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SEMESTER - 1
APPLIED MATHEMATICS SOLVED PAPER - DEC 18
N.B:- (1) Question no.1 is compulsory.
(2) Attempt any 3 questions from remaining five questions.

Q.1 (a) Show that sec h-(sin 6) =log cot (g). [3]
ANS: LHS = sec h-1(sin 6)
Lety =sec h'!(sin B)
sec hy =sin©
1 1

sinf  sec hy

cos hy = cosec 6

y = cos h-l(cosec 6)

but cos h'x = log |x + VxZ — 1|
-y =log |cosec 8 + VcosecZ 8 — 1|

-y =log |cosec 0 + cotO|
1 cos@ |

sin@ sin@
1+cos@

=log

=lo
9 sin@
29
2 cos >

=log

6 .60
2c0s=sin—
2 2

[
COS—
2

=log

. 6
Sin—-
2
=log cot (g).
= RHS
~. LHS = RHS
Hence proved

V2 -ivZ 0
(b)Show that a matrix A =2,z _y2 0] is unitary.  [3]
0 o0 2
V2 —iv2 0
ANs:Given  A=-1i\2 2 0
0 0 2

To prove unitary, we have to prove AA® = |

vz -iv2 ﬂ
~Ae=1

iv2 =2 0
0 0 2




~.LHS = AA®

. NN ) V2 —iv2 0
Zlivz =2 ofz|livz —vV2 0
0 0 2 0 0 2

[(2+2+0 —-2i+2i+0 0+0+0

=i2r—n+0 24240 0+0+ 0
[ 0+0+0 O0+0+0 040+ 4
4 00
=ZO4O
0 0 4
100
=0 1 0
0 0 1
LHS= |
= RHS
LHS =RHS

Hence proved.

(c)Evaluate lin(} sinxlogx. [3]
X

ANS: Let L = lin% sin x log x
xX—

logx

L =1lim
x—0 cosec x
1

R T A .

L= }gr(l) e m ooty s (By L hospital)
. —sinxtanx

L =1lim ————
x—0 X

L=1im —tanx
X—

L=0

(d)Find the nt derivative of y=eox cos2 x sinx. [3]
ANS: Given y=e% cos?x sin x

y: eox (

1 n .
y=3 (e sinx + e%* cos2xsinx)

1+cos2x

)sinx

y= %(eax sinx + %eax(sin 3x — sin x))
y= l(leax sin 3x + = e%* sinx)
2\ 2 2
Diff n times,
11 n . -13 1 V '
w=ﬂﬁe“0m2+9)9M3x+nmn1?*-5“”(a2+1"$Mx+

_11>
n tan a) .

(e)if x =r cos © and y=r sin © prove that JJ-'=1.  [4]
ANS: Given x =r cos 6 and y=rsin 6




i.e.xy —f(r0)

ax _ ax .

;—COSG 55 = rsin @

dy . dy

— = sin —=r

5 =S 0 39 cos @
dx Ox

_9(xy) _|or a6| _|cos@ —rsinf| _ , _
J= = —|. =r(cos20 +sin26)=r.
o(re) |9y 9y] lsin@ rcos@ ( )

ar a6

T I GO (1)
Now, to find values of rand 6
X2+ y2=12(Cc0os?20 +s5in20 ) =r2

.= 2 2 X=rsin6=
r=yJxt+y and S tan ©

. O=tan12
X
o or x y
r_9(r,0) _ |ox oyl _ \/x2+y2 \/x2+y2
a(xy) |96 96 —Y x
ax dy x2+y?2  x%+y2
_ xZ y2
= 3+ 3
(x2+y?z  (x%2+y?)2
— _x+y?
- 3
(x2+y?)2
1 1
= R TN oo 1 (2)
Jx?+y? oor

From 1 and 2, we get
Hence, JJ = r.%= 1
Hence proved

(f)Using coding matrix A=[2 1] encode the message THE CROW FLIES AT

3 1
MIDNIGHT.  [4]
ANS:
T=20 H=8 E=5 C=3 R=180=15 W=23 F=6 L=12 I=9 E=5
S=19 A=1T=20M=131=9 D=4 N=14 =9 G=7H=8 T=20

C=AB

_[20 5 18 23 12 5 1 13 4 9 8

B8315691920914720

C=[2 1][20518 23 12 5 1 13 4 9 8
3 14t8 3 15 6 9 19 20 9 14 7 20

C=[48 13 51 52 33 29 22 35 22 25 36]
68 18 69 75 45 34 23 48 26 34 44




Q.2] (a) Find all values of (1 + i)é and show that their continued product is (1
+i). [6]
ANS: Let 7 = (1 + i)
= [V2 (cos %+ isin%)]g
L= (\/E)% . [cos (an + g) + isin(2km + E)ﬁ

)+i sin (T

+m

L= Zé[cos (Skn
Puttingk=0, 1, 2.

1 i
o= 26.e12

1 9im
Iy=26.e12

1 17im

Io= 26 . € 12

3 271im
sLolyIy= 26 . e 12
1 9im

=22.€e 4

=2 (cos %T+isin%n )
—\/_(—+l\/—_)

= (1+i).

(b)Find the non-singular matrices P & Q such that PAQ is in normal form

1 2 3 4
where|2 1 4 3 ‘ [6]
3 0 5-10
1 2 3 4
ANS. Given matrixis A=[2 1 4 3‘
3 0 5-10
The order of matrix is 3 x4
SA=lz A g
1 000
l1234‘ [100 010 0
2 1 4 3 0 1 0
3 0 5-10] lo o 1] |9 010
0 001

Operate R2-2R;; R3-3R;




1000
1 0100
0—3—2—5 210
0o -6 —4-221 -3 0 11 (00210
0001
Operate C2-2C;; C3-3C;; Cs-4C,
1 -2 -3 -4
1 00l 1o 12 0 o
0—3—2—5 1 0|A
0 -6 —4 —22 010010
0 0 0 1
Operate = CZ ; C3
1 203
3 2
1 0 0 0 1 00 -1
l011—5‘=[—210A0? 0 0
0 2 2-221 -3 0 1 o 1 o
2
0 0 0 1]
Operate R3-2R2
1Ry
3 2
1 0 0 0 1 0 0 b
l010—5‘=[—2 1 OAO? 0 0
0 0 0—12 1 -2 g, o -1
2
0 0 0 1]
Operate Caz4
1 2 -2 5
3 3 6
10 0 0 1 0 0] |y-1-51
01 1 of=[-2 1 oA 3 3 3
0 0 —120 1 -2 d i, 4 4 1
2
0 0 1 0]
R3
Opero’re_—12
Lg%
1 ooof [L 0011 -1 -5 1
01 00/=|22 1 0aAl" 3 3 3
00 10 |5 ¢ =l |g o o =2
2
0 0 1 o0

[I3, 0] = PAQ ie PAQ is in normal form,




13 T
100 o ~1 -5 1
=-2 1 0 = - 4 5
Where, P . and Q 3 3 3
12 6 12 0 O 0 __1
2
0 0 1 0]
(c)Find maximum and minimum values of x 3 +3xy2 -15x 2-15y2+72 x. [8]
ANS: Given f(x) = x3 +3xy2 -15x2-15y2+72x... (1)
STEP 1] for maxima, minima, Y-0L=p
dx ay
3x2+3y2-30x+72=0 and éxy — 30y=0
-y (6x-30) =0
y=0, x=5
For x=5; From Equation 3x2+3y2-30x+72=0, we get y2-1=0
Y=+1

Hence (4,0), (6,0), (5,1) ,(5.-1) are the stationary points.
STEP 2] Now, r=2L=6x- 30;

dx2

t=27=6x-30
STEP 3] for (x, y) =(4, 0), r=-6, s=0, t= -6;
rt —s2=(-6)(-6)-0=36>0 and r<O.
This shows that the function is maximum at (4, 0)
~.From Equation (1)
Frmax=f (4, 0) =43+0-15(42) +0+72(4) =64 — 240 + 288
Frnax=112
STEP 4] For (x,y)=(6.0)
r=6, s=0, t=6
rt-s2=36 but r=6>0
This shows that function is minimum at (6, 0).
From Equation (1),
Frin=F(6,0)=63+0-15(6)2+0+72(6)=108.
STEP 5] For(x, y) =(5, 1)
r=0, s=6, t=0;
(rt-s2)<0
This shows that at (5, 1) and (5.,-1) function is neither maxima nor
minima.
These points are saddle points.




Q.3] (a) If u=e*z f ( y) prove that x + z——2xyzu and y— + z——2xyzu and

hence show that x020x yozay [6]

ANS: u=ev: f (7)
2= et [ 11(2) x 241 (2 e x)
xzz—exyz [x—f’(%) +xyzf(ﬂ] ................ (1)
oo [ e (e xm
yg—; = e*” [x—f’ (%) + xyzf(xz—y)] .................... (2)
- [1/(2)x 2 (e o

ZZ—Z = "V [—ﬂf’ (xz—y) + xyzf(xz—y)] .................... (3)

Adding 1 and 3, we get

Ju ou _ Z xy\ _
X—+ z— =2e*Y% xyzf (;) = 2xyzu
Adding 2 and 3, we get
yg—; + ZZ—Z = 2e*? xyzf (xz—y) = 2xyzu
For deduction,

du du
X + z— = 2xyzu

0z
Diff w.r.t z
02 2%u | @ ]
ax; + [Z—u += (1)] = ny[z—u +u(1)]
Xo—= = (2xyz — 1)— - Z S 2XYU e (4)
Similarly,

ya—u + za— = 2xyzu

Diff w.r.t z and solving, We ge’r

9%u
ym = (2xyz — 1)— — Z + 2XVU eveiianinnnnn, (5)
. From 4 and 5, we geT
o°u 9

X9z0x — yazay'

(b)By using Regular falsi method solve 2x - 3sin x -5 = 0.

ANS: Let f(x) = 2x—-3sin x- 5
f(1)=-5
f(2) =-5.5244
f(3) =-3.7379 <0
f(4) =0.5766 >0
-.Roofs lies between 2 and 3

[6]




Iteration a b f(a) f(b) X = f(x)
af(b)—bf(a)
F)-f(a)
l. 2 3 -3.7279 0.5766 2.8660 -0.0841
Il. 2.866 3 -0.0841 0.5766 2.8831 -0.0009
. 2.8831 3 0.0009 0.5766 2.8833 -

(c)if y=sin[log(x2+2x+1)] then prove that (x+1)2yn+2 +(2n +1)(x+ 1)yn+1 +

(n2+4)y,=0. [8]
ANS: We have,
y=sin [log(x2+2x+1)]
Diff with x
= 2
y1 = cos [log(x2+2x+1)] X PR (2x + 2)
2(x+1)
= 2
y1= COs [log(x2+2x+1])] x D)2

2
= 2 R
y1= cos [log(x2+2x+1)] x i

(x + 1) y1=2 cos [log(x2+2x+1)]
Diff with x again,

(X + 1) y2+ y1 =-2sin [log(x2+2x+1)] X X (2x + 2)

x24+2x+1
2(x+1)
(x+1)?
(x + D2 y2+ (x+ 1)y1 =-4sin [log(x2+2x+1)]
(x + 1)?y2+ (x+ 1)y1 = - 4y

By Leibnitz Theorem,

[z + 102 + nyppa 26+ D +

(X + 1) y2+ y1 =-2sin [log(x2+2x+1)] x

n(n-1)
2!

Yn- 2] + [Yns1. (x + 1) +ny, (1)

]='4yn
Yni2(X+1)2+2N+ 1) (X + 1) ypyq + (N2+4) y, =0

Q.4] (a) State and prove Euler’'s Theorem for three variables. [6]
ANS:
Statement: If u=f(x, y, z) is a homogeneous function of degree n, then -

Let, u=f(x, y, z) is a homogeneous function of degree n.
Putting X =xt, Y=yt Z=12zt.

fX\Y,2) =t"f(x,y,z) .......... (1)

Diff LHS w.r.t t,




af _df X  dfay | of az

ot —oax ot T avar T azat

of _ Of of , 9

=Xy oz 2)

Diff RHS w.r.t. t,

a_f_ n—-1

at—nt fx,y,2)

Now putt = 1, we get 2L = nf (x,y,2) ......... (3)

From equation 2 and 3, we get

of of of _
xSty otz = nf(x,y,z)
of of of

xa—X.+y 6_Y+ZO_Z=nu

Hence proved

(b) By using De Moirés Theorem obtain tan 50 in terms of tan 6 and show that
1- 10 tan2 (1—’;) + 5tan4 (1—’;) =0. [6]
ANS: (cos 56 +isin 50) = (cos © +isin B) °
=C0s°0 + 5c0os40isin © + 10 cos 30 i2sin 20 + 10 cos 20 3sin 30 + 5 cos 6
i4 sin 40 + > sin 56
= C0s°0 + 5Cc0s 40 isin © - 10 cos 30 sin 26 — 10i cos 20 sin 36 + 5 cos 6 sin
40 + isin %6
= (cos %6- 10 cos 30 sin 26 + 5 cos B sin 40) + i (5cos 40 sin © — 10 cos 20
sin 30 + sin %0)
Equating both sides we get,
.. C0OS 560 = cos %6- 10 cos 30 sin 20 + 5 cos O sin 40
- sin 56 = 5cos 40 sin B — 10 cos 20 sin 30 + sin 50
But fan 56 = sin 56 / cos 56
= (5c0os40sin © — 10 cos 20 sin 30 + sin B) / (cos °6- 10 cos 30 sin 20 + 5
COs O sin 40)
Dividing by cos %0

__5tan® —10tan30+ tan®6
tfan 56 =
1- 10 tan?6+ S5tan*6

for deduction, put 6 = %

1- 10 tan? =+ 5tan* =
10 10

cot 5x— =
10 5tan % —10 tan3 %+ tan®

7 1-10tan? (=) + 5tan () = 0.

Hence proved.

s
10

(c)Investigate for what values of A and p the equations [8]
2x+3y +5z2=9
7x+3y-22=8




2x + 3y + Az = p have

A. No solutions

B. Unique solutions

C. An infinite number of solutions.
ANS: Consider the system of equation of

2X+3y+52=9

/x+3y-2z=8

2X+3y+Az=p

The above system is given as Ax=B

7 3 =2]rx
2 3 51|y|=
2 3 A1tz

X
Where A=(2 3 5] X=[Yl
2 3 A Z
8
And B=
Y7,
Rz —R»>

RN lR

(A) For no solution,
p(A) # p(AB)
A-5=0and pu-9+0
SA=5andu#9
(B) For a unique solution
p(4) =p(AB)=3
s A -5% 0and umay be anything
~.A %= 5forall values of u
(C) For infinite solutions,
p(4) =p(AB) <3
SA-5=0andpu-92=0
SA=5andp=9

=9

Q.5] (a) Find nth derivative ofﬁ. [6]

1
ANS: Y =2z

1

(x+ai)(x—ai)’
1 A B

(x+ai)(x—ai) (x+ai)  (x—ai)
1=A(x—ai) +B(x + ai)

y:




Put x = qi,
1 = B(2ai)

1

2ai
Put x = -ai, we get
1

2ai
1 1
Ly = —-2ai 2ai
o (x+ai) (x—ai)
o1 [ 11 ]
Y= 2ai “(x+ai) (x—ai)
Diff n times, we get
1 (-D™n! (-D™n!
yn=gal (x—ai)™1  (x+ap)nti
(b) If z=f (x, y) where x = ev +e"V, y = eV - eV then prove that ‘;—i - Z—i =X Z—i -y
dz
= [6]
ANS: Given: z="f(x,vy) , X=ev+ev ... (1)
y=ev-ev.......... (2)
By Chain Rule,
9z _0z93x | 3z0y (3)
du 0xou Odyou T
And
0z _ 0z0x , 0z0y
ol 6x6v+6y8v ........... (4)
~.From equation 1 and 2,
a_x — eU a_x = _e—V
ou v
oy _ . 9y _
W ¢ T T®
.. From equation 3 and 4,
0z _ 0z ., 0z
Ju =eV o % ey a .......... (5)
And
0z L o0z _ oy 82
5, = €' -¢Y 5y T (6)

By Subtracting Equation 5 and 6,

0z 0z dz 0z
F nllreiall| U+ev)a—(e“-ev)a—y
_ 0z 0z
- 5_ a_y .......................
0z 0z 0z dz
ou v Zox Yoy

Hence proved.

(c) Solve using Gauss Jacobi lteration method
2x+ 12y +z-4w =13

(By using equation 1 and 2)

[8]




13x+5y-3z+w=18

2x +y -3z + 9w =31

3x -4y + 10z + w = 29
ANS:

_ 18-5y+3z—-w
13

_ 13-2x—z+4w
12

_ 29-3x+4y—w
10

— 31-2x-y+3z
9

lteration X y z W
1 1.3846 1.0833 2.9 3.4444
2 1.3722 1.7590 2.5735 3.9831
3 0.9956 1.9679 2.7936 3.8019
4 0.9800 1.9519 3.0083 3.9357
5 1.0254 1.9812 2.9932 40126
6 1.0047 2.0005 2.9836 3.9942
7 0.9965 1.9987 2.9994 3.9934
8 1.0009 1.9984 3.0012 4.0007
9 1.0008 2.0000 2.9990 4.0004
10 0.9997 2.0001 2.9997 3.9995
11 0.9999 1.9999 3.0002 4.0000
12 1.0001 2 3 4.0001
13 1 2 3 4

~x=1y=2,z=3,w=4

Q.4] (a) If y = log [tan (E + g)] Prove that

1. tanh =tanZ
2 2

. coshycosx=1

y ¥
. y e2—e 2
ANS: 1] sin h= =
2 2
y -y
y 24e 2
cos h==
2 2
y sinh%
’ronhE:

Y
cos h2

[6]




1—tan§
1+tan§—1+tan§
1+tan§+1— tang

=tan£
2
~tanhZ=tanZ
2 2
T X
2]y=|ogﬁon(Z—FEH
ev=tan (= + )
4 2
X
2
X

= i
1- tanz tan2

tan§+tan

1+ tang
ey =

- X
1- tanE

X
1- tanE

X
1+ tanz

eV+e ™V
2

1+tanX  1-tan®
. 2

X
N 1— tani

ev=

cos hy =

(1 +tan§)2 + (1—tan§)2
2(1—- tanzg)

X

x 2X 2X_
1+2 tan2+ tan 2+1+tan > Ztan2

2(1- tanzg)

1+ tanzg

_ 2X
1— tan >




1

. cos hy =

CosXx

1
. COS hy COs X = —— .COs X
COsS X

cos hy cosx =1
Hence proved

1 1
3+y3
(b) If u=sin~?! [x1+y1] prove that
x2+y2
220 4 oxy Z¥ py2 8 — AU pqn 2y 4 13] [6]
X %x 4 axdy y 2y 144 )
ANS:
1
1 17
3 3
Given u=sin"?! [x1+y1]
xX2+y2
1
1 173
. x3+y3| . . ; . 1
Z=SNnu= [ﬁ] is homogeneous function in x and y with degree "5
x2+y2
~.We have the result,
Ifz="f(u)is homogeneous function of degree x and y then
02 a 2
252+ vy 2y T =g (u) [ () - 1] where g[u) = n £
n=-— f (u) =sin u,f (u)=cosu
1 sinu
g ( ) h -E cosu
. g (v) ——E’ron U
‘q =_1 2
g (v) = - sec?u
By above resuIT
an” + 2xy 2% y22 =-Z [-=sec?u- 1]
dx 6y 12 12
=1 [isecQU + ]] =1 [M-F '|]
12 " 12 12 12
=ifon u [fan2 u + 13]
2 0%u ?u o 0%u_ tan
o T 2xy oxay ') aZy 144

Hence proved

(c) Expand 2x3+ 7 x2 + x - 6 in power of (x — 2) by using Taylors Theorem.

[4]
ANS: By Taylor’s series,

flx) = f(a) + (x +a)f (a) + EE2 () + EL o (q) 4




Here,

flx) =2x3+7x2+x-6
f(2)=2(2)3+7(2)2+2-6=40
f'(x) =6x2+ 14x + 1
f(2)=6(2)2+ 14 (2)+1 =153

f'x) = 12x + 14
£'(2) = 12(2) + 14 =38
F(x) =12
£7(2) =12
' (x)=0.

fix) = f(2) + (x - 2f 2) + E2201(q) + E222£7(2) +0
2x3+7x2+x-6=40+ (x-2) (53) + 22 (38) +E22" (12)
2x3+7x2+x-6=2(x — 2)3+19(x — 2)2+53(x-2) +40

(d) Expand sec x by Mclaurin’s theorem considering up to x4 term. [4]
ANS: Lety =sec x
y =1/ (cos x)

x2  x3
_ x? % -1
y=>01-5+3-

—x2 x4 —x
= | - (— )+ (= 24
VES P i u g SN

x% x*  x*
= + — - — 4+ =
y =1 ST T

2

y=1+Z+3% 4




