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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) and

questions number 19 and 20 are Assertion-Reason based questions of 1 mark each.

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. Internal choice is provided in 2 marks questions in each case study.

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

questions in Section E.

9. Draw neat diagrams wherever required. Take p = 7 22 wherever required, if not

stated.

10. Use of calculator is not allowed.




Section A

1: The HCF of the smallest 2-digit number and the smallest composite number is:
(A)2

(B) 20

(C) 40

(D) 4

Correct Answer: (A) 2

Solution:

Smallest 2-digit number = 10
Smallest composite number = 4

We need to find the HCF of 10 and 4.
Prime factorization of 10; 10 =2 x 5
Prime factorization of 4: 4 =2 x 2

The common factor is 2, so the HCF is 2.

To find the HCF of two numbers, factorize both numbers and choose the common prime

factor with the lowest power.

2: The value of ‘k’ for which the pair of linear equations = + y — 4 = 0 and
2z + ky — 8 = 0 has infinitely many solutions is:

(A) k #£2

(B) k # —2

OC) k=2

D) k=-2

Correct Answer: (C) k =2

Solution: For two linear equations to have infinitely many solutions, their ratios must be



equal, i.e.,
Ay B Oy
Ay By (O

For the given equations, First equation: = + y — 4 = 0 can be written as:
le+1y—4=0

Second equation: 2z + ky — 8 = 0 can be written as:

2 +ky—8=0

Now, compare the coefficients:

From 7 = 1, we find k = 2.

For infinitely many solutions, the coefficients of the variables and constants must be in

the same ratio for both equations.

3: Which of the following equations has 2 as a root?
(A)2? — 4 +5=0
B) 22 +3x—-12=0
(C) 222 — Tz +6=0
(D) 322 — 62z —2=0

Correct Answer: (C) 222 — 72+ 6 =0

Solution: To check if 2 is a root, substitute + = 2 in each equation:

For 22 — 4z + 5 = 0:
(2)2—4(2)+5=4—-8+5=1 (not zero, so 2 is not a root)
For 22 + 3z — 12 = 0:

(2)2+3(2)—12=4+6—-12=—2 (no, 2 is not a root)



For 222 — T2 +6=0:
(2% —7(2) +6=8—-14+6=0 (yes,2isaroot)

Thus, the correct answer is (C).

To check if a number is a root, substitute it into the equation. If the result is 0, then it is

a root.

4: In an A.P,, if d = —4 and a7 = 4, then the first term ‘a’ is equal to:
(A) 6

(B)7

(C) 20

(D) 28

Correct Answer: (D) 28

Solution: In an Arithmetic Progression (A.P.), the nth term is given by:
ap=a+(n—-1)-d

For the 7th term, a7 = a + 6d. Substitute the given values:

a;=4 and d=—4

4=a+6(—4)
4=a—-—24
a=4+24 =28

Thus, the first term a = 28. The correct answer is (D).

In an A.P., use the formula a,, = a + (n — 1) - d to find any term if you know the first

term and common difference.




5: The distance of the point (5, 4) from the origin is:
(A) V41

(B) 41

)3

(D)9

Correct Answer: (A) V41

Solution: The distance of a point (z, y) from the origin is given by the formula:

Distance = \/x2 + y?2

For the point (5,4):
Distance = /52 + 42 = /25 + 16 = V41

Thus, the correct answer is (A) v/41.

To find the distance between a point and the origin, use the distance formula /22 + y2.

6: If sin A = 2, then the value of cot A is:
(A) 3
(B) §
© 3
(D) 3

Correct Answer: (A) 3
Solution: We are given that sin A = 2.

We know the identity:
sin? A + cos? A =1

Substituting the value of sin A = 2:

3 2
<5) +cos2A=1
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9 2
— + A=1
o5 coS

9 25 9 16
2

Aol L2 2 _ 10
o8 25 25 25 25

4 . .. e
cos A = R (since cosine is positive in the first quadrant)

__cosA.
Now, cot A = 524

cot A =

SHISISTIN

Thus, the correct answer is (A) %.

To find cot A, use the identity cot A = &5 ﬁ. First, use sin® A + cos? A = 1 to find cos A.

2 .
7. 1 4 is equal to:

(a) sec? A
(b) -1

(c) cot® A
(d) tan® A

Correct Answer: (d) tan® A

Solution:

We are given the expression:
1 +tanZ A

1+ cot? A

Using the well-known trigonometric identity:
1+tan? A = sec? A (this is a standard identity)

Also, we know:

1
t A= = t2 A =
0 tan A 0 tan? A
Thus,
1
14+cot?A=1+
tanZ A



Now, substitute these identities into the original expression:

1+ tanZ A sec? A

1+C0t2A - 1+m

To simplify the denominator:

TR tan® A 4 1
tanZ A tanZA
Thus, the expression becomes:
2 2
sec® A 9 tan® A
———— =8ec“ A X —5——
tan? A+1 2
2 tan® A + 1
Since tan? A + 1 = sec? A, we have:
2 2
sec® A X tan® A
= tan® A

sec? A

Therefore, the value of the given expression is tan? A, and the correct answer is (d).

To simplify trigonometric expressions involving tangent and cotangent, use the identi-

ties 1+ tan? A = sec? A and 1 + cot? A = csc? A to help with simplification.

8 2tan 30°
* 1—tan? 30°

(a) cos 60°
(b) sin 60°
(c) tan 60°
(d) sin 30°

is equal to:

Correct Answer: (C) tan 60°

Solution:

We are given the expression:
2tan 30°

1 — tan2 30°

This is a standard identity for the tangent of double an angle, i.e.,

2tan A

tan(24) = T ol i



So, for A = 30°, the expression simplifies to:
tan(2 x 30°) = tan 60°

Now, we know that tan 60° = /3.

Thus, the given expression equals tan 60°, which is (C).

The identity % = tan(2A) is useful for simplifying expressions involving double

angles.

9. A quadratic polynomial, the sum of whose zeroes is -5 and their product is 6, is:
(a) 2% + 52 +6

(b) 22 — 5z +6

(c) x> —5x —6

(d) —2% + 52 +6

Correct Answer: (a) 22 + 5z + 6

Solution:

For a quadratic polynomial ax? + bx + ¢, the sum of the roots is —g and the product of the
roots is ¢. Given that the sum of the zeroes is -5 and the product is 6, we can write the
polynomial as:

z? — (sum) - = + (product) = 0,

2? — (=5)z 4 6 = 2 + 5z + 6.

The sum and product of the roots of a quadratic equation are related to the coefficients

as follows: - Sum of roots = —g, - Product of roots = £.

10. The zeros of the polynomial 322 4 112 — 4 are:
(A) 3.4



(B) 1,4
(C) 5, —4

Correct Answer: (C) 3, —4

Solution:
We are given the quadratic polynomial 322 + 11z — 4.

To find the zeros, we use the quadratic formula:

—b+ Vb2 — dac
I‘ g
2a

For the given polynomial 322 + 11z — 4, the coefficients are @ = 3, b = 11, and ¢ = —4.

Substitute these values into the quadratic formula:

—11 4+ /112 — 4(3)(—4)
2(3)

—11 4+ /121 + 48
6
=11+ /169
=
—11+13

6

xr =

xr =

T

Thus, the two solutions are:
—11+13 1
rT == — = —
6 6
—~11-13  —24
6 6

Therefore, the zeros are % and —4, so the correct answer is (C).

T = =—4

The quadratic formula z = =bEvbi—dac W can be used to find the roots (zeros) of any

quadratic equation.

11. The annual rainfall record of a city for 66 days is given in the following table:



Rainfall (in cm) | Number of days
0—10 22
10 — 20 10
20 — 30 8
30 — 40 15
40 — 50 5
50 — 60 6

The difference of the upper limits of the modal and median classes is:
(A) 10
(B) 15
©) 20
(D) 30

Correct Answer: (C) 20

Solution:

1. Modal Class: The modal class is the class with the highest frequency. From the table:

- 0-10 cm: 22 days - 10-20 cm: 10 days - 20-30 cm: 8 days - 30-40 cm: 15 days - 40-50 cm:
5 days - 50-60 cm: 6 days

The class 0-10 cm has the highest frequency (22 days), so the modal class is 0-10 cm.

2. Median Class: To find the median class, we need to calculate the cumulative frequency.

- Cumulative frequency up to 0-10 cm: 22 - Cumulative frequency up to 10-20 cm: 22 + 10 =
32 - Cumulative frequency up to 20-30 cm: 32 + 8 = 40 - Cumulative frequency up to 30-40
cm: 40 + 15 = 55 - Cumulative frequency up to 40-50 cm: 55 + 5 = 60 - Cumulative
frequency up to 50-60 cm: 60 + 6 = 66

The total number of days is 66. The median class is the class where the cumulative frequency
exceeds % = 33. From the cumulative frequencies, we see that the median class is 20-30 cm
because the cumulative frequency just exceeds 33 in this class.

3. Difference of Upper Limits: The upper limit of the modal class (0-10 cm) is 10, and the
upper limit of the median class (20-30 cm) is 30.

The difference between these upper limits is:

10



30 —10 =20
Thus, the difference of the upper limits of the modal and median classes is 20.

Quick Tip

To find the modal class, look for the class with the highest frequency. To find the median
class, determine the class where the cumulative frequency exceeds half the total number

of days.

12. If P(A) denotes the probability of an event A, then:
(A) P(A) <0

(B) P(A) > 1

©o0<PA)<1

MD)-1<PA) <1

Correct Answer: (C) 0 < P(A) <1

Solution:
We are given that P(A) denotes the probability of an event A.

By definition, the probability of an event P(A) must satisfy the following conditions:
0<PA)<1

This means that: - The probability of any event cannot be negative, so P(A) < 0 is not
possible. - The probability of any event cannot exceed 1, so P(A) > 1 is also not possible. -
The probability of an event is always a number between 0 and 1, inclusive. This means

0 < P(A) < 1, and if the event has a chance of occurring, its probability will be strictly
between 0 and 1.

Thus, the correct answer is:

0<P(A) <1

Since the correct choice is the one that states P(A) is between 0 and 1, the answer is (C)

0<P(A) < 1.

11



In probability, the probability of any event P(A) is always between 0 and 1. A prob-

ability of 0 means the event is impossible, while a probability of 1 means the event is

certain.

13. The total surface area of a solid hemisphere of radius 7 cm is:
(A) 987 cm?

(B) 1477 cm?

(C) 1967 cm?

(D) 2287 cm?

Correct Answer: (B) 1477 cm?

Solution:

The total surface area of a solid hemisphere is given by the formula:
Total Surface Area = 3712

where r is the radius of the hemisphere.

Substituting the given radius » = 7 cm:
Total Surface Area = 37(7)? = 37 x 49 = 1477 cm?

Thus, the correct answer is (B) 1477 cm?.

For a solid hemisphere, the total surface area is calculated as 3772, which includes both

the curved surface area and the base area.

14. The difference of the areas of a minor sector of angle 120° and its corresponding
major sector of a circle of radius 21 cm is:

(A) 231 cm?

(B) 462 cm?

12



(C) 346.5 cm?
(D) 693 cm?

Correct Answer: (B) 462 cm?

Solution:

The area of a sector of a circle is given by:

2

Area of Sector = X T

360°
where 6 is the central angle, and r is the radius of the circle.

- Minor Sector: The angle is 120°. For radius r» = 21 cm:

o

360°

. 1
Area of Minor Sector = x m(21)2 = 3 X x 44l = 147x cm?

- Major Sector: The angle is 360° — 120° = 240°. For the same radius:

240°
360°

. 2
Area of Major Sector = x m(21)? = 3 X ™ X 441 = 204n cm?
- Difference of Areas: The difference of the areas of the major and minor sectors is:

Difference = 29471 — 1477 = 1477 cm?

Thus, the correct answer is (B) 462 cm?2.

2

To find the difference in areas of the sectors, calculate each sector’s area using % X T,

and subtract the smaller area from the larger one.

15. The graph of a pair of linear equations a,x + b1y = ¢; and asx + boy = co in two
variables x and y represents parallel lines if:

(A) 3t # 3
B2 =f=5
©ntn=¢
O =f#8

Correct Answer: (D) & =2 £ 4

13



Solution:
For a system of two linear equations to represent parallel lines, the lines should have the
same slope.

For the equations:

aix+biy=c and asx + boy = ¢

the slope of the line is given by —3* for the first equation and —32 for the second.

For the lines to be parallel, the slopes should be equal, i.e.,

o _ o
b b
which simplifies to:
@ _bh
a9 n bg

This condition ensures the lines are parallel, but for them to not coincide, the constant terms
c1 and ¢y should not be in the same ratio. Hence, the additional condition 2—; =+ g—; = 2—;
ensures that the lines are distinct but parallel.

Thus, the correct condition is:

which corresponds to option (D).

When solving for parallel lines, ensure the ratios of the coefficients of = and y are

equal but the ratio of constants is different. This ensures the lines are parallel but not

coincident.

16. In the given figure, tangents P A and P B from a point P to a circle with center O

are inclined to each other at an angle of 80°. ZABO is equal to:

14



(A) 40°
(B) 80°
(C) 100°
(D) 50°

Correct Answer: (A) 40°

Solution:
From the given, we know that the angle between two tangents from an external point is twice
the angle subtended by the line joining the external point to the center of the circle at the

point of contact. Thus, ZABO will be half of 80°.

Thus, the correct answer 1s (A) 40°.

The angle between two tangents drawn from an external point to a circle is equal to

twice the angle formed by the radius at the point of contact.

17. A line intersecting a circle in two distinct points is called a:
(A) Secant

(B) Chord

(C) Diameter

(D) Tangent

Correct Answer: (A) Secant

15



Solution:

A line that intersects a circle at two distinct points is called a secant. A chord is a line
segment joining two points on the circle. The diameter is a special chord that passes through
the center, and a tangent touches the circle at exactly one point.

Thus, the correct answer is (A) Secant.

A secant is a line that intersects a circle at two points. A tangent touches the circle at

exactly one point.

18. If a pole 6 m high casts a shadow 23 m long on the ground, then the sun’s elevation
is:

(A) 30°

(B) 45°

(C) 60°

(D) 90°

Correct Answer: (C) 60°

Solution:
This is a right triangle problem. The pole’s height is the opposite side, and the shadow length
is the adjacent side. The angle of elevation 6 is given by:

__opposite 6

3
" adjacent 2,3 3 V3

tan 6

Thus, 6 = 60°.

Therefore, the correct answer is (C) 60°.

height
shadow length *

To find the angle of elevation, use the trigonometric ratio tan 6 =

Directions :In question numbers 19 and 20, a statement of Assertion(A) is followed by a

statement of Reason(R). Choose the correct option :

16



Choose the correct option : (a) Both Assertion (A) and Reason (R) are correct and Reason
(R) is the correct explanation of Assertion (A).

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

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

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

19. Assertion (A): A line drawn parallel to any one side of a triangle intersects the
other two sides in the same ratio.

Reason (R): Parallel lines cannot be drawn to any side of a triangle.
Correct Answer: (c) Assertion (A) is true, but Reason (R) is false.

Solution:

- Assertion (A): This statement is based on the Basic Proportionality Theorem (also called
Thales’ Theorem). According to this theorem, if a line is drawn parallel to one side of a
triangle, it intersects the other two sides in the same ratio. Therefore, Assertion (A) is true.
- Reason (R): This statement is incorrect. Parallel lines can be drawn to any side of a
triangle. Hence, Reason (R) is false.

Thus, the correct answer is (c).

The Basic Proportionality Theorem states that if a line is parallel to one side of a trian-

gle, it divides the other two sides in the same ratio.

20. Assertion (A): The point (0, 4) lies on the y-axis.

Reason (R): The x-coordinate of a point, lying on the y-axis, is zero.

Correct Answer: (a) Both Assertion (A) and Reason (R) are correct and Reason (R) is the

correct explanation of Assertion (A).

Solution:

Assertion (A): The point (0, 4) lies on the y-axis.

17



A point on the y-axis has an x-coordinate equal to 0. The given point is (0, 4), where the
x-coordinate is indeed 0. Hence, Assertion (A) is correct.

Reason (R): The x-coordinate of a point, lying on the y-axis, is zero.

This is a general property of all points on the y-axis. For any point on the y-axis, the
x-coordinate will always be 0. Hence, Reason (R) is also correct.

Since both the assertion and the reason are correct, and Reason (R) provides the correct

explanation of Assertion (A), the correct answer is option (a).

To check if a point lies on the y-axis, simply verify if its x-coordinate is 0. If it is, the

point lies on the y-axis.

Section B
21. Find the HCF of 84 and 144 by prime factorisation method.

Solution:
We will first find the prime factorisation of 84 and 144.

- Prime factorisation of 84:
84 +2 =42 (since 84 is divisible by 2)
42 +2 =21 (since 42 is divisible by 2)
21 +-3 =7 (since 21 is divisible by 3)
7+7=1 (since 7 is divisible by 7)
Thus, the prime factorisation of 84 is:
84 =22 x3x7
- Prime factorisation of 144:

144 +2 =172 (since 144 is divisible by 2)

18



72+2=236 (since 72 is divisible by 2)
36 +2 =18 (since 36 is divisible by 2)
18 +2=9 (since 18 is divisible by 2)
9+3=3 (since9 is divisible by 3)
3+3=1 (since 3 is divisible by 3)
Thus, the prime factorisation of 144 is:
144 = 21 x 32

Now, to find the HCF, we take the lowest power of each common prime factor.

- Common prime factors: 2 and 3. - The lowest power of 2 is 22. - The lowest power of 3 is
3%

Thus, the HCF of 84 and 144 is:

HCF=22x3=4x3=12

So, the HCF of 84 and 144 is [12].

For HCEF, take the lowest powers of common prime factors in the prime factorizations

of the numbers.

22.(a) The sum of two natural numbers is 70 and their difference is 10. Find the

natural numbers.

Solution:

Let the two numbers be x and y, where = > y. We are given the following two equations:
x+y =70 (sum of the two numbers)
x —y =10 (difference of the two numbers)
To solve this system of linear equations, we can add both equations:
(x+y)+(x—y)=T70+10
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Now, substitute x = 40 in the first equation:
40 +y =70

y =70 — 40 = 30

Thus, the two natural numbers are x = 40 and y = 30.

So, the numbers are |40 and 30 |.

(b) Solve for = and y:
x—3y=7T7 (Equation 1)

3xr —3y =5 (Equation 2)

To solve this, subtract Equation 1 from Equation 2:

(x—=3y)— (2 -3y)=—-7
r=-1
Now, substitute x = —1 in Equation 1:
(=1)=3y=T7
—-1-3y=7
—Jy=7+1=8
8
Y=73
Thus, the solution is z = —2 and y = —3.

23. 15 defective pens are accidentally mixed with 145 good ones. One pen is taken out

at random from this lot. Determine the probability that the pen taken out is a good one.

Solution:

The total number of pens in the lot is:
Total pens = 145 (good pens) + 15 (defective pens) = 160

20



The number of good pens is 145.
The probability of selecting a good pen is given by:
Number of good pens 145 29

P = e ———
(good pen) Total number of pens 160 32
. . . 129
Thus, the probability that the pen taken out is a good one is 3|

favorable outcomes
total outcomes

Probability is given by

24.(a) In the given figure, OA - OB = OC - OD, Prove that ANAOD ~ NCOB.
C

Solution:

We are given that OA - OB = OC - OD, and we are asked to prove that AAOD ~ ACOB.
Step 1: Apply the Intersecting Secant Theorem.

From the Intersecting Secant Theorem (also known as the Power of a Point Theorem), we
know that if two secants OA and OB intersect at point O, and two other secants OC and OD

intersect at point O, then the following relation holds:
OA-OB=0C-0D

This condition is given in the problem.

Step 2: Use the AA (Angle-Angle) Criterion for Similar Triangles.

The two triangles AAOD and ACOB share the common vertex O. Therefore, we know that:
- LAOD = ZCOB (Vertical angles are equal) - ZOAD = ZOBC (By alternate interior
angles, since OA || OB)
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Thus, by the Angle-Angle (AA) criterion for similarity of triangles, we can conclude that:

ANAOD ~ ACOB

Quick Tip
Remember, when two secants intersect, the Power of a Point Theorem can be used
to establish a relationship between the segments. This is a helpful approach to solve

geometric problems involving circles and secants.

24.(b) In the given figure, /D = /E and ‘g—g = g—g. Prove that A ABC is isosceles.

A

Solution:

We are given that /D = /FE and é—g = %, and we are asked to prove that AABC'is
i1sosceles.

Step 1: Use the Angle-Angle (AA) Criterion for Similarity.

Since /D = ZFE, we know that two pairs of angles are equal: - /D = /FE - % = é—g

Thus, by the AA criterion of similarity for triangles, we conclude that:
ANABD ~ ANAEC

Step 2: Use Proportions from Similar Triangles.
From the similarity of triangles AABD and AAEC, we can write the following

proportionality:
AB  BD
AE ~ EC

AD _ AE

Since 55 = 7, this proportion implies that AB = AC.

Step 3: Conclusion.
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Therefore, AB = AC, and by definition, AABC'is isosceles.

When you are given that certain angles and ratios are equal, using the similarity of

triangles is often an effective method to prove properties like isosceles triangles.

25. Prove that the tangents drawn at the ends of a diameter of a circle are parallel to

each other.

Solution:

Let O be the center of the circle and AB be the diameter of the circle. Let the tangents at
points A and B be drawn, touching the circle at A and B, respectively.

Step 1: Analyze the tangents.

Since AB is a diameter, we know that ZOAB = ZOBA = 90° (because a tangent is
perpendicular to the radius at the point of contact).

Step 2: Parallelism of the tangents.

The tangents at points A and B are both perpendicular to the line joining the center O to the
point of contact. Since both tangents are perpendicular to the same line (the diameter AB),
the two tangents must be parallel to each other.

Final Answer: The tangents drawn at the ends of a diameter are parallel to each other.

When proving that tangents at the ends of a diameter are parallel, remember that both

tangents are perpendicular to the radius at the point of contact, leading to parallelism.

Section C

26. Two dice are tossed simultaneously. Find the probability of getting: (a) An even

number on both the dice. (b) The sum of two numbers more than 9.

Solution:
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(a) Probability of getting an even number on both dice:
The even numbers on a die are 2, 4, and 6. So, the probability of getting an even number on
one die is:
P(even on one die) = 5 _ 1
6 2
Since the dice are independent, the probability of getting an even number on both dice is:

1 1
X == —
2 4

N | —

P(even on both dice) =

(b) Probability of the sum of two numbers being more than 9:

The possible sums when two dice are rolled range from 2 to 12. We are interested in the
sums greater than 9, which are 10, 11, and 12. The pairs of dice outcomes corresponding to
these sums are: - Sum = 10: (4, 6), (5, 5), (6,4) - Sum =11: (5, 6), (6, 5) - Sum = 12: (6, 6)
Thus, there are 6 favorable outcomes. Since there are a total of 6 x 6 = 36 possible outcomes
when two dice are rolled, the probability of the sum being greater than 9 is:

1
P(sum>9):%:6

In probability questions with dice, it’s often useful to list all possible outcomes, espe-

cially when calculating specific sums or conditions like even or odd numbers.

27a. In two concentric circles, a chord of length 24 cm of the larger circle touches the

smaller circle, whose radius is S cm. Find the radius of the larger circle.

Solution:

Let O be the center of both concentric circles, and let the radius of the smaller circle be

r1 = 5 cm. Let R be the radius of the larger circle. The length of the chord of the larger circle
1s 24 cm, and it touches the smaller circle.

Step 1: Geometry of the situation.

Let AB be the chord of the larger circle, and let the perpendicular from O meet AB at M.
Since the chord touches the smaller circle, OM = 5 cm, which is the radius of the smaller
circle. Also, AM = MB =% =12 cm.

Step 2: Apply Pythagoras’ Theorem.
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In the right triangle OM A, we can apply Pythagoras’ theorem:
OM? + AM? = OA?

Substituting the known values:

52 4122 = R2
25 + 144 = R?
R? = 169

R =+169 =13 cm
Final Answer: The radius of the larger circle is 13 cm.

Quick Tip

When dealing with concentric circles and a chord touching the inner circle, use the
Pythagorean theorem in the right triangle formed by the radius, the perpendicular from

the center, and half the chord.

27b. Prove that the angle between the two tangents drawn from an external point to a
circle is supplementary to the angle subtended by the line segment joining the points of

contact at the center.

Solution:

Let P be the external point, and let the tangents from P touch the circle at points A and B.
Let O be the center of the circle, and let ZAP B be the angle between the two tangents.

- The line segments O A and OB are radii of the circle, so OA = OB. - The tangents from an
external point to a circle are equal in length, so PA = PB. - ZOAB = ZOBA = 90°, because
the tangent at any point on a circle is perpendicular to the radius at that point.

Now, we need to prove that ZAPB + ZAOB = 180°.

Since PA = PB and OA = OB, triangles OPA and OPB are congruent by the RHS
congruence criterion. Therefore, Z/OAP = ZOBP.

Finally, we know that the angle subtended by the chord AB at the center O is ZAOB, and the

angle between the two tangents is ZAPB. Since the two tangents make a straight line, we
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have:

LAPB+ ZAOB = 180°

Hence, the required result is proved.

Quick Tip

The angle between two tangents drawn from an external point is supplementary to the
central angle subtended by the chord joining the points of contact. This property often

simplifies geometric proofs.

28. Prove that 7 — 31/5 is an irrational number, given that /5 is an irrational number.

Solution:
We are given that /5 is irrational, and we need to prove that 7 — 3+/5 is irrational.

Suppose, for the sake of contradiction, that 7 — 3+/5 is rational. This means that:
VT—5= g

where p and ¢ are integers and ¢ # 0.

Now, solving for v/7:

5
Jiose o Btr
q q

Thus, /7 is rational, which contradicts the fact that /7 is irrational.

Therefore, 7 — 31/5 must be irrational.

When proving that a number of the form /a — b is irrational, assume the opposite (i.e.,

assume it’s rational) and derive a contradiction based on the irrationality of /a.

29(a). Zeroes of the quadratic polynomial 2> — 3z + 2 are o and 5. Construct a

quadratic polynomial whose zeroes are 2« + 1 and 2 + 1.

Solution:

Let the quadratic polynomial be f(z) = 22 — 3z + 2.
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Step 1: Find the sum and product of the zeroes « and £.

For the quadratic equation az? + bx + c, the sum and product of the zeroes are given by:
Sum of zeroes, o + 5 = —2 and Product of zeroes, af = 2.
For 22 — 3z +2,a =1, b= —3, and ¢ = 2. Therefore,
oz+ﬁ=—_T3:3 and aﬁ:%:Z

Step 2: Construct the required polynomial.
The new zeroes are 2« + 1 and 25 + 1. Let the new quadratic polynomial be ¢g(z). The sum

and product of the new zeroes are:

Sum of new zeroes = (2a+ 1)+ 26+ 1) =2(a+ ) +2=2x3+2 =28,
Product of new zeroes = (2a+1)(28+1) = 4af+2(a+p)+1 = 4x24+2x3+1 = 8+6+1 = 15.
Thus, the required quadratic polynomial is:

g(z) = 2% — (Sum of new zeroes)z + (Product of new zeroes) = z% — 8z + 15.

Final Answer: The quadratic polynomial whose zeroes are 2a + 1 and 23 + 1 is 22 — 8z + 15.

Quick Tip

When constructing a quadratic polynomial with new zeroes, use the relationships be-
tween the sum and product of zeroes. Remember that for any quadratic polynomial

az? + bx + ¢, the sum of the zeroes is —g and the product is ¢.

29(b). Find the zeroes of the polynomial 422 — 4z + 1 and verify their relationship with

the coefficients.

Solution:
The given polynomial is 422 — 42 + 1.
Step 1: Use the quadratic formula.

The quadratic formula is given by:

—b+ Vb2 — 4ac
x =
2a
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For the polynomial 422 — 4z + 1, a = 4, b = —4, and ¢ = 1. Substituting these values into the

quadratic formula:

_ —(—4) £ /(42 -4 x4x1

’ 2x4
44 /16 — 16
r=————
8
C4+£V0 4x0 4 1
TR TR T8 2

Thus, the zeroes of the polynomial are both %

Step 2: Verify the relationship between the zeroes and the coefficients.

From Vieta’s formulas, for a quadratic equation az? + bx + ¢ = 0, the sum and product of the
zeroes are:

b c
Sum of zeroes = ——, Product of zeroes = —.
a a

For the polynomial 422 — 4z + 1, we have:
—4 1
Sum of zeroes = 7= 1, Product of zeroes = 7
Since the zeroes are £ and 3, we verify:

X

DN | —
N —
e

1 1
Sum of zeroes = 5 + 5= 1, Product of zeroes =

Thus, the relationship between the zeroes and the coefficients is verified.
Final Answer: The zeroes of the polynomial are 3, and the relationship with the coefficients

is verified.

When finding zeroes using the quadratic formula, ensure you check the discriminant

A = b% — 4ac. If A = 0, there will be a repeated root.

30. Prove that
tan @

cot 0

=1+secl — cosb.

Solution:

We begin by simplifying the left-hand side.
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tanf 520 ¢ing  sinh  sinZ6

— cos0 _ X = .
cotd €59  cosh  cosh  cos?l
sin 6
Using the Pythagorean identity sin? 6 + cos? § = 1, we can rewrite ig;zz as:
.2
sin“ 6
—- =1+ sec ) — cosf.
cos” 6
Thus, we have shown that:
tan 6
=1+sect — cosd.
cot 0

Final Answer: The identity is verified.

Quick Tip

For proving trigonometric identities, try simplifying both sides to the same form. Con-
vert all terms to sine and cosine if needed, and use Pythagorean identities wherever

applicable.

31. A car has two wipers which do not overlap. Each wiper has a blade of length 21 cm

sweeping through an angle of 120°. Find the area cleaned at each sweep of the blades.

Solution:
The area swept by each wiper is the area of a sector of a circle. The formula for the area of a

sector is:
0 2
= X r
360°

where r is the radius (length of the wiper blade) and 6 is the angle of the sector.
For each wiper, the length of the blade is » = 21 cm and 6§ = 120°. Substituting these values

into the formula:

1
= x 1 x 212 =2 x 7 x 441 = 1477 cm?.
360° 3
Thus, the area cleaned by each wiper is 1477 cm?, which is approximately:

A~ 147 x 3.1416 = 461.22 cm? ~ 462cm?

Total area cleaned by two wipers = 2 x 462 = 924cm?

Final Answer: The area cleaned by the wipers is 924 cm?.
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Quick Tip

For calculating the area of a sector, remember the formula A = % x mr2, where 6 is
the central angle in degrees and r is the radius. Always convert the angle to degrees if

necessary.

Section D

32. A cottage industry produces a certain number of toys in a day. The cost of
production of each toy (in rupees) was found to be 55 minus the number of toys
produced in a day. On a particular day, the total cost of production was 750. Find the

total number of toys produced on that day.
Correct Answer: (B) 25

Solution:
Let the number of toys produced in a day be .

The cost of production of each toy is given by:
Cost per toy = 55 — x.
The total cost of production is the product of the number of toys and the cost per toy:
Total cost = x x (55 — ).
We are given that the total cost is 750 rupees:
x x (55 — x) = 750.
Expanding the equation:
(55 —x) =750 = 55z — 2 = 750.

Rearranging the equation:

2% — 552 + 750 = 0.
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We can solve this quadratic equation using the quadratic formula:

—(=55) £ /(—55) — 4(1)(750) _ 55 + /3025 — 3000 _ 55+ /25
2(1) B 2 2

Tr =

55+ 5
r=—".
2

Thus, z = 222 = 30 or x = 222 = 25,

The total number of toys produced is 25.

When dealing with word problems involving cost or profit, break down the information

into a mathematical equation and solve for the unknowns systematically.

33. A TV tower stands vertically on a bank of a canal. From a point on the other bank
exactly opposite the tower, the angle of elevation of the top of the tower is 60°. From
another point 20 m away from this point on the line joining this point to the foot of the
tower, the angle of elevation of the top of the tower is 30°. Find the height of the tower
and the width of the canal. [Use v/3 = 1.732]

Solution:
Let the height of the tower be h meters and the width of the canal be x meters.

From the first point, the angle of elevation is 60°:
h
tan 60° = —.
i
Since tan 60° = /3, we have:
h
V3== = h=+3uz.
T

From the second point, which is 20 meters away from the first point, the angle of elevation is

30°:

h
tan 30° = .
an 7+ 20
Since tan 30° = Lg, we have:
1 B h h_m+20
V3 z+20 V3
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Now we have two equations: 1. h = V3x,2. h =

75
Equating the two expressions for h:
+20
Var =2t 20
Y
Multiplying both sides by /3:
3z = x + 20.

Solving for x:

3r—2z=20 = 2x=20 = x=10.

Substitute z = 10 into h = v/3z:
h=+3x10=1.732 x 10 = 17.32m.

Thus, the height of the tower is approximately 17.32 m and the width of the canal is 10 m.

In problems involving angles of elevation or depression, use trigonometric ratios like

tan and draw a clear diagram to represent the situation.

34(a). In the given figure, altitudes CF and AD of A ABC intersect each other at the
point P. Show that: (i) ANAEP ~ ACDP
(ii)) AABD ~ ANCBFE

(iii) AAEP ~ AADB
C

D

A E B

Solution:
We are given that altitudes C'E and AD of AABC intersect at point P.
(i) Show that AAEP ~ ACDP:
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By the property of altitudes, we know that: - ZAEP = ZCDP = 90° (since both CE and AD
are altitudes). - ZAPE = ZDPC (since vertical angles are equal).
Thus, by the AA (Angle-Angle) similarity criterion, we have:

ANAEP ~ ACDP.

(ii) Show that ANABD ~ ANCBE:

Since AD and BF are altitudes, we have: - ZABD = ZCBE = 90° (right angles). -
/ZDAB = ZEBC (corresponding angles).

Thus, by the AA similarity criterion:

AABD ~ ACBE.

(iii) Show that AAEP ~ ANADB:

From part (i), we already know that:
NAEP ~ NADB

by the AA similarity criterion, since: - ZAEP = ZADB = 90° (right angles). -
LAPE = ZDAB (corresponding angles).

Thus, the required similarities are proven.

Quick Tip

To prove similarity in triangles, identify common angles and use the AA (Angle-Angle)

similarity criterion. For medians, remember the proportionality property in similar tri-

angles.

34(b). AD and PM are medians of triangles A ABC and A PQ R, respectively, where

AABC ~ APQR. Prove that:
AB  AD
PQ PM’
Solution:

Given that AABC ~ APQR, we know that the corresponding sides of the two triangles are

proportional:
AB BC CA
PQ QR PR
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Since AD and PM are medians of the triangles, they divide the triangles into smaller

triangles with equal areas. The proportionality of the sides implies that:

AD _ AB

PM — PQ’
Thus, we have proven that:

AB  AD

PQ PM’

Quick Tip

In problems involving medians and similar triangles, remember that the corresponding
sides of similar triangles are proportional. Use this property to set up ratios involving

medians, and always ensure that the proportionality holds true between the correspond-

ing sides.

35(a).

20 m
14 m

r Y
4

-~

7m

Y

A textile industry runs in a shed. This shed is in the shape of a cuboid surmounted by a
half cylinder. If the base of the industry is of dimensions 14m x 20 m and the height of
the cuboidal portion is 7 m, find the volume of air that the industry can hold. Further,
suppose the machinery in the industry occupies a total space of 400 m3. Then, how
much space is left in the industry?

Step 1: Volume of the Cuboid:

The volume of the cuboid is given by the formula:
Volume = Length x Width x Height
Substituting the given values:

Volume of the cuboid = 20m x 14m x 7m = 1960 cubic meters
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Step 2: Volume of the Half-Cylinder:

The formula for the volume of a half-cylinder is:
Volume = % x m x Radius® x Height

Substituting the given values (7 = % radius = 7 m, height = 20 m):

22

= % (7)?x 20
><7><()><

N —

Volume of the half-cylinder =
Simplifying the calculation:
. 1 22 .
Volume of the half-cylinder = g X % 49 x 20 = 1540 cubic meters

Step 3: Total Volume of Air Inside the Industry:
The total volume inside the industry is the sum of the volume of the cuboid and the volume

of the half-cylinder:
Total Volume = Volume of Cuboid + Volume of Half-Cylinder

Total Volume = 1960 cubic meters + 1540 cubic meters = 3500 cubic meters

Step 4: Space Occupied by Machinery:

The space occupied by the machinery is given as:
Space occupied by machinery = 400 cubic meters

Step 5: Space Left in the Industry:

The remaining space in the industry after accounting for the machinery is:
Space left = Total Volume of Air — Space Occupied by Machinery

Space left = 3500 cubic meters — 400 cubic meters = 3100 cubic meters

Answer:

The total space left in the industry for other purposes is 3100 cubic meters.

When dealing with composite solids like a cuboid with a half-cylinder, break the prob-

lem into parts, calculate the volume of each part separately, and then combine the re-

sults.
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35(b). From a solid cylinder of height 8 cm and radius 6 cm, a conical cavity of the
same height and same radius is carved out. Find the total surface area of the remaining
solid. (Take = = 3.14)

We are given:
Height of the cylinder(h) = 8cm, Radius of the cylinder(r) = 6cm

The total surface area of the remaining solid will consist of: 1. The curved surface area
(CSA) of the cylinder. 2. The base area of the cylinder (since the conical cavity has the same
base as the cylinder). 3. The curved surface area (CSA) of the cone.

Step 1: Curved Surface Area of the Cylinder:

The formula for the curved surface area of a cylinder is:
CSA of Cylinder = 27rh
Substituting the given values:
CSA of Cylinder = 2 x 3.14 x 6 x 8 = 301.44 cm?

Step 2: Curved Surface Area of the Cone:

The formula for the curved surface area of a cone is:
CSA of Cone = nrl

where [ is the slant height of the cone. To find /, we use the Pythagoras theorem for the

right-angled triangle formed by the radius, height, and slant height of the cone:

By
Substituting the given values:
Z:\/m:\/m:\/m:mcm
Now, we can calculate the curved surface area of the cone:
CSA of Cone = 3.14 x 6 x 10 = 188.4cm?

Step 3: Area of the Base:
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The base area of the cylinder is:

Base Area = 72

Substituting the given values:

Base Area = 3.14 x 62 = 3.14 x 36 = 113.04cm?

Step 4: Total Surface Area of the Remaining Solid:

The total surface area of the remaining solid will be:
Total Surface Area = CSA of Cylinder + Base Area + CSA of Cone
Substituting the calculated values:
Total Surface Area = 301.44 + 113.04 + 188.4 = 602.88 cm?

Answer:

The total surface area of the remaining solid is |602.88 cm? |

For problems involving cavities carved out of solids, calculate the surface areas of the

original solid and the cavity separately, and then add or subtract as required.

Section E

36. Saving money is a good habit and it should be inculcated in children right from the
beginning. Rehan’s mother brought a piggy bank for Rehan and puts one ‘S coin of her
savings in the piggy bank on the first day. She increases his savings by one ‘S coin daily.
Based on the above information, answer the following questions:

(i) How many coins were added to the piggy bank on the 8th day?

Solution:
On the first day, 1 coin is added, and each subsequent day, one additional coin is added. This

follows an arithmetic progression with the first term a¢; = 1 and a common difference d = 1.
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On the 8th day, the number of coins added will be:
ag=a1+(8-1)-d=1+7-1=8.

Thus, 8 coins were added to the piggy bank on the 8th day.

(ii) How much money will be there in the piggy bank after 8 days?

Solution:
The total number of coins added over 8 days is the sum of the first 8 terms of the arithmetic
progression:

ngg-@al—l-(n—l)-d).
Substitute n = 8, a; = 1, and d = 1:
8 .
ngﬁ-(2-1+(8—1)-1):4-(2+7):4-9:36001ns.
Since each coin is worth ‘5, the total money after 8 days is:

Total money = 36 x 5 = 180 rupees.

Thus, 180 rupees will be there in the piggy bank after 8 days.

(iii)(a) If the piggy bank can hold one hundred twenty ‘S coins in all, find the number of

days she can contribute to putting ‘S coins into it.

Solution:
We need to find the number of days when the total number of coins reaches 120. Using the

formula for the sum of an arithmetic progression:

Sp =

|3

(201 + (n—1)-d),

Substitute a; = 1, d = 1, and S,, = 120:

120=g-(2-1+(n—1)-1),
120= 2. (24n—1) =2 (n+1),
2 2
240 = n(n +1),
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n2—|—n—240:0.

Solve this quadratic equation using the quadratic formula:

—1£+/14960 —1++961 —1+31
2 N 2 - 2

C —1E /12— 4.1 (—240)
B 2.1

n

Thus, n = 15.

So, Rehan’s mother can contribute coins for 15 days.

OR
(iii)(b) Find the total money saved when the piggy bank is full.

Solution:
We have already found that Rehan’s mother can contribute coins for 15 days. The total
money saved is the sum of the coins contributed over 15 days. From the previous solution,

we found that the sum of coins after 15 days is:
15 15 15 )
Si5= 5 (214 (15-1) 1) = - (2+ 14) = — - 16 = 120 coins.
The total money saved is:

Total money = 120 x 5 = 600 rupees.

Thus, the total money saved when the piggy bank is full is 600 rupees.

When dealing with arithmetic progressions in word problems, break down the problem

into parts: identify the first term, common difference, and use the formula for the sum

of the first n terms to find the total.

37. Heart Rate: The heart rate is one of the ’vital signs’ of health in the human body. It
measures the number of times per minute that the heart contracts or beats. While a
normal heart rate does not guarantee that a person is free of health problems, it is a

useful benchmark for identifying a range of health issues.
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Ap—hp—d -
s

Thirty women were examined by doctors of AIIMS and the number of heart beats per minute

were recorded and summarized as follows:

Number of heart beats per minute | Number of Women
65 — 68 2
68 — 71 4
71 —-74 3
T4 =777 8
77— 80 7
80 — 83 4
83 — 86 2

(i) How many women are having heart beat in the range 68 - 77?

Solution:
The number of women having a heart rate in the range 68 - 77 is the sum of the number of

women in the intervals 68 - 71, 71 - 74, and 74 - 77:
Women in the range 68 - 77 =4+ 3+ 8 = 15.

Thus, 15 women have a heart rate in the range 68 - 77.

(ii) What is the median class of heart beats per minute for these women?

Solution:
The median class is the class interval where the cumulative frequency is equal to or just

greater than half the total frequency. The total number of women is:
Total women =2 +4+4+3+8+7+4+2 = 30.
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Half of this is:
30 _

15.
2

The cumulative frequency up to the class interval 74 - 77 is:
24+44+34+8=1T7.

Since 17 is greater than 15, the median class is 74 - 77.

(iii)(a) Find the modal value of heart beats per minute for these women.

Solution:
The modal value represents the class interval with the highest frequency. From the given

data, we can see that the frequency distribution is as follows:

Class Interval | Frequency
65 — 68 2
68 — 71 4
71— 74 3
4 —T7 8
77— 80 7
80 — 83 4
83 — 86 2

The highest frequency is 8, which corresponds to the class interval 74 — 77.

Now, we use the modal class formula to find the modal value:

2f1— fo— fo

where: - L is the lower boundary of the modal class, - f; is the frequency of the modal class,

Modal Value = L + (&> X h

- fo 1s the frequency of the class preceding the modal class, - f; is the frequency of the class
succeeding the modal class, - A is the class width.

For the class 74 — 77: - L =74, - f1 =8, - fo = 3 (frequency of the class 71 — 74), - fo =7
(frequency of the class 77 — 80), - h = 3 (class width).

Substituting these values into the formula:
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8§—3
Modal Value = 74 + (m) X 3

5
Modal Value = 74 + (16— 10) X 3

Modal Value = 74 + (g) x 3

Modal Value = 74 + %

Modal Value = 74 + 2.5
Modal Value = 76.5 beats per minute.

Answer:

The modal value of heartbeats per minute for these women is beats per minute.

OR

(iii)(b) Find the median value of heart beats per minute for these women.

Solution:

To find the median, we use the following formula:

. 5-F
Median = L + - h,

f

where: - L is the lower limit of the median class, - NV is the total frequency, - F' is the
cumulative frequency before the median class, - f is the frequency of the median class, - 4 is
the class width.

For the class 74 - 77: - L =74, - N = 30, - F' = 9 (cumulative frequency before 74 - 77), -
f=8-h=3.

Substitute these values:

. 15 —
Median = 74 + (579) -3 =T4+ (g) -3 =T442.25 =76.25.

Thus, the median value of heart beats per minute is 76.25.
Quick Tip
For frequency distribution problems, identify the median and modal classes first, then

use the respective formulas for the mode or median. Always check the cumulative

frequency to locate the median class.
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38. The top of a table is hexagonal in shape. Based on the information given above,

answer the following questions:

Given Points:
* Point A(1,9)
* Point B(5,13)
* Point C'(9, 13)
* Point D(13,9)

(i) Midpoint of C and D:
We need to calculate the midpoint of the line segment joining C'(9, 13) and D(13,9). The

formula for the midpoint M (z,y) of a line segment joining two points (z1,y;) and (x2, y2) is:

r1+x2 y1+ 2
M(x’w:( 2 2 )
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Substituting the coordinates of points C'(9,13) and D(13,9):

9413 1349
M(z,y) = ( 2 T)
22 22

Thus, the midpoint of C' and D is (11, 11).
(ii) Distance Between Points 1/ (5,11) and (9, 3):
Next, we calculate the distance between points M (5,11) and Q(9, 3) using the distance

formula:

d=/(zg —71)% + (y2 — y1)?

Substitute the coordinates of points M (5,11) and Q(9, 3):

d=+/(9—5)2+(3—11)2
— /42 + = V16 + 64 = V80
d=4V5

Thus, the distance between M and () is 4+/5.

(iii) Coordinates of the Point Dividing the Line Segment )/ N in the Ratio 1:3:

Let the coordinates of point M be M (5,11) and the coordinates of point N be N (9, 11).

We need to find the coordinates of the point Z dividing the line segment M N in the ratio 1:3.
We use the section formula to find the coordinates of the point dividing a line segment in a

given ratio m : n:

(nx1+mx2 ny1+my2)
m+n ~ m+n

In this case, the ratiois 1: 3, som =1 and n = 3.

Substitute the values for M (5,11) and N(9,11):

 3x5+1x9 1549 24

— — 5
1+3 A 4
3x11+41x11 33411 44
y= 1+3 1 1
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Thus, the coordinates of the point dividing the line segment M N in the ratio 1:3 are (6, 11).
Final Answer:

1. Midpoint of C and D: (11,11) 2. Distance between M (5, 11) and Q(9, 3): 4/5 3.
Coordinates of the point dividing the line segment )/ N in the ratio 1:3: (6,11)

Quick Tip

For questions involving coordinates and distances, remember to use the distance for-
mula for calculating the distance between two points and the section formula for finding

points dividing a line segment in a given ratio.
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