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Engineering Mathematics (4320002) -
Summer 2024 Solutions

Q.1 [14 marks]

Fill in the blanks using appropriate choice from the given options.

Q.1.1 [1 mark]

1 2
Order of the matrix A = |0 —1]is__
3 4

Answer: (b) 3 x 2

Solution:

Order of a matrix is given by (number of rows) x (number of columns)
Matrix A has 3 rows and 2 columns

Therefore, order =3 x 2

Q.1.2 [1 mark]

sinf —cos6@

If A= l ]thenA_lz_

cosf sinf
Answer: (d) AT

Solution:

For orthogonal matrices, At =AT
Since AAT = I, we have A1 = AT

Q.1.3 [1 mark]
S EIPEN R

3 8
Answer: (a)
-5 30

Solution:

5 0|2 1
~ [1(—1) +2(2) 1(6) + 2(1)]
5(—1)4+0(2) 5(6) 4 0(1)

[-1+4 6+2] [3 8
- |-54+0 30+0| |-5 30

Q.1.4 [1 mark]
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a c
If A= lb d} then AT = _
A b) a b
nswer:
c d
Solution:
Transpose of a matrix is obtained by interchanging rows and columns
a b
AT =
- 4
Q.1.5 [1 mark]
) =

Answer: (a) 4" log, 4

Solution:

%(a”) =a”lna

Therefore, %(41’) =4%In4 =4%log, 4

Q.1.6 [1 mark]

4 (sin®z + cos?z) = _

Answer: (b) 0

Solution:

sin® z +coslzr=1 (trigonometric identity)
d

=(1)=0

Q.1.7 [1 mark]

. d
If £ = sinf,y = cosfthen £ = _

Answer: (d) — cot 6

Solution:
4T — o5 0 B _ _&ing
= "o

dy _ dy/dd  —sinf _
dz ~ dz/dd — cosf® tan 6 = —cot §

Q.1.8 [1 mark]

f:z:7dx =_

8
Answer: (c) %

Solution:
n __ X
f$ de = n+1 +c

fz7d:z::%8—l—c

n+1

Q.1.9 [1 mark]
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f_22 zidr =
Answer: (b) 0

Solution:

x% is an odd function
For odd functions, [ f(z)dz = 0

Therefore, f_22 z’dx =0

Q.1.10 [1 mark]
[2dy =

sinx
Answer: (d) log | sin z|

Solution:
Let u = sin x, then du = cos zdx

d .
[$22de = [ <% =log|u| 4 ¢ = log|sinz| + ¢

Q.1.11 [1 mark]

The order of the differential equation <%) + (%) +y=0is_

Answer: (a) 3

Solution:
Order of a differential equation is the highest order derivative present

3
Highest derivative is %, so order =3

Q.1.12 [1 mark]

An integrating factor of the differential equation Z—z +y=3xis _
Answer: (c) e”

Solution:
For linear differential equation Z—z +Py=Q
Integrating factor = el Pdz — o[lde — oz

Q.1.13 [1 mark]

il =

Answer: (b) —1

Solution:
it=14,i2=-1,¥=—i,i*=1
i =it i3 =1-(—i) = —i

Q.1.14 [1 mark]

arg(l14+1) =_
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Answer: (c) %

Solution:
arg(a + bi) = tan"! (2)
arg(l4+i) =tan"' (1) =tan*(1) =

Q.2 (A) [6 marks]

Attempt any two
Q.2 (A).1 [3 marks]

2 1 4 —1]
If A= [3 O] and B = l2 3 then prove that (A + B)T = AT + BT

Solution:

S 1 R P S B

(A+B)T = B g]

e [2 8] gr_[4 2
1 0] -1 3
2 3 4 2 6 5
AT + BT = =
i MR B N
Therefore, (A + B)T = AT 4 BT v Proved

Q.2 (A).2 [3 marks]

1
If A= [2

1
3] thenshowthat A- A1 =1

Solution:
First, find A~
A =1(3)—1(2) =3-2—1

T e P B
NS T

_[1(3)+1?2?; 1_(2 1
C[2(3) +3(—2) 2(—1)+3(1)

“lace 22

6-6 —2+3

—1O—I/P d
=g 1|~ rove

Q.2 (A).3 [3 marks]
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Solve the differential equation zdy + ydx = 0

Solution:

xdy + ydz =0
xdy = —ydz
dy _ _dz

Yy T

Integrating both sides:

jare
Inly| =—Inlz|+c¢;
Inly|+Injz| =1
In |zy| = c1

|zy| = e = ¢ (where ¢ = e is a constant)

Therefore, xy = £c or xy = k where kis an arbitrary constant.

Q.2 (B) [8 marks]

Attempt any two
Q.2 (B).1 [4 marks]

3
wa- |

1
1 2] then show that A2 — 54+ 71 =0

Solution:
First, calculate A2:

A% = {—31 ﬂ l—31 ;]
C[33)+1(=1)  3(1)+1(2)
B l—1(3) +2(-1) —1(1)+ 2(2)]

[9-1 3+27] [8 5
- |-3-2 —-1+4| |-5 3

Now calculate 5 A:

3 1 15 5
A = =
g g [—1 2} l—5 10]
And 71

=1y 3= 3

Now verify A2 — 54 + 71 = 0:

8 5 15 5 70
A —BA+TI = —
A O S S

B {8—15+7 5—5+0] B {0 0

= 0 v Proved
—-5+54+0 3-10+7 ]

Q.2 (B).2 [4 marks]
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-4 -3 -3
fA=|1 0 1 | then provethatadj A = A
4 4 3

Solution:
To find adj A, we need to find the cofactor matrix and then transpose it.

Cofactors:

1+1 0 1 _ _
Cu= (1)) =03) - 1(4) = -4

1+2 11 _ _ _
Cr = (02t Y @) - 1) -~ -9 -1

1+ 10 _ _
Cis = (-1)'*° g 4= 1@ —0(4) =4
On= (-1 0 = (-3)®) - (-9)) = ~(-9+12) = -3
Cop = (—1)212 _44 _33 (—4)(3) — (=3)(4) = —124+12 =0
O = (123 1 P = (@)~ (-3)) = (16 +12) = —(-~4) = 4

3+1 -3 -3 _ _
Co=(D""1 o [ |=E3)A) = (=3)(0)= -3
O = (-1 1 P = ()1 (-8)(1) = (-4 48) = ~(-1) =1
s = (~1)3*3 _14 _03 — (—4)(0) — (~-3)(1) =0+ 3 =3

-4 1 4
Cofactor matrix= [{—3 0 4
-3 1 3
4 -3 -3
adj A = (Cofactor matrix)" = | 1 0 1 | = AV Proved
4 4 3

Q.2 (B).3 [4 marks]
Solve the following system of linear equations using matrix: 3z + 2y = 5,2z —y =1

Solution:
The system can be written as AX = B where:

SRR

Find |A] = 3(~1) —2(2) = -3 — 4= 7
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g |7 A
X=A"'B= 2 _%] _1]
[+ 7)) :[ﬁ]:H

e -] [ [
1

Therefore,x = 1,y =

Q.3 (A) [6 marks]

Attempt any two

Q.3 (A).1 [3 marks]

Using definition of differentiation find the derivative of z° with respect to

Solution:
By definition: g—;’ = limj,_o w
For f(x) = x5:
N h 5_ .0
%(1’5) = limj o w

Using binomial theorem: (z + h)® = 2® + 5z*h + 1023h? + 1022h> + 5zh* + AP

d (..5\ __ 11 252 h+1023h%+1022h3+52h* +h°—ab
-=(z°) = limj 40 .

— limy, g 52*h+10z°h%+1022h3+5zh*+h°

- —

h
= limy,_,o(52* + 1023h + 1022k + 5zh3 + h?)

=522 4+0+0+0+0=5z*

Therefore, -+ (2°) = 5z*

dz
Q.3 (A).2 [3 marks]
. dy . 2
Find d—g ify = ;_J&
Solution:
du_, v
Using quotient rule: d% (%) — Y Y4 dwv;‘ &

Here,u =22 — 1l,v=2%2+1

du __ dv __

dr 2{3, dr 2x

dy _ (2%+1)(2z)—(22-1)(2z)
dr (z241)2

_ 2z(2?+1)—2z(2%-1)
- ($2+1)2

_2z[(241)—(22-1)]
= (z2+1)2
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_ 2z[z?+1-2%+1]
B

2x-2 4z
T (2241)2 T (22+1)2

4z
EE

Q.3 (A).3 [3 marks]

dy __
Therefore, I =

Evaluate the integral f%‘g;(idm

Solution:

First, perform polynomial long division:

224+52+6 + 3z+6
242z 22z

5x+6 3x+6
[ Zede = [ (14 252 )do

= flda:-l—f L

2242

3246
—:c+f ‘iiz)dm

For the second integral, use partial fractions:

z(z+2) x z+2
3z +6=A(z+2)+ Bz

Whenz =0:6 =24,s0 A =3
Whenax = —2: —64+6 = —-2B,soB=0

Wait, let me recalculate:
Whenz = —2:3(—2) +6 =—-6+6 =0 = B(-2)
Whenz =0:6 =24,s0 A =3

Actually: 3z + 6 = 3(z + 2)
go Bzt6_ _ 3+ 3

z(z+2) — z(z+2) T =@

308 gy = [3dz = 3In|z| + ¢

z(z+2)
Therefore: [ 2 Jgi“;;fﬁ de =z +3n|z|+¢
Q.3 (B) [8 marks]
Attempt any two

Q.3 (B).1 [4 marks]

If y = log(sec z + tan x) then find j—y
Solution:
= log(secx + tan z)

dy 1 d

dr — secz+tanz = dz (secx—i—tanw)
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(secz) = secztanx

(tanz) = sec’

_ 1 . 2
= wcrrtans * (secztanz + sec” z)

ol o
H|ne z~3|°~a|g-

_ secz(tanz+secz)
secz+tanx

__ secz(sec z+tanz)

secx+tanx = 8secx

Therefore, % = secx

Q.3 (B).2 [4 marks]

If y = 2e3® + 3e % then prove that % — Z—i’ —6y=20
Solution:

y = 2e3% 4 3e 22

First derivative:

B = 2(3€%) + 3(—2e72) = 63 — 6e 2"

Second derivative:
2
Y = 6(3e) — 6(—2e %) = 18€% + 12¢*

dz?
Now verify the equation:
P’y _ dy

@ a0y

= (183 + 12e7%%) — (6€3® — 6e72%) — 6(2e3® + 3e~2%)
= 18e3* 4+ 12e 2% — 6e3* 4 6e2* — 12e3* — 182
e32(18 — 6 — 12) + e 2*(12 + 6 — 18)

e32(0) + e 2%(0) = 0 v Proved

Q.3 (B).3 [4 marks]
Find the maximum and minimum value of function f(z) = z* — 3z + 11

Solution:
f(z) =23 -3z + 11

First derivative: f'(z) =322 =3 =3(z2 - 1) =3(z — 1)(z + 1)

For critical points, set f'(z) = 0:
3(z—1)(z+1)=0
z=1lorz=-1

Second derivative: f"(z) = 6z

Atz =1: f"(1) = 6 > 0 — Local minimum
Atz = —1: f"(—=1) = —6 < 0 — Local maximum
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Function values:
At:r::1:f(1):13—3(1)+11:1—3+11:9
Atz =—1: f(-1) = (-1)> - 3(-1) +11=-1+3+11 =13

Therefore:

e Local maximumvalue=13atxz = —1

e Local minimumvalue=9atz =1

Q.4 (A) [6 marks]

Attempt any two

Q.4 (A).1 [3 marks]

cos(log z)
7 or

Evaluate the integral [

Solution:
Let u = log x, then du = %da:

fwda: = [cosudu =sinu+c
Substituting back: u = log x

Therefore, [ de = sin(logz) + ¢

Q.4 (A).2 [3 marks]
Evaluate the integral f rsinxdr

Solution:
Using integration by parts: [udv = uwv — [vdu

Letu = z and dv = sin ¢ dx
Thendu = dxandv = —coszx

[zsinzdz = z(—cosz) — [(— cosz)dz
= —zcosz + [coszdx
= —xcosx +sinx + ¢

Therefore, [zsinzdz = sinz — zcosz + ¢
Q.4 (A).3 [3 marks]

If (22 — y) + 2yi = 6 + 4i then find z and y

Solution:
(2 —y) +2yi =6+ 44

Comparing real and imaginary parts:
Real part: 2z —y =6 ... (1)
Imaginary part: 2y = 4 ... (2)
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From equation (2): y = 2

Substituting in equation (1):

20 —2 =06
20 = 8
r=4

Therefore,x = 4 andy = 2

Q.4 (B) [8 marks]

Attempt any two

Q.4 (B).1 [4 marks]
Find the area of the region bounded by the curve y = 332, lines zx = 1, = 2 and X-axis

Solution:
The required area is given by:

A= f12 x?dx

(3]
3

13

— 1
3

square units

w|~  w|oo wll\&

Therefore, Area = % square units

Q.4 (B).2 [4 marks]
AT /2
Evaluate the definite integral [~ =t —dx
Solution:
/2
Let I f sec i:c»:cnscx dx

Using the property fo f(z)dx = foa fla — z)dx:

f7r/2 sec(m/2—x) da

sec(m/2—z)+csc(m/2—x)
Since sec(m/2 — ) = cscx and csc(m/2 — x) = sec x:

f”/2 cscx

csc x+sec T dw

Adding both expressions:
fﬂ'/Z _seer o i f“/z cscT dz

sec x+csc T sec x+cscx

2] = foﬂ'/z sec x+csc T dw — 7"/2 1d£13‘ —

Tl'
sec x+csc T 2
Therefore, I = %

. /2 secT _
Answer: fO sec x+cscx dx =

INE
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Q.4 (B).3 [4 marks]

If @ + i = — then prove that (o 4 3%)(a® + b%) = 1

a+ib
Solution:
Given:a + 18 = ﬁ
Rationalizing the right side:
atif =g of = &1215)2
b

.0 a .
Oé—l—’lﬁ— a2+b2 _Za2+b2

Comparing real and imaginary parts:
b

- _a _ 9
a = a2+b2 and IB a2+b2

Now calculating a? + 5%
2 2
2 2 _ a b
a +B _(a2+b2) +<_a2+b2>

_ a? b2
— (a+07)2 + (a2+b2)2

_ _a’+br 1

T (a24b)? T a2

Therefore:

(a® + %) (a® + b?*) = -3 - (a® + b*) = 1 ¥ Proved
Q.5 (A) [6 marks]

Attempt any two

Q.5 (A).1 [3 marks]

. . 2+3i
Find conjugate and modulus of complex number 312

Solution:

First, simplify the complex number by rationalizing:
2+3i __ 243i  3-2i
3420~ 342 3-2

_(2430)(3—20)
— (372i)(3—2i)
_ 6—4i+9i—6i>
T 942
_ 6+5i—6(—1)
9—4(—1)

__ 645146 __ 12+45¢

9-+4 13

243 _ 12 | 5
S0 35 = 13 T 13

Conjugate: 23. — 12 _ 5

3+2¢ 13 13
Modulus: ‘M

2] =/ (2) 4 ()

144 25 /169 _ _
Tt =i =Vvi=1

1
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Q.5 (A).2 [3 marks]

cos 30+i sin 30) ~*(cos f—i sin §) ~°

s e (
Simplify: (cos 20—i sin 26)7

Solution:

Using De Moivre's theorem: (cos 6 4 i sin §)"

= cosnf + i sinnd

Also, cos 8 — isin @ = cos(—6) + i sin(—6)

(cos 36 + isin 36) ~* = cos(—126) + i sin(—126)

(cos @ — isinf)~® = (cos(—0) + isin(—0)) > = cos(50) + isin(50)

(cos 20 — isin 20)" = (cos(—26) + isin(—26))7 = cos(—146) + isin(—146)
Therefore:

(cos 36-+i sin 369) ~*(cos f—i sin §) ~°
(cos 20—i sin 26)7

[cos(—126)+i sin(—126)][cos(50)+i sin(56)]
cos(—146)+4 sin(—146)

_ cos(—126+50)+i sin(—126+50)
cos(—146)-+i sin(—146)

_ cos(—76)+isin(—76)
" cos(—146)+i sin(—146)

= cos(—70 + 1460) + i sin(—760 + 146)

= cos(70) + isin(76)
Q.5 (A).3 [3 marks]

Express Complex number 1 + v/3i into polar form

Solution:
For complex number z = a + bi, polar form is z = r(cos 6 + i sin )

Here,a = 1,b = +/3
Modulus: 7 = |2| = Va2 + b2 = 1/12+ (V3)2 = /1 +3=/4=2
Argument: 6 = tan~! () = tan~! <ﬁ> =tan"1(v3) =

a 1

Therefore, the polar form is:
1+\/§i:2(cos§ —I—ising)

Q.5 (B) [8 marks]

Attempt any two

Q.5 (B).1 [4 marks]
Solve: tany dz + tan z sec? ydy = 0

Solution:
tanydz + tanzsec’ ydy = 0

No. 13 /16



Engineering Mathematics (4320002) - Summer 2024 Solution by Milav Dabgar

Rearranging: tanydx = — tan z sec? ydy
de sec?y dy
tanz tany
cos T _ dy
sinx dzx = siny cos y
d
cotzdr = ——2
sinycosy
Since — L = 2 =_2_.
siny cosy 2sinycosy sin 2y
2d,
cotzdr = ——~
sin 2y

Integrating both sides:
[cotzdz = —2 [csc(2y) dy

In|sinz| = —2- (—5In|csc(2y) + cot(2y)|) + ¢
In |sinz| = In| csc(2y) + cot(2y)| + ¢

Therefore: sin z - [csc(2y) + cot(2y)] = k where kis a constant.

Q.5 (B).2 [4 marks]
Solve: Y _ Y= z?
Y dx
Solution:
d
r —y=a?
Dividing by : % L=z

This is a linear differential equation of the form Z—z + Py=Q
_ 1 _

Here, P=——andQ ==z

Integrating factor: I. F'. = e/ Pz — of —3de _ o—Injz| %

Multiplying the equation by I.F.:
1dy vy _q

This can be written as: di (ﬁ) =1
i x
Integrating: £ =z + ¢

Therefore: y = z? +cx

Q.5 (B).3 [4 marks]
Solve: g—g + % =e%,y(0)=3

Solution:

P . . . . . ﬂ i o T
This is a linear differential equation: 5~ + - = e

_ 1 _
Here, P = —-and Q = €°

Integrating factor: I. F. = e vd¢ = ¢lnlel — |z| = x (assuming z > 0)

No. 14 /16



Engineering Mathematics (4320002) - Summer 2024 Solution by Milav Dabgar

Multiplying the equation by I.F.:

xg—z +y = ze”

This can be written as: %(my) = ze”
Integrating both sides:

Ty = fwe“’dm

Using integration by parts for f:cexdx:
Letu =z, dv = e*dz

Thendu = dz, v = €*

[ze®dx = ze” — [e"dr = ze® — e” = e”(x — 1)

So:xy=¢e*(x—1)+c¢

e’(z—1)+c

Therefore: y = p

Using initial condition ¥(0) = 3:
This presents a problem as we have division by zero. Let me reconsider the approach.

Actually, let's solve this more carefully. The equation g—z + % = e with y(0) = 3 has an issue because at
z = 0, we have division by zero.

For the general solution away from z = 0:
_e¥(z—1)+c
Yy=—"—=—
The initial condition suggests we need to examine the behavior near x = 0.

General solution: iy = @ forz # 0

Formula Cheat Sheet

Matrix Operations

* Matrix multiplication: (AB);; = >, AixBk;
1 [d b b

e Inverse of 2x2 matrix: A1 = — for A = .
Al [—¢ @ c

e Determinant: |A| = ad — bc

Differentiation Rules

o Power rule: L (z") = ng"!
X
e Product rule: - (uv) = u + 2t

o gy dv

e Quotient rule: % (%) = Lu e

* Chainrule: - [f(g(z))] = f'(g(x)) - g'(z)

Integration Rules
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e Power rule: fm"d:z: = ‘;‘:—;11 + ¢ (forn # —1)
e Integration by parts: [udv =uv — [vdu
e Fundamental theorem: fab f(z)dz = F(b) — F(a)

Differential Equations

e Linear first order: % + Py = Q, Solution:y- I.F.= [Q-I.F. dz

e Integrating factor: [. F'. = el Pdz

e Variable separable: % = f(x)g(y) — % = f(x)dz

Complex Numbers

Polar form: z = r(cos 6 + i sin 6)

Modulus: |a + bi| = Va2 + b?

Argument: arg(a + bi) = tan1(b/a)

De Moivre's theorem: (cos 0 + i sin 0)™ = cos(nf) + i sin(nf)

Problem-Solving Strategies

1. Matrix Problems: Always check dimensions before multiplication

2. Differentiation: Identify which rule applies (product, quotient, chain)

3. Integration: Look for substitution opportunities first

4. Differential Equations: Identify type (separable vs linear) before solving
5

. Complex Numbers: Convert to standard form before operations

Common Mistakes to Avoid

—_

. Matrix multiplication: Order matters - AB # BA in general

2. Differentiation: Don't forget the chain rule for composite functions
3. Integration: Always add the constant of integration
4

. Complex numbers: Be careful with signs when rationalizing

Exam Tips

1. Time management: Allocate time based on marks (1 mark = 2-3 minutes)
2. Show work: Partial marks are awarded for correct steps
3. Check units: Ensure final answers have appropriate units

4. Verify: When possible, substitute back to check answers
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