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Engineering Mathematics

(Solutions for Text Book Practice Questions)

01. Linear Algebra

01. Ans: 3
Sol: If rank of A is 1, then A has only one
independent row.
The elements in R; and R, are proportional
3 P P

P 3 P
= P=3
02. Ans: 0
Sol: Here A and B are symmetric matrices.
= (AB — BA) is a skew symmetric matrix of
order (3 x 3)
= |AB-BA|=0

03. Ans: (¢)

Sol: Now, B = Al= M
| A
T

1 Ay Ap A
=B :m A21 Azz A23
Ay Ay Ay
1 Ay Ay Ay
= m A, Ay Ay

A A A

where A= |a, a, a,

. The element in the 2™ row and 3" column
of B is given by

1 1 3+2
— A, =—(-1
VTP

(-1)(1—0):‘71

32

1
2

04. Ans: (a)
Sol: Here, A" is a zero matrix.
s rank of A"=0

05. Ans: 46

Sol: Here, [adj A| = |A]* (- |adj(Ana)| = A" )
=2116=|A]
= |A| =+46
.. Absolute value of |[A| =46

06. Ans: (b)
Sol: S;) If A and B are symmetric then AB need
not be equal to BA

1 00

for example, if A={0 0 0

0 00

0 0 1

and B=|0 0 0

1 00

then A and B are symmetric but AB is not

equal to BA.
oo Sy 1s false.

S;) If A and B are symmetric then AB — BA
is a skew-symmetric matrix of order 3.
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07.

Sol:

08.

Sol:

.. |AB —BA| =0 (" determinant of a skew-
symmetric matrix of odd order is 0)
Hence, S, is true.

Ans: (a)

Each element of the matrix in the principal

diagonal and above the diagonal, we can

chosen in q ways.

Number of elements in the principal diagonal
=n

Number of elements above the principal

diagonal = n( " 2_ lj

By product rule,

number of ways we can choose these
("7
n——
2
Required number of symmetric matrices

_ )

elements = q". ¢

1 | B 1
B -1 n-1 ... -1
-1 -1 .. n—1
R, >R;+Ry, R3—>R3+Ry,............ R

Rn—l - Rn—l + Rl;

09.

Sol:

10.

Sol:

11.

Sol:

1 ... 1
0 n ... 0
A =
0 0 ... n
o |A]=n""
Ans: (a)
S1 is true because, any subset of linearly

independent set of vectors is always linearly
independent set.

S2 is not necessarily true,

for example, {x;, x, ,x3} can be linearly
independent set and x4 is linear combination
0fX1, X2 and X3.

Ans: (¢)

The given matrix is skew-symmetric.
Determinant of a skew symmetric matrix of
odd order is 0.

.. Rank of A <3.
Determinant of a non-zero skew symmetric

matrix is > 2

.. Rank of A=2
Ans: (a)
1 -2 1
Let A=| 2 0 o
-2 2 «a

For the system of linear equations to have a
unique solution, det(A) # 0.

(0-20) +2QRa+2a) +(4-0)=0

= 20+8a+4%0

=6a+4+0

=60%#—-4
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Engineering Mathematics

=S 0E—

.. Option (A) is correct.

12. Ans: (¢)
1 2 3
Sol: Given A=|2 -1 4

4 3 10

Applying R, — 2R, R3 — 4R
1 2 3
~10 =5 =2
0 -5 -2
Applying R3 — R
1 2 3
~10 =5 =2

0 0 O
which is an echlon matrix with two non-zero
rOWS.
.. Rank of A=2
If rank of A is less than number of variables,
then the system AX = O has infinitely many
non-zero solutions.
If rank of A is less than number of variables,
then the system AX = B cannot have unique
solution.
Hence, option (C) is not true.
If rank of A is less than order of A, then the
matrix A is singular.

. A" does not exist

13. Ans: (b)

k 1 1
Sol: Given, A=|1 k 1
1 1 k

k 1 1

=|Al=]1 k 1

1 1 k

= Al =k(k*—1)—(k—1)+ (1 -k)

= |A|= (k- D[K* + k—2]

= A=k -1)" (k+2)

Thus, the system has a unique solution when
k-1 k+2)%0

(or) k#1and k#—-2

14. Ans: (¢)
Sol: The augmented matrix is

1 3
(A|B)= 4 7
0 1

NS TN e) SN
— W N

R, - 2R, -3R,
R, - 2R, +R,

S O b
S O N

-1 -1
4 21 3
R; > 5R3+R; |0 0 5 5
0 0 0O
p(A)=p(A | B) =2 (< number of variables).
.. The system has infinitely many solutions.
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15. Ans: (¢) 17. Ans: (a)
Sol: Given AX =B Sol: Here Rank of A = Rank of [A|B] =
1 X 3 .. The given system has a unique solution.
= 3 y] 4
k z 6 18. Ans: (¢)
_ Sol: The augmented matrix of the given system is
I 1 1] 3
3 2 01
R N T
- 1 1 13
Rz—)Rz—Rl; R; > R3—Rj 1 =2 7 0
11 1 3
~1o1 2 |1 Rio Ry
0 3 k-1 3 U
) 4 0 7 1
R; »> R; —_3R2 s o 0 1
11 1 3 1 -2 7 0
M R,—4R;, R;— 3R, R, — R,
00 k=7] 0 11 | 3
If k — 7 # 0 then the system will have unique 0 -4 3 -—11
solution. ~ 0 -1 -3 _8
If k = 7, then rank of A = rank of [A | B] =2 0 =3 6 _3
(< number of variables)
. The system has infinitely many solutions
itk=7. B R
1 1 1 3
16. Ans: (a) |0 -1 -3 -8
Sol: Given n —r = 1, where r = p(A) and n = order 0 -4 3 -1
of the matrix 0 -3 6 -3
=3-r=1 R3—4R,, R4 — 3R,
= r = p(A) = 2 = number of non-zero rows 1 1 1 3
in an echelon form 0 -1 -3 -8
. To have rank 2 form matrix A, k must be - 0O 0 15 21
either —1 or 0. 0 0 15 21
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19.

Sol:

20.

Sol:

21.
Sol:

Rs—R3
11 1 3
0 -1 -3 -8
“lo 0 15 21
00 0 0

~.p(A) =p(AB) =3 =no. of variables
Hence, there exists only one solution.

Ans: (d)

If A ,«n has n distinct eigen values, then A
has n linearly independent eigen vectors.

If zero is one of the eigen values of A, then A
is singular and A~ does not exist.

If A is singular then rank of A < 3 and A
cannot have 3 linearly independent rows.

.. Only option (d) is correct.

Ans: (b)

If A1, Ay, A3 are the eigen values of a 3x3
matrix A, then

(1) A+ Ay + Az =trace of A

(i) A A2 A5 = [A]

=Mttt =18 ............. (D)

and A A A3 =0 .......... (2)

Here, the equations (1) & (2) satisfy with
option (b) only.

.. Option (b) is correct.

Ans: (a)

Since, A is singular, A = 0 is an eigen value.
Also, rank of A = 1.

The root A = 0 is repeated n — 1 times.
traceof A=n=0+0+...... + An.

= Ay=n

.. The distinct eigen values are 0 and n.

Engineering Mathematics
22. Ans: (¢)

Sol: The characteristic equation is
A-1HAr-2)(A-3)=0
A -6+ 1A -6=0
By Caley Hamilton's theorem,
A —6A+11A-61=0
Multiplying by A™,
(A’—6A+111)=6A"
23. Ans: (b)

10 -4
Sol: Let A =
LS —12}

Consider |A - M| =0

= A2 (2)h+ (=120 +72)=0
= A +2L-48=0
.. A =06, -8 are eigen values of A.

For A = 6, the eigen vectors are given by
[A—6I] X=0

=G L]

= X=Yy
The eigen vectors are of the form

1
X1:k1 1

For A = -8, the eigen vectors are given by

[A+8]] X =0
18 -4 |x 0
= =
18 -4y 0
= 18x—-4y=0
= 9x-2y=0

The eigen vectors are of the form

2
X, =k, 9
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24. Ans: (¢) 26. Ans: 7

Sol: The given matrix is upper triangular. The 8 -6 2
eigen values are same as the diagonal | Qol: Given A=| -6 x -4
elements 1, 2, —1 and 0. 4 3

The smallest eigen value is A = —1. The eigen

vectors for A =—1 is given by ' 2
(A— D)X =0 eigen vector X = | —2
=A+DX=0 L
21 -1 2 We know that AX =AX
03 0 1 0 8 -6 2][ 2 2
00 0 I}z -6 x —4||-2|=A|-2
0 0 0 1||w 2 -4 3
>w=0,y=0,2x-z=0 T30 o
L X=k[1020]" 1l6—% |2 —om
15 A
25. Ans: (b) -
Sol: Let A be the third eigen value. Clearly eigen value A = 15
Sum of the eigen values of A = Trace (A) =-16-2x=-30
= (3)+(3)+A=-2+1+0 - 2x=-14
=>A=5 = — g
The eigen vector for A =5 is given by
[A=51]X=0 27. Ans: 2
=72 =3x 0 Sol: If A is an Eigen values of A, then
=] 2 -4 6]}y =10 A= 327 is an Eigen value of (A*—3A%)
-b=2 =sflE] [0 Putting =1, 1,and 3 in (A*— 327,
— _L24 - —L48 = 2_Z4 V\;e fe; the eigen values of (A* — 3A%) are
= ?= % = —il Trace of (A*— 3A%) = Sum of eigen values

of (A*—3A%) =2

.. The third eigen vector =k| 2
-1
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28. Ans: 8

1 0 -1
Sol:Given A=|-1 2 0
0O 0 -2

The characteristic equation is A*~A*~4A+4=0
By Caley-Hamilton's theorem,
A A 4A+41=0
adding 2I on both sides
A - AP —4A+61=2]
Let B=A’ - A® —4A + 6l

Now B =21
S Bl =2[1=8

29. Ans: 2

6 -2 2][1 1
Sol: -2 3 =1]|2]|=A|2

2 -1 3]|0 0

2 1

41=A|2

0 0

Clearly A =2

30. Ans: (d)
Sol: We have, AT=-A
(* A is skew-symmetric)
—A+AT=(A-A)=0
Rank of (A + AT) =0
. Number of linearly independent eigen
vectors =n —rank of (A + A") =n

Engineering Mathematics
31. Ans: (a)

Sol: For upper triangular matrix the eigen values
are same as the elements in the principal

diagonal.
0 a b
LetA=]{0 0 ¢
0 00
1 a b
Then(I+A)=|0 1 c
0 0 1
= [[+A]=1

.. I+ A is non-singular and hence invertible.

32.
Sol:

Ans: 8

The characteristic equation of M is
A 120 +ar-32=0

Substituting A =2 in (1), we get a =36

Now, the characteristic equation is
A= 1207 +36A-32=0

= A-2) (A —10AL+16)=0

=>A=2,2,8

.. The largest among the absolute values of

the eigen values of M = 8.

33. Ans: (d)
Sol: Now,
2 0 1
|Al=4 -3 3
0 2 -1
=|A|=23-6)-0+1(8-0)
L JA=8-6=2
.. Option (d) not true and other options are
true
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34. Ans: (d)
Sol: Applying C4 — 3C; the determinant becomes

-1 2 1 3
10 0 o
12 1 -1 =3

2 3 0 0

Expanding the determinant by 2™ row we

will get the value 0.
.. Option (a) is correct

By deleting 1* row 1% coloumn of A, we get

a 3rd order non zero minor.
.. The rank of A is 3.

If |A] = 0 then the system AX = 0 has

infinitely many non zero solutions

.. Option (c) is correct.

If Rank of A is 3, then the system AX = B

cannot have unique solution.

35. Ans: (a)

1 2 2
Sol: Given A=[2 1 2
2 21
I 2 2
=>A~|0 -3 -2
0 -2 -3
Rz—)Rz—2R1,R3—)R3—2R1
1 2 2
=>A~|0 -3 -2
0 0 -5
R3—)3R3—2R2
= p(A)=3

= number of linearly independent rows

36.

Sol:

.. The set of vectors is linear set and it forms
a basis of R®

k#0
If the given vectors form a basis, then they
are linearly independent

k 1 1
=10 1 1/#0
k 0 k
SkK+k-k=0
L k#0
02. Calculus
01. Ans: (a)
Sol: Bﬁ(x—[x]):gﬁx—gﬁ[x]
4 4
02. Ans: (d)
. |X—2|
Sol: Lim——
x—2 X_2

03.

Sol:

Left Limit = Lim—*=2) _
x=2- x =2
. .. . x=2
Right Limit = Lim =1
=2+ x — 2
.. Left Limit # Right Limit

—> Limit does not exist

Ans: (d)
Lim[x]

x—4
Left Limit = 3, Right Limit = 4
= Left Limit # Right Limit

= Limit does not exist
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04. Ans: 2

(ﬁnxj
Sol: Limﬂ = Lim; =—=2
x50 | —cosX  x0 [l—cosxj 1
2

2

[S—

X

0s.
Sol:

Ans: 0

x—>7/2

Lim [Tanx — Secx] = Lim{SlnX — 1}[9 for m)
x—on/2 COSX O

Using L’Hospital Rule,

- Lim| S |- 0
/2l =Sinx | =1

06. Ans: (¢)

Sol: le[l +X ] o.°for m)

Let y= [l+x2]eix
= log y = ¢ ™ log(1+x?)

:Limlogy:Lim%H—X){ for m}
oC

X—>C X—>oC c

Using L’Hospital Rule

= log (Lim(l +x° )eix )

X—>C

07. Ans: (b)
Sol: y= Lt x*

x—>0

logy = Lto log x*

= Lt0 x logx
- Lt logx
x—0 1
g
1 -
= Lt Xl By L’hospital rule
)
= Lt0 (— x): 0
y=¢e’=1
08. Ans: (a)
Sol:
Lm«/a+x—\/a—x:Li (a+x) ( )
x—0 X x>0 x a+x J

= Lim !

J_J_J yw—~

09. Ans: (a)
Sol: (a) f(2)=3,
RL=2(2)-1=3, LL=¥=3
= f(x) is continuous at x = 2
(b) f(2)=2, Lirglf(x) =8-2=6=f(2)

= f(x) is discontinuous at x = 2
(c) f2)=2+2=4,LL=2+2=4,
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RL=2-4=-2 ie., (XD)x-2=(mx+b)_»
= LL # RL = Limit does not exist =4=2m+b
= f(x) is discontinuous at x = 2 L b=-4
(d) f(2) is not defined Hence, option (A) is correct.
= f(x) is discontinuous  atx =2
13. Ans: (¢)
10. Ans: (a) Sol: (A) f(x) = |x]| 1s not differentiable at x = 0
Sol: Given (f o g) (x) = f [g(x)] (B) f(x) = cot x is neither continuous nor
In (-0, 0), g(x) = —x differentiable at x = 0
= flg(x)] = f(-x) (C) f(x) = sec x is differentiable in the
_ 2
= flgx)] =x interval (—Z, Z) and hence in the
.. flg(x)] has no points of discontinuities in . 22
(—0, 0). interval [—1, 1]
(D) f(x) = cosec x is neither continuous nor
11. Ans: (a) differenti?lble atx=0
Sol: We have th f(x)= th )= £1) =1 .. Option (c) is correct.
. f(x) 1s continuous at x = 1 14. And: (b)
Sol: Let f'(x) = sin (x) + 2.sin (2x) + 3.

Now, £'(1)= 1 L0=/D (x)_{ D
-

x—1

and /(1) = 1 =L D
h—1* x—1

(2x-1)-1 _

= Lt =2

x—1 x_l
Here, f'(1)=1=f'(1") =2

.. f(x) is not differentiable at x = 1.

12. Ans: (a)
Sol: Since, f'is differentiable at x = 2,
f'Q2)=1f"(2+)
= (2X)x=2=m
" m=4
Since, f is continuous at x = 2

sin (3x) — 8. 0 be the given equation.
T

Then,
f(x) = —cos(x) — cos (2x) — cos(3x)

Sk
T

Here, if the function f(x) satisfies the all the
three conditions of the Rolle's theorem in [a,
b], then the equation f '(x) = 0 has at least
one real root in (a, b).

As cos(ax) is continuous & differentiable
function and ap + a;x is continuous &
differentiable function for all x, the function
f(x) is continuous and differentiable for all x.

Here, (i) f(x) is continuous on [O, g}
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(1) f(x) is differentiable on (O, gj

(iii) f(0) = - 3 + k= f(gj
.. By a Rolle's theorem, the given equation

. T
has at least one root in [O, Ej

Hence, option (B) is correct.

15. Ans: (¢)
Sol: By Lagrange's theorem, we have

oy T0)=£0)

8—1
4 85-5 oA
1—32 7 ('.'f(X)—l—F)

= C=%242 (v C=-22¢(15))

L C=242 €(1,8)

16. Ans: (b)
Sol: Let f(x) be defined on
1
14 x*
Then by Lagrange’s mean value theorem,

[a,b]=[0,2]> f'(x) = VX.

Jce(0,2)> f'(c) =—f(2;:g(0)
L _f@

l+c¢> 2

" ce(0,2)

=0<c<2

= 0°<c><2?
—=1+0°<1+c*<1+2?

N 1 S 1 S 1
140> 1+c¢* 1+2°
N 1 1 < 1
1+2> 1+c¢® 1+0°
1o 1
5 2 1
: §<f(2)<2 (or) f(2) € (0.4,2)

17. Ans: 2.5 range 2.49 to 2.51
Sol: By Cauchy's mean value theorem,
f'(c) _f(3)-(2)
g'lc) B)-2)

e 63—62
- 7L, =)
€ —¢€

c=25¢(2,3)

18. Ans: (a)
Sol: f(x) =™ = f(0)=¢"=1
f(x) = e>™, Cosx = f'(0) = 1
£7(x) = 5™ Cos’x + ¢>™ (—Sinx) = £ "(0) =
1-0=1
Taylor’s Series for f(x) about x =0 is

f(x)= f(0)+xf’(0)+x7jf”(0)+ ...........

19. Ans: (a)

flV (O)

4!
Given f(x) = log (Secx)

Sol: Coefficient of x* =

= f'(x)= Secx Tanx = Tanx

Secx
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= f"(x) = Sec’x 22. Ans: (a)
fw — 2S 2 T ) ) 2 2 ) 2 2
= i (X) ec x tanx Sol: Given u :Sm(X Y ]: Sinu = X Yy
= (x) = 2[Sec’x Sec’x + Tanx. 2Secx. X+y X+y

Secx Tanx]
= (0)=2

. Coefficient of x* =

20. Ans: (a)
Sol: Given f(x) = Tan 'x = f(0) =0

= £'(0)=1

= F(x)=- !

2
X

= f"(x) (2x)= £"(0)=0

1+ x?

— £7(0)=—2

- f"'(X) _ _2|: (1 +x? Xl)— x(2x)}

(1+X2)2

Taylor’s Series of f(x) about x = 0 is,

2 3
f(x)=£(0)+xf'(0)+ %f”(0)+ %f”’(0)+ ,,,,,,
2 3
= O+x(l)+%(0)+%(—2)+ .......
X3
= X—?: ..... oC
21. Ans: (¢)
Sol: ox :1+(X+X2)+(X+X2)2+(X+X2)
1! 2! 3!
X Xt
[ e =l+x+—+—+—+...... J
21 3! 4!
x+x? 3x* Tx’
e =]+x+ —+——
2 6

= f(u) = Sinu is homogeneous with deg,
n=1
By Eulen’s theorem

W

XU, +yu, =n =1-

£'(u)

Sinu
=Tan u

Cosu

23. Ans: (a)

Sol: Given u = X_zTan(XJ + 3y3Sin—1 [E]
y

24.

Sol:

X

=f(x, y) + 3 g(x.y)
Where f(x, y) is homogeneous with deg m =
-2
and g(x, y) 1s homogeneous with degn =3
= x% Uy + 2xy Uy, + y* Uy, = m(m-1)
f(x,y) + 3 n(n-1) g(x,y)

= 2(-2-1) fixy) + 3133-Dg(x,y)]

=6 [f(x,y) + 3 g(x,y)]

=6u

Ans: (a)
du_dudx udy ouds
dt oxdt oydt ozdt
=(3x*+ 22+ yz) e' + (3y2 + xz) (—Sint)
+ (2xz + xy)3t2
Att=0,

‘Cil_‘t*:(3(1)+0+o)(1)+[3(1)+o](o)+[0+1](0)

=3
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25. Ans: (¢) 28. Ans: (¢)
Sol: Given x* +y*=-C u, ou, o u| B o2 -1
y
Let f(x,y) =x"+y" Sol: —6(u, v,w) =lv, v, v, =]l -1 1
a X’ b ’ ’
_a%x__[yxy‘w‘logy} (x.y.2) w, w, w,| I 2 -1
G%Y x¥ logx +xy*™ =3(1-2)-2(-1-1)-12 +1)
=-2
d 1+0
AL, Y= = a(x,y,2) R
dx 0+1 = =
8(u,v,w) (U,V,W) 2
6(x,y, )
26. Ans: (a)
Sol: u = x log(xy)
29. Ans: (b
du dudx oudy ns: (b)
A T A x’ 3x’
dx oxdx Oydx Sol: f(x):?—x:f'(x):T—l—x -1=0

L) ogt) )+ L 0

* dx
Given
x3+y3+3xy:1:>ﬂ:_f_x:_ 3);2—+3y
- dx £ 392 2 3x
f6ey) y y
[1+logxy]__[X "‘Y}
Y|y +X
27. Ans: (b)
CLE T '
Sol: 6(u’V): ox 0y — X X
0x Oy P n
_ 2y, Y [y
X X2 X2
_ 2y
X

= x * 1 are stationary
points
f'(x) =2x
f'(1)=2>0 = minimum at x = 1

f'(-1) = -2 <0 = maximum at x = —1

30.
Sol:

Ans: S

f(x)=x"— 6x> +9x + 1

= f(x)=3x"-12x+9=0

=x —4x+3=0

=x=1,3

The extreme value of f(x) in [a,b] may lie

either at the stationary points or at the end

points of the interval.
~f(0)=1,f(2)=3,f(1)=5,{3)=1

.. Maximum value = (1) =5

31.
Sol:

Ans: (¢)

Given f(x) = (k* — 4)x*+ 6x° + 8x*
= f'(x)=32x>+18x*+2(k’—4)x
and f"(x)=96 x>+ 36x + 2 (k—4)
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f(x) has local maxima at x =0 33. Ans: 112
= £"(0)<0 Sol: Let f(x, y) = x* +3xy” — 15x* —15y* + 72x
= 2(k>—4)< 0 Then p = f, = 3x* +3y* - 30x + 72, q = f,
—=k*—4<0 (or) (k-2)(k+2)<0 = 6xy — 30y
L <k<? and r = f, = 6x — 30, s = f;, = 6y,
t=1f,, =6x-30
32. Ans: 1 Considerp=0andq=0
Sol: Let 2x & 2y be the length & breadth of the = 3x*+3y*—30x+72=0 and
rectangle. WY 6xy —30y=0
=x*+y—10x+24=0 and y(x — 5)=0
. X —x*+y'—10x+24=0and x=5,y=0
\\ / If y = 0 then x> + y* — 10x + 24 = 0 becomes
X"~ 10x +24=0
=>x=4,6
Let A = 2xx2y = 4xy be the area of the If x = 5 then x* + y* — 10x + 24 = 0 becomes
rectangle. 25+y*—50+24=0
ThenA2=4><2y2 =x2(1—x2):x2—x4 :>y2—l=O
Let f(x) =x* —x* =>y=1,-1
Then f'(x)=2x —4x® and f"(x)=2-12x" . The stationary points are
For maximum, we have (5, 1), (5,-1), (4,0), (6, 0)
f’(X):O At(X,y):(S,1);1':0,S:6,t:0
2 = — = —
- 2x(1—2x2):0 =t s. 0-36 ;%6<O
. . - (5, 1) is a saddle point
=x=0, —,——F—
\/5 \5 At(x,y)=(5,-1);r=0,s=-6,t=0
2 _ _
Here f"(())>()’ f”(ij<0 =>1t-s=0-36=36<0
V2 = (5,-1) is a saddle point
. Arca A=dxy =dx x X
T ATCAATAXY mAXX T At(4,0);r=—6,s=0,t=—6
2 = — =
=2xﬁ :>rt—s' 36‘0 36>9andr<0
. ; .. (4, 0) is a point of maxima
:ZXTX 1—5 =1
2 At(6,0):1=6,5=0,t=6
=1t-5=36-0=36>0 andr>0
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.. (6, 0) is a point of minima
Hence, the maximum value of f(x, y) at (4, 0)

1S
f(4, 0) = (4)* + (0) — 15(4)* - (0) + (72)(4)
=112
34. Ans: 25

X y
Sol:Let 4=
y 10—x

Det A =x(10—x) -y’
For maximum value of Det A, y =0

X 0
Now, 4=
[0 10—xj

= |A|=x(10—x) =10x — x>
Let f(x) = 10x — x°
=f'(x)=10-2x

=t"(x)=-2
Consider, f'(x)=0
=>x=5
Atx=5,1"(x)=-2<0
At x = 5, the function f(x) has a

maximum and is equal to 25.

35. Ans: (¢)

y 0 y
Sol: J-|x|dx+ '[—x dx+J-x dx
4 -4 0
sz X2:|7
R +_
2 -4 2 0

=8+245=325

36. Ans: (d)
Sol:

—_

1.5 .5

{x[xz] dx =j)-x[x2]dx +fx[x2kx+ J.x[xz]dx

72

V2 15 3
=O+J-x dx+J-2x dx = =
0 J2 4

37. Ans: (d)

Sol: J.x sin®x cos® x dx
0 f(x)

[ [x£(x)dx - %]f(x)dx if f(a—x)= f(x)}
= g]:sing x cos’ x dx

/2
x 2 x jsin8 x cos® x dx
0

- 7{ (7.5.3.1)5.3.1) }

14.12.10.8.6.4.2

Do

T 512

2 4096

38. Ans: (a)
Sol: Given that, x sin(nx) = I f (t)dt
0

Differentiating both sides, we get

x cos(mx).w + sin(mx) = f(x).2x
Putting x = 4

4m cos(4n) = 1(4).8

- f(4) = g
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39. Ans: (b)

j Sinvx dx
Sol: Lim

im ————— [gfor mj
x—0 X 0

Using L’Hospital Rule,
- Lim (Sinx)2x 2(SmO)(O)( for mj
x—0 3x 0

2Cosx 2

= Lim
x—0 3 3

40. Ans: 0.785 range 0.78 to 0.79

dx

3 .
Sol: J' sin 2x
0

cos’ x +sin* x

2} tan x
, COos x1+tan X

)dx

1
= I 2t dt (by putting tan x = t)
_+_
0

41. Ans: 9
Sol: The required area

= [xdy= j( (y+4) ——y )dy=9

y

(4,4)

1,-2)

42. Ans: (d)

Postal Coaching Solutions
0

0
Sol: J.eX+ex dx = J-e".eex dx Pute*=t=¢e"dx=0

—oC —oC

43. Ans: (¢)

F dx T dx
Sok _J;(1+ a’ +x2)3/2 _'0[ (K2 + x2)3/2
where K? = 1+a?
=K Sec’0d0

Put x = K Tan0 = dx

n/2 2 n/2
2 KSec'® 49 jcosedezl

D (K +KTan%)°  K° 4

44. Ans: (a)

Sol: T -

45. Ans: (¢)
Sol: leogx dx—logx——J.— —dx
0

x? x’ 1 1
= —logx—| =——
2 8 4} 4

0
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46. Ans: (a)

3 2
Sol: Given 1= ILXZ dx
1 (X_l)
VI+x?2

(x=1)"

Let f(x)= f(x) >0 asx — 1

f(x)_ mxx— 2 _
B Mooy 0

". By comparison test, the given integral also
divergent.

47. Ans: (a)

x+1

x/2x

3

N

f(x)—)oo anx — 2

Sol: Given I = I

Let f(x) =

Let g(x) =

1
V2-X

f(x)_ x’ +1 3 .
XL&@‘ XL;[2 [ﬁx \/2—Xj = 9finite

2
But J' g(x) dx is known to be convergent
1

By comparison test, the given integral
also convergent.

48. Ans: (d)

Sol: Given [ = Ie - dx
X
Let f(x) = <
X
1
Choose g(x) = —
X

:J'Lz dx=-1 1is known to be

Jg

convergent.

". By comparison test, the given integral also
convergent.

49. Ans: (¢)

sin ax
dx

Sol: Let f(a) = I e

0

Differentiating partially w.r.t. a

sin ax

f'(a) = je-XT x dx

(=]

1
a’+1

e “sinax dx =

© =y 8

Integrating both sides
flay=tan' a+c
f(0)=0
=

. fa)=tan a

50. Ans: (a)

Sol: j Ix—ydxdy
x=1 y=l

_r !
_J deyjlydy

x=1
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Postal Coaching Solutions

= [logx]' [logy]
=(loga—1log 1) (logb—1log1)
=logalogb

51. Ans: (b)
1 x?

Sol: j jx dx dy

52. Ans: (¢)

Sol:
2.1)
y =x/2
2,0 ]
(0,0) (2,0) y=0
”xyz dR
R
J.J.>(y2 dx dy
R
2 x/2
:J Ixyz dy dx
0o 0
1 3 x/2 2
:J‘XY_ dx:LJ.x“dx: 32 =
o L3, 24 5 24 x5

53. Ans: (b)

Sol: j I mdxdy

R-x*+y’=1&y=>0
Changing into polar coordinates
X=r1cos 0,y =rsind

dx.dy =rdr do

” mdxdy

r? sin’ 0
I,2

rdrd O

]5r cos O
0

r’dr d6 cos * O siom 0 d6

rdr Icos2 Osin’ 0dO

0

Il
O ey — o'—‘.— S Sy —
O e 3

+1 Tixl
|t [ixl
4|, L4x2 2
1 1 n# =n
= —X—X—=—
4 4 2 32
54. Ans: (d)
11
Sol: Ijeyzdydx
y=L a1
x =0 v=x

y:

By changing the order of integration we have
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<
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t<l\)
=

IT! O'-—;'—

(¢

<
—
[\
<

o
<
SN

Il
(@]
|
(¢)
=]
[E—

N[— D= N~ [~ °

o
|
L
e

55. Ans: (a)

1y l+x+y

Sol: JJ _[ydzdxdy
00 O

y(1+x + y)dx dy
(h +y + xy)dx dy

y
(v+y*)x] + Y{)ﬂ dy

0

{(y+y2)y+y72}dy
(

I I I
Ol O

e~ Ot~ Ot~ Ot Ot O

56. Ans: (¢)
Sol: V = [[Zdy dx
R

—
N
o
<
o
>

I(3 S 2y)dy dx

[(3 -+ Xz)y— y’ ]ixdx

Il

Il
e e O O O
>

[(3 +x° )(2X)— O]dx

Il
| =
(@)
N |
(3]
+
N
IR
i
{ I |
L 4

<
I
+

57. Ans: (d)

2
Sol: Length = J‘OS 1+(?j dx
X

= '[03 V1+x dx
3

=£[(l+x);} = 14
3 0

3
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58. Ans: 25.12
42
Sol: Volume = J.O ny” dx

= J-: nx dx

= 87 cubic units

59. Ans: 1.88
Sol: Volume = _En x> dy

2
— 3 ~
njoy dy ~ 1.88

60. Ans: (a)
Sol:x2+y2+z2= 9
let (|)=X2+y2+22=9
Vo = 2xi + 2yj + 2zk
Vo  2xi+xyj+2zk

Vo] _2\/x2+y2+22

Required unit-normal =

xi+yj+zk
3

61. Ans: (b)
Sol: ¢ = x*yz + 4xz>
a=2i—-j-2k
Vo = i[2xyz + 42°] + j[x°z] + k[x*y+82x]
[Vola-21) = i[4 + 41+ j[-1] + k[-10]
=8i—j+10k
Required directional derivative
(2i - j-2k)

22+ (1) +(2)
16+1+20 _37

NG 3

= (8i—j+10k)

Postal Coaching Solutions
62. Ans: (¢)

Sol: ¢(xy) = €™ sin(x +y)

V¢=i@+@+k@
ox oy dz

Vo = i[e"™ (y) sin (1+y) + e (b) (x + y) +
jle¥(®) sin (x +y) + e (x) (x+y)]+k[0]]

(Ve)(o, g)

=il e FsinE 1 e%cs 4 j e 0sin = +e° cos
2 2 2 2

V= {ﬂ + jl0]+x[o]

Required direction = V¢ = gi

63. Ans: (b)

Sol:
i j k

vxve| 2 9 o _0
ox oy 0z

2+6y+0z 4x+2(y+2z) 2bx—-3y+2z

=i[2c —2]-j[4—a] + k[2b—6] = 0
=c=1,a=4,b=3
=a=4;b=3;c=1

64. Ans: (b)
Sol: V=c¢i+2yj—-k

div V=e¢"+2-0=¢e"+2%0

i j k

and VxV = i i iz(_)
ox 0Oy o0z
et 2y -1
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65. Ans: (a)

Sol: V[f(r)]= f'(r)z
r
V(sinr)=(cos r)z
r
66. Ans: (¢)
Sol: div [er.f]

V(0A)=(Vo)A+¢(V.A)  (Identity)
¥

67. Ans: (d)
Sol: curl(r4f): ?
curl [q) ?]
= ¢ curl F+ (grad ¢)x F
= curl (r4f)
= r*(curlt)+ grad(r4 )x T

(Identity)

r
= 0+4r° = xT
r

=0+0=0
68. Ans: (b)

B
Sol: L.I = [fdr = [(f, dx +f, dy +f, dz)
C A
(4,1,-1)
= j [(22)dx + (2y)dy + (2x)dx]

(0,2,1)

(4,1,-1)
- J.[(Zz dx +2x dz)+ (2y)dy]

(0,2,1)

Engineering Mathematics
(4,1,-1)

= I[2(Z dx + xdx)+ (2y)dy]

(0,2,1)
(4,1,-1)

= I[2 d(xz) +2y dy]

(0,2,1)

5 \(4.1-1)
y

=| 2(xz)+2—

(< ) 2j

(0,2,1)

=[2@# 1)+ (1)1-12) (0) (1) + (2)]
=11

69. Ans: 202

Sol: Given F = (2xy +z )1 +xj+3xz° k
i ik
Curl F = 9 o 9
oy 0z
2xy+z° x° 3xz°

= if0-0]- 3[322 - 322]4— k[2x -2x]=0
— F is irrotational

= Work done by F is independent of path
of curve

=F =V
where ¢(X, y, z) is scalar potential

= (2xy+z3)i+xzj+3xzzk——¢1+—¢J+a¢k
ox o0y~ o0z

= d¢ = (2xy + 2°) dx + x> dy + 3xz*dz
=9 do =I(2xy+z3)dx+ x> dy +3xz" dz
= Jdp= J- d(x2y+xz3)

= (x, ¥, 2) =Xy +x2’

. Workdone = j F.dr = 6(3,1,4)-4(1,-2,1)
C

= [9()+3(64)] - [1(=2) + 1(1)]
=202
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70. Ans: (d) The given integral = J.J' 2 dx dy
Sol: Y R
2.4) = 2 Area of the given ellipse
y=2x =2(n.2.1)=4n
0.0)7 > 72. Ans: 0
; 2 —
@0 Sol: Given A = V¢

By Green's Theorem, — Curl A=0

jde+Ndy:jI N _M dx dy = A is Irrotational

- 2| 0x Oy

..Line integral of Irrotational vector function

— — 2 .
where M=x+y, N=x"and along a closed curve is zero

ON oM 2 2

———=2x-1 . A dr — XY g

ox  dy 1.€. iA.dr—O,where C: 4+9 1 is a
. . 2 2%

The given integral= j . I 0(2)( —1) dy dx closed curve.
X= y=
= J-z [2xy -y}~ dx
X Y=Yb 73. Ans: (b)

Sol: Using Gauss-Divergence Theorem,

2
= [ ax® ~ 2x]ax [FN ds=], div F av

20
3 =[3dv=3V
4P /4 4m(4)’ = 256m
71. Ans: (¢) 3

Sol: By Green's Theorem, we have

jde+Ndy=”{a_N_a_M} dx dy 74. Ans: 264
C R

ox 0oy Sol: Using Gauss-Divergence Theorem,
Here, M=2x-y and N=x+3y ”xy dy dz + yz dzdx + zx dxdy = ”L div F dv
N oM ;
> oy = [[[(s+z4x) av
\'
0, 1)

B 140 Jjo fzo (x+y+z) dzdydx

(2,0) (2, 0) Jio _[10 [4x + 4y +8] dy dz

(0.-1) = [* [i2x +18+24] dx = 264
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75. Ans: 0
Sol: By Stokes' theorem, we have

!f.df = J;I (fo).ﬁ ds

Here, V X f
i ] k
_ | 9 9 9 15
Ox oy 0z
(x2 +yz) (y2 + XZ) (z2 + Xy)
— f is an irrotational
-.jfdf:O
76. Ans: (d)
i j k
Sol: Curl F = 9 &
Ox oy 0z
2Xy—y —yz2 —yzz
= i[-2yz+2yz]-j[0]+ k[0 +1]
= Curl F=k

Using Stokes' theorem,
[Fdr=[curl FN ds=[kN ds
C S S

Let R be the protection of s on xy plane

:jkNds—j kN|d;‘Idy jjldxdy

= Area of Region

=n’=n(l)Y=n

77. Ans: (d)
Sol: The function f(x) = x* cos(x) is even function
. The fourier series of f(x) contain only
cosine terms.
The coefficient of sin 2x =0

78. Ans: (d)
) -1,-2<x<0
Sol: Given f(x)= {

2 ,0<x<0

The fourier series of f(x) in [c, c+ 21] is given

a_20+z a, COS(%)%—Z b, sin(%)

n =l n =l

The term independent of 'x' in above fourier

8o

series is given by

ao _l lc+2€
w 7_2&! f(x)dx}

- ﬂ:% %i f(x)dx}
= ﬂ:% T (-1) dx+j ) dx}

ay l[ ]

. a
.. The constant term is ?O =—

79. Ans: (b)

Sol: The given function is odd in (-, 1)
Fourier series of f(x) contains only sine
terms.

80. Ans: (b)

Sol: f(x) =
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Postal Coaching Solutions

Atx=E
2
k=— 1—l+l——+ ......
T 3 5 7
1 T
l——+———+........ 0 = —
5 7 4

81. Ans: (¢)
Sol: f(x) = 1x — x*

f(x) = ibn sin nx
n=1
b, = ;J.On (nx - Xz) sin nx dx

b; = %J‘: [(nx —xz)sin x] dx

%[(fo —x?)(=cos x) - (= 2x)(-sin x) + (- 2)cos x ]g

8
T

82. Ans: (b)
Sol: f(x) = (x — 1)?
The Half range cosine series is

%+ S a, cos (nmx)

n=1

2L

f(x) =

? cos (nnx) dx

€oS nNmX sin nmx

+2(x 1) 2

n’n’

T

nm

2 [(X ~ l)z{sm nmx

0

03_Probability & Statistics

01. Ans: (a)

Sol: y

(0, 1)

(1,0) «x

Let X and Y are two numbers in the interval
(0, 1)

We have choose X and Y such that
X*+Y*<1.

TR o hility = Areaof theshaded region

Areaof thesquare
_n/4_m
1 4
02. Ans: (a)
Sol: A non-decreasing sequence can be described

by a partition n =ngp + n; + n,

where n; is number of times the digit i appear
in the sequence.

There are (n + 1) choices for ny, and given ny
there are n — ng + 1 choices for n;.

So, the total number of possibilities is

Zno

i(n—n0+1) n+1). n+1

ny=0
2
—m+1).n+1)- 2 2+n
_ (n+1)(n+2)
2
n’+3n+2

Required probability =
q p Yy w
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03. Ans: (d) 12\
Sol: Number of ways, we can choose R = C(n, 3) - 2(5} (gj
We have to count number of ways we can N .
choose R, so that median (R) = median (S). The required probability = 1 — 2(1} (gj
Each such set R contains median S, one of 3 3
n— 1 ‘ 321’1 _ 2n+1
the - elements of S less than median = T
n—1
(S), and one of the (T] elements of S 06. Ans: (c)
oreater than median (S) Sol: Number of ways of selecting three intezz(%;rs
=703
2
So, there are [n;) choices for R. We know that, product of three integers is
2 even, if atleast one of the number is even.
n=1) Number of ways of selecting 3 odd integers
Required probability = 2 =G
AmEap Y C,3) . N e,
. Required probability = 1-—;
_ 3(@-1) 3
2n(n—2) _ ., 2 _
19 19
04. Ans: (a)
Sol: For eachi € {1, 2, ....... ,n}, 07. Ans: (¢)
let A;j heads be the event that the coin comes Sol: Given that P(A|B) =1
up heads for the first time and continues to P(A mB) _
come up heads there after. P(B)
T?ZH, the desired event is the disjoint union = P(ANB)=P(B) ooee........ (1)
(O) i- C c
PIB" A I1-P(AUB
Since, each A; occurs with probability 2. P(B | A9) = ( C ) = ( )
The required probability =n. 2™ PlA) 1-P(A)
e required probability = n.
AEEP Y _1-{P(A)+P(B)-P(ANB)}
05. Ans: (b) 1-P(A)
Sol: Probablhity of the even‘F that we never get the _ 1= P(A) [from (1)]
consecutive heads or tails 1- P(A)
=P(HTHT HT...)+P(THTHTH ....... ) =1
LY (2Y (1Y) (2Y)
= J— J— J’_ — | —
3)\3 3 3
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08. Ans: (a) Each of the above sets has 20 elements. If
Sol: Let A = Getting electric contract and one of the two numbers selected from S; then
B = Getting plumbing contract the other must be chosen from S,.
P(A) = g : P(E) _ i . P(B) = 3 If one of the two numbers selected from S,
5 7 7 then the other must be chosen from Ss.
2 Number of favourable cases = C(20, 1).C(20,
P(AUB)==;
3 1)+ C(20, 1).C(20, 1) + C(20, 2)
=400 + 400 + 190 =990
panm- 2432 11 o
> 7 3 105 .. Required probability = ——
C(100,2)
09. Ans: (d) =990 s
Sol: P(A U B) = P(A) + P(B) — P(A N B) ©50x99
P(A) = >
100 11. Ans: 0.66 Range 0.65 to 0.67
P(B) = i Sol: Let N = the number of families
100 N N
4 Total No. of children = (— X lj + [— X 2)
PAANB)= — 2 2
100 AN
(A N B) is not empty set. y B3
Therefore, A and B are not mutually N
exclusive. ( 5 X 2}
P(A N B) = P(A) . P(B) .TheRequired Probability = 3N
Therefore, A and B are not independent. By
2
10. Ans: 0.2 = =066
Sol: To find the number of favourable cases
consider the following partition of the given 12. Ans: 0.125
set {1, 2, ...., 100} Sol: Total number of outcomes = 6°
Si={1,6,11, ..... , 96} Number of outcomes in which sum of the
S, ={2,7,12, ....... , 97} numbers is 10 = Number of non-negative
S;=1{3,8,13, ...... , 98} integer solutions to the equation a+b+ ¢ =10
S4=1{4,9, 14, ....... , 99} where 1 <a,b,c<6
Ss = {5, 10, 15, ....., 100} = Co-efficient of x'° in the function

x+x*+x +xt+ %+ x5
(A CHx0) = (T +x O
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31—V (1 —x)3 )
o (n+1)(n+2) , Expectation = Z{kz- Zk }
=X3(1—3x6+3x12—x18) Zolf ko1 n(n+1)
2 2
= (n+1 n+2) o __ 2 n (n+1)

nin+1

Co-efficient of x'° =36 -3 x 3 =27 = (2 )

.. Required probability = 27 0.125
216 16. Ans: (b)

Sol: The probability that she gives birth between
13. Ans: (a)

: 1
Sol: If A and B be disjoint events then ANB={ } 8 amand 4 pm in a day = 3
Probablhty of ANB=0 ...cc........... (1) By Total theorem ofprobability,
If A and B are independent then . A 1 3 ) 1
P(A N B)=P(A).P(B) .oooooo..... ) The required probability = (gxzj (g XZJ
From (1) and (2) 5
P(A).P(B)=0 B T

= Pr(A)=0or Pr(B)=0

17. Ans: (b)

14. Ans: 2.916 range2.9 102:92 Sol: Let A = getting red marble both times

Sol: E(X) = (1+ 2+3+4+5+6)=3.5 B = getting both marbles of same colour
B = L2422 43 +4* 152 162)= 2 1010
6 6
. 2 2 P(B) _ 7 i—i-i 2
.. Variance = E(X°) — {E(X)} 1010 1010
91
- Z‘(3 5) =2.916 Required probability _PdnB)_6_1
P(B) 48 8

15. Ans: (¢) 18. Ans: (d)

Sol: Total number of counters=1+2+........ +n Sol:Let E; = The item selected is produced
= n(n+1) machine C and E, = Item selected is
2 defective
Probability of choosing counter k and
20 5
.2k P(E, AE,)=
winning k” = 100 100

n(n +1)
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50 3 30 4 20 5 I & o« k n—k
PIE,)=—|— [+—| — |+— | — =— >»a Clnk)a“. (1
( 2) 100 (100) 100 (100) 100 [100) 2" kzz;‘ (n.k)a" 1)
Required probability B (a + 1]“
P(Ez) T370 37
19. Ans: 0.75 (N 22. Ans: (d)
+ Ans: 0.75 (No range) Sol: Given that mean = E(X) = 1
Sol: Total probability = J' f(x)dx =1 and Variance = V(X) =5
i E((2 + X)?) = E[X* + 4X + 4]
2 =E(X*)+4E(X)+4
= v([ ox dx =1 Given V(X) =5
{ = E(X) — (B(X))* =5
=c=2 = EX)=5+1=6
. 2 3 E(2+X))=6+4(1)+4=14
P(X >1) J-f )dx =IEX dX)=Z=O.75
! y 23. Ans: (a)
20. Ans: 1.944‘ ‘ran‘ge 1‘.94.t0 1.95 ‘ Sol: Total Probability = ZP(X —x)=1
Sol: The probability distribution for Z is ol
Z 0 1 2 |3 4 |5 o x-1
6 |10 86|42 = > K(-p) =
PZ)| — |\ === | = | — X1
36 | 36 | 36 | 36 | 36 | 36 5
S K1+ 1B+ (1B +....... o0) =
E(2)= Y 7.P(z) K _
1 =0-9)
= g(o (6)+1.(10)+2(8)+3(6)+4(4)+5(2)) —K=8
70 35
=—="—=194 24. Ans: 209
36 18 i i i
Sol: E(X) =Y x P(x) = (=3)x = +6x—+9x =
6 2 3
21. Ans: (¢) 11
Sol: E(a") = ) a". P(X =k) 2 | | |
k=0 E(X) = Yx*P(X) = 9x—+36x—+81x—
n 1 k 1 n-k 6 2 3
=Ya"C(nk)|=| .| =
2,0 k) @ [2] -2
2

ACE Engineering Publications AR ELELERLIE

Bhopal ¢ Pune « Bhubaneswar ¢ Lucknow ¢ Patna « Bengaluru ¢ Chennai « Vijayawada « Vizag « Tirupati » Kolkata « Ahmedabad




{ﬁumﬂgg 29 Engineering Mathematics
: 2_ 2
S~ ERX+1) E(4X2+4X+1) Solving, n=4,p = q = 1
= 4E(X?) + 4E(X) + 1 2
93 11 1V (1 1
= dx—-+dx—+1=209 P(X=3)=C(4,3).|=||=|=~=025
A (X=3)=Cc@.3).| | {5]=
25. Ans: 0.1 29. Ans: (d)
Sol: E(W) = _[0100.003 V2 (V) dV Sol: Let X = Number of times we get negative
. values.
= J;m 0.003V? EdV By using Binomial Distribution,
P(X=k)=C(n, k) p*q" "
01 b (l )1( )P q
Where f(V) = probability density function of V Where p = 2’ q= 2 n=>5
26. Ans: (©) Required probability = P(X < 1)
. =PX=0)+P(X=1)

Sol: Let X = Number of rupees you win on each S .
throw. =°Cyx (lj +C, x(l} [lj
The probability distribution of X is 2 2)\2
X 0 1 2 3 4 5 = 1;—25 = 3%

6 10 8 6 4 2
PX) 156 |3 | 3% |3 |3% |3%
E(X) = ¥ XP(X) = 2 S Al o
18 Sol: We can choose four out of six winning in
C(6, 4) different ways and if the probability
27. Ans: 0.23 Range 0.22 to 0.24 of winning a game is p, then the probability
Sol: Let X = number of ones in the sequence of winning four out of six games
n=o =C(6,4)p"(1 - p)’
p = probability for digit 1 = 0.6 =15(p* = 2p° +p%)
q=04
Required probability = P(X = 2) 31. Ans: 0.5706
=C(5, 2). (0.6)2. (0.4)3 Sol: The odds that the program will run is 2 : 1.
=0.23
Therefore, Pr(a program will run) = 2 .LetB

28. Ans: 0.25 Range 0.24 to 0.26 denote the event that four or more programs

Sol: Given that, mean = 2(variance) will run and A; denote that exactly j program
= np =2(npq) ..eeeeee.. (D) will run. Then,
further, np +npq=3 .......... 2) Pr(B) = Pr(As U As U Ag)
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= Pr(A4) + Pr(As) + Pr(Ag)

:C(6,4)@j (;j +C(6,5)@j C] c(6,6)@]

=0.5706

32. Ans: 4

Sol: If n missiles are fired then probability of not
hitting the target = [1 — (0.3)]" = (0.7)"
= Probability of hitting the target atleast
once =1-(0.7)"
We have to fired the smallest +ve integer n

75
so that, {1 —(0.7)"} > —
{1-(0.7)} 10G
= {1-(0.7)"} >0.75
The smallest +ve integer satisfying this

inequality isn =4

33. Ans: 0.224 range 0.2 to 0.3
Sol: Average calls per minute = % =3

Here, we can use poisson distribution with

A=3.
e—3 32
Required Probability = P(X =2) = 2"
e”.9
= =45 e =0.224

34.
Sol:

Ans: 0.168

A = average number of cars pass that point in

a 12 min period = 15
60/12

Using the Poisson distribution,

4

~. Required probability Pr(4)=¢ % =0.168

35. Ans: 0.865 range 0.86 to 0.87
Sol: Let X = number of cashew nuts per biscuit.
We can use Poisson distribution with mean
_ 2000 _5
1000

ek
P(X=k)=
( ) i

(k=0,1,2...)

Probability that the biscuit contains no
cashew nut = P (X =0)

=e’=¢7=0.135
Required probability = 1 — 0.135 = 0.865

36. Ans: 0.2
Sol: The area under normal curve is 1 and the
curve is symmetric about mean.

{103 )

80 100 120
- P(100 < X < 120)=P(80 < X < 120)
=023
Now, P(X < 80) = 0.5 — P(80 < X < 120)
=0.5-0.3=0.2

37. Ans: (a)
Sol: The standard normal variable Z is given by

g >~
o)
When x =438 . 440 A1
Z- Mz_z
When x = 441 =2 7=0 =1
zZ = wﬂ
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The percentage of rods whose lengths lie

between 438 mm and 441 mm

=P(438 <x <441)

=P(-2<Z<1)

=P(-2<Z<0)+P(0<Z<1)

_ 0.9545 N 0.6826
2

=0.81855

~ 81.85 %

38.
Sol:

Ans: (d)
The parameters of normal distribution are p
=68 ando =3
Let X = weight of student in kgs
X—p
c
When X =72, we have Z =1.33
Requ1red probability = P(X > 72)
= Area under the normal curve to the
right of Z=1.33
= 0.5 — (Area under the normal curve
between Z =0 and Z = 1.33)
= 0.5-0.4082
= 0.0918
Expected number of students who weigh
greater than 72 kgs =300 x 0.0918
=28
(b) When X = 64, we have Z =-1.33
Required probability = P(X < 64)
= Area under the normal curve to the
leftof Z=-1.33
= 0.5 — (Area under the normal curve
between Z =0 and Z = 1.33)
(By symmetry of normal curve)
=0.5-0.4082
=0.0918

Standard normal variable = Z =

(@

Expected number of students who weigh
less than 68 kgs =300 x 0.0918
=28
(¢) When X =65, we have Z =—1
When X =71, we have Z = +1
Required probability = P(65< X <71)
= Area under the
to the left of Z=-1 and
Z=+1

normal curve

=0.6826
(By Property of normal curve)
Expected number of students who
weighs between 65 and 71 kgs
=300 x 0.6826

~ 205

39. Ans: 0.8051

Sol: The
Alzheimer's disease is
p=0.04,q=0.96, n=3500
p=np = (3500) (0.04) = 140
o” = npq = (3500) (0.04) (0.96)
6*=1344,6=11.59
Let X
Alzheimer's disease

X-p

c

:P[Z<

probability  of population  has

number of people having

P(X<156)=P( <150_“j

c
150 -140
11.59

— P(Z < 0.86)

Z2=0 Z=0.86
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= 0.5+ Area between z=0 & z=0.86 30y
W X
=0.5+0.3051 ExD)==1=3
=0.8051 o
(c) B(x?) = j x® f(x)dx
40. Ans: 0.7 range 0.65 to 0.75 0
Sol: The probability density function of A"y
1 = =—
— 4 4
X=f(x)= 10 for 0<x<10 o
0  otherwise
0 (d) Variance = E(x?) — (E(x))*
P{(X+§j27}:{P(XZ+1027X) L (1Y 11 1
, 7{5) 3 4 12
=P(X*-7X+10>0)
=P{(X-5)(X-2)=>0
—P{)((<2 )(X>5) j 42. Ans: (d)
= PXEE0 S Sol: If point chosen is (0,0) then length of
= 1g PQ < Al position vector (minimum value of P can be
5
=1- le f(x) dx O) will be 0 and the maximum value of P be
s 1 5 when point chosen is (1,2)
- 2 de Minimum value of P = 0 at (0,0) point
1o 3 _ 0.7 Maximum value of P = /5 at (1,2) point
10 Probability Density function of P =
41. Ans: (d) f(P)= ﬁ = % as P is random variable
0 3
Sol: (a) E(x) = [x f(x)dx

0

1
f(x)= =1
(x) T

21

X 1
E =— =—
(x) 7173

(b) E(x?) = sz f(x)dx

0
1 1

:—:1
b-a 1-0

f(x)=

E(P*)= j P’ f(P)dP

g
E(P*)= IPZ—dP
0

NG
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43. Ans: (i)a (i) b
Sol: Given that passenger derives at a bus stop at
10 AM:

While stop arrive time is uniformly
distributed between 10AM to 10:30AM
F(x)= 1 1 1

b-a 30-0 30

(1) As we know passenger arrives bus stop
at 10:00AM. But as given he want to wait
more than 10 minutes means 10:10AM to
10:30AM

P(X >10min)= ]gf(x) dx

10

(i1) As per given condition passenger will
has to wait 10 : 15 AM to 10 : 25 AM.

25
P(15<x<25)= [f(x)dx
15

251
=J.%dx

15

10
30

Engineering Mathematics
44. Ans: (a)

Sol: We can use Exponential Distribution with
mean U =15
Let X is waiting time in minutes.
Probability Density function of X is
fx)=02e¢"?*  if x>0
=0 if x<0
The required probability = P(0 < X < 1)

1
= j 0.2 e ®*dx =0.1813
0

45. Ans: (b)
Sol: In case of exponential distribution

—0x >
£(x) Oe x>0 |
0 otherwise
Mean = l
0

) 1
Variance = =

flx)=2e™

1
2
1

mean =—
0

variance =

NG

92

46. Ans: 0.3678
Sol: The probability density function is
P(x)=0e¢™ x>0
=0 x<0
Probability that x exceeds th expected value

P[X > lj = IG e ™ dx
0

1
X=—
0
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47. Ans: 0.0025

Sol: f(x) =2 ¢
The probability that shower more than three
minutes

= Tf(x) dx

= _T2 e ™ dx
3

~1(0-¢9
=e°=0.0025

48. Ans: (a)

Sol: iP(X =r)=1

r=1

= k(1 + (1-p) + (1-B)* +

g

=k=p
5 P(X=1)=p(1-B)""

This function is maximum whenr = 1.

.. mode =1

49. Ans: Mean = 34, Median = 35, Modes
=35,36 & SD =4.14
Sol: Mean 2& =34
n
Median is the middle most value of the data
by keeping the data points in increasing order

or decreasing order.

Mode = 36
S.D=4.14
50. Ans:

Sol: n = Mean = Zsl{xk P(X = k)}

k=1
=1(0.1) +2(0.2) + 3(0.4) + 4(0.2)+ 5(0.1)
=3
P(X<2)=0.1+0.2=0.3
P(X<3)=0.1+02+0.4=0.7
.. Median = % =245
Mode = The value of X at which P(X) is
maximum = 3

5
Variance = ZXi.P(X =k)-p’
k=1

=102-9 =12
Standard deviation = 4/1.2 = 1.095

51. If the probability density function of a
random variable X is given by
kx(I-x), 0<x<l1
f(x)= )
0, otherwise

then find Kk,
standard deviation.

mean, median, mode and
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51. Ans: k =6, Mean = %, Median =
1 1
Mode= — and S.D=——
2 245

Sol: We have jf(x)dx =1

l1(()(—)(2)dx:1
J

Bl
S(22)-

[e¢]

Mean = fo(x)dx J‘6(x —x’)dx

3 4
3 4 o 3 4 2

=k=6

Median is that value ‘a’ for which
P(X<a) 1 I6(x X )dx—l
2
2 3
=62 _2 :l
2 3 2
1

—a=—

Mode a that value at which f(x) is max/min
. f(x) = 6x —6x°
fl(x)=6—12x

N | —

9

For max or min f'(x) =0 =6 - 12x=0

1 11 1
=xX=— f'x)=-12 Y Z]=-12<0
P (Zj

J. maximum at x = 1/2
. mode is 1/2

S.D = {E(x*) - (E(x))’

_\/g

52. Ans: (i) a (ii) c (iii) d
Sol: The regression line of x and y is

2x—-y—-20=0
2x =y +20
1
x=—y+10
> y
The regression coefficient of x and y is
1
bxy = 5
The regression line of y on x is
2y—x+4=0
2y=x—-4
1
=—x-2
Y 2
The regression coefficient of y on x is
1
byx i 5
(1) The correlation coefficient is
1
r= byx bxy = Z
1
r = —
2
i\ 1
(i) Given 6, =—
4
c
byx=r—
c
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1 54.
1 14 Sol:
2 2 G, X [65 |66 |67 |68 |69 |70 |71
1 Y |67 |68 |66 |69 |72 |72 |69
L Ox=—
4 We effect change of origin in respect of both

(ii1) Both regression lines passing through

(X,¥), we have
2X-y-20=0
2y-X+4=0

By solving these two equations, we get
X=12 andy=4

53. Ans: 0.18
Sol: Given: byx = 1.6 and by, = 0.4

r=,b, b
r=,/1.6x0.4

r=0.8

1.6=0.8—
GX

o, _16_2

o, 1. 1

= ox=1 and 6,=2
The angle between two regression lines is

—r? C. C
tan 0 = I-r —5
r o, o,

[ -

55.

x and y the new origins are chosen at or near
the average of extreme values thus we take
65+71
2
66+72

=68 as the new origin for x and

=69 as the new origins for y. viz;

we put
u=x-68and v=y- 69

u= V= 2 2

X Y <68 y-69 u \ uv
65 67 -3 -2 9 4 6
66 68 -2 -1 4 1 2
67 66 -1 -3 1 9 3
68 69 0 0 0 0 0
69 72 1 3 1 9 3
70 72 2 3 4 9 6
71 69 3 0 9 0 0
Total | O 0 28 31 20

. Zuv

20
- = ~0.67
V28431

Ans: (b)

Sol: Null Hypothesis Hyp: The sample has been

drawn from a population with mean p = 280
days

Alternate Hypothesis Hy: The sample is not
drawn from a population with mean p = 280
ie. u =280

Two-tailed test should be used.
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Now the test statistic 7 — X—U The difference between p and P is significant
. at 5% level.
\/H Also Hyj is rejected. Hence Hy is wrong or the
1 =280, X=mean of the sample = 265 production of the particular day chosen is not
o =30, n = size of the sample = 400 a representative sample.
265 —280 95% confidence limits for P are given by
Z=——7—7———=-10
\/400 Pq
=|Z|=10 n
Z,=1.96 Note:
Since ‘Z" = 10 > 16, wEF gl We have taken |24 in the denominator,
hypothesis n
The sample is not drawn from population. because P is assumed to be unknown, for
56. Ans: (¢) which we are trying to find the confidence
Sol: H,:P= 1, ie,20% of the  product limits and P is nearly equal to p.
5
manufactured is of top quality. i.e. (p ~ P4y 1.96} <P< (p + /2% .96}
n n
H, :P=# 1 .
S : 1 7 1
. . . ie.|0.125—, [—x—x——x1.96 |<P
p = proportion of top quality products in the 8 8 400
sample
1 7 1
50 1 <[ 0125+, |—x—x——x1.96
400 8 8 400

From the alternative hypothesis Hj, we
note that two-tailed test is to be used.
Let LOS be 5%. Therefore, z, = 1.96.

1.1

,_ PP 85
\/PQ \/1X4X1
n 5 5 400

Since the size of the sample is equal to 400.
1e., z= i>< 50=-3.75
40

Now |z] = 3.75 > 1.96.

57.

Sol:

i.e.0.093<P<0.157
Therefore, 95% confidence limits for the

percentage of top quality product are 9.3 and
15.7.

Ans: (d)

Hy: p =P, i.e. the hospital is not efficient.
Hi:p<P

One-tailed (left-tailed) test is to be used.
Let LOS be 1%.

Therefore, z, = — 2.33.
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2=2=L where p=-2> ~0.0984 SO A 2
\/ﬁ 640 dx dx
2 I (3)
P=0.1726, Q=0.8274 dx dx
. 0.0984-0.1726 496 Using (2) & (3), (1) becomes
\/0.1726><0.8274 a
640 dx
- 12l >zl N TN S
Therefore, difference between p and P is X I+t
significant. i.e., Hy is rejected and H; is Integrating both sides
accepted. J‘ Wty _ J‘ i
That is, the hospital is efficient in bringing 1+ t7
down the fatality rate of typhoid patients. —tan ' t=x+c
.. The general solution of (1) is
04_Differential Equations tan (x +y—-1)=x+c

(or) x + y—1 =tan(x + ¢)

01. Ans: (a) (or) y = 1 —x + tan(x+c)

Sol: Given y dx + (1 + x?) (1 +log y) dy =0 .......
y ( ) ( gy)dy 03. Ans: (d)

(1)
Dividing by y(1+x?) Sol: Given %+ y=1 ... (1)
X
1
= 1 2dx+(l+ Ogdeyzo Withy =0atx=0 ... )
l+x y y
= ﬂ—l_
1 11 PR
:>_[ 5 dx+_[ —+—(10gy) dy=c *
I+x y oy dy
) :>1—:d
=y
. tan”' (x)+logy +M = c is a general 2
. . 2 :>_[—y :—Idx
solution of equation (1) y-1
= log(y—-1)=—x+c¢
02. Ans: (d) =y-l=e*"°=ke* wherek=¢"
Sol: Given dy_ (x+y-=1)............ (1) =x=1+ke™ ... €)
dx Using (2), (3) becomes
Putx+y—-l=t......... 2) 0=1+k (or) k=-1

.. The solution of (1) with 2)isy=1-¢ ™.
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04. Ans: (a)

Sol: Given ﬂ+7x2y:0 __________ (1)
X
. 3
with y(0) = Pl )
Now, (1) is written as
= Ildy+I7x2dx =C
y
3
= logy+ 7% =C
e
=y=e T 3)
Using (2), (3) becomes
ERIU (or)e‘ = % -------- 4)

.. The solution of (1) with (3) & (4) is given
by

-7x3

y=y(x)=e?

P 3 -
e = 3 5
=e 3 e

7

Hence, y(l)=y= %.e_3

05. Ans: (a)
2 —
Sol: Q = —3x 22xy
dx X

x> dy = (3x* — 2 xy) dx
(x* dy + 2xy dx) = 3x* dx

J.d(xzy):.[3x2dx

3
x? :3X—+c
y (3

(xzy—x3)=c
xz(y—x)Zc

06. Ans: (d)

Sol: @ =Z+sec(1j -------- (1)
dx x X
Let (zj:z =>y=2zX
X
ﬂz=(z+xﬂzj
dx dx

. (1) becomes

5]
Z+X— |=z+secz
dx

z
X— =Secz
dx

dx
J.coszdz:'[?

sinz=logx+c

sin(lj =logx+c
X

07. Ans: (b)
Sol: (3x’y” + x*)dx + (2x’y+y*)dy = 0
(Bx’y* dx + 2xy dy) + x> dx + y* dy =0

Id(}(}y2 )+Ix2dx +Iy2dy =c

3 3
Xy’ + |+ L |=c
Y (3 3

08. Ans: (a)
Sol:  (x*y*+y)dx + (2x’y —x)dy =0
(x* y? dx + 2x’ydy) + (ydx — x dy) =0

(y* dx + 2xy dy) + (—ydx ;Xdy] =0
X
2 Yi_
Jd(xy )— jd(;j =cC

M{Qq
X
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09. Ans: (b)
Sol: (y — xy*)dx + (x + x%y) dy =0
(ydx + xdy) + xy (xdy — ydx) =0

—(ydx A XdY) + (Xdy - ydx) =0
Xy

AR

[d6y) jdlog(lj —c

(xy) x
L + log(lj =
Xy X

10. Ans: (a)
Sol: 2xy” dx + (3x’y* + x’y" + 1)dy =0
GBxly* + x%y’ + 1) dy=—2 xy’ dx

2Xd—X+(§+1jx2 =_—31 (1)
dy \y y
Let xX’=z :>2xd—X:%

dy dy

(1) becomes

o5
—+| =+l z=|——
dy \y y

1LF= e'[[y jdy = g3logy+y _ y3ey

oo

=—¢ +c

2 3
Xy e'+te=c

11. Ans: (¢)
Sol: Given that
rsin® dO + (r’ — 2r* cosO + cosO)dr =0

Let M =rsin® and N =1 — 2r® cos0 + cos0

M_ sin O

or

N =(2r* —1)sin0

00

oM ON

Multiplying the given equation by I.LF

r? r?

sin6 do +

> 5 (r® — 21% cosO + cos0)dr = 0
r r

The above equation is exact.

rZ

J.iz sin9d9+Ier2rdr=c

rZ

—e" cosh e
. 7
r 2

=C

12. Ans: (a)

Sol: Given equation
(x%y - 2xy?)dx + (3x’y —x°)dy =0
dy _-(’y -2xy") _ 2y’ —xy
dx (3x’y- x°) - 3xy - x°

The above equation is homogenous
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Puty =vx
—y:V+x£
dx dx
dv 2vi—-v —v?
V+X—= —-v=
dx 3v-1 3v-1
3V2—1dv dX O
\% X

Integrating 3logv + 1 +logx =c
v

i)

13. Ans: (a)
Sol: x'y' + 4x3y =x"

14. Ans: (a)
Sol:y' +y =sin x

dy .
—+y=sinXx
dx Y

LF: e/t = ¢~

ye' = J-e" sinx dx

e7(sinx —cosX)+c

=—(sinx —cosx)+ce™

l\)l»—‘

1
y(m)=1= 1= +5+ce_“

1,
—e"=c
2

y:%(sinx—cosx—i-e’”‘)

15. Ans: (b)

1

Sol: y +3y YA
2 2
asdy 3 3x
R A T il N 1
ey b (1)
Let 3 =2z
2 _5dy dz
d B ey ________ 2
37 & dx @)
From (1) & (2)
dz
—4+z=X
dx
ze" =Ixe dx
y*Pe* =e*(x—1)+c
yP=x-1)+ce™
16. Ans: (b)
Sol: Given tan y? +tan X = cos ycos” X
X
dy

secytany d—+secytanx =cos” X
X

Putsecy=v....... (2)
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20. Ans:
—>secytany ﬁ:ﬂ .......... 3) 0 fls (b) . ) )
dx dx Sol: Given equation of (D°+ 1)y =0
Using (2) and (3), (1) becomes The auxiliary equation is
2 2
m-+1) =0
d—V+(tanx)Vzcos2 X ( _) .
m==x1,+1
LF = elmxd = goc x y = (1 + ¢2X) cosx + (c3 + ¢4X) sinx
The solution is
v. sec x =[ cos® x .sec x dx + ¢ 21. Ans: 4.54
. _ . . 2
w.secy =cosx(sinx +c)isaG.S Sol: Given 2%+8y:0 .............. 1)
17. Ans: (d) with y(0)=0 .......... 2)
Sol:y " +4y' +5y=0 and y'(0)=10 ........... 3)
(D*+4D+5)y=9 Now, (1) can be written as f(D)y =0,
AE has roots (32,£1) where f(D) = D> +4 andd =
y =e*(c; cos 2x + ¢; sin x) dt

18. Ans: (¢)

Sol: Given equationy " —4y' —6y =0
The auxiliary equation is
m’—4m—-6=0

+
m= 4£416+24 ”126"'24 =2+4/10
The solution is
y=c¢i el 10k 4 cze(z_m)X

By algebraic manipulation

= ¢™[c, cosh (+/10)x + ¢, sinh(+/10)x]

19. Ans: (a)
Sol:

y" —6y"+1ly'—6y=0
(D’-6D*+11D-6)y=0
(D-1)(D*-5D+6)y=0
DO-DD-2)(D-3)y=0
AE hasroots 1,2, 3

y=(c; "+ ce™+ c3 e

The auxiliary equation of (1) is given by f(m)
=0

—m’+4=0

=>m=0%2i

.. The general solution of (1) is given by

y = ¢ cos (2t) + ¢; sin (2t) .............. 4
= y' =-2c; sin (2t) + 2¢; cos (2t) .......... ®))
Using (2), (4) becomes
0=ci 0 e (6)
Using (3), (5) becomes
10 =0+ 2c,
=C=5 i, (7)

.. The solution of (1) with (2) & (3) is given

by y =y(t) =5 sin(2t)
Hence, y(1) =5 sin(2) = 5(0.9092) =4.54
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22. Ans: (b)

Sol: The given equation is
(D*+1)y=0
.. A.E has roots + 1

.y = (c; cost + c; sint)

l=cj...... (D (ry=1latt=0)
d .
d—?[,:(—c]smtjtczcost)

dy
0=cs...... 2) |'v—=0att=0
e [+ 010
- from (1) & (2)
y=cost

23. Ans: (b)

C V3 (3
Sol: c,e* +e? | ¢, cos Y . X+ ¢, sin 5 X

= AE has roots 1, _—liﬁi
2 2

=D-1)[D*+D+1)y=0

D'-1)y=0

24. Ans: (b)

Sol:y = (cie” + ¢ €* cos x + ¢3 € sin x) is the
general solution from the given independent
solutions
S y=cpe +e*(cycos x + c38in x)

. A.E. hasroots 1, (1 £1)
L (D-1)(D*-2D+2)y=0
(D’-3D*+4D-2)y=0

Engineering Mathematics
25. Ans: (¢)

Sol:y"—4y’'+13y=¢e*
(D*—4D + 13) y = ¢*
A.E has roots (2 + 3 1)

yczez" (c1 cos 3 x +¢;sin 3 x)

er er e

D -aD+13) (4-8+13) 9
Y= (et ¥p)

2x

2x

=™ (¢ cos 3x + ¢, sin 3x) +

26. Ans: 5
Sol:y " +4y " + 8y "+ 8y’ +4y=20
(D*+ 4D’ + 8 D>+ 8D + 4) y = 20 ™*

5 20.e"*
Yy (D* +4D* +8D* +8D + 4
2 ) 0.x
4

27. Ans: (a)
Sol:y' —y ' =12¢"
(D -D)y=12¢"
o 12¢7
» = p(D* 1)
12¢*

D(D-1)\D+1)D* +1)

_ 12xe”

- 22
yp =3x¢"

28. Ans: (¢)

2

dy
dx?

+4d—y
dx

Sol: + 5y =—-2cosh(x)

.X®) 0B 03 T IO R B OIS Nl Hyderabad « Delhi « Bhopal « Pune » Bhubaneswar ¢ Lucknow ¢ Patna « Bengaluru « Chennai ¢ Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




44 Postal Coaching Solutions

(D*+4D+5)y=- (" +¢%) 31. Ans: (%)
—(e" +e*") d’y dy .
= Sol: —-+4— =sin(2x
" D*+4D+5 ax " TS @)
e - (D* +4D) y = sin 2x
T(1+4+5) (1-4+5) ., . sin2x
x o x Ty (D* 4+ 4D)
—e* e
= 0 2 _ 1 sin2x
D (D’ +4
29. Ans: (d) yp:i(—_xcoszxj
2
Sol: The given equation is 4y =¢"
dx? 1(){ . cos2x]
=——| —sin2x+
dy _ «
= d—:€ +C 1
X B = —(2xsin 2x + cos 2x)
........... i

Sy=¢e¢ +tex+o

wy(0)=1 =c=0
32. Ans: (a)

cy(0)=2=c¢ =1

Substituting the values of ¢; & ¢, in (i), we | Sol: y "' +y = sin(3x)
(D + 1) y =sin 3x

sin 3x

get y=e"+x
=D +1)

30. Ans: (a)
2 sin 3x ) ’
=—— (Replacing D" by -9
Cop+1) (Replacing D™ by -9)
sin 3x

Sol: f{x{ + y =cos(x)
=(1+9D
i+ )11—81D2i

(D2+ 1)y =cos x
_ (1+9D)sin3x

A.E has roots + 1
ye = (€1 cos X + ¢; sin X)
Yy = (yc+yp) =(c1 cos x +cysinx + 1-81(-9)
X .
- sinx) = L(sin 3x +27cos 3x)
y0)=1=1=¢
y(n/2)=0:>0=c2+2:>cz=—nc 33. Ans: (¢)
4 4 Sol:y " + 8y =x"+2x + 1
(D*+8)y=(x"'+2x+1)

T . X .
y=| cosX ——sinX +-—sinx
4 2
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:(X4+2X+1)

S - (x

3 4
l 1+D— X +2x+1) =e " lx_
8L 8 374

3 4 _—x
Dt r 2k 1) =X°
8 8 12
%(X4+2X+1 3X) 36. Ans: (a)
1 Sol:y” — 2y ' + 5y =¢" cos(3x)
:§(x4—x+1) (D* = 2D + 5)y = ¢* cos 3x
N e cos3x
s =
34. Ans: (b) » " (D*-2D+5)
Sol:y " —4y ' -2y =x X cos3x .
(D? 4D 2)y = o2+ 1)+5]
y =X
. CO0s3x

-1
x’ 1( ( D’ 5 D +4

%= a5 3) T 2 1+4/2D-—|| (x?) )
D*-4D-§ 2 - b cos 3x

1] D

=75 1_(2D_7J+4D2}(X2) 37. Ans: (b)

- Sol:y " + 4y = x sin(x)
=_% 1—2D+§D{|(X2) (D2+4)y=xsinx

B - X sin X
2_71 x2—4x+9] H iD2+4i

sin X 2D )
=X| — —| 75 sin x
35. Ans: (d) D" +4 (D "‘4)2

Sol: (y"+2y'+y)= x2e ™
(D*+2D + 1)y =x*¢™
D+1)’y=x"¢"
e *x’
(D+1)’

X . 2
:—SlnX—ECOSX

Yp =
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38. Ans: (a)
3x

Sol:y"—6y’'+9y= ¢

2

X

3x

(D —6D+9)y = ‘;
e3x
(D-3fy=—

— 3x
yc—(c1+czx)e

= (C] 63X + ¢ X63X =C1yi +C Y2
e’ xe

3e3x

Let y, = (A y1 + B y2) from method of
variations of parameters.

3x

— eéx

3xe>* +¢**

e xe
X2 eéx

3x

dx

Where A = —J‘

=-logx

3x _1
eﬁx dXZ_
(¥ X

Y, = (— log x)e3" + [_—ljxe3X

X

eBx .
X2

and B:I

=-e™(logx+ 1)

39. Ans: (a)
SOl:xzy "-2xy'+2y=4
X(D - l)y — 2Dy + 2y = 4e*”
(D*-3D+2)y=4¢""
(D-1)(D-2)y=4.¢c""
Ve = (c1 &” + ¢y €)
46042

*»~D-1\D-2)

y:(yc jtyp):((:lx+czx2 +2)

Postal Coaching Solutions
40. Ans: (¢)

Sol:xzy "—4xy'+ 6y=0
Putx=¢’and D = 4
dz
DD-1)y-4Dy+6y=0
(D*-5D+6)y=0
(D-2)(D-3)y=0
y=(c; e”+ ¢y &%)
=(c x>+ ¢ x3)

41. Ans: (b)

Sol: z = ax" + by" ----—-----
Differentiating equation (1) partially with
respect to x

p=nax" =ax™ =2 _______ 2)
n
0z
where p=—
. Ox

Differentiating equation (1) partially with
respect to y

q=nby"' by =3 3)
n
where q:%
From (1)
z=ax".x+by"y
n n
px +qy =nz
42. Ans: (b)
Sol: f(x* +y* + 7% ,x +y +2) =0
Orx+y+z=f(x>+y* +2°) ---meeeev (1)

Differentiating (1) partially with respect to

3 2

X
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Sol:

44.

Sol:

45.

Sol:

46.
Sol:

(I1+p)2(y+zq9=(+q2(x+pz)
Yy tpy tzq t pqz=x +Xxq t pz+pgz
py-2)+tq(z—=x)=x-y

Ans: (b)

Uxx — OUxy + Ouyy = Xy2

B>~ 4AC =36 —4(1)(9)=36-36=0
Equation (1) is parabolic

Ans: (¢)

3ug + 6uyy — 16Uy, =0 —
B> - 4AC=36-4(3) (-16)
=36+192=228>0
Equation (1) is hyperbolic

)

Ans: (a)

6uyy + 7Tuyy — 3uyy = 4uy +uy

B’ —4AC=9-4(6)(7)=9—168 =—159 <
0

Equation (1) is elliptic

Ans: (¢)

X Ugx — Xtyy + 2Uy = 0X > 0

B’ —4AC=0-4(x") (x)=4x°>0
Equation (1) is hyperbolic

@,MQE. 47 Engineering Mathematics
l+p=f'(+y +7) (2x +22zp) -----m- 2) | 47. Ans: (¢)
leferentlatlzng (12) pa;‘tlally w.r.t'y Sol: Sol: <% = 2 ou U e (1)
I+q=f"(x"+y +2z°) (Qy + 2zq) 18> ot
u(x, 0) = 6% —-ommmmn 2
f,(X2+y2+Zz)=1+—q _)(3) (_ ) ( ) . .
2y +2zq u=XT ------ (3) where X is a function of

Sub (3) in (2) ‘x” only and T is a function of ‘t” only

1 Sub (3)in (1)

+q
l+p= (—J(ZX +22p) X'T =8 XT + XT
2y+2zq

X'T=XQT +T)

X' 2T +T:K

X T

i:k& 8T +T=K

X T

5:k:>d—X:kX

X dx

d—X:kdx

X

On integrating

log X =kx +log C,
X =c; ™ > (4)

AT ot =kT

dT  (k-1T

dt 2

Lar =Xl

T 2

On integrating

LogT= (%}t +logC,

T=c, e[%jt —(5)
Sub (4) & (5) in (3)

(k—ljt
K
u=c; e ¢ e’

Given u(x, 0) = 6¢*
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6e > =u(x, 0) = C,C, ™ X _4y
cica=6 &k=-3 X Y
-3-1
u=6e"". e(Tjt % =k and % =k
u= 6673)( -2t g
—=X=c; e and Y= c,e?
48. Ans: (b) Now, the solution is,
) .. o*u ky
Sol: The given equation is — = = e, (D) u=cic, e e*
ot ox )
Let u = X(x).T(t) be the solution of (1) e et (ii)
2
Then a_ ~X'T and & =XT
ox”* ot Given u(0,y)=8¢""
Substituting in equation (i) .
X"T=o XT' =8¢ =u(0,y)=c; e*
X" _al _ =c=8k=-12
X T u=8e 1 Z
X k and r_ k
X «a T 50. Ans: (a)
k gL Sol: The given equation is
= T=c e and X=c,e \F+c3 * s il 1
. p—q=log(x+y)
The solution of equation (1) is ‘. The auxiliary equations are
LR (e I
u=ce"|c,e +c,e B log(x+ y)
Consider de = d—}i
49. Ans: (a;u Ny SxTy=C
Sol: Given ™ =4— (1) Consider dx _ dz
o o I log(x+y)
Let u = X(x).Y(y) be the solution of (i)
=dx= d
Then @=X’Y and @=XY’ : log C ‘
ox
Substituting in equation (i) =>X= 1 z c +C,
X'Y = 4XY’ o8
k2 g
logx +y
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51.
Sol:

52.
Sol:

.. The solution is

Z
4’{“y”“—1og<x+y>}:°

Ans: (b)
The auxiliary equations are
dx dy dz

z—y:x—z:y—x

Using the multipliers 1, 1, 1 each of the
fractions in (1) = %}Wdz
= dx+dy+dz=0

=>x+ty+tz=C
Using the multipliers x, y, z each of the

fractions in (i)

_ xdx+ydy+zdz
0
=>xdxtydy+zdz=0
2,2, 2

.. The solution is
fx+y+zx+y +2)=0

Ans: (¢)

The given equation is
q=3p’ (Type-I)

Let the solution be
—p=aand q=b
Substituting in the equation Type-I, we have
b = 3a’
Eliminating b from (1) & (2)
The solution is z = ax + 3a’y + ¢

53.

Sol:

54.

Sol:

Ans: (d)
Givenp’ 22+ q* =1 ........... (D)
0z 0z
where p=—, q=—
ox oy
Letg=ap......... (2)
PP +alpi=1
—p’(Z+a’)=1
=>p== !
a’+z°
:>q:ap:+L
Nal+7Z’
Consider dz=p dx + q dy
+1 ta

=dz= dx + dy
Val+7 Jal+7

:>J.\/a2+z2 dz:ji dxiJ.a dy+c
2

gxlaz +7° +a?sinh_l(z/a)= i(x +ay)+c

is a required solution.

Ans: (b)

The given equation is
p’+q’=x+y (Type-lll)

=p -x=y-q =a (say)

=>p= Ja+x and q= \/E

Consider dz=p dx + q dy

=dz=+a+x dx+ y—a dy

Intégrating,

z= (%j(a +x) + (%}(y ~a)”? +b
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55. Ans: (¢) 1l
=1 1 1 1 ?
Sol: The given equation can be written as u(l, 1) 2{f(1—5j+f(1+5ﬂ e j 3 ds
oF
z=px+qy+ L (Type-IV) .
L = u(l 1)=l3i 38 +§(3) (s)g
The solution is ) 2175 5 > %
Z=ax+by+——= forp=a&q=>b
(a—b) —u(l, 1) = l[éx(4+6)}+1—5[§—i}
215 215 5
56. Ans: (d)2 , =u(l,1)= 3+%£§j
Sol: Given 8—121:258—;l D=6
ox ot ~u(l 1) =
o'u 1 o%u
OF) —— === —5 eerreeernnns 1 :
( ) atz 25 axz ( ) 57. Ans: (a) 2
With u(0) = 3X woveererro ) Sol: Given  that % _ Lza_‘zl ,,,,,,,, ()
nd M= 3 3) o
a PR | A (- ‘ @_ Cz @j
If the given one dimensional wave equation ot ox’
2 2 : "o - . . -
isoftheforma—u: 22, o <x<w,t> with B.C's : u(0,t) =0 ("> u(0,t)=0)
o’ ox’ u(l,)=0  (C-u(,t)=0)
0 and c > 0, satisfying the conditions u(x, 0) and I.C's : u(x, 0) = sin(nx) ........ (2)

= f(x) and

w: g(x), where f(x) &

g(x) are given functions representing the
initial displacement and initial velocity,
respectively then its general solution is given
by

x+ct

u(x, t) = %[f(x—ct)+f(x+ct)]+2—c [als) ds

Comparing the given problem with above
general problem, we have

0= 00 = 3x, 80 =3

Now,

(ru(x, 0) = f(x))
Now, the solution of (1) is given by

- . [ nmx "[n szc-]t
u(x,t)= Zan.sm(T}e !
n=l

n’t

=>ux,t)= Z a, sin(nmx).e”

n=1
= gjf(x)sin[nﬁjdx
05 1
Putt=01in (3), we get
u(x, 0) = i a, sin(nmx)

n=l

where a_

= sin(nx) = i a, sin(nmx)

n=l
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= sin(nx) = a; sin(nx) + a, sin(27x) + ..... 59. Ans: (b)
Comparing coefficients of sin on both sides | Seol: Given u, =2°u_, ........ (1)
of above, we get 5
a=1,20=0,85=0,5=0, rccrrrrrr.... 4) ’ (770 = i)
". The solution of (1) with (2) from (3) and with B.C’s (O’t): 0 u(O,t): 0)
(4) is u(n,t)=0 (. u(l,t)=0)
7’ (1 ,
u(x, t) = sin(nx) e{l(ﬂzﬂ.t = ¢ ' sin(mx) and LC’s : u(x, 0)=0 (- u(x.0)=0)
gu(x,O) =2 sm(x) [ —(X,O):g(x)j
58. Ans: () ot 0
Sol: Given 1 = ( \/E)Z 4 ) The solution of (1) is given by
. t = XX eoeeosenscenses
- 2 u(x t): ib sin| 2™ | sin nmet
(ur=c ugy) 2 N v ) /
with B.C's: u(0,t)=0
(- u(0.0=0) Zb sm sm n2t) ........... 2)
t)=0 ull,t)=0
u(r.t) (R :gu (x,t) Zb sin(nx ).cos(2nt).2n
and I.C: u(x, 0) = sin(x) ...........(2) ot p_—
(“"ulx, 0) = 1(x)) = gu (x,0)= Zb sin(nx)(2n) fort=0
The solution of (1) is given by ot n=l
. 7(@)1 = sin(x) = b;sin(x). 2 + by. 2(2). sin(2x) ...
u(x, ) =) a,.sin LS PN 1
n=1 V4 :>b1=E,b2=O,b3=O, ............... (3)
= ux, t)= ian.sin(nx) e ™t 3) .. The solution of (1) with given conditions
n=l from (2) and (3) is given by
= u(x.0) :ian_sin(nx) (for t = 0) u(x, t) = by.sin(x) . sin(2t) + 0 +0.......
" = lsin(x ).sin(2t)
= sin(x) = a;sinxX + a,8in(2x) + .............. 2
=a=1,a=0,a3=0,a,=0,a5=0, .......... (n nj 1. (n} ) (2nj
Hence, u| —,— |=—sin| — [.sin| —
4 3'6) 2 3 6
.. The solution of (1) with (2) from (3) and (4) 133 3
s 220 s
u(x, t) = a; sin(x). e
Hence, u(n/2, log 5) = 1. sin(E). ¢ 20g3
=572=0.04

.X®) 0B 03 T IO R B OIS Nl Hyderabad « Delhi « Bhopal « Pune » Bhubaneswar ¢ Lucknow ¢ Patna « Bengaluru « Chennai ¢ Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




:ﬁu £ ﬂ“m = 52 Postal Coaching Solutions
60. Ans: (a) 7 u(x, %) =0
Sol: Given uy = Uxy ........ (1) (. ug =% uy) e S )
with B.C’s: u(0,t)=0 (- u(0,t)=0)
u(m,t)=0 ¢ u(l,t)=0) u(0,y)=0 u(/,y)=0
and 1.C’s: u(x,0) =2 sin(x) ...(2) =0 _ s x
(- u(x,0)=f(x)) o u(x,y) = f(szzg
a —_—
5‘1(& 0)=0 The G.S of (1) satisfying above all boundary
( % (X,0)=0] conditions is - _[w)
Zb sm( j.e "5 (6)
Now, the solution of the wave equation is
. b l
SIVERDY where b, = Ej.f (x).sin(nﬂjdx
N . [ nmx nmct l 14
u(x,t) = Zan sin 7 .CoS o R
n=l
o Now, b, =—J.u0 sm( 7TXjdx
=u(x,t)= Zan sin(nx ).cos(nt) ...... 3) ¢
n=1 ;
S —cos[mj |
x,0)= Z::an sin(nx) fort=0 S - 2u, /
(| on
= 251n Za sin nx l :
2u
= 2sin(x) = a; .sinx + ap sin(2x) + ......... =b, = m: [1 - cos(nn)]
:>a1=2,a2=0.a3=0 .......... (4) u
. The solution of (1) with (2) from (3) and = b, =—n_°[1— -1) ] - (7)
(4) is given by . Using (7) (i.e. the value of b, in (6), the
u(x, t) = a.sin(x) cos(t) = 2.sin(x) cos(t) required solution 1is), the equation (6)
becomes
61. Ans: (a) -2, y (ﬂj
Sol: Given u,, +u,, =0 — (1) u(x,y) . [1 ] sm(% Je !
1 s
u0,y)=0 —(2) Vy>0 (or)
uly=0 5@ Vy>0 - WS T
u(x, 0)=f(x)=uo—>(4) 0<x/ u(ey)=2 (2n 01 SIH{T}G [
u(x, ) = 0 () 0<x<I e (
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62. Ans: (a)

Sol: Given ut+ uyy =0 .....(1)
with B.C's
0,y)=0
u(0.y) 0<y<m
u(l,y)=0
u(x,0)=0

. nmx 0<x</
u(x,a):smT

The solution of (1) is given by
y

A

u(x, m) = g(x)

u(/.y)=0

u(x, 0)=0
x=0 o9 x={

ux,y)= Z b.. sin(n?j. sinh (%)
n=l1

where

b:—jg(x)sm dx
oot

/ s1nh(
!

. ( 2nmx '
sin
x 1 L )

- 2 * 2 2nm
/. sinh(m;mj ==

/
S S
/.sin h (mj
/

1

[(¢+0)-(0+0)]

b, = = ! form=a
sinh(nnm] sinh
1 l
.. The solution of (1) is
u(x,y)= Z ! .sin(ngx}sinh?
" sinh nnaj
si ( ;
63. Ans: (a)
Sol: L { e" sint }
L {sint} =
s* +1
L 'sintj=——
‘ } (s+1)* +1
64. Ans: (b)
Sol: L {t cos t}
L {cost} =
s’ +1

L {tcost} =(-1) {

)
41

_ _{sz +1—s(2s)} _ s
(? +1)2 (?

-1
+1)2
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65. Ans: (¢) 25
i (., v
Sol: L{sm at} (52 +1)
t
L{e"tsint} = %
Lisinat; = s+1) +1
{ j s’ +a’
sinat| Tt a
L e
t ) ysta 68. Ans: (c)
o0 ) B 1
_ (a%tan-l GD Sol: Sol: L(sin ) = ——
S sin t o ]
Ll —|= d
—tan'o—tan" S=" _tan"' > ( t j L s +1 >
a 2 a
S = [tan 1sr
=cot‘1(—j
a = g—tan_l S
66. Ans: (d) =cot s
t L{f'(t)} =s. L{f()} — f(0)
Sol: L Ie‘t sintdt 1 sint
0 = L{f'(t)} = s.L{—t }—f(o)
) 1
Lisint}=—— L@} = s cot™ s—(0) = s cot” s 1
S
L{e_t sint}=;2 69. Ans: (a)
(S+1) + t, 0<t<l1
P 1 1 Sol: f(t) =
L{je_t sintdt} =— —2] 0, 1<t<?2
0 S (S +1) +1 -+ (1) is periodic function with period 2
- 1 2 —st
67. Ans: (b) L0} = - [ e £(t) at
Sol: L {t e sint
{ } 1 = 1_28 J‘Olt.e*st dt
L {sint} = — l-e
S +1 1 B e—st e—st !
- = t. -1
Lising -0 S ] EI2 e (5
b [fe) [, 1
l—e_zs L —S S2 S2
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70. Ans: (d)
Sol: By definition of laplace transform

o0

L {utt—a)} = Ie_“ u(t -

0

a) dt

:]Ze_s‘.ldt

71. Ans: (b)
Sol: L{e"} = b
s—1
e'u(t—4)=[e" " ut—4)]e*
By second shifting property
Lictu(t—4)]=e* L[e"*. u(t—4)]

:e4 e—4s _ e4—4s _ e—4(s—l)
1YY Jl @ 7 |

72. Ans: 0.08

Sol: L (cos t) =
s*+1

L (tcost)= .fo e™ (t cos t) dt

= (-1). E[s “:_J—I:e“(t cost) dt
SS ;11)2 J. tcos t dt
Puts=3
J. "t cost dt
T ey +1)2

. Iwe’“ t. cost dt:iz 0.08
0 25

73. Ans: (a)
Sol: we have
. 1 sin 3t
L' - j =
s°+9 3

By first shifting property

2t sin 3t

1
L' —— | =
(s—2)2+9] 73

74. Ans: (a)
s+3

Sol: L'l(—z j 312
s*+2s+1 (s+1)

(e o)

=e'+2¢e't

(By first shifting property)

75. Ans: (b)

1
. y 1 B -1( ]
Sol: L (sz +2$j =L S(S+2)

iy
- 1)
{5

e'dt=1-e"

j j dt—t+e -1
0

—
VR
[72]
—_—
7]
+ P
—

S~
N—
Il

S
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77. Ans: (a) 80. Ans: (a)
Sol: L (L] =e Sol: 1| S*+3
$+3 (s+1)(s-2)
—4s
Ll(e_J _ e’“"‘”u(t _ 4) st 1+2
s+3 (s+1)(s—2)
By 2" shifting property (1 5
{ e whent>4 =L g—2 + (S + 1)(8 _ 2)]
0 other wise (1 21 21 j
=L +—

s—2 3s+1 3s-2
(Partial fractions)

oty e A Tt

s—2) 3\s+1
= L[f(t)] = log(s_a) S 2
s—b 3 3

78. Ans: (b)

= log (s-a) — log (s-b)

— LLA(6)] = (1) di(log (s-0)- log(s-b)) | 81 Ans:@
i Sol: Given y'(t) +5 y() = u(t)................. (1)
_ 1 with y (0) = 1
a Applying L. T on both sides of (1), we get
— 1 —_—
t. f(ty=L" ( aj L {y O+5y(®} =L {u(t)}

bt ot = L{y'()}+ 5 L{y(t)}= —

—

fy= = [556)- YO+ 556) =

1

79. Ans: (¢) §
1

s

ol (WJ -5 = sl
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Applying inverse Laplace transform on both
sides of above, we get

-t

~oy(b) =%+%e‘5t is a solution of (1)

05_Complex Variables

01. Ans: (b)

Sol: z=Xt1y

Letx=rcosBandy=rsin0

i
Now z=r.¢'

ze“=r.¢" . "
— ol
. ze' is the point of rotation of (x, y)

through an angle a

02. Ans: (b)

z-3

z+3

Sol:

<2 =1z-3|<2|z+3|

=z-3F<4|z+3]

=|(x=3)+iy [<4|x+3)+iy

= (x-3 +y <4 (x+3)°+y)
X —6x+9+y <4 (x*+9+6x+y)

0<3x>+3y*+30x+27

0<3(x*+10x+y*+9)

0<(x+57>+y"—16
(X+5)2+y2—16>0:>0utsideof
(x+5) +y* =16

03. Ans: (¢)

Sol:  f(z)=x"+1iy’
u=x>;v=y’
ux=2x&vx=3y2
u, =vy, only at (0,0)

Hence {(z) is differentiable only at (0,0).
= f(z) is not analytic any where.

04. Ans: (d)
Sol: If f(z) = u + iv is analytic then its derivative
£) =2 4 i Y
[6) S) 4
(we get this in the proof of C-R equations).
.. Option (c) is correct.
Now ¥ _ p1(z)= 2 1 &
dz ox 0Ox
.. Options (a) is correct

.. Option (b) is correct

05. Ans: (a)
Sol: f(z) = (x* - 3xy®) + i3x’y — V)
Pz) =24
ox 0OXx
= (3x* = 3y%) + i(6xy)

06. Ans: (a)
Sol: Letu+iv=1f(z)=zIm (z) = (x +1iy) y
Then u + iv = f(z) = xy + iy’
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= u=xy and v=y’ 09. Ans: (d)
=S U=y vx=0 Sol: Given that v = x’ — 3xy’
uy =X vy =2y = vy =3x"—3y" and v, =-6xy

Here, uy = vy and v, = —u, only at one point
origin. i.e., C.R equations ux = vy and

Vx = —uy are satisfied only at origin. Further
u, V, Vx, Vy, Uy, Uy are also continuous at

origin.
. f(z) = z Im(z) is differentiable only at
origin (0,0).

07. Ans: (d)

Sol: sin(z), cos(z) and polynomial az* + bz+c are
analytic everywhere.
. sin(z), cos(z) and az’tbztc are an

entire functions.

1. : .
Here, p— is analytic at every point except

) 1 .
at z = 1 because the function —1 1S not
Z_

defined at z=1.

I . .
= 1 is not analyticat z=1
Z f—

is not an entire function
Z —_—

08. Ans: (a)
Sol: u(x, y) = Ax + By
u=A ;u,=B
f'(z) =ux +1 vy
=ux—1uy, (..
=A-1B
f(z)=(A—-1B)z+1C

uy = - Vx)

10.

Sol:

11.

Sol:

Consider du = uy dx + uy dy
= du = (vy) dx + (—=vy) dy

(cu=vy &vy=—uy)
= du = (-6xy) dx + (-3x* + 3y%) dy
which is an exact differential form
= [du=] (-6xy) dx + J(3y*) dy + k
Lux,y)=-3x°y+y +k

Ans: (¢)
u=logr
ou 1 ou
ENr
dv=ﬁd6+@dr
00 or

= (r@jde + [Ll@jdr
or r 00

(using C-R equations)

u=Irx%d9+I—%x0dr=9+c

Ans: (¢)

Given that Re{f'(z)} = 2x + 2, f(0) = 2 and

f(1)=1+2i

Let f'(z) =u +iv, thenu=2x + 2

Consider fl2)= ux+ivg=ux—1i uy
=2-10

= fl(z)=2z+c¢

= f(z)=2"+cz+k

= f(0)=2
=k=2
i) =1+2i
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= (i)* +c(i) +k=1+2i = f'(z) = [~y sin y + cos y + x cos y] + i
=c=2 e*[siny+ycosy+xsiny]

2= +2z+2 = [f(z) =ze" —e* + " +c

= fl(z)=2z+2 s f(zy=2z¢"+ ¢, c=c +ic, is a required
= f'(z) = 2(x+iy) +2=2(x+ 1) +i(2y) analytic function.

. Imaginary part of f'(z) = 2y
15. Ans: (d)

12. Ans: (c) Sol:u=2x(1 -y)
Sol:u = ¢’ sin x u=2(1-y)=>ux=0
Uy =e’ cos X ; uy = ¢’ sin X uy =2x(-1) = uyy =0
f'(z) = ux +1 vy =ux +i(-uy) S Uxx T Uy =0
f'(z) =€’ cos x —1¢€”sin x u is Harmonic
replacex=z& y =0 flz)=u+iv=2x(1-y)+iQRy+ x*—y?)
f'(z)=cosz—1isinz x=z&y=0
=f(z)=sinz+icosz+ic flz)=2z+i(0+2" —0)=2z+iz
=ie”+ic is differentiable every where

=1(z) is Analytic
13. Ans: (¢)

Sol: u = xy 16. Ans: (a)
Ux=y; Uy =X Sol: f(z) = 12 z* — 4iz is entire function
f'(z) =ux +1vy=ux+1(-uy) If (Z)dz is independent of the path
f'(z)=y—-ix c
replace x by z & y with 0 2430 3 2 \2+3i
2 . V4 . Z

f'(2)=0—iz=—iz If(z)dz: I (122 —412)dz=(12?—41?j

© 1+i 1+i

2 .

o fz)= - i% +ic = (422 212’}

= 4(2 +31)’ — 21 (2 + 31’ — 4(1 +i)’

+2i (1+)°

14. Ans: (a)

Sol: Given that v = ¢€*[y cos y + X sin y] =4(8-271+361-54)-2i(4-9+121)

A1 —i+3i-3)+2i (1 1+2i)

— 4(91 — 46) — 2i (-5 + 12i) — 4(-2 +2i) — 4
=36i-184+10i+24+8-8i—4
=38i — 156

= vy =¢e" [0+ sin y] + €*[y cos y + x siny]
and vy = e[~y siny + cos y + x cos y]
Consider f'(z) = u, — iuy

:>f1(Z):Vy+iVx( VU =vy & ve=—1uy)

.X®) 0B 03 T IO R B OIS Nl Hyderabad « Delhi « Bhopal « Pune » Bhubaneswar ¢ Lucknow ¢ Patna « Bengaluru « Chennai ¢ Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




@ éﬂg% 60 Postal Coaching Solutions
17. Ans: (b 2m |,
(b) i § d)( )n+1 dz = : (I) (a)
z -1 (z—l)(z+1) c(z—a) n!
Sol: f(z)=——— = .
z -z"+9z-9 (z—l)(z +9) o2 i
.. z=1= 3i are poles which are outside of ’ if(z + 1)4 dz = 3! ¢ (_ 1)
Iz = where ¢(z) = ¢*
f(z) is Analytic inside and on |z| = "(2) = 8%
According to integral theorem -
z"—1 - _(86_2)
ig — dz=0 3
2 -7 +9z2-9
. . =—mie”
Options are wrong so answer is '0'". 3
18. Ans: (d) 20. Ans: (c)
Sol: i#; § © >dz

z-1
=¢p——-——d
f(“i)(z_i) ,
only z=-iis inside of[z+i|=1
—1/
(z+i)

According to Cauchy's integral formula

=2 i ¢ (-i) where ¢(z)= 1)

(%—i)

N —1-—1 1+1
(I)(_l)_—l—l 21
_21(—(“51))
21
=n(i+1)
19. Ans: (d)
. f =i
Sol: f(z) 1)

z =-1is pole inside of |z| =
According to formula

(z+mi) (z—mi)

z+ny

o.z==xmi are singular points lie inside 'c'
Residue at z = mi is

nmlﬂ{@—mf < .%:

z-mi ]! dz (z - TEI) (Z + m)

T+1
41

Residue at z = -mi is
tim ~- 4 (74 iy e S
z>-ni I dz (z-nif(z+mi) | 4n°

Z

Then it; dz = 2mi(sum of residues).

.
A 2ni(n +31 N TE—}I) _ i
47 47 T

21. Ans: (a)

e3z

(z - i)
z = mi is singular pt.
|z—2|+|z+2|=|+mi-2|+|xi+ 2|

Sol: f(z)=
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= +4+n +4
=2’ +4=744>6

.. z =i is outside of the path
3z

Hence§ © -dz=0
* Z— i
22. Ans: (b)
1 eZt 1 eZt
Sol: = d
° 2niff(z2+1) ’ 2nif(z+i)(z—i) .

.. z= =1 are singular points inside of |z| = 2

zt zt

c C

N 21:1 § (2i(z —1) 2i(z+ i)JdZ

zt zt

i J ((ze—i) 1% i)JdZ

According to formula

_1 eit_e—it
(=4
4( ) 2i

=_—121'[i(eit —e_it): =+sint

4

23. Ans: (¢)

sinh z
; dz
z

Sol: ig

z =0 is singular point inside of |z| = 2
According to formula
= %q)"'(o) where ¢(z) = sin hz
¢"'(z) = coshz

~m

Engineering Mathematics
24. Ans: (b)

Sol: Let f(z) = ¢” + sinz
Then Taylor's series expansion of f(z) about

and zo=m

a point z = 7y (or) in power of (z — z) is

given by f(z) = Z:an(z—zo)n .

n=0

£ (Zo)

where a, =
n!

Here, the coefficient of (z — zy)" in the
Taylor's series expansion of f(z) about z = z,

(n)
is given by a, = f—(ZO) .
n!
) @
R )
2! 2!
_ (e:z—sinz):7T _ e
2 2
25. Ans: 1
Sol: Let f(z) = log(lij and |7]> 1
—Z
(or) ‘l <1
Z
z 1
Then f(z) = logl —— | = log
1 1
Z(l —j 1——
z z
B 1N |1
= f(z) = log(l——j = —log(l——j, — <1
V4 Z
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1 1 1 1
= log(l-z) =—+—.—+—.
g(1-2) z 27 3z

1

V4

<1

.. The coefficient of l is 1
z

26. Ans: (¢)
eZz
(z=1)’

putz—l=w=z=1+w
2(1+w) 2

Sol: f(z) =

€

3!

22
2w

.. by observation of the series
The residue of f(x) at z= 1 is 2¢”.

27. Ans: (a)

Sol: f(z) = (z — 3) sin [ !
zZ+

putz+2=w
flw) =(w —5) sin [Lj
W
=(w-5 L 13 15
w  3lw’  Slw
Residue of

f (z)z__2 = coefticient of 1 ie.,
- w

1
z+2

28. Ans: (a)

Sol: f(z) = —————
o TG 2)
Putz+2=w=z=w-2
w—2 -1 2
flw-2)= = —
(W ) (w—l)w w—-1 w
1 2
= + —
l1-w w

(l—w)_1+£:1+w+wz+w3+
w

+1+(z+2)+(z+2) +

- f(z)

zZ+2
29. Ans: (b)
Sol: f(z) = z—s31nz 1 iz_sniz
z
1 1 PA AL
:—2——3 Z——+———+......
z° z 357
1z Z
_3! 5! 7! .......
30. Ans: 1
Sol: Given f(z) = z-1

(+1)z-3)
= the singular points are z=-1 & z=-3
= z=-1 & z=-3 are first order poles.
If the algebraic function f(z) has a first order
pole at a singular point z = z, then the residue
of f(z) is given by

Res (f(2): z=20) = Lt (z-2z,).f(z)]
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R, = Res(f(z) VA —1)
- Lg{[z— (—1)12—‘1}

(z+1)(z-3)
~R, = Lt{z_l}
z>-1 7—-3

/
2

Lt

_ 263[(2—3)-#@1_3)}

Le[ 22121
=3\z+1) 2

Hence, the sum of the residues of f(z) at its

singular points is R} + Ry, = 5 +% =1.
31. Ans: 0
Sol: The singular points of f(z) = SN2 ore
z.cos(z)
given by z.cos(z) =0
=z=0and z=(2n+1) g,n el
T  3n
=z=0 and z=+—,+ —, ..........
2 2
T T . .
=>z= 5 and z = Y are the given singular
points of f(z).
T T .
Here, z = 3 and z = 5 are simple poles of
f(z) = sinz_ _ ¢(z) ,
zcos(z)  w(2)

where y'(z) = cos(z)- z sin z

R;=Res(f(z): z= g)

_ _ _ 2
(7 T T
;) o3
R, = Res(f(z): z = —g)
7T
43 L
7T

Hence, the sum of the residues of the

! . . . s
function f(z) at given singular points z :5

andZ:—E 1S R1+R2:(_—2j +(gj
2 T T

32. Ans: 1
Sol: The given singular point z = 0 is a simple
pole (or) 1* order pole of

f(z) = l+e

zcos(z)+sin(z)

Now Ry =Res (f(z) : 2= 0) = Lt (z—0)f(2)

1+¢”
R;= Lt(z-0)
=& Hto(Z )zcos(z)+sin(2)
[9 formj
0
ooty el
250 — zsm(z)+ Cos (z)+ COS(Z)
0+1+1
= =1
0+1+1
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33. Ans: 2 35. Ans: (a)
2 +3cosecz _ g+3cosecz 1

Sol: f(z) = z
@ z z Sol: f‘;e—dz where ¢ is |z| = 2
z
2 3 ¢
T, + 7sinz z =0 is essential singularity
Res|Z:0=Res|Z:O ofg+Reszz of 3 Ve 1 1 1
z Zsmz fz)=S— == 14—t b — e
z 2z 3z

. . V4 z
= coefficient of —in both terms
Z
1 : e v
(..In second term - term not exist) 2 2 o
=2+0 Res|, - o = coefficient of l =1
According to residue theorem
34. Ans: (d) 2mi (Res|,-¢) = 27i (1) = 2mi
Sol: f(z) = ¢“tanz = ¢* SINZ s not analytic at z
CosZz 06_Numerical Method
_y &3 opdme
22 2 01. Ans: ()

Sol: f(x)=x"+x> +x+7=0

Of these points only z= =+ T lie inside C
2 f(-3)=-8 and f(-2)=5

Residue at z = 7/2 is A root lies in (-3, —2)
lim 4| z— T |21 _ gni2 Letx; = — sy —2.5 is first approximation
z—m/2 2 COSZ 2
Residue at z = -n/2 is 10 the root
, . - Axy) =1(-2.5) <0
. m n . .
lim 4| z+ 2| S0 20 e’ Now, Root lies in [-2.5, —2]
z—>—n/2 2 COSZ _2 5_2
Then §ez tanz dz = 2i(sum of residues). bet X2 = 2 - 7225 is second

C

approximation root.

_ 27ti(en/2 n e—n/Z)

02. Ans: 0.67

Sol: f(x) =x>+x-1=0
Letxo=0.5,x;=1
f(xo) = 1(0.5) =-0.375
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f(x)) =1f(1)=1
_ f(xl).xo —f(xo).x1
f(xl)_ f(xo)
is first approximation root
_ 1(0.5)—(=0.375)(1)

1-(-0.375)
_ 0.5+0.375 _ 0.875
1375 1375
=0.6363

f(x,) = £(0.6363)
= (0.6363)" + (0.6363) — 1
=0.2576 + 0.6363 —1
=0.1061 <0

Root lies in (0.6363, 1)
X3 = f(Xl)Xz ~ f(XZ)'Xl
f(x,)-f(x,)
~1(0.6363)—(=0.1061)1
- 1+0.1061
=0.6711

03. Ans: (b)

Sol: f(x) =xe* —x=0
f(0)=—2<0,f(1)=2.7183-2>0
Letxg=0,x;=1

o= ke, = ),

) Tlx,)

_ 0.7183(0)— (-2)1

0.7183—(-2)
2
27183
=0.7357

f(x,) = £(0.7357)

=0.7357 .e"7*7 2 = _0.4644

Take x9=0.7357 & x; =1

\ Xa= f(Xz)-Xl_f(Xl)-Xz
X3

f(xz)—f(xl)
_ 0.9929 — 0.8395
1.1827

04. Ans: -3.26
Sol: f(x) = x” — 10x + 100
Xo=—2 ' (x)=5x"— 10

X1= X, —

05. Ans: 1.57

Sol: f(x) = x* — 5x* + 6x — 1
f(x) =3x"—10x + 6
Xo=1.5

06. Ans: (a)
Sol: x = Q/ﬁ
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07. Ans: (¢) 11. Ans: (a)
Sol: Putting n = 0 in the iteration formula of the Sol: Error = Exact value of the integral — The

above example value of the integral by the simpson's rule
4x2 +N =0-0=0
X, = 7
5x,
42°)+30 158
= = =1.975 12. 10.04
52¢) 80

1.2
Sol: Given [ f(x)dx
08. Ans: (a) 0

1.

()

3
Sol: Given x_,, = 2X; *1 By Simpsons rule J. f(x)dx
3Xn +1 0

S the formul to th t h

uppose the fomula converges to the 100t | Ry Ly oy, vy edly, +y, oy,
after n iterations 3
Xn+l = Xp =X

3
_2x 1 _9-210.6+12.2)+2(7.4+7.6)+ 4(9.1+ 6.8+ 8.8)]
3x° +1 3
=10.04

=>xX+x-1=0

09. Ans: 1.7845 13. Ans: (¢)

Sol:
2
501=If(X)dX=%[(yo+y4)+2(y1+yz+y3)] x 0|1 ]2 |3 |4 |5 |6
0 1 |11 1|1 |1
f(x) = e I I e
025[(0+126)+2(0794+1+1145)] 1+x° 2| 5|10 |17 | 26 | 37
=1.7845 ™
'[0 1+x>
10. Ans: (a) h
Sol: 5[(y0+y6)+2(y1+y2+y3+y4+y5)]
- 10 1 1 1 1.1 1 1
f(X)=5x3_3x2+2X+1 91115 —5 1+E +2 5+§+E+ﬁ+%
h
100 dx= 2y, +9:)+200)+40)] | =14107
= Jl4)+ 4] =0
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14. Ans: (a
@ X (inx24j 107
Sol: The volume of cylinder = nj.oyz dy 180 n
= n>10.738
h
an[(yé ry2)rayi+alyl +y2) -~ 1>10.738
0.25
Y (1+1)+2(9)+4(4+1)] 17. Ans:x=0.9,y=1&z=1
0.95 Sol: Let
—n—[40] 10x +y+z=12
2x+10y+z=13
107
= 3 2x+2y + 10z=14 and

15. Ans: (a)

Sol: Error = Max b-
12

2<h? xf”(x%

~ 1L 6(2718)

127100
=0.0136
Here,
fix)= e*
Max [f''(x)]j0.1] = 6e
o h=2c2
n
_1
10

16. Ans: (¢)

Sol: b_axh“xmaxf”(x) <107
180
Leth= bza _1
n n
f(X):l

Max [f¥(X)]ax=1 = 24

Xo—O Yo = 0 Z()—O

Then first iteration will be
1
Xx1=—((12-yp—2z
1 10( Yo — Zo)
=12
1
V= E(13—2xl +10y,)

1
= —(13-2(1.2)-0)=1.06
L (13-2(12)-0)

—_

z) = E(14—2x1—2y1)

110(14 2(1.2)-2(1.06)) =0.95

Second iteration will be
1
Xo=—((12—-vy;—2z
2 10( y1—21)
=0.90

V2= %(B—sz +10y,) = 1.00

1
ZZ=E(14—2XZ—2y2) =1.00

The required solution after second iteration is

x=09,y=1&z=1

.X®) 0B 03 T IO R B OIS Nl Hyderabad « Delhi « Bhopal « Pune » Bhubaneswar ¢ Lucknow ¢ Patna « Bengaluru « Chennai ¢ Vijayawada ¢ Vizag « Tirupati « Kolkata « Ahmedabad




AR
lt" “wl
v v
W v

& A7

w Engineering Publications

68

18. Ans: 0.992

Sol:y' = f(x, y) = 4 — 2xy
X0 :O, Yo = 0.2, h=0.2
By Taylor's theorem,
y(x) = y(xot h)

2

h
= y(x0) + h y'(xo) + ;y”(xo)

=0.2+024) + —(0'22,)2 (~0.4)

=0.992

19. Ans: 1
Sol: f(x, y) =4 — 2xy
X0 = 0, Yo = 0.2, f] =0.2
By Euler's formula
y1 =Yyo + h f(x0, y0) =02 +0.2(4-0)=1

20. Ans: 1.1
Sol: By Euler's formula,

y1 = Yo+ h (X0, yo)
yi=1+(0.1)(1-0)=1.1
21. Ans: 0.968
Sol: ﬂ=f(x,y)=4—2xy
dx
Xo=0,y,= 0.2,h=0.2
1
yi=Yo+ E(kl +k,)

k= hf(X(), yo) =0.2 (4 - 0) =0.8
k, = hf(xo + h, Yo t ki)
~0.2 (4-2(0.2)0.8 =0.736

y1 =02+ %(0.8 +0.736)

=0.968

Postal Coaching Solutions
22. Ans: 0.02

Sol: f(x, y)=x+y
XOZO,yOZO,hZO.Z
ki = h(fo, yo)
=0.2(0+0)=0

k, = hf(xo + h, yo + ki)
=0.2(0.2 + (0.0))
=0.04

yi = 0+ %(o +0.04) =0.02

23. Ans: 0.96

Sol: Let &Y — f(x,y)=4-2xy
dx

Xo=0, ¥o=0.2,4=0.2
ki = h.f (Xo, o) = 0.2 (4 — Xo¥o ) = 0.8

h k
ky=hf|x +—,y +—
2 (0 > Yo 2)

— (0.2) (4—-2(0.1) (0.6))
— (0.2) (3.88) = 0.776
ki=hf(xo+h, yo + %)

=(0.2) (4—2(0.2) (0.976))=0.7219
ks=h. f(xo+h, yo+ k)
=(0.2) (4—2(0.2) (0.9219)) = 0.7262

v(02)=yi = yo + %(k1 2k, +2k, +k,)

=02+ é(o.s +2(0.776 +0.7219) + 0.7262)

=0.97

25. Ans: 1.1165

Sol: f(x, y) = x+ v,
X()ZO,yO: 1,f1:0.1
k= hf(X(), yO) =0.1
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h k , .
kzzhf(x0+5,y0+?1j a:Zyl_belzy_bi
n n
N OV b_4><(—13)—(—2)><13
=0.1 (X°+Ej+(YI+71j - 4%6—6
=-1.3
=0.1168
Kk a:£—1.3xﬂ:2.6
ks = hf(xo +h,y, +—2j 4 4
2 Therefore, the linear equation is
=0.1[0.05 + 1.1185] y=2.6-13x
=0.1168 4 ,
ks = hf(xo* h, yo + k) = 0.1347 The least squares error = Z {y, —(a+bx,)}
i=1
Vi =yo= l[k1 +2k, +2k; +k,] =(6-52)+((3-3.9°+(2-2.6)
6 +(2-13)
=1+0.1164 —13
yi1=1.1164
27. Ans:i.8x’—19x+12 ii.6 iii. 13
26. Ans: 2.6 - 1.3x, 2.3 . ‘ . - (X _ 3)(X 1 4) (X B 1)(X B 4)
Sol: The various summations are given as | SOL:f(x)= (1=3)(1-4) (1)+ B-1)(3-4) (27)
follows: ( 1) ( 3)
: + l(m)
Xi ¥i X; X (4 - 1)(4 - 3)
2 6 4 -12 f(x) = 8x*— 19x + 12
-1 3 1 3 f(2)=6
0 2 0 0 £(2)=13
12 1 2 f(x) = £(x0) + (x = x0) X0, X1]
|2 13 06 -13 +(x = xo) (x = x1) f[x0, X1, X2]
=1+x-1)13+(x-1)(x-3)8
Q2
Thus, Zy; =na+bXx; —ox —19x+12
Txiyyi=aXx; +bIx; P(2)=6
Vi ‘ i p'(2)=13

These are called normal equations. Solving
for a and b, we get

b= nzxiYi _ZXiZYi
nZ:Xi2 —(in)z
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28. Ans: 8x*—19x + 12, 6, 13 Therefore f(x)
Sol: f(x) = f(0) + C(x,1) Af(0) + C(x, 2) f(0)
2
X P(x) Ap 4&p :3+(XX3)+[X(X_1)X2J
2!
1 1
27-1_ 5 fx)=x*+ 2x+3
3-1 fl(x)=2x+2
3 27 37-13 ¢ f(0.5) =4.25
4-1 £1(0.5) =3
64-27 .,
4 64 4-3

By Newton's divided difference formula
P(x) = P(x0) + (x — X0) f[x0, X1]
+ (x — X0)(x —x1) f[X0, X1, X2)
=1+x-DI13+(x-1)(x-3).8

=8x"— 19x + 12
Plx)=16x—-19
P(2)=6
P'(2)=13

29. Ans: x>+ 2x+3, 4.25,3
Sol: Since the given observations are at equal
interval of width unity.

Construct the following difference table.

f(x) | A f(x) | AM(x) | A(x)

03

3
16 2

5 0
2|11 2

7 0
3118 2

9
4|27
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