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UNIT-1 : PARTIAL DIFFERE

UNIT:2: APPLICATIONS OF PARTIZ

UNIT.3: STATISTICAL TECHNIQUES-

UNIT-4 : STATISTICAL TECHNIQUES-H

Origin of Partial Differential Equations, Linearand Non-Linear
Partial Differential Equations of first order, Lagrange’s Equa tions
method to solve Linear Partial Differential Equations, Charpit's
method to solve Non-Linear Partial Differential Equations,
Solution of Linear Partial Differential Equation of Higher order
with constant coefficients, Equa tions reducible to linear partial
differential equations with constant coefficients. -

Method of separation of variables, Solution of one
heat equation, wave equation, Two dimensional heat equ

(only Laplace Equation) and their application, Comiplex Fourier
transform, Fourier sine transform, Fourier cosiné transform,

Inverse ansf rm;, convolution theorem, App 1_|_:__atio'r| of Fourier

Overview of Measures central tendency, Moments,
Skewness, Kurtosis, Curve Fitting, Method of least squares,
Fitting of straight lines, Fitting of second degree parabola,
Exponential curves, Correlation and Rank correlation,
Regression Analysis: Regression lines of yon x and x on y.

Overview of Probability Random variables (Discrete and
Continuous Random variable) Probability mass function and
Probability density function, Expectation and variance,
Discrete and Continuous Probability distribution: Binomial,
Poission and Normal distributions.
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partial Differential Eq“ations

Mathematies — v

1-3U (CC-Sem-3 & 4)

.| Form the partial differential e
tions, Linear and
tial Eque
il Differen

i quation by eliminating
the arb:tra.ry functlon( ) from the foll
i of First Order, Lagmnge s 1.. z=fla?~ -3?) s) from the following
lef ,-gntzzf Equ o Pcﬂ"tla"“ Differential Equationg. . z=4¢(x).yly)
r Par Jye Liné
oﬂ,—le h df S

N i, 2= ﬂx+zt)+g(.r it)

1 differential equations of tho cquations by
Blﬁ 2
—”_'-l Form P

Q“e 1.1.

Origin © f

i Differentiating 2 partially w.r.t. x, we get
ts.' - Ty
ting the arbitrary oonstar fas z—i =p=["z2 -y 2 : (131
liminatil Lt Tl
i _ax+byt Y Differentiating z partially w.r.t. ¥, we get
wer dy, e, 5F

o tiating 2 partially w.r.b.x ancy I e
Different

.(1.32)
ven equatic
Gubstituting for @ and b in the gx o

hich is a partial differentxal equa on
W "

-.(13.3)
limi
:z—’——"+ 2 (1.3.4)
Answer
D)ﬂ'erentlatmg the
: (13.5)
(120 Multiplying eq. (1.3.3) and (1.3.4), % get
= 8x t Pg =9 "(x) w(y) ¢lx) y '(¥)=zs [Using (1.3.5)]
: i by, wege = g—2s=0
K £ :ven relation partially w.r p
TSR R g which is a partial differential equation.
az =% iil. Givenz = flx +it) + glx — it)
ay (122 Differentiating z twice partially w.r.t. x and ¢, we have
& 1 S a2 . N
il P — =f" t —1it)
= 3y q‘ i e flla+itysgilx—i
Multiplying eq. (1.2.1) and (1.2.2), we get pg = 1

2
i i 2 7 = [ it) + g (x—it) (136
which is a partial differential equation.



Partial Differential Equatiopg

(s (cCSem3& g
o i v -ig G

z _if(x+it)
ot
Pz =+ it) +i%g "k it)
at*
_fra+i)—g @i =G
or ot

. Bz 82_0
137)‘Weobtamaz =

Adding ea. (136 and ea:
artial differential equati
he following d—‘ﬂereuﬂal .

on of second order

whichisap:

Que 1 4.- Solve t
Uj zx}q:: - Xy

whmh on mtegﬂmm‘ gives
lng(x —y)= log (v — —z)+1lo

.(14.1)

(142

Z—X

From eq. (1.4.1) and eq. (1.4.2), the general solution is

¢f£1;;%=¢
y-2z z-x

2
Que 1.5, |Solve Zx_z p +x2q =y

Mathematics — IV 1-5U (CC-Sem-3 & 4)

Rewriting the given equation as
y2%2p + x%q = yi
The subsidiary equations are
dx dy dz

vz ¥z yx
The first two fractions give x%dx = y*dy.
Integrating we getx% —y*=a
Again the first and third fractions give xdx =zdz i
Integrating, we get x*—2%=b e e .(15.2)
Hence from eq. (1.5.1) and eq. (1.5.2), the comﬁlete solutaon is
SoyI= - _p

..(15.1)

6. | Solve the partial drﬁferentml eqnatwu

2w

dy dz (16D

2(3'2 +Z) y(x +z]-z(a: -y

i ,e_a_cl;_j fractlon =

_ xdx-i-ydy
- Oy
xdx+ydy-dz=0
Integrating, we get

x+ b
e By
2

= xz + }"2 -9 = ¢, L(162)

Again, using l, 1 and 4 as multipliers, we get
k z

oy
l«:f.\:-r-ld?y+£tf.1=
y 2

each fraction = gx = =
Y teug-RtE -y 0

Taeeiela
x y z




Partial Differential Equationg

1-6U (CC-SGIU-‘S &4)

1
1dz+—1-d3”""dz =Y
x ¥ 4

i £
Integrating we ge
$logy +logz= log e,

log x
- xyz =€y --(163)
Hence the general solution is
ft +y2 - 22,02 =0
Que 17. | Solves* =2 P+ Pe-Ag=PE-2y
Answer |
Here the subsidiary equations are A\
dx  _ dy _/ dz B4
2y-2  ye-x &=
Using the multipliers 1/z, 1y a.nd lfzf- we'have' '
= a[x += dy + = dz
each fract.wn = -i————a—"—__ _.
dx dy +Ez—' = Owhmh on integration g‘wes P4
x___y-,._z B N
i (1.7.1)
Usmg the muluphers 1
_.. "y !. - /’ ) xa
each fraction =
de d
e yy + %‘z_ =0, Wh.lch on integrating gives
Tilis0 (1.72)
x ¥y =z

Hence from eq. (1.7.1) and eq. (1.7.2), the complete solution is
xyz = f [1 b, 1)
x ¥y z

Que 18. |Solve:p+.qg =1.

Mathematies — IV

The equation is of the form, flp, ¢) = 0
The complete solutionisz =ax + by +¢ ..(1.8.1)

where Ja+Jb =1 or b=(1-Ja)y
From eq. (1.8.1), the complete solution is

z=ax+(1-ay+c

Que 1.9. | Solve:pg=p +q.
Answer |

The equation is of the form fip, g) =0

1-TU (CC-Sem-3 & 4)

The complete solutionisz = ax + by +¢ ' .(19.1)
where ab=a+b or b= 2
a-1
From eq. (1.9:1), the completg.solutidn isz=ax+ & i y+e.

Que 1.10. | Solve : 4xyz=pq + 2px3y+ 2gxy%.

Answer |

Given: b Birepn+ iy s 2eyt e N (L101)
Let 570 0ng7=Xandy?=¥ o
bl : gz oz 0X 502
s0 thaft p= a——-ax— -a?ﬂZxE)?
¥ oY oy oYy
After putting the values of p a.nd q m eq. (1 10.1), we get

&z oz az az
dxyz = dxy —aE.aY+4xan+4ry BY

oz 62 0z 0z

=i

or z=2® Zx+ Y Sy X (¥
oz oz 6z 0Oz
=X x YR oy

or z=PX+QY+PQ,

dz oz

= —and@= —

where X Q oY

It is of the form 2 =PX+QY+flP, Q)



Partial Differentia] Equag;
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4)
CC-Sem-3 &
e =aX+bY+aborz=ar2+by2+ab‘

Tts complete golution18 2

l = d2
Que 111, Solve:z”(p’i- P+l =0
Answer l )
e tion is of the formf(z,p, @ =0

The given e:u?not'e the use of b instead of @, since a is a given constant)
Letu=x+0Y

= ..d_z— andq=bgz— .
so that At il

Substituting these values of p and g in the given equ
2
gt e ( gz_) +1| =a?
& {(Eﬂ) *h du

2 &
dz 22
or 22(1+b%) (E;) =a?-2%

(1+52} (a®—22) = (x + by +¢)?

&

5

6~ y? -3 P+

Que 112.| Sol

Answer_ l

Lagrange's subsidiary equations are

dx _ dy s
S < 2~y - 2(x-y)
Using 1,~1

s— 1 as multipliers, we have
Each fraction = dx - dy — dz

¥y -ya-t YTy ax-axt 2y

=E’°_"_£f%';§§

Mathematics — IV 1-9U (CC-Sem-3 & 4)

dx—dy-dz=0
Integrating we get
X-y-z=¢

-.(1.12.1)
Again from first and second, we have

xdx — ydy . dz
' -xy' —xyz—yat 4y  +yzx 2(x - y)

= xdx—ydy . _ " dz_
dtxy? —y+yt z(x -y

xde - ydy
= (x __yxx! = yz)

= xdx — yd,

Integrating, we get

¥ Solve (y + zx) p ~(x + y2) ¢ = x% - 5*

[AKTU 2021-22 (Sem-3), Marks 10 |

Given, (y +x2) p—(x +yz) g =x2=y* - »
This equation is of the form Fp + Qg = R (Lagrange’s linear parti
differential equation).

Here, P=y + 2z, @ ==(x +y2), R =x2—y2



Partial Differenti
oU (CC-Sem-S &4 ential Equatious
1-1
The subsidiary equations are
oD
P Q R
dy dz

& = W = - yZ ...(1_1&1]

xde+ydy  dz+dy
Each ratio of (1.13.1)18 equal to @z (- D-2

Letus cunsiﬂer,

sy y)F(1-2) d2
Integrating,

= I(x-; yi&(x +y)= j(l + 200

(x+y? (-2

= —+=

2 -2 2

(1-2)%—(x +3)? =cy
The general solutionis,

olcy,eg)=0
Y 4y? -2 (1-2 =z +y)) = 0.

gueidt. I Find the general solution of the partial differentid

equation (y + 2)p + (z + x)g = (x + y).
[ARTU 202223 (Ser

Mathematics—IV

1-11U (CC-Sem-3 & 4)

.Answef 4
(y+z)p+(z+x)g=(x+y)
The above equation is of the form P, + Qq =R

Wherep:%andq:-;—z

Here, auxiliary equations are dz f O dz}
y+z  z+x x+y
de—dy de—dx  dxady ‘dz-x
= = = = ;
=3 .

y—x F—z
Integrating we get
log (x=y)=log (z—x) +loga -

X
2Ly =ale—1) > a=—
..-z-

dz

: de—dy _ dx+ d
Aggin, y=x a 2(:? 9. -
dx+dy+dz+2{dr—d

i - -

x+y—2

| Solve,(mz - ny)p +inx - lz)g = ly - mx, where

= [AKTU 2022-23 (Sem-3), Marks 10|

Answer
The auxiliary equations are
de dy _ dz
mz—ny nx—lz Cly—mx
Using x, y, z as multipliers, we get
adwerydy +2d2
0

Each fraction =



Partial Differentia) g Qg
long

xa’x+}'d3""2dz=0

mtegratlﬂl'l gives
whlch on 2 %=

using f, m, 7 88 mu.ltxpher
Idx + mdy +ndz
Each fraetion = _._.__—0—————

3 gdx+md3'+”dz 0

o [ife+mdy+ndz=¢

Ix+my+nz=C=C..

Now again eq. (1. 52>
dx

I

mz—ny

s, we get

...(1.15_1J

Again

‘givenby =
oll + my £nz; 22 +y +29) =
Hence the problem.

Charpit’s Metﬁ.ad'm‘gﬁ’o&ug
Partial Differential

Que 1.16. | Solve (p? + ¢%) y = g=.

Answer !

Let [&,5.2,p,9) = (p*+ ¢®ly—qz =0 A
Charpit’s subsidiary equations are
b _ dy _d:_dp _dg
2y 2-2qy -gz -pq p

Mathematics — v 1-13U (CC-Sem-3 & 4)

The last two of these give pdp + gdg =0
Integrating pi+gi= =c® i

Now solving eq (1.16.1) and eq. (1.16.2),
putpz‘i'qz"c ineq.(1.16.1), so that g = c%y/z

ey(2* = ¢*y?)

z

. 2
dz:pdx+qdy— ef(z* cy) +c_3'_dy
z

Substituting this value of gin eq. (1.16.2), we getip =

Hence
3 d =
or zdz—c¥ydy = ¢|(2" —c*y") deor ™ (?_2 =l —dx
Integrating, we get CW =cx+aorz’=
requ:lred complete integral. i

Let f(x.'_y',”z; P, @) =2xz — px® - . 2:(1.17.1)
Charpit’s subsidiary equatio g =
-p px* — 2pq+2qry 22~ 2qy 0
- or g=a. =
, we get
_ 2x(z-ay)
or de—ady _
z-ay 4

Integrating, log (z —ay) = log (x? —a) + log b
or z—ay=b(x2—a) or z=ay+blx?-a)
which is the required complete solution.

: . | Solve 22 + p2 + gy + 252 = 0.
Let f(x,y,2,p, q) = 22+ p2 + qy + 2y* .(118.1)

Charpit's subsidiary equations are
dx. dy dz _dp__dqg

2p -y -@p+q) 20 4y+3q

Scanned with AnyScanner
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and fou'[‘th r&tioss

From first

dp=-dx Oor.p=-x+a
S pstituting P =@ —xined. (1.18.1), we get
u
qg= }- [—23_2y2_{a_x)2]
’ [
dz = pdx + qdy
1
= (@-2)dx—- = [22+2? _
Ry 7+ (a5 g,
Multiplying both sides by 2v%,

2y2dz+4yzdy=2y2(u—x)dx~4y3

LAY

or ylllx-a)?+22+ ¥ =b, Whic:‘ 2 ';'{h,? de

Que 1.19. | Solve the PDE z

2(s,-5)=1.

Answer |

ﬁere, we have
F(x,y,2,p,

2 £ B — g

where ¢ and d are arbitrary Since we are looking for:
characteristics strip (i.e., F (x, y, 2, p, q) =.0), we set z(t) = p(t) q(t) = cde™. T
equations for the characteristic system are :
x(t) = de + dl,y(t) =cel + o z(t) = ede®, p(t) = ecel, q(t) = de',
where ¢, and d, are constants,
;I‘he initial condition 2(s, - s) = 1is given on the line y = — x traced outb
5,~5), we have fls) = s and g(s) = —s, We must find A(s) and k(s) such tht
1=Gls)= h(s)k(s) 0= G'(s) = h(s)— k(s),
0=F (. )=1)=F( ..X1)=—k(s)— hs)
f L
'é?;ru-:i:e};h‘?ve two choices (s) = 1 and k(s) i 1, 0r h(s) =—1 and k(s)=
choice h(s) = 1 and k(s) = 1, we obtain

%z, t)=t L
¢ 1 +8.3’f$’, t)=¢' - o 8, 2(8, t) - ezf’ p(s, t) = e;‘ Q{S, t} o E"-

-1

thematies — IV 1-15U (CC-Sem-3
ok &4)

From the first two equations, we obtain
et =(x +y+2)/2.
Then the solution is
- ry+2f
4
I we choose A(s) =— 1 and k(s) = — 1, the solution is given by

2(x,y) = e

2
z(x, y) = M

Que 1.20. Find the complete integral of the partial differential
[ARTU 2022-23 (Sem-4), Marks 10 |

equation (p*+q*) x= pz.

Let  [@%2 @) =@ +qDx=pz=0 (120.1)
k¥ gx_;{.;(?’g £ 9 x+ p2)
= PP+’ ;
B = _.._._dz B
T f, phvaf, o
L _fdp - dg”
-(f.+pf) =, +af)
de _ dy dz_.dp dq
2px-z  2qx pz -¢ pq
The last two of these give pdp + qdg =0
.(1.202)

Integrating p?+q%=c2

Now solving eq. (1.20.1) and eq. (1.20.2),
put p% +¢%=c?ineq. (1.20.1), so that ¢ = c*x/z
ey(@* - ¢'x”)

Substituting this value of p in eq. (1.20.2), we get ¢ = —

Hence dz = pdx+ qdy = C_,_(zv —_c‘.r‘}_ T C'T" dy

z 2

2dz = ¢\(2° —c*x?) dx + v dy
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. i Mathematics _Iv
| 1-17U (cc
-S
OR em-3 & 4)

Lnteg‘rating, we get
2 ax 1
z= '_"(Sj_n‘l (_.]) 4+ —sin [2 sin~! [cx ‘
z 2 =)t By Charpit’s method, find the complet
e solutio,
is the required complete integral. + 0%y, te | px+qy-pg=0. TARTU - 23nI°f PDE :
2 | 2022-23 (Som.
Que 1.21. , Use Cauchy’s method of characteristics to sg - Tanswe
first order partial differential equation u, + u =1 4 Ve thy | fix,5,2,P,9)=0ispx+qy —pg =0
| B q .
A.KTU 2021-2 Cog y af
E 2 (SEIII.-4)) N ; | 'Ec' =p, g: q, i -0 é‘:— "_(1'22'1)
g J Ch e 5 ay 62 a - q -a_f- -
arpit’s equations are p 2 ag P

4(0,%) =sin

‘Answer |
1+cosy

Given : Equation, ¥, *+ yy P
Companﬂgmth au, + u =fx, ) Eai
a=1b= lﬂ‘tfy} 1+cosy .

Then from auxiliary equation ¢

LEt cz-g (cl} SEEE
Equ.atmn (1.21.1) becomes
Do 5 g(x ) Putting for p and qdn; (12?2 ;
whereg(x —y) is arbitrary fun Y ) e
sy ary ction.
given condition | PP dx
y+siny +gle u(0, y) = siny e i
~y)=siny adz~b’+ax)adx+(y+ax)dy
" gl-3)=—y Integrati - e
ulx,y) =y +siny -y | grating az= Y +ax) b
P e = e £ A '

Solution ig given by
| . F'A RT-3

ulx;y) = sin
¥
Quetzz|
. Sﬂlve the £
ollowin s SOIut; o
g partial differential equation ™ | of Linear Part;az L
“-———-——._______wztb, Constant Coefficient. ion of Higher Order

Charpit’s me
thod :
Ipx 4+ qy = _




20U (CC-Sem-3 &4) Partial Differentjq Eq Quatj,
% ny

1
o obtain the P, we find from (D —2D)i =€™*7, the solution
2 u_JF(x,C—m)dx
-2 J‘ezu(c—zx)dx:mc:xeg”y

[ . ra

. Y=C—my
dfcom (D-2D) 4=UF = xe?*+7, the solution Se~9y
an
z= Ixe2x+(c 2 dy = %xe __12_ Zo2rey
[“. J’-c-—-mx‘

Sc<gy
Hence the complete solution is z = f1(y + 2x) +f; 20 + 2::) + E x2ez,; by

2 8 \ E
aﬁz iz _a__ = sm e ..

'&"awayay

Que 1.26.'. Solve :

Answer '

The given equatwn is
(D?—2DD' +D'?)z = sin:
Auxiliary equationis :

'__E)_” sm(x+0.y} 5

where x =y

where f, and f, are arbitrary func

Que 1.?7. l Solve the linear parti.

8’2 8z 9z .
a—mg—fl 60:*By+4w =4 sin (2x + y).

Answer |

The given equation is
(D® - 4D?D' + ADD)z = 4 sin (% + y)
The auxiliary equation is
m*=4m? 4 4m = 0
m(m? —4m +4) = o

differential equation

-V 1-21U (CC-Sem-3 & 4)
m=0,22
= CF=fIQ’)+f2(y+2x}+xf3{y+2x)

1 .
PI= 5 —aDD +app7 ¢S B4y

Mathelﬂaﬁcs

)

4 1 ,

E[Dz —4DD' + 4D ° (24 J’)}
4

D

[-———(D —;D')z sin (2x + y)].-.

4 1 el T
=D [2(_9-2_96 3‘?_-(..2_“-“ 9’)] __

Auxiliary equation is
m3— Tm—-6=0
m+1)(m?*-m-6)=

= m:—l,_z,s
CF = iy — ) + f,(y — 200+ fly # 3x)
PI= 1

m sin (x + 2y)

1

Jx+y



Partial 1
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PL correspandjng to sin (x +2y)

- W -1 - 62 [[fsinuay g, dy,

where

1
75 cosu =— 75 €os (x + 2y)

1
Pl corresponding to e = D? -7DD"* -6D"*

{e&t +y')

1 1 4

= ED"”—_M {cos (x+2y) + cos (x —2y)}
if 1 1

=~ 2y) + ——————cos (x—2y}}
22— op = 2 |

[PutD2=_1,DD'=—2and D?=-1,DD' =1

i 1

=8 —2y)}
2I__1_(_2}%5 (x+2y)+ 10 cos (x

wir 1

= E_m3(x+2y)-§oos{x—2y)

1-23U (CC-Sem-3 & 4)

ematics ~
mplete solutionis
, the c0 P

) l cos(x+2 1
z.—-fl(‘}’)'i'fzb""x + B x :r’)—-gcus(x_zy)}

ﬂ Solve:r+s—2t=\j2x+y'

M ath
Thus

: I —2t= 2x+y.
. equatlonwr+s

The give? Pz P2 L@

we know that T T wy o

2
_a_z;z-+io—2—z—-2g'§ = \129‘*'3’

ol oxdy Oy
(D2 +DD'=2D%) z= J2x+;
Au_xjﬁaryequ.ationls m2+m—2=6
(m-1(m+2)=

V2x + y

D*+DD' -2D"

)+ fyly — 2%) + 11—5 (2 +y)02
where f, and f,, are arbitrary functions

Solver+(a+b)s+abt=xy.

We know that r= _‘32_2,3=i22_|t=22.‘1
ox? xoy| | py?
&z 0% %
a:2+(ﬂ'+‘b)—ﬁy—-l-[]',b§=xy




7 4 artial D;
124U (CCSem3 & ) erentiy Bq,
i b D;z}z = xy aii ; [ 1-25 U (CC-S -
p?+@+d DDD= :n a-and R g Mathematics _Iv em-3 & 4)
Put P it
i tion1s i i i i ion :
Husiha fy?;f (IG +b)m+ab=0 /’1-‘35‘] Solve the following par.l::al differential equation :
m2+am+bm+ab=0 qQue DDr-ZD'”+ZD+_2D')z=sm(2x.+y)
m(m +@) +f§m : gl)f g | };ercg.E aotations have thets usval meaniug.
(m+a)lm - b= W _
m:—ﬂ,—b ‘ Mswer 2 T
CF=[f;y—ax)+f, (y - bx) “_ differential equationis ;
1 . The@ven(pz,ppf- o2 4+ 2D + 2D")z = sin (2a{c)+y)
PI= 5 - Ty | 'ttenﬂs(D"‘D(}(D-—zDH- 2z=
(D* +(a+b) D D'+ ab Dr? . Thﬂtca!_lbeimthw_mlyral)(D—sz’-aE}z=0
- 1 / 3 Comparing g ,al=0,m2=2,a2=—2
= 2 ' ﬁ':; b fu_nction Fos e
(D*+aDD 1+b Q ,D... +ab D% | c:ompiem"’g}af - (y — )% + oy + %) e % =f,(y —x) + fyfy + 2)e %
PI= ___________1_.__.—-—— sin(@x+y) -
= D’_pp-2D?+2D+2D" " -
e, D=4 DRRADD=E2 L0 T
’ 1 N, 1 ;
- s 2 o+ PP 2
= Ta+2+2+ sz_zp-_-S‘-‘-lf T ey )
1 ey e ~ I(D_D") ) )
W = EW sm(2x +¥,
w7, 2= Fly =) + fly + 2002 — =ico8 (2 +)
Neglectinghigher terms k. 4 £ e & a7
1 [1 WD aD Que 1.33. | Find the solution of the. ial differential equation
o [2D* + 5DD’ + 3(D')* |z = ye* D' = 9. e =
. 2 2 : ‘ iyl
= |m-p T _aXD f'”] 1 [ P, b)] . ¥ @ oy
-— — +~_(a- i .
Iﬂtegratingtwie Wf oot p* 72 .’ [AKTU 2022-23 (Sem-4), Marks 10 |
pr= 2y £ | Answer
=%y £
6 24 (@=5) l Auxiliary equation is : 2m2 + 5m + 3= 0
L2y h | 2m? +2m 4 3m + 3= 0
— tla-p) =— I 2n(m+1)+8(m+1=0

| (m+1)(2m +3)=0
m=1,3/2

K- fy oy s 22, D0 |
x+f2(.)‘ bx)"f"'—ﬁ—-f' 24 x [ C.F:flb!_x)+f2 (y_%x)

Complete solution » = CF+p]



ial Differenti
126U (CC-Sem-3&4) Partial Differential Equagiqy,
1 >
- Y€
P1= o5e 5DD +3D"
1 1

X = :
= 5577 2DD +3DD' +3D” ¥ " 2D(D+D)+3D (D+ D) %

= ________1___—-—-—- ye*
= D+ D)+@D+3D)

-1 -1
1 5 yet= 2D7* [1+%—] {1+——_3D} yer
= D' 3 '
D 1+—-5i|2D l+-——2D

D' D* 3D
= 2D-9[1+-—+-52—+...H1+55+

D

x) + 2ye” + de”

.0
oy

=xy.

Answer
az a2
ngi*r’—%i =3xy
Let x=¢,y=¢"s0that X=logxand Y= logy
and D= _@_
X

s % then the given equation reduces to

DD 1) ~D' (D'~ 1)] 2 = X x ¥
(D*~D-D%4 Dz = X +¥

ties— IV 1-27U (CC-Sem-3 & 4)
the?
p (p?-D%z = ;"j ~(134.1)
r —D’) =
@+ DV P G Y+ 0+ f,-D

= f, (logy +log x) +f, (log y - log x)

= f, (log yx)+ f, [log %) .(1.34.2)
1 T 1 X+v _
PI= o pr®  “ =y’ 30
2= CF + P.I=f, (logxy) +f, (log y/x)
il

~D -1

g arbitrary functions.

sin (2x + 3y)

1

-2°-36

= (1/40) x [D2 sin (235 + Sy] + 6D sin (2% + 3_)’)] = (1/40) x [4 sin
(2x +3y) =12 cos (2x + 3y)]

Solution is : z = e%¢,(y + x) + e%¢ ¢(y + x) + (1/10) 5 fsin (2 + 3y) 3 cos
(2 + 3y)]

1 : %
=D(D +6) Di_sg SR (2x + 33,)__(33@?@) sin (3x + 2)

62

o’

= .
Qllel D'g an'i'

| AKTU 2022-23 (Sem-3), Marks 10 |

| Solve (2 D? - 42 D'2) = xy where D*=




1-28 U (CC-Sem-3 & 4) Partial Differentjq) y,

atiol'ls
Let x = &%,y =¥, so that X =logxand Y =log y

2 pie é
andlet D=—rD'=-0 then the given equation reduyce ¢,

aXr
(DD - 1) - DD" =z = ¥+ ¥
(D2-D~D%+Dlz=e**Y
(D*- D%z = X+ ¥
(D +D)(D-DNz=eX*¥
CF=f(Y-X) + X (Y + X)
L 1 S P |
L (D+D')(D—D’}e qﬁe"”’
= o

Hence complete solution,
Z= CF+ PI=f Yt"'

Follogy ~ log x)
(log /x))
= g,(xy) +

Que 1-37-'l Solve the parti

DD +D' ~1) (D41

: — 1)z =% — dxy + 2y2

_-_Thls can- written as :

‘DD +D 1) (D+3D'-2)z=0

'Comparmgmth
D

my=-1, “'1‘ 1,m,=-3, dz
Cumplementary function,

= 1 . 2
DD+D-DD:3p—g * W+

1 nials D+8D)"
55{1_(D+D)}1{1—__t2__} (x* =~ 4ay + 2y%)

= 1 ’ 4 " 7
= 55[1+D+D +(D+D:]2+”__){1+_D_+23£+[D +23D) +}

(x% —dxy + 2%
1 [
oo I |

3D SD TD'Z 12
2D +—2~+—2—-+T+ Ly + ] (x? — 4y + 2y?)

i 1-29y (Ce.
Matheﬂ*a“"s'w C-Sem-3 & 4)
1 [xz —xy +2y" + 3 -2J')+5(2y~2x)+g-+19~ 22}
2w 2 _Tx+4y+ =

! [x2_4xy+2y TETE
2D

2

Tx x
2xzy+2y2x— 5 +4xy+§:r

] 2 lete solution is, z = C. F+p1

Hence, comp

Y 3x)+ —gf- : 7
=f1(y)+exf2(y —x) + ey - + x xy+xy. _4x2+2xy+i‘

R PART-4
ations Reducible'to Lmear Partml Differentia
wxrh C’onstant Coeﬁ‘icwnts

Equ l Equations

Que 1.38- Solve the linear Partkal H_iffe;étii:ia.l equation

DD-1)- 4DD' +4D'(D'-1) + 61
= [((D*-4DD' + 4D'%) — (D - 2D")]»
> (D-2D)(D-2D'—1)z = £3X+4Y %
Its CF= fI(Y+2X)+eXf(Y+2X)

=filogy + 2log x) + xfy (log y + 2 log x)

= f; (log yx2) + xf2 (log yx¥)= g,z + xg,(yx)?

Pl= 1 1 XY
D-2D -1|Dl2p

1 1
= “d. here 3X +4Y=u
D-3D -1 3_SIe uj|were

D-2D -1 5

® 1 lesxuv]



1-30U (CC-Sem-3 & 4) Partial Differentiq Equay;

__l 1 gIX vy
T B5|D-2D'-1

=_l 1 P oS =_];_esx+4r= 1
5|/3-8-1 30 '3‘6133_1

Hence the complete solution is

z=CF + Pl = g,(yx?) + xg, (yx2) + -a x4

where g, and g, are arbitrary functions.

CF- £~ .X)-:-exfz(Y
; ~flﬂogy log xJ%

= —_ ~  emX+nY
(m+n)(m+n-1)

. - Al

(m+n)m+n-1)

Hence complete solution is
z=CF+«4 PI

= 8y0/) + xg ) + iy

where g, andg, are arbitrary functions,

1-31U(CC.§
: Y em-3 & 4)
tics
pem@
1 solve -yt + px-qy =logux.
=lo xandY:logyandletDs_Q_ D= a8
S OB TRE ax PP
N he given equation ref)uceps toD']z X
foe = +bD-Tlz= (1.40.1)
then (DD - 1) -D (D?- D%z X
homogeneous linear partial differential equgt,iph'_ with constant
}nch is2 ; L
caeﬁment CF = ¢,(Y +X) + ¢,(Y - X)

and

where




Application of Pay art;
Differential qulatl 1a]

and Fourier Transfﬂrm

& CONTENTS

Part-1

LNIT

Method of Separation.......coueeeeernnnooi

e 2—-2U to 2__13U

Part-2 : Solution of One Dimensional .............. 2-13y t
Heat Equation, Wave Equation © 229y
Part-3 : Two Dimensional Heat .......cccocovone.... 2-29U ¢
Heat Equation ° 241y
(Only Laplace Equation),
and Their Application

Part-4

Complex Fourier Transform, ..............
Fourier Sine Transform,

Fourier Cosine Transform, Inverse
Transform, Convolution Theorem

247U to 2-53y

Application of Fourier ........ccccvmmavrnnne. 2-53U to 2-54U
Transform to Solve Partial

kPart-s

Differential Equation ' |

2-1U(CC-Sem-3 & 4)

3&4) Application of Partig] Different; al Equati
Uationg

PART-1

Methqd of Sepamtwn

53U (CC5Z

”‘2’1-—] Classify the following partial differential equation

Que
¥z 9’z 219 ZX
u_xs),a;_i_zxyaxay-r(l y )ay" 22=0.
o &2 - ?
T2 _9xy——4(1-y*)—5—22=0~"

On compa.nng above equation with i ideal fOrm} :
2 623 a?u 4 au o "
A% B+ C+ f[ y, __J £

For parabohc .32

62
—~ =

o oy " cos ¥, given that z = 0 when x = 0 and zﬂ] when
y=0,

8%z
ox oy
Let z=X(x). Y(y)
Where X is a funetion of x only and Y is a function of y only.

=e*cosy .(2.2.1)




i 2~
Mathematics — IV 3U (CC. Sem-g i X
oz aY
— = X—
oy ay
B 404
xdy @ Ox oy
From given eq. (2.2.1),
é{ a—Y— =g~ cosy
ox oy
(.4
e e

X
Now e‘a =
X =
X:
oY
and E—
oy

1.

AR cl)(

z=0whenx=0
4 0=—k+Cy_
C=k P

]
o
™
®
—
=

Pl.lttl.l:!g =0,y=0

= ke (0+Cy)
0

Fromeq.(2.2.3), 2= k(l_e'x](% si_ny) =(1~e™)siny

o.9le BIR

L]

0§

Application of Partia] Differential Equatj
ions

] solve the Laplace equationu,, + Uy =0x e (0,1)
: ol u(x, 0) =u(x,1) =0 and u(0, y)
L o the condltz:lnzf se;)aration of variables,

Wi. gthe meth 02 T T
siB 22-23 (Sem-3), Marks 10

'Y€ (0,1)
=0,u,5) =f ) by

G S Lgplace equation is

2,
Qz_!zi+§_’2i =0
oy
_ XY, where X
o

Let

s, 19X 187
X x? Y gyl

=k (say)



Mathematics — IV

J}’

f

and ~#%Y =0

X=C eoshkx+Cysinke, Y=, eky+c

yOYO

Ir
Cy+C =0

and

C,=0,C;=0,Y=0
18°X _ 162_1’
Xar Yo
X= Ce +Ce _
Y =Cjcosky +Cy smky
At y=0,Y=0,C4=0
Y=C,sinky
At y=1,Y=0
0=Cjsink
sin k1= = 0.
kl-mt

Case iii : =—£k?(say) |

: mr
k::__
ro 1

Thlusa \ .I"-. . u = {C]_ e + CZ e
At W ) x=0,u= 0 : “d
C1 + C =0 o r’f

C2 =- Cl \‘;_:’_, '

From eq. (2.3.2),
nmy

u= %C}CJe"‘x - ’b‘)smT

((pmx A
. e @ gl I . (nmny
o= Bip (g Jan"D)
Let b, =2C,C,
At x = 1, u :f(y)
Fromeq. (2.3.3),

25U (CC.8ep,

)C4sm Ty

.3&1]

e~ky

- (Not pogsip,

..(2.3.2)

.(2.33)

juccsem3® 4)  Avplication of Partial Differontig) gy,
2~
////, nra -nna
g 1
o) = Z sin [Ei@.)
n=0

o) = Zbumnh[—i“ﬁ] ain[%ﬂi}

n=0
bysioh("2) = 1 j f(y)sm[ " gy

b, = E[*;m—)'[f(y)m{ - ].y |

ma (PRl

where b, i8 given by eq. (2 3 4) s, k: <=

a:m Solve by method of separatwn of variable for PDI:

I%E+2§ =0, u(x, 0) 4e’“'

:Anawer |

20u 0

Gwen % ?E+-—— =
| ax m

Assummgx 3in eq, (2.4.1), we get

du
LS
Ox 4
and 6_u =
oy
Putting % onq O ;
ng o and % in eq. (2.4.1), we get
.. XY+2XY'=0
Dividing by XY, we get
3 —XX—+2—, =0
or 33X 2y




Mathematics— v
i i O

i =k
Taking 3;{
n dX_E
Xdx — 3
dX k
L e L dx
X 3

On integrating, we get

k
log X = §x+logC,_

C,C,= 4and f =-1 & k=28
Putting th 2
g the value of C,C, and k in eq. (2.4.4), we get
ux, y) = 4657
Que 2.5 1
Solve the P.D.E. by separation of variables method,

un--.u,‘i- 2u, u(0,y) = 0, Ea_. u(0,y) =1 +e.
: i

U= XY ‘(251)

. po— 3&4) Application of Partial Differentia] Equations
ol . function of 2 only and Y is a function of y only,
where ou ay
Sle L (XY )=X —=XYy"
o ﬁy dy
; tion,
prom the 8VeR STE0v, ¥y 4 2xY
'_X:: _Y'+2Y
X Y g
X" Y? e
B F 5 + 2 = k(say) » .(252)
Taking

ﬁqﬁyields,

g
logY=(k—2)y+ (25.4)
> Y = Cyelk=2
Hence from eq. (2.5.1) %
ulx, y) = (Cie™ +C,e ™) C e .(2.5.5)

Applying the condition u(0,y) =01n eq. (2.5.5), we get

3} u(0,y) = 0=(C, + C,) Cye®-2»

g C,+C,=0= c =-C, ..{2.5.6)
om eq. (2.5. 5) most general solition s

K(.‘.\:, .}') =z Cl C3 (e — & *‘) eﬂ'zb‘ "'(2'5'7)

5
B 2, B s e

a -
[3;) <147 =30,C, k@ =3 b, e

EN n=l



29U (CC-Semyq, )

Mathematics— v

. ients, we get
Comparing the coei}jﬂ# ¥ 20

R

90,C;k=1,k=2

1
& C,Cy= 5
Hence from eq. (2.5.1), the particular solution i

=
Que 2.6. | Solve by the method of
equsﬁén u,=u ,0<cx <1, E>) sub

conditions 1(x, 0) =x - 2% u(

i, 0<x<L,t>0 A2.6.1)
d boundary conditions

.(2.6.2)
ufx, t) = X(x) ..(2.6.3)

: he heat eq. (2.6

i : : XT =X : .
which, after dividing by X7 an

Lt .(264)

T X’
implying that T =AT, X'=MX, ..(2.65)
where ) is a constant, From (2) and (3), the boundary conditions becomes
X0)=X(1)=0 ..(2.6.6)

Tntegrating the X equation in (2.6.5) gives rise to three cases depending
on the sign of & where A == kZ for some constant % is applicable which
we have as the solution.

] Xlx) = ¢, sin kx + ¢, cos kx (267
Imposing the boundary conditions (6) shows that
¢;sin04e,cos 0=0,¢,sink + ¢, cos k=0, (268
we get
¢,=0,¢;85ink=0=k=0,nx 2, ... 2T, (269

cc-5e=3 &4)  Application of Partial Differential Equatigns
(cC-
IDU - integer. From (5), we further deduce that
i s
wheré T(t) = Cs¢ ix
__ the solution
. ing th ER
¢ ulx, )= Zlbne * sin nmx,
=
have set €163 = b, Using the initial condition gives
e
wheré W = .
ulx, 0) = x—2%= Zlb“ sinnmnx
, recognize that we have a Fourier sine series and that
is point, e h that D &Y
f;:?neﬁ'wients b, are chosen suc

b

n

"

ZJ:(x — x%)sin nmx dx &

"

—2x iy [mPlx 2
OO - ——|cosnmnx

e e i3

T Lo~ nm n'n

Thus, the solution ofﬂﬁe PDF as
D _-' ¢ 4 L 1_ i |y o p

i, 8= —32_(3_} -
GRS e ¢

o2, | Solve the following partial differ
usmg method of se]jaration of variables =
: oz 82 _ 0: 2(x0).= 0,2

Answer %
Applying the method of separation of variables, let 2 = X(x) ¥(y). Putting
this with given equation, we get

Xf _ YI‘

XY+XY"=0or x == —Y-=K(a constant).
X! Y!J
?;-—K=0and "lj:+K=0

E{asel:K: Othen we get X =c,and Y =c,y +¢;
cenoe z = ¢,(cyy +¢,) which is not suitable here.
asell: K > 0, let K = p® then we have
X!

X = p? and KY—+p2=0whichgive

Scanned with AnyScanner



Mathematics — IV 11U (g,
m.a&‘{]
X=ce andY= €2C08py +c, sin py
Hence = cie” (c,cospy + ¢4 sin py)

which suits the given boundary conditions.
The condition z(x;0) = 0 gives ¢, = 0 hence

z= ce? sin py
NOW, Z(xs R)=0gives smpy:(] [P=n: n, EI}

. gs .
Thus, we can write 2= ce’ sinny

Further, 2(0, y) = 4sin 3y givesc =4 andn=3
The solution is z = 4¢% sin 3y.

Que 2.8. | Solve the following partial diﬁ-er
method of separation of variable

u(x, ) = X(x) T(¢)
£ XT=0

Nﬂw, ————XI|_X = E- = 2.4 ==
5 k= e 1=k :>3(—-k+1
On integrating both side
X
=tk + )

logX={k+1)x+iogC1
lngX=(k-t-l):-:‘mge+}.ogCl

log X = 1089"“1}I+10g01
X= Clglkn],

Application of Partial Differential Equations

logT=kH1°ch
= Czeh
ulz, =% T=C,e** 1™ Cyekt

o Cge“”)"*#f
=3
ulxz, 0) = 10e™*— e ¥
t=0
10e7*— ge = Clcze(§+1)x+):¢f
(106 %)= C,Crefies
g both side :
C102= 10 ;‘?63
put value of C1 Cyand &
u (%, _t)

given’
Wheﬂ

On comparin

“

Let the solution be u(x, y) = X(x) = Y(y)
AX'Y + XY' = 3XY

4X'Y = BY - Y)X

4X' gy-vy
== % = K (say)

i

Solving X

b
o[

On integrat; xo Kx
n ’ l = —
&, log 2 H108C, =X=C, okn

Scanned with AnyScanner



Mathematics—IV

213y (CC.gey,

Y’ g 9
3- v =K= v =3~K
On integrating, log Y =8 ~Kly+log C, > Y= ¢ PR
ulx e Oy, e+~ Klv
When x=0,u0,y) = Clczeta-my
SeY—e~9=C,C,e® Xy
On comparing, C, C, e®~ K= p5ey
CC,=5and3-K=-1==4
u(x, y) = 5
On comparing, C,C, e®K¥ = — ¢ - ~(297

Solving

C,Cy=-1and 3 - K—~5:>K 8
u(x, y) = —e=~% 4
. ; ? ---(2,9_2)
From equation (2.9.1) and (2.9.2) . 5 5
ulx, y) = 5eX~Y — g25y

PART-2

Solution of One Dimensional Heat Equation, Waye Equation

Que 2.10. | Find the deﬂectlon ulx, t) ofa t:ghtly stretched Vlbrahng

si:rmg of- umt length tbat isinitially at rest and who

se initial Position
is gwen by ;5

smm:+ %sm(&nx)+ %sm(sm),u <x< 1

|AKTU 202021 (Sem-3), Marks 10

Answer | 4

Given wave equation is,

&
_% - {12 g% (2 10. 1]
ot Ox
Let y = XT, where X is a function of x.only and T is a function of ¢ only.
a2y
. x2&
£ at?
- &y pix
- - az &2
Substituting thege Vvaluesineq, (2.10.1)

——
) Application of Partial Differential Equations
] (cc,serﬂ' 2
o L S
F=a= " ot
7.4
aIiﬂb]eS’ 2
ting ’ 1 #X _ __]_-,_a__g. = —k*(say)
o 23T T A
X 2 Gand (02 +a¥IT=0
(D*+ o= +kiandm= + aki
X = Cycoshx+ Cysinkx 0
T = C, cos akt + Cy +sin akt 2,
4+ Cy 5i0 kx) (C4 cos akt + C, sin akt) j ..(2.10.2)
2 :
‘{ cos \
s dai'y conditions a_re, ; .' -;
frebo” y(0,8) = iy O
y{l’f)-_-ﬂ I. -
iglconditionS g e -
600
ot Je=0 v
1 fas. l in (5nx), 0 <x <1
yu,ﬁ}‘ﬁnM+§'mn(3m2+ 5 sin (omx .x I. -
_ (2.10.2); : (b
pilz=0,y =010 ed: 0=C,(Cycosakt+C, smakt)
Wl =0 :
402102, —
pmﬁaq.( ) y=Cysinkx-(C, cosakt+C smakt} ..(2.10.3)
an;._ gzy C, smk.-r (-akC.smakt+akC cos akt)
-.akC smkt *C smakt+C‘ cos akt)
&] e P
0=akC smkx(CQ
C,=0
From eq, (2.10.3),
¥y =C, sin kx - C, cos akt
Mis=ly<i; " ]_-?0 )A sin kx - cosakt [ CCy=A]] ..(2.10.4)
=Ly=0ineq. 4
0=A sink-cosakt
k=
From eq. {2‘104), L
y=A, sin(nmx) cos (anmt) .(2.10.5)

Scanned with AnyScanner



&4 Application of Partial Differentja) Equations (
Mathematics—IV 215U (¢ g ( oo,sem's )

°‘h.3&q‘ ?IGU 0 = (C, cos pl + Cysin pl) (C, cos Cpt + C, sin Cpt)

Now, =0 y=sinm 4% din B = sin (5my) 2117
A 31 51 o have c,=0 and eq. (2.11.7) reduces to
3" A, sin (nme) = 8in =+ fin Brx) + & sin (5mx) o (2‘1&0 ;cos Cpt +C, 5in CP =
which will be satisfied by taking G sin P! sinpl=0
A= % andn=1,3,5 pl=nnorp= %’1 wheren=1,2,3,....

Hence the required solution is from eq. (2.10.5)

| .
= sin (nnx) cos (anmt) for nEl, 3 5

Piyiﬂginitial conditionsy.= flx)2 and > =0 wheret=0
L

«(2113)
.(2.11.12)

w211
When k is negative and k =—p?, say R fumeq.(2.11.11), b, =0, foralln .,
X = C, cos px + Cy 5in px Hence eq. (2.11.8) reduces to
T= C3 cos Cpt + C4 sin Cpt y= Z a, cos r”;c't sin F_I.mi .(2.11.13)
= (C, cos px + C, sin px) (C; cos Cpt + C, sin Cpt) R=l
.(2.115) where o, is given by eq. (2.11.12) when flx) i.e., y(x, 0) is known.

Due to vibrations problem, y must be periodic function of x and t. ane | Find the displacement of a finite string of length L that

¥ (x,) = (Cy cos px + C, sin px) (C, cos Cpt + C sin Cpt) is fired at both ends and is released from rest with an initial
Now applying boundary conditions that i‘ﬂlﬂﬂ%ment fix).

y=0whenx=0andy =0 whenx =, we get

0=€, (C; cos cpt + C, sin Cpt) +(2116)
L (Cycos ept + C, P ].etths equation of the string be
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.Sem 3
38 )

Pu _ a
A
u.—:XT

X o2 CT o
It will satisfy the given differential equation
X = C, cos kx + C, sin kx
T=CycoskCt+CysinkCt
= (C, cos kx + C, sin kx) (C éOSkct-l-c

g I’ 1 Sln kC!)
’ A2,
According to given conditions, 7 12.)
w0, ) =ul, =0 .
ur, 0 =) [
' (2.12.9)

From eq. (2.12.3)

w= Y A, sin (ﬂ] _— (”“Ctj (2.124)

L
Applying u(x, 0) = fix) in eq. (2.12.4)

f) = ¥ A,sin [i‘-;—”)

C.Senl'3 &4

Application of Partia] Differentiq Equat
10ns

2 (L . ( nmx
A == f(x)sm[-——-]
"L I" L% -(2.12.5)
complete solution is given by eq. (2.12.4) where 4 ;g given b
" y
'['h'-‘;| 12.5).
que % 13, | Write the solution of two dimensional wave equatiop,

dimensional wave is given by

f:qui;ﬁ"n oM
13_2_% i CZ(@+§_2EJ &
a2 ) 2 -(2.13.1)
b,
undary conditions are u(0,y,#) =0 . ; D
e Iees wasH» ) =0 3 (i
ulx, 0, 1) = 0 (i)
u(x, b, t) = V)
The initial conditions are i
ulx, y, 0) = f(x
[au
at

Letu=Xx) Yo) T (t)isa solutmn of eq. (2.13. 1) Dxﬂ'eranhatmg partla.lly
wrt x y, andtandputtmg the values in eq. {2 134

Dmdmg both sules by XYT,

1@
T
2
Casei: When %Zx_f = =Ry
Where k2 =

X=C,coskx+ C,sinkx,
Y=C coskzyi-C sin kg

o T=0C, cos kCt + Cgsin kCt
o u = (Cycos kyx+ Cy sin kyx) (Cy cos kyy + €, sin kgy)
(Cy cos kCt + C, sin kCt) ..(2.13.2)

1 T k2
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2-19y ((.’1(_‘,.3‘3]1l .

Where, K=k +k3 % Y
Its solution is given by
u ={C‘,l gklx +C2 e klxXCS Sk” % C4 e-kz_?)(cs ekc‘ + Cﬁ e'-kC‘g)
1 %X 1%y 1 & 213,

:When — = 0 — =0and —— 2 =
Coseil: When 3 o)™ 03 37 =02 Gag 57 =0
Tts solution is u=(Cx+ClCqy + CHCyt + C A
{213, 4

Solution of two dimensional wave equation is given by'gis. “
boundary condition (i) to eq. (2.13.2), 9 (2139), APPIy

= 0=C,
From eq. (2.13.2),

u = C,sinkx(Cy cos k

kay)C

+CgsinkCt) 5 COskCy
At x=a,u=0 | s '--(2.13_5)
0= Cz sin E]iﬁ sink
4 XC,
+ Cy sin kCH) 7 coskey

u= Cysin ZECy sinfyy {Cj cos k‘f +Cesin )§t) (2137
A y=bu=0 '.
sin kb = 0 = sin nn
ky = ﬂb’i
From eq. (2.13.7)
i I

32 (CscoskCt+C, ska’t]

S mux nmwy
oru sm( p ]sm[ )(Amcos kCt+B,,sin kCt) ..(2.139

U (CG'Sem-s 4 Application of Partial Differential Equations

dition (v)
e on (v),
lymntlai"““ -
‘Ng‘wapp

= (T 4,

2 2 (@ ; (mm\:) (
Awm=2 D ID Iaf (x,5)sin - sin dxdy | “_(2139)
(2.13.8) wrt.t,

Diﬁ.erentiate eq.
Ny Sm(mﬂjsm(ﬂ’_] (~kCA,, sin kCf + kCB,, cos kCt)
] o

5, =2 2 f:f; slma)sin

golution of two dimensional wa;,'-hgyah i given by eq. (2.13.8) and the
values of A, and B, are given by eqviﬂ 113.9) and eq. (2.13. 10?;

-(2.13.10)

whose end pomts,,are :ﬁ.x 47 Fat tperaturebzero
butmxi,;s Ax)=100x.

ﬁl FX

at 1 & —E2(let)
ot Xa? Crot
X= Clcoskx+023mkx
and T = C3 e——kECR.!
Thus, u = (C, cos kx + C, sin /%) Cg e"kzcg' .(214.1)

Given boundary conditions are u(0, ) = u(2,£) =0
Put u(0, £) = 0 in eq. (2.14.1),

22
0= CCye ¥ C"
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4)

c,=0
22

u= CzCaSinkx e_k ct

k2%

From eq- (2.14.1),

u=A,sinkxe
u(2, t) =

0= A,sin2ke™ €
gin2k=0

Apply

From eq. (2.14.2), b
nmx -nznzcﬂr; S

u= Z Ansm
Apply initial condition u(x, 0) = 100

-(2.14,3)

400

> 160[-11305 nfrjl =— ( 1)ﬂ

nmn

( 1)n+1

400 n+1 nmc -—n2n282ﬁ4
s ¥l A &

Thus from eq. (2 I4 3)

n=1

Que 2. 15. | Write two dunensmnal h at. unduct:on equation with

solution.

Answer |

The partial differential equation of two dnnenswnal heat conduction problem
15

Fu du 1 ou - @151

o’ o Coy
The boundary conditions are

u(0, y) = ula, y) = ulx; 0) = ulx, b) =0
and the initial condition is
ulx, ¥, 0) = fix, y)

Let the solution be u=XYT

22U (CC-Sem—S &4 Application of Partial Differentia) Equations
s,

here Xisa function of ¥, Y is a function of y and T'is a function of ¢
e -
Ez_u = d’X o = d® dY ou _Xy T
ax?. dx2 * ayg d Czat C?. dt

Ilq w equation from (2.15.1)
42X d’Y XY dT

YT._-—dxz + XT — d 5 = oz =

1 &x 1 %Y 1 dT
S Y @R =0T dr

by XYT on both sides)
g);?ed;fn;gs g function of independent variable x, Yoﬁ;
1

three possibilities :

i

Case iii :
—chi2

Y=0C cosbzy+C4smk;2y,T Cse
u = (C, cos kyx + C, sin kyx) (Cy cos kyy

2,2
+C, sinkyy) Cs e'C L
Out of these three solutions, we have to choose that solution which satisfies
the heat equation. Accordingly, case (iii) is accepted here.
u=(C coskx+ C, sin kyx) (Cycos kyy
5 Cot (2152)

+C,sinky) Cs e e B
=y1m N . Wiy

Now we apply boundary conditions on putting 1 =0 andx
we get

; o
0= C,(Cycos kyy + C,sin k) Cs e Cokt
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M3 g
Cl = 0 ‘1}

=
The eq. (2.20.2) reduces to
u= (C'z Sinklx)(ca coskyy + O
431nk2y)cse‘c2
o uR ENH As c05hy 4B, Sinkgy) -k
t
Now at f a,u=0 (215
0= sgin k]_a{Amr; W5k2y A an Sink‘w}e_kzcg
sil‘lkla=0=ginmn iy 4
g
: a

From eq. (2.15.3),

Now the initial condition u(x,y, 0) Rey)

From eq. (2.15.5),
. (munx) . (nny
flx, y) = ansm[ Z jsm(—b—)

mmnx nﬂ}'ded
where B,, = j I fix) sm[ )sm( okl
, is given by the above

Solution is given by eq. (2.15.5} and value of B,

equation.
. y= 20,

-0,y=0:5=2

Que 2 16. | A square plate is bounded by linesx = -

T
Its faces are insulated. The temperature along the uppe

C-Sem-3&4) Application of Partial Differential Equations

n by u (x, 20) =x(20-x) when 0 <x<20w
are kept at 0 °C. Find the steady state te

u(x! y) =6
u(20,y)=0

sin 20p = sin

ulx, 20) = Zb sinh nn sin o=

hile the upper
mperature,

o dlménswnal heat equation is
Fu  u _

—_—— =

ayﬂ

ulx, ¥) = (C cos px + C, sin px) (C3em+c4e~p,)
u(0,y) =

0= Cl(CSePJ’ +Cer®)
Cc,=0

= C, sin*

The most general solution is

ulx, y) = Zb sin 2% a:smh—y

20

n=1

20
= x(20 — x}
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where, " 20 xsinhnn 5 xd
()]
~C08— X 20 ( ~ cog
2 nx
? (20% - %) 7 0 - _[(20 —24x) :@;“:
20 x ginh nn % , 0 E.E dx
20

20
1207 (90-22)cos 2E x dx
= 10sinhnn mt{ 20

4 20|
" nrsithnr  nm

3200

Que 2.17. l A tightly stretched st‘x;_i:pg:;rith fixed end points x =0

and x = 1 is initially in a position given by y = asin® (%} If it is
released from rest from this position, find the displacement.

e

202223 (Sem-4), Marks 10

Answer

The displacement ¥(x, 8) is given by the equation

oy &
r N a=a% (2171

g8U (CC-Sem'3 & 4) Application of Partial Differential Equations
Z-

The boundary conditions are

=0, vt=0.
" y(l}, t) ’
L 73,£)0.=0.
i ot
; (3".'] =0,for0<x<l
il \ gt/ =0

()):y"sin3 (nx /1), for 0<x <.
3‘{‘(1:; suitable solution of (2.17.1) is given by
s ) = (A coshx + B sin Ax) (Ccos A at + D sin X at) .(217.2)

Using @ and (ii) in (2.17.2), we get

-
=

nm

-(2.17.3)

yx, )= 3B, (2.17.4)
n=1

Using (2.17.4), wet get

ynsinsﬂ= ZB“si.n-nE
l =1 I
Le., “E=1£iﬂsi1'1r"“T:'-mc =% %sin%—%s’m%ﬁ
L., B, sin %+B,sin2TM+Basin§:-£+....
T4 I 4 I
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kgqualilis =

Bl= "32)_’9_}33 =:fl,32 =B‘ <R=0
Substituting in (2.17.4), we get
Y o T os nat Y, - 3mx -
g, ) = =2 sin 7o €08 TE N SIn T cog T2

l

2.18, ’ A rod of length.Z with insulated sides is Initially ,,
e 4. .
Q‘_‘ wmpemture 7% Its ends are suddenly Cpt_)le d to g«
unlfl‘:;; at that temperature. Calculate the temperature ctail; i
are ture f

) [AKTU 2020-21 (Sem-3), Warigy 7
} Ansv!{er ’ N

.Th;. 'tgmpemture function u(x, z_)..g,_‘aﬁigﬁés the differential equation

at TR
The boundary conditions associated with the problem are :
u(0, ) =0, ull, £) = 0

The initial conditionis u(x, 0) =

2 &
—c’n*n’t
Hence’ H,(x, t) = EEP_ z _]L sin n_rr.jc_e_c_n__

T p=1,35,... 7 I
Que 2.19. ] Alaterally insulated bar of length has its ends A and B

maintained at 0°C and 100°C respectively until steady state conditions
prevail. If the temperature at B is suddenly reduced to 0°C and kept
s while that of A is maintained at 0°C. Find the temperature at 2

distance x from A at any time ¢.

5 0 b= - L4 ‘— l---u.u!.n.u.l.eq at u-u
Aﬂ mol]"c resPec':lvely unflé St'ead'y St’a‘-te c(.)nd.ltlons prevail, ifB is
"nddenly reduced at 0°C and maintained

gu

at Q° s
erature at a distance x from A at time ¢, 0°C, find the
temP

AKTU 2022-23 (Sem-4), Marks 10

The temperature function w(x, t) satisfies the differential equation
ou _ cz_@z_u ‘
a ol S0, W 48

The boundary conditions associated with t i?robiém_ai'e
w0, D=0,ul,=0 /-

when ¢ =0, the heat flow is iﬂd&p-.‘_’nqent"‘f“m}é;(ﬁt'eady state condition)

and s0 eq. (2.19.1) becomes b £

In general solution is__g_'_lﬁen__._p
where a and b are arbifrary.

'fhus the in,iﬁal condition is expressed byu
The solution'of (2.19.1) with the res

w
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o T2V (CCSen 3&4)  Appli ‘
thematit="— -Sem- icati ial Di 5
Ma . ¢ & 4 430 U (CC-be Pplication of Partial Differentig] Equations
Nt ;o Rmx L
o 80 e i ative and k =—p?
2N I |y T ; Whenkisneg P’
T nn nn)z X=Ccospx +Cysinpx,Y=C, P 4 C epy
! T .. When k=0
200 I 200 *” X=Cx+CpY=Cy+C,
= [— = cos m:] =- = 1= 2;__ -1 rhos, the yarious possible solutions of Laplace equation (2.20.2) are
S B i n u = (C; e? + C, &) (C, cos py + C, sin py) .(2205)
Hence e, = =~ L s = (C, cos px + C, sin px) (Cy eP? + C, &%) .£2.206)
o : u= (C,x + Cg] (Cay + C;) __.(2'20‘7)
R vy lutions, we have to choose that sols {im:h‘ i
i = these three solu s se solution 1s consistent
PART-S _ | gﬂ? the physical nature of the problem and the g:waﬁ ary‘conditions.
; ional Heat Heat Equatwn (Only Laplac ; *u o%u B
Two Dimensionc! e:nd Their Ap, 'lwatwn T Equatmn)’ Que 221, | Solve: 6_xz-+ F =0, suly unliary conditions

e

Que 2.20. ‘ Find the possible gen

Laplace equation using meth

: )=0,0<x<n.
solutxons of two dlmensmnal |

ation of variables,
Answer
Laplace equatlnn in two
2
e

Let

The l:l,

Substituting in'eq. (2.20.1), .(2211)

X'Y+XY'=0 (0, y) = o
2 0=C, (Cyerle™)
or =
x C,=0
d'X From eq. (2.21.1)
Now, —-kX =0 ..(2.204) q. (2. ;
& u=sinkx (A e” +B, e®) .(2.212)
2 -_—
E_{,, BY =0 ulm, y) =0
dy sinkn=0= k=n
Solving eq. (2.20.4), we get 4 = sin nx (4, e +B, &™) (2218)
Eale \§ Sy Lim u(x, y) = 0, it satisfies only whenA, =0.
X=C, eP*+C,eP* s

Y = C, cos py + C, sin py From eq. (2.21.3),
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Mathematics — v
y= Y B ez ~(22149)
(x, 0) = iy
Now L, .
g = ZBn BNV

T

—2up[cosnx " —2uy [~y _
A . = = | = 1
B, = ;J‘o%smr&xdx T [ n ]0 [T}
(2.21.4),

Thus from €4 2
_ —4H0 r_1y* —1]e”™ sin nx
G z — [ o

5 2.

o'u o%

Solve the Laplace equation _&:i o2 Restengs

ing the following

s“andggysﬁ" ;
0<x 0;¥) =0, u(a, y) = fly),

glane &
in the xy-P : jons u(x, 0):0,1&)535 gm

boundary condi

'".l:(__2.22.1)
ction 5f3’ n.ly

G T R B (say]
Casei: X 22 Y{-b;z

Lo

X a?

Y g2

X € x+Cpl= Cyy +C,

At y=0 Y=0:‘C4=0
A}Sﬂ, : y:b’ Y:{}::»Cs:O

C-Sem-3 %

Apphcation of Partial Differential Equations

C
gU
9’3 Y=0
: u = XY = X(0)
&‘hus’ =0 (not possible)
13X - lﬁ:kz (say)

caﬁeii: X a? Yol

??2£ KX =0

ox

22—1_’"_}22Y = 0
and o

Thus,

From eq. (2.22.2),

X = C, cos kx + C, sinkx, ¥i=
y=0,Y=0 \

(not possible)

B . nmy (2.22.2)
e {Cleh +Cye kx}&sm——;
x = D’ u= 0
. N
D= (Cl+cg}c4sm_éz
C +Cg= 0
! C2="Cl

. .3_0461(8“-8'“]“%1
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npz|  -nmc)
et J ; [m}
u = an[ s +(2.223)
b,,"zC1C4
Let X =0y H=ﬂy)

At
From eq. (2.22.8),

at the source end:

il

taine ...ﬁt time = 0, the tenpm

is grounded. Assuming
X fwhere symbols have

a . L?fl’, (2.23.1)
ot RC x?
Here, V, = Initial steady voltage satisfying
v
P.
V,= 20+ £1—2im:|:

534U (CC-Sem-3 & 4) Application of Partia] Differential Equati
ons

8
=20 ~7%=V(x0

Vix, 0) = zo_%x

.(2.23.2)
V.'= steady vol :
A_nd let Ly Vo tage Slﬂergmlm i
(terminal voltage = 0) ding the terminal end
¥ie 20208

! ..(2.23.3)

Vi, )= V) +Vix, 1)
Vix, t) = 20-30_x+zb -n uzma}?c (nm:) i

putting ¢ =0, V(x, 0) is given by eq. (2.23.2)
From eq. (2.23.4),

Thus from eq. (2.23.4), . |
Vix, t) = 20— o E[_Dm; e—n?g?iuzﬂc sm[ E)
' l nm i 1
Also,

?3_: =_? zm( _pytgntale /2 RC[N}E]COS[L_IE - —L%
% _ %_z%(_nm (-2 2H2RC ‘m{%{]
On integrating
-ﬂzﬁzf
P = %+24l 2{;3‘ Z( _1yg 2 re ms( : ]+A

Att=0,i=0,A=0
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2-35U (CC-Sem.g &q)

C '-l’l2 :rzt
. 20t 24IR s
= —+ {_1)1’&4- RC Ny
i= Lt I ¢ °°5[~;~)

T, Que 2 34__:' Find the current i and voltage e in a line of length, L
seconds after the ends are suddenly grounded, given that ’

. X
i(x, 0) = iy, elx, 0) =, sin —

I
Also R and G are negligible. .

Answer _
Since R and G are negligible, transmission line equ;i\

(2247
and -(2.24.9)

-1) partially w.rt o and

e suddenly grounded, the boun
egjo, t)=el,t)=0
whent=0

. (2:24.5)

5 = ‘'when t =0 ....(2.24.8)
Now let e = XT be a solution of eq. (2:24.3

Tis a function of ¢ only.

T age i
Ex—2=XTand ¥=XT'

From eq. (2.24.3) X"T = LCXT"

Separating the variables .. T

_Jr_',(;‘_g__'.=—1:.vsz (say)
This leads to the ordinary differential equations

dz

d*T
dxz +P2X=Oand E_tz_"-}d% T=0

X =C cos px + C, sin px

2’3611 ©U=""" _rrTealion of Partial Differential Equations
T=Cgcos 2_ .0 o pt
JIC T
€ =XT = (C, cos px + C, sin py)
=2

C, cos L2 ¢ C sin Pt
N ( CUILe M) ~eun
gppl}"m g the boundary conditions eq. (2.24.5) in eq. (2.24.7), we get

i n—;_' n being an integer
Ea. (2.24.7) becomes

N

o D nnt )
- VILC

or
(2.24.8)
where
AR o 0, cos "m}
Jic WLC 1JLC WJLC

0 a solution
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Mathem
where f(x) is an arbitrary constan

have iy =
—i whent= 0, we
Smc;:om gq (2.24.9), we have

i=i =€ cos sm

t function.
=0+ flx)or flx) =i,

9’V assuming that the initi
Que 2.25. Solve -—-—- =LC— % — ass g tial voltﬂge s

V. sif _:rl:r_;‘,‘(xo)=0m.1V=oat theendsx=0mdx_glforaut.
0 (L

.Ansvirer__l o, Wy
V=XT 225

t
‘I‘ie,—e X is a function of x only and T'is a f'unct.mn oft only‘

Henc.e, . d e
...(2.25.2)
Boundary conditions are il
V0, )= 0 = V{Z, &) and % =0 wheh ¢ =1
Applying conditions on eq. (2.25.2), we get
O=C(C cos T + C, sin B )
W VLA T VIC
= C_l=0
Fromeq. (2,.25.9) V=0C,si ( pt ¢
e = Lo8inpx | C, cos +C sinp—J
LT T Ie
...(2.25.3)

238U (CC-Sem-3 & 4) Application of Partial Differential Equations

VU, = 0=C,sinpl (ca cos %c +C, sin %‘CIJ

sinpl=0=sinnn(nel)

nn
b= T
Hence, from €q. (2.25.3)
i e nnt
V=C C, cos & si
251“[ 3 T 7 + 4smz LC‘] (2.95.4)
= s LT nnt
= JLC =sin = C, sin——= 4 in
ot l [ JJZ— C IJ_]
Att=0, i
0=Cp—rr
C,=0

Hence from eq. (2.25.4),
...(2.25.5)

Now,

Comparing, we get

ne dimensional heat

- 2 i
equation 2—?3% where the"boundary conditions are u(0, #) = 0,

u(l,#) =0, (¢>0) and the initial condition u(x, 0) = 3 sin 7"5 : I being the

length of the bar. [ AKTU 2021-22 (Sem-4), Marks 10 |

Equation of heat is one dimension is given by

ou  du
@t Fl
u=Xx)T ()
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X _ 10w QT ey
Xaz o Xt T
X:Clcoskx‘*cﬁaskaE

and T= Cge N

- k%

= (Cycos kx + Cysin kx) Ce -(2.26.1)

Given boundary conditions are u(0, t)=a
Put u(0, t) = 0 in eq. (2.26. 1)
0=C, Ce ™
Cc,=0
From eq. (2.26.1)
u=C,C,sinkxe

—k%

u=A, sinkxe™
Apply u(,)=0

Put =
u(x, 0) = Z
n=l
or ﬂx): i

a=1

Multiply both side by sin [meJ and then integrating w.r.t x between

the limits x =0 tox =/

_:[ﬂx} sin [%’E] e = A, i‘sin (EE’E”.] s [m_’”‘_J i

n=1

Jtain(-m_lnﬁ] Bin[ﬂx-]dx={é , m=n

0

240 U (CC-Sem-3 & 4)

-(2.26.2)

-.(2.26.3)

i(w=mm) - (x+ma)l
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T — M — T — ma
2
nt-mtm

6

12mn ~12m
2 -m*a? m-m'n
Hence the general solution is given by

2.2
o n'nt ., nux
L.e(x,z):Z[’L,‘e——s2 8in—=
n=1l

-12m
n—-m*n

where A =

=0 ﬂnd!l(x,a) =f(ex)o

Answer

Laplace equation in two dimepsiﬁq_ is
i‘:— + %g‘ =0
ox
Let u(x, y) be solution of (2.27.1)

Suppose u(x, y) = X(x) Y(y) .(2.27.9)

then e =X"Y and %E:f = XY"

- 2
ax

So, eq..(2.27.1) become X"Y + XY" =0
Xn — Yu

ey ik ) ; ..(2.27.3)
Fork<Oie., k=-)2 :

theneq.(2.27.3) X" =—A2X and Y" = + 3.2V

= X432 =0and V' -A2Y=0

—

=

X(x) = C, cos bx + C, sindxand Y(y) = Cye™ + C e
So, form eq. (2.27.2)
ulx, y) = (C cos dt + C, sindx)(Cye™ + C ™) +(2.274)
The nature of solution will depend on the boundary condition.
Put boundary condition jn eq. (2.274)
ulx, 0)=0=(C, coshx + Cysin)x)(Cy + C,)

ﬁ'ﬂu (CC-Bem-3 & &) Application of Partia] Differential Equations
———— " erential Bquations
¥
flx)
y=a u(x, 0) = 0
o \1(0, y)=0
Onc 9 C u[x, a} = ﬂx)
l.lu, y) =0
0°C X
x= g x=1 -t
y=

WegetC;=-C,

Then u(x,) = [C; cos Mx + C, sin hx] [Cyeh +

Again u(0,y) = 0, thenweget C, =0 /
Agﬂiﬂ u(l) J’) =0

= C,Cysin Al [er—e )

::,ginu=0=5inn‘ﬂ:

-.(2.27.5)

=M=nn
= =nwl

e o :
..\'_..: Solve thﬂeq‘mﬁon %‘; + F::_:' =0 sub]ect Wtheboundary

. nnx
conditions, u(0,y) = u(l,y) = u(x, 0) =0 and u(x, @) =sin ——.

[AKTU 202021 (Sem-8), Marks 10 |

du .(2.28.1)
Given equation = % +=—5 =0

The three possible solutions of eq. (2.28.1) are :
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Mathematics —IV i, (CC-Sem.g &4
u = (c;eP* +c,e ~F*) (¢3 COS Py + ¢ sin py) "'(2_28.2)
u = (c; co8 px +Cq sinpz) (e,6” + cge—Py) “-(2-28_3)
u = (ege +e1g) (Crd + Cag) (2,28 4

Y
A

y=a
u = sin (nnx/l)

Salving these equations, we get ;= c, =0 whichlead to trivial solution.

Similarly, we get a trivial sohition by 2.28.5) and eq. (2.28.6) in
eq. (2.28.4). Hence the suitable:solu on for the present problem is
solution eq. (2.28.3). Using eq. (2.28.5) in eq. (2.28.3), we have
c5lceP +ege~P) =0 e, c;=0 i
eq. (2.28.3) becomes u = €g Sin pxle.ery + cge TP ...(2.28.9)
Using eq. (2.28.6), we have Cg sin pl (c e + cge P)=0
Eitherc,=0 or sinpl =0
If we take s =0, we get a trivial solution.
Thus sin pl = when pl = nror'p = nw/l where n = 0,1,2..
Eq. (2.28.9) becomes y = ¢
Using eq. (2.28.7), we have
0= ¢, sin nm/l |, (cq
Thus the solution suitable for this

6 5in (nall) (c " 4 ¢ e~y (2.28.10)

+ CS) £.e., t,‘a =— c?‘
problem is

544U (CC-Sem-3 & 4) Application of Partia] Differential Equations

. nmx
u(x, y) = b, sin E (" — gty yhare ba=cge,

Now using the condition eq. (2.28.8), we have

iy . nmx )
u(x, a) = sin == b, sin A (enmall _ g —#inalty

1

we get b= (e _ g~mall

Hence the required solution is

-

o™ _ gl _ S'mh(nnyf 4_). ) 1‘“_“'€

ux, y) = . '-_Sli]jh__(ﬁii;._;;g‘}‘l)sm [

gl _ g nrall

A stringis stret.chedandfaa&enedto two points/m apart.
e string in the form u(x, 0) = A sin

(2291

he two points (0, 0) and (Z, 0),
ing at these point will be zero.

hence the displacement of the

¥0,t)=0 .(2.29.2)
. e ..(2.29.3)
and yl,H)=0 . 2
Since the string is released from rest hence its initial velocity will be
ZEero.
] =0att=0 .(2.29.4)
at

Since, the string is displaced from the initial position at time ¢ = O hence
the initial displacement is givenis

...(2.29.5)
¥, 0) = K sin - (
Conditions (2), (3), (4) (5) are the }Jound;:gyljondmons
let us now proceed to sol}\;; equation (2.29.1), A2996)
Let y=
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Mathematies — IV

where X is a function of x only and 7' is a function of ¢ only
Q _ AXT) _ o dT

ot ot dt
dT
LA a(XE{)“Xd’T
ot* a  C ar
2
Similarly, %ﬁi -7 I;
Substituting eq. (2.29.7) in eq. (2.29.1), we get
d*T d*X
X —= M i "= g*
i a’T e =XT"=a
Now making some cases, we get

Case 1: it £ E
a T X
irm™
a T
d!
Ti?,‘,— + 32p2T =0
. L. . TR B,
Auxiliary equation is _glw’t‘gnby - 45
m?+a2p2= 0, 4
B

5 2
€y cos apt + ¢, sinapt

=0
CF = ¢, cos apt + ¢, singp
§ T=CF4PL,
=¢ cgg’&p ; +(2.29.8)
X
X"
-y X - _p2
Auxiliary equation is
m24+p2=0
m=*pi
ﬁ C.F = c,cos (px) + ¢, 8in(px) =X ..(2.29.9)
ence, ¥lx, £) = (¢, cos apt + ¢, sinapt) (cy cos (px) + ¢,sin (px))
...(2.29.10)
Case 2: 17 - =p?
@ T X
l Tu d!

2-45U (CC-Sem.-3 & 4
—

M-Sem-a & 4) Application of Partial Differential Equations

Auxiliary equation is m? —p2a2 = 0 =y = 4 -
. ClF=¢ 5Pt + cge™ ot

Pl=0
T= cﬁeﬂp‘ + cae— apt
X”
i x =¥
d*X
& Pa=0
Auxiliary equation is

mi-p?=0=>m=xp
. C.F = cper* + cge ~P* s
P10 Gl Vi
X = cpeP 4 cge=Px A

i{ence, ¥z, t) = (cﬁ_ Cose" + coe~OP!)(c eP* + ¢emP¥) | (2.29.11)

Case 3:

d*X
0 (say) S =0

hence, y(x, 1) = (eg + ¢ gx)ey, ¥ €10%) ..(2.29.12)
Hence, solution (10) is the general solution of one-dimension wave
equation given by the equation (2.29.1),
¥(x, £) = (¢, cos apt + ¢, sin apt)(c, cos px + ¢, sinpx)

Applying the boundary condition,

¥(0,2) =0 = (¢, cos apt + ¢ sinapt) ¢y

= Cy= 0

- From (10), y(x, t) = (c,cos apt +¢, sinapt) ¢, sin px ..(2.29.13)
Again, now using the boundary conditions,

y(x, ) = 0= (¢, cos apt + ¢, sin apt) ¢,sin pl

= sinpl £ 0 =sinnn(n € )
nm
mT= —
l
Hence from (13),
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Mathematics — IV 247U (CC-Sem-3 g, 4
4 . nnat . nmx
ylx, t) = [c, cos n—’;& +¢,sin —r] ¢ Sm— ~(2.29,14)
nna . nnat . nmat i
now (%)‘_u = T['cl s + ¢y 5m i ]cqsm EE“_‘E
Now again using boundary conditions,
At t=0
%y nna . nmx
(%), . 2 oeen ]
= c;=0

nnat .
<+ From (14), y(x, ) = ¢,c c08 R

. nn ”
y(x, 0) = ksin i =06,

c,e=kon= 1___

where

Que 2.30.
fx) =1-22, if

FF@I = Fo) = [ e fle

] [(lﬁxz’e_‘(‘z"-?;éﬁ’” i sl
= 1
2" 27" 2 z 9 \ o
= :5+T5'2-+Es_3(eh—e By — -?(9“—8'“)+£;{e"—e“‘)
- 4coss 4sins
5 33

4
F(s) = s—a(sm S—5coss)

Now using inverse Fourier transform
1 e
FUFE) = 6) = o[~ (sin s—s cos o) ™

2 (= (sins—
= ;I..,_‘—s—xi——m(cossx—isinx)ds

548 U (CC-Sem-3 & 4)

Application of Partja] Differential Equations

4 e (5] =3
fe) = ;j_n['_m_ssas‘—ﬁﬁ] cos sx ds

1
Putx: E

(1Y . Ersins~scoss s
2] = ﬁo___s_a___"cosids

=x c0S x—sin x
jﬂ X

X
3 mgdx =-3n/16

The Fourier transform of a function fix) is
1 @ .

F(s)= — '
s |7 e

Substituting the value of fix), w

Now, F(s) = F{fit)} = ]' f®.e

-®

F(s) = Te"'.e“'“ dt = Te-tr‘nsl] dt = T e_'{[“%]! 1

-
-m

[ (t+is/2)= x)

F(s)=F (fa)) = e [ " dx = dt =dx

Fe)= eV .(2.32.1) { [ dx= JE)
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E 50U (CC-Sem-3 & 4) Application of Partial Differential Equati
Mathematics — IV 2-491U (CC-Sem-3 ¢, 4) 2- ntial Equations

e

Now rom th Chang o sals proge ofFouirtranorm .. - L 474
8 —ig alz = in
Bek= [EJ On multiplying and dividing by 2,
So for Fourier transform of flx) = e™**?, we get : P
1 8 - ‘_21_ e ? —gt . _2' . a8
Fe %)= Plf(Jax)) = ‘—f;’-F[ﬁ) I i T

LA |
Fleo2)= - [re 4 (Using eq, (2.32.1y)

i
Fle~*=2) = ( eta
a

or, by changing the variable of function, we get

2 i
ﬂe—a&):(ehr B
a ; 7 s,

Que 2.33. ' Find the finite Founer sine transform of

flx) = x(n - :c)m()cx-cﬂ:
Answer ]

Finite Fourier sine transform of f(x)is

F(n) = _[:f(x)_;m-’%ﬁdz = [Cxtn- 2).sitinads | N
=-x(z-s).-['°°m —(z- 2x)[ ) (= 2) “'WJ A
no | ; n’

F(n) 0+0+ —-{1 coam:)— ——[1—(—1)"]
.ﬂ

Que 2,34, [ Find theFounertmnsform of hloek function f(#) of height
1 and duration defined by

- a
ﬂt}: {1 for|t]£-2—
0 otherwise

1
ds’
Answer | CF.=C,e*+C,e

...(2.35.2)

P.Lag
e . l L for| I=Cye'+ e {2.35.3)
0 otherwise e =Ce-Cp (235.4)
F[ t] = it - ist 1 o
N S e P
~al T I+ 2
(' fi1) = 0 outside this limit) From eq, (2.35.2),
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Mathematics — IV 2-51U (CC-Sem-3 & 4)

ds V2
Putting s = 0 in eq. (2.35.3) and €q. (2.35.4), we get
I=C,+C, -(2.35.5)

ar _ ‘f ci-c, (2.356)

From eq. (2.35.5) and eq. (2.35.6), we get

FI]
cl=u,cz=‘g
LU
Thus I-\g

J_I wsa:d-x_ Ee—s
1+ 2

On differentiating, we get

‘j‘ L -x.‘:-nnm:
J T1+x?

(Jm x sin sx dx
1+x?

= x sin sx

L 1+2%

cossx
ds,a>0,x >0
I 5 =
Ansvyer
Using Fourier cosine integral
Flx) = ¥|=¢ ™ cosst dt_ds
- 2 i
eax =

-at
e .
= —| cossx|———(-acosst + ssinst)
no a’+s

]
2 (o =1 2
= n-[O ccosst”2 yie {“. a}}ds
—ax _ 2a = cossx
{ S —_—
w0 g? 4+ 5% ds
Que 2.37. I State the Convolution theorem for Fourier transform.

Prove that the Fourier transform of the convolution of the two
functions equal to the product of their Fourier transforms.

952U (CC-Sem-3 & 4) Application of Partial Differential Equations

Convolution Theorem for Fourier Transform : The convolution of
two functions F(z) and G(x) over the interval (- =, %)is defined as

F*G= | Fw)Glx-u)du

-0

FiFx) * Gw) = F | Fw) Gax=w) du

-1

Putx—u=t

F {F(x) *

Hence proved.”

et ot——b

5
0

-0
dl -
— = |e™cossxdx
%1

o N ) a

+ § 81N 8X = 2
5 2{ acossx+ S 32+a
a +§ 0

I=tan! e A
a

at S=G,I=0.

Putting, 0=tan10+A
. A=0
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Thus, I =tan™? (;)

PART-5 e

Application of Fourier Transform to Solve
Partial Dif/‘nrer;tiql Equatmn i

Que 2.39. I Determine the distribution of temper’ b
infinite medium & > 0 when the end x=0is niﬁint

is

Given initial condition u(x} 0])
The boundary condltw.n u(O‘ ) '.

(2.39.4)

S\Intlﬁ"ﬁyeq 2392)15;; "Ce?zt Wy’ .(2:395)

Fromeq. (2395, @, =C, = C,=f(p)

‘Fromeq. (2.39.5), # = f,(per"
Now taking its inverse Fourier sine transform, we get

o 2 A .
utx, )2 ={ " f.(ple*#" sin px dp

Solve one dimensional wave equation given by

Sppnbation of Fartial Differentia)] Equations
e

. We know that
FIF@) = | fwede =[]
Asguming that f(x) - 0asx - + o

F(f'@) = =is| e"™f(x)ds
Flf'(x)} =—is F(fix))

F{%} = —isF{u)}

ou §
} = —13 u(s)

j:is e**f(x)dx

..(2.40.3)
diﬂ‘erent

dC
Toﬁndu) wenowtake‘ b

1 (= . .
= 5[ F 6 +glode e =ds

= 2—11;'[:{)"(3)42"""‘“’ + gls)e ™= )ds
Cou(x, 1) = Fx —ct) + Glx + cb)

©0O
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Techniques-I

CONTENTS )

Part-1 Overview of Measure of Central ........... 3-2U to 3-10U
Tendency, Moments,
Skewness, Kurtosis

Part-2 : Curve Fitting, Method of Least ............ 3-10U to 3-18U

Squares, Fitting of Straight Lines,
Fitting of Second Degree
Parabola Exponential Curves

Part-3 : Correlation and Rank ......cccceiiiiiennn. 3-18U to 3-21U0

Correlation

Part-4 : Regression Analysis @ ... 3-21U to 3-28U
Regression Lines of
yonx and x an y y /

8-1 U (CC-Sem-3 & 4)

-2 (CCBen3 &4) Statistical Techniques—I

Overview of Measure of Central Tendency
Moments, Skewness, Kurtosis.

Que 3.1. l The first four moments of a distribution about the value
4 of the variables are-1.5, 17, - 30 and 80. Find moments By

about mean. Also find B, and §,. Har Kgs Ky
| AKTU 2022-23 (Sem-3), Marks 10 |
Answer |
Kabweny Mi=—15, py =17, pg =-30, y; =80
A= 4 e
Moment about the mean,
K= 0

Mo= I =) =17< (- L5) = 14.75

Hy = 415 =3p; py k2"

(== 80)-8(- 1.5) (17) + 2(- 1.6)° =39.75
RaB WG EApg gy + 6y —300)0

=80 —4(~ L.5) (- 30) +6(- 1L.5)(17) - 3(~ L.5)*
£ 80-34.31 .

= 45.68 of
L By= My _ 168006 .

4T mg 320005

WY o B ﬂ;’: 45.68 021

ERSRIEEe

Que 3.2. l Define skewness and _kg.,lfi:osis of a distribution. The

first four moments of a distribution are 0, 2.5, 0.7, and 18.71. Find
the coefficient of skewness and kurtosis.

S-i;éwm;ss : The term skewness means lack of symmetry i:e., when a
distribution is not symmetric then it is called a skewed distribution and this
distribution may be positively skewed or negatively skewed.

Kurtosis : It tells whether the'distribution, if plotted on a graph would give
us a normal curve, a curve more flat than the normal curve, or more peaked
than the normal curve.
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Sem.3 &4

Numerieal : ny = 0, By = 2.5, M= 0.7, M= 18.71

L.*()2

=F - —— =0.03136 (+ ve)
Coefficient of skewness By = 2. =
The distribution is positively skewed.
S M 18T 9 9936<3
Kurtosis (By) p-; 257
The distribution is platykurtic.

fo]lomng probability density function

x 0<x<1 ;w“ h

.

-

F@)={2-x 1sx<2h s
Eak, ‘7@

2
M®=1+ %+t + 3
Now
V.= B e

01
2
d?
V,= ——H (t}——(zl1+-§—:+...)

]

3| =

34U (CC-Sem-3 & 4) Statistical Techniques—I

Variance = u, =V, - ¥ == - = =

A | The first four moments of a distribution about x = 4 are

1,-4, 10 and 45. Calculate the moments about the mean and comment
upon the skewness and kurtosis of the distribution.

OR
Compute skewness and Kurtosis, if the first four moments of a
frequency distribution about the value 4 of the variable are 1, 4, 10
and 45.

[AKTU 2021-22 (Sem-4), Marks 10 |

Gwen.plr 1, py'= 4, ug'= 10andp,l -45,:-; 4 ;
Moments about mean : s
U =0, = p.2 {p-;)2 -4-(12=4-1=3
My = 15 =31y ' + 20, )

=10-3() @) +2(1*=10-12+2=0
1y =y — 41y g + 6 ()% () B ()

= 45— 4(1)(10) + 6 (1)2(4) - 3 (1)*

e =45-404924-3=96

i I £ I31 = “J"I =0
et fe £ He
Coefficient of kurtosis :
f% = 2—? =2.88< 3, i.e., curve is platykurtic.
2
Que 8.5. | Find all four central moments and discuss skewness

and kurtosis and also Karl Pearson skewness for the frequency
distribution given below :

Range of Expend in 7 (100)/month 2-4 | 4-8 6-5 | 8-10 10-12

No. of Families 3] 292 389 212 69

Answer I

Moments about mean are given by
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Mathematjcs -V -3 & q

—/’l_/—\)

_ U (OGS0 3 &1 Statistical Techniques-I
@

z g

2 c o = & If(x— AP 3728

’353. 2% & 2 3 Ma= =5 = To0g = 5728

N Wy = Eﬂ’;—’n—: 1848 1aaa,y S A) 35456 -

-.‘IS il o © « E ag Central moments are given by

L o u=0

2 |2 0 o o @ Hp = W'y~ ;%= 3.728 - (- 0.036)2= 3.7267

\!'s _ Clg — — & P3 s P.Ja_si.l:zu:l + 2”',]3

- : = 1.344 - 3(3.728) (- 0.036) +.2(= 0.036)°

= 1,344 + 0.402624 - 0.00(

Wy = 1.7465 -
fig = ’1:‘_'4”;3“’;] +6H'2,_l_‘$:\12“"'3!i.:’1j

= 35.456 —4(1.344) (=0.036) + 6(3.728) (- 0.036)2

‘. ' ~38(-0.036)*

5
s, By = Lt om0
M2 4 (3.726'
A
5 = 2.58! :

L (36
| =74 Tooo = 6964
| % _e. —-10200 330
Median= j = 2
edian= [+ 7 A= 6+ 389 x

- = .8 4
w=Hz-4)_ -36 6 +0.437 x 2= 6.87
% 1000 - ~0-038
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- 2 3-8U (CC-8em-3 & 4) Statistical Technj 1
Zf(x—A)z_[Ef(x—A)} . echniques-
Standard Deviation (S.D.) = If el ‘= (Zﬁf] h* (164)(
= . be= \TN— )= 100, ) =6.56
8728 _( 36 } | [ Y aa
1000 | 1000 _ Ky = '--—A;*J b = 100~ B=11.52
=/3.728-0.001296 =3.726 = 1,93, , [ fu‘J 41100
' M= ) Masek16 =176
: Kowness = SAMean—Median) N 100
Kar] Pearson’s coefficient of skewnes ______——__S.D S —
_ 36964-6.874) [V =0 .
k= 1.930 o i Hy = Hy'=p = 6.66 - (.24)2 = 6.5024
0.27 0. 1"398 4 / My = = B i+ 2,
" 1,930 - = 1152 - 3(6.56) (0.24) + 2(0.24) = 6894448
Since 5> 0 b A L M I = dpag'hy + By 3y 4
Distribution is positively skewed. = i = 176_4{1]_52)(0_2}1]+ﬁ(6‘5gj(0‘24)2_3{0‘m)4
= 167, 8
Que 3.0, I The following tahle represents the height of a batceh of ' 167.1979
| 4
100 students. Calculate slcewneas and kurtosis ; w S0 Oy S— b, ='E§
Height (in gm)- b9 |61 63|65 (6769|7173 75 e T
No. of students | 0| 2 | 6]20 40|20 8| 2| 5 . (8.824448)"

. i / i—=0.1694 ( positive)
s ' . G (6.5024)"
Answer I o " '

chcc, tlw curv'é ia poaitively skewed,

5 = _.SL
Helght) No.of |um f__;!,‘Z fui fut fu? fub Cf:effut.nl. of kurmﬁm B, = : =3.9544> 3
(em) x| wtudent f o £ ; W Uence the. dlstrlbutlon ig luptokurl.lc

59 0 -4 0l o 0 0 '
61 2 -3 g | 18 — b4 162 Que 8.7. | Calculato the first four central moments ahout the mean
63 6 -2 =12 " 94 ~ 48 96 ¢ 1
és an =3 T 20 s 40 of the following data —
67 40 0 0 0 0 0 x | o 1 2 3 4 5 |6 | 7|8
69 20 1 20 20 20 20
71 8 2 16 82 84 128 F |a 8 28| 66 | .70 | 66|28 |8 |1
73 2 3 6 18 54 162
’ 2 4 8 32 128 512 [AXTU 202122 (Som-3), Marks 10 ]

L IN=)f=100 2fu = 12 [ 3fu® =164 |5 = 144|xfut = 1100 '

Moments ahoyy 67

Iy = (ZfJ 1--[100J (2)=0.24
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Standard Deviation (S.D.) = f 5
3728 [ -36 \?
1000 {1000

Sfx-A? ( Tf(x=A))?

™

=+/3.728 -0.001296 =./3.726 = 1.930

3(Mean—- Median)

Karl Pearson's coefficient of skewness = 5D
S = 3(6.964 -6.874)
A 1.930
0.27
= ——=0.1398
kT 1.930 S
Since S, >0

Distribution is positively skewed

Que 3.6. I The following tablerepresents the height of a batch of

Height| No.of |u=%-67| SRR g Nty

e fu fu fu fut
{em) x| student f ; :
g? 0 -4 =012 "0 0 0
. g -3 -6 |- 18 - 54 162
e - -2 -d2_|° 24 — 48 96
e il - 20 20 - 20 20
. ;g 0 0 0 0 0
. 2 1 20 20 20 20
"3 ” 2 16 32 64 128
75 Z 2 6 18 54 162
[N\ 8 32 128 512

== 100 Ifu = 12 | 3fu? =164 $fud = 144|5fut = 1100

3-8 U (CC-Sem-3 & 4)

Statistical Techniques—I

Eﬁ*"] 164

e (B -1

2= \y To5) 4)=6.56
. qu“}

!,13 4 [ h.’j

N 100X8 11.52

' qu"] 1100

p"l = [ h‘ = -

Moments about mean :

=0

My = by’ — 1,2 =6.56 - (24)2 = 65024

3= Hy'=3py 1"+ 2(p)"P -
= 11.52 — 3(6.56) (0.24) + 2(0.24® = 6.824448

P = By =gy + 6,23y 4
= 176 -4{11.52)(0.24) + 6(6.56) (0.2412 -3 (0.24)"
= 167.197 98

Coefficient of skewness, B, =2

: | Calculate the ﬁrsi:four central moments about the mean
of the followmg data :

0 ]  :§|4567\8\

1| 2
1 s.:»s 5617056288‘1\

Moments about 67 :

[AKTU 2021-22 (Sem-3), Marks 10 |
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M ; 3-10U (CC-Sem-3 & 4) Statistical Techniques—I

Given: pj =1, py =25 py =55and p; =16,4=2
| Central moments are given by
= 0
po= pp—p®=25-1=15
i pg= By —3pppi #20" 255-8x25x1+2x (1)
' =55-65+2=15
4“3 P: "’Gpa 3|.l

—16 4x55x1+6x25(1)2-3x(1)“
=16-22+156~3=6 {

4 " 0 Moments about, origm <
5 | 56 0.5 =A+p=2+1=3 >
6 98 1 l-‘z +(@)?=15 +-19'
7 8 15
8 1 2

N =256

Cuwe thtmg, Method of Least Square, Fitting of Straight Lines,
Fitting of Second Degree P«._xmbof,a Ea:po._n_en._a_‘r_ﬁc_;{ _(_?t_:f-:{es. o

‘ Que 39, l Use the method of least_'s_duares to obtain the normal
Moments about mean :

=0 d equations and fit the curve for y - E::q +eVx to the following table
Hy = ' =P =2 . 5
e “3 302+ 2(1) =0 of values :
Py = By =4 16y '+ 3, =0 x 01 (02 |04 |05 |1 2
Ve y | 21 |1 | 2(] 65 |6
Que 3.8, l First four moments about 2 are 1, 2.5, 5.5 and 16
respectlvely -Find the first four central moments, moments about fAnswer l
origin and coefficient of skewness. '

— ‘ Normal equations to the curve y = —‘l +ex are
[ARTU 2022-23 (Sem-4), Marks 10 |
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3-11U (CC-Sem-
Mathematics— IV °m-3 & 4)

1
Z% = cqu{+ClZ$
ZJ’\E = %271_;+qu

Table of values is :

1 1
z |2 yix yz = -
0.1 21 210 6.64078 3.16228 100
0.2+ {11 55 4.91935 2.23607 25
0.4 7 175 442719 1.58114 6.95
05 | 6 12 4.24264 141421 | 4
1 5 5 5 1= T
2 6 3 8.48528 - 0.70711 - © 0.25
o | 2R E o
Tr=42 E(yhe)=302.5| Ty /x =33.71524 _z_‘f—;-f_lq.mom 2;2‘-_-136.5
s, = H

Substituting the values in normal equations, ﬁ:get
302.5 = 136.5¢4 +10.10081 c,
and 33.71524 = 1010081 ¢ + 4.2,
Solving eq. (3.9.1) and eq. (392), we get
¢y =1.97327 and ¢, = 3.28182
Hence the required élqiiatidﬂnof-' curve is &3
S - P e

Que 3.10. I Using the least square méthod fita second degree
polyhoniial.fgdfp"iﬁ% followin\g"iiéia $ s ¥
y | 120]105|100 |80 | 7.0//80 | 75|85 | 90
Also, estimate y at x = 6.5, T

Answer I

Let a second degree polynomial, ¥ = ax? + bx 4 ¢
The normal equations for the given polynomial are given as follows :
Tx2y = eXx? + Y a3 yaypt

Ty =nc +b3x + gSx?

Zyx = aZx? + bEx? 4 ¥y

3-12 U (CC-Sem-3 & 4) Statistical Techniques-I
—x 'y % = xt xy =%y
0 12.0 0 0 0 0 0
1 10.5 1 1 1 10.5 10.5
2 10.0 4 8 16 20.0 40.0
3 8.0 9 27 81 24.0 72.0
4 7.0 16 64 256 28.0 112.0
5 8 25 125 625 40.0 200.0
6 7.5 36 216 1296 45.0 270
7 8.5 49 343 2401 59.5 416.5
8 9.0 64 512 4096 72.0 576
¥x=36 | Zy=80.5| £x?=204 |Ex3=1296|5x4=8772 }:ry.=299 2x2%y=1697
S .
Putting value in normal equations, we have P
204a + 36b + 9¢ = 80.5 A, < ..(8.10.1)
12960 +204b +36c=299 o ..(3.10.2)

8772a + 1296b + 204c = 1697 '~

...(3.10.3)

oy

curve pv' = K to the fo]lo;ip:g‘glatﬁ-_'_:_'::_. 4

3]

Wy g 4
E.] ;;kﬂr p‘uT
p

Taking log, logv = llug K -%log p
¥
which is the form Y=A+BX
1
Where Y=logu, X:logp,-A:llogK and B=—?
¥
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Mathematics — IV 3-13U (CC-8em-3 ¢ 4)
__-—_--_-_-‘-‘—

___--'-_"—q.
v X Y XY x*

0.5 | 1620 - 0.30103 3.20952 - 0.96616 (},{}9032

1 | 1000 0 3 0 0

15 | 750 | 0.17609 2.87506 0.50627 0.03101

2 | 620 0.301023 2.79239 0.84059 0.09062

25 | 590 0.39794 27186 1.08080 0.1583¢

3 460 0.47712 2.66276 1.27046 0.22764
Total IX = 1.06115|ZY = 17.25573|EXY = 2.73196|5x2 = 0.59825

Here, m =6

Substituting the values in normal equations, we get
17.25573 = 6A + 1.05115 B
and 273196 = 1.05115 A + 0.598825 B
On solving, we get
A=299911 and B=-0.70298

PO S R VA
B 0.70298
Again, log K = 7A = 4:26629

K = antilog (4.26629) = 18462.48
Hence required curve is pyl4%52 = 12462 48,

Que 3.12. | Determine the least square approximation of the type
ax® + bx + ¢ to the function 2%, at pointsx,; = 0,1, 2, 3, 4.

=

Hers y=F=arlsbzrsc
Normal equations for the given curve are, i
Zyx* = aZr* 5 bIs® + 3
o Tyx = aTe? + b3 5+ 65y

= Zy = aiz? + biz 4 me (Here m = 5)
Tzble of values is,

| = l ¥ xy = bt Gl s

o | 1 o | o ! 0 0 0

1 2 2 | 14| & 1 1

2 4 8 | 4 16 8 16

3 2 % g 72 27 81

4 16 6| 18 256 64 256

Z=19 Z=21| Tay = 9852 = 20| 3502 - 54 % =100 | 224 = 354

-~ = - - 3 __-__.-_‘_-___—
“ubetitating thewalues in normal equations, we get

$5=2540 4 1005 + 30,
9B = W0 5 205 4 10,
N=UWas10h 45,

3-14U (CC-8em-3 & 4) Statisticg] Technigues—|

On solving, = 1,143,b=—0,971 and ¢ = 1,286
¥ =1.1422% - 0.971x + 1,286

Que 8.13. I Fit a parabolic curve of gecond degree to the following
data:

X: 0 1 2 3 4
Y: 1 18 13 25 63
LAKTU 2022-23 (Sem.3), Marks 10 |
nswer |
Let the parabolaoffitbe y=u + bz + ¢ 42 ; -(3.18.1)
Normal equations are Zy = 5a + bIx + cTxlt
Zxy = a¥x + bEx? + ¢Fa?
rly = a¥y? 4 by 4 o5h
x y # | 2 o xy 2y |
0 1 0 0 0 0 0 1
i 1.8 1 1 1| 18 18
2 13 4 L AT 26 5.2
3 2.5 9 21 | 81 15 9225
4 6.3 16 64" 256 25.2 100.8
Zx = 10{%y = 12.9 {3x2 = 30}3x? = 100 |54 = 354 Zxy = 37.1| Tx%y = 130.3

Substituting the values in normal equations, we get
- 129=5a+10b+30c *
37.1=10a + 30b + 100c =
: . 130.3 = 30a + 100b + 354¢ ]
On solving, we get a = 1.42,6 =~ 1.07,e=0.55
Substituting the value of ab and ¢ in Equation (1) we get
¥ =1.42-1.07x + 0.55¢2

Que 3.14. l Using the method of least square fit a curve of the form
¥ = ab* to the following data :

\x 2 3 4 5 6
U 83 154]33.1 852 | 1274

| AETU 2020-21 (Sem-3), Marks 10 |

Answer

y =ab*
logy =loga+xlogh
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Mathematics — IV 8-15 U (CC-Sem-3 & 4)

Let Y=1logy, A=loga, B =log,b
Y=A+Bx

Normal equations are,
1 3
. B
Z A+ Zi x
Z %Y= AZ x, +B 2 i
=1

(Here n = 5)

2 8.3 0.91907
3 15.4 1.18752
4 33.1 1.51982
5 65.2 1.81424
6 127.4

2.10516

and 2, By )
: '_ 0. 309664 = Iog,
= [ : a = 0309664 = 136 (a
and 0 299874— log,b .-
o i e b= 3029937“

y =ab*’ S

Que 3.15. [ Fit a second degreé:;a_.;*apfifa to the following data :

x| 10 |15 ] 20 |25 ]380 35 | 40
11 |18 |16 |20 27| 34| 41

OR
Fit a parabolic curve of regression of y on x to the following data :

x 1.0 15 20 | 25 | 3.0 | 35 |40

f 1.1 13 1.6 | 20 | 27 | 34 |41

[ARTU 2021-22 (Sem-3), Marks 10 |

3-16 U (CC-Sem-3 & 4) Statistical Techniques—I

We s}ufb the origin to (2.5, 0) and take 0.5 as the new unit. This changes the
variable x to X, by the relation X = 2x - 5.
Let the parabolaof fitbey =a + bX + ¢X?. Normal equations are :
Ty = am + bXX + cEX?
Xy = aEX + bIX? + ¢ZX?
X%y = aZX? + bIX? + cEXY

TR L SE Y s [ [
1.0 -3 11 L %] 9 9.9 -21 81
15 = 1.3 -26 4 52 | -8 16
21 = 1.6 -16 1 1.6 5 1
2.5 0 2.0 0.0 4] 0.0 [\ 0
3.0 1 2.7 2.7 1 BT 1Y 1
3.5 2 3.4 6.8 4 | J13s .8 16
4.0 3 41 12.3 9 /" 369 |27 81
[ Total= [5X=0 |5y - 162 |2Xy - 143 X - 28 my eaglw 0 | 5x* = 196|

Substituting the values in normal equatmns we get

Ta+28c=162; 28b=143; 280+ 196c=69.9
On solving, we get

2 ; c=0.061
.07 + 0. 511X+ 0.061X2
Replacing X by 2x — 51 in the above ‘equation, we get _
1N y =2, 0'}’ +0.511 (2x — 5) + 0.061 (2 — _5)?
WhJCh simplifies to <~ y'=1.04-0.198 x + 0. 244;:2 :
mred parabola of best fit.

Use eaét the method of squares to the curve

or, the following data
02 ‘0.3 T 05 |1
16 \ 4 | 11 6 \ 3\

[ARTU 2021-22 (Sem-4), Marks 10 |

Normal equation to the curve y = ¢y x + %
x

1
Zylx = Cy+C,y Zm
Zy\[" = COZI\G:- + C).
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Mathematics — IV 3-17U (CC-Sem-3 & 4

_____‘_"'-—-
Table of value is
—T o 1 & | o pUlee | 2% . e
0.2 16 | 0.447 0.089 11.236 80 7.152
0.3 14 | 0.548 0.164 6.098 46.667 7.672
05 | 11 |0.707-| 0.354 2.825 22 7.771
1 6 1 1 1 6 6
2 3 | 1414 2.828 0.354 1.5 4.249
Ty =4 Yxlx 1/ xx _?;y'l'x--.-: S| Sy
=4.435 =21513 | =166.167 | = 32.843
Substituting the value in normal equation w’_é get- o
80=C,+21.513Cy. (3.16.1)
32.843 = 4.435C,+C; (3.16.2)

Solving eq. (3.16.1) and (3.16.2) -
Cy= BBSSandC =3410

Hence the required equatwn of curve is

6636 + L
x
y =

Que 3.17. l Use the method of least squares to ﬁt the curve y = ab*
for the following data

x| 2 | 8 | f4,] 6
y | 144 | 1728 | 20742488 | 2085

* [AKTU 202228 (Som-4), Marks 10
Answer I '
y = ab*
logy = log a +log b

y=log,y,A=log,a, B=log,b
y=A+ Bx

3-18 U (CC-Sem-3 & 4)

Statistical Techniques—I
Normal equations are
x y y=logy a? Xy, ‘1
2 144 | 2.15836 4 4.31672 \
3 172.8 | 2.23754 6.71262 ]
4 207.4 | 2.31659 16 9.26636 |
5 2486 | 2.39585 25 \ 11.97925 j
6 2085 | 2.47421 36 | 14.84526 ]
5 5 5 B
Z}x -20 ZIY =11.58255 ;xz =90 'le (= 47.12021

Substituting the value in normal equatmn we get
11.58255 = 5A + 20B .(3.17.1)
47.12021 = 20A + 90B .- .(3.17.2)

Multiply equation (3.17.1) by"4 and subst:ractmg eq. (3.17.1) from
eq. (3.17.2) .

47.12021 - 46.33020 = 70B

1011285 = b = 0011285 , 1 12 (approx} .
From eq. (3 17, 1) put t.he value of B

*11:58255 = 54 + 20 x 0, 011285
. A = 11.35685
W, A=227137
_‘;.fxogea 2.27187%
= 32 2713"-' L

=9.69 (approx)
y=9. 69(1 12]‘

PART-3
 Correlation and Rank Correlation.

Que 3.18. | Calculate the rank coefficient from the sales and
expenses of 10 firms as given below :

Sales X 45 | 56 | 39
ExpensesY | 40 | 36 | 30

&
&
&

B
z
8
|
NE
B2
¥
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Mathematics — IV 3-19U (CC-Sem-3 & 4) |

i 3-20U (CC-Sem-3 & 4) Statistical Techniques—I
Answer '
| S l
Answer
X Y R, R, |d=R,-R,] m |
45 10 5.5 4 ; 2.95 | J—[:65+66+67+67+68+69+70+72= %=68
56 36 2.5 6 12.25 8 8
39 30 8 9 1 |
54 44 4 9 4 | 7 = 67+68+65+63+72+72+69+71=§§g=69
45 36 5.5 6 0.25 - 8 8
40 32 7 8 1 i
56 45 2.5 1 295 . = = = — =
60 42 1 3 4 | X | Y |X-X)|(Y-P)x-X)2 | (v-7) (x-m(y-yﬂ
30 20 10 10 0 - 9 9
36 36 9 6 ;9 || 8 98 % 4 8 |
-2 -1 4 1 P
J == '. 66 | 68 e |
| 67 |65 | =1 -4 1 16 4
Repeated Rank of X column : . ; 67 |es 21 €1 1 1 1
45 = 2 times = =y |
56 = 2 times =, | 68 |72| 0 3 0 9 o |
Repeated Rank of Y column : N ! 0 | 72 1 3 1 9 3 \
36 = 3 times = O .
Rank correlation coefficient;, - v | 70 |69 2 0 4 0 0 l
[51_1cw.‘2+—52.(r,-11 m,}+“—(mg m2)+—(m3 m,) l| 2 11| 4 2. 16 4 ‘ s ‘\
=1-— 7 3 : 2 Z = —
’ N(Nz—l) , | | 2X- X P | Y- TR |sX-X)(¥- ¥)
| i =36 =44 =24
6[36 HENC PN !
== 10(99)
. 6136 + 3] I 23 4% ¥ ': £ Now, the coefﬁclent of correlation i 1§ given as,
- 990 990 T X-DY-9) 24 24 SR
: r=0.7636 : x" JZ(X X x g(y Yy Jas_x 44 39.79
Que 3.19. | Calculate the correlation eoeﬂ’icient for the following _ ST i ’ s
- ue 5 i t i
heights (in inches) of fathers (X) and their sons Y): , Ten students got the following percentage of marks in
- ' principles of Economics and Statistics :
& | ® o lafs e o n [ RollNos. 1[2[3[4[5][6]7]8][910]
Y: | 67 68 | 6 | 68 | 72 | 72 69 | 71 Marks in Economics | 78 | 36|98 [25 |75 8290 [62 65 |39 |
Marks in Statistics |84 |51 [91 (60|68 |62[86 |58 [53 (47|
[AKTU 2022-23 (Sem-3), Marks 10 |

Calculate the coefficient of correlation.
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Answer l

Let the marks in the two subjects be denoted by ¥ and Y respectively,

x |y |u=x-66|v=y-66]

78 84 13 18

36 51 -29 -15

98 91 33 25

25 60 — 40 -6

75 68 10 2 20

82 62 17 -4 - 68

90 86 25 20 500

62 58 -3 -8 24

65 53 0 -13 0

39 47 494
Total Zuv = 2704

Here,

Hence,

Que 3.21. I Ifd4x -5y +33=0 andZ(Jx

regression. Find the mean values of & and ¥, the coefficient of
correlation and the standard deviation of yif the variance of xis 9.

Answer |

Since both the lines of regression
therefore we have,
4x -5y +33=0

pass through the point (%, )

..(3.21.1)

3-22U (CC-Sem-3 & 4)

Statistical Techniques-I
20x - 9y +107=0 (3.21.2)
Multiply equation (3.21.1) by (3.21.5), we get o
20x -5y +165=0 (3.21.3)
Substracting eq. (3.21.3) from eq.(3.21.2), we get o
16x -272=0
¥y =17

From eq. (3.21.1)
4 -5x17+33=0
4x =52
X =13
Hence ¥ =13, ¥ = 17

Now, varianceof x = 522 2

o =3
The equation of lines of regression c;

.-(3.21.4)

-.:;;.(-:f’m.m
B wl il

+4) and eq. (3.21.5), we get:

=0.8x 0.45 = 0.36

tue 3.22. | If the 0 is the acute angle between the two regression
lines in the case of two variables x and ¥, show that tan

1-r* oo

6= z» Where r, o, o, have their usual meanings.

r ‘cl+c .
Explain the significance of the formula whenr=0and r == 1.
Coefficient of correlation is given by,
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3-23U (CC-Sem.g ¢ |

Mathematics - IV i 3-24 U (CC-Sem-3 & 4) Statistical Techniques-I
_ nE dxdy-% dxZdy Hence the estimated value of y is the same for all values of x and
" \/: T de? - (& dv)? \/ Nz dy® - (£ dy)? vice-versa.
Whenr=+1,tan0=0sothat 8 =0or n.

where di=x-% | The lines of regression will coincide and there is a perfect correlation between
| the two variables x and y.

Coefficients of regression are given by, | | In a partially destroyed laboratory record of an

1% dxdy - £ dx X dy analysis of correlation data, the following results are legible

= | arian = 9. Regressi uati
by nEdy’-(z dy)? | v ce of x e lgae-s:os:; equations are
o 40x- 18y = 214 .
5 nidxdy-ZdeZdy | Find 2N
T qidel-(xde)?® . . 1. Mean values of x and y

2. Standard deviation of y

Equations to the lines of regression of y on x §nd xony are 3. Correlation coefficient between x &

O I

e G-

y—y= —=(x=x) and x-X=
Gp X o

¥

; ro oy
Their slopes are m, = —2 and'mg = —2%-: i |
o PR rog : |

Multiplying eq. (3.23.1) b
40% — 50y + 3

Since r° <1 and ., 0, are positive, s | Hence

+ve sign gives the acute angle between the lines, Now, variance of x = o2 = 9
. ce X = x =

Hence, tain i 12 r? 92Ty | Q=
r "i + U§ The equations of lines of regression can be written as
‘ ¥ =08x+6.6 andx = 0.45y +5.35
n : .
When50.0% 9 ~. The regression coefficient of'y on x is % ~08 ..(3.23.4)
a,

The two lines : _ | *
nes of regression are perpendicular to each other, i The regression coefficient of'on y is 7% _045 (3.23.5)

o

¥
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Mathematics — IV 3-25U (CC-Sem-3 & q)

Multiplying eq. (3.23.4) and eq. (3.23.5), we get
r’=0.8x%0.45=0.36

r=06
From eq. (3.23.4), we get standard deviation ofy,
0.8¢, 0.8x3
o= £ __ =4,
+ r 0.6

Que 3.24. | Find the coefficient of correlation (r) aud obtain the
equation to the lines of regression for the following data:

x|6]2[10[4]8
y|[o9[11|5 [8]7
OR

From the following data, determine the equatmns of line of
regression of y on x and x on y. £ O

x 6 2 | 10 |4 8
y | 9 et 555 s | 7

TARTU 203122 (Som), Marks 10]

Answer &
x ¥ X=2-7%| X2 Y2
6 _{—9i3 w7 bl a2
27l a4 16 9
10 5| 4 7186 9
4 8 -2 4 0
8 | 1 ) 2 B !
Sx = 307 Ty = 40 X2 = 40|B¥° = 20|

XY -26
B = —=——=_
¥ RXE 40 0.6
Regression coefficient of xon y,
XY -26
b = ===,
¥ zY¥Y* 20 18

3 26U (CC-Sem-3 & 4)

Statistical Techniques-I
Equation of regression line (y on x) is
_ LXY i
y-y= —}:-X-T(x -%)
-26
—f= e
y 20 (x—6)
or, y—8=-0.65(x-6)
or, y=-—0.65x+11.9
Regression equation (x on y) is
x—X= S —(y-9)
Ezaes 4
-6=-13(y-8)
x=-—1.3y+16.4
Correlation coefficient,
,)b xb,, A
r2 —065:((—13) 0845
r= - JO.S__45 & (As hoth byx, b, are negative)
r=-0918" .

Here, - 'bﬁ—- a,b, =a
Let the cnmmon ean be m, then regresswn lmes aré
: “y—m=alx—m),
y=ax + m(1 —.a.) :
r-m=aly= =m) '
x=ay+m {1 ..(3.25.2)
Comparing eq. (3.25.1) and eq. {3.25.2}..\:\;'1{‘.1'1 the given equations,
b=m(l-a),p=m(l-a)

b 1-a

{3 1-a

_Qqe 3.26. l For 10 observations on price (x) and supply (3) the
following data were obtained

Zx =130, Ty = 220, Tx® = 2288

Zy%=5506 and Txy = 3467
Obtain the two lines of regression.

..(3.25.1)

and
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Mathematics — IV s
T e 281U (CC-Sem-3 & 4) _
3 Statistical Techniques-I

Answer
i & ; x y
x = N 1 15
= ﬂ =13 8 L.
21‘3 5 21
y= —f,'— f 23
220 9 22
5; = T =22
1 — sx =25 Ty =
Regression coefficient of ¥ on z, b —
J‘" zXz 3
3467 7
— =1.52 &
7= 2288
Regression coefficient of x on y, b__ = —-—- =.3i61 =0.63
zy zyz 3 5505
Equation of regression line (y on x) is; )
y—-¥y=—% &-3%)
¥—22=152x—13) fl o
_ y=1522+224 g e, N 1 _ 1!
R@'E.‘SSIDD_ equatitm {x on y) ]‘3,.. = p I ’. i 3 ,\:' f?' ) s "'-i, —_—

x—f—'—zg—(—_)
7 y2 V7Y

x—13=0.63 (y—22) -
 z=06%-086 . Tl 45.,.” *?
Que 3.27. ‘I'hé'--ﬁollowing table gives age (x)‘in years of cars and ’- iz "W - &%fy
f y ;
' & .
05 —(327.1)

annual maintenance cost (y) in hnn&red Trupees

=] 1] s [ s ]71]oe
s |15 8] zn [ |2
. < 18,85 (in hndred rup¥g
Calculate the maintenance cost for a 4-year-old car after finding s )
the regression equation. [AETU 2020-21 (Sem-3), Marks 10 | (SIS]9)

Fflfs 5 |7 ]9
y [ s 18 [z |28 | 2
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|

Statlstieal ‘I :

Overview of Probability Random Variab
Continuous Random Variable) Probabili
'| . and Probability Density Function, Expect

Statistical Techniques—IT

UNIT

les (Discrete and
ty Mass Function
ation and Variance.

—

| From six engineers and five architects a committee is to
be formed having three engineers and two architects. H

oW many
different committees can be formed if (i) thereigno restriction, (ii)
\ two particular engineers must be included, (iii) one particular
architect must be excluded. s

Pari-1 \

|

|

Part-2 :
\ Normal® D:stn _

figure number is fornied bythe digit 0, 1,2, 3, 4
n. Find the probability that the number formed is

 repeti
| divisible by 4.

|  Thefive digits can be arranged in 5! ways,' out of which 4! will begin with zero.
| Total number of 5-figure number formed =5! — 4! = 96.

Those numbers formed will be divisible by 4 which will have two extreme
right digits divisible by 4, i.e., number ending in 04, 12, 20, 24, 32, 40.

Number ending in 04 = 3! =6, Number ending in 12=3!-21=4.

Number ending in 20 = 8! = 6, Number ending in 24 = 3! - 2! = 4,

Number ending in'32 = 8! = 2! = 4, and Number ending in 40 = 3! = 6.

The number having 12, 24, 32 in the extreme right are (3! — 2!) since the

number having zero on the extreme left are excluded.
4-1U (CC-Sem-3 & 4)
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| 44U (CC-Sem-3 & 4) Statistical Techniques—II

| i lottery in which there is 1 py; I
Que 4.3. | A has one ghare in a ze .
and 2 blanks : B has three shares in a lottery in which there ayq | | ag contains 10 white and 15 black balls. If two balls
3 prizes and 6 blanks, Compare the probability of A’s success to | are drawn in succession without replacement, then find the
thl;t of B’s success. | probability that the first ball is white and the second ball is tilagk.

i [ AETU 202223 Sem-3), Marks 10|

A can d.rsw a tlcket in 3C, = 3 ways.
The number of cases in wh.lch A can get a prize is 1.

Let A : be the event that first ball is white
And B : be the event that second ball is black
Number of white balls 10 2
A= Total number of balls 25 5

PB) = Number of black balls _15_5

Total number of balls = 24
The number of ways in which B getk%‘u ank = WE i (24 because 1 ball was taken dx

1
The probability of A’s success = 5

Again B can draw a ticket in °C; =

The number of ways of ge ;_; =£
Thus the probability of B's sucqésfs = 6’@85»— 16/21

respechvelyo 4, 0.5 eg%age
of defective items® 1 cent
osen at random, whgt m. he p bability

Two wlute balls out of 8 can be drawn ;3 ways. Thus the probability of
drawing 2 white balls wﬁ

_‘c, 28 | The defective item produced by machine ITl = °-110’;1=%
14
¢ 9 ! The total defective items produced by machines, I, Wor III
Similarly, 2 red balls out of 6 can be degwn'in ¥C, ways. Thus the probability
of drawing 2 red balls '. 303(! 130+(110; 29 0%
e 15 | 100
Hence, the probabili “o, 91 Que 4.7. | A can hit a target 3 times in § shots, B can hit a target 2
nce,
wmmmt’i,mnd) tyofdrawmgzbal]s of the same colour (either both “ﬂelinl‘lhotllnd(!mhitatmtsumuinhhm‘nmynn.
volley. What is the probability that (i) two shots hit, (ii) at least two
28+15 43 shots hit ?
91 91 91
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Answer |

Probability of A hitting the target =3/5
Probability of Bhitting the target = 2/5
Probability of C hitfing the target = 3/4
i Inorder that two shots may hit the target, the following cases must b

considered :
; : 3 3 2 i [
= Chance that A and B hit and C fails to hit = 3 5 (1 - —4-) = _i_(_}_a
; o a3 3
p, = Chance that B and C hit and A fails to hit = g Z (1 A E] ~ ilf)?_[i
; ., “Bed 9
p, = Chance that C and A hit and B fails to hit = 155" (1 - -5—) = .1_26?6
Since these are mutually exclusive events, the probability that any 2
shots hit
6 12 27
=py+ =0.45
PrtP2*Ps= 105" 100 “ 100

ifi. Inorder that atleasttwo shots may hit the target, we must also consider

the casesof all A, B, C hlttmg the target in addltlon to the three cases of
(i) for which

i

| 3 2 3 18
ChancethatABCallh:t-g 2:2-2

Smoe all these are mutually exclusive events the probablhty of at least.
two shots hlt.

P+ 12+ 27 +18045
=Py Py Py 100 100 1007100

y

Que 4.8, l State Baye’s Theorem.\-f__[h__e*contents of urns I, II and I1I
are as follows : 1 white, 2 black and 3 red balls; 2 white, 1 black and 1
red balls; 4 white, 5 black and 3 red balls. Gne urn is chosen at

random and two balls drawn. They happen to be white and red.
What is the probability that they come from urn I ?

[AKTU 2020-21 (Sem-3), Marks 10
Answer I '

Statement: Let E, Ey;..., E, be a set of events associated with a sample

space S, where all the events E.E,,. - B, have non-zero probablhty of
occurrence and they form a partltlon of S

Let A be any event associated with S, then according to Baye’s theorem,

4-6U (CC-Sem-3 & 4) Statistical Techniques—IT

P(E,|A) = HP(E,)P(A |E)
2 P(E)P(A|E,)
kal
for any k=1,2,3....n
Numerical :

Let B, B, and B denote the event of selecting urn I, urn IT and urn 111,
Let A be the event that two balls drawn are white and red.

1
PB,)= =
V=3
1
P(By) = =
= 7
; |
B,))= =
1 3
Now, P@B)= -9x4_1
c; _5
z 1400 1
PwB)=- x4 _1
8.
I n
P(A/B,) = _“_"EL=E.
g 11
Using Baye’s Theorem,
Required probability = P(B,/A) i
1 - P(B)P(A/B;))
7 P(B, )P(AIB)+P(B )P(AJ’BQ)Q- P(B,)P(A/B,)
¥i® W
- 3.5 s 5 33
1 I 1,41 9°1,1,2 "1
3573331 53

Two urns contain 4 white, 6 blue and 4 white, 5 blue

balls respectively. One of the urns is selected at random and a ball is
drawn from it. If the ball drawn is white. What is the probability
that it was drawn from the (i) first urn (ii) second urn.

[AKTU 2021-22 (Sem-4), Marks 10 |

Let U : the ball is drawn from U,
U the balls drawn from U,

W : the ball is white

Scanned with AnyScanner



— 47U (CC-Sem-3 & 4)
a ma et

— 4-8U (CC-Sem-3 & 4) Statistical Techniques—IT
i  We have to find P(U,

l
e it » ii Cumulative probability function P(2) :

PP /U,)

2 o 2
fix)de = | Odx+| e*dx=1-¢2
y e — e - =
PUW= 55w 10+ PUPW Uy 49D j II"O k g
; likely to be selected =1-0.135=0.865
Since the two urns are equally ) which is shown in Fig. 4.10.1(b).
PUY =PUY= ,
Also, P(W/U,)= P (a white ball is drawn from U,) C U § . S Fx)
4
2 l i) fix)
Also, P(WIU,) = P(awhxte ball is dmwnﬁ m & l . ; coll
1 0 1 2 X 01 23X "

green halls : second containing 2wh1te, 3 red, 1 green balls and third
containing 3 white, 1red, 2 green balls. Two balls are drawn from a
bag chosen at random. 'I_'hes _m found to be one white anél one red.

3 :
. 1) P(aw]:ute a.ndaredba]]are down from first bag)
il Ifso,determmethepm lity th the variate having this j -(1C xEC)ﬁC__

density will fall in the intery.

) ? 5
iii. Also find the cumulative pm;%b%?ty function F(2) ?

Similarly P(A/B,) = (*C, x aC,)f"Cf =
1. ﬁ:}:—o&: P(A/B,) = (3C, x 1C,)5C ik
every x in (1, 2) and * 1 =R
. By Baye's theorem,
[feax = [ 0desf e ax1 ‘ PBA)= P(B,) P(A/ By
Hence the function fix) satisfies the requirements for a density function. , P(B)PWBHP(B )1P(!;!BHP(BS)PWB}
i Raquiredprohahilitysl’(ls’,xsz)arg-‘dx-e-l-e-z | % E g2 1 1=£
This = 0.368-0.135 = 0.233 | %“%*%XETXE N
lmb&llhwllequaltothashadedmamhg.tl.ﬁ 1a). |
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Que 4.12. I Three urns contain 6 red, 4 black; 4 red, 6 black; b red, 5

black balls respectively. One of the urns is selected at random ang i
ball is drawn from it. If the ball drawn is red find the p""bability
that it is drawn from the first urn.

Answer |

Lot U, : the ball is drawn from U,.

U, : the ball is drawn from U,

Ug: the ball is drawn from Uy,

R : the ball is red.
We have to find P(U,/R).
By Baye’s theorem,

PW)PR/U,) A

PU, }P(R!Ul)+P(UE)P(RIU,_HP{US}P(RIUS) =
Since the three urns are equally likely to be selected

PWU/R) =

P(U,) = PU,) = P(U;) = %
Alos P(R/U,) = P(a red ball is drawn from urn I) = ]% ' Y P

P(RIU,) = P(a red ball is drawn from urn II) = fﬁ gl

Y

P(RIU,) = P(a red ball is drawn from urn III).= I%

x

From eq. (4.12.1), we have P( UI)'R) =

b

/6
3 10

i
=11
I

b

Wl =
_|_
|
b4

et
=}
—
<

Que 4.18. | The probability density function of a variate X is

X 0 1 2 3 4

@

6
PX | k 3k 5k h % E | 18k

E FindP(;F*: 4),P(X > 5),P(3<X<6)
ii. What will be the minimum value of & so that P(X < 2) > 3.
Answer

L IfXisarandom variable, then

4-10U (CC-Sem-3 & 4) Statistical Techniques-II
—_—  ————— 77ta Techniques-II
.
Z p(x') =1
i=0
b+ 3k+5k+Th+9% + 11k + 13k =1
k= 1/49

P(X<4)=k+3k+5k+7k=16k=16f49
P(X25)= 11k + 13k = 24k = 24/49
P(3<X<6) =9+ 11k + 13k = 33k = 33/49
i P(X52)=k+3k+5k=9k=0.30rk>1130

Thus, minimum value of k= 1_;6

Que 4.14. | A random variable X has the_.fq_)'i]b;vi_ng probability
funection : L

TS - A 5 -
pe) | 0 |k | 2k | 2| sk |TR2 | o2 7k2+kl

i. Find the value of & e Sk A
il. EvaluateP(X<6),(P26)/ - ~ -
iii. P(0<X<5) R R

o SONOR P
Arandom variable X has thefollowing probability distribution values

A S

B®: |0 | k) % | 2% |3 lk’ 2 | TRk

Then, evaluate P(X> 6). [ARTU 2022-23 (Sem-8), Marks 10

|Answer |7

f
i |

i IfXisarandom variable, then
7
2.px) =1
i=0
O+k+2k+2k+3k+ k2 +2K2 + Th2+ k=1
ie., 102 +k—-1=0
10R2 + 10k -k —1=0
10k (E+1)-1(R+1)=0

=L ph 1
10

ii. P(X<6)=P(X=0)+PX=1)+PX=2) +PX=3)
+P(X=4) + P(X=5)
—0+k+2%+2 +3k+ k2 =8k +k2

1 [ 11__9_,<£=£
=k8+k=1518*75] T 1010 100
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P(X>6) =2k + TR+ R

9 [ 1_19
= 100 10 100

i, PO€X <5)=P(X=1)+PX=2)+PX=3)+PX=4)
=h+2 +2k+3k=8k

= fa)=a3, 0<x<1
g =~ x)315x$‘,

the mean.

Answer |

Total frequency

N= j:xa dx+j'f(2-x)3dx=£

1

4

1y’ (about the origin) = i[j‘xxs de+ [*x(2- 2P dx ]
N o 1

_2{[;1‘+[_x(2-:r‘I_[(2;}*“_2[1 1 1) 3

5 4 20
" g 1 1
u,’ (about the origin) = F[-[o Zxtde+ f12x2(2 -x) dx}

ST e e

4-12U (CC-Sem-3 & 4) Statistical Techniques~IT

_2{ 1 1[1 1}_16
6 2735 30 " 15

Hence o= Hy= I'l2 _(“1 )2 16 1

=—=1l=—
15 15

- - 1
t.e., Standard deviation o =
]15

Mean deviation about the mean :

{I1x 1]«* dx+ij 1|(2 =) dx ]

Il

“ (1-x)x* dx+.|. (x 1 (2 x)“ dx]
2 { ;] 0+ 1(]) }
g :':j'. AbagA contains 8 whlteand 4 black balls. A second bag

B contains 5 white and 6 ‘blﬁék baﬂls. One ball is drawn at. random
from bag A and is placed i in bag B. ‘Now, a ball is drawn at random

from bag B. It is found th_g th_ls ball is white. Find the probability
that a black ball has been __ransferred from bag A,

| AKTU 2022-23 (Sem-4), Marks 10 |

; I..et B 1. ;.tl;éﬁsferkof white ball to bag B. = =
transfer of black ball to bag B.

_;...PB__
L ()12

Let E be the event of drawmga wh,lte ba]l from bag B after transfer.
P(E/B,) = Probability of drawing white ball if black ballis transferred to

6
baE o
£57 12

P(E/B,) = Probability of drawing a white ball if white ball is transferred

7
tohag Be
oD E= 19

P(E)= P(B,). P(E/B,) . P(B,) . P(E/B)
8 6 4 7 _48, 28 76

121271212 194 144 144
The required probability P(B/ E)
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8 6
_ P(B).P(E/B) :,1#_,2 A2 =ﬁ Choice (B)
B P(E) 7% T

144

PART-2

Discrete and Continuous Probability Distribution : Binomial,
Poisson and Normal Distributions.

Que 4.18. | Let the random variable X assume the value % with the
probability law p(X =) = ¢™ p; r = 1, 2, 8. Find the m.g.f of X anq

hence it’s mean and variance. | AKTU 2021-22 (Sem-3), Marks 10

Answer I

By the definition of m.g.f, _ |
- My(t) = Efe”) = > e pg'! =§ 2. (ge'y
-1 n= 3

1

[}

.%(’{J{B‘TZ (ge')'™!

nul

“pet[l + get + (ge!)? +

L

3

)

il

Now My ()]

and =7 M (1)) = pet | Tge? (Verify it)
1, (about the origin) = {—d—[M (g)]'}. W A &3
dt x =il — q)s b
(~ p+g=1)
' L% d’ (1+g) l+gq
(about thy =42 £ go -
Ky’ (about the origin) {dtg M, ( }]}Hu A-gf = o
Hence, Mean =i '= 1
P
and Varia_nceuz:uzr_(ulp)z= 1+zq__1£=_q2"

4-14U (CC-Sem-3 & 4)

Statistical Techniques~IT

Que 4.19. | Define a binomial distribution, Prove that the Poisson
distribution is the limiting case of binomial distribution

Show that Poisson distribution is a

particular limiting f.
pinomial distribution when p or g ng form of the

is very emall, and n is large
enough. [AKTU 2020-21 (Sem-3), Marks 10

‘Answer I

A Binomial distribution: A random variable x is said to have a binomial

distribution if it assumes only non-negative values and its probability
mass function is given by

P(:r =r)= Iﬂcrpfqﬂ.—r'r = 0,],2,"-ﬂ
0, . otherwise

Also p+g=1 fn, i

B. Poisson distribution as a limiting case of binomial distribution :
If the parameters n and p of a binomial distribution are known, we can
find the distribution. But in situations where n is very large and p is very
small, application of binomial distribution is very labourious, However,
if we assume that as n— w0 and p — 0 such that np always remains finite,

say A, we get the Poisson approximation to the binomial distribution.
Now, for a binomial distribution

PX =)= "Cgr-rph = MR =)t -r D) _p)»-? -

ST | r!
= i~ 1.~ ?‘)I'(n —r+1) [1 %] / [ﬂ

fit

[Si.noenp =A . p =%]

: (1—5"]"
_ AN nn-1)n-2)..(n-r+1) \ n
— % ®

T Y,
(). ol
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As 5 — «, each of the (r = 1) factors,

- 1N[f. 2 ([ r-1 Y

- _Z o l1-—— tendstol. Also |1-—| te
.1 n)”‘l n}’ i\l n ) ( nJ Zldsto]__
Since Lt G;%}_‘ =g, the Naperian baze.

- e 1

; =

f x|

- —selasn—s=

on/t
Hem;eintheli;ﬁtin.gcasewhen n — =, we have
PX=r=%22"(r=0,1,23,..)
rz

Here Pis called the Poizson probability distribution.

Que 4.20. | Find the mean and variance of binomial distributiop,

Answer l
Mean of binomial distribution :
For the binomial distribution, P(r)="C_q"~"p" g

Moo = 3P =SrCa o

raf r=0 .
=0+L7C, ¢ ' p+2."Co " tp?+3.°Coq" PP+ .4 0. 7C, D"

oy n(.n 1 _g nin—-1)n—-2) -z
—ny ps+ %] P +3. 3.1 _.p3+...+npf'

_____"___nsz 21}(1"' 2) 20t ...+ np”
_np[a-lcﬂn—l+ —Icqu p-l-"'lczq” 3p2+ L4 n- lcn_lpn-lj
=nplg+pl-t=np ; (p+g=1

Hence, the mean of binomial distribution is np.

Variance of binomial distribution :

=np"” pwﬂﬂ Vg +

= Y PP~ 4= 3 [r 4+ rir — 1) P) 42

r=0 rai

= ZrP(;J-'r Z Hr— ]Jp(,.}_”z

ref raf

=u+ Y rr-1"Cqp -l

reg

(Since the contribution duetor:ﬂandr:liszero)

4-16U (CC-Sem-3 & 4) Statistical Techniques—II

=RHR1.7CH %R 432 .0C 033 4
+nln-1) "(','ﬂ,l'.""]—|,12

(n-1)
=p+ |20 2220 ez
1 [ 21 q +32.

m;;;_{f—ﬁq”‘z * 4 anin - llp"]— p
=p+[nn—Dg* 2 +nln - 1n -2~ + ...
+nin-1)p"] -
=p+nn-1p%g" 2+ (n=2)g"2p+...
_ i
=p+nln-1pr-2C "2+ "%C 1" %p+ ...
,,‘n—zCn‘wn—Z]_pz
= p+nn—1pHg+py-2—p2=p+ nin—1)p-22
[~ g+p=1]
=np +nin— 1)p ~n?p?=np[l-pl=npg.
[z p=npl
Hence, the variance of binomia_] distribution is npg.
Que 4.21. | Out of 800 families with four children each, how many

families would be expected to have (i) 2 boys and 2 girls, (ii) at least
one boy, (iii) no girl, (iv) at most two girls. Assume equal probabilities
for boys and girls.

) |

Probability of having boy = P =

Probability of having girl=Q =

I

Number of children =n
i  Probabhility of getting 2 boy and 2 girl ="C, P* @7
=4C, P2 -2

Lx3x2ed (BP(N

lexl =0.375
4

1

i. Probability of getting at least one boy = 1-“C,P’Q"
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Aathewativn 1 N Henwy )

| Ih
1o
=N ..|, JII (I'II

LAY

W Peabm bty of ot e nhe

Ay
- - SRR A
ul..ll['.t] 1

v Peahhitiy of gotthg ab mont iwo plili
I ..q p-lutll -l(_l P""\""‘ 'If-'“ pu,‘\,u

o dxdl |J“‘;1.
—(}.Illldhlll . (a [Z]umn.

= (L0031 4 4 0T
= 0,625 + 0,260 4 0,476
= (0.0876

Que 4,22, I Mind the moan and varinneo of I.“oiﬂﬂun :llui.n~ll;utl;,,l,

Answer I _
S

For the Poingon distribution, P(r) = e

sl
Monn of Poisson :Ilnl,ribution ' ’

Meoun, p= Z‘PP(J"}IH Ep' _._R‘_r

rel '"“:'I.'
o o g g-‘fk[o .-
=€ E, " =¢ I-lli a1 P vuasa
]
- b [1...%..%. ) A e

Thus, the mean of the Poisson distribution is equal to the parameter A.

Variance of Poisson distribution :

Variance, ol= irxp(,-)_pf
rall
2 l e’ e

7% o i s

AT COUsHom & 1) Hbiatdont "Poshimiee 11
i ;l l':rJ\ : :)? :|':I,«r." ' -|:a]' " v
o Sy

‘ a M ] 4 Ul
VR PR ] L U
‘[ I ”l, 1:|!I i(”l lf"r’aTIMIJ,

o' n).[li I A’:| J

&k I3 |l"" F'kf""l |

= k) )h?

a MIHAER =3, :

Hlanes, tho varianeos of the Polason lllﬁbnbulllun fr s b,

- At

}I'J

= :,'J'A

Quo 4,23, | The distribution of the numbor of rond necidonta por

duy In ity s Polsson with sioan 4. Find the numbor of duys out of
100 days whon thore will bo

i, _no accidont \

i, nb lonst 2 ncoidonts

iil, ot most 3 neoidontd . |

iv. bolwoon 2_nml 6 accidonts

Angwor |

Mmm, b= 4, Numbur ul days, N = 100
y A
1. o 1-'(r=0)= Lﬁ%*-e'dﬂﬂﬂlﬁf}'l
Ruqu lrod number of dnyu =N P(r=0)
= 100X 0. 01831 1.831~2
i P(rz2)=1-Pr<2)=1-[Pr=0) +Pr=1)

= 1-[e+ : l{l‘”] 1 5ot = 0,90842

.. Required number of days =N . P(r 2 2)
= 100 x 0.90842 = 90.842 = 91

i, P(r<8)=P(r=0)+P(r=1+P(r=2)+Pr=3 ‘
et ety A G e 4y
ol ol 21 3l

L oy dot 4 8o+ %e = 0.43347

Required number of days = N. P(r < 3)
= 100 x 0.43347=43.347= =43
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et @) @

. P@<r<5=Pr=34Br=4="7 4!
2 @.+35ﬁ]e* =0.3907
=6 24

ired number of days
Reauired e O P@ < < 5) = 100 x 0.3907 = 39,07 - -

Que 4.24. 1 For continuous random variable X if

flx) = g(x2+ 1),0<x<1.

Then, L. .
i. Verify that f(x) is a probability distribution function.

ii. Find A such that P(X <) =P(X>1).

[ARTU 2022-23 (Sem-S@’
Answer I

flx) = g (x2+1) 0<x<1

PX<))=PX>1)
i fix)20v xe(0,1]

and [ s - fﬁuundxi[in]
;. 13 4|3
, o oW g
_ 173
& flx) in avalid pdf.
i, PX<h)=PX>1)=1-PX<L)
= PX<n=
| 5L
* 1 i3 1
= (.’C)d = — 2 =l
if x 2::-;[4(x+1)dx 5
X a
= (Prl)de =2 M ., _2
! 37 3% 73
= AMrd-2=0
= A+ not an integer
= 0.5961

Que 4.25. | In sampling a large number of parts manufactured by a

machine, the mean number of defectives in a sample of 20is 2. Out of

1000 such sampl,
3 defective parli:’.s;3 s, how many would be expected to contain at least

CC-Sem-3 & 4) :

Amewer |

Mean number of defectives = 2 = np = 20p
.. The probability of a defective partisp = 2/20 =01
The probability of a non-defective part = 0.9
The probability of at least three defectivesin a sample of 20
= 1 — (Probability that either none, or one, or two are non-defective
parts)
=1-[29C4(0.9)% +2°C,(0.1)(0.9)1° + 20€,(0.1)2(0.9) )
=1-(0.9)'8 x451=0.323 .
Thus the number of samples having at least three defective parts out of 1000
samples .
=1000 x 0.323 = 323 i :
Que 4.26. | Fit a Poisson distribution to the set of observation :
x 0 1 = T 4

f 122 60 | a5 | 2 1

Answer |

Sfix, _60+36+6+4 o
sf, 200 >
Mean of Poisson distribution i.e., m = 0.5
Hence, the theoretical frequency for r successes is
Ne ™(m)” _ 200e™*°(,5)
[ 1 r! r!
The theoretical frequencies are

Mean =

wherer=0,1,2,3,4

P ) 1 Z 8 | 4] I
f e e [ [ 0

e~ 96=0.61]

Que 4.27. | If the probability of a bad reaction from a certain

injection is 0.001, determine the chance that out of 2,000 individuals
more than two will get a bad reaction.

Answer |
It follows a Poisson distribution as the probability of occurrence is very small.
Mean (m) = np = 2000(0.001) = 2
Probability that more than 2 will get abad reaction
= 1= [Probability that no one gets a bad reaction

+ Probability that one gets a bad_ reaction +
Probability that two gets bad reaction]
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4-23U (CC-Sem-3 & q)

Answer ‘
gth of life of dry battery cells,

Let x denotes the len
7 r-%x x-12

Also, = 3
15-12_3_,
i Whenx=152Z= 3 3

Pix>15)=P(z>1)
~P0<Z<xn)-P0<Z<1)

= 0.5—0.3413 = 0.1587
= 15.87%

6-12

i Whenx=6,Z=

Plx<6)=PZ<-2) ;
=Plw<Z< -2)— P(0<Z-: 2}

= 0.5-0.4772 =0.0228
=228%
i Whenx= IOZ—L;E=—»§ =-0.67

ol

Whenx =14, Z= — =0.67

P(10 <x < 14) = P(~0.67 <Z<087)
-P{-DG?<Z¢0}+P{0<ZOS7}

=2P(0<Z<0.67)
= 2 x 0.2486
=0.4972
=49.72%

Que 4.31. l In a sample of 1000 cases, the mean of a certain test is 14
and S.D is 2.5. Assuming the distribution to be normal, find
i How many students score between 12 and 15 ?
ii. How many score above 18?7

iii. How many score below 8 ?7
Given f(0.8) = 0.2881, £ (0.4) = 0.1554, f (1.6) = 0.4452, f (2.4) = 0.4918.

[ARTU 2021-22 (Sem-3), Marks 10

Answer
Here, p=14 ando=25
For x=12, z= 12_14=;2 =—0.8
2.5 2.5
For j::]_ﬁ, 2215"14=i. =04
2.5 2.5

4-24U (CC-S8em-3 & 4)

Statiatical Technigues-I1

The nuclear of students geore
soptesented by thearoa tup” Tfieotgzﬁdm and Jess 15 wil) be
0.8 0.2881 and for z = 0.4 01851 2=04. The area for 2 =
Total area = 0.2881 % 0.1554 = 0, 0448
Thus, the required number of studentg = 0.0448 % 1000 = 44 .8 ~ 45

0 = E = o

12-18 -6
25 25

For x =18, z= et

|

]

-, Area against 2=2.4180.4918
(According to normal distribution table)
’.[‘]:ue2 irea required in this case is to the right of the ordinate at
Z=
Area=0.5-0.4918 = 0.0082
Thus, the number of students scoring more than 18
=0.0082x 1000=8.2=9

For x = 8§, z=1-2—§=_4_=
2.6:-25

. Area against z=1.61s0.4452

(According to normal distribution table)

Thus, the number of students scoring less than 8
= 0054:8)( 1000 =54.8=55

1.6

Fit a bmon:ua.l distribution for the following data and

compare the theoretical frequencies with the actual ones

-__-x-" 0 1 2 3| 4| s
f: | 2| 14| 2| 34| 22| 8

| AKTU 2021-22 (Sem-3), Marks 10

n=5  N=2+14+20+34 +22 +8 = 100

Mean = &
2 f;
- 0x2+1x14+2x20+3x34+4x22+5x8
100
_ 14 +40+102+88+40=_2ﬁ -2.84
100 100
We know that, Mean = np

284=56xp

p 4 gﬁi‘i =0.568

g=1-0.568=0.432

Scanned with AnyScanner



Mathematics— IV 4-25U (CC-Sem.-3 & 4)

Expected Binomial distribution,

P(r) = "c, pla"Y
= 5, (0.568)"(0.432)°" wherer=0,1,2,3 4 &

forr= P(0) = 5c,(0.568)° (0.432)° = 0.015
Expected = 100 x 0.015 = 1.6=2.
=1
rorr=t P(1) = 5, (0.568)! (0.432)* = 0.098
Expected = 100 x 0.098 =9.8 = 10
Forr=2, -
P(2) = %, (0.568)* (0.432)°=0.260 "+
Expected = 100 x 0.260 = 26 L
Forr=3, 2l i
P(3) = 5, (0.568)° (0.432)°=0.342
Expected = 100 x 0.342=34.2~34 "
Forr =4, - &
P(4) = ®, (0.568)* (0.432) = 0.225
Expected = 100 x 0.224 = 22.5< 23
Forr =35, b

P(5) = %, (0.568)% (0.432)° = 0.059
Expected = 100 x 0.059=5.9~6
Hence, fitted Binomial distribution,

= [ oSl 2] s
£ 2.l 10 2 | 34"

Que 4.33. I The number of accidents in a xé;ar w(q!ﬁngtaxi drivers
in a city follows a Poisson distribuj;ion’ﬁfi_tﬁ' me "".eqnal to 3. Out of
1000 taxi drivers, find approximately the number of drivers such
that

i No accident in a year - 0]
ii. More than three accidents in a year.

(given, e = 0,04979). [ AKTU 2021-22 (Sem-8), Marks 10|

Answer I

Mean 2.= 3, Number of taxi drivers N = 1000

. =%
i P(r=0)= £ % g3_0.04979

0!

) Required number of drivers = 0.04978 x 1000 = 49,79 =50
ii. Plr>8)=1-P(r<3)=1—[Pr=0)+P(r=1)+P(r = 2)]

-3 . R 5
=1-[e'“+—-—-—e 431-&3%3‘]
1 2

4-26U (CC-Sem-3 & 4)

Statistical Techniques-IT

= 1-€'“[1 9
ik 92 |=1-85xe3

= 1“8.5! 04979: § e
Required number of drives = 1000 x 057678 =9‘5"1?2633§ :é);?}‘?ﬁ'?&

Que 4.34. | In anormal distribution, 12 % of the items are under 30
; er
and 85 % items are under 60. Find the mean and standard deviation

AKTU 2022-23 (Sem-4), Marks 10

Let is and o be the mean and standard deviation .

12% of the items are under 30, 85% of items :are ll-.::fl):: g;ei}'
P(x <30)=0.12 Pl B0 0o
Plx>30)=1-0.12=0.88 .P(i>60)=140.85zg_15

-2 050157

(4.34.1)

For x = 60, z=

60 — "
= B2, (say) " 1(4.34.2)

P(0<z<z,)=035
From normal distribution table, 2,=1.04
P(0<z<z)=038
From normal distribution table, 2,=118
Substituting value of z,and z, in eq. (4:34.1) and (4.34.2)
30 —p
o

.(4.34.3)

=-118=30-p=-1180

60—“. =1.04:}60—}l=‘*lu040 ...t4<34.4)

)
Substracting eq. (4.86.4) from (4.86.3)
-80=-222¢
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=30 _ 1353

2.22
From eq. (4.34.3),
30— p=-1.18x13.513
p= 30+ 15.945 = 45.945

If X variable follow the Poisson distribution such that
P(X=2)=9P (X =4)+ 90P (X = 6). Find mean, varian

distribution. [ AKTU 2022-23 (Sem-4)

e and

Answer
PX =2)=9P(X =4) + 90P(X = 6)
e\t 9e~ 0t
S -+
21
lﬂe-k
2

0P —==
=6

ml The following table gives the number of days in a 50 day
period during which automobile accidents occurred in a city.

| No.ofaccidents | 0 | 1
No. of days 21

2 3 4
18 7 3 1

428 U (CC-Sem-3 & 4)
Statistical Techniques-11

Fit a Poisson distribution to the data
and calculate t},
f!,eq“en.bies.

= e theoretical
TU 2021.22 (Sem-4), Marks 10

Answer

Mean'—’zx‘ﬁ _0+18+141 9.4 _45 R
: 50 50
Mean of Poisson distribution le,m=09

Hence, the theoretical frequency for r success is
= Ne™(m)
r!

50
_1_243_9 (09)
r

I _iiv}fere r ="{], 1,234
The theoretical frequency are ; 20
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Statistical Techniques-IT1

Introduction of Sampling Theg i
. ‘ ry, Hypoth [
Alternative Hypothesis, Testing a Hypozphesiifi_’]t};?!:f}gpm‘}wsw,
Confidence Limits. W A

—f Q W 4

Que 5.1 | Acoin was tossed 400 times and the head turned up 216

times. Test the hypothesis that the eoin ig i
significance. unbiased at 5 % level of

Answer '

Suppose the coin is unbiased.

Then the probability of getting the head in a togs =

- Expected number of successes = 1/2 « ’4“03 = gEJO e

The observed value of succeszes = 216

Thus the excess of observed value over expected value = 216 — 200 = 16

!

AlsoSD of simple sampling = \[npg = (4{](} “ % u %J =10

x-np =l§. =16

;,;(nqu 10

As z < 1.96, the hypothesis is accepted at 5 % level of significance ie., we
conclude that the coin is unbiaged at 5 % Jevel of significance,

Que 5.2, I In a city A, 20 % of a random sample of 900 school boys

had a certain slight physical defect. In another city B, 18.5 % of a
random sample of 1600 school boys had the same defect. Is the
difference between the proportions significant ?

Answer ]

Hence z=

We have ny = 900, n, = 1600
20 1 185
a.nd = —=— = —
P1= 10075727 100
_ myp +mn,p, 180 +296 - 0.19
T omy4n, 90041600
and g=1-019=0.81
1 1
2 _ il
Thus et = pq[ﬂl + an
1 1 ]
i — 4+ ——1 =0.0017
= 0.19x0.81(900+ 1600
giving e = 0.04 (approx.)
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0.015 Statistical Techniques-I1I

L5 ¢ gpaediis e _
Also P Py= 150 =00 T T T h0q <O
As z < 1 the differénce between the proportions is not significant, Test of i
: v est of Significance of D;

Que 5.3. l The mean of a certain normal population is equal to t},, f Difference of Means.

Standard Error (SE) of the mean of th; saﬂ?ll-'llﬂsfoil 100 from thgg

distribution. Find the probability t!’xat the mean of the sample of g5 _-Que 5.5. I Explain the test of significafice of d |

from the distribution will be negative ? difference of means.

' wer I
Answer Ans = o :
3 3 1 1 ependen
If i be the mean and o the SD of the distribution, then Given t‘fo n _P samples x‘l,:-cz, Ty -oos By AT, Y3, Vg, Y, With
means ¥ and ¥ and standard deviations o, and o, from a normal populations

with the same variance, we have to test the hypothesis that the population

u = S.E. of the sample means = ‘/—JED? = i%
mean i, and p, are the same.

Also for a sample of size 25, we have _
b= T-p _x- /10 For this, we calculate ¢ = il / (6.5.1)
a/\25 al/5 o [_l_ § .l_] ;
10%-0 5_10%-0_5% 1 non,
T10 s 20 o 2 18 8 o,
1 where X = n—zx;,y= ——Zyl-
Since ¥ is negative,z<— = 11 L%
2 and
; 1
.. The probability that a normal variate z <— 3 1 ) 1 o & 1
o= —~—2[(n. - 1ot +(n, —1)uf]=———{2(x, -2+ (3 -7
e e _gedz 1 = -ggdz R -- MR =25 1 f
=T I_.ue = J'me It can be shown that the variate ¢ defined by eq. (5.5.1) follows the
t-distribution with n, +n, ~ 2 degrees of freedom.

=0.5—0.915 = 0.3085, from normal table.
It the calculated value of t > ¢, ., the difference between the sample means

Que 5.4. | An unbiased coin is thrown n times. It is desired that is said to be significant at 5% level of significance.

Siox@ivtie fredpengy ol theaips ogt eade sHopld INENsRgen If ¢ > 1, ;> the difference is said to be significant at 1 % level of significant.

0.49 and 0.51. Find the smallest value of n that will ensure this result
o g Ift <t, o5, the data is said to be consistent with hypothesis, that p, = p,.

with 90% confidence. § % %
Answer ] 2 ' Que 5.6, I Eleven students were given a test in statistics. They
| were given a month’s further tui_tiou' and a second test of equal

; [pg fF11_ 1

SE of the proportion of heads = %I- =3 227 = m difficulty was held at the end of it. Do the marks give evidence that
hing ?
90 % of confidence = 45 % of the total area under the normal curve on each the stndesits have hecefistod by b o0 (2 10 | 11
side of the mean. Boys 1 2[4 AL SERS
- The corresponding value of z = 1,645, from normal table. Marks I test |23 | 20 [19 | 21 [18 |20 }18 |17 23 | 16419
Thus P T 1.645 0= 0.49 or 051 Marks I tost |24 | 19 |22 | 1820 |22 [ 20 20|28 | 20 | 17
. 1 1
ie., 0.5-1.645 =049and 0.5+ 1.645 —= =0.51 |
En . 2\/; '
1.645

32
=0.01o0r \f = —42 or n = 6765 approximately

Hence . "
2J/n
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Answer ]

We compute the mean and the S.D. of the difference between the markg it
the two tests as under :

11
d = mean of d’s = T 1;
o _ Md-d) _50 _
% =TuS1 10
Assuming that the students have not been benefited by extra "Oaching it
implies that the mean of the difference between the marks of the twq test ig
zeroLe., u=0.

5 le,o =224

d- 1-0
Then t= o, Edn= 224 Vi1 =1.48 nearly and
dfv=11-1=10.
Students | #; %y | d=xy-x | d-d (d- d)2
1 23 | 24 1 0 0
2 20 | 19 = 2 4
3 19 | 22 3 2 4
4 21 | 18 -3 -4 16
5 18 | 20 2 1 1
6 20 | 22 2 1 1
7 18 | 20 2 e 1
8 17 | 20 3 2 4
9 23 | 23 - [Ny ¥ 1
10 16 | 20 4 3 9
11 19 17 2000 | TSR 9
d=1 2(d - d)*=50

“;f know thatt, (for v=10) = 2.228. As the calculated value of ¢ < £y 05 the
value oft is not significant at 5 % level of significance i.e., the test provfdes no
evidence that the students have benefited by extra coaching.

Que 5.7. | Samples of sizes 10 and 14 were taken from two normal

populations with SD 3.5 and 5.2. The sample means were found to be

20.3 and 18.6. Test wheth i
same ael er the means of the two populations are the

5-6 U (CC-Sem~3 & 4)

Statistical Techniques—1I11
Toewer |

We have, % =203, x, = 18.6, n, = 10, ny=14,%W s,
e ] 2"‘ .

2 2
s2- Mditns,
ny 4, g =22.775

; S=4.772

Null hypothesis, Hy: i, = p,ie., the means of the two populations are the
game.

Alternative hypothesis, H, : My,

Test statistic: Under H, the test statistic is

xl—x

e’ . _ 203-186
1
S\/—+l 4.772\/-1—-1--1—
noon, 10 14
The tabulated value of £ at 5 % level of significance for 22 df is
B o =2.0739

Conclusion :

= 0.8604

Since t = 0.8604 < o, the null hypoth?sis H, is accepted; i.e., there is no
significant difference between their means.

Que 5.8. | The heights of 6 randomly chosen sailors in inches are

63, 65, 68, 69, 71 and 72. Those of 9 randomly chosen soldiers are 61, 62,
65, 66, 69, 70,71, 72 and 73. Test whether the sailors are on the average
taller than soldiers.

Answer i

Let X, and X, be the two samples denoting the heights of sailors and soldiers.
I ny=6,n,=9

Null hypothesis, H;,: p, = p,. i.e., the mean of both the population are the

same.

Alternative hypothesis, H; : jt; > i,

Calculation of two sample means :

:

X, 63 65 68 69 71 72
— 4
X,-% 5 ) =3 | o 1 8
— 9 16
(X, - X2 25 9 __0___ L

Scanned with AnyScanner



5-7U (CC-Sem.3 ¢ .

Mathematies -1V Lo 04

o550, - X" = 60

70 71 72 =

234 | 3.34 4.34 5:34

5.4756 | 11.1556 | 18.8356 [9g 5

= _ 2 _6766;5(X, - X2)° = 152.0002
ﬂ?

e — L [5(X, - %) + 2(X, - X))
n+n,—2
= 16.3077
§=4038
Test statistic :
X -X, 68-67.666

Under H, »
e gLt 4038J-;+1-
n n, ; 6 9

The value of t at 5 % level of significance for 13 dfis 1.77 (df =n, + n,-2)
Conclusion : Since ;. 11104 < fo0s = 1-77, the null hypothesis H|, is accepted.

i.e., there is no significant difference between their averages.
i.e., the sailors are not on the average taller than the soldiers.

=0.1569

Que 5.9. | The9 items of a sample have the following values : 45, 47,

50,52, 48, 47, 49,53, 51. Does the mean of these values differ significantly
from the assumed mean 47.5?
[The tabulated value of £, ;; = 2.31 for 8 d.f]

| AKTU 2021-22 (Sem-4), Marks 10 |
Answer I

7 - (45+ 47+ 50 + 48+ 47 + 40+ 53 + 51 + 52)
9

=49.11
.4 45 | 47 |50 | 52| 48 | 47 | 49 | 53 | 51 [SUM

X- X |-411-2.11/0.89|2.89 —1.11]-2.11/-0.11| 3.89 [1.89

_ e
(X - X)" 16.89| 445 10.79]| 8.35| 1.93 | 4.45 1.21 (15.13|3.57(56.07

58U (CC-Sem-3&4) 5

tatistical Techniques-III

e ZM _56.07

g —_— =
The null hypothesis Hy:p=4
H;: n=47.5.
Calculation of test statistic : Since the sam
¢-distribution;

7.5. Alternative hypothesis

i ple size is small, we use
i= X-p _(49.11 - 47.5)

( : 7 \T‘f F__6.33 =1.82
W AW =

Level of significance : o= 0.05.

ii.

jv. Critical value : The value of ¢, 'at 5 % level of significance for
v =9—1=8degrees of freedom is 2.31.

y. Decision : Since the calculated value of |t] = 1.82 is less than the

table value ¢, =2.31. Therefore, the null hypothesis is accepted.

Que 5.10. I The annual rainfall in Lucknow city is normally

distributed with mean 45 cm. The rainfall during the last five years
are 48 cm, 42 cm, 40 cm, 44 cm and 43 em respectively. Can we
conclude that the average rainfall during the last five years is less
than the normal rainfall? Test at 5 % level of significance. [The
tabulated value of £, ;. = 2.776 and £, ; = 2.132 for 4 degree of freedom.

| AKTU 2022-23 (Sem-4), Marks 10 |
Answer | &
We have the mean and standard deviation of the_small sample as

S N -% (48 + 42 + 40 + 44 + 43) = 43.4

14 L) L.
2= | = 2| =%% == (9453) - 43.4)* = 7.04
= (23077 -2 ao

Null hypothesis, H, :x = p (there is no s'igniﬁcant difference in the rain
fall).

Alternate hypothesis, H, : ¥ <p.

We use the left tailed test with 5 % level of significance. Now ¢ (0.05) for one
tailed test = #(0.1) for two tailed test withn =5. The value of £ for P=0.05 and
v =41is 2.132. The test statistic is given by

r—u _43.4'—45 =_1.206
' N n=1 13266 .
Since, |#| = 1.206 < 2:182, we accept the null hypothesis. There is no
significance difference in'the rainfall.
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P Loty 4-Test, and Chi-Square Test.

Quo 5..ll.| The nanual rainfall at a certain place is normy)
i Y
distributedwithrmoan 45 em. The rainfall during the last fiy, o

aro 48 em, 42-0m, 40 cm, 44 em and 43 em. Can wo conclude that g,
averago painfall during the lnst five years is less than the ““l'm::;
rainfall 7 Toest at 5% level of significance.

Answor |

We have the moean and standard deviation of tho small sumple ag

¥= 2 ao=— (A8 42 4 40 4 A4 4 48) =,
v Yi 5 ) =434

i [

LTS n] w1 :
e =N~ == (94563) - 43.4)°% =

! Lu zﬁ ! B 1" =17.04
Null hypothesis, Hj : & = p (there is no significant difforence in the iy
fall),
Alternate hypothesis, H, : ¥ <p.
We use the left tailed test with 6 % level of significance. Now £(0.05) for ong
tailed test = #(0. 1) for bwo tailed test with n =5, The value of ¢ for P = 0.05 ang
v=-is 2,182, The test statistic is given by

X-u 434 - 45
t= = =-1
sign=1 1326 140

Since, |f] = 1.206 < 2.132, we accept the null hypothesis. There is no
significance difference in the rainfall,

Que 5.12. ' The height of 8 males participating in an athletic

c}'mmpionship are found to be 175 cm, 168 em, 165 em, 167 cm, 160 cm,
173 cm and 168 cm. Can we conclude that the average height is
greater than 165 cm ? Test at 5 ¢ level of significance.

Answer I

Null hypothesis, Hy: p = 165 cm.
Alternate hypothesis, H;: u<165 em
We use the right tailed test with’5 % leve] of significance. We have n = 8.

Since, # (0.05) for one tailed test = ¢ (0.1) for two tailed test, we have for 7

degrees of freedom and P= 0,052 =1 895. W, d
standard deviation. We have -690. We compute the sample mean an

510U (CC-Sem-3 & 4)

Statistical Techniques-111

X= —(175+ 168 4+ 170 4 167 + 160
= 168.25

|-

+ 173 + 168)

-

i 11
= 2(2w ) o0 1,
a[n gxf ) ~xt= g (226616) - (168.25)”
= 18.9375,

The test statistic is given by

t= —X-H __4168.26-165
s/ Jn=1" 4.3617/2.6058 -~ 978

ginco, |¢] = 1.976 < 1896, we reject the null hypothesis and accept the
alternative hypothesis, The average hoight is greater than 166 ¢m.

Quo 6.13. I The scores of 10 candidates obtained in tosts before and
after attending some ¢onching classes are given below :

Before |bd 76 92 65 W | B | 66| 82| 80| 78
After 60 80 86 72 80 | 72 66 | 88 | 82 | 73

Is the coaching for the test effectivo ? Test at 5% level of significance.
[ AKTU 2022-23 (Sem-3), Marks 10 |

Answer l

The data relates to the marks obtained by the same set of students. Henee,
we can regard that the marks are correlated.

If x,, y; denote the marks obtained in the two tests, we obtain the values of
d'. =x;—y,88 -6, -4, 6,-7,-5, 6, 0, -6, -2, 5.

We find Fetgge B A
n. 10
st= Lygr_go- L (063)-169=2461.
d n 3 10

We define e
Null hypothesis, Hy: d =0 (the students have not benefited from

coaching).

Alternate hypothesis, H; : 4 < 0 (the students have benefited from
coaching). ‘ ‘
We shall use the one tailed test. Now, ¢ (0.05) for one tailed test = (0.1) ;m
two tailed test, with the degrees of freedom =n —1=9. The value of ¢ for
P=0.05and v =9is 1.833.

_ (RN L8 __ g
b i1 49608/3
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0.786 < 1.833. Hence, we accept the null hypothesis that the

Wefind | £ ] =
students have not

m Two random samples of sizes 9 and 7 gave the sum (¢
square of deviations from their respective means as 175 and gg
be regarded as drawn from normg]

respectively. Can they :
populations with the same variance ?

Answer ]

We have
n, =9, Tz, - fF= rllsf =175,

benefited from coaching.

-~

2
o ms 175 _ o) g7,
n -1 8
ny =1, L(y, - ¥)° = nys; =96,
-

2

et 95 _ y5/sas.
n,-1 6
Now, 67> 62, Hence, we take v =n, —1=8, and v, = ny ~ 1 = 6. We define
Null hypothesis, H, : 6} = &;.

Alternate hypothesis, H, : &f # &g.

At 5 % level of significance, we have, F,, ;. (8, 6) =4.15
Now, the F-statisticis given by
2
6y 218756 _y 4812415

1

62 15.8333
Therefore, we accept the null hypothesis H,,. The two random samples might
have come from two normal populations with the same variance.

Que 5.16. ' The values in two random samples ‘are given below :
[Sample.l:llsll 2516 [ 20 |22 |24 [21 ]1’# [19]2s ] | |
[Sample2:[35 [ 31]25 | 38 | 2629 |32 [34 33 |27 |29 31
Can we conclude that the two samples are drawn from the same
population ? Test at 5% level of significance.

[AKTU 2022-23 (Sem-3), Marks 10 |
Answer ]

We have,

n; =10
7= 15+2516+20+22+24 +21+17 +19+23

10

10

s,=13.84
&t = ngs 12
r_l,—l 11

We define
Null hypothesis, Hy! ¢, = &,

Now; the F-statistic is given by -
s i Agl-\'.:'.

between the two sample.

population.

2 -3&4)
5_ZU(CCSen:t isti
. Statistica) Techniques—I11
202
=202

a_ 1w gy
Si=35(Zx)-# =[fa(4136)}-(20.2)*
= 418.6 - 408.04

SE = 10.56
s msp 10
9 n—-119 (10.56)% = 123.90
n, = 12
o 35+31+25+38+26+29+32+34+33+27+29+31
12
370
— = 30.83

2p_ 1 2.1
Y= fz_[zx'?) -zt L B 11572 - (30.83)°
= 964.33-950.49

x(13.84)2 = 208.96

Alternate hypothesis, H, = 6': # t}: K
At 5% level of significance, we have F; -

Que 5.16. | A survey of 240 families with 4 children shows the

following distribution :
Number of boys 4
Number of families | 10

a2 i 7
Now, G, > gf,weft.akg_ul_= ny—1=9andv,=n,-1=11

(9,11)=2.90

2 S 1290 o590
o5, 208.96
Thus we accept the null hypothesis. There is no significant difference

We can conclude that the two samples see drawn from the same

p—1
3 | 2 1 0
105 | 58 | 12
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e prsc s SN

Tes thesis that male and female births are equal prop,
Test the hypothes 111624 MeAnd 5 df respectively) ablq,

(Given : 3%, 5= 9.49 and 1

Answer ]
H, ¢ Male and female are equally probable.

Null hypothesis,
]ﬁumbcrof!wy& 4 ' 3 I 2 ’ 1 0
’Numberofgirls 0 I 1 [ 2 I 3 T

8 n

INumbcrof!’umilies‘ 10 f 55 ] 105 [ 5

=)

Alternate hypothesis, H | : Male and female birth are not equally probab),

Culeulation of expected frequencies (g +p)",

BI | =

Probability of female birth = p =

B2 ] =

Probability of male birth=g =
(f{ + p)” e qr: + r:c] pqu-J + nc2p2qu-2 + "c:’p"‘ qq-:[ -

SO iC RO
Ledeieiied)

1 4 6 4 1
= —— — _ — 240 x—
24Ox16+240x16+240x16+240 x16 xlﬁ

= 15 + 60 + 90 + 60 + 16
These are the expected frequencies of female births,

Number of girls = 240[

O - E)?

’o l E IO-E / (0-E)? { L——E—’—1
10 15 ~5 25 1.67
56 60 -5 25 0.41
105 90 15 | 225 2.5
58 60 -2 "4 0.087
12 15 -3 9 0.6

| | [ mota | 27|

I

Given, ¥%, s =9.49and 11.1for4d.f. and 5 d.f.
Since the calculated value of 3% (5.247) < y? value at 4 d.f. and

5 df
Hence, the null +hypothesis is accepted i.c., the male and female birth is

equally probable.

5-14 U (CC-Sem'S & 4)
Statisticy Techniques-11f

o 5.17. | From th‘c following table regarding (,
b e and son, test if the color of son's aye iy "m: :ml“r i
sociated with tha of

father-
———

Eyo color of gon
Eyo Li
— | ght Not Light,
color Light ——_ § ght
offather —— | [ 1, |5
Not Light us | o3

Given Yo (1)=3.841.

nswer |

Given table can be written as :

[AKTU2020-21 Som-5), Maris 10

Eye color of son
A Light Not Light Total
color Light 471 51 2
of father - : 25
Not Light 148 230 378
Total 619 281 | 900

Let us suppose the null hypothesis is that there is no association
between color of son’s eye and father’s eye.
The expected frequencies are,

E@41) = 8192522 _ 40909
900

281 %522 ..
51) = 22—~ 222 162,98
E(51) 500
619 x 378
7(148) = 222 %21% _ 95998
E(148) 900
281 x 378
_ 281%970 418092
E(230) 500
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111.98 [12539.5204 34.927
51 162.98

11198 | 12639.5204 |
| 148 | 25998 ]—111.98’12539.5204 [

1230 { 113.02{ 111.98 r 12539.5204

106.249

|

f, -1}
| =%

2 (f:. - }:)2 =
w= Rl a66348.

€

Table value of x2 at 5 % level of significance for 5 degree of freedon,
is 8.841. Since the calculated value is greater than table valug
therefore null hypothesis is rejected. Thus, there is an associatigp
between color of son’s eye and color of father’s eye.

Que 5.18. I In an experiment on imx_m;mization of cattle from
tuberculosis the following results were obtained :

L ' ! Affected I Unaffect.ﬂ}__
Llnoculated _ ‘ T —
’ Not inoculated l 13 ] P

Examine the effect of vaccine in controllipg':{tlie- ii:l_k;_itlence of the
disease. [Given 120.05, ,=3.84] LY

Answer ’

Eﬂected [Unaffected | Total |
Inoculated [ 12 ] 28 f
| !

Not inoculated I 13

[AKTU 2021.22 (Séﬁm.sl,-_mﬂkgﬂ

Total [ 2% ] = I 60

Let us suppose the null hypothesis is that there is no effect of vaccine in
controlling the incidence of the diseases,

25 % 40
E(12)=tmndy
60 16.67

E(13) = =8.33

25 x 20
60

3&4)

516U (CC-Sem-3 & 4)
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35x 40

28) = S22 40

TTan— s1187
f, e 60
0 e 01, (fo..fe)z s
667 | 467 |  dalli
12 | 16 4
2181 | 131
28 | 2333 | 407

3 8.33
L L Ll [,

5 2,62

1167 | -
7 6 4.67 21.81 \ 187

e
X = Z(—’F‘Q—f@* =6.73

' gnificance for § degree of freedom is 3.84,

Since the calculiated value is greater than table value therefore null
hypothesis is rejected. Thus, there is significant effect of vaccine in
controlling the incidence of diseases,

Que 5’1 9, | In two independent sample of size 8 and 10, the sum of

square of deviations of the sample values from the respective means
were 84.4 and 102.6. Test whether the difference of variances of
populations is segment or not. Use a 5% level of significance.

[Foos 7. 9) = 3-291 | AKTU 2021-22 (Sem-3), Marks 10]

e prpssg L

::-We_have " ny =8 (x,-%), =ns’ = 84.4

Table value 2 at 5% level of si

ns 844
ke o . 12,057

G
A= o
ny =10, Z(y, =5’ n,s} =102.6

oy TSy 1026

UE= Hg'—l 9 —11.4

Now, &} > 62. Hence, we take v, =n,-1=7, andv,=ny,-1=9.
We define
Null hypothesis, H: 6; = 6;.

Y A2 Al
Alternate hypothesis, H, : 0,# 0;.
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q
At 5 % level of significance, we have, F, .- (7,9) = 3,29 )

Now, the F-statistic is given by
Gl 0567
Fe ?—‘l _12.05
c, 114
Therefore, we accept the null hypothesis. There jg Do sigp;
difference between the population variance. lfic&m

Que 5.20. | The demand for a particular spare part in g facto

found to vary from day-to-day. In a sample study
information was obtained

=1.057 <3.29

ag
the following

Days Mon | Tue | Wed | Thurs m
No. of parts demanded | 1124 | 1125 | 1110 | 1120

Use y2-test to test the hypothesis that the number of
does not depend on the day of the week.
[The value of x?, ., = 11.07 for 5 d. f1.

| AKTU 2021-22 (Sem-4), Marks 10
Answer ]

Null hypothesis H;; = Number of parts demanded does not depend on ]|
days of week, -

Alternative Hypothesis H1 =Number of parts demanded depends anthe

parts d'"-‘m&nde 1

day of the week.,
Test statistics

e (O-E)
=2 E ,
Q = Observed frequency "
; I = Expected frequeney
Total number of parts demanded = 6720

Under the null hypothesis, E@' = ﬂgg = 1120

O | E |0-E|" (0-E) | (0-EYE
1124 | 1120 4 16 0.014
1125 | 1120 5 25 0.022
1110 | 1120 |10 100 0.089
1120 | 1120 0 0 0
_il@_ 1120 6 a6 0.032
| 11367 1120 | —5 25 0.022
Total = 0,179

518U (CC-Sem-3& 4)
Statisticai Techniquet%ﬂl

Given X%005= 11.07
Since’ the CalCulﬂte va]ue of xz

(0.179) < 42
Hence, null hypothesis is acce )<x

ptedie, the

does not depend on the day of the weel fumber of Parts demandeq

Que 5.21. [ In an experiment op Pea bre

frequency of seeds were obtained :

heory predicts the frequencies shoulq bein the pre -
g': | Examinethe correspondence iy 1 the proportions 9; 3,

S theory and i
Test at b % level of significance. [The tabulated vﬁl?: of‘;’gl’er:r;ear;tﬁ.
" L0.05= 7+

AKTU 2022-23 (Sem-4), Marks 10

for 3 degree of freedom.]

/Answer
Observed value (f,) Expected values )
315 Red and Yellow [_9_) x 566 =312.75
- 16 i
101 Wrinkled and yellow -1% x 566 =104.25 -
; 3
108 Round and green T % 566 = 104.25
b i
32 Wrinkled and green TV 566 =34.75
566 Total seeds 566 Total seeds

fo | % fo-fo | G-£0" | Fo-f1,
316 | 81275 | 2.26 | 50625 | 0.0162
101 | 104.25 | =3.25 | 10.5625 | 0.1013
108 | 10425 | -3.25 | 14.0625 | 0.1349
32 | .3475 |-2.75 | 75625 | 02176

)
ZEL}_Qi =0.47
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v f"r' =047

-
=

Tsble vilue x° at 5% level of significance for 3 degree of freedop, is

1.815. e I
Since the calculated value of 2047 < 7.815
Herce the null hypothesisis accepted.

PART-4

Sratistical Quality Control (SQC), Control Charts,
Control Charts for Variables (X R Charts).

Que 5.22. l If number of samples = 20, size OIT each izifgnzqﬂe =5,

R-2325.5=99.6, &= 7.0. Find the values of control limjt s
drawing a mean chart. [n =5, mean range ='3a3z2-(p0pulation 8.0,

Here, we have

n=35 i o —-
vCL ; = X- =3 [lr] ~996+ [3 xa.UIf ,_.
v e \{5
9.0516 . L. ~
= 996+ '?:'2'—3'—'6I = 99.6 - 4.0479 =103.6479
LCL = X-8 [%] = 99,6 4.0479 = 95,5521
= %

CL = 99.6
X - Chart :

Mean

4 UCL = 106.6479

\ CL =996

LCL = 99.5521

= Sample
Fig. s.22.1,

. 20U (CC-Sem-3 & 4)
b

553’3'_' C',mm?l 07 Mmeasurements of pitp,
. oraft fittings is checked with 5 ¢

;‘: equal jntervals of time.

Statistica] Techniques 117

diameter of thread

t X and R charts and state ;
onstant X 2 2P nlerence from th chart
Sample No. 1 2 3 4 5
- ——— s e
a 46 41 40 49 3
=]
% 45 41 40 43 u
5 % 44 44 42 43 47
w
g 43 42771 40 2 | 4
L_j 42 0 | 4 a5 .
ere, we have
S 4 - 4 5
& 46 s 40 42 43
g 45 |41 7 40 43 44
B = 44, 4| e 43 - 47
@ B e
é 43" | 42 40 42 47
T2 | 40 42 45 45

Total | Tv=220 | =x=208

Ex=204 | Tx=215 | £x=22

220 _ gy |208

x- I 416|204 ol B _4s | 226 s
<l 5 416\ Sr=is B =us | 2
“R_ | 46-42 | 44-40 [-42°40 | 45-42 | @7-48
{ =4 ‘f4 =2 =3 =4
2 £X 44+41.6+408+43.0+452
==

5 é
From the table of control chart, for sample size of5 items, A, =0.577,

Limits for X -Chart :

UCLg = X+ AR =4292+0577x84= 4438

LOL, =X $4R =42.92-05677x3.4=4056
X, = 408 <LCL=40.96
X = 45.2>UCL= 4488
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imits. Hence, the L
rol limi Process ig -

o not lie between cont

All sample points d
of control.
X -Chart :
) 45.2 ®Out of contro]
AN i T T
. el UCL =44 98
44
: CL =429
g 43
(]
B
E 42
+LCL =_--40__Tq-6-
N TP W 4
Out of control, |
T : '.. ¥ - i X
‘ 1 2 gl 4NV b
Sﬂmple_.ﬂumbe_r-
Fig.5:23.1.

From the control chart table, Dy = 0,0, = 2115
R-Chart : g, 3

T

Sample range
- o T W L

0 1 5 3 p z
Sample Number
Fig. 5.23.2.
Limits for R-Chart : s pered et
UCLR = D‘ I_z

=2115x3.4="7.191
LCLR= D’i‘é =0
CLp= R =84

gy U (CC-Som-3 &)

b Statigtj
lical Techn;
g . ques—]
Al cample points lie between control limig, Hence, th, —
» NG vyr

contrul. But process is out of control dye to X - chg t iability is under
- chart,

e ShQWB that the Vﬂluo 0‘ sam le mean

_ and the range R for 10 samples of size

chart and also comment on the st te
e sven Ay 0.65, Ds -0 Dd . 2-11;.5) of control of the process,

each. Draw
mean
/ange and

——
e

?,;1;:1234537 -
Kt 3910’

X |45 |46 | 48 |62 53| 37|51 | 46| 47 | g8

R |95 | 87| 4| 5lh]e.ls |4

LAKTU 2022-23 (Sem-4), Marks 10 |

=

Mean of means ¥ =
n

Py
Yy
le of control chart for sampler-é.ijéé\of 5 ] '

0,D,=3.115 .
' f % — chart

#AR,LCL= XL AR

Whan 655068 = 4+5+6«I—'?{T:11435+7+6+6+4 =54

ULC = 46.3 + 0.58 x 5.4 = 49.432
LCL = 463 — 0.58 x 5.4 = 43.168
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X - Chart :
4
551
531
514
49 +
474
45T
43+
41+
391
37T

0

Sample mean X

Hence we have the means of the samp e_number 4, 5, 7 which are
greater than upper control limit ( UCLJ and sample number 6, 10 are
less than lower control lu:mt Fwe of ten sa.mples points falls outmde
the control limits.

Hence, the process is very much out af control.
R-Chart :

From the table of control chart D, =0, D, = 2/115, R
From the control chart table for sample size of 5 '
Control units for R-Chart :

UCL= D,R = 2115x54 114

LCL= DR = 0
CL= R=54
!
o gl Ny UCL = 114
Zl(}" -
o e A "8 s
é 61 CL=54
c%; T8 x. * Y
RN EE

Samp[e number

h 4

Cc_sGm-3 & 4)

( - Statjgy;
340 ieal Techp
s es of R lie between the contro) ques-I[]

lue limit,
All ; the variability is under contro]. Stni tshil Adand .
Henc®r Process ig
due t0 % -chart outof contrg)

|

Control Charts for Variables (5, np ang C-Charts)

=5 25‘ 15 sample with size 200 each taken at an in
Qu

sol ¢rom a manufacturing process th
ﬂ“tl o Was 0 068. Calculate the values of ¢e
defec by ntrﬂl line.
JoW

terval of 45

€ average fractig
n
sl alline, upper anq

M,wer

ha e
ij;:;::frantlon defective = 0.068

gentral line CL.= D =0.068

We know that i
B==P) 006843 0068 (1-0068)
200

053 =0.121

. P ooss 0.058-0.15
Que 5.26. ] Construct a p -chart for the t‘ollomng data :

Number of samples 1| 28 4-' 5167181910
(each of 100 items) A . :
Number oﬁ-defectives 12 ] 10 l 6(8(9]9|7]10/1 |8
Answer .
Number | Number of units | Numberof | Fractiondefective
of Sample | in a sample (n) | defectivesd p=din
1 100 12 Oig
2 100 10 0.
3 100 6 0.06
4 100 8 0.08
6 100 9 3‘3“-’,
- 7 100 7 2
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ws | LN | A=W

fovecr g Srmd it Gl Aire =

Tupoa) 0, A deir A in 30 sninphes onpy 1o
Tesm) n0,of Wer6% 50 o) s pley
i }Jx _ r?(J
W0
Erandard Jimits ;

=04

/)= p
Cgpprzr Craiveal Ligoit, UCH = 5 + % Jf -;—-J—
"

[0, 711 U 097
0,004+ 7
(T
0.9 + % 10,0081 %
0003 + % # 0024 = 0.9 + 0,085% = 0,1758

n

0,26
0,14 \
r!’w- """"" T 0 it i e ot o .l st
0.14
0124 10 £, 4
n,m:

-

Defecctive

! 0,10 ©0.11

0.10® 009 0.09 @

o - GG — CL =0.09
] 0.08

0,06 -

008
. :
0.06 @
0,044 0.07

I el s, TSN LCL = 0.0042
VEAL N E
Bample Numbor

Fig. 5.26.1

——— e - ——

pv A il ’
St A )
V Mg, 78 0‘2,':,-14.6,’0 ,':
) it 3L, = %, ;’/J »
f }fﬂn”/} Sty Pe L
e :
= 51 {J{//fﬁ-‘)“/?’/
sl st $i82 KEAIIAS) hogitig ) Vi,

”ﬂ%,gb‘ ynElaNhy 15 vader ’Mf'mﬁ

G 21, The tolloviing eet of da1y 4., A ¢

poduetion days on the number

% 15 ‘JJIJMJ,I)‘L; Ye
o JduAion from a sample of UK

o dvfs,%g.f% Ling

”ﬁi!& Ijra nd in ddlly
whﬂh"f the production prooess was in eont::! * prihart and o
P o 1T T (NP aTo
production | I’ W7 3 1 in =
day__ || —\i i j j“qu |§141
(Jwsaber of ll 0‘; 10‘12ln] 2] n &?’—" e o
' |

M12
| ‘acfectives 4128415 4 {144

!

oy B
mbper af Number of units I\umhr- ;f _______ EE T
@L@ g in a sample (n) Ji Pl’actu:n '

defectivesd | Mecuwp =d/n|

1
1 20 10 0.05 i
2 200 5 0.025 \
3 200 10 0.5
4 200 12 0.06
5 200 11 0.055
6 200 9 0.045
7 200 22 0.011
8 200 4 0.02
9 200 12 0.06
10 200 24 0.012
11 200 21 0.105
12 200 15 0.075
13 200 8 0.04
14 200 14 0.07
15 200 4 0.02

“ Total 3000 \ 181
Average fractmn defective

— =d
Py

Total nu. of defective in all samples combined
i Total number of items in all samples

181 0608
0 00

i
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Mathematics —IV 3 & g

i, Standard limits

UCL{,J p+3J’_n"

0.0603 (1-0.0603)
0.0603 (1 —0.0603)
0.0603 + 3 =

— 0.0603 + 0.0505 = 0.1108
LCL, = 0.0603 — 0.0505 = 0.0098

0.12
0.10
0.08
0.06

0.04
0.02

1 1 i 1 1 1
6 7.8 9 10 11 12 13 14 15 %
One sample point is above the UCL\_l?r}'é;.--so the production procéss'
corrected to make it unde_:'r:cér:l?ppl';-& .
Que 5.28. | A drilling machme bores holes with a me an ¢
0.5230 cm and a standard deviation of 0.0032 ‘cm. Calculate the
2-sigma and 3-sigma upper and lower contro
sample of 4. _ g £

Answer l

Mean diameter % =0.5230 cm | P
S.D.o=0.0082 0m, n=
i. 2-sigma limits are as follows "~ i

CL= ¥=05230cm

= o 0.0032
UCL= x+2—==0.5230+ 2 x = (.5262
T V2 e

LOL =5 - 2705230 - 2 0002
n

T =0.5198 cm.

ii.  3-sigmalimits areas follows :
CL= X =0.5230 ¢cm

UCL= %437 < 05230 + 3. 20022

=(.6278 ¢cm
i o

528 U (CC-Sem-3 & 4)

Stati&tical Technjques-lll
LCL=%-3.2 _

= 0.5230 _ 9y 0.0032

“Ji =05182¢m,
que 5_29. In a blade manufacturing fa

: ily. Draw th
mined daily e np
:::lﬂine whether the process

.-chart for ¢
18 under co

ntrol ?

Dﬂt e n‘umb er 112 3 4
ofdefective

Hére, n= 1000
Znp = total numher of q
In = total number ing

p=ZnP_ 166"

efectives = 166
pected = ]_Q[)u %15

Zn1000%15 =0.011
Control limits are CL= np<1q "0

UO'"P B "‘ﬁ 3 \”‘?."‘1 -P) =11+3.110-0.01D)

=20894
LCL,, ?f"ln'ﬁ =8np (1-P) =11-3 [T1a<0.011)
L E 1106
np-Chart : e
P—
Y
25 |
____ il UCL = 20894
i '

b
>

=]

No. of defective blades
)
(
[ |
=
1}

LOL = 1106
______________________ = X
1 3 b 7 9 11 13 16

Sample number
Fig. 5.29.1,

Sinco all the points lio within the control limits, the

<

process is under control.
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6-29 U (CC.

Que 6.30. | An inspection of 10 samples of size 400 each froy, 10 Nite

revealed the following number of defective units 17,15, 14, 2g, 9,4, 19

12,9, 15. § P
Calc’ulate control limits for the number of defective units gy,

whether the process is under control or not.
Answer l

Here, we have

Total number of items in 10 samples = N = 10 x 400 = 40@0_
Total number of defectives in 10 samples = Zd "
=17+15+14 + 26 + 9+ 4419 1249 415

d “tﬂtq

= 140
Average fraction defective= p= %ﬂf
140 L
np = 400 x.0,035 = 14
CL=np =14 "/

UCL=np+3ynp(1-p)=14+3 /14 (1‘1'0.'{'1'35_)
'=14+3,/14x 0965 = 14+3 V1361 .
=14+ 3 x 3.676 = 14 + 111028 = 25028,

LCL=np-3Jnpd-p . Y

=14-11.0288 = 2.972/

]

226_ _"_'.__ - 7__' ...... UCL = 25.028

Defectives
(o]
Vs

ol7 " el9

5 5 15
15——ald o S

104 ©9 @12 -

__________ o4
N R Tt L S LCL =2972

001258 4 5 6 7 g 9 10 —X
Sample number
Fig. 530.1.,

590

en

i the

amber of defective units 26 i

; er control limits of 25, 1y

- contfﬂl limit, 80, the procegs
P

(CC-Sem-3 & 4)

the Ath Ba
mple
ence, the g Ple iy Breater 4

han th
i Ple poin £ value
1810t under ¢y, o] t fallg outside g

Que 5.31, | Distinguish between the np-chart
data of defective of 10 gam,

andp'ch‘"‘t-Fnllow;

; ples of gi,q 10 ng
xam ]
; . chart and examine whether the proggy, 513 Bta:;i?(; (l:'m“truct
— al contrg] 7
Sample No- 1 2 3 4 5 |67 T
10
Noof | G %1 IAES | e T
defectives 6|13 | 7

pifference:

AKTU 2020.21 (Sem-3), Marks 10

S:No:|.

|, p-chart ﬁm\
. "_‘_‘—'——-—______‘__‘__

1. p-charts show the proportion np-charts sh

of nonconforming units on show the whole

the y-axis.

number of nonconforming units
| on the y-axis.

9, When the subg'_mﬁp sizes are
different the center line on
the p-chartis straight.

&> |

“_Then the subgroup sizes are
different the center Iine on the
np-chart varies.

mit | Number of |Fraction defective
defectives(d) p=dn
N 006
2 100 9 0.09
3 100 &’ 12 0.12
4 100 5 05
5 100 12 012 |
6 100 8 0.08
7 100 8 0.08
8 100 16 0.16
9 100 13 013 J
10 00 | 7 007 |
tlotal 1000 9 ,‘J
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Mathematies - 1V u(cc Sem.g & 4

- —_-_-__—__—'_,_-_—___—________\—\
n =100
sl = tolal number of defectives = 96

¥ = totn] number of items of all combinad
= 100 % 10 = 1000

52l 98 0,006
yno 1000

Control limita ave, CL = np = 100 x 0.096 = 9.6
UCL= np+ 3% Jnpg = 9.6 3 x J100 % 0,096 x (1 :5";)},0)

= 0608 % JB.6TH - 9.6 +3 % 2.046

= 0,6 8.838 = 18,438
LCL = 9.6~ B.838 = 0,762

A
90 - UCL = 18.438
B e L b @ m e
@ 16 - 18
E %:l’- 12 12 ®
' N A BB D M i CL=9:8
a U: 6 @ g} (O] E?
4 = 4 LCL =
R SRR s TP PR
12 8 4 65 6 7 8 9 10
Sample number P oy
Fig. 5.31.1, W

Since all the. sample points are inside the control lm:uté the proceaseﬂ i
in a state of statistical control. ;

100 each.

Sampleno.| 1 | 2 |3 |4 | 7 10
No. of 15|11 {9 ["6° 1
defectives

Construct p-chart and state whether the process is in statistical
control. [ AKTU 2021-22 (Sem-4), Marks 10

U (GC.Sem-S & 4)

rrsg Statistical Techniqu
//] -

pos¥e”

m Number of un; N
sample | in asamplo () | gooo® ¥ oy m
¢
ey,
3 100 Ny — ]
D ~ S
4 100 Dl
W G i e e
z 5 |
6 000 |, T— |
e =
1 00 | g T——
— ' 0.03
8 100 >
- . 8. W7 00
00 & [/% s ————
- N o o
10 100.- M, 9 =
T Y 7 —

1 Average fraction defectwe

0161
L0144

0.04 "00,04

0027 o0 o4
0.0 4— 4 ! ey TN | S
1 2 3 4 5 6_1778,79 i
R e el bl oty S LCLy =~
Fig. 5.32.1.
2. Standard limits
/ p1-p)
UCLP= p+3 ﬂ.
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Mathematics — IV 533U (CC-Sem-g & 4 Mathe 8Quy (C
/—_ C-Sem.g & 4}
0.063 x 0.937
=0.063 +3 100

= 0.063 + 0.073 Partial D¢

- 0.136 lfferenti al
LCL =0.063-0.073 .
-0.01 _ NIT uatj
One sample point is abO"e the UCL line so the process isnot in Statisticy) - (2 Marks 1 a‘Flons
control. — uestlonS)
,_-__ __-‘___h
@@@ 1. Find the particular inte .

(R, “ differential equation gral of the f(ﬂ.lowln! partial

(D? + DD’ -6D'%)z = cos (2 + )

Pl=— 1 A& i
4D D%DD* GD,Rms (21"'3')

Replace D? by — 22, DD’ by — 2.1 4nd .p/% by 2
It will be a case offallurg Thus i

_ " x(2D-D)
PI xzD D_cos(2x+y) T e (2x+y)
= x~—~———(2D- ¢ b o
£ .. 4( 22) o) ( D)coa(2x+y] (J &

: —16 1 {2Dcos (22+y) ~D' cog’ {2x+yj}

p —_[ -2.2 sin {2x+ ) +sin (2:._+ s

i{4£|111{2:vc+.y) sm(2x+y)i— am[2x+yl
1.2. Solve: (D - 5D'+4)3z 0. r
Aug: (D-5D'+4)Pz=
cﬁ—ewrf1@+5x;+xfzay+sa>+x2fso+sa)l
PI=0
Thus z=CF+PI 8
2 = e [f,(y 4 Bxdb s fiy + 6 + 5 fy O + 520

13. Solve:(D?-2D")z=0, ”
- *% bethe
AWS There is no linear factor. Let us assume that 2= LAe

solution corresponding to
(D*-2D")2=0
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m-3 &4) iy QUEstin

SQ-2U (CC-Semn- ng

hx:
(D2—2D')2= Ahzzehx+ky_2AkZe +ky =0

_ ZAe"“”’”(hz ~2k)=0

AR 0

h2-2k=10
or k= b2
: hx(h2)
Hence, the general solution is, z = Z A 2)y

14. Solve: (D*D?+D*D*)z=0. N
204D + D')z=0 :
A Pujgtggifi +m and D =1, we get a.uxﬂla.ry equatmn as
m¥m + 1) = :
m= 0 0,—
Thus, CF = ¢,(y + Ox) + x¢2(y + &x) +: ¢3{y —x)
PI=0
z=¢,+ Clx) +x¢2(y + 0x) + ¢,y —x)
z= ¢1(?] +x¢2(}'} + ‘1’3(}’ —x)

1
-D'-1)(D+D' - ) _
Leh—y___ 1 2x_.jy_..,

2-1) 8 O
'.fz(ym e

2I-y

z= e"fl[y+x)+e

16, Eormu]ate the PDE by eh

from ¢(x2+y2,y2+ z

Ang Given, p(x? +y2 32 +22) =0 .(16.)

Let, ulx, y, z) =x2 +_y2 T ..(16.2)

vix, y,z) = y24 22 ..(163)
Differentiating eq. (1.6.1) partially w.r.t. to x, we get

5‘?[@ aﬂﬁzJ 6¢[6u 3uazJ

-the arbitrary function

Oxr &z ox & 0z ox
¢[2x+0xp]+¢m+2zp]=0 I: _@.:p}
g(le+¢(2zp) 0 ”
v ?Iydzﬁ‘erentlatmg eq. (1.6.1) partially w.r.t. to y, we get
"u au Ez] a¢ v A o
Wl 2 o bﬁélﬂ =0

ematics — IV
Math 5Q3y (CC-Sem-3 & 4)

0,2y +0xql + 6,2y + 22q] = ¢ [ .
o
Eliminating ¢, and ¢, (i.e., the coefficient mas o oy ]
o 22p ) Nt matrix should pe singular),
2y 2y +2zq -

x(y +2q)—yzp=0
xy +x2q-yzp=10
xy +z(xg—yp)=0

1.7. Solvep-g=1.

ang The complete solution is z = ax + by+e where a-b=1
Ans: Hence z = ax + (a — 1) y + ¢ is the desired sulutaon

1.8. Solvez=px +qy+ /(1+ p* _,.qz).

| ARTU 2020-21 (Sem-3), Marks 02|
Ans Given equation is of the furm z=px + gy + fip, q) where

2. @= 1+p"+¢ =5 U
Itscompleteso]uhonmz ax+by+,||'1+a +bB .

1.9. Find the parhcular mtegral of
29°z 36"’:_‘_6”2 az oz
%2 aa:éy @ +ay =X-y
;ﬁﬁ:_-_Wehave[2D2+3.DD*+(D’)2+D+D]z = y
: Wewnte[21)2+3DD +(D2+D+D1= D{1+D LJD'-1-3JEJ +2D +
DYDY i
. The particular integral is gweuby pid
S z._D'L1[1+{D D"+ 3D'+2D'+ D~ J{DFn Ye-y)
=D 1-(D-'D'+3D'%2D+ D~ YD)} + .. J(x—y)
=D x—y-{Dz 1(~1)+3(—1)«!-2(1)H
=D x-y+x+1]= x2+(1 ¥

1.10. What is the auxiliary equatxon of Charpit Method ?
[AKTU 202021 (Sem-3), Marks 02 |
AnS Ausiliary equation of Charpit Method s
dp _dq_ dz_ da: dy

- 3qp q 2pq

: . 2 ’
L11. Solve the following partial differential equation (D +DD")

z=0.
AKTU 2021-22 (Sem-3), Marks 02
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$Q-4 U (CC-Sem-3 & 4) 2 Marks Questigy,
AnE (D*+DD) 2=
D(D+D)z=

Corresponding to the factorD part of C.F=/£,(y)
Corresponding to the factor (D + D) part of C.F = f,(y — y)

Hence complete solution is
=CF+PI

CF [O)+ b - x)
Pr=0
=)+ =)

1.12. Derive a partial differential equation by ahmmatm
constants a and b from z = ax+a5y”+b g the

[AKTU 2021-22 (Sem-S) Mm-ks 02]

Axis; Differentiating z partially w.r.tx and ¥y

-(1.13.2)

Ans: Pi= —al &
D-3D'+2

1
2 gy

Z+2y _

N
1-3x2+2

1.15. Obtain a partial diff
erent
family of surfaces z = (v - a;gi‘g}u?;aon that governs the

[AETU 2022.23 (Sem-4), Marks 02|

homatics

v
. SQ-5u (g
ane The given equation, C-Sem-3 4

2=t~ ap 5y~ gy
Now, differentiate partiallyw.r.t v, we ooy A115.1)

=2(x~q)

p=2x-a)
Again differential equation (1.15,1) wrty -{(L15.2)

P =2y - )

q=2y-p)
Equation (1.15.1) becomes g (L153)

3 3
z=2 9

4
This isrequired P.D.E.

1.16. Find the complete inte
equation

(1.16.2)
..(1.16.3)

Differentiate eq. (1.16. 3} Ww. r ta
7= 2 4+ be B (1.16.4)

Differentiate eq. (1.16.3) w.r.t b
£(1.16.5)

z=ax+2by+ay

From eq. {1 16.4) and eq. (1.16.5)

20x + bx + by + 1=ax + 2by +ay
ax +bx=by +ay-1
a.x—ay:by—b:c—l

alx—y)=by—bx-1
(x-yb yb 1
a=-— -
(x= y} x>
1 a___!__-
a—-b—;-_‘:; = y-x
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2M :
SQ-6U (CC-Sem-3 & 4) _% M $Q-7y (CC8on.g "
| /-’/— & 4)
Put value of a in equﬂ“"n W 16 W 1) 1 — | Applicatl
Z_L ~be+2by+L gl 1 D nofpart al
s - lfferentl al
e o T T 9+1-bo-n, | dF Quationg
2y —x) =bly—x) (=% + 2y —y) | an Oul‘le
B = by-D =2 | LUNIT (2 Marks ansformy,
z | r .
b= { W u
(y- x) || eStlonS)
Put the value of @ and b in equation (1.16.2) ? <
=By — ify the followi ial di ;
z= { 1 b] — v+ _1__2,(_3_’___311 . 2.1, Classify the 21:: ov:mg partial differentia) equation
y—x y—x 2‘+1*~b(y-..x | au+L -0
PDE ox* - oy
117. Find partial differential equation (PDE) by eliminating , 2, w2
and b from z = ax + by + a® + b2 P _6‘_!1_!__5‘_“_:0
[AKTU 2022-23 (Sem-8), Mavks 53 e a? oy
— . _ On comparing above Equatmn w:t‘n standard form,
Ang z=ax+by+a’+bd o .
Dlﬁ‘erentmtmg partially with respect to x, y we get A ol u B——u C—+f[x u ou du au] -0
dz : oxdy oy - &' o
e UER , A=1,B=0,C=1 "~
/ | Now B2 -4AC=0-4x1x1=-4<0
By— =q=b ' _ So, it will represent elliptic equation.
Then the pzlnzr'tia!) differential equation is / e L 99. Classify the equﬁf_ie;n g+ 3 +u =0,
px+qy+p+gi=z _ 7 OR ¥ A
; i Classify the partial differential equationu_ +3u_+u =0
- 2 G N
L18. Solve the PDE, % - %5 =0. [ AKTU 2021-22 (Sem-3), Marks 02
[AKTU 2022723  Gomea), Marks 07 . fft ’ B =" Botlg=
At &z oz _o - B!-4AC=9-4()(D=5>0 -
o' ot & Hence, the given partial differential equation is hyperbelic.
. . - 2 '2 s .. -
The given equation is D*~ D" = 2.3. Solve 7™ = 3% ysing method of separation of variables.
d K3 ox ot
Wh D=4 X ;
£he o s dy ANE; Let u = X7, where X is a functionofx and T'is a function of £ only.
Auxiliary equation m?— 1= 0 ou _ g X gw_y 0T
(m+1Gr-1)=0=m=1,-1 ™ wa o
CF.=f-2) +fly+x) X 3T
PI=0 _ iy g N
Hence, the complete solution is . ox a&
z2=CF+Pl=fi(y-x)+foly +x) 1aX 30T _,aer
Where f, and f, are arbitrary fulﬂctmns * X Tao
ox
©O© X =ha
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SQ-8U (CC-Sem-3 & 4) 2 Marks Questions

equation we have
Cci=1
So, the solution of t :

and at

70=2 C; + (:*2:;(;7‘}}:10
Hence u=30x+10uy7"

2.6. Write two dimensional heat equation.
OR
Write down the two dimensional heat equation.

[AKTU 2025:28 (Setn-d), Marks 02]

I . = 2
AnE Two dimensional heat equation is ?2—“+ L 8 0
o’ oy

2.7. Write down transmission line equations.
R

F:

29,

Ang

D |

Telegraph equations

v
@ =R
a4 8 s (271
Sl re 8
&‘:2 = C Et- - :._‘. DN
Both eq. (2.7.1) and eq. (2.7.2) are knOWn as 13] wA279)
Radio equations: egrgph equations
o (213
az
ox? (2.74)

Write down the case (0_ ql-lahon) for snbma.rme cable .
Transmission, lm "q_ i e
: @

W 62 .: 3
— ='LC——+(LG+RC]—+RGV .(28.11

of Partial
bolic and

Specify with suitable example the cl;}riiiication
Differential Equation (PDE) for elliptic, pard
h?perbolic differential equation.

f "= dudul g (290
Let A B " C—-— ¢y, &

axz ay . tinuous I:gnctions of x and ¥
whats A, B, C are constants or continu dAispusitive.

§ an
possessing continuous partial derivative

Now eq.(2.9.1) is

- Elliptic, if B2— 4AC <0
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SQ-10U (CC-Sem-3 & 4)

2 Marks Questiﬂns

2.10.

2.11.

Ams.

212,

R st 4

Hyperbolic, if B —4AC> 0
Parabolic, if BZ—=44C =0
Example : Consider partial differential equation as follows .

&'u u  du
4= +4 =0
act axot ot
Here A=4B=4,C=1
_4AC= (4)2-4(4)(1)=16-16=0

Hence, the given equation is parabolic.

Classify the following partial differential equatmn
g""g 4l o'u 6 u
o T oot | ot®
2. 2 2
4 ﬁ—!f +4 d. + Q—I:- =0
ox” Egcat ot

4 -0 [AKTU 202021 Sem-

ou 'u
B B

e ok

A=4B=4C=1

B?-4AC=16-4x 4>
Given partial djﬁ'erentlal equatmn is parabolic.

A

Tell the classificatwn of the fol]owmg pam d.lﬂemnhal
equation’ . =
Su g0 _‘3_“ =0
e axat at*

[AKTU 2021-22 (Sem-d), Marks 02

Fu 6 u u
! =0
% ax’ Bhdrv axot o o
On comparing above equai:wn wﬂsh} ideal form,

aZ8en 2o Tter (aeln 2 80
A=5 B=-9, C=4
B2-4AC=81-80=1
-+ B2_4AC>0
So, given partial equation is hyperbolic equation.

Write down the two-dimensional wave equation.

[ AKTU 2021-22 (Sem-4), Marks 02 |

OR
Write the wave equation in two dimensions.

| AKTU 2022-23 (Sem-3), Marks 02

mati®s N

ﬁath SQ.“

; Uie
- a:: =c2 U @"‘u P CSemg g
et af oy

Where Tfm
: he memb
m is mass of t mbrane pey yp:
T Unit areg

2.13. Classify the partial differentiy) equatj
? on

2
95+ (sin®x) t+ g =0, 7= 2
r+ 9=0,r Haxzhazahdt:,‘i{

il r+2s+ (sin’x)t+g=0

&'z Z
—= 2 4 (sin® x) oty

Hence the given partial 'dlﬁerentlal equatum is elliptic.

ode’
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$Q-12U (CC-Sem-3 & 4)

2 Marks Questigy,

Techniques

NIT .
2 (2 Marks Questiong)
—
3.1. What is the meaning of skewness ? '
Afis; The term skewness means lack of symmetry i , when g

3.2.

AnE;

33. .-

m
; 1

distribution is not symmetric then it is called a skewed dlstnbutmn
and this distribution may be pemtwelyskewed or; negal.wely skewed

What do you nnderstand by measu.re of k-urtosns ? Discuss
in brief. : j
Measure of kurtosis

Ifg, =3, thecurv 8.1
If B, > 3, the curve/is peaked or leptokurtxc

If B, < 3, the'curveis flat topped or platykt:rhc ¢

D'lseuss :

‘Types of mn‘eiatlon 3 £ : :1»5":“

Posltive correlation : Ifa decrease. thi Ya]tye of one variable X

results in a corresponding ¢ decrease value of other variable Y on
. an a\rerage, ‘the correlation is said to'be p&siﬁve

“Negative correlation ! n the values of one variable

',‘[fthe decrease
ase orresponding values of Y, the
is.said to be negative.

correlation between X an

3. Linear correlation : When ‘allthe plotted point lies approximately

34.

3.5.

on a straight line, then the correlation is said to be linear correlation.
Perfect correlation : If the deviation of one variable X is
proportional to the deviation in other variable ¥, then the correlation
is said to be perfect correlation.

Define regression lines.

A line of regression is the straight line which gives the best fit in
the least square to the given frequency.

If covariance between x and y variable is 10 and the variance

of x and y are respectively 16 and 9, find the coefficient of
correlation.

Write the normal equationg
square method.

. Normal equations for the given cury
i Ty = aZx? + by . Eare-

ZxZy = aZx? 4 bry?

to
36. ﬁtac“m:ﬂ=ax3+bby least

37. The first two moments of a dlstnbute‘.

of the variable are 1, 16, Show that mean i nhm"t the valye

183, variance g 15,

AET) 202051 Sem, 5,

M 2— E[(x

From eq. (1),
EIx]
Mean
me eq (2},
E [(x

E[gi

& f'

2)2] =16

=16 —2"‘E{x;3 L)

= 16 -2 (Ef=3)-1
=16-2(3-3-1

will be the
38. If the regression coefficient is 0.8 and 0.2. What

value of coefficient of correlation ?

&5 Correlation coefficient,
R= J0.8x0.2

___‘/0’_1’5=0.40
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SQ-14U (CC-Sem-3 & 4) 2 Marks Questions

3.9.

ABE

3.10.

‘Answ -'

16 and m, dian
In an asymmetrical distribution mean is "
20. Calculate the mode of the distribution.

[AKTU 2021-22 (Sm-m

Mode = 3 Median — 2 Mean
—3x20-2x16=60-32=28

The lines of regression of y on x and x on y are respect“,e]y
y =x + 5 and 16x - 9y = 94. Find the correlation coefficient,

[AETU 2021-22 (Sem-3@

Given equation of regression lines are,

y=x+5b S
y-z=4 S0 e 810
16x — 9y = 94 ] -(3.109)

Multiply equation (3.10.1) by 9 and add equatton (3 10.2)

9y —9r =45
16x — 9y = 94

Tx = 139

'equation (3.10.1)

_139+35 (174

16x—9y =94 is regression equistion of X on Y. So, equation becomes
16 X-9Y=94

16 16
Comparing with X = byy Y +a
9
by =
Y~ 18

9 3
r= by b, =+ ’EXI=Z

Correlation coefficient is = 3

4

The moment generating functjgy, for

A M® = E () [ *Xpomentig) ;)
= JD ef.x lenl.x dI = ll‘:e‘-f—u:dx
?L =L T
- — Al l
1ol C =2

h-t
when ¢t — X <0, or equivalently, when ; %

Regression coefficients arc 0.8 ang 0.8
value of coefficient of correlation? what Wwould be the

AKTU 2021-22 Sem.),
A Regression coefficients are,r.=r = 08

3.12.

Coefficient of correlatlon =

(" xry)=\08x08=08

313. What is the relation between the regression coett
and the coefﬂclent of correlation ? icients

] AKTU 2022-23 {Sanﬂ], Marks 02
b +b,,

AnE:

314. The fourth central moment is 48, What must be its standard
: devmtmn in order that the dxsmhntwn be mesokurtic,

w ]AKTuzozz 23 (Sem4), Marks 02

Ans: Formesokurtic, p,=3

3o 48

Hg

48
|.|.22— —3—
p22= 16
P2=4 \ 9
n, = Variance=0
o‘%= . U=2

: fficient
orrelation €0€
815. Write the formula of Karl Pearsor . fficient.

and write the range of correlation €0€ -
AKTU 2022- .99 (Sem- -3),
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$Q-16 U (CC-Sem-3 & 4) 2 Marks Questigy,

A#s. Karl Pearson’s coefficient correlation (r),
Sum of products of devations from their respective Meang
= Numer of pairs x Standard devations of both Series

.
"= Nxo, x o,
Where, N = Number of pair of observations

x = Deviation of X series from mean (X _ x)

y = Deviation of Y series from mean (Y - ¥ )

distribution :
1
5

AnE -
42
3f, =13 Zx, f, = 289
Arithmetic mean = Zi{‘- i 2—82 =3.96
> f 73
©O

given PA) = 1/4, PB)= Uand prs o

g Since P(A v B)=P(A) + P(B)- P(A ~ )

PANB)_ 1/6 © .

P(B) 1-P(B);

Thus, the required chance =

6 . .
b. There are six possible ways in which the dié canfall oct of which
there are only 3 ways of getting 2, 4 or 6.

1
Thus, the required chance = 3/6 = 3

'II cm‘ds.
43. A card is drawn froma well—Shl}m?d pacuksc;’fﬂl:il:’:r En ace !
What is the probability that it is @ th:;
Atis; A = Bvent of drawinga sPert
and B = Event of drawing a% o
1ly exclusive. des
4 and e nme: 'Elvaerﬂ of drawing the &€ of spa
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SQ-18U (CC-Sem-3 & 4)

2 Marks Que Sti()ng

13 4 1
2 L -~ P(AB)=—
P(A) 52,19(3) = ) =
P(A +B) = P(A) + P(B)— P(AB)
_13 .4 1 .16 4
T 52 52 52 52 13

44. Ifthe function flx) is defined by fix) =ce~%, 0 <x < ¢q]

ATE:

4.5.

the value of ¢ which changes f(x) to a Probability d;:ls?:;
function. | AKTU 2020-21 (Sem
Since flx) is a probability density function [

Tf(x)dle

Tce"dx: 1
o

babilities of certain svéﬁt_s' '

- pro
< np=6 npg=9

But ¢ cannot be greaterthan 1. -/ (-~ Probability <1)
So, given statement is false:... 4
Four persons are chosen at random from a group
containing 3 men, 2 women and 4 children. Prove that the
chance that exactly two of them will be children is 10/21.

| AKTU 2021-22 (Sem-8), Marks 02]
Total number of ways = °C, = 126 ways

There are 4 children, and we have to select exactly 2 children.
Hence, we have “C, ways = 6 ways,

zsﬁlso, choose other two people from men and women. So we have,
C, ways = 10 ways.

Hence, the required probability = (6 x 10)/126 = 10/21.

emati®s

}Iath o . sQ‘ls U (C ;
e 1f the probabl‘hty densxty f“nctions C Sem.g &q)
kx 3, if0<xg 3

fx) = { 0 eisewhere} find th valye of

R
' &1&0 ﬁnd the

iy 1
ot obability between x = gand s 3 3

2
| » Marks g
[ fodz =1

if(x)dx+ikx“dx+i0dx =1
0

-

473
x
0+k[~z] +0%1

]

81
—=_0|=1
L[5 -o]

1(1 ( D] 143
- 5l ) et

: s $ on a toss.
48 A die is tossed twice. A success is getiing 2 or -
Calculate mean. ARTU 2021-22 (Sem-d): Mar! =
; f times 4 0T
ABS Let x be the random variable denoting thgile“-i‘ﬂ:;:d berice:
comes (the number of success;s] whena
Then x takesthe values 0, 1, o
Let P(X = 0) be probability of not getting
P(X = 0)=16/36 = 4/9 1
Let P(X = 1) be probability of gettiné 20r
P(X =1) = 16/36 = 4/9
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SQ-20 U (CC-Sem-3 & 4) 2 Marks QueStio

ng

Let P(X = 1) be probability of getting two times 9 o two t;

getting 2 and 3 both . Mes 3 .

P(X=1)=4/36=1/9

Thus the probability distribution of X is given by

X=x X=0 X=1
PX =x) 4/9 4/9 /9
We know that mean, E(X) = ):X‘Pl, =0 x 4/9+1 x 4/9 F2x 1
E(X)=0+4/9+2/9=6/9

Thus mean E(X) = 6/9 = 2/3
4.9. Write Statement of Baye’s theorem.

[ AKTU 2021-22 (Sem-4), Marks g
Ans: Baye’s Theorem Statement : 5

Let E,, E,,..., E, be a set of events associated with a sample space §
where all the events E,, E,..., E, have non-zero Probability of
occurrence and they form a partition of S. Let A be any event
associated with S, then according to Baye’s theorem,
P(E)P(A|E)
P{,EI- | A) = = ( ._,) (A | ___J)

Y P(E,)P(A|E,)

foranyk=1,2,3,..0n )
4.10. A and B are any two independent events ‘such that

P(4) = 0.4, P(4UB®) = 0.7. Find the P(B), where B is the
_g@mp_l'emeq_té_i’iy eventofeventB. /- . 7

[ARTU 202223 (Sem-

), Marks 02

Ans, g APA)=04
L APEOB) =0T £
~—~P(AU B°) = P(A) + P(B “B°)
" PAUB) = PLA) P
[ A, Barei
0.7=0.4 + P(B) = 0.4 P(B°)
0.3=0.6P(B°) =

1
1 ; 2
4.11. The random variable X is said to follow the Normal

distribution with mean 9 and standard deviation 3, find =’
such that P(X > x*) = 0,16,

| ARTU 2022-23 (Sem-4), Marks 02

= Sq.
per 21y

o P(X>x)=0.16 (CC‘SemeM)
455 x-9)

3 J =0.16

P(”x;g) =016

e corresponding value of z.g,
probability value of 0.16 i 0.0636.

from star_ldard table 44

x . 9 - 0.0636
x = 9+ 0.0636%3 =9,1908
;I:-,.f R, /
P(A) = l,P(B)= lnP(AUB)= E ﬁndli:h ‘
412 I 4 2 gl e valueofp(y  p)

AKTU 2022-23 (sem_a},

==, PB== , =3

- P(A) 2 { o PAUB)= ;

)+ PB)

41&Wﬁtepr;babmty mass function of_b_i};‘c‘m'i'ial:di's’tﬁbuﬁon

" with mean:and variance of the distribution,”

(0
where i) = perre

Mean and variance of binomial dis
Page 4-15G, Unit-4.

tribution . Refer @ 421,

©00
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‘

2 Marks Questj ons

UNIT

Statistica]
Techniques-Iy

(2 Marks Questiong)

5.1.

5.2,
Ans:

53.

———

In twolarge populations there are 30 % and 25 %'l‘espectively
of fair haired people. Is this difference likely to be hidden in
samples of 1200 and 900 respectively. from the two
populations ? T,

Here p, =0.3, p, = 0.25 s0 that p, —p, =005

By g, { qu, £ 0..3:__X 07 W 0.25x0.75
n, Ny, 1200 900
e=10.0195 St

so that

2= P2 005 . nearly
= e 0019 e
Hence, it is unlikely that the real difference will be hidden. -

Explain sampling and its objectives. | ) 5
A part selected from the population is called a sample: The process
of selection of a sample is called sampling. A random sample is one
in which each member of population has an equal'chance of being
included in it. There are 'C, differentsamples of size n that can be
picked up from a population of size N '

Objective of sampling :

Gathering the maximum information about the population with
the minimum effort, cost and time.

To obtain the best possible valués of the parameters under specific
conditions.

The logic of the sampling theory is the logic of induction in which
we pass from a particular (sample) to general population.

Define statistical hypothesis.
Statistical hypothesisis an

the par_amv_aters t_}f population distribution. When more than one
population is considered, statistical hypothesis consists of relationship
between the parameter of the populations.

assumption on conjecture or guess about

A5 tobe actually tested for acce

OR

write down the definition of the null

hyDothesig,

AKTU 2022.93 Semy) T
. _ ‘
_ Null hypothesis is denoted by Hois the gtagigr—~ =

Plance or rejectiun_mthesis which

What is upper control limit ?
A er Control Limit (UCL) the hj
A chag-acteristic can take before the pr

ghest valye

that :
ocess become 2 quality

8 0ut of congrg],

& i i
% When was the test statistic F = —Q’E is used ?

‘ AXTU 2020-21, 2021-29 (Sem-3); Marks nz[

o If the null hypothesis ‘1_5_1_::;!,_18.‘ -then the F test-statistic can be
A9% implified. Then the ratio of sample variances (F=SS?) will be
used.

57. Explain the t-t',_e's-_{._: fﬁ;:-._gmaﬂ samples, _
. [AKTU 2020-21, 202122 Sem 9); Marks 02)

AT The.t-dié_hﬂbuﬁ@p;i"s used to test the signiﬁ;a_r_tce of;
. The mean of a-small sample. e
11 The difference between the means of two small samples or to
. compare two small samlples.'_
i, The correlation coefficient.> =

- Let%;; %5, --r X, be the rhembers of random sample dIa:n &mlt
ol T TR R i e the samp
sioina) palation with mean . 1 % be the mean of

then : i
_ e 0 Tlx- x)
4= x;__ll where $*=+—"7"
In

ality control (sQ0”

58. What do you mean by statistical aU Marks 02
ATy 2oz et
OR e C)? ;
2 i n
What is Statistical Quality mo 72022-23 (Sem-4), Marks 0
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sQ-22U (CC-Sem-3 & 4)

e
Statist‘
[ Allstic
T Te"h““luesqﬁ
(2 Marks Questiong
T

5.1. Intwolarge populations there are 30% andzs%
of fair haired people. Is this differenggi_likély td'g'cﬂl"ectivcly
samples of 1200 and 900 respectively fro ehfdden in
populations ? W m the ty,
Ang; Herep,=0.3,p,=0.2580 I;hatpl-—p2"= 0.05."
2= P4 ;qug”; 0.3x0.7 "'+ 0.25 x 0.75
n'] n2 1200 900
e =0.0195 j

Py Py ] 005
Zz=s ——==— =
. 0.0195 2.5 nearly

Hence, it is unlikely that the real difference will be hiﬁc‘ldén'.

go that

52. Explain sampling and its objectives, | WA
Ang A part selected from the population is called'{é'sallni vle; h
i_of sele'ctlon of asample is called sampling, A r’ai;fdo?ﬁ' éhm;lgri'gc:::
in which each member of population has‘an equal‘chance of being
n}cluded_ init. There are ’C, different; aafnﬁles.:,of‘size n that can be
picked up from a population of size I R
Objective of samplinl_g' s :
1. Gathering the maximum information about the population with
the minimum effort, cost and time.
2. To olgt:ain the best possible values of the parameters under specific
conditions.
3. ::he logic of the sampling theory is the logic of induction in which
e pass from a particular (sample) to general population.

' 1_3.‘3. Define statistical hypothesis.
) tS}tztm: ical hypothesis is an assumption on conjecture or guess about
plﬁa:-am?f‘em of population distribution. When more than one
i considered, statistical hypothesis consists of relationship

Ll B e

M athe

mﬂtics = ]—V
8Q-23 U ( CC-8em-3 & 4)

AKTU 2029.2 :
- 3 (Sem-3), Marks 02

Write down the definition of the nul| hypothesi
CHIH,

|AKTU 202223 Bem-4), Marks 02]

Asid Null hypothesis is denoted by /7, is the statistic —
ia to be actually tested for acceI;lLanceeoit:;ﬁ‘iilnhy pothesis which

54 pefine null hypothesis,

55. What is upper control limit ?
. Upper Control Limit (UCL) the high
A # ghest value that :
characteristic can take before the process hecomes u:t oz} cqol;i:‘g}y

5.6. When was the test statistic F = gi:- is used ?
2
[ARTU 2020-21, 202122 (Sem-3); Marks 02

test-gtatistic can be
S f!SfJ will be

ang; If the null hypothesis is true, then the F
simplified. Then the ratio of sample variances (F=

used.

5.7. Explain the ¢-test for small samples.
AKTU 202021, 2021-22 (Sem-3); Marks 02

Ana The t-diétiributian 7 used to test the significance of :
i, The meanof a gmall sample. _
ii. The difference between the means of tWo small samples or to
' compare two small samples.
#i.: The correlation coefficient. 4
R P be the members of T&R
normal population with mean . If ¥ bet

then ) . -
t=f_.;.£whﬂl’93‘ we

o
al qu

an by statistic
AKTU 2021-22 (Sem-3)

om sample drawn from a
he mean of the sample

ality control (sQ0O)?

58. What do you ™ Marks 02

) ? Define in brief.

C
Z ontrol (SQ
& Marks 02

A al
What i8 statistics! " U 2022-28 (Sem-4)

|
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o Q3 & 4) 21 N
$Q-24 T (CCSem Marks Questigy, (athematics v G
ASE S:&'Q'S:C&! a Igiig_vmnn'ul_ca:nbesi:u?ply deﬁnadasan eco : (C&Sem.;;&4)
=Factive sv=iem of maintaining and improving the qual; Domje ang B.Tech.
tEroughos: the whdle OpErSIing Process of specification (P SEM. TIT) ODD §
and inspection based on continuous testing with randmgr::n‘;‘rtinn ( EMESTER THEORY
les EXAMIN,
F-test. |AKTU 2021 - MA' ATION, 2020-21
59, When we use F- 22 Semd) Mariys - THEMATIC-y
A5& The F-test is used when we want to carry oyt E:
equality of the two population variances. Ifanl;oéléiv‘:;t for tp, Tﬁotﬂ'& B o G
whether or not two independent samples have heep drawt; to test S __________l\_f[_ax.m
cormal o pula??n with the same variability, then we genioma Note: 1. Attempt all sections. If requ; —
employs the F-test. = rally suitably, €quire any missing data: then S
510. Discuss (in brief) “Control Charts”. =~
, 5 ? SECTION-A
AKTU 2022-23 (Sem-3)
o b : » Marks 02 1. Attempt all questions inbrief: g ©2x10=20)
1 The control chart is a graph used to study how a a. What is the auxiliary equation of Charpit Method ?
ime wi inti L Az | Refer Q. 1.10, Page SQ-3U, Unit-1, Two -
over time with data plotted in time order. anges Ang er Q. 1.10, Page Q-3U, Unit-1, Two Marks Questions,

2 antrol charisisa graph used in production contro] to determ; —~ -
whether quality and manufacturing processes are bej a = T
under stable conditions:. & Deing controlleg b. Solvez=px+qgy+ \,Jl +plrqt.

§ el A58 Refer Q. 1.8, Page SQ-3U, Unit-1, Two Marks Questiun;
000 N ctlbeiog s S

c. Classify the fol]owmg partial differential equaﬁt;n
* *u -, o'm 3% 2
4d—+ 4—3r— = -
2 ax oxdt o 0 5
Anis: Refer .Q:___Q.'IO;'Page SQ-10U, Unit-2, Two Marks Questions.
g d.Ex'pla.m the radio equations. | "~ -
Ang Refer Q. 2.7, Page SQ-8U, Unit-2, Two Marks Questions.

; ==y , e. The first two mome)éitts_'_qf a distribution about the value 2
s i of the variable are 1, 16. Show that mean is 3, variance is 15,

Ans: Refer Q. 3.7, Page SQ-13U, Unit-3, Two Marks Questions.

f. If the regression coefficient is 0.8 :nd 0.2. What will be the
value of coefficient of correlation _
s Refer Q. 3.8, Page SQ-13U, Unit-3, Two Marks Questions.
-5 )< x<w calculate

i isdefined by flx) =ce™ s =
e Mot o e 7 S,

. "
: ;l::;;'tg]: 4, Page sQ-18U, Unit-4, Two Marks Questions
o ement is true °r false “For a

stat and variance is 9.

h. Identify the following "5 g

Binomial distribution,
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sp-2U (CC-Sem-3 & 4) Solved Paper (Sem.3) (202021

)
Ans. Refer Q. 4.5, Page $Q-18U, Unit-4, Two Marks Questions,

2
i, When was the test statistic F = S—‘s is used ?
2

Ans. Refer Q, 5_6, Pag& SQ‘ZS[I, Unit-5, II\WO Marks QueStiO‘ﬂs‘

j. Explain the -test for small samples.
Ans Refer Q.5.7, Page SQ-23U, Unit-5, Two Marks Questions,

SECTION-B

9. Attempt any three of the following :
9z o’z 9%

a. Solve x? §+2xy%fy2'a?f
Ass Refer Q 1.39, Page 1-30U; Unit-1,

{3 ® 10:30)

b. Calculatethe deﬂectip;_n-ﬁ(.f ) of a tightly stretched vibrating
string of unit leggth' is initially at rest and whoge
initial position __i_s'-"'gl___' n by

sin nx + % sin 3x% 4 — sin 5nv, 0<x<L

5 2, S5
Ams; Refer Q. 2.10, Page 2-12U, Unit-2.

c. Uée theMethod of Least Square, fi
best fits the following data :

Y

x| 2 3 4
y | 83 [154

Aas Refer Q. 3.14, Page 3-14U, Unit-3.

d. State Baye's Theorem. The contents of urns I, IT and III are
as follows : 1 white, 2 black and 3 red balls; 2 white, 1 black
and 1 red balls; 4 white, 5 black and 3 red balls. One urn is
chosen at random and two balls drawn. They happen to be
whit;a ;md red. What is the probability that they come from
urn I ?

Ang.  Refer Q, 4.8, Page 45U, Unit-4.

e. From the following table regarding the color of eyes of father

and son, test if the color of son’s eye is associated with that
of father.

of father

Given Yoo (1) =3.841,
ATE Refer Q. 5.17, Page 4-14v, Unitss

SECTION.R

g. Attempt any one part of th-e following -
a. Solve the partial diﬂerentia]():;ﬁgt'ion : (1x10=10)
DD+D' -1) (D +3D’—2)_z=;3_4,3,+2;2-
Axs: Refer Q. 1.37, Page 1-28U, Unit.1 .
b. Solve: (x* -2 -yz) p+(x2_yi

3 = ) Y -
gn&, Refer Q. 1.12, Page L'8U, Unie1, 2 (x-y).

4. Attempt any oné'-r;a'i‘t c;f the following -

8. Arod ofleggth l-mﬂ-l-_,ms“]ated sides is initially a{t axumfolq 1-{32
:fmt rrt:lfe f_‘n‘ Its ends are suddenly cooled to 0 °C and are
ep at. tha .__gniperature. Calculate th

fanetionu(x, ). e the t_emperature

2.18, Page 2-27U, Unit-2.

ti P o' - ¥ d
equation 3 + F =0 __;ub]eet to the boundary

conditions, u(0,y) =u(, ) = u(x, 0) =0 and u(x, ) = sin ’-‘f;i .

Ang: Refer Q. 2.28, Page 242U, Unit-2.

5. Attempt any one part of the following ) (1x 1_0= 10)
a. Calculate the moment generating functlgn of tEsi ihsc;etz
Binomial distribution given by, Plx) = Cj,p‘qt abwtil:e
(g =1-p). Also find the first and second moments abou
mean. _
ARS; Refer Q. 4:29, Page 4-22U, Unit-4.
iy ars and annual
b. The following table gives 28¢ d.{l:d “:-.)_,e?;?fc
maintenance cost (y) in bun P
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SP-4 U (CC-Sem-3 & 4) SolvedPaper (Sepy.3, (202

0 1 3
¥ 15 18

Calculate the maintenance cost for a 4-year.o] d
finding the regression equation. car aftq,
Ang: Refer Q. 3.27, Page 3-27U, Unit-3.

6. Attempt any one part of the following :

Sl (a
%, Show hat Poisson distribution is a particular limg, .0 = 10
of the binomial distribution when porg Smallg fory,
is large enough. and

Afs Refer Q. 4.19, Page 4-14U, Unit-4.

b. A sample of 100 dry battery cells find th elengt,

life produced the following re 2 hours, g = 31, of

mally distributed, /
cted to haye Xife ( what

s i) m
rours (iii) between 10 an; ;:

pare three hospitals wi
er hs per month. A sam
elect ﬁ‘jémtherecordsofeac!;
was as given below. Fr

the difference in the nui

3
3
4
4

(Given : at 5 % Jeye] of significance, F. =3 89)
Ans, Null hypothesis, fFeros

A Hy There is no difference in the number of
eaths per months among three hospitals,
Alternate hypothesis, H,: There is a significant differencein the

number of deaths Per months among three hospitals.

M atbgmatics -1V

Level of aigniﬁcan
g Ce;

Test statistic; 7, fing t}\fe Use 5%18“] s

table and find the samp), :';;al ance ratj,
zy.ﬁ =3+4+3 83.3;
Eyg =6+3 +34

Ye=T4
Grand Total (GFI'.)r.za thigys_

Correction Factor (C_F?J)A oy =60

= CI¢ (op
a Tis =20
Sum of squares of sampleg : °
¥
Iy

e

=@+3ﬁ+32
Eyg =72+

Total sum of squareag

']'421‘41‘:23&.
R4 i
+_4 +6.2+52'=.135"

n, E &

uares=n-1=15-1=14

Between samples

Within samples 30 12 25

40 14 = -

The tabular value of F'at 5 %level of significance withv, = 2,0, =12
is 3.89 - o d
Coneclusion : Since F_; <F,,, the difference s ﬁﬂfﬁ; arnof
we conclude that data do not suggest a dl_ﬁ‘:lrence

deaths per month among the three hospitals.
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20.

ios—1V
\[ﬂtl'leﬂlat'ics SP-7y (CC-Sem.y &4)
 4inoui the np- /\
» Dlsﬂng;tf: }:: tﬁﬁ?ﬁvi’ of 101:11 :tma;i P-(; art. Jg B.Tech,
is the : S of gj Win
Construct np-chart and examine whether thg -5, 100 cagy? (SEM. IID ODD SEMESTER g
statistical eontrol 2 OCess ig EXAMINATION, 2021.99 ORY
L) -
ampleNor | 1] 2 |3 [4] 5 MATHEMATIC.1v
No.of 6 9 |12 |5 12 o S
defectives Tme: 3 Hours Max. Marks . 100
ask Refer Q.5.31, Page 5-30U, Unit-5. = " Note: 1. Attempt the questions as
©0O &7 wm

Per the given instrycti
missing data suit ably, Tuctions. Assume

Section- A
1. Attempt all questions in brief' (2x10=20)
a. Solve the following partial differentia] equation (D2 + D)
z=0. =

ags: Refer Q. 1.11, Page SQ-3U, Unit-1, Two Marks Questions,
b. Derive a partial differential equation by eliminating the
constants a and b from z = ax + a%? + b,
ans: Refer Q. 1.12, Page SQ-4U; Unit-1, Two Marks Questions.
¢. Write radio wave equations,
Afis: Refer Q. 2_.7; Pag_(_e SQ-8U, Unit-2, Two Marks Questions.
& Classify the partial differential equation u_+3u_+u_ =0
Refer Q. 2.2, Page SQ-7U, Unit-2, Two Marks Questions.

~In an #éyﬁhetﬂcal distribution mean is 16 and median is
~20. Calculate the mode of the distribution.
: Refer Q. 3.9, Page SQ-14U, Unit-3, Two Marks Questions.

The lines of regression of y onx andxon y are respect.ively
¥ =x+ 5 and 16x - 9y = 94, Find the correlation cof.-ﬂ'icient.
Refer Q. 3.10, Page SQ-14U, Unit-3, Two Marks Questions.

g. Four persons are chosen at random f;':‘::'eathg;;ot‘;ll;
containing 3 men, 2 women and 4 (.:hlldren.'l .
chance that exactly two of them will be thQ estiu;s.

An& Refer Q. 4.6, Page SQ-18U, Unit-4, Two Marks Qu

h. If the probability density functions
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_the following data

Solved Paper (Sem~3) (2021 s
~22)

Ex®, if0<x<3

find the value of ‘%, <
)= { 0 elsewhere} Also fing the

1 dxe 3
probability between x = 2 and x = 5"

Refer Q. 4.7, Page SQ-19U, Unit-4, Two Marks Questiong,

Explain ¢ -test for “small san_aples”.
Refer Q. 5.7, Page SQ—-23U, Unit-5, Two Marks Q“Estions_

What do you mean by statistical quality_contml (SQ o
Refer Q. 5.8, Page SQ—23U, Unit-5, Two Marks Quest; ¥

Section - B

Attempt any three parts of the folli

Solve the partial differential’e
= sin(2x + 3y) :
Refer Q. 1.35, Page 1-27U, Unit-

(10x3-

30
-DD-p. 2

-2)

1

A laterally insulated bar of length has its engd
maintained at 0’Cand}.00°C respectively until s
conditions prevail. If the temperature at B
and kept s while that of A is'ny:
emperature at a distance 4

SA and B
tead state

Page 2-27U, Unit-2.

Calculate the first four central

=07 1
f |1 8

Refer Q. 3.7, Page 3-8U, Unit-34"

In a sample of 1000 cases, the mean of a certain test is 14 and
8.Dis 2.5, Assuming the distribution to be normal, find
How many students score between 12and 157

How many score above 18 ?

How many score helow 8 ?

Given £(0.8) = 0.2881,  (0.4) = 0.15 =
Given £ (0.4) 54, f (1.6) = 0.4452, f (2.4)

Refer Q. 4.31, Page 4-23U, Unit-4,
In an eXperimen

> t on immunization of cattle from
tuberculosis the following results were obtained :

Examine the effect of vaccine in c

of the disease. [Given 005, = 3.84]

55 Refer Q. 5.18, Page 5-15U, Unit.5,

Ontry)

lling the incidence

Section - ¢

3. Attempt any one part of the following;
a. Solve +2X) p—(x+y2) g=a2_y2
55 Refer Q. 1.13, Page 1-9U, Unit-1.

(10 1-_.10}

p. Solve (°D*-4xyDD' +4D'2 + 6Dz =34~
ATE Refer Q. 1.38, Page 1—-29U._Unit_-1_ . Wn s g
4, Attempt any one part of théf:foﬂowiﬁ'g' :" '

. iy Sy (10x1=1
a. Solve the following partial differential equation bxy um::)g
method of separati n of"vg::_i:_alileg .

Y = 0,2(x, ) =0, z(0,y) = 4311133(.
Page 2-0U, Unit-2. |

is stretched and fastened t two points/m apart.
s started by displacing the string in the form u(x, 0)

A si ;;_;frum which itis relg_:a_alsgd' at time# =0, Show that
‘the displacement of : :'".Iy poin’ : t a‘distance x from one end

et
4

=Asin — cos

at time ¢ is given by u(x, i

&g Refer Q. 2.29, Page 244U, Unit-2.

ing: (10x1=10)

5. Attempt any one part of the following: ]
a. Fita Ifara‘bolic curve of regression of y onx tothe following
data :

[ [ w0 15 20
f | 11| 13| 16

AwS: Refer Q. 315, Page 3-15U, Unit-3
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1-22

b. Let the random variable X assume the )

probability lawp(X=r)=¢"'p;r=1,2,3.
X and hence it's mean and variance.
ADE Refer Q. 4.18. Page 4-13U, Unit-4.

value 4o i

= Find the

& /Attempt any one part of the following :
4 Fit a binomial distribution for the folle

: win (lgx 1"10}
compare the theoretical frequencies with g

t

the actumz:nd
X1 0 1 2 3 nn ey
£ ‘ 2 | 14| 20| 34| 2 n

ms Refer Q. 4.32, Page 4-24U, Unit-4, ' —

b. The number of accidents in a year involvin
a city follows a Poisson distribution with a‘;rs in
Out of 1000 taxi drivers, find approximately th, to3,
drivers such that ¥ the numbe, of

i. No accident in a year

ii. More than three accidents in a year.
(given, e~ =0.04979).

Azis Refer Q. 4.33, Page 4-25U, Unit-4.
7.

B taxi dpiy,
mean equ

. Attempt any one part of the following : (10x1

a. Intwoindependent sample of size 8 and 10, the sum of s =10)
of deviations of the sample values from the respective p.
were 84.4 and 102.6. Test whether the difference vaﬂ?em
of populations is segment or not. Usé a 59 levmi
significance. [F; 9= 3.29] el of

Ang Refer Q. 5.19, Page 5-16U, Unit-5.
b.

An inspection of 10 samples of size 400 each from 10 | ok
revealed the following number of defective units: 17, 15 1:
¥ ]

26, 9,4, 19, 12, 9, 15.Draw the np-charts and state whethe;
the process is under control or not. ’

Ans. Refer Q. 5.30, Page 5-29U, Unit-5.

©eO

foth

» SP-uue C-Sem-3 & 4)
B. Tech.

ith ),
B of

Note: 1. Attempt all sections and assume

matics— v

TER T
EXAMINATION, 209, 95 "R

MATHEMATICS 1y

4~ _

ey~ A
1\/111‘?/—— Max. Marks ; 100

— [ Max Marks 10

. a_ny m‘ L
9. Appropriate marks are allotted to e;:;mgdat_a,
accordingly. *aCh question, answer

SECTION-A

—

1. Atterpt all of the following questions in brief. =
a. Solve the partial differential equationp + g =1 B0z a0) .

s ReferQ. 113, Page 5Q—4U, Unit-1, Two Marks Questions
b. Calculate particular Integral (P. L) of (D - 3D + 2)z = &=
A8 Refer Q. 1.14, Page SQ-4U, Unit-1, Two Marks Questions.
. Tell the classification of the following partial differential
equation =4 :
3w d'u , 8'u
AU T4 =0
B Vot oF
Anis: Refer Q. 2.11, Page SQ-10U, Unit-2, Two Marks Questions.
: d. Write down the two-dimensional wave equation.
Auig; Refer Q 2.12, Page SQ-10U, Unit-2, Two Marks Questions.
e Calcﬁlate the moment generating function of the negative
exponential function flx) = ke™ ;x,1.>0
Avis: Refer Q. 3.11, Page SQ-15U, Unit-3, Two Marks Questions.
f. Regression coefficients arc 0.8 and 0.8, what would be the

value of coefficient of correlation ? :
AfE Refer Q. 3.12, Page SQ-15U, Unit-3, Two Marks Questions.

g. A die is tossed twice, A success is getting 2 or 3§ on a toss.

Calculate mean. i
AnS; Refer Q. 4.8, Page SQ-19U, United, Two Marks Gpassiapos:

b. Write Statement of Baye's theorem.
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SP-12U (CC-Sem-3 & 4) Solved Paper (Sem-4) (2091.95,

Ank Refer Q. 4.9, Page SQ-20U, Unit-4, Two Marks Questions,

i. When we use F-test.
Ans. Refer Q. 5.9, Page SQ—24U, Unit-5, Two Marks Questiong,

j- Explain one-way ANOVA classification.
Ans This question is out of syllabus from session (2023-24),

SECTION-B
2. Attempt any three of the following questiops : (8x10= 30
a. Solve the following partial differential equation by Chal‘pit

Method : px + gy = pq.
An< Refer Q. 1.22, Page 1-16U, Unit-1.

b. Determine the solution of one dimensional heat equation

cu &u

—‘_;t-.—.-c_u—jwhere the boundary conditions are (0, t) = 0,

u(l,t) =0, ( > 0 ) and the initial condition u(x, 0) =8 sin ™=

I being the length of the bar.
ABE Refer Q. 2.25, Page 2-38U, Unit-2.

¢. From the following data, determine the 'equationé' of line of

regression of y on x and x on y.

% x 6 2 10 4 - 8
8 7

| 7| 9| u | 5

AB& Refer ). 3.24, Page 3-25U, Unit.3.

d. In a test on 2000 electric bulbs, it was found that the life of
a4 particular make, was normally distributed with an
average life of 2040 hours and S.D of 60 hours. Calculate the
number of bulbs likely to burn for :

L More than 2150 hours,
u. Less than 1950 hours
Hi Between 1920 hours and 2160 hours ?
Ans. Refer ). 4.95, Page 421U, Unit-4.

e TheSitem.so'l’aaamplehaveth followi :
52, 48, Py los g P efollowing values : 45, 47, 50,

i oes the m f £
si icantly from the ean of these values differ

assumed
[The tabulated value of s L

005 =2.31 for8 d.f)

M themﬂtics =
al

SP-13U (CC-Sem-3 & 4)

pns Refer Q 59, Page 570, ypy o

SECTION.C
3. Aftempt &ny one of the following questions - (1x10=10)
- = =
a. Solve the partial differentia) 2 8’z 9%
Y e

ATiE: Refer Q. 1.34, Page 1-—261], Ullit.-l,

=sin Y.
ans Refer Q. 1.21, Page 1-16U, Unit-1,

4, Aftempt any one of the following " .
! questions : (1x10=10)
a. Solve the following partial differentia} i eth
of separation of variables: & | etonbymethod
fu ou o -
a—— g'l' 2u = 0. u(x, 0) 210‘!?_”- &_4:.

ans: Refer Q. 2.8, Page _2-:'11_U,Unit-2_

b, Determine the solution of Laplace s.-';'cluattic'n%24,,52Ii K % -2
subjeck t-é. the boundary conditions u(0, ¥ =ud,y) = u(x, 0)
_=0andulx,a)=f(x). % :

Ans: ‘Refer Q. 2.27, Page 241U, Unit-2.

5. Attempt any one of the following questions = (1x10=10)

‘a. Compute skewness and Kurtosis, if the first four moments

~of a frequency distribution aboutthe value 4 of the variable
are 1, 4,10 and 45.

Ang. Refer Q. 3.4, Page 34U, Unit-3.

' &
b. Use least the method of squares to the curvey = cyx + =
for the following data:
Ans: Refer Q. 3.16, Page 3-16U, Unit-3.
stions (1x10=10)

6. Attempt any one of the following que

Scanned with AnyScanner
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a. Two urns contain 4 white, 6 blue and 4 white,
respectively. One of the urns is selected at ra
ball is drawn from it. If the ball drawn is white,
probability that it was drawn from the (i) first
urn.

Ang; Refer Q. 4.9, Page 46U, Unit-4.

5 blue bau_s
ndom and 4
» What ig
urn (ii) Seconq

b. The following table gives the no. of days in a 50

day perioq
during which automobile accidents occurred in g city,
No. of accidents 0 1 2 3 4
No. of days 21 18 7 3 1

Fit a Poisson distribution to the data and calculate the
theoretical frequencies.

Ang Refer Q. 4.36, Page 4-27U, Unit-4,

Attempt any one of the following questions :

a. The demand for a particular spare part in a
found to vary from day-to-day. In a

following information was obtained

Days Mon | Tue | Wed | Thurs m

| No.of purts demanded | 1124 | 1125 1110 | 1120 [1196

(I1x10= 10)
factory wag
sample study the

Use y%-test to test the hypothesis that the number of partg
demanded does not depend on the day of the week,
[The value of X005 =11.07 for 5. f]. ' Y

Ans. Refer Q. 5.20, Page 5-17U, Unit-5.:

b. Following is the data of defectives quO samples of size 100

each.
|a [stfe [ 7] s 9 |10 |
6

Construct p-chart and state whether the Process
statistical control,

Refer Q. 5.32, Page 5-31U, Unit.5.

©e©

Sampleno. | 1 2 |3
9

No. of 15 11
defectives

is in
Ang,

v SP_i5 U (CC-Sem
B.Tech, &
11D ODD SEMESTER THEQ
e EXAMINATION, 202295 P
MATHEMATICS 1v

Answer all sections. If require any Tissing data, thep chooge
yote* 7 guitably.

|
‘ Section-A
i
J
|

ics
2

y

11 questions in brief: : 2x10=39)
L Ax'teglp*;:tifl differential equation (PDE) by eliminating o
Fu;l bl:;'rom z=ax +by+a’+ b2
anf Q. 1.17, Page 8Q-6U, Unit-1, Two Marks Questions,
m Reter ‘- .

a.

4 azz azz
o e |
p. Solve the PDE, o "

; it- ks Questions.
Page SQ-6U, Unit-1, Two Mar
& Refer Q. 1.18,
AnB. 4

: y = =0,
i h PDE’ U, * u. L y P
“:' g?:gy; 1: Page sQ—llU?UnihM Marks Questions.
T e - ]

i "d‘ ::;::chze ;?;:;qggﬁ%%?%ntz?zﬂt: lr\lis;::: éuestions,

An: Fiﬁ;l"}the arithmetic mean of the following frequency

distribution :
2|

=
Lr [ 5 |09

Axisl Refer Q. 3.16, Page SQ-

Questions.

16U, Unit-3, Two Marks |
son correlation coefficien
ars ‘
elxli:ion coefficient:
Marks Questions.

f. Write the formula of lt{'m:rfe
and write the range of €

it-3, Two
Ans. Refer Q. 3.15, Page SQ-15U, U

AB.
5 gndthevalueof P4

1 pauB=g
1 =1 Pav
& UP@)=,P(B)= =i 8
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Solved Paper (Sem-3) (2022_23)

Ans. Refer Q. 4.12, Page SQ-21U, Unit-4, Two Marks Question
5.

h. Write probability mass function of binomia] distrib
with mean and variance of the distribution, ution

ARg - Refer Q. 4.13, Page 8SQ-21U, Unit-4, Two Marks Questions

i. Define “Null Hypothesis”.
ADE Refer Q. 5.4, Page SQ-23U, Unit-5, Two Marks Questiong

. Discuss (in brief) “Control Charts”,

and | fastened to two point’s.
ted by displacing the strin:

edisplacement of an,
“x from one end at time ¢ is given by

u(x, f)= A sin %cos

An& Refer Q. 2.29, Page 2-44U;

c. Fit a parabolic curv degree to the following

data:
X: 0 3 Oz 3 4
Y: 1 1.8 1.3 2.5 6.3

Axns. Refer Q. 3.13, Page 3-14U, Unit-3.

d. Abag contains 10 white and 15 black balls. If two balls are
drawn in succession without replacement, then find the
probability that the first ball is white and the second ball
is black.

Ans. Refer Q. 4.5, Page 4-4U, Unit-4.

e. The score of 10 candidates obtained in tests before and
after attending some coaching classes are given below :

oaching for the test effective

s 1.0 ce. 5
.mi can . % lev?.l of
slgf”r q. 5.13, Page 5-10U, Unit.5,
. Rel® .
e Section-C
npt any one part of the following;
Atte (10 1
5 1o =10)
sol"e’(mz -ny)p+(nx-lz)g=ly_ M, where p, -, 02 &g
> fer Q 1.15, Page 1-11U, Unit-1. & '
= Re i
gy Oharpit’s method, find the complete sojyjqy, o PDE
b -pq=0- o ‘
v+ Y 5 Paigs 1—16U>U¥1?t : [
(10x1=1¢)

v.<1,£>0 subject to the initja]
S (x 0) =x -2 u(0,t) = u(l, ) =0. 3
“Unit-2. e

_ equation u_, + "w“;_'?x;-ﬁ ©,1),5<0,1
onditions u(x, 0) = ulx, 1) = 0 and u(0, y) = 0,
! y using the method of separation of variables.

> (10x1=10)
" ient for the following
* ﬁeigﬁts (in inches) of fathers (X) and theirsons (1):
Te6 | &7 [ [®|® © = |
: 6 | T

x5 Refer Q. 3.19, Page 3-19U, Unit-3.

tribution about the value 4

; f a dis : by
B T e it Pdome
of the = .
. Also find f§, ant Ps
By 4 SDQEBL WS nit-3.

AR Refer @ 3.1, Page 3-2U, U : (10x1=10)

6. Attempt any one part of the following
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Solved Paper (o B.Tech.
er - )(2022‘
a. A random variable X has the following .. 23) EM' N) ODD SEMESTER THEORY
distribution values of X : Probap;)y; ty [s EXAWATION, 2022_.23
X: 0 1 2 3
PX): 0 k 2k 2k

Then, evaluate P(X > 6).

o T My,
/g
b. For continuous random variable Xif K

| ections. If require any mjgg;
fla) = 3 (x2+1),0<x<1 £ Answer all s SIng data, ther choos
4 (R - : '
Then, o

Nole* yitabl- _
i. Verify that f(x) is a probability d'lst“hut:on i - |
ii. Find A such thatP(X<1)=P(X> l) = -'ﬁ'netlon_ Sec I
AnS. Refer Q. 4.24, Page 4-19U, Unit-4. - =

estions in brief:-
- U S Attig‘il::' :“p?,ﬁal differential equation that gili?ﬁé
7. Attempt any one part of the following do a Obt3 y of surfaces z = (x - @)+ (y- B2
a. The values in two rand_?m samples are given belov:: -1 =10) eor @ 1.1 5, Page SQ'_sU-.' U‘_’it"l’ Two Marks Qu estions,
Sample1: |15 | 25| 16 : o Re

20| 22| 24 |21 | 17 23 -
Sample2:|35 | 31|25 | 38 26 | 29 | 32 EEE
Can we conclude that the two s

Find the compl_g_i_:é "::integi;al of the partial differentizl

. equation : o

- amples are dr: s ,, X + qy + P _z
) same population ? Test at 5% level of"sign.iﬁc:nv:::.ﬁ_'?al the ; z 1 Pt p+gq P ox il o
Ans: Refer Q. 5.15, Page 5-11U, Unit-5. o Refer Q L16 Page SQ-5U, Unit-1, Two Marks Question=.

b. Discuss one way analysis of variance (AN 4 ; 2 . . . i

z 0] < tial
g5 mathematical model and assumptions in the moX:L) - e Classtflg th? partis] dxffere:axzt ecg:ahon §
Ans. This question is out of syllabus from session (2023-24). £ £

| &z
r+ 2s+(sin2x) t+g=0r= E;S= ?aud t:_‘___._
©0© . 5. Refer Q. 2.13, Page SQ-11U, Unit-2, Two Marks c‘gm:mui:_
d. Write down the two dimensional heat equation.

X5& Refer Q. 2.6, Page SQ-8U, Unit-2, Two Marks Question:.

e. What is the relation between the regression coefficients
and the coefficient of correlation?

Anis; Refer Q 3.13, Page SQ—15U, Unit-3, Two Marks Q1:':'T.-_;-_

; i beits standard
f. The fourth central momentis fis‘ Wh:t I:lul:te melsoknni&
deviation in order that the d{stl'lbll 1.:'131"55 Questio==
At Refer Q. 3.14, Page SQ-15U, Unit-3, Two*

-ents such 12t
g A and B-are any two independent;;?h:resfisthe
P(A) = 0.4, P(AUB®) = 0.7. Find the PB)
3 complementary event of event B.
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Solved Paper (Sem-4) (2022~23)
Ang Refer Q. 4.10, Page SQ-20U, Unit-4, Two Marks Questiong,

The random variable X is said to follow the Norm .
distribution with mean 9 and standard deviatiop 3, fing al
such that P(X > x") = 0.16. x

% Refer Q.4.11, Page SQ-21U, Unit-4, Two Marksg Qtiestigns'

i. Write down the definition of the null h

Ypothesig,
“ Refer Q. 5.4, Page SQ-23U, Unit

-5, Two Marks Questiong,

J- What is Statistical Quality Control (SQC)?}Define ih bries
ANS. Refer Q. 5.8, Page SQ-23U, Unit-5, Two Marks Questions,
Section-B b, g

2. Attempt any three of the following: ' .
a. Find the general solution.¢
equation
G+2)p+ (z+x)g=(x +y).

Refer Q. 1.14, Page 110U, Unit-1,

b (10x3- 30
-tt'_:a partial differentiai

b,

Solve the part:a.l ﬂiﬁ'gl_;_‘ehtial equation by the:

du  fu

separation of variables 4—+ == 3y giv
P s g o ax oy 8

e, when x =0 7
ABS. Refer Q. 2.9, Page 2-12U, Unit.2,

¢. Use the method of leas

t squares i ecurvey = gpx
the following data for
=]z | s
y | 144 |'1728

ABE Refer Q. 3.17, Page 3-17U, Unir.3,

d. In a normal distribution, 12 % of the items are under 390
and 85 % items are under 60. Find the mean and standarg
deviation.

AGE Refer Q. 4.34, Page 4-28U, Unit-4,

e T_he annual rainfall in Lu normally
d.Jsl;ributed with mean 45 om, The rainfall during the last
five years are 48 em, 42 cm, 40 cm, 44 ¢m and 43 ¢m
respectively. Can we conclude that the average rainfall
during the Jast five years is less than the normal rainfall ?

cknow city is

oP-21y (CC-Sem-3 & 4)

105’N 1 of significance. [The tabulateq value of
it 5 % leve =2.132 for 4 degree of freedom.
§ at nd £o1 .
u, Tegt; 2-776 a fise 5-8U, Unit-5.
£ i 5‘1()}
4 art of the following : (10x1=10)
P 10 r::fn of the partial differential equation
Atte 4 the sol 7] 8
: gy 2 pr=y
o I sppr #8223 2 D =
p* it-1.
i 1 33, Page 1-25U, Unit ;
 qefet Q- te integral of the partial differential
3 d the comple B P, -
gind ”
| » tatl‘-""t'(l 02 + g% x= D% ey

E] a-'.ge

. ite dils A SL¥B matnteined
. rod of length 1 has its en s A and ai

5 nd 10:;?0 respectively until steady state conditions

| & e B is suddenly reduced at 0°C and maintained at

| : ure at a distance x from A at time t.

wing : =10)
f the following : (10x1 ;
II : i}t;t;m%t;afga(): 3 zxilt ;’Ox - 95& 107 are two }i.nes of regre::ri:n.
| . Find the mean values of x and y, tl:Ee cneffime.mt of c(;rri;s - on
and the standard deviation of y if the variance of x is 9.

| #6& Refer Q. 3.21, Page 3-21U, Unit-3.

b. First four moments about 2 are 1, 2.5, 5.5 and ltB ﬁﬁ:::i‘;g;
Find the first four central moments, moments
and coefficient of skewness.

AGS Refer Q. 3.8, Page 3-9U, Unit-3.

ine : 10x1=10)
8. Attempt any one part of the following: (
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Solved Papor (Som-4) (2029.9,

CAUTION NoTyopy

A bag A contains # whito and 4 black balls, 4 SO001(

11 Jp— AN - Nr
containg 5 white and 6 black balls, Ono ball ig (ll‘u\:l:lx n 7O S 1 l.ll)l‘.aN I'S, D]LAL]LR&,, SHOPKEEPE
random from bag A nnd is placed in bag B, Now, u bal ? ¥ cor IERS AND WHOM 1T MAY CONCR RS,
deawn at random from bag B. It is found that thig baly i: ERN
chite. Find the probability that a black haly I} : o Y 3 ! : )
ottt b ] o R DING COPYRIGH ALOUR Ok
Aug “Rofor Q. 4.17, Page 4=12U, United. 3G FRINGEM
Ans  Refer Q. .17, Page 4 ui RE QUANTUM = EMENT op
b. 1f X variable follow the Poisson distribution 8

- s oy g s uch thyy
: ot I‘i) =0 P (X=D +90P (= 6). Find mean, varianc and his is to inform students, dealers, shopkeepers, ¢opi

istribution. | = Khie fhiat DCrS, Copiers and
Ang Refer Q. 4.35, Page 4-27U, Unit-4. {he gener al pu - Quantum Page Private Limited i
the owner of copyrightin the QUANTUM geries of books
7. Attempt any one part of the following : C (0x1= 10) i

4. Inan experiment on peabrending the following fre u authorised _copyin  SCBfK
of seeds were obtained : Tuency Any un Pying nnin

: . g, reproduction

distribution or circulation ofthe QUANTUM books (g

Redand | Wrinkled and | Round and Wrinkled and in soft copy or hard copy) amounts to infringement of the

i I et e w copyright and trademark rights of Quantum Page Private

s i e 52 Limited, which are civil wrongs as well as criminal offences
Theory predicts the frequencies should
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