CBSE Class 12 Mathematics Set 5 (65/5/3) Question Paper with
Solutions

| Time Allowed :3 Hour | Maximum Marks :80 | Total Questions :38 |

General Instructions

Read the following instructions very carefully and strictly follow them:
1. This question paper contains 38 questions. All questions are compulsory.
2. This question paper is divided into five Sections — A, B, C, D and E.

3. In Section A, Questions no. 1 to 18 are multiple choice questions (MCQs)
andquestions number 19 and 20 are Assertion-Reason based questions of 1
markeach.

4. In Section B, Questions no. 21 to 25 are very short answer (VSA) type questions,
carrying 2 marks each.

5. In Section C, Questions no. 26 to 31 are short answer (SA) type questions,carrying
3 marks each.

6. In Section D, Questions no. 32 to 35 are long answer (LA) type questions carrying
5 marks each.

7. In Section E, Questions no. 36 to 38 are case study based questions carrying 4
marks each.

8. There is no overall choice. However, an internal choice has been provided in 2
questions in Section B, 3 questions in Section C, 2 questions in Section D and 2
questions in Section E.

9. Use of calculators is not allowed.

SECTION A

This section comprises multiple choice questions (MCQs) of 1 mark each.

1. The position vectors of points P and () are p and ¢ respectively. The point R
divides line segment P( in the ratio 3:1 and S is the mid-point of line segment
PR. The position vector of S is:

(A) f%;’(f_

(B) 21
(C) 22

5p+37
(D) %

Correct Answer: (D) %3‘?
Solution:



Step 1: Find the position vector of R
Using the section formula, the position vector of R dividing PQ) in the ratio 3 : 1 is:
3¢+1p  3¢+p

3+1 4

=

Step 2: Find the position vector of S

Since S is the midpoint of PR, its position vector is given by the midpoint formula:
P+

=

»y

Substituting 7 = %ﬂ? :
L 3
P + qZ‘p

2

s =
Step 3: Simplify the expression
4p+3q+p
_ 4

2

5p+37
4

2
_ 5p+ 3¢
T

Step 4: Verify the options
Thus, the correct answer is 22 Jgrgq, which matches option (D).

@ Quick Tip

The section formula states that if a point divides a line in the ratio m : n, its position
vector is given by:

o mB + nA
T Tmtn
2 —1 1
2. For the matrix A= |\ 2 0| to be invertible, the value of \ is :
1 -2 3
(A)O
(B) 10
(C) R— {10}
(D) R —{-10}
Correct Answer: (D) R — {—10}
Solution:

Step 1: Recall the condition for invertibility A matrix A is invertible if and only if its
determinant is non-zero, i.e., det(A) # 0.
Step 2: Compute the determinant of A The determinant of A is given by:

2 -1 1
det(A) =N 2 0.
1 -2 3



Expanding along the first row:
det(A):Q-’_22 g‘—<—1)-‘i g‘ 1‘? _22‘
=2-2-3-0-(-2))+1-A-3=0-1)+1-(A-(-2)—2-1).
=2-6+3\+(—2X—2).
=1243X -2\ —2.
=10+ A

Step 3: Set the determinant to be non-zero For A to be invertible:
det(A) #0 = 104+ X #0.

= X # —10.

Step 4: Verify the options Thus, A can be any real number except —10, which matches
option (D).

Q Quick Tip

A square matrix A is invertible if and only if its determinant is non-zero. For a 3 x 3
matrix, the determinant can be computed using the rule of Sarrus or cofactor expan-
sion.

3. The angle which the line

r oy oz
1 -1 0
makes with the positive direction of the Y-axis is:
5
(A) ﬁ
(B) T
(C)
(D) F
Correct Answer: (B) ?jf
Solution:
Step 1: Extract direction ratios
The given equation of the line is:
t_ Y _~Z
1 -1 0

This implies that the direction ratios of the line are:
(1,—1,0).

Step 2: Find the angle with the Y-axis
The angle § made with the Y-axis is given by:

direction ratio of y

cosf = .
magnitude of the direction vector

~1
V124 (=1)2 + 02

cosf =

3



Step 3: Compute the magnitude

VI+1+0=+2.

cosf =

0 =cos ! (\_/—%) :

Cos_1 (—i) = cos™! (— Ccos E)
V2 4

We know that cos(m — 6) = — cosf

Therefore, = cos™! (cos(w - %))

Sl

Step 4: Find 6

s
4

Step 5: Verify the options
Thus, the correct angle is %Tﬁv which matches option (B).

9 Quick Tip

For a line given by £ = % = 2, the angles it makes with the coordinate axes are found

using:

a b c
cosq = ———, cosff= ———, cosy=

Va2 + 02+ 2’ Va2 + 0+ 2 TV ei e

4. The Cartesian equation of the line passing through the point (1,—-3,2) and
parallel to the line:
T=24+Ni+ A+ 2\=1)k

is:

1 +3 =)
@WT:7§ =

1 — 2

O o1 s o
(QQ%Z%EZ%T

1 + 92
(D) 5= =4 =57
Correct Answer: (D) mT_l = y—ﬁ = 252
Solution:

Step 1: Find the direction ratios of the given line



The given line equation in vector form is:
F=(2+Ni+ A+ 2\ — k.
Comparing with the standard parametric form:
7=+ \b,

we identify: - Point on the line: (2,0, —1), - Direction vector: (1,1, 2).
Thus, the direction ratios of the given line are (1,1,2).
Step 2: Equation of a line through a given point
The equation of a line passing through (xg, o, 20) and having direction ratios (a, b, ¢) is given
by:
rT—To  Y—Y Z—20

a b c

Step 3: Substituting the values
The required line passes through (1, —3,2) and has direction ratios (1,1, 2), so:
r—1 y+3 =z2-2
12

Step 4: Verify the options
Thus, the correct Cartesian equation of the required line is:
r—1 y+3 2-2
1 27

which matches option (D).

9 Quick Tip

The equation of a line in Cartesian form is derived using the point-direction form:

T—To  Y—Y 22— 20
a b c

where (x0, Yo, 20) is the point through which the line passes and (a, b, ¢) are the direc-
tion ratios.

5. If A= ﬁ; (1)] and B = [_41 ﬂ, then the value of x for which A? = B is :
(A) =2

(B) 2

(C) 2 or —2

(D) 4

Correct Answer: (A) —2

Solution:

Step 1: Compute A? Given A = ﬁ ﬂ , we compute A? as:

2_ 4. a4_|% 0]z 0
42 A A_ll 1“1 1].

5



l-z4+1-1 1-0+1-1
- 2 0
|41 1|

4 0 2
1 1:|,W€S€tA =B:

R

Step 3: Equate corresponding elements From the matrices, we get the following equations:

B [m-:v—i—()-l :E-O+O-1]

Step 2: Set A?> = B Given B = [

2=4 and z+1=-—1.
Solving x? = 4:
r=2 or x=-—2.

Solving x +1 = —1:
T = —2.

Step 4: Verify the options The common solution is = —2, which matches option (A).

9 Quick Tip

When solving matrix equations, ensure that corresponding elements of the matrices are
equal. This often leads to a system of equations that can be solved for the unknowns.

6. Given a curve y = 7z — 2> and z increases at the rate of 2 units per second. The
rate at which the slope of the curve is changing, when = =5 is:

(A) —60 units/sec

(B) 60 units/sec

(C) =70 units/sec

(D) —140 units/sec

Correct Answer: (A) —60 units/sec

Solution:

Step 1: Find the first derivative (Slope of the curve)

y=Tr— a5
Differentiating with respect to x:

dy 2

— =T7—=32".

dx

This represents the slope of the curve.
Step 2: Find the second derivative (Rate of change of slope)

d%y
dz?
Step 3: Rate of change of slope with respect to time

= —06x.



Using the chain rule:

4y
dt \dr ) dz2 dt’

Given Cfl—‘f = 2, we substitute:

% (%) = (—6x) x (2).

d (dy\

= —060.

Step 4: Evaluate at xt =5

Step 5: Verify the options
Thus, the rate at which the slope is changing is —60 units/sec, which matches option (A).

9 Quick Tip

To find the rate of change of slope, differentiate the first derivative and multiply by %.

2

7. Let f(z) = o Sillx , where p is a constant. The value of p for which f/(0) =1 is:
(A) R
(B) 1
(C) 0
(D) -1
Correct Answer: (D) —1
Solution:
. r? sinx .
Step 1: Compute f(x) Given f(z) = b1 we compute the determinant:
flx) =22 (1) —sinz -p = —2* — psinz.
Step 2: Compute f'(z) Differentiate f(x) with respect to z:
d
fl(x) = d—(—$2 —psinz) = —2x — pcosz.
x

Step 3: Evaluate f/(0) Substitute 2 = 0 into f'(x):

£1(0) = =2(0) — pcos(0) = —p.

Given f'(0) = 1:
—-p=1=— p=-1.
Step 4: Verify the options Thus, the value of p is —1, which matches option (D).

9 Quick Tip

When differentiating a determinant involving functions, first compute the determinant
and then differentiate the resulting expression.




8. If A and B are events such that P(A|B) = P(B|A) # 0, then:
(A) AcC B but A # B

(B) A

(€) An B ¢

(D) P(4) = P(B)

Correct Answer: (D) P(A) = P(B)

Solution:

Step 1: Definition of Conditional Probability

The conditional probability of A given B is:

P(ANB)
P(AB) = ———=
Similarly, the conditional probability of B given A is:
P(ANB)
P(B|A) = ————.
(B14) = =5

Step 2: Given Condition and Its Implication
It is given that:
P(A|B) = P(B|A).
Substituting the formulas:
P(ANnB) P(ANB)
P(B) P4

Step 3: Cross Multiplying

P(A)P(AN B) = P(B)P(AN B).

Since P(AN B) # 0 (otherwise, the conditional probabilities would be undefined), we can
divide by P(AN B):

Step 4: Verify the options
Thus, the correct conclusion is P(A) = P(B), which matches option (D).

Q Quick Tip

If P(A|B) = P(B|A), then P(A) = P(B). This condition implies that both events are
equally probable.

9. A function f: R — R defined as f(r) = 2? — 42 + 5 is:
(A) injective but not surjective.

(B) surjective but not injective.

(C) both injective and surjective.

(D) neither injective nor surjective.

Correct Answer: (D) neither injective nor surjective.
Solution:



Step 1: Check injectivity (One-one function)
A function is injective if:

f(z1) = f(z2) = 21 = x2.

We differentiate f(z) to check for monotonicity:

f'(x) = %(wQ — 4z +5) =2z —4.
Setting f'(z) = 0, we solve:
20 —4=0=2=2.

Since f’(x) changes sign around z = 2 (negative to positive), f(x) is not strictly increasing or
decreasing, implying it is not injective.
Step 2: Check surjectivity (Onto function)
A function is surjective if for every y € R, there exists an z such that f(x) = y. We check the
range by completing the square:

flo)=(z—2)*+ 1.

Since (z — 2)% > 0, we have:
f(x) >1, VzeR.
Thus, f(x) never attains values less than 1, so it is not surjective.

Step 3: Conclusion
Since f(x) is neither injective nor surjective, the correct answer is (D).

9 Quick Tip

A quadratic function az? 4+ bz + ¢ is not injective if @ # 0 and is not surjective if its
range does not cover all R.

10. If A is a square matrix of order 3 such that the value of |adjA| = 8, then the
value of |AT] is:

(A) V2

(B) —v2

(C) 8

(D) 2v2

Correct Answer: (D) 21/2

Solution:

Step 1: Relation between determinant of adjugate and determinant of A

The adjugate matrix satisfies the formula:

jadjA| = | 4],
For a 3 x 3 matrix (n = 3), we get:
ladjA| = [AP T = [A]%,

Substituting the given value:
|A]? =8.



Solving for |A|,
|A] = £V8 = +£2V2.

Step 2: Transpose property of determinant
The determinant of a matrix and its transpose are equal:

AT = 4]
Thus,
AT = +2V/2.
Since the determinant value is absolute, we select:
|AT| = 2v/2.

Step 3: Verify the options
The correct answer is 2v/2, which corresponds to option (D).

9 Quick Tip

For any square matrix A, the determinant of its adjugate is given by |adjA| = |A|"~1.

11. If

3 2 3
/ xzdx:k:/ xde—i—/ 22 dx
-2 0 2

then the value of k is :

9
(A) 2
(B) 1
(C) 0
(D) 3
Correct Answer: (A) 2

Solution:

Step 1: Compute the integrals First, compute fE’Q 22 dx:

3 373 3 _9\3
/x2dx:r—] :3——( 2) :2_7_(_§):9+§:§.
-2

-2

Next, compute f02 22 dz:

Finally, compute f23 22 dz:
/32 #1783 97 s 19
dr=]1"2] == -2 =2 _- -2
2 319 3 3 3 3 3

Step 2: Substitute the integrals into the equation Substitute the computed integrals into the
given equation:



Step 3: Solve for £ Multiply both sides by 3 to eliminate the denominators:

35 =&k +19.
Subtract 19 from both sides:
16 = 8k.
Divide both sides by 8:
k=2.

Step 4: Verify the options Thus, the value of k is 2, which matches option (A).

9 Quick Tip

When solving integral equations, compute each integral separately and then substitute
them into the equation to solve for the unknown.

12. The value of

(&
/ log x dx
1

is :
(A)O
(B) 1
(C)e
(D) eloge

Correct Answer: (B) 1

Solution:

Step 1: Use integration by parts Let v = logx and dv = dx. Then, du = %dm and v = x.
Using integration by parts:

1
/loga:dx =xlogx — /x - —dx =xlogx — /1dx =zlogxr —x+ C.
x
Step 2: Evaluate the definite integral Evaluate from 1 to e:
e
/ logzdx = [zlogz — z]] = (eloge —e) — (11log1 —1).
1

=(e-1l—e)—(0-1)=(e—e)—(-1)=0+1=1.
Step 3: Verify the options Thus, the value of the integral is 1, which matches option (B).

9 Quick Tip

Integration by parts is a useful technique for integrating products of functions. The

formula is:
/udv:uv—/vdu.

11



13. The area bounded by the curve y = \/z, Y-axis and between the lines y =0
and y =3 is:

(A) 23

(B) 27

(C)9

(D) 3

Correct Answer: (C) 9

Solution:

Step 1: Express x in terms of y Given y = \/z, we can express T as:

T =1y".

Step 2: Set up the integral for the area The area is bounded by y = 0 and y = 3, so the

integral is:
3 3
Area:/ xdy:/ y2 dy.
0 0
Step 3: Compute the integral

3 373 3 3
3 0 27
0 31, 3 3 3

Step 4: Verify the options Thus, the area is 9, which matches option (C).

9 Quick Tip

When finding the area bounded by a curve and the Y-axis, it is often easier to express
x in terms of y and integrate with respect to y.

14. The order of the following differential equation

&>y dy\’ d'y\ .
@%—x(%) :410g (@) 1S

A) not defined
)3

)4
)5
Correct Answer: (C) 4

Solution:

Step 1: Recall the definition of order The order of a differential equation is the highest order
derivative present in the equation.

Step 2: Identify the highest order derivative In the given equation:

d’y dy\’ d'y
-9 7Y — 4] -7
ds " (dx e\t )
the highest order derivative is %
Step 3: Determine the order Thus, the order of the differential equation is 4.

(

(B
(C
(D

12



Step 4: Verify the options The correct answer is 4, which matches option (C).

9 Quick Tip

The order of a differential equation is determined by the highest derivative present in
the equation, regardless of its coefficient or exponent.

15. If inverse of the matrix
is the matrix

then the value of ) is:

(A) —4

(B) 1

(C) 3

(D) 4

Correct Answer: (D) 4

Solution:

Step 1: Understanding the given matrix equation We are given a square matrix A and
its inverse A~!, and we need to determine the value of A using the property:

A- At =T

where [ is the identity matrix.
Step 2: Representing the given matrices
The given matrix A is:
7T -3 -3
A=|-1 1 0
-1 0 1

The given inverse matrix A~! is:

Step 3: Matrix Multiplication Calculation

Using the property A- A~ = I, we compute:
7 -3 =3 1 3 3 100
-1 1 0]-]1 X 3l=1]010
-1 0 1 1 3 4 0 01

Performing matrix multiplication:
First row computations:

(Tx1)+(-3x1)+(-3x1)=7-3-3=1

13



(7Tx3)+(—3xA)+(=3%x3)=21—3A—9=12—3)
(Tx3)+(=3x3)+(-3x4)=21-9—-12=0
Second row computations:
(—1x1)+(1Ix)+(0x1)=-1+1+0=0
(—1x3)+(I1xA)+(0x3)==3+A4+0=X1-3
(=1x3)+(I1x3)+(0x4)=-3+3+0=0
Third row computations:
(—1x1D)+(0x1)+(1x1)=-14+0+1=0
(—1x3)+(0xAN)+(1x3)=-34+0+3=0
(—1x3)+(0x3)+(1x4)=-34+0+4=1

Step 4: Comparing the resultant matrix with the identity matrix
Equating corresponding elements, we get:

12-3X=0
A—3=1

Step 5: Solving for A\
Solving the first equation:

12-32=0 = 3\=12 = X=4

Solving the second equation:

Thus, the value of \ is:

@ Quick Tip

To verify the inverse of a matrix, multiply it by the given matrix and ensure that the
product equals the identity matrix. Compare corresponding elements to solve for un-
knowns.

16. Find the matrix A2, where A = [a;;] is a 2 x 2 matrix whose elements are given
by:

a;j = max(4, j) — min(é, j).

—~
>
N
o O
o O

r
1L

—
us)
SN—
IO}—‘HO
— o o -

14



o]

Correct Answer: (C) [(1) ﬂ

Solution:
Step 1: Construct the Given Matrix A
Since a;; = max(4, j) — min(z, j), compute each element:

A= max(1,1) — min(1,1) max(1,2) — min(1,2)
~ |max(2,1) — min(2,1) max(2,2) — min(2,2)
01
4= [1 0] |
Step 2: Compute A2
- o 1]fo 1
om0

Perform matrix multiplication:

First row, first column: (0 x 0) 4+ (1 x 1) = 1.
First row, second column: (0 x 1) 4 (1 x 0) = 0.
Second row, first column: (1 x 0) 4+ (0 x 1) = 0.
Second row, second column: (1 x 1)+ (0 x 0) = 1.

Thus,
10
2 _
2= {0 1} .
Step 3: Verify the options
Thus, A2 is [(1) [1)], which matches option (C).

9 Quick Tip

For matrix exponentiation, calculate A? by multiplying A with itself using matrix mul-
tiplication rules.

17. Derlvatlve of ™7 with respect to cosz is:
sm x

(A) sinze
(B) cos zesin’ @
(C) =2 cos e’
sin?

(D) —2sin? z cos ze
Correct Answer: (C) —2cos gesin’ @
Solution:

Step 1: Find & gsin’ @

Let

15



Differentiating both sides with respect to x:

d ~ d
% = s’z %(Sin2 ).

Using the chain rule:

—(sin? ) = 2sinz cos .

dx
Thus,
d g
Y _ 5’ 9gin g cos .
dz
Step 2: Find %
Using u = cos x, we have:
du )
— = —sinx
dx
Applying the chain rule:
d dy
Yy _ ax
d(cosx)  du
Substituting values:
)
dy ~ 2sinwzcosxe™™ ¥
d(cosx) —sinx
Simplifying:
d .
Y = 9coszesit’T,
d(cos )
Step 3: Verify the options
sin® z

Thus, the correct answer is —2 cos ze , which matches option (C).

9 Quick Tip

For derivatives involving exponentials, apply the chain rule and product rule carefully.

18. The function f(z) = % + 2 has a local minima at z equal to:
(A) 2

(B) 1

(C) 0

(D) -2

Correct Answer: (A) 2

Solution:

Step 1: Find the first derivative f’(z)

r 2
flz) = 5t
Differentiating with respect to x:
1 2
/ — —— —

Step 2: Find critical points

16



Setting f'(z) = 0:

L =0
2 22
Solving for x:
12
2 x?
z? = 4.
r = £2.
Step 3: Find the second derivative f”(z)
4
1
f'la) = &
Step 4: Evaluate f”(z) at critical points
Atz =2 1 4 1
"2)==5=-==>0.

Since f”(2) > 0, x = 2 is a point of local minima.
Step 5: Verify the options
Thus, the local minima occurs at = 2, which matches option (A).

Q Quick Tip

To find local minima or maxima, use the first derivative test and confirm with the sec-
ond derivative test.

ASSERTION-REASON BASED QUESTIONS

Questions number 19 and 20 are Assertion and Reason based questions. Two
statements are given, one labelled Assertion (A) and the other labelled Reason
(R). Select the correct answer from the codes (A), (B), (C) and (D) as given
below.

19. Assertion (A): The domain of y = cos™!(x) is [1, 1].
Reason (R): The range of the principal value branch of y = cos™!(z) is

v~ (5}

(A) Both Assertion (A) and Reason (R) are true and the Reason (R) is the correct
explanation of the Assertion (A).

(B) Both Assertion (A) and Reason (R) are true and Reason (R) is not the correct
explanation of the Assertion (A).

(C) Assertion (A) is true, but Reason (R) is false.

(D) Assertion (A) is false, but Reason (R) is true.

Correct Answer: (C) Assertion (A) is true, but Reason (R) is false.

Solution:

17



Step 1: Understanding the domain of y = cos™!(z)
The inverse cosine function is defined for:

xre[—1,1].

Thus, the domain of y = cos™!(z) is correctly stated in Assertion (A).
Step 2: Understanding the range of y = cos™!(x)
The principal value branch of cos™!(z) is:

[0, 7].

The Reason (R) incorrectly states that § is excluded, which is false.
Step 3: Verify the options
Thus, Assertion (A) is true, but Reason (R) is false, which matches option (C).

Q Quick Tip

The domain of cos™!(x) is [~1, 1] and the principal value range is [0, 7).

20. Assertion (A): The vectors
G=06i+2j —8k, b=10i—2j—6k, &=4i—4j+ 2k

represent the sides of a right-angled triangle.
Reason (R): Three non-zero vectors of which none of two are collinear forms a triangle if
their resultant is zero vector or sum of any two vectors is equal to the third.
(A) Both Assertion (A) and Reason (R) are true and the Reason (R) is the correct
explanation of the Assertion (A).
(B) Both Assertion (A) and Reason (R) are true and Reason (R) is not the correct
explanation of the Assertion (A).
(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false, but Reason (R) is true.
Correct Answer: (B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not
the correct explanation of the Assertion (A).
Solution:
Step 1: Check if vectors form a triangle
Three vectors represent the sides of a triangle if their sum is zero or sum of any two is equal
to the third:
i+b=c.

Computing:

(6 + 2] — 8k) + (10i — 2] — 6k) = 167 — 10k.

Since this is not equal to ¢, the vectors do not sum to zero, but they do form a valid triangle.
Step 2: Check if it is a right-angled triangle
For a right-angled triangle, the Pythagorean theorem holds:

@l + |72 = et
Calculating magnitudes:

|d@)? = 6% 422 + (—8)* = 36 + 4 + 64 = 104.

18



B2 = 102 + (=2)% + (—6)% = 100 + 4 + 36 = 140,
A2 =42+ (—4)2 +22 =16+ 16 + 4 = 36.
@ + [b]% = 104 + 140 = 244.

Since this does not satisfy |¢]2, the assertion that they form a right-angled triangle is true.
Step 3: Check if Reason (R) is a correct explanation

Reason (R) states a general property of three vectors forming a triangle, but it does not
specifically explain why these vectors form a right-angled triangle.

Step 4: Verify the options

Thus, both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of Assertion (A), which matches option (B).

Q Quick Tip

Three vectors form a triangle if their sum is zero or if the sum of any two vectors
equals the third.

21. Simplify:

cos tx + cos™

Correct Answer:
Solution:

Step 1: Let o = cos @

Since x is given within the range % <z <1, we can substitute x = cos6:

x N \/3—3x2]

ol

cosf1 x -+ cos*1

2 2

1

Step 2: Express the argument inside cos™" in a useful form

Rewriting the expression inside the second inverse cosine:

r V3—-312 cosf /3

§+ B = 5 +7><Sin6.

Using the identity:

5 —i—Tsin@:cos

cos /3 (E —0)
we get:

cos a4+ cos™! (COS (g — 9)) .

Step 3: Simplify using inverse trigonometric properties
Since cos!(cosy) = y when y is in the principal range,

1 ™
——9).
cos x+(3

19



@ Quick Tip

A useful identity for inverse cosine simplifications:

cos ta+4cos b= cos! (ab — \/(1 —a?)(1 — b2)) :

whenever 0 < a,b < 1.

22(a). Evaluate:
/ cos® z €085 (g

Correct Answer: —% +C

Solution:

Step 1: Simplify the given integral

Using the property of logarithm and exponent:

6logsmo& —<inz.

Thus, the given integral reduces to:
I = /cos3msinx dx.
Step 2: Substituting ¢ = cosx

Let:
t =cosx, sothat dt= —sinz dz.

I = /t3(—dt).
:—/ﬁﬁ

Rewriting the integral:

Step 3: Evaluate the integral

Step 4: Substituting back ¢ = cosx

Final Answer: —% +C.

9 Quick Tip

Use substitution to simplify complex trigonometric integrals involving exponentials.
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22(b). Evaluate:

1
—— dx.
/5+4x—x2 .

Correct Answer: %log !%‘ +C
Solution:
Step 1: Rewrite the denominator

54 4r — 2% = — (2% — 4z — ).

Factorizing:
—(z—2)% +3%

=32 (z -2~
Step 2: Use standard integral formula

1 1 a+ (z—0b)
dr = —1
/cﬂ—(m—b)2 T2 Oga—(x b)‘+0
Here, a = 3 and b = 2, so:
1 1 3+ (x—2)
5 drx = =1 C
/31—@—2V T3 @ 2A+
Step 3: Simplify the expression
1 1+
= —1 .
5 log|=— +C

Final Answer: %log ‘%‘ +C.

Q Quick Tip

Use the standard integral formula for quadratic denominators of the form a? — (z — b)2.

23. The surface area of a cube increases at the rate of 72 cm?/sec. Find the rate
of change of its volume, when the edge of the cube measures 3 cm.

Correct Answer: 54 cm?/sec

Solution:

Step 1: Define the variables

Let the edge of the cube be  cm. The surface area of a cube is given by:

S = 622
Differentiating both sides with respect to t:

Given that % = 72 cm?/sec, we substitute:
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120— =172
Tt
: dz .
Solving for %
dv 72 6
dt 12z =
Step 2: Differentiate the volume function
The volume of a cube is given by:
V=23
Differentiating both sides with respect to ¢:
av odx
2 g2
at Ot
: : dr _ 6.
Substituting 7 = 7:
av 5 6
— =3 X —
dt . x
= 18z

Step 3: Substituting x = 3 cm

av

o . — 18 x 3 = 54 cm?® /sec

Final Answer:

Volume is increasing at the rate of 54 cm?® /sec.

9 Quick Tip

The relation between surface area and volume rate of change can be determined by dif-
ferentiating the respective formulas and substituting the given rate.

24. Find the vector equation of the line passing through the point (2,3, —5) and
making equal angles with the coordinate axes.
Correct Answer:

F=243j—bk+Ai+7+k)

Solution:
Step 1: Find the direction cosines
Since the line makes equal angles with the coordinate axes, let the direction cosines be
cosa = cos 3 =cosy = 1.
Using the property:
P+P+2=1.

Step 2: Solve for [
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9 5 1 1
T=1=1 —gél—%.
Step 3: Find direction ratios
Direction cosines:
1 1 1
Thus, the direction ratios are:
(1,1,1).

Step 4: Write the vector equation
The vector equation of the line passing through (2,3, —5) with direction ratios (1, 1,1) is:

F=2+3]—5k+Ai+Jj+k).

Final Answer:
T=21+3)—bk+Ai+J+k).

Q Quick Tip

For a line making equal angles with coordinate axes, the direction cosines satisfy 1% +
2 2
m* +n* = 1.

25(a). Verify whether the function f defined by

B xsin(%), x # 0,
f(x)_{o, z=0.

1s continuous at z = 0 or not.
Solution:
Step 1: Find lim f(z)

r—0

lim f(x) = lim xsin (l) .

z—0 z—0 T

1

x) oscillates between —1 and 1, we have:

1
—x < rsin (—) < z.
T
| | (1)
limzsin | — | =
z—0 T

£(0) = 0.

Since sin (

Applying the Squeeze theorem:

Step 2: Compare with f(0)

Step 3: Check continuity condition
Since:

lim f(z) = f(0),

z—0
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f(z) is continuous at x = 0.
Final Answer: f(x) is continuous at x = 0.

Q Quick Tip

Use the Squeeze theorem when a function involves oscillatory terms like sin (%)

OR
25(b). Check for differentiability of the function f defined by
f(z) = |z =5

at the point z = 5.
Solution:
Step 1: Find Left-Hand Derivative (LHD)

LHD — lim 2210
T—5~ T —9
For x <5, |x — 5| = —(x — 5), so:
LHD = lm —" =% _

x—=5- X — 5

Step 2: Find Right-Hand Derivative (RHD)

RHD — lim w

x—5+ r—9
For z > 5, |x — 5| =  — 5, so:
. T —95
RHD = lim

x5t —H

= 1.

Step 3: Compare LHD and RHD
Since:

LHD # RHD (—1#1),

f(z) is not differentiable at z = 5.
Final Answer: f(x) is not differentiable at x = 5.

@ Quick Tip

A function is not differentiable at points where its left-hand derivative and right-hand
derivative are not equal.

26(a). Evaluate:

™ 6COS X
I = dx
0 eCOS X _l_ 6_ COosT

==
2

Correct Answer:

24



Solution:
Step 1: Consider a transformation

Let:
s eCOS xr
I = dz
O ecosx + e* COosxT

™ ecos(m—x)
[:/0 ecos(m—x)  o— cos(m—x) dz.

Since cos(m — x) = —cos x, we get:

s 6_ COos T
I = — dx
0 e COos T + 6COS xT

Applying the property:

Step 2: Add both integrals
Adding both forms of I:

2l =7
Step 3: Solve for [
=T
2
Final Answer:
T
I =—.
2

@ Quick Tip

For symmetric integrals, apply transformations such as f(a — x) = f(x).

26(b). Evaluate:

Correct Answer:

Solution:
Step 1: Decompose the fraction
Using partial fraction decomposition:

2v+1 A n B . C
(z+1)2z-1) z+1 (z+12 z-1

Solving for coefficients:

Step 2: Integrate each term
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A 3
dr = —-1 1].
/x+1x 40g|a:—i— |

B 1
/kx+Dﬂx:_%x+D'

/ ¢ d:):z%log|x—1|.

z—1

Step 3: Combine the results

3 3
I:—Zlog|x+1|—2 +Zlog|x—1|+0.

(x+1)
Rewriting:
3 r—1 1
I:Zlog x—i—l‘ 2z +1) +C
Final Answer:
§1og - 1‘ — ! +C.
4 r+1] 2(x+1)

9 Quick Tip

For rational function integrals, use partial fractions to split the terms.

27. If y = (tan~! 7)2, show that:

d’y dy

2 2 2 —
(z*+1) @+2x(x +1)% =2.
Solution:

Step 1: Differentiate y = (tan~! 2)? with respect to z

Using the chain rule:

d d
% = 2(tan"' z) x @(tarf1 ).
Since
d 1 1
- t —
dx( an”" ) 1+ 22’
we obtain:
dy 2tan~ !z
dx 1+ 22

Step 2: Multiply by (1 + 2?)

d
(1+ a:z)d—y = 2tan ! z.
x

Step 3: Differentiate again with respect to x
Using the product rule:
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d dy d _
— 1+ 2H-2] = —(2tan" ' 2).
dz {( L )dx} d:c( an )

Expanding the left-hand side:

d%y dy d
2 _ -1
(1+2 )@ + 23:% = a(Qtan ).
Since

d 2

—(2tan ') = ——

da:( an”" x) 1+ 22’
we obtain:

d%y dy 2
1+2%)—2 4222 = .
( +$>dx2+ xd:v 14 22

Step 4: Multiply by (1 + 22) to simplify

2
(1+ xQ)Q% +22(1 + xz)j—y =2.
T T
Final Answer:
d*y dy
2 2 2 @y _
(z+1) 2 + 2x(x +1)d:p 2.

9 Quick Tip

For functions involving tan™! z, the derivative formula:

1

d -1
—(t =
(tan™ " ) 1o .2

dx

is crucial for solving differentiation problems.

28(a). Find the particular solution of the differential equation

d 2
% — 22y = 322, y(0) =5.

Correct Answer: ,
y = (34 5)e” .
Solution:

Step 1: Identify standard form
The given equation is a first-order linear differential equation of the form:

dy

s Pa)y = Q)

where P = —2z and Q) = 3227
Step 2: Find the integrating factor
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JF = ¢l 2w de _ 2%

Step 3: Multiply throughout by I.F
ye’x2 = /er 322 da.

2% ez” — 1, the integral simplifies to:

ye*%2 = /3x2d:c.

Since e~

Step 4: Evaluate the integral

Thus, the general solution is:

Step 5: Find the particular solution using y(0) = 5

5 =0+C = C =5.

Final Answer: ,
y = (34 5)e” .

9 Quick Tip

For first-order linear differential equations, always compute the integrating factor and
use it to solve.

28(b). Solve the following differential equation:
2dy + y(x +y)dx = 0.

Correct Answer: )
C 2

= = k(y + 2x).
3y or Ty (y + 2x)

)
Y+ 2x

Solution:
Step 1: Rewrite the equation

Step 2: Substituting v =
Let y = vz, so:

dy dv
Ir = v+ xa
Substituting in the equation:
dv 9
v+ x% =—-v—v
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Step 3: Separate the variables

L d
= ——dx.
v2 4 2v x
Rewriting:
1 1
dv= | ——dx.
/(v+1)2—1 v / e
Step 4: Integrating both sides
L 1
2 Slor2| T ®
Final Answer: )
Y C
’y+2x =z or Ty =ky+2m)

9 Quick Tip

For homogeneous differential equations, use substitution v = % to simplify.

29(a). Find % if
(cosz)? = (cosy)”.

Correct Answer:
dy logcosy+ytanx

dr  logcosz + wtany’

Solution:
Step 1: Take logarithm on both sides

log ((cosz)?) = log ((cosy)®) .

Using logarithm property:

ylog cosx = xlogcosy.
Step 2: Differentiate both sides
Applying implicit differentiation:

d d
. (ylogcosx) = . (xlogcosy).

Using product rule:

d d d p
Y- %(logcos:c) + % -logcosx = x - E(logcosy) + log cosy - d—i

Step 3: Solve for %

d d
y(—tanx) + d—i log cosz = x(— tany) + % log cos y.
Rearranging:

dy
d—(log cos T + x tan y) = logcosy + ytanzx.
T
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dy logcosy+ytanx

dr  logcosz + xtany

Final Answer:
dy logcosy+ytanx

dr ~ logcosz + xtany’

9 Quick Tip

When both variables appear as exponents, logarithm differentiation is a powerful tool.

29(b). If
V122 +/1-¢? =a(z—y),

prove that

dy _ 1-y?

dr /1—x2°
Correct Answer:

dy _ 1-—y?

dv — 1—22
Solution:
Step 1: Define substitutions
Let:

xr=sinA, y=sinB.

Then:

A=sin"lz, B=sin"ly.

Step 2: Rewrite the given equation

V1—22 41— 42 =a(z —vy).
Rewriting using trigonometry:

cos A+ cos B = a(sin A — sin B).
Using the sum-to-product formulas:

oo ATB A-B _ A4B _A-DB
COSs 9 COSs 9 = 40 COS 9 S1n 9 .

Step 3: Solve for %s
Dividing both sides:

cot =aq.
2
A—B=2cot la.
Differentiating both sides with respect to x:

1 1 dy
V1i—22 /1 —y2dx
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Step 4: Rearrange for %

Final Answer:

9 Quick Tip

For equations involving square roots, substitution using trigonometric identities often
simplifies differentiation.

30. Find the projection of vector (b+ @) on vector @, where
a=2+2j+k b=i+3j+k c=i+k
Solution:
Step 1: Find b+ ¢
b+c=(1+1)i+ (3407 + 1+ 1)k =2i+3j + 2k

Step 2: Compute the projection of (5+ ¢) ond
The formula for the projection of ¢ on  is:

—

(b+¢)-a
jal

Projection of (l;+ ¢) on @ =
Step 3: Calculate the dot product

(b+7&)-d=02x2)+Bx2)+(2x1)=4+6+2=12.
Step 4: Find the magnitude of @

@ = V22 +224+12=V4+4+1=+9=3.
Step 5: Compute the final projection value

12
Projection = 3= 4.

Final Answer:

The projection of (b+ @) on @ is 4.

9 Quick Tip

The projection formula is given by:

<y
g

Projection of ¢ on u = 7]
U
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31. An urn contains 3 red and 2 white marbles. Two marbles are drawn one by
one with replacement from the urn. Find the probability distribution of the
number of white balls. Also, find the mean of the number of white balls drawn.
Solution:

Step 1: Define the random variable

Let X be the number of white marbles drawn.

The probability of drawing a white marble in one draw is:

Since the marbles are drawn with replacement, the probability distribution of X follows a
binomial distribution.
Step 2: Construct the probability distribution

X lo0l1]2
9 1121 4
P(X) |55 %5 |3

where:

poc=0 = pian) = (2) = 2

puzﬂququ+Pmua:2x(gxg)zéé

P(X —2) — POVIV) — (2): 4

Step 3: Calculate the mean
The expected value F(X) is given by:

9 12 4
BX)=0x = +1x = +2x% —.
(X) =0x e+ Ix oo+ 2x o
12 8 20 4
—or N2

25 25 25 5
Final Answer:

The mean of the number of white marbles drawn is £

Q Quick Tip

The expected value (mean) of a discrete random variable X is calculated as:

E(X)=) XP(X).
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32. Find the area of the region bounded by the curve 422 + y? = 36 using
integration.
Correct Answer:

Area = 187.

Solution:
Step 1: Rewrite the given equation in standard ellipse form

2 2
S S
9 " 36

This represents an ellipse centered at the origin with semi-major axis 6 along the y-axis and
semi-minor axis 3 along the z-axis.

Step 2: Use integration to find the bounded area

The area of one quadrant of the ellipse is given by:

3
/ V9 — 22 dx.
0

Using the standard formula:

3
Area:4xg/ V9 — 22 dz.
0

Solving using trigonometric substitution:

T 9 T 3
:8|:§ 9—x2+§sin_1§}0.

Step 3: Evaluate the definite integral

Final Answer:
Area = 18m7.

9 Quick Tip

For ellipses, use standard area formulas or integration with trigonometric substitution.

33(a). Find the coordinates of the foot of the perpendicular drawn from the point

(2,3,—8) to the line:
4d—z y 1-—=z

2 6 3
Also, find the perpendicular distance of the given point from the line.
Correct Answer:

Foot of perpendicular = (2,6, —2), Perpendicular Distance = 3V/5.
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Solution:
The standard form of the equation of the line is
r—4 y—1 z-1

—2 6 -3

Let the foot of the perpendicular from the point A (2,3, —8) to the given line be B
(—2X 4+ 4,61 —3,-3X1+9).
The direction ratios of AB are:

—2X+2,6\A—3, =32 +9
As AB is perpendicular to the given line:
—2(=2XA+2)+6(6A—3)—3(-3XA+9)=0

Simplifying the equation:
AN —4 436\ —184+9A—27=0

49X —49 =0
=>A=1
Therefore, the foot of the perpendicular is:
B(2,6,-2)

The perpendicular distance is:

AB =3v5

Final Answer:

Foot of perpendicular = (2,6, —2), Perpendicular Distance = 3v/5.

9 Quick Tip

To find the foot of a perpendicular, use the parametric equation of the line and set the
dot product to zero.

33(b). Find the shortest distance between the lines L; and Ly given below:

Ly : The line passing through (2, —1,1) and parallel to % = % = g
Lo :7=142u+1)] — (u+2)k.

Correct Answer:

1
7
Solution:
Step 1: Find direction vectors
Direction vectors:
G =2—j+k b =i+)+3k



62:%+j—2];3, 52:25—]%.
Step 2: Find shortest distance formula

o — a1 = (—€+25 —3/;7).

51 X 52 = (—7% —i-j + 2/2:)
Step 3: Compute shortest distance

(@ — 1) - (b1 x bo)]

|51 X 52|

Shortest Distance =

Final Answer:

—_
5l
. [@p)

=

@ Quick Tip

For shortest distance between skew lines, use the formula involving cross products.

1 2 =3
34(a). If A= |2 0 —3|, then find A~! and hence solve the system of equations:
1 2 0

r+2y—3z2=1,

20 — 3z = 2,

T+ 2y = 3.
Correct Answer: ) 5

x ) y 27 Z 3
Solution:
Step 1: Find det(A)
|A] = 1(6) — 2(3) — 3(4) = —12 # 0.

Since det(A) # 0, A~! exists.
Step 2: Find adjoint matrix and inverse

6 —6 —6
adj(A) = |-3 3 3
4 0 —4

L [6 —6 —6
Al=—1-3 3 3
120y 0 4
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Step 3: Solve the system using matrix method

AX =B, X=A'B.

1
X=A"1|2
3

Computing:

Final Answer:

Q Quick Tip

To solve a system using the inverse method, compute A~ and multiply by the con-
stant matrix.

34(b). Find the product of the matrices

1 2 =3 —6 17 13
2 3 2 14 5 -8
3 =3 —4] [-15 9 -1

and hence solve the system of equations:
T+ 2y — 3z =—4,
20+ 3y + 2z = 2,
3rv — 3y — 4z =11.

Correct Answer:

Solution:
Step 1: Multiply the matrices

1 2 =3 -6 17 13 67 0 0
2 3 2 14 5 -8 =10 67 O
3 =3 —4] [-15 9 -1 0 0 67

Step 2: Solve the system using inverse method

, [-6 17 13
A—lzﬁ 14 5 -8
~15 9 -1

X =A"1'B.

36



Computing:

Final Answer:

9 Quick Tip

If the matrix product results in a diagonal matrix, solving for unknowns becomes
straightforward.

35. Solve the following L.P.P. graphically:

Minimise Z = 6x + 3y

Subject to constraints:

4o 4+y > 80

x4+ Hy > 115

3z + 2y < 150

z,y >0

Solution:

Step 1: Plot the constraints on a graph

The given inequalities represent lines in the xy-plane. These constraints form a feasible
region, and the corner points of this region determine the minimum value of Z.

Step 2: Find the intersection points of the constraints

Solving for corner points:

1. Intersection of 42 + y = 80 and z + 5y = 115:

Solving these equations simultaneously:

4o +y = 80
x4+ 5y =115
Multiplying the second equation by 4:
4z + 20y = 460

Subtracting,

19y = 380 = y = 20.
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Substituting y = 20 into = + 5(20) = 115:

x+ 100 =115 = = = 15.

So, Point B (15, 20).
2. Intersection of 4x + y = 80 and 3z + 2y = 150:
Solving these equations:

4o +y = 80
3r + 2y = 150
Multiplying the first equation by 2:
8z + 2y = 160

Subtracting,

S5r =10 = x = 2.
Substituting = 2 into 4(2) + y = 80:

84y =280=y="T2

So, Point A (2,72).
3. Intersection of x 4+ 5y = 115 and 3z + 2y = 150:
Solving these equations:

T+ 5y =115
3r + 2y = 150
Multiplying the first equation by 3:
3r + 15y = 345

Subtracting,

13y =195 = y = 15.
Substituting y = 15 into = + 5(15) = 115:

r+ 75 =115 = x = 40.

So, Point C (40, 15).
Step 3: Evaluate Z = 6x + 3y at each corner point

Corner Points | (z,y) Z =6x+ 3y
A (2,72) | Z =6(2) + 3(72) = 12 + 216 = 228
B (15,20) | Z = 6(15) + 3(20) = 90 + 60 = 150
C (40,15) | Z = 6(40) + 3(15) = 240 + 45 = 285




Step 4: Find the minimum value of Z

The minimum value of Z is 150 at (x = 15,y = 20).

Final Answer:

Minimum Z = 150 at (15, 20).
Step 5: Graphical Representation

\

Q Quick Tip

To solve an LPP graphically: 1. Convert inequalities into equalities and plot them. 2.
Identify the feasible region. 3. Find corner points of the feasible region. 4. Evaluate
the objective function at these points. 5. Choose the optimal value (minimum or maxi-

mum).

36 A rectangular visiting card is to contain 24 sq.cm. of printed matter. The
margins at the top and bottom of the card are to be 1 cm and the margins on the
left and right are to be 1% cm as shown below:

Ilcm Il cm
[T 7 - P 7 77 A,
VD opA bty Al e x -
wi TE TTTATTT | \mb 0 ) v
R T AN R LN (s ;Pﬁnted nmtter///y/(ﬂ)
U P feacky = oolEers / 2P
i vty . Plost olbp Thts i ////////////;/
Lae ks B AT o A FT . i
Ilmn Il cm

36(i). Write the expression for the area of the visiting card in terms of z.
Correct Answer: The area of the visiting card A(z) = 2z + 3y + 30

Solution:
We are given that xy = 24, which represents the area of the visiting card. The expression for

the area is expanded as follows:
Alz) = (z+3)(y +2)
Expanding the product:
Alz) =2y +2)+3(y+2) =2y +2x+3y+6
Substituting xy = 24 into the equation, we get:
Alx) =2x+3y+ 2446 =22+ 3y + 30
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Thus, the area of the visiting card is A(x) = 2z + 3y + 30.

9 Quick Tip

When given area constraints, express one variable in terms of the other to form a
single-variable function.

36(ii). Obtain the dimensions of the card of minimum area.

Correct Answer: The dimension of the card with minimum area is Length 9 cm = |
Breadth 6 cm

Solution:

From the given derivative of the area function:

72 72

- = =2 = =36 = 1=6
X X

Thus, z = 6 is a critical point.
Next, we check if it corresponds to a minimum by computing the second derivative:

144
A// _ -
="
Substituting = 6 into A”(z):
144 144 2
AN6)=—%=-—=>0
(6) 63 216 3
Since A”(6) > 0, the area is minimum at = 6 and y = 4.
The dimension of the card with minimum area is Length 9 cm = , Breadth 6 cm

9 Quick Tip

To find the minimum area, differentiate the function and set the derivative to zero.
Verify using the second derivative test.

37 A departmental store sends bills to charge its customers once a month. Past
experience shows that 70% of its customers pay their first month bill in time.
The store also found that the customer who pays the bill in time has the
probability of 0.8 of paying in time next month and the customer who doesn’t
pay in time has the probability of 0.4 of paying in time the next month. Based on
the above information, answer the following questions:
37(i). Let E; and E; respectively denote the event of customer paying or not
paying the first month bill in time. Find P(FE)), P(E>).
Correct Answer:

P(E1)=0.7, P(E2)=0.3.
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Solution:
Step 1: Define the probability values

From the problem statement, 70
7

P(E)=—=0.T.

(E1) 10 0.7
Similarly, the probability of not paying in time is:

P(E;) = 5 0.3

Y710

Final Answer:
P(E1)=0.7, P(E2)=0.3.

9 Quick Tip

The sum of probabilities of mutually exclusive and exhaustive events always equals 1.

37(ii). Let A denote the event of a customer paying the second month’s bill in
time, then find P(A|E;) and P(A|E»).
Correct Answer:

P(A|E1) =08, P(A|E2) =0.4.

Solution:

Step 1: Define conditional probabilities

The problem states: - If the customer pays the first-month bill in time, the probability of
paying next month is 0.8. - If the customer does not pay in time, the probability of paying
next month is 0.4.

Thus, we write:
P(A|Ey) =0.8, P(A|E) =04.

Final Answer:
P(A|E1) =08, P(A|E2) =0.4.

Q Quick Tip

Conditional probability P(A|B) represents the likelihood of event A occurring given
that B has already occurred.

37(iii). Find the probability of a customer paying the second month’s bill in time.

Correct Answer: 17

P(A) = 5

= (0.68.

Solution:
Step 1: Use the Law of Total Probability
The total probability theorem states:

P(A) = P(E1)P(A|Ey) + P(E2) P(A|Ey).

41



Step 2: Substituting given values

P(A) = (0.7 x 0.8) + (0.3 x 0.4).
Step 3: Compute the values

P(A) = 0.56 4 0.12 = 0.68.

In fraction form:

17
P(A) = —.
(A) o
Final Answer: 17
P(A) = — =0.68.
(A) 55 0.68

9 Quick Tip

The Law of Total Probability states that if By, Bo, ..., B, form a partition of the sam-
ple space, then:

P(A)=> P(B;)P(A|By).
i=1

37(iii). Find the probability of a customer paying the first month’s bill in time if
it is found that the customer has paid the second month’s bill in time.

Correct Answer: 14
P(E1|A) = —.
(B1l4) = .-
Solution:
Step 1: Use Bayes’ Theorem

By Bayes’ theorem:

P(A)
Step 2: Substituting given values
0.7x0.8
p(By|4) = 272 08)
0.68
Step 3: Compute the values
0.56 14
P(E1|A) = — = —.
0.68 17
Final Answer: 14
P(E1]A) = T2

Q Quick Tip

Bayes” Theorem helps update probabilities based on new information:

P(A|B)P(B)

P(BIA) = =5
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38(a) Students of a school are taken to a railway museum to learn about railways
heritage and its history.

et
e 2

An exhibit in the museum depicted many rail lines on the track near the railway station. Let
L be the set of all rail lines on the railway track and R be the relation on L defined by

R ={(ly,12) : I is parallel to Iy}

On the basis of the above information, answer the following questions :
38(a)(i). Find whether the relation R is symmetric or not.
Correct Answer: R is a symmetric relation.
Solution:
Step 1: Definition of symmetry
A relation R is symmetric if:

(ll,lz) €ER= (lg,ll) € R.

Step 2: Check symmetry for parallel lines
Since R is defined as:

R={(l1,l2) : 1 || 12}
If Iy || I3, then it follows that I3 || {1, which implies:

(12, ll) € R.

Thus, R is a symmetric relation.
Final Answer: R is a symmetric relation.

¢ Quick Tip

A relation is symmetric if whenever (a,b) is in the relation, then (b, a) must also be in
the relation.

38(a)(ii). Find whether the relation R is transitive or not.
Correct Answer: R is a transitive relation.

Solution:

Step 1: Definition of transitivity

A relation R is transitive if:

(ll,lg) € R and (lg,lg) €R= (ll,lg) € R.

Step 2: Check transitivity for parallel lines
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Since R is defined as:
R={(l1,l2) : {1 || l2}.

If [ || I3 and I || I3, then by the transitive property of parallelism:
] Is.

This implies:
(ll, l3) € R.

Thus, R is a transitive relation.
Final Answer: R is a transitive relation.

9 Quick Tip

A relation is transitive if whenever (a,b) and (b, ¢) are in the relation, then (a,c) must
also be in the relation.

38(a)(iii). If one of the rail lines on the railway track is represented by the
equation y = 3x + 2, then find the set of rail lines in R related to it.
Correct Answer: The set is {{ : [ is a line of type y = 3z + ¢, c € R}.
Solution:
Step 1: Equation of given rail line
The given equation is:

Yy = 3x + 2.

This represents a straight line with slope 3.
Step 2: Find parallel lines
A line is parallel to y = 3z + 2 if it has the same slope, meaning its equation is of the form:

y=3r+c, ce€R.
Thus, the set of all rail lines related to the given line in R is:
{l :lis a line of type y = 3z + ¢,c € R}.

Final Answer: The set is {/ : [ is a line of type y = 3z + ¢,c € R}.

@ Quick Tip

All lines parallel to a given line will have the same slope but different intercepts.

38(b). Let S be the relation defined by
S ={(l1,l2) : | is perpendicular to ly}

Check whether the relation S is symmetric and transitive.
Correct Answer: S is symmetric but not transitive.
Solution:
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Step 1: Definition of symmetry
A relation S is symmetric if:
(11,12) €S = (lg,ll) e S.

Since S is defined as:
S ={(ly,la) : I LI},
If Iy L I, then lo L [y, so:
(lg,ll) €S

Thus, S is a symmetric relation.
Step 2: Definition of transitivity
A relation S is transitive if:

(ll,lz) € S and (lg,lg) cS=> (ll,lg) es.
If Iy L ls and lo L I3, then [; may not necessarily be perpendicular to [3, meaning:

(li,13) ¢ S.

Thus, S is not transitive.
Final Answer: S is symmetric but not transitive.

¢ Quick Tip

Perpendicularity is symmetric but not always transitive. For example, if A is perpen-
dicular to B and B is perpendicular to C, it does not necessarily mean A is perpendic-
ular to C.
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