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Q. 1) a) Obtain half range sine series to represent: 05
2x /4
f(x)=—,08x<—
3 3
= - X ,z <x<rx
3 3
Ans: X 01
bn=— J. f(x)sinnzxdx
T 0
2|7 2x tr—x .
=— J. —sinnzxdx+ J. sin nwxdx 02
T
0 /3 03
21 . nmw
= -E-igin —
Tn 3
2 1 . nx .
so, f(x)=— ) —sin—sinnx 05
V4 Z n’ 3
b)  Derive one dimensional wave equation stating all conditions.

Ans: Let at time t the position of the string be shown in fig. consider the motion of the
element PQ of the string between two points P(x,y)and Q(x+[x, y+[1y). Let the
tangents at P & Q makes angles [1+[][] with x-axis resp.

01
2%y
. s z 2
The element PQ is moving vertically upwards with acceleration oF f
Y
02
-
X
A B
Since the string does not offer resistance to bending, vertical component of the
tension T on the elt. Is:
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=T sin(@+ o@)—T sin @ 04
=T[sin(¢+ @) —sin @]

=T[tan(@+ 0¢) —T tan @]

=T {g—y at(x+0x) —g—y at(x)}

X X

Let m be mass per unit length of the string. Then by Newton’s 2™ law of
motion, we write:

2
m.ox. g Z =T {a_y at(x+0x) —a—yat(x)}
ot ox ox

9 at(x+0x)— 0y at(x)

9’y _T| ox ox
o m ox
AtQ—— P,
ox——0
05
and
T
- = CZ 3
m
Oy E (z&y
ot? ox?
¢) If X denotes the outcomes when a fair die is tossed, find m,g.f, of X and
hence find mean and variance of X.
Ans: p.d.f.
X 1 2 3 4 5 6 01
P(x) 1/6 1/6 1/6 1/6 1/6 1/6
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m.g.f.:Zpe’X

1
ZE[e[ +eX +er +et e +66’]

dm 1 02
—= —[e’ +2¢” +3e” +4e* +57 + 666’]
d 6
I =0y =L[1424344+5+6]
dt 6
_167_7
6 2 2
03
so,M = Z
2
2
A T = l[e’ +4e” +9¢” +16e* +25¢” + 3666’]
dt 6
2
M =0y =1 [1+4+9+16+25+36] =2 Of
dt 6 6
Now,
V(x)=E(X*)-[EX)]’
91 (7Y
=——|—| =291 05
ls)
d)  Find the regression coefficients and the coefficient of correlation from the
following data:
N=12,) x=120,) y=432,> xy=4992,> x* =1392,) y* =18252
Ans:
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b, = ny_Z);-VZy

5o 2

120x432 02

4992 —

120%432 04

So,

r=,/b,xb,
=+/3.5x0.25 >

=0.94
Q.2) a) Expand f(x)=Ixl in (-x, ) into a fourier series.

Ans: f(x)=—x,—r<x<0 01
=x,0<x<7x

0 V.4
a0 = L{ J. —xdx + xdx}
0

2z <, 02
_z
>
1 0 V4
an= —{ J. —Xxcos nxdx + I XCos nxdx}
T - 0
2
=——(cosnr-1) 05
n
w 4| cosx cos3x cosSx 06
(x)=———= + + +o
f 2 2 1 3? 5°
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b)  The following data gave the growth of employment in lakhs in organized sector
in India between 1988 and 1995.

06
Year 1988 | 89 90 91 92 93 94 95
Public | 98 101 104 107 113 120 125 128
sector
Private | 65 65 67 68 68 69 68 68
sector
Find the correlation coefficient between the employment in public and private
sector.
Ans:
X=112 Y67 (x-*).
X = (x-X)? y y- 7 y- V) | - 7)
98 14 196 65 D 4 28
101 =§1 121 65 2 4 22
104 -8 64 67 0 0 0
107 -5 25 68 1 1 -5
113 1 1 68 1 1 1
120 8 64 69 p) 4 16
03
125 13 169 68 1 1 13
128 16 256 68 1 1 16
896 16 91
So,
x—x)ly-
2=y o
—\2 —\2
V(i3 X (0i-5)
91
=—==0.77 06
V896x16
¢) A homogeneous rod of conducting material of length | has ends kept at 08
zero temperature and the temperature at the centre is T and falls
uniformly to zero at the two ends. Find the temperature u(x,t)at any time.
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Ans: The equation of heat flow is:
U = C2 Uk
so, temp. at two ends are zero its solution is:
u=(cl cosmx + c2 sinmx ) e ™% ... 2) 02
ics.:

(1) U=0, x=0,
Cle ™ =0. So,cl=0. 0
Equ. (ii) becomes,
u=(c2 sinmx ) e "™ ... (iii)
(i) U=0 when x=1
0=c2 sinmx ) e "™
ml=nn 05

so, m = n7/l, n=1,2,3,......

so, general solution is:
. NITX _,22.272
u= ansm—l gt

(iii))When t=0 temp at centre is I and falls uniformly to zero at the two
ends.

uzzTTx,O<x£l/2
2T

ZT(l—x),l/2Sx<l

Hence putting t=0 we get,

f0=3bn sin@ 06

But this is half range sine series for f(x) in range (0,1)

Where,
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27 nzx 07
bn=—| f(x)sin——dx
l J. f [
1/2
nwx
—xsm—d + J. —(l X)si n—dx
112 l
8T 1 ; nw
°n’ 2
8T 1 . nw . nmx 2 2 9.2
so,u =— ) —sin—sin——-e—ncxwt/l
o R Ry 08
Q.3) a) The number of accidents in a year attributed to taxi drivers in a city follws 07
Poisson distribution with mean 3. Out of 1000 taxi drivers, find approximately
the number of drivers with (i) no accidents in a year, (ii) more than 3 accidents
in a year. (given: el = 0.3679, e?=0.1 353, e’ =0.0498 ).
" e—mmx
Fia) P(x)= x=0,1,2,3......
x!
given,m =3
—3A7x
3
P(x)=5 01
x!
P(x=0)=e” =0.498
P(x=1)=0.1494
03
P(x=2)=0.2241
So, expected no. of drivers with no accidents
=N. P(0)
05
=1000. 0.0498 = 49.8 = 50 nearly
P(0,1,2,3 accidents)=p(0) + p(1) + p(2) + p(3) = 0.4233
06
Therefore, p(more than 3 accidents) = 1-0.4233 =0.5767
Expected no. of drivers with more than 3 accidents= NP =1000. 0.5767
07
=577 nearly
b)  Obtain the Fourier series for flx) = sin2x in (-1, 1) 07
Ans: Here, f(-x) = sin(-2x)= - sin2x = -f(x)
So, function is odd function.
i.e. a0=an=0 02
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now,
2 nix

bn=— x)sin——dx
l{f( )sin=

1
:zjsin2xsinn—mdx 03
Ly l
-1 | nx nrw
:7 Icos(2+7jx—cos(2—7jxdx
0
1

-1 1 ' nrw 1 L nrx
=—|—sin| 2+— |x— sin| 2—— |x
[ | 2l+nr1 I 2l-nrx l ¥

=— sin(2l+nm)x— sin(2l—nm)x
2l +nrx 2l —nrx
e sinal cos nx 3 sinal cosnx
al+nrx al—nrx
= _2—nﬁsin alcosnrx
a’l>-n’7’ 05
2nz(-1)" .
=————"sinal
a’l’ -z’
. 2nr(-1)" . nxx 07
so, f(x)=2xmsinal sin
7 Z:azlz—nzf[z [
c)  Fit the second degree curve to the following data and estimate the value of y 06
when x = 80.
X 10 20 30 40 50 60 70
y 20 60 70 80 90 100 100
Ans:
X (x- X’ * X" y y/10 | xy X’y
40)/10
10 -3 9 27 81 20 2 -6 18
20 -2 4 8 16 60 6 -12 24
30 -1 1 1 1 70 7 -7 7
40 0 0 0 0 80 8 0 0
03
50 1 1 1 1 90 9 9 9
60 2 4 8 16 100 10 20 40
70 3 9 27 81 100 10 30 90
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0 28 72 196

52 34 188

Y = 6.095 + 0.9286x + 0.0476 x*

Ifx=80,y=105.71

0O.No.4.a.
6

Ans: (i) by Normal distribution:

m:np:SOXi:ZO,q:%

o =+/npq =3.873

_X-m_ X-20
[0} 3.873

Z

X :25-30
:24.5—30.5

X =245—z=1.16

X =30.5—z=2.71

P(24.5<x<30.5)=P(1.16<z<2.71)
=0.4966—0.6770
=0.1196

(i) By Binomial Distribution

3

==,g=",n=80
p=74=7

.
4 b

P(X =x)= "cxpxqso_x,x=0,1,2,3, ....... N

_ Socx l X é 80—x
4 4

Q.P.Code: GT-6442 Page 9 of 22

05

07

(1)

(2)

(3)

(4)

Prepared by: Prof. K. M.BAGAYATKAR
Prof. V.S.GURAV



Rajendra Mane College of Engineering and Technology, AMBAV (Devrukh) -415804

®Aniversity of HMumbai

Mechanical& Automobile Engineering Sem-1V (Rev) Summer 2010(10-SUM-MECH/AUTO-IV-REV-AMIV)
APPLIED MATHEMATICS-IV

30 X 80—x
-2."(3)(3)
i35 4)\4

(5)

=0.0434+0.0306 +0.0204 +0.0129 + 0.0077 + 0.0043

=0.1193

(6)

Q.No.4.b. A tightly stretched string with fixed end points x = 0 and x = Lis initially in equilibrium

9%y

» az)’

Ans:

Its general solution is

y = (¢, cosmx + ¢, sinmx) (¢, cosmet + ¢, sinmet)

(i) whenx=0y=0 forallt(atA)
0=(c,)(c,cosmct +c, sinmct)
~.¢, =0 putting in eq.(1)

y = (¢, sinmx)(c, cos mct + ¢, sin mct)

(i) when t= 0,y = 0 foe all x (along x-axis)
0=(c, sinmx)(c,)

S0y = 0 putting in eq (2)
y = (¢, sinmx) (¢, sinmct)
y = ¢,c, sinmxsinmct
y = ¢ sin mxsinmct
=c,

c,C
where 274

(iii)when x =1, y=0 for all t (at B)

Q.P.Code: GT-6442 Page 10 of 22
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ox’
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0 = ¢ sin ml sin mct
o C5 =0 or sinml =0
But ¢5 = 0 gives trivial solution (From eq 3.)
~osinml =0
sml=nw  where n=1,2,3,

..... (3)

. _
Som= T putting in eq. (3)

. NXX . nuct
y =¢s sstm

where n=1,2,3,

= nwx nxct
= » b sin sin
e s T @

v (25
(iv) en t=0, EY. 0 /

3_)} _ Z b sin mlz'x ., nict (nﬂ'c)
A —

[ [

dy < nze\ . nrx  nrxct
—=>b sin cos
ot Z ¥ ( [ ) [ [

AN A
Putting t=0, [gj—vo sin [Tj

v, sin’ (%j = an (HTECJ sinnTm 4)

n=1

n=1

sin36 =3sin&—4sin’

sin’ ngsine—lsin3l9
4 4

v, ésin zx —lsin 37X :an nce sin nax
4 [ 4 [ [ [

n=l1
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3. (7x) 1. (37x e\ . 7x
Vo| =SIn| — |=—=sin| — | |=h | — [sin—+
4 [ ) 4 [ [ [

2me ) . 27x 3zc) . 37mx dre | . 4nx
b, sin l ++b, 5 s1nT+ b, sin +——=

[ [ [
Comparing,
e 3 37c -1
blT:VOZ,bz:O,b3T:VOT,b4:O,b5:O,——— (5)
3,1 —v,l
h =" ph=— ph =ph =h.=———=0
'dre’? 1R2ac’ Y7
Putting in eq.(4)
3v,l [
y(x,1)= " i P in T 40— 20 iy X G0 3 L0 40404+ ———
4rc [ [ 127c [ [
vl . mx . met vl . 3xx . 37zct
y(x,t) = sin—sin — sin sin (6)
4rc [ [ 127zc [ [

O.NoA.c.
8
Ans:
f(x)=a0+2an cosnx+2bn sin nx Vxe [0,27] (1)
n=1 n=1
1 2z 1 V4 2z T
a, =— X)dx=—-/| | xdx+ | (27— x)dx |=—
= S
1 2z
a, =— I S (x) cos nxdx (4)
%
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1 4 2z
=— dx+ | (27— d.
a, E{J‘xcosnx x I( x) cos nx. x}

0 T
—2[1—(—1)"]
a, = 5
n’ (5)
1 V.4 2
b, =—stinnxdx+J‘(27z—x)sinnxdx}
2 0 V.4
b,=0. (6)
Deduction:
LT[f(x)]zdx—a2+l§:(a2+b2)
27[ , 0 2 o= n n
1 PF 2d_1”2d 12”2 2d
E.([[f(x)] x—g.([[x] x+g;[[ 7z'—x] x (7)
1% 2 z’
ol de 22
Lo s
2 (z¢ 1a[2[-c ]
) +5§{ - }
_(7),45([-C]
3 A 4y s w2
7[_4—l+i i+i+___ (8)
9% 1* 3* 5 7
0O.No.5. a.
6
Ans:
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@=a—u+2u 1
sz ay _______________ ( )

Let #u =X -Y be the solution of (1), Where X is function of x onlyand Y is
function of y only.

ou _ du

HM_xy =X

ox dy (1)
2

a—bzt:X"-Y

ox

Putting the values in eq(1),
X"T=X-Y'+2XY
X"-2X Y
CpElaly
Clearly LHS of(2) is function of x only and RHS of (2) is function of y only.

---------------- @) (2)

Since x and y are independent variables , the eq(2) hold good if each side is equal to constant

k (say).
X"-2X Y
—_— =
X Y
X"-2X Y'
=da —=a
X Y
X"-2+a)X =0 Y'—aY =0 (3)
2 dy
dX—(2+a)X=0 —+~a¥l'=0
o dy
Putting %x =D putting %y =D
D’X -2+a)X =0 DY —aY =0
(D’-2+a))X =0  (D-a)Y=0 (4)
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Auxillary equation :

(D*-(2+a))=0 (D-a)=0

D*=2+a D=a

D=*vJa+?2

X = cle(m)x + cze_(m)x Y =icie®

AN [Cle(m)x +Cze—(m)x]cseay‘ 5

Using boundary conditions

u=0and

oy =1+e7” whenx=0.

ox

On simplification

uz%-sinh(ﬁ-x%sinx-e‘” (6)
0.No.5.b.
6
Ans: n=36,x=53, =54 (1)

—\2
o= M=2.0412 (2)
n

Null Hypothesis: @ =54

Alternative hypothesis: u # 54 (3)

Test Statistics: Z =" =294, |z|=2.94 (4)

ar

LOS: a¢=5%
Critical value: At @ =5% — Z, =1.96 |2|=2.94> Z, (6)
Decision: The null hypothesis is rejected.
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8
Ans: Regression equation of yonx: ¥ =X (1)
o
b,=r—=1
Gx
Regression equation of xony: X ==Y +3
o 1
b =r—~=—
Yo, 4 @)
y
Y =X T X:%Y+3 = X=1Y=1 (3)
ze?=l,l_/=l
1
s i1y 1
r=(b.xb, ) =( ] =5=05 (4)
The second moment of x about the origin is 2.i.e.
#=2,
4'=X=1 (5)
1 1 2
=0 =u, —(w') =1
no =1
b, xo
o =220 Dy (©)
rh

Q. No. 6.a.Find Fourier integral representation of:
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=0 x>a
Fen=f@ 6

Ans: Fourier integral:
122
F=—=[ [ f(s)cos (s - x)dwds n
Ty e
But f(x) is even function
5= o
= o= —Icos wx {If(s)cos a)sds}da) 2)
4 0 0
2 oo a
f(x) =—Icos a)x{fscos a)sds}da) (3)
7 0 0
f(x)=£jcoswx[ssina)s+cosza)s} dw 4)
Ty @ o ],

2% asinaw cosaw 1
f(x):—j-cosa)x + ——— do
Ty ® o o

5= .
f(x) :—Icos wx[aa)snzl aa)+ = fa)—%}dw (5)
) @ & @
X i a
Fl)= —Icos wx[aa)sm aa)+200s am 1}1(0 )
T @

O.No.6.b.

Ans:
Food A Food B
x | d=x-51|d>| x, |d;=x,-53|d}
49 -2 4 52 -1 1
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53 2 4 55 2 4
51 0 0 52 -1 1
52 1 1 43 0 0
47 -4 16 | 50 -3 9
50 -1 1 54 1 1
52 1 1 54 1 1
53 yi 4 53 0 0
Total -1 31 | Total -1 17
(2)
Pl 2. Y
=+ = =534+
i n & n (3)
x, =50.875 x, =52.875
2
— d.
S(x-x) =Xa’ 2d) fbs
n
2
pl | d.
Z(x2 4 x5 )2 :Zd12 = (Z ’) =16.875
n
Null Hypothesis: u, = u,
Alternative hypothesis: 4, < 4,
—\2 —\2
(x,=%) +) (x,-%
Test Statistics: 5, = z : Z( d 2) =+/3.41 (4)
nf+nyr2
11
S.E = S, X [—+—=0.92
n o,
t X — %
= =-2.17 5
S.E. ©)
l|=2.17
LOS: a=5%
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Critical value: At v =8+8-2=14—1,=1.76 (6)

Decision: The null hypothesis is rejected.

O.No.6.c.

Find the temperature u(x, y) at any point (x, y)of the plate. 8

Ans: In steady state 2 dim heat flow eq.

o’u du 3

¥+W—O ___________ (1)

u(x,y) =(c, cos mx + ¢, sinmx)(c,e™ +c,e™ )

(i) u »0when y —oo for all x ,putting in (2)

0= (c, cosmx + ¢, sinmx) (c3e’"y )
c; =0
u = (¢, cos mx + ¢, sin mx) (c4e_'"y) (2)

(i) whenx=0u=0

— —my
0=(c)c,e
=0

putting in(3)

u=(c,sinmx)c,e™

— 1 =Ly —
u=cgsinmxe ™, (¢c,c, = ¢s) (3)

(iii)when x = a, u= 0 putting in (4)

ny

0 =c,sinmae”
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cs =0 or sinma=0 (4)

But €5 = 0 gives trivial solution (From eq 4.)
.sinma =0
.ma=nmt where 11 = 1, 2, 3, .....

nwx =
.. M = —— putting in eq. (3)
a

nmxx -nzy
uU=c,sin—--=e Ve
a
- . nxITx
u=2bn sin—-e /¢ (5)
n=1 a e EEERSEEI T (5)
(iv)when y= 0 ,u = u(x,0)=kx for O<x < a/2

=k(a-x) fora/2<x<a

U= Zb sin—— i (6)

is Fourier Half Range sine series for function
u= kx for O< x < a/2
=k(a-x) foral2<x<a

b =3T F(x)sin (”—“jdx
as a

% ’
2 . V4 . V4
b, :—Ikxs1n(ujdx+jk(a—x)sm(ujdx (7)
a 0 [ % [
2
4ka [ }
= i dka| 1 sin % |gin 17X o
|y > P (8)
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Q. NO. 7. a. _

6

sin nx (1)

Ans: f,(x)= N ,n=123—-—-

sin mx sin nx
(2)

__[[fm(x)fn (xX)dx = _'[,ﬁﬁdx

T £, () f, (x)dx :2_—; T [cos(m+n)x—cos(m—n)x]dx (3)

sin(m+n)x sin(m—n)x i
m+n m-—n -

[ 1,00 f, (o= _—1[
i 2
Case(i):m#n

[ 1,01, (0)dx =0 (4)

Case(ii):m=n

J. [f,(x)] dx= T {sinnx} dx:l T sin? nxdx

T 5 1 F[1 cos2x
_j”[fn(x)]dx—;_ji;— : }m (5)
[ [£,0] dx=1 (6)

7

Ans: Null Hypothesis: p, = p,
Alternative hypothesis: p, < p, (1)

Test Statistics:

P,=proportion of defective articles before overhauling = X = 42—(;1) =0.05
nl
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P,=proportion of defective articles before overhauling = X = % =0.033 (3)
n,
p,—p,=0.017
XX 6043 (4)
n+n,
q=1-p=00957
1 #1
S.E.=, |pgl —+—|=0.015 (5)
nl nZ
D~ D
Z=—"—"2=1.13 6
.E. )
LOS: a=5%
Critical value: At @ =5% — Z, =1.96
|| =1.13<Z, (7)

Decision: The null hypothesis is accepted.

O.No.7.c.
7

Ans: Data is not given in problem (wrong question)
EE T
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