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Q.1 [14 marks]

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

Q1.1 [1 mark]

1 4
fth i i
Order of the matrix [3 2] is_

Answer: b.2 x2

Solution:
Matrix has 2 rows and 2 columns, so order is 2 x 2.

Q1.2 [1 mark]

1 2
IfA= [_1 1] then24 — 31=__

-1 4
Answer: a.
-2 -1

Solution:
94 — 9 1 2 _ 2 4
-1 1 -2 2
1

31 =3 0 = 30
0 1 0 3

2 4
24 —3I = -
=[5 o) |

Q1.3 [1 mark]

R

If A5, 3 and B3, 4 are matrices then order of ABis___
Answer: b.2 x4

Solution:
For matrix multiplication AB, if Ais mxn and BisnXp, then ABis mXxp.
Here: A2><3 X ng4 = (AB)2X4

Q1.4 [1 mark]

If AB = I then matrix B=...
Answer: c. A1

Solution:
If AB = I, then Bis the inverse of 4, i.e, B= A1

Q1.5 [1 mark]
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L (@ +3"4+3%)=__

Answer: c. 3z2 + 3% log 3

Solution:

4 (2% 437 +3%) = 322 + 3%log3 + 0 = 32 + 3" log 3
Q1.6 [1 mark]

If f(x) = €3 then f/(0)=___

Answer: b. 3

Solution:

f'(z) = 3™

£'(0) = 3e30 = 3¢0 = 3(1) = 3
Q1.7 [1 mark]

If y = e” + 100z then % =

Answer: a. e*

Solution:
B — er 4100
dr ~—
2
—ng :e$+0:e$

Q1.8 [1 mark]
[Ldz=__+c

.722
Answer: b. — %

Solution:

_9 e R |
[z de = Hg =45 =—5 tc

Q1.9 [1 mark]
[(loga)dz=__+c
Answer: a. xloga

Solution:
Since log a is a constant:
[(loga)dz = (loga) [dx = zloga+c

Q1.10 [1 mark]
fol e*der=__

Answer:a.e — 1
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Solution:
fol edr =[e®|j=e' —e"=e—1

Q1.11 [1 mark]

d?y

The Order and degree of the differential equation e

Answer: d. 2,1

Solution:
Order = highest derivative = 2
Degree = power of highest derivative = 1

Q1.12 [1 mark]

Integrating factor (I.F) of the differential equation g—g +y=3cis_
Answer: c. 7

Solution:
For equation g—z + Py = Q where P = 1:
LF. = el Pdr — g[lde — o2

Q1.13 [1 mark]

Mean of first five natural numbersis
Answer: c. 3

Solution:

First five natural numbers: 1, 2, 3,4, 5
- 142434445 _ 15 _
Mean : == =3

Q1.14 [1 mark]

If the mean of the observations 11, x, 19, 21,y, 29 is 20 then * + y=___

Answer: a. 40

Solution:

Mean = 11+m+19221+y+29 — 90
80+x+

— Y =20

80+ +y=120

x+y =40

Q.2 (A) [6 marks]
Attempt any two

Q2.1 [3 marks]
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2 1
1 3 2
IfA:{ ]andB: —1 1 | thenfind (AB)T
2 0 1
1 —1
Answer:
Solution:
First find AB:
_ 2
1 2
ap— |t ? ] 1
2 0 1
- -1
AB =

1(2) +3(—1) +2(1) 1(1) +3(1) + 2(—1)]
2(2) +0(—1) +1(1) 2(1)+0(1) +1(-1)
2342 14+3-2 1 2

T 44041 2+0-1] |5 1
45~ | |=15 1]

-1 ]

Q2.2 [3 marks]
2 2 -1 -1
If 1+ 2+ 22 = 0and 23 = 1 then prove that [1 x]l ]:l

Solution:
Given:14+z + 2?2 =0andz® =1

Froml+z+22=0,wegetz? =—1—2z
Let's compute the matrix product:

1 z? r xz?

T T 1 =z
C[(e) +2%(1) 1(a?) —i—a:z(a:)]

L z(z) +z(1)  z(z?) + z(z)

[z + 22 22+ :1;3]
_ac2 +z 23+ z?
Sincex? =landz + 22 = —1:
-1 2+ 1}
-1 1422

2:

Since x —1—z,wehavez?+1=—zandl+2z2%2=—2

From1+ x + x2 = 0, if ¢ is a cube root of unity, thenz2 +1 = —z = —1

-1 -1
= (verified)
.

Q2.3 [3 marks]
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Solve % +z2e V=0
i

Solution:

dy 2,y

o, = —ZT°e

Separating variables:
eVdy = —z2dx

Integrating both sides:
[evdy = [—z?dx

eV =-L +C

yzln(—%s—l—C)

Q.2 (B) [8 marks]

Attempt any two
Q2.4 [4 marks]
1 2 2
IfA= {2 1 2| thenprovethat A2 —4A—5I3=0
2 2 1
Solution:
First calculate AZ
1 2 211 2 2
A’=12 1 2| |2 1 2
2 2 1] [2 2 1
[1+44+4 24+2+4 2+4+2 9 8 8
A= (2+2+4 4+1+4 4+2+2|=(8 9 8
124+44+2 4+2+2 44441 8 8 9
Now calculate A? —4A — 515
4 8 8
4A= |8 4 8
|8 8 4
5 0 0
5I3 = (0 5 0
0 0 5
9 8 8 4 8 8 5 0 0
A* —4A-5I;=18 9 8[—|8 4 8/ -0 5 0
8 8 9 8 8 4 0 0 5
0 0 O
=10 0 0| =0
0 0 O
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Q2.5 [4 marks]

3—x 2 2

For which values of x, the matrix 1 4—x 1 is singular matrix?

—2 -4 —-1-=x
Solution:
A matrix is singular when its determinant equals zero.

4—x 1 1 1 1 4—=z
det(A) = (3 — -2 2
) =B-2) _, 1, ‘—2 B ‘—2 4

= (3-2)[(4—&)(~1—x) — (1)(~4)] - 2[1(~1 — z) — 1(~2)] + 2[1(~4) — (4 - z)(~2)]
—B-2)-(@A—2)1+z)+4 —2-1—2+2]+2[-4+2(4—2z)
=B-z)-4—-4dz+z+2*+4 —2]1—z]+2[-4+8— 2z

= (3 —x)[z% —3z] — 2(1 — ) +2(4 — 22)

=B —z)z(x—3)—2+2x+8—4z

=—B-2z)z(3—z)+6— 2z

=—z(3—-)2+6 -2z

Setting equal to zero:
—z(3-2)2+6—-2x =0

Thisgivesusz = 1,z =2,z =3

Q2.6 [4 marks]

Solve by using matrix method: 2y + 5z = 4,7z + 3y =5

Solution:
Write in matrix form AX = B:

1M
Find A%
det(4) =5(3) —2(7) =15 — 14 =1

=30 -1
x=ap= % 0V = ) = L)

Therefore: x = 2,y = —3

Q.3 (A) [6 marks]

Attempt any two
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Q3.1 [3 marks]

Find the derivative of function using definition f(z) = /=

Solution:
Using definition: f'(x) = limj_o w

f'(z) = limp_,g Y= ‘HZ_‘/E

Rationalize the numerator:
(Vz+h—y/z)(vVa+h+/)
h(Vz+h++/T)

— limy, ,g —&W=2 __(zth)—z
7 h(Vathtyz)

= limy o

= lmaso S

lim —1
h—0 Va+htyz

_ 1 _ 1
vtz o 2z

Q3.2 [3 marks]

Find j—z if z + y = sin(zy)

Solution:
Differentiating both sides with respect to x:

& (z +y) = 4 [sin(zy)]

1+ 4% = cos(zy) - 4 (zy)

1+ — = cos(zy) - <:L'% - y)

1+ == = cos(zy) - a:g—z + y cos(zy)
1+ — mcos(my)g—z = ycos(zy)

d

(1 —zcos(zy)) = ycos(zy) — 1
dy _ ycos(zy)—1

‘dr — 1—xcos(xy)

Q3.3 [3 marks]

sin® z4cos® z
sin® z cos? z

Evaluate: f

Solution
sin® :c+cos a: o sm T cos’
S e 4= | G iams e+ | Gioaasde

sin® z cos? z sin® z cos? z zcoslx

— [ e gy f— dz

cos?x

= fsin x sec? zdxr + f cos x csc? zdz

For the first integral, let u = cos x, then du = — sin zdz:

[sinzsec’zdz = — [ Ldu= 1 =secz
u u
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For the second integral, let v = sin «, then dv = cos zdx:

[coszesc’zdz = [Ldv=—1 = —cscz
v v

3 3
Therefore: [ %dm —=secx —cscx + C

Q.3 (B) [8 marks]

Attempt any two

Q3.4 [4 marks]
If y = e” - sin x then prove that % — 2% +2y=0

Solution:
Given:y = e*sinz

Find first derivative:

B — 4 (eTsing) = e®sinz + e” cosz = e”(sinz + cos z)
dx dz

Find second derivative:

d%y
dz?
= e”(sinz + cosz) + e”(cosx — sinx)

= e”[sinx + cos z + cosx — sin z]

= L e?(sinz + cos z)]

= 2e%coszx

Now verify:

dy dy

o 2q T2y

= 2e” cosz — 2e*(sinx + cosx) + 2e” sinz

= 2e%cosx — 2e*sinx — 2e*cosx + 2e*sinx
=0

Hence proved.

Q3.5 [4 marks]

Find maximum and minimum value of function f(z) = % — 42? + 5z + 7

Solution:
Find critical points by setting f'(z) = 0:
f'(z) =322 -8z +5=0

Using quadratic formula:

8+v/64-60 _  8+2
6 6

Tr —=

SOm:%orarzl

Find second derivative:
f'(z) = 6z — 8

Test critical points:

e Atz =1: f"(1) =6(1) — 8 = —2 < 0 — Local maximum
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o Atz = %:f” (%) :6(%) —8=10—-8 =2 > 0— Local minimum

Calculate function values:

e f(1)=1—-445+7=9 (local maximum)
. f(%):( ) _4( ) +5(%)+7 125—1—80—1-%4—7:158(Ioca|m|n|mum)
Q3.6 [4 marks]

The equation of motion of particle is s = t> — 6t2 + 9¢ then
(i) Find Velocity and acceleration at ¢t = 3 second.
(ii) Find "t" when acceleration is zero.

Solution:
Given: s = t3 — 6t + 9Ot

Velocity: v = ﬁ =32 - 12t +9

Acceleration: a = fl;’ =6t — 12

(i) Att = 3 seconds:
e Velocity: v(3) = 3(9) —12(3) +9=27—-36+9 =0m/s
* Acceleration: a(3) = 6(3) — 12 =18 — 12 = 6 m/s?

(ii) When acceleration is zero:
6t—12=0
t = 2 seconds

Q.4 (A) [6 marks]

Attempt any two

Q4.1 [3 marks]

Evaluate: I mdl’

Solution:

Using partial fractions:
T A

(z+1)(z+2) =~ =z+1 + z+2
z=A(x+2)+ Bz +1)

Settingex = —1: -1 =A(1) = A= -1
Settingx = —2: —2 = B(—1) = B =2

 ooemde= [ (o5 + +7)de

—Injlz+1|+2Injz+2|+C

=In

m+2
z+1 ‘ + C
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Q4.2 [3 marks]

sin x
sin z+cos x

2
Evaluate: [, Oﬂ/ dz

Solution:
Let [ = fﬂ/z

___sinx
sin z+cos x

dz ... (1)

Using property [, f(z)dz = [;' f(
fﬂ/2 sin(m/2—x) da

sin(mw/2—z)+cos(w/2—x)
— /2 cosz__ Jo

0 cos z+sin x

a — z)dx:

. (2)
Adding equations (1) and (2):
‘I‘TF/2 sinz4cosx dr = 7"/2 1dzx

sin z+cos x
oI = [2]]° =

Therefore: T = %

Q4.3 [3 marks]

- Winter 2022 Solution by Milav Dabgar

If mean of 15, 7, 6, a, 3 is 7 then find the value of "a".

Solution:

Mean = Sum of observations

Number of observations

7 = 154-746+a+3
o 5

_ 3l4a
7= 5

35=314+a
a=4

Q.4 (B) [8 marks]

Attempt any two

Q4.4 [4 marks]

Evaluate: fx2e"”d:1:

Solution:
Using integration by parts twice:

Let u = z2, dv = e®dzx
Then du = 2zxdx, v = €*

[z2e®dz = z?e® — [2ze®dx

For f21:e“”dx, use integration by parts again:
Letu = 2z, dv = e*dx
Then du = 2dz, v = e”
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[z?e*dz = z?e® — (2ze® — 2e”) + C

= z2e® — 2ze” + 2e% + C

=e*(z? -2z +2)+C

Q4.5 [4 marks]

Find the area of the region bounded by curve y = 222, lines x = 1, = 3 and X-axis.

Solution:
Area = f13 2x2dx

= =3~ square units

Q4.6 [4 marks]

Find the mean for the following grouped data using short method:

Marks

No. of Students

Solution:

Using step deviation method:

Class

21-25

26-30

31-35

36-40

41-45

46-50

Total

Z;

23

28

33

38

43

48

fi

10
24
30
12
16

100

31-35

24
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Assumed mean A = 38, Class widthh = 5

Mean=A—|—M x h

> fi
Mean=38 + 228 x 5 =38 — 1.2 = 36.8
Q.5 (A) [6 marks]
Attempt any two

Q5.1 [3 marks]

Find the mean for the following grouped data:

955 92 93 97 98 102 104

fi 3 2 3 2 6 4
Solution:
Mean = %

Ly fi fizi

92 3 276

93 2 186

97 3 291

98 2 196

102 6 612

104 4 416

Total 20 1977

Mean = %(7)7 = 98.85

Q5.2 [3 marks]

Find the mean deviation of 4, 6, 2, 4, 5, 4, 4, 5, 3, 4.

Solution:

First find the mean:
Mean = 4+6+2+4+5+4+4+543+44 _ 41 _ 4 q

10 10

Calculate deviations from mean:
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T |z; — Z|

4 |4 —4.1] =0.1
6 6 —4.1] =1.9
2 2 —-4.1] =21
4 |4 —4.1] =0.1
5 |5 —4.1| =0.9
4 |4 —4.1] =0.1
4 |4 —4.1] =0.1
5 |5 —4.1| = 0.9
3 13 —4.1]=1.1
4 |4 —4.1| =0.1
Total

Mean Deviation = w = % =0.74

Q5.3 [3 marks]

Find the standard deviation for the following discrete grouped data:

T; 4 8 11 17 20 24
fi 3 5 9 5 4 3
Solution:

First find the mean:
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11
17
20
24
32

Total

_ 420 _
Mean = <= = 14

Now calculate standard deviation:

x; fi T; —T
4 3 -10

8 5 -6

11 9 -3

17 5 3

20 4 6

24 3 10

32 1 18
Total 30 -

fi

30

36
100

324

31 = /45.8 = 6.77

Standard Deviation = Zf"(fz"_w —

Q.5 (B) [8 marks]

Attempt any two
Q5.4 [4 marks]
d
Solve: 7% + 1iry = (1;2)2

Solution:

This is a linear differential equation of the form g—z + Py =@
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12
40
99
85
80
72
32

420

fz'(fL“i
300
180
81

45
144
300
324
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Where P =

1+ rand@ = 1—i—z2)

Find integrating factor:
4z

LF. = el Pdz — o/ Tz

Letu = 1 + z2, then du = 2zdzx

[ yitsde =2 ] 4 = 21mia] = 211+ 2)

LF. = e2ln(1+m2) — (1 + $2)2

The solution is:

y- (14 x2)? :fm (1 + z2)%dx
yl1+2?)?? = [ldz=2+C

Q5.5 [4 marks]

Solve: (z +y+ 1)?5¢ v _ 1
Solution:
(z+y+1)2¢ =1

dy _ 1
de — (z+y+1)?

Letv:w—i—y—i—l,then%:l—kg—z

dy _ dv
So = = dr
Substituting
dv 1 —

dx - vz

2
dU_1+_2:U+1

de v2

Separating variables:
2+1 ——dv =dz

Integrating both sides:
f(l 2+1>dv—fd:z:
v —arctan(v) =z + C

Substituting back v =z + y + 1:
(r+y+1)—arctan(x +y+1)=x+C

y+1—arctan(z +y+1)=C

y=arctan(z+y+1)+C—1

Q5.6 [4 marks]
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Solve: % +y=e", y(()) =1

Solution:
This is a linear differential equation with P = 1 and QQ = e*

Integrating factor: LF. = ellde — ez

The solution is:
y-e* = [e*-e"dx = [e**dx

yet = e;m +C
y:%—l—C’e*w

Using initial condition y(0) = 1:
1= %O + Ce = % +C

_ 1 _
C=1-1=

NI

Therefore: y = 62—m + e ' = %(ew +e ")

No|=

Formula Cheat Sheet

Matrix Operations

» Matrix Multiplication: (AB);; = >, AixB;
e Transpose: (AT);; = Aj

e Inverse: Al = ﬁadj(A)

e Determinant 2x2:
c

b
d‘:ad—bc

Differentiation
e Basic Rules: - (z") = nz"!, L(e?) =¢?, L (lnz) =1

* Chain Rule: - [f(g(x))] = f'(g(z)) - ¢ (x)
e Product Rule: -& [uv] = u'v + wv'

¢ Implicit Differentiation: Differentiate both sides, treat y as function of

Integration

wn+1
n+1

e BasicIntegrals: [z"dz = +C((n#=-1)

o Integration by Parts: [udv = uv — [vdu
e Definite Integral: f: f(z)dz = F(b) — F(a)

Differential Equations

e Linear DE: % + Py = Q, Solution:y - LF. = [Q - L.F.dz
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¢ Integrating Factor: L.F. = el Pdz

e Variable Separable: % = f(z)9(y) - o7

Statistics

e Mean: T = %f}f’

e Mean Deviation: M.D. — 2=/%~7|

o Standard Deviation: o — 1/ =&~

Problem-Solving Strategies

Matrix Problems

1. Check dimensions for multiplication compatibility
2. Use properties like (AB)T = BT AT

3. Forinverse, find determinant first (must be non-zero)

Calculus Problems

—_

. ldentify the type of function before differentiating
2. Use appropriate rules (chain, product, quotient)

3. Forintegration, look for substitution opportunities
4

. Check if integration by parts is needed

Differential Equations

1. Identify the type (linear, separable, exact)
2. Find integrating factor for linear equations

3. Always check initial conditions

Statistics

1. Organize data in frequency tables
2. Use appropriate formulas for grouped/ungrouped data

3. Apply step deviation method for large numbers

Common Mistakes to Avoid

1. Matrix multiplication: Remember order matters, AB # BA

2. Chain rule: Don't forget to multiply by derivative of inner function

3. Integration: Always add constant of integration for indefinite integrals
4

. Differential equations: Apply initial conditions to find particular solution
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Statistics: Use correct formulas for grouped vs ungrouped data

Exam Tips

1.

2
3
4.
5

Time Management: Allocate time based on marks (1 mark = 2 minutes)

. Show Work: Write all steps clearly for partial credit

. Check Units: Ensure answers have appropriate units when applicable

Verify: Substitute back into original equation when possible

. Practice: Focus on computational accuracy and speed
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