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Numerical Analysis

Numerical solutions of algebraic equations.

Method of iteration and Newton-Raphson method, Rate of convergence.

Solution of systems of linear algebraic equations using Gauss elimination and
Gauss-Seidel methods.

Finite differences, Lagrange, Hermite and spline interpolation.

Numerical differentiation and integration.

Numerical solutions of ODEs using Picard, Euler, modified Euler and Runge-Kutta methods.
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Numerical Analysis
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Topics

[Click on the LINK to watch the video]}

Mathematical Preliminaries and Errors

Solution of Algebraic and Transcendental
Equations

Interpolation and Approximation

@ +91 9571085397 Follow us on: WWW.mathscare.com


https://www.youtube.com/watch?v=rWyTk9eubKM&list=PLU6SqdYcYsfLrTna7UuaVfGZYkNo0cpVC

MATHSCARE

==Y 5 DR GAJENDRA PURDHIT J=
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[Click on the LINK to watch the video]}

Ordinary Differential Equation - Initial Value
Problems

System of Linear Algebraic Equations and
Eigenvalue Problems

Differentiation and Integration
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PREVIOUS YEARS WEIGHTAGE

ANALYSIS OF CSIR-NET / JRF PREVIOUS YEAR PAPER

DEC. 2019 26 NOV. 2020 30 NOV. 2020 16Feb22 un 23
SUBJECTS IRF LS SUBJECTS IRF LS SUBJECTS JRF 5 SUBJECTS IRF s SUBJECTS IRF LS
MARKS MARKS MARKS MARKS MARKS
SECTIONS | PARTE | PARTC | TOTAL | SECTIONS | PARTE | PARTC | TOTAL | SECTIONS | PARTSE | PARTC | TOTAL | SECTIONS | PARTS | PARTC | TOTAL | SECTIONS | PARTE | PARTC | TOTAL
UNIT - I 24 57 &l UNIT - i 24 57 Bl UNIT -l n 495 745 UNIT - W 24 52.28 76.25 UNIT-m 24 57 8l
NUMERICAL NUMERICAL NUMERICAL NUMERICAL NUMERICAL
Y5 3 as 125 YSis 3 85 125 YSis 6 as 155 veis < 475 10.75 YSIS 3 95 125
Dec-23 Jun- 24 Feb 28 Jul-25 Dec-25
SUBJECTS IRF LS SUBJECTS JRF LS SUBJECTS JRF s SUBJECTS JRF s SUBJECTS IRF LS
MARKS MARKS MARKS MARKS MARKS
SECTIONS | PARTE | PARTC | TOTAL | SECTIONS | PARTE | PARTC | TOTAL | SECTIONS | PARTS | PARTC | TOTAL | SECTIONS | PARTS | PARTC | TOTAL | SECTIONS | PARTE | PARTC | TOTAL
UNIT -l 7 4.5 T45 UNIT - 1 24 5215 76.25 UNIT - i pL | 5215 76.25 UNIT - 11 5.5 13.25 UNIT- W a2 45 685
NUMERICAL NUMERICAL NUMERICAL NUMERICAL NUMERICAL
vsis 3 9.5 115 vsiS [ 85 155 vsis 3 as 125 vss 3 9.5 12.5 you 3 475 .75
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December 2025

J

Topology
Functional Analysis

Integral Equation

Markov Chain

COV (Calculus of Variations)
Numerical Analysis

Linear Programming Problems

Total

= W W N W= W

16

12.85
4.75
12.5
71.75
12.5
12.5

3

65.85



June 2025

Questions Total Marks

Topology 2 7.75
Functional Analysis 1 4.75
Integral Equation 3 12.5
Markov Chain 1 4.75
Calculus of Variation 3 12.5
Numerical Analysis 3 12.5
Linear Programming Problem 1 3

Total 14 57.75



~ JULY-2026
__toec | woorausmows | mamc

Topology 3 12.5
Functional Analysis 1 4.75
Integral Equation 2 7.75
Marcov Chain 2 7.75
COV (Calculus of Variation) 1 4.75
Numerical Analysis 3 12.5
Linear Programming Problem 2 7.75

L TOTAL = o
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SHORT NOTES

Interpolation nterpolation with unequal interval

Interpolation is the process of finding out the value of a function at any intermediate data point

Divided Differences :If (xo, yo), (X1, ¥1), ...... be given points, then first divided difference for
within the range of given data points.

. W =¥
Interpolation with equal Interval Xo, X1 is defined as /[, %] = Tl TD
e
Newton’s Forward Difference Formula :Let y = f{x) be a function that takes values yo , v |
, ¥2......¥a at the corresponding points Xo . X1 , X2, ...Xa and each Xu are equi — distance 1.e. Xu = — fxo,%]= f(n)- f{x“}
i X=X
ST —1)u -2 s § (x;)= f(x))
f(n+.*m]=f[ﬂ}+%f-'%f{ﬂ]+ ngu ! "—""ﬂﬂHHW I:f“ ]ﬂgf{ﬂlw“----,Wherea: Xo Similarly, f[x,%]= ! r { I
H ] s ) — i
Newton’s Backward Interpolation Formula : £(x,%,)— fx9,%)
oo : : . . [ x. . 1= i El ! 'ﬂ'-"!l.
Let y = f(x) be a function that takes values vo , vy1, ¥2...... Y at the corresponding points xo , X1 , The second divided difference for Xo, X1, Xois f170%, %] Xy = Xg _
. S S,
i w( +1) - uu+ 1+ 2
fla+hi)= f(a) +T:‘i=’f{n}+ {’;ﬂ )y fla)+ ( ;"{ )y? f(@)+.... where a=x,

Sterling Interpolation formula :

:.-[Qx*.]+q~.-_,]+.-:3 g uuz-llllﬂz_r_,+£3,1'_:]+u:{uz—111411 e i

f{ﬂ+.r'm}::|'u+ﬁ > z[ﬁj’._l-l' Y 5 a0 Y2

O +91 9571085397 Follow us on: PO @ m X www.mathscare.com
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Numerical Solution of ODE
f{."l;’l.,‘{j -;,‘:3_] —f{,an..Tla.‘T:}

The third divided difference for xo, X1, X2, X3 18 f[ %, %, %5, %3] = . Picard’s Method :
.T_:I_ _.Tﬂ_
Newton’s Divided difference formula :Let y = f(x) be a function that takes values yo,y;,  Letus consider first order differential equation % =f(%3)x(x%) =¥ weeeel)
¥2......,¥u at the corresponding points Xo , X1, X2 , ...Xa then :
f(x) = fi(xo) + (X — Xo) X0 , X1] + (X — X)X —X1) f[Xo0,X1 . %2] + ..... Then for n*® approximation y. to solution of IVP 1s v, = y, + jf{ R e
Lagrange’s Formula of Interpolation : :
Euler’s Method :
(- fx -} %) (X=X X —% )i X=X ) L
f(x)= : f(x,)+ : ‘ f(x)+... dy
(2 — X U Xy — X3 ).y — X, ) (X, — % )X — X)Xy — x,) Formula to find n™ approximation solution yx of IVP —= f(x.¥), ¥(xg)= ¥4 1S Yo = Va1 + h

dx
i {.T_-T:]]{'T_'T].]""”'{'T—I"_I} f[x”]

{.T" _'IIJ }['Tn -‘TI }"""{I!r » Iﬂ —l]

f(Xn-1, Yu1), where X. = xo +1h
Modified Euler’s Method :

Formula for this method upto n® approximation to solution of IVP is

......

h " o :
Yo = Yua t 5L (%0 30)+ f(x,.3,)] ,where 3, is calculated by using Euler’s method

Y = Vug + 1 (K30 Vsa) -
Numerical Integration :
The process of evaluating a definite integral from a set of tabulated values of f(x) 1s called
numerical integration or quadrature. Let [a, b] be divided into n equal subintervals, s.t. a = x¢<

X< X< .....< Xo = b where X, = Xo + nh

O +91 9571085397 Follow us on: | www.mathscare.com
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If{r}dx = j f(x)dx= I vdx

i Ty Xg H““g‘ — Kl.lﬂﬂ H.th“

Trapezoidal Rule : (i) First order R — K Method :Euler’s method is the R — K method of first order.

Xg+ith
I
I ydx = Ei[[ Yo+ ¥, )+2(0 + ¥, +.....4+ ¥, )] where neN

Xg

Simpson’s One-third Rule :

(ii) Second order R — K Method :Euler’s modified method 1s the R — K method of second
order.

(iii)  Third order R - K Method :

| h

L h 3 =Yot+—(k+4k, +k), where k =hf (x;, ).k, =f!f[-fu T =Y +£] and

_[ ydx = E[[;-n + 9, )+ + vy + et ¥, )+ 2(y, + ¥y +.....+ ¥, _» )] ,where n is even. 6 2 2

Yy ks = hf(xo + h, yo + k') where k" = hf{xo + h, vo + k1)
Simpson’s Three Eight Rule : (iv) Fourth order R — K Method :This method is most commonly used and is generally
Ty =irh

] 3; a=

j ydx = E‘[{ Vot Y, )+3n + ¥, + Vs ¥t 1, )+ 2y + ¥ +.9,5)) st as Ruoge=Knlinmelhod only

X In1ve, ¥ - £(x,3),3(x5) = ¥,
where n 1s multiple of 3. dx
Weddle’s Rule :
Xg+0th

3] ; ;
_[ ydx = 1—[;{_1rn +3y,+ ¥, +6y, + v, +5¥, + 2y, + 5y, + y; +.....) where n is multiple of 6.

.'I.'l:l

O +91 9571085397 Follow us on: PO @ m X www.mathscare.com
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- - = l
A ‘ i al f = + h k=—(k, + 2-{'-. 2k, + k
pproximate value of y is given as y; = yo + k, where E-[ 1 2 + 2Ky +K,) Iterative Method :

where ki = hf{xo, vo) Let f(x) be a continuous function and let £ be real root of equation fix) = 0.
B hf[x 2 g .. % k, ) Let equation f{x) = 0 may put in form of X = §(x) s {1)
: ¥ ki 2 Let X, be initial approximation very close to &.

h k. ] Put xo to RHS of (1) to obtain x; 1.e. X1 = ¢(Xo) and then x> = ¢(x,) and so on.

h:hf[,rn+;.}h+?‘ ks = hi(xo + h, yo + k3)

In general, Xo+1 = $(Xa)

Method for solving algebraic and transcendental equation Fixed potnt Kegiiigy?
The number p is fixed point for a given function g(x) if g(p) = p.
- f['Tn—l NXy — Xy )

i(x,)— f(x,4)

Regula — Falsi Method :In General x,,, =%, In short, if function g(x) has fixed point at p, then function defined by f(x) = x — g(x) has a zero

at p.
Newton RaphsonMethod :

In general, x,., =x, _S&) 0123,
(x,)

Fr

O +91 9571085397 Follow us on: | www.mathscare.com
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NOTE:- click on abovetextyoucanrefertolinkofvideosolution of questions

Let f(x) be the polynomial of degree atmost 2 that interpolates the data (-1, 2), (0, 1) and 2 It € Rand p & R are such that the quadrature formula

(1, 2). If g(x) 15 a polynomial of degree atmost 3 such that f{x) + g(x) interpolates the data %y +h

(-1,2), (0, 1), (1, 2) and (2, 17), then (CSIR NET Feb 2025) | f0x)dx = Ah(F (x,)+F (x +h))+ph”(F "(x, )+ "(x, +))

(a) (5) + g(3) = 50 (b) 2(5) - £(3) = 4

(© (1) + g(3) = 50 ) f(5) + g(3) = 74 15 exact tor all polynomials of degree as high as possible, then

(CSIR NET Feb 2025)
X Let gix} be the polynomial of degree atmost 4 that interpolates the data

(CSIR NET July 2024)
4 -1 0 2 3 | 6 4. Let S denote the set of all 2 x 2 matrices A such that the iterative sequence generated by
y -30 l ¢ 10 19 A(ﬁl ] [3]

X1/ L3/

the Gauss-seidel method applied to the system of linear equations

: . : . Converges for every initial guess. Then which of the following statements are true?
If g(4) = 5, then which of the following statements are true? “ie M EU - ol the i 5
(a)c=13 (b) g(5) = 6 (c) g(1) = 14 ) c=15 (CSIR NET July 2024)

www.mathscare.com

@ +91 9571085397 Follow us on:
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5. If the value of approximate solution of the initial value problem o

—=f + s gl = X M 1
B, Consider the initial value problem dx Sebl b Vb , wWhere f 15 a twice
L e cﬂntinunulsly diﬁﬂfﬁﬂtii}hlﬁ;lﬂlﬂcliﬂll on a rectangle containing the pnil_ﬂ (Xo, Vo). With
v(0) =P the step-size h, let the first iterate of a second order scheme to approximate the
solution of the above initial value problem be given by ¥: = ¥, + Pk, + Qk, \where k,
at X = (.2 using the forward Euler method with step size 0.1 is 1.02 then value of p is = hf(xa, Vo). k: = hf(x, + oh, v, + Buk)) and P, Q, o., B € R.
Which of the following statements are correct? (CSIR NET Dec 2023)
(CSIR NET July 2024)
3 1 5 I
. P==—,0Q0=-— 1 P==Q=-
(a) If o, = 2, then 3, = 2, 4 4 (b) If B, = 3, then o, = 3, 6 6.
3
: ["':]—,U:— ; F=1+U=E
(c) If o, = 2, then B, = 2, 4 4 () If B, = 3, then o, = 2, 6 i
Q7. Consider the problem y' = (1 = ¥*)" cos y, y (0) =10 Q8.  Using Euler's method with the step size 0.05, the approximate value of the solution
Let J be the maximal interval of existence and K be the range of the solution of th dy [
5 . G | _ . = J3x+2y+1, y(1)=1
above problem, Then which of the following statements are true? for the initial value problem dx |
(CSIR NET Dec 2023) at x = 1.1 {rounded off to two decimal places), is (CSIR NET Dec 2023)
(a)J =R b K=(-1,1) (€)I=1(-1,1) (d) K =[-1, 1] (8} 150 (b) 1.65 ey 1.23 () LIS

O +91 9571085397 Follow us on: PO @ m X www.mathscare.com
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9. The coeflicient of X' in the interpolating polynomial for the data
X 0 | z 3 : a 10, Let fix) 1s a polynomial of degree less than or equal to 2 s.t.
i Y : } 2 ‘ | i 3 5 b s | s o
- ! jj (x)dx = af (=1) +bf (0)+cf (1)
(a)-1/3 (b)-1/2 (c) 5/6 (d) 17/6 5 .thena+h+c (CSIR NET Nov 2022)
(CSIR NET Dec 2023) - , _ :
(a) 1 (b) 2 (c) 3 (d) 4
1
1. Leta, b,c € R be such that the quadrature rule, Jf[.r].rir =af (-1)+bf (0)+¢f'(1) 1s 12. Thevaluez of a b. ¢. d. & fox which sRinction
=1

a(x—-1) +b(x-2Y —B<x=<2
f(x)={ e(x-1)+d 2<x<3 1sacubic spline are
fx—1)° + gfm—-3)'® 3<x<on

exact for all polynomials of degree less than or equal to 2. Then a + b + ¢ equal to

CSIR NET FEB 2022 CSIR NET FEB 2022

(a) 4 (b) 3 (c) 2 (d) 1 (@)a=c=1,d=0,b, e are arbitrary (bya=b=c=1,d=0, e is arbitrary

(c)a=b=c=d= 1, eis arbitrary (dya=b=c=d=e=1

O +91 9571085397 Follow us on: PO @ m X www.mathscare.com
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13.  Let A be the following invertible matrix with real positive entries : 4 = [; ;J 14.  Consider ODE =x = f{t, X) in R. for a smooth function . Consider a general second order

Runge-Kutta formula of the form x(t + h) = x(t) + w;hfit, x) + w:hf{t + ah, x + phf) +

Let G be the associated Gauss-Siedel iteration matrix. What are the two eigenvalues of 0(h*). Which of the following choices of (wi, W, o, B) are correct?

G?

CSIR NET SEP 2022
CSIR NET SEP 2022 : n
L ] 1 l 3 2 2 , _ |
{a} _1_1-]-41 {b] = ey (c} T A {d] ([L I--.- 15 1}
(a) 0 and 4/3 (b) 0 and -4/3 (c) 0 and 16/9 (d)4/3 and -4/3 22 2’ 2 s 3 3

5. Which of the following values of a, b, ¢ and d will produce a quadrature formula 16.Let f: [0, 1] — [0, 1] be twice continuously differentiable function with a unique fixed

point f{x) = x for given Xy €(0, 1) consider the iteration X1 = f{x,) fornz 0. If L =

l
- "_ ' 9

_I]f (x)dx = af (~1) + bf (1) +¢f ' (<1) | df(1) 2 CSIR NET JUNE 2023 g o b e, RS ST

1 1 1 I (a) If L < 1, then X, converges to x (b) x. converges to x, provided L = 1
(a) a=Bb=lye==1d=-= (b) a=-L b=los Egd=t —

3 3 3 3 _ ‘

(c) The error e, = X, — X satisfies |eq-1| < L|ey
1 | 1 1 | , ‘

(c) n=1*b=l.c~=—§,n’=; d) a=Lb=-], = rf=—§ (d) If £*(x) = 0, then |ey+1| < Cle,|* for some C >0

@ +91 9571085397 Follow us on: 4 | WWW.mathscare.com
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17.  Let f(x) be the polynomial of degree atmost 2 that interpolates the data (-1. 2). (0. 1) and 18- IfAe Rand pe Rare such that the quadrature formula

: : i ; X, +h
). He . 2 ce atmost t f(x) + g(x) inf tes the datz : .
(1. 2). If g(x) 1s a polynomial of degree atmost 3 such that f(x) + g(x) interpolates the data _( £(x)dx ~ Ah(F(x, )+ F(x +h)) + ph* (£ "(x, ) + £ "(x, + )
(-1,2), (0, 1), (1, 2) and (2, 17). then CSIR NET FEB 2025
(a) £(5) + g(3) =50 (b) 2f(5)—g(3)=4 1s exact for all polynomials of degree as high as possible, then  CSIR NET FEB 2025
(c) f(1) + g(3) =50 (d) f(5) + g(3) =74 (a) 20+ 24p =10 (b) TA - 12p=4 (c) 2L+ 24p =-3 (d) TA - 12p=11

I*~.J|,.-u

3
20. If a, pe R are such that the equation J f(x)dx==[f(a)+ f(o+p)] holds for all
0

19.  Consider the initial value problem (IVP)y' + y =0, y(0) = 1. CSIR NET JULY 2025

_ : : s polynomials f(x) of degree less than or equal to 2, then which of the following
Let (v,) be the iterates of forward Euler method, applied to the IVP, with step size h

where 0 < h < 1. Then which of the following statements are true’ TR e AL T
(a) The sequence (y.) does not converge (a) (c.p)= [ 3 A3 J or (o.B)= {3:{ 3 J

(b) ya—> 0 as n —»=0

(©0sys1forn=0,1,2, ... (0) (c.B) = [3’ 2 EJ or (a, J=[3’+f V'EJ

(d) |y(nh) -y, = 0asn —w () o) [ 3 ;E \E] . {u.|3.)=[3+2""(§,_ 5]

O 919571085397 Follow us on: 1O m www.mathscare.com
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21.  Solve the following linear programming problem : 22, Ifp(x)is the interpolating polynomial for the data
maximize z =X+ ysubjectto5x + 3y <30, 2x +6y=<25,2x-vy<8§;x=0,y=0. = - = .
| , . S i ? v(f(x)) -1 3 1
Then the optimal value of the objective function is CSIR NET JULY 2025 &
(a)45/11 (b) 74/11 (c) 85/12 (d) 25/6 then the value of p12 1s: CSIR NET DEC., 2025
(a)-3/8 (b)-5/8 (c) 5/8 (d)7/8
23.  Let S be the set of all 2 x 2 matrices A such that the iterative sequence generated by

the Gauss-Seidel method converges for every mnitial guess. when employed to solve

, X 1 , .
the system of equations A[ 1 ]= [ }’.]' Then which of the following statements are
X
2

true? CSIR NET DEC 2025

1 Do, bl:'S 15'3 d—SE'S
) [2 3]5 (}[3 4]5 (<) [1 10_]E L1}[1 4)5

O +91 9571085397 Follow us on: PO ® m X www.mathscare.com
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b,c,d

a, b

b,c,d a b a

www.mathscare.com
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