
Answer either in English or in Assamese.

Paper : MAT–HG–4016/MAT–RC–4016

( Real Analysis )

GROUP–A
Marks : 40

1. Answer the following questions : 1×6=6

Ó¬˘Ó¬ ø√˚˛± õ∂ùü ¸˜”˝√√1 Î¬◊M√√1 fl¡1± –

(a) Write the commutative property of real
numbers with respect to the binary
operation addition.

Δ¡ZÓ¬ õ∂øSê˚˛± Œ˚±· ¸±À¬ÛÀé¬ ¬ı±ô¶¬ı ¸—‡…±1 Sê˜ø¬ıøÚ˜˚˛
Ò˜«ÀÈ¬± ø˘‡±º

Contd.
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(b) If x is a real number, find x, satisfying
|x – 2|= 6.

˚ø√ x ¤È¬± ¬ı±ô¶¬ı ¸—‡…±, ŒÓ¬ÀôL |x – 2|= 6 ˝√√íÀ˘,
x-1 ˜±Ú øÚÌ«˚˛ fl¡1±º

(c) Find the limit points of the set

   NnS n  ,11 .

   NnS n  ,11  ¸—˝√√øÓ¬1 ‰¬1˜ ø¬ıμ≈ øÚÌ«˚˛
fl¡1±º

(d)






  Nn

n
S :11 . Find sup S.







  Nn

n
S :11  √̋ √íÀ˘ sup S øÚÌ«˚˛ fl¡1±º

(e) Define an open set in the set of real
numbers.

¬ı±ô¶¬ı ¸—‡…±1 ¸—˝√√øÓ¬Ó¬ ¤È¬± ˜≈Mê√ ¸—˝√√øÓ¬1 ¸—:± ø√˚˛±º

(f) Find lower and upper bounds of the

sequence 






 .....,,,,,

3
13

2
121 , if exist.







 .....,,,,,

3
13

2
121  ’Ú≈Sê˜ÀÈ¬±1 øÚ•ß ’±1n∏ Î¬◊2‰¬

¸œ˜± øÚÌ«˚˛ fl¡1±º
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2. Answer the following questions : 2×5=10

Ó¬˘Ó¬ ø√˚˛± õ∂ùü ¸˜”˝√√1 Î¬◊M√√1 fl¡1± –

(a) Express the set S as interval of real

line, where 






 




 1
2
12

x
x:RxS .







 




 1
2
12

x
x:RxS  ¸—˝√√øÓ¬ÀÈ¬± ¬ı±ô¶¬ı

¸—‡…± Œ1‡±1 ’ôL1 ø˝√√‰¬±À¬ı õ∂fl¡±˙ fl¡1±º

(b) Show that the set S = { x  R : 1 < x < 5 }
is open but not a closed set.

Œ√‡≈›ª± Œ˚ S = { x  R : 1 < x < 5 } ¸—˝√√øÓ¬ÀÈ¬±
¤È¬± ˜≈Mê√ ¸—˝√√øÓ¬À˝√√ , ¬ıg ¸—˝√√øÓ¬ Ú˝√√˚˛º

(c) Define continuity of a real function. When
is it called uniformly continuous ?

¬ı±ô¶¬ı Ù¬˘Ú ¤È¬±1 ’Úø¬ıø26√ißÓ¬±1 ¸—:± ø√˚˛±º Œfl¡øÓ¬˚˛±
Ù¬˘Ú ¤È¬±fl¡ ¸˜-’Úø¬ıø26√iß ¬ı≈ø˘ Œfl¡±ª± ˝√√¬ı∑

(d) Define absolute convergence of a
sequence.
Every absolute convergent sequence of
real numbers is also convergent. Is it
true ?
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’Ú≈Sê˜ ¤È¬±1 ¬Û1˜-’øˆ¬¸±ø1Ó¬±1 ¸—:± ø√˚˛±º õ∂øÓ¬ÀÈ¬±
¬Û1˜-’øˆ¬¸±1œ ’Ú≈SêÀ˜˝◊√√ ’øˆ¬¸±ø1 ’Ú≈Sê˜º Î¬◊øMê√ÀÈ¬±
¸‰¬±ÀÚ∑

(e) Find the value of :

˜±Ú øÚÌ«˚˛ fl¡1± –

84
42

2 


 x
xlim

x

3. Answer any four from the following
questions : 6×4=24

Ó¬˘Ó¬ ø√˚˛± õ∂ùü ¸˜”˝√√1 ø˚Àfl¡±ÀÚ± ‰¬±ø1È¬±1 Î¬◊M√√1 fl¡1± –

(a) For all real numbers x and y, prove
that 3+3=6
¸fl¡À˘±À¬ı±1 ¬ı±ô¶¬ı ¸—‡…± x ’±1n∏ y-1 ¬ı±À¬ı õ∂˜±Ì fl¡1±
Œ˚

(i) yxyx 

(ii)  yxyx 

(b) Show that union of two closed sets is
a closed set.
Give an example to show that the union
of an arbitrary family of closed sets
may not be closed. 4+2=6
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Œ√‡≈›ª± Œ˚ ≈√È¬± ¬ıg ¸—˝√√øÓ¬1 ø˜˘ÀÚ± ¤È¬± ¬ıg ¸—˝√√øÓ¬
˝√√¬ıº ¤È¬± Î¬◊√±˝√√1Ì1 ¸˝√√±˚˛Ó¬ Œ√‡≈›ª± Œ˚ ¬ıg ¸—˝√√øÓ¬1
˚±‘√ø26√fl¡ Œ·±È¬1 ø˜˘Ú ¤È¬± ¬ıg ¸—˝√√øÓ¬ Ú˝√√¬ı› ¬Û±À1º

(c) Show that a sequence cannot converge
to more than one point. 6

Œ√‡≈›ª± Œ˚ ’Ú≈Sê˜ ¤È¬± Œfl¡øÓ¬˚˛±› ¤È¬±Ó¬Õfl¡ ’øÒfl¡
ø¬ıμ≈Õ˘ ’øˆ¬¸±ø1 ˝√√¬ı ŒÚ±ª±À1º

(d) A function f defined in the set of real
numbers by

f (x ) = 1, when x is irrational

= –1, when x is rational.

Show that f is discontinuous at every
point. 6

¤È¬± ¬ı±ô¶¬ı ¸—˝√√øÓ¬1 Ù¬˘Ú ¤ÀÚ√À1 ¸—:±¬ıX

f (x ) = 1, Œ˚øÓ¬ ˛̊± x ¤È¬± ’¬Ûø1À˜˚˛ ¸—‡…±

= –1, Œ˚øÓ¬˚˛± x ¤È¬± ¬Ûø1À˜˚˛ ¸—‡…±

Œ√‡≈›ª± Œ˚ f Ù¬˘ÚÀÈ¬± ¸fl¡À˘± ¬ı±ô¶¬ı ø¬ıμ≈ÀÓ¬
’Úø¬ıø26√ißº

(e) Show that the set of real numbers is
not a countable set. 6

Œ√‡≈›ª± Œ˚ ¬ı±ô¶¬ı ¸—‡…±1 ¸—˝√√øÓ¬ÀÈ¬± ¤È¬± ·ÌÚé¬˜
¸—˝√√øÓ¬ Ú˝√√˚˛º

Contd.
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(f) Prove that if a real function is
continuous in a closed interval, then it
is also bounded in that interval. 6

õ∂˜±Ì fl¡1± Œ˚ ˚ø√ ¤È¬± ¬ı±ô¶¬ı Ù¬˘Ú ¤È¬± ¬ıg ¸—˝√√øÓ¬Ó¬

’Úø¬ıø26√iß ˝√√˚˛, ŒÓ¬ÀÚ˝√√À˘ ˝◊√√ Œ¸˝◊√√ ¸—˝√√øÓ¬Ó¬ ¬Ûø1¬ıX›
˝√√¬ıº

GROUP–B

Marks : 40

(Answer any four)

[ø˚Àfl¡±ÀÚ± ‰¬±ø1È¬±1 Î¬◊M√√1 fl¡1±]

4. Test the convergence of sequences <xn> and
<yn> as defined below and find the limit if
exists for each. 5+5=10

Ó¬˘Ó¬ ø√˚˛± Ò1ÀÌ ¸—:±¬ıX ’Ú≈Sê˜ <xn> ’±1n∏ <yn>-1

’øˆ¬¸±ø1Ó¬±1 ¬Û1œé¬± fl¡1± ’±1n∏ ø¶öÓ¬ ˝√√À˘ ’øˆ¬¸±ø1 ø¬ıμ≈
øÚÌ«˚˛ fl¡1±º

(i)
1

2




n
nxn

(ii)   21 ny n
n 
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5. Prove that a convergent sequence is
bounded.
Give a counter example to show that a
bounded sequence may not be convergent.

8+2=10

õ∂˜±Ì fl¡1± Œ˚ ’øˆ¬¸±ø1 ’Ú≈Sê˜ ¤È¬± ¸√±˚˛ ¬Ûø1¬ıX ˝√√˚˛º ¤È¬±
Î¬◊√±˝√√1Ì1 ¸˝√√±˚˛Ó¬ Œ√‡≈›ª± Œ˚ ¬Ûø1¬ıX ’Ú≈Sê˜ ¤È¬± ’øˆ¬¸±ø1
Ú˝√√¬ı› ¬Û±À1º

6. Prove that the function   2xxf   is
uniformly continuous in ]–1, 1[, but not
uniformly continuous in  ,0 . 5+5=10

õ∂˜±Ì fl¡1± Œ˚   2xxf   Ù¬˘ÚÀÈ¬± ]–1, 1[ Ó¬ ¸˜-

’Úø¬ıø26√iß ˝√√˚˛, øfl¡c  ,0 Ó¬ ¸˜-’Úø¬ıø26√iß Ú˝√√˚˛º

7. (a) Prove that there exists a rational
number in between every pair of two
unequal real numbers. 5

õ∂˜±Ì fl¡1± Œ˚ õ∂øÓ¬À˚±1 ’¸˜±Ú ¬ı±ô¶¬ı ¸—‡…±1 ˜±Ê√Ó¬
¤È¬± ¬Ûø1À˜˚˛ ¸—‡…± ø¶öÓ¬ ˝√√˚˛º

(b) Show that 2  is not a rational number.
5

Œ√‡≈›ª± Œ˚ 2  ¤È¬± ¬Ûø1À˜˚˛ ¸—‡…± Ú˝√√˚˛º

Contd.
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8. Define nested sequence of interval. Show
that if   Nn,b,aI nnn   is a nested
sequence of closed bounded intervals, then
there exists a number k in R such that

nIk   for all Nn  . 2+8=10

’ôL1±˘1 ’ôL¬ı«Ó¬π ’Ú≈Sê˜1 ¸—:± ø√ ˛̊±º Œ√‡≈›ª± Œ˚ ˚ø√
  Nn,b,aI nnn   ¬ıg ’ôL1±˘1 ¤È¬± ’ôL¬ı«Ó¬π ’Ú≈Sê˜

˝√√˚˛, ŒÓ¬ÀôL ¤È¬± ¬ı±ô¶¬ı ¸—‡…± k ø¶öÓ¬ ˝√√¬ı, ˚±ÀÓ¬ ¸fl¡À˘±À¬ı±1
¶§±ˆ¬±ø¬ıfl¡ ¸—‡…± n-1 ¬ı±À¬ı nIk   ˝√√˚˛º

9. Define a monotone sequence. Prove that a
monotone sequence of real numbers is
convergent if and only if it is bounded.

2+8=10

¤fl¡ø√©Ü ’Ú≈Sê˜1 ¸—:± ø√˚˛±º õ∂˜±Ì fl¡1± Œ˚ ¬ı±ô¶¬ı ¸—‡…±1
¤È¬± ¤fl¡ø√©Ü ’Ú≈Sê˜ ’Ú≈¸±ø1 ˝√√¬ı ˚ø√ ’±1n∏ ˚ø√À˝√√ ˝◊√√ ¬Ûø1¬ıX
˝√√˚˛º

——————



3 (Sem – 4/CBCS) MAT HG/RC/G 9

Paper : MAT–HG–4026

( Numerical Analysis )

GROUP–A

1. Answer the following questions : 1×6=6

Ó¬˘Ó¬ ø˚˛± √õ∂ùüÀ¬ı±11 Î◊¬M1 fl¬1± –¬

(a) Express the following system of
equations in Matrix form :

Ó¬˘Ó¬ Î◊¬À~‡ fl¬1± ¸˜œfl¬1Ì √õ∂Ì±˘œ ¸˜”˝ Œ˜Ã˘fl¬é¬Ó¬
√õ∂fl¬±˙ fl¬1± –

12432  zyx
20238  zyx
33114  zyx

(b) Define the operator E and .

E ’±1n  ¸—fl¬±1fl¬1 ¸—:± ø ˛̊±º

(c) Write down Newton’s forward

interpolation formula.

øÚÎ◊¬È¬Ú1 ’·Ë·±˜œ ’ôLÀª«˙Ú ¸”SÀÈ¬± ø˘‡±º

Contd.
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(d) Evaluate Δax.

Δax  øÚÌ«˚˛ fl¬1±º

(e) State the formula for Simpson’s 3/8th
rule.

ø‰¬•Û‰¬Ú1 3/8 Ó¬˜ øÚ˚˛˜1 ¸”SÀÈ¬± Î◊¬À~‡ fl¬1±º

(f ) Write one advantage of Lagrange's
interpolation formula.

˘±·Ë±?1 ’ôLÀª«̇ Ú ”̧S1 ¤È¬± ≈̧ø¬ıÒ± ø˘‡±º

2. Answer the following questions : 2×5=10

Ó¬˘Ó¬ ø˚˛± √õ∂ùüÀ¬ı±11 Î◊¬M1 fl¬1± –

(a) Establish the relation ΔE 1 .

ΔE 1  ¸•§gÀÈ¬± ¶ö±ÛÚ fl¬1±º

(b) Evaluate ( ˜±Ú Î◊¬ø˘Î◊¬ª± ) 3
2

x
E
Δ

.

(c) If 2821111 3210  u,u,u,u and

294 u  then find 0
3uΔ .

˚ø 2821111 3210  u,u,u,u ¬’±1n

294 u , ŒÓ¬ÀôL 0
4uΔ  øÚÌ«˚˛ fl¬1±º
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(d) Construct a divided difference table
from the following data :

Ó¬˘Ó¬ ø ˛̊± Ó¬±ø˘fl¬±1 ¬Û1± ¤‡Ú ø¬ıˆ¬±øÊÓ¬ ŒÈ¬¬ı≈˘ ·Í¬Ú
fl¬1±º

    3121521

3211





y

x

(e) Estimate approximate derivative of

  2xxf   at 1x  for 0501020 ·,·,·h 
and 0·01.

  2xxf   Ù¬˘Ú1 1x ø¬ıμ≈Ó¬ 0501020 ·,·,·h 

’±1n 0·01 1 ¬ı±À¬ı Œ˜±Ó¬±˜øÓ¬ ’ªfl¬˘Ê øÚÌ« ˛̊ fl¬1±º¬

3. Answer any four questions from the
following : 6×4=24

Ó¬˘1 ø˚Àfl¬±ÀÚ± ‰¬±ø1È¬± √õ∂ùü1 Î◊¬M1 fl¬1± –
(a) Solve by Gauss elimination method of

the following system of equations.

·±Î◊¬Ê1 ’¬Û¸±1Ì ¬ÛX√√øÓ¬1 ¸˝±˚˛Ó¬ Ó¬˘1 ¸˜œfl¬1Ì √
õ∂Ì±˘œ Œfl¬˝◊È¬± ¸˜±Ò±Ú fl¬1±º¬

    ,zyx,zyx 63231  5452  zyx .

(b) If f (x ) is a polynomial of nth degree in
x, then prove that nth difference of f (x)
is constant.

Contd.
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˚ø f (x) ¤È¬± n Ó¬˜ ‚±Ó¬1 ¬ıU¬Û 1±ø˙ ˝˚˛, ŒÓ¬ÀôL
√õ∂˜±Ì fl¬1± Œ˚ n-Ó¬˜1 ’ôL1 ¤È¬± ÒËn¬ıfl¬º

(c) Determine the functiopn whose first
difference is 1253 23  xxx .

¤È¬± Ù¬˘Ú øÚÌ«˚˛ fl¬1± ˚íÓ¬ Ù¬˘ÚÀÈ¬±1 √õ∂Ô˜ ’ôL1
1253 23  xxx

(d) State and prove Newton’s formula for
forward interpolation

øÚÎ◊¬È¬Ú1 ’·Ë·±˜œ ’ôLÀª«˙Ú ¸”S ø˘‡± ’±1n √õ∂˜±Ì
fl¬1±º

(e) Evaluate [˜±Ú øÚÌ«˚˛ fl¬1±] :












23
43

2
2

xx
x

(f) Find the first and second order
derivative of  xf  at 0x  from the
following data :

Ó¬˘Ó¬ Î◊¬À~‡ fl¬1± Ó¬Ô…1 ¬Û1± 0x  ø¬ıμ≈Ó¬  xf
Ù¬˘Ú1 √õ∂Ô˜ ’±1n ø ZÓ¬œ˚˛ ’ªfl¬˘Ê øÚÌ«˚˛ fl¬1± –

      2671584

543210

xf

x
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GROUP–B

4. Answer any four questions from the
following : 10×4=40
Ó¬˘1 ø˚Àfl¬±ÀÚ± ‰¬±ø1È¬± √õ∂ùü1 Î◊¬M1 fl¬1± –

(a) (i) From the following table, find the
number of students who obtained
less than 45 marks. 5
Ó¬˘1 Ó¬±ø˘fl¬±‡Ú1 ¬Û1± 45 Ú•§1Ó¬Õfl¬ fl¬˜ Ú•§1
˘±ˆ¬ fl¬1± Â±S-Â±Sœ ¸fl¬˘1 ¸—‡…± øÚÌ« ˛̊ fl¬1±º

(ii) Given ( ø ˛̊± ’±ÀÂ ]

              520223661452392150

17131175

xf
x

Evaluate f (9) using Lagrange’s
formula. 5
˘±·Ë±KÊ1 ¸”S √√õ∂À˚˛±· fl¬ø1 f (9) 1 ˜±Ú øÚÌ«˚˛
fl¬1±º

(b) Solve the following system of equation
by Gauss-Jacobi Method upto 12th
iteration. 10

Ó¬˘Ó¬ Î◊¬À~‡ fl¬1± ¸˜œfl¬1Ì √õ∂Ì±˘œfl¬ 12-Ó¬˜
¬Û≈Ú1±¬ı‘øMÕ˘ ·±Î◊¬Ê- ŒÊÀfl¬±¬ıœ ¬ÛX√øÓ¬1 ¸˜±Ò±Ú fl¬1±º

        ,zyx 88   ,zyx 442   532  zyx

Contd.
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(c) Find the distance moved by a particle
and its acceleration at the end of 4
seconds, for the following data. 10

Ó¬˘Ó¬ Î◊¬À~‡ fl¬1± Ó¬Ô…1 ¬Û1± 4 ŒÂÀfl¬μÓ¬ ’øÓ¬Sê˜
fl¬1± ≈1Q ’±1n Q1Ì øÚÌ«̊ ˛ fl¬1±º

10121521

4310

v

t

(d) Applying Simpson’s rule, obtain an

approximate value of  

1

0 21 x
dx

 by taking

four equal intervals and hence obtain
an approximate value of  correct to
four places of decimals. 10

‰¬±ø1È¬± ¸˜±Ú ’ôL1±˘Ó¬ ˆ¬±· fl¬ø1 ø‰¬•Û‰¬Ú1 øÚ˚˛˜1

¸˝±˚˛Ó¬  

1

0 21 x
dx

 1 Œ˜±Ó¬±˜øÓ¬ ˜±Ú øÚÌ«˚˛ fl¬1± ’±1n

◊̋̊ ˛±1 ¬Û1±  1 ˜±Ú ‰¬±ø1 ˙ø˜fl¬ ¶ö±ÚÕ˘ Œ˜±Ó¬±˜øÓ¬
˜±Ú øÚÌ«̊ ˛ fl¬1±º

(e) Evaluate  4
0

2


dxxsin  by using

Romberg’s formula. 10

Œ1±˜¬ı±·«1 ”̧S ¬ı…¬ı˝±1 fl¬ø1  4
0

2


dxxsin -1 ˜±Ú

øÚÌ«˚˛ fl¬1±º
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(f) Define numerical integration. Obtain a
general quadrature formula for

 
b

a
dxxf . Hence deduce Simpson’s 1/

3 rd rule. 1+5+4=10

¸±—ø‡fl¬ ’Ú≈fl¬˘Ì ˜±ÀÚ øfl¬ ¬ı≈Ê±º  
b

a
dxxf  1

¸±Ò±1Ì ¬ı·«fl¬1Ì ¸”SÀÈ¬± Î◊¬ø˘›ª±º ˝◊˚˛±1 ¬Û1± ø‰¬•Û‰¬Ú1
¤fl¬-Ó‘¬Ó¬œ˚˛±—˙ øÚ˚˛˜1 (1/3 rd rule) ”̧SÀÈ¬±
Î◊¬ø˘›ª±º

——————

100
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