 1 AT FIRE
(Define the Pseudo-Metric.)
AMT {6 X U AT T 81 TF % d 1 Xx X —> R T B9 gl Feamr § At
(Let x be anon-void set. A function d: xxx — R is said to be Pseudo-metric if)
(i) d(x,y)>0, V x,y e X
i) x=y =d(xy)=0
(i) d(x,y)=d(y,x), V x,yeX
(iv)  d(x,y)<d(x,z2)+d(z,y), V x,¥,ze X
forelt w1 it <hifsr
(Define neighbourhood of a set)
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9.37
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q.41

942

aeT (X,d) Wl 3 qu g Ac X | X 1 U Swaq= N, @q=a A 1 Jfawr
FHEATT & ATe T foga aq==d G < X 1 3Ifea a1 d1feh

AcGcN
(Let (X,d)be a metric space and ¢= Ac X, then a N subset X of is said to be
neighbourhood of the set A if there exists on open set G < X suchthat AcGcN)
T T S ={x:x2 <16,x € I}Qﬁa@%’?
(Is the set S = {x: x? <16, x e | | bounded?)

=l
quee A={1:ne N}waﬁm%ﬁ—gaﬁ@l
n

(What is the limit point of the set A:{1 ‘ne N})
n

0

ST 3+24n forer foreg a1 1fvrra Bt 22

\/ﬁ N
. . 3+2+/Nn
(What is the point where the sequence { 7 } converges?)
n
2
Tt e for forg e srarererfiar et 22

(What is the point at which the following function is not differentiable?)

x>
f(x)={2+x CoX>2
6—-X : xX<2

X=2 W (At x=2)

e A o < £, > =@t £ ()= nx(1—x2)', vx e [0, 1] firg i srfrga a2

(What is the point of pointwise convergence of the sequence < f, > of function, where
f.(x)=nx(1-x*)', vxe[0,1].)

0
AT HHI T 20 ZS':ZX , T=e R TR U e AR 82
. : sinx . .
(Is the series of function Z >— is uniformly convergent on R .)
n
& (Yes)
e gt T 1 affia HRe

(Define bounded metric space.)
weT (X, d) O gfe—wmiy 31 a9 X ofters s qufy Fearr 8| At i A i T oo

ok e k fremm arate d(x, y)<k, vx,ye X
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.46
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.48

9.49

.50

(Let (X,d)be a metric space, then X is said to be bounded metric space if and only if
there exists a positive real number k such that d(x,y)<k, ¥x,y e X.)

WSz{XMzzi:nel,n;tO} EQREISEEGIER]
n

(What is the infimum of the set S={x:x=2i:ne I,n¢0}.)
n

1

2
TSI ATSEZTE THT T YA hifer|
(State the Bolzano-Weierstrass theorem.)
T SN Ui HY=a 1 %4 U FHH Ueh W1 foreg et 2|

(Every infinite bounded set has atleast one limit point.)
T fa T ST (X, | e ST 2 27

(When does a monotonically increasing sequence {xn} converge?)

fer afterg 21l (When the sequence is bounded)

we f(x)=|x|+|x—1] , I deastt & aqeed R o o foreg o wierd 22

(At what points of the set R of real numbers is the function f(x)=|x+[x—1

continuous?)
R # @it fargai ot (for all real numbers)

Lim f,(x) F@ AR si=t £, (x)=nx(1—x)", ¥ x€[0, 1].

(Find Lim f (x) where f (x)=nx(1-x)", ¥ x<[0,1].)

Tty (X,d) S'f A, X I3 s STaee 8, & ol aqead A %1 53 g it

(Define the diameter of the set A, where A is the non-void subset of metric space

(X,d).)

S(A) = == (supermum) {d(x,y)| x,y € A}

T T A=[2, 3] forg 2 Frwfeaw €2

(Isthe set A=[2, 3] neighbourhood of point 2.)

= (No)

T e f(x, y) % foreft foreg (), Y, ) TR wicrear a6 afcamrfira shifsa

(Define the continuity of function of two variable at any point (xo, yo).)

e f(x,y) g (%o, Y,) T Eaq 2ran 2 afe e € > 0 F 8 & > 0 39 v e 2
[F(X,y)— (X, Yo | < € ST&0F [x—X,| < 5, |[y—yy|< S

(Function f(x,y) is said to be continuous at (x,,Y,) if Ve >0, 36 >0 s.t.
[T(X, ¥)— T (X, Vo) < eWhen [x—X,| < &, |[y—Yo| < &)




