Model Answers for B.Tech Il Sem, Internal Assesment 1, Engg. Mathematics Il, Branch Cs Section A&B

~ §1.3. Rank. Definition : A non-negetive integer r is said to be the rank of a matrix
1(i) A i possesses the following properties ;

(1) there is atleast one minor of order r. which does not vanish.

Uy Every minor of order (r + 1), i any. vanishes.

.I“ fact (i1) = ecvery minor of order greater than r will vanish. It is so because
‘:'_‘:::;L:“‘“Of of order (r + 2), being the sum of multiples of minors of order (r + ). will

Notatlon : The rank of a matrix A shall

. be denoted by th : 1 A).
Remark : The rank of a null matrix O of > the symbol p (

any ordcer is defined as gero.

. § 1.8. Harmonic Analysis:
(ii) . , . : '
Some times in practice, the function is not given by a formula but by a graph or
by a set of corresponding values. In such cases the Fourier coefficients ag,a,, and b, ctc. can
not be evalutated -

Thus the process of finding the Fourier serics when the function f(x) is not given by an
analytic axpression but only its numercial values are known at cqually spaced points iz knownas
- Harmonic Analysis. '

§ ;‘_4, Dirichlet's Conditions :
A function f(x) is expanded in the form of Fouricr Scries with the fg
assumptions :

() f(x)isdefined in (-7, 7) and is a single valued function .
(#) f(x) isa periodic function whose period is 27 . _
(iif) Thetermsof the series canbe integrated term by term i.e. thesericsis uniformly cor
in the interval (-, 7) and the series

o0
f(x)= ag + »: ( a, cos nx -+ I)" sin nx)
n=|
() converge 1o f(x) when x is a point of continuity,

[(x+0)+ f(x~0)
)

(b) converge to , when x is a point of ordinary discontinul

(¢) convergeto [(—n+0)+ [(xr—0) .when x =+ x.
2

(iv) L]

— 2n .
filx) = a, +§{an cos 5 x+b,_ sin

1
where a, = - [ fGoax

. 2 2n 7t
a = I ff(x)cosb x dx

—a

2

b—a

. 2nm
ff(x)sm -

==

&b = x dx



e A0 o e,

nstant term andthe co-efficients of the first sine and cosine te

Ex. 1. Obtain the co ! Jic : N
i the F,:"n'er expansion of y as given in the following trable: §
L ) 3 p 2 3 p 5
o 9 18 24 28 26 20
Y ' [RTU B.Techt-fME)ﬂT; Raj. BE (CE),05; (BT)04; EB)qy
Sol. Let the Fourier series representing » in (0, 5) be
mwXx X P TX P Dmx
y:aﬁ+alcos—3—+azcns +o +311:-m-?+b?_ sin — )
2| mean value of vcosE i
where ag = [mean value of ¥ in (0, 5); a = K . 3 ln(l},s}]
. MX .
b, = Z[meanvaluenf ysm—j— m(ﬂ,ﬁ}]
The desired values are tabulated as follows :
= in 2> cos = v y sin i -
—_ sin —— — - ' COp
0 0 0 1 9 0 9
T
1 w3 J3/2 3 18 o3 9
x o 0 -1 28 0 28
> ' ' 1 0
/3 . —_JEXZ |- 2 20 -—lﬂﬁ ______.]...--"""
_125
125 Z=125 2B E
a = e— = ZD- . - 25 3
“o ) 33, ﬂ1=————3:—:—3_33; bls-—?’—{::’l'lﬁ
‘J‘

- Substituting these values in (1) we get the required Fourier series as follows -

y=f(x)=20283 —-8_33.;:953;__1_ 155-1“232+.,..

Ex. 1. Find the Fourier series of the function f(x)=x+x?

w the interval (— 7, w) and show that

2 1 7
T_l+-2—2'+3—2—+...

Also findthe sum of the series when x =+ 7. '
[RTUB. Tech. III(EE), 07; Raj. BE (EIC, BME), 06; (BT)04; (ECE)

_ ' %
Sol. Letf(x)=ay+ X (a" cos nx + b, sin nx)
n=|]

Here f(x)=x+x2, —r< X < T
2 " | T : 2 :
Now ay =3710 () dx = [7 (x+x2)dx
T
== =;fﬁ+ﬁ _



/d, a, =7 f(x)cosnxde=L[" (x+x2)cosnxdx

an
_ 1" rcosnxdesL[T x2 5
= “‘f_:x s nx dy + '_rj_xx cosmxdx ==(Fx2cosnx dx [byPs] .

= g—[.\'z (sin nx) —9x (_ cosznx-) i (_ fn m]]"
L n 3
2 cos nm
=—|2n| —— p
1![ ( n? )] [+ sinnn=0]

.

i a, = ;“2—(—1)" [+ cosnz=(-1)"] o
soi b, =L|T_ f(x)sinnxdx = ;‘;_’:‘ (x +x2)sin nx dx
=1 fx x sin nx dv +%I:‘x2 sin nx dy
=2 [T xsin nx dx [by P ]
=E‘:x(_cosnx)_l.(_sin luc)]” =-2—[n(—°°sm‘)+0]
b3 n nz 0o = n .
or b, =—2(-1)" ‘ @

Now substituting the values of a,.a, and b, from (2),(3) and (4) in (1) respectively, we+
ohtain the required Fourier series as under , '

x+x2= £+ [( 1" % cos nx +(=1)" (— 3) sin "x]
3 " n

2
o, x+x2 =——4(cos x—;l,,—cos 2x+31?cos3x—...)

C 42 (sin x-%—sin 2x+=_1;- sin 3.\'—...) o )

Replacing x =  and x=-= in (5),

n+:rz———+4(1+-l—+-l,—+...) ...(6)
22 32 :
and —n+n‘-—i+4(l+—+—l— ) (D
22 32
Adding (6) and (7),
2n? 1 1 2 11
2n? —L+8 1+—+—5+... 4+t
3 22 32 o 6 22 32

Sum of the seriesat x =% 7

L[ rr0) s (x-0)] =3 L G+ (0]

I Lim
T2 h 0

»

-+ n* %wLnJ —_



Example 42. Determine the values of a and b for which the system
TX+2y+3z=6,x+3y+5z2=9,2x+S5y+az=b>b

_has (i) no solution (ii) unique solution (iii) infinite number of solutions. Find the s
in case (i1) and (iii).

/solv“"" C =[A: B]
1 2 3:6
=11 3 59
2 5 aib
M,nng.)Rz—-Rl, R3 — R3 - 2R;, we have
AppL
1 2 3 : 6
C=/01 2 : 3
01 a-6 : 12
ApplvingR3__)R3—R2,wehave
1.2 3 & 6
CH0 1 2, . < ., (1)

0 0 a-8 : b-15

Case (i) No selution : It is possible when p(A) # p(C).

Whena -8 =0 = a = 8 then p (A) =2

When b — 15 # 0 = b # 15 then p(C) = 3
Thus fora = 8 and b # 15, p(A) # p(C) and hence the system has no solution ie, I
i§ meonsistent.
Csse (i) Unique Solution: It is possible when p(A) = p(C) = 3 (number of un
knowns)
Forﬂlii’wl—iheo=>a;tSandbcanhaveanyvaluesotlmtp(A):-’""F’(C)'
Futbher from (1), we have

x+2y+3z =6

y+2z =3
(@a-8)z =b-15
b-15 _ Ans
Q»Zt\ oo 3a-2b+6 _ b-15

a-grX=ToTg O A
(i) Infinige Solutions: It is the case when P(A)
sohw:fa=‘8andb=1s then p(A) = p(C) = 2 (<3)
“8and b = 15 the system has infinite solutions:

Case = p(0) <3.



2
3 _ Hence find AL
1

i

0
A=|1
3

Solution: Stratement:
The characteristic equation
—-A 1 2
1 2-A 3 |[=0
1 1—-A

for the given matrix is

A=Al =0=

M@ -N1-D-31-11-2A-9]+2[1-3@2-27)]=
A2 3A-1)+A+8+26B1r-5) =

A3 +32+8-2=0

A3-322-8L+2=0

which is the characteristic equation of A.

012012745
Now AZ=|1 2 3 5" 3
3 i 1
2
3
1

by v

—
-
W -

(19 20 31

3 2 0 1
AEAR=TT & 1|lv 2
. 36 26 36

Now A’ =383 — §& -9

I3
19 -
j‘” zg 212 2 15110 8 167 12 0 o
3626221‘;’;?:33‘816 salile 5> o
30| |24 g
8 0o 0 2
[0 0 0
= 10: 0 0]=0
000

yence A satisfies its characteristic equation.

. The theorem is wverified.
Since. A2 — 3AZ — 8A + 2Iz3 = O
— A2 — 3A — 8I3 + 2A! = O

= Al =;21_[A2 _3A-—SI3]

S o 3 6 8
11 111—13 66 9o|—|O
10 o 3 3 O
1 —1
L _2
- __1 8 — 5 2 —_ — —8 o
< = s —3
—S5 3 —1

’ I

Every square matrix A satisfies its own characteristic equation



