1. a) Find the real root of the equation xlog,, x =1.2by bisection method correct to four decimal places.
Solution: Suppose f(x)=xlog,yx—-12

Taking, £(2)=2log,y(2) =12 ==0.59794(~ve)
And S (3)=3log,(3)-1.2=0.23136(ve)
Therefore, the root lies between 2 and 3.
1 Approximation:
f=23 55
2

and  f(2.5)=25log,,(2.5)~1.2=-0.20514(-ve)

Roots lie between 2.5 and 3.
2™ Approximation

2.5+3_275

Xy =

and f(2.75) =2.75log,, (2.75) -12= 0.00816(+ve)
Roots lie between 2.5 and 2.75.

3™ Approximation  http://www.rgpvonline.com
254275
- P

ra

and  f(2.625)=2.625l0g,(2.625)—1.2 ==0.09978(-ve)

Roots lie between 2.625 and 2.75.
4™ Approximation
_2.625+2.75

X, =2.6875

and f(2.6875) =2.6875log,, (2.6875) -12= —0.04612(—ve)
Roots lie between 2.6875 and 2.75.

5™ Approximation

xs =w: 2.71875

and f(2.7l 875) =2.71875log,, (2.71875) -1.2=-0.01905 (-ve)
Roots lie between 2.71875 and 2.75.

6™ Approximation
2718754275

X =2.734375

and f (2.734375) =2.734375log,, (2.734375) -1.2=-=0.005466 (—ve)
Roots lie between 2.71875 and 2.75.

7" Approximation
 2.734375+2.75

X, > =2.74218




and  f(2.74218)=2.74218log,, (2.74218) = 1.2 == 0.001337(~ve)

Roots lie between 2.74218 and 2.75.

8™ Approximation
_2.74218+2.75

Xg =
8 "

e

= 2.74609

and f(2.74609) =2.7460910g,,(2.74609) = 1.2 = = 0.004750 (=ve)
Roots lie between 2.74609 and 2.75.

9" Approximation

_ 2.74609 +2.75 — 7 748045

X9
and f (2.748045) =2.748045log,, (2.748045) -12= -0.006457(—ve)
Roots lie between 2.748045 and 2.75.

10" Approximation
_2.748045+2.75

X0 ) =2.74902

and f (2.74902) =2.74902log,, (2.74902) -12= -0.007308(-ve)
Roots lie between 2.74902 and 2.75.

11™ Approximation
. 2.7490; 275 o0

and  f(2.74951)=2.74951l0g,, (2.74951) = 1.2 = = 0.00773(~ve)

Roots lie between 2.74951 and 2.75.
12" Approximation

x, = 27495 :: +2.75 _ ) 549755

and  f(2.749755)=2.749755log,, (2.749755) - 1.2 = —0.00795(-ve)

Roots lie between 2.749755 and 2.75.

13" Approximation
2.7495 75
v, = 2TABIE2TS 5 949755

-

e

and  f(2.749755)=2.749755log,, (2.749755) - 1.2 = = 0.00795(-ve)

Roots lie between 2.749755 and 2.75.
Therefore, required root at three decimal places 1s 2.278. Answer.




(b) Find a real root of the equation x = ¢™” using the Newton-Rapshon method.

Solution: Given equation is xe* -1=0

Suppose [f(x)=xe* -1
Taking x=0, f(0)=(0)e’-1=—1(-ve)
and x=1, f())=(1)e' -1=1.71828(+ve)

Therefore a root lies between 0 and 1.
Now, f(x)=xe"+e" =(x+1)e"

_0+l

Taking % =——=05€(0,1) , such that /(0.5 % 0

1" Approximation: http://www.rgpvonline.com

x|=x0—f(x0)
f'(x0)
0~ 0.5)e** -1
> 5=z 207l 05 (050 =1 51020
(xp+1)e® (05+1)e™
2™ Approximation
YA )
2 1 f'(xl)
- xz—xl-L=0.S7102-( 57102) == 0.56715
(% +1)e® (0.57102+1) *
3 Approximation
X =\«—f(x2)
P (%)
) Xy _ 0.5 5 0.56715_
= =y -2l g 56715 (05671 )e OM: =0.56714
PR (k1) e® (0.56715+1) %57

Therefore, required root at four decimal places 1s 0.56714.

Answer.



2. (a) Solve the following system of equations by Crout's method.
x+y+z=3,2x-y+3z=16 and 3x+ y-z=-3
Solution: The given system, in the matrix form, is
1 1 1= 3
2 =1 3||ly|=|16
3 1 =1){=z] |-3

= AX=B . (1)
By the assumption of LU method, we have  http://www.rgpvonline.com
A=LU
1 1 1 1 0 0 Uy Uy Uy

2 -1 3 |= 12‘ 1 0 0 Uyy Uy
3 1 -1 13‘ 132 1 0 0 Usys

l l l u“ u'z u|3
= 2 -1 3 \=\hiwy  bLyuy+uy, Ly uy3 +uy,
300 =1 | Bywy bLyuy+hyuy Byus+ly uyy +us,

On equating the corresponding elements of equal matrices,

ll“=1 u12=1 ”|3=l
2
IZlu|l=2 = 121=-l-=
by uyy +1uyy =1 = 2(l)+u22=—1 — sy ==3
by w3 +uy =3 = 2(1)+uy =3 = Uyy =1
by u, =3 = h(1)=3 = =3
2
1_“ "|2 +Is: U:: =l = 3(])‘.’!52(—3):] - 13: =§
2 2 14
hy 3 + 1y thyy + 13y = =1 = 3(l)+§(l)+u33=—1 > upy=-1-3-Z=-—
> J

Therefore the value of L and U 1s,

1 0 0 11 1
L={2 1 0] and U=|0 =3 1
3 2/3 1 0 0 -14/3
Putting 4 = L{ in equation (1), we get
(LUYX =B
— LUX)=8B eeea(2)
Taking UX = Y so that (2) becomes
LY =
1 0 O0flx» 3
— 2 1 O0fl»|=|16



Equating the elements on both sides, we get

n=3 2y, +y,=16 3)’1"’%)’2"‘)’3:-3
> 3 =16-203)=10 = 3(3)43(10)+y,=-3 ie yy=-3-9-T=-2
3
Therefore Y =| 10
=56/3
Now, Ux=Y
1 1 1 x 3
o 0 -3 1 yi=| 10
0 0 -14/3)||=z| |-56/3
Equating the elements on both sides, we get
x+y+z=3 =3y+z=10 -lf_.-=-_5_§
3 3
o x=2+4=3 =D  =3y+4=10 o -=4
e x=1 o y==2

Hence, [x=1, y==2and-=4 Answer




(b) Find i"— atx = 0.1, from the following table
X

X 0.1 0.2 0.3 0.4
f(x) 0.9975 0.9900 0.9776 0.9604

Solution: Forward difference table:

x /() AfG) | Af) | Af)
0.1=x0 | 09975 =y
-0.0075
0.2 0.9900 - 0.0049
-0.0124 0.0001
0.3 0.9776 -0.0048
-0.0172
04 0.9604
Here, h=0.1, xo=0.1andx=0.1
x=x5 0.1-=0.1
Therefore, = L= =0
erefore P h 01
By Newton’s forward formula

dy) 1 1
@ =—|Ay, ——A2 +3 L3
(t L TR[AR A Yo—--]

(ﬂ) L [-0.0075 -1 -0.0049)+ 1 (0.0001)] =-0.050167
dx). 0y 0.1 2 3

Hence, (ﬂ] ==0.5016
dx x=0.1

Answer



3. a) Using Euler's method compute v(0.04) for the differential equation.

%z_)-, v(0)=1, Take h=001
Solution: Given differential equation 1s,
dy
—_—m=—y= X, ¥ l
o ="y=/(xy) h

with initial condition, yo =1 at xo=0. And x=0.04, h=0.01 (Given)
x=x5 _0.04-0 _ 4
h 0.01
x1=x0+th=001,x=x0+2h=002,x3=x0+3h=003 and xs=x0 + 4h=0.04
First Approximation:

Taking, n=

N =)o +h f(x, o)
= ¥ = Yo +h[=y]
= » =14001[-1]=0.99 atx; =001
Second Approximation: http://www.rgpvonline.com

y2=n+h f(x,n)

= yy=n+h[-»]
= ¥2 =0.99+0.01[-0.99] =0.9801 atx, =0.02
Third Approximation:

3=y2+h f(x2, )

= Y3=J "'h[‘J’z]
= y3=0.9801+0.01[-0.9801] = 0.97029 atx3;=0.03
Fourth Approximation:
Ya=y3+h f(x3,53)
= Ys=y3+h[-y]
= ¥4 =0.97029+0.01[-0.97029] = 0.96058 at x4 = 0.040

Therefore the value of y at x = 0.04 is 0.96058. Answer



(b) Given that % =log,o(x+y), y(0)=1, find y(0.2) using modified Euler's method.
Solution: Given differential equation 1s,
%:logw(.\'+_\v-')=f(.r,_r_) (D)
with initial condition, xy=0,y,=1 andx=0.2

_X=x,_02-0

Taking, h =0.1

n 2
suchthatx;=x,+A=0+0.1=0land x,=x,+2h=0+2(0.1)=0.2

1. First Approximation:

By Using Euler’s formula

N =Yyo+h f(x0,%)
= % =yo+h[logy (% + o) ]=1+0.1[log,(0+1)] =1 atx;=xo+h=0.1
Applying Euler’s modified formula,

h
» =y, +-2—[f(x0, Yo)+ f(x;, )] =1.0020
h h
»? =y ""‘[f(xo, }’o)"'f(xp J’|m)]= 1.0021 and 3 =y, +—[f(Xo, J’o)'*'f(xl’ y'(Z))] =1.0021
2 2
Clearly, % = 3@ = 1.0021= y, (Improved value) at x; =0.1

2. Second Approximation: Taking y; = 1.0021 and x; = 0.1 http://www.rgpvonline.com
By Using Euler’s formula

vy =y +h f(x.)
= y2 =y +h[logg (x +)]=1.0021+0.1[logq (0.1+1.0021) ]=1.0063, atx,=0.2
Applying Euler’s modified formula,

h h
1 =+ S )+ £, )] 10124, 3@ =y, +5—[f(x.,y.)+f(x2,y2“’)]=1.0125

h
And  y,% =y +5[f(x.,y;)+f(xz, »®)]=10125

Clearly, ' = 3, =1.0125=y, atx, =02
Hence the required value of y at x = 0.2 is 1.0125. Answer



4. a) Find the Laplace transform of f (1) ={

Solution: Given functionis f(r) ={

1 0<t<2
-2 2<t¢
1 0<tr<2

(=2 2<t<wm

By the definition of Laplace Transform

L{f(z)}:j:e-"' £(t)dr

) =j':e‘f" (|)dx+J':e-P' (t-2)dr

BRG]
- _i[e'zf' 1] +[{0-0}-{0+f:22—"}]

P
P P

Lr)=-er| .

1
P

Answer



(b) Write three properties of Laplace Transform.
Solution: The three properties of Laplace Transform are
(1)  Linearity of the Laplace Transform

If a and b are anv constants and F(t) and GG(t) be anv two function of ¢. then

L{aF(t)+bG(t)}=aL{F ()} +bL{G(1)}
(2) First Shifting Property:
If L{F(0}=f(p), then L{e” F(®)}=f(p-a)
(3)  Second Shifting property or Heaviside’s Shifting Theorem:

If L{F(t)} = f(p)and G(f)={ 5"'"” *7 % then LG} =" f(p)

.t <a



5. a) What do you mean by Probability density function.
Solution: The probability density function defined on random variables.
(1)  Probability density function for discrete random variable:

Ifxy, x2,x3, ...... x, are n different values of a discrete random variable X and p(x1), p(x2), p(x3) .......

pxn) be their respective probabilities such that
(1). plx) 20, i=123 ... n
(. Zpxp=1, i=123 ... .. n
then p(x) is known as the probability Mass function of the variable X
(2).  Probability density function for continuous random variable:
If X 1s a continuous random variable and lies between two fixed value a and b, then function f{x) is

called pdf if Ibf(x)dx=l.



b) Explain the Binomial distribution in brief.
Solution: Hypothesis of Binomial Distribution
1. The variable should be discrete, i.e. the values of X could be 1, 2, 3, --—- etc. and never 1.2, 1.7,
342 etc.
All the trials are independent i.e. the result of one trial will not affect the result of succeeding trials.
The number of trials is finite and fixed say n.
In every trial, there are only two possible outcomes successes or failure.
The probability p of success is the same in every trial and q the probability of failure such thatp +q=1.
This is same in all the trials.
Definition of Binomial distribution:

Let there be an event, the probability of its being success is p and the probability of its failure is g in one
trial, so that p + ¢ =1 and the event be tried n times, then probability distribution of r successes with n
independent trials is,

e wN

P(X=r)= C,prq"",r=012_n
0 :r=+012..n

This is known as Binomial probability distribution and X is called the binomial variable and the constants n
and p ( or g ) are called the parameters.



6. a) The following table is given
x: 0 1 2 5

y: 2 3 12 147
What is the form of the function?
Solution: Given:

X():o X1=l x2=2and X3=5
and f(xp)=2 f(x)=3 f(x)=12  f(x;)=147
Lagrange’s interpolation formula is,

_ (x=x Xx=x, (x=x;) (x = xy Ux =X, )(x=x3) _
e g Sy e S
(x =X (x =3 X x=x3) o (x=xpx=x Y x=X5)
G =)~ X =31 T O Gy o Mm x| O

Putting the values in above formula,

_(x=1)x=2)(x-5) (2)+(x—0)(x—2)(x—5) (3)+(x-0)(x-l')(.1'-5) (12)+(x-0)(x-|)(x-2)

= 14
(0=1}0-2)X0-5) (I=-0)1=-2)X1-5) (2=-0)2-1)2-5) (5—0)(5—1)(5—2)( 7

=--;—(x2 —31+2XX-5)+3—X(X2 —71:-&-10)—21:(14:2 —6x+5)+§-?)—x(x2 -3x+2)
= % (—4x> +28x% —68x+40+15x> —105x% +150x —40x> +240x* —200x +49x> +147x> + 98x)

=%(20x3+20x2—20x+40)= P +xl-x+2

= f(x)=.x}+x2—x+2 Answer
This is required function from the table.




I . - 1
b) Evaluate I 7 using Simpson’s 1/3" rule taking h=-
Ol+x 4
Solution: : Given: f(x) = ! > anda =0, b =1, h=l
1+x 4
h 1/4
Computational table:
1
E = B —
Arguments (x) ntry y, = f(x) e
xX=a= 0 1
= =1
e
xl= xo+h=0+l/4=l,4 y1= l 2=0-94|l
1+(1/4)
X2=XO+2h =0+2(l/4)=l/2 )"2= _—1T=08
1+(1/2)
x3= xo+ 3h =0+3(1/4)=3/4 y3 = __1_7=0.64
1+(3/4)
x=x0+4h =0+4(1/4)=1 ,.4=1+'12=o_s

By Simpson’s 1/3 rule:

I(:lf:z =§[(YO +y4)+4(ny +Y3)+2()’2)]

1 dx |
= Io 1452 ”E[(‘ +0.5)+4(0.9411+0.64)+2(0.8)]=0.7853

Answer



7. a) 1f 10% of the bolts produced by a machine are defective. Determine the probability that out of 10

bolts chosen at random.
(i). 1 (ii). None (iii). At most 2 bolts will be defective.

Solution: Given the number of defective bolts n= 10
and Probability of defective bolt p =10% =0.1

Probability of non-defective bolts g=1-p=1-0.1=09
(1).  The probability of 1 defective bolt = P(X =1)
=19, p'¢® =10(0.1)'(0.9)’ =0.3874 Answer
(i)).  The probability of none defective bolt = P(X =0) http://www.rgpvonline.com
=19¢, p° 4" =10(0.1)° (0.9)'° =0.3486 Answer
(iii).  The probability of at most 2 defective bolts = P(X =0)+P(X =1)+P(X =2)
_100) 0410 L 100 g® 10 p2 g8
=0.3486+0.3874 +0.1937=0.9297 Answer



6
b) Evaluate Io &

— by using Simpson’s 3/8" rule.
+Xx

Solution: : Given: f(x) = ;2- anda =0, b=6

I+x
Taking, n=6
P b-a - 6-0 -
n 6
Computational table:
Entry
Ar ents (x 1
guments (x) Yy = S0 = —
l+x
X=a-= 1
= =1
Yo 1+0?
= — =05
e
X2=xt2h=0+2=2 yo = 12'0'2
142
x3=x1+t3h=0+3=3 1
= = (.1
ys 1+32
xq=xtdh=0+4=4 1
= = (0.0588
ye 1+ 42
xs=x+5h=0+5=5 ys= 12=0,0385
145
X6 =xt+t6h=0+6=6 Yo = 1’20.027
1467

By Simpson’s 3/8th rule:  http://www.rgpvonline.com

6 dx _3h
Jorr =5 [00+56)+ 301 432+ ya 4 35)+2(33)]

6 & 3(1)
j'o e [(1+0.027)+3(0.5+0.2+0.0588 + 0.0385) +2(0.1) ] =1.3570 Answer



8. a) The random variable X has a Poisson distribution if P(X = 1) = 0.01487, P(X = 2) = 0.04461, then

find P (X=3).
Solution: Given:
P(X =1)=0.01487
e-mml
= l! =0.01487 =e " m=001487 (1)
and P(X =2)=0.04461
e m? »
= 2 =0.04461 = e "m" =0.04461 --(2)
Now equation (2) divided by (1), we get
e-mm2
2 _ 004461
e ™m 001487
= %= 3 1em=6

—mmJ _ 8-6 (6)3

Now, P(x=3)=% 3 ——=0.08923 Answer




. {l s |x|<a
b) Find the Fourier transform of F(x) =
0; xl>a

, —a<x<a

| (1)
. H>a

The Fourier transform of a function F(x) is given by

1
Solution: Given the function F(x)= {O

F(x)e'P dx

l a . l eUK a
— 1‘ mxdx:
S(p) —r—zjr I_a e —’_2:r [_ip ]

-d

o 1 (3) ePd —¢7Pd _Fsinap
L2z\p 2i T p

Thus, f(p)=‘jZ Sinap Answer
T p

| a0
f(P)=E_[_Qc

2 L2 2 2 1



