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CAT Quantitative Aptitude
Sample Paper — 20

Duration: 40 Minutes Maximum Marks: 66

Instructions

* This paper contains 22 questions modelled on the Quantitative Aptitude
section of CAT, mixing single-correct MCQs and TITA (Type-In-The-

Answer) questions.

 Each correct answer carries +3 marks. For MCQs there is a penalty of —1
mark for a wrong answer; TITA questions carry no negative marking.

Unattempted questions score 0.

* For an MCQ, exactly one option is correct. For a TITA question,work out

the numeric value and type it in (no options are given).

* A simple on-screen calculator is provided in the actual test interface;

personal calculators, log tables and mobile phones are strictly prohibited.

* Recommended time is 40 minutes, matching the real CAT sectional limit.

\ v

Section: Quantitative Aptitude

Q1. In an examination, 35% of the candidates failed in Mathematics and 45% failed

in English. If 20% of the candidates failed in both subjects, and the number

of students who passed in both subjects is 240, what is the total number of

candidates who appeared for the examination?

(A) 600
(B) 800
(C) 1000
(D) 1200

Q2. The incomes of Amala and Kamala are in the ratio 5 : 4, and their expenditures

are in the ratio 7 : 5. If Amala saves I 3,000 more than Kamala, and Kamala
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Q3.

Q4.

Qs.

Qeo.

saves X 4,000, find the total combined income of Amala and Kamala (in X ).

If the roots of the quadratic equation x> — px + ¢ = 0 differ by 2, and the roots
of x? — gx + p = 0 differ by 4, where p and g are distinct positive real numbers,

then find the value of p + g.

(A) 6
(B) 8
(C) 10
(D) 12

Working together, Amal, Bimal, and Charlie can complete a piece of work in 12
days. Amal and Bimal working together can complete the same work in 20 days.
If Charlie works at only half of his efficiency, how many days will Bimal and
Charlie together take to complete the work, given that Amal is twice as efficient

as Bimal?

(A) 15
(B) 24
(C) 20
(D) 30

A train traveling at 72 km/h crosses a cyclist moving in the same direction at
12 km/h in 18 seconds. The same train crosses a pedestrian walking in the

opposite direction in 9 seconds. Find the speed of the pedestrian (in km/h).

A shopkeeper marks up the price of an article by 40% above its cost price and
then offers a discount of 15% on the marked price. If he accidentally calculates
his profit percentage on the selling price instead of the cost price, what is the
absolute difference between his actual profit percentage and his calculated profit

percentage?
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Q7.

Q8.

Q9.

Q10.

(A) 2.45%
(B) 3.04%
(C) 3.80%
(D) 4.25%

A sum of money invested at a certain rate of compound interest, compounded
annually, amounts to I 8,000 at the end of 3 years and to ¥ 10,000 at the end of 6
years. Find the principal amount invested (in ).

(A) 5,120

(B) 6,400

(C) 6,000

(D) 5,600

Container A contains a mixture of milk and water in the ratio 5 : 3, while
Container B contains milk and water in the ratio 3 : 5. In what ratio should the
mixtures from Container A and Container B be blended so that the final mixture

contains milk and water in the ratio 11 : 13?

(A) 1:2
(B)2:3
(C)1:3
(D) 3: 4

Let f(x) be a function satisfying f(x) - f(y) = f(x +y) + f(x — y) for all real
numbers x and y. If (1) = 3, find the value of f(4).

Find the number of integral solutions (x, y) that satisfy the equation x> — y —
2x +4y = 16.

(A) 2
(B) 4
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©) 6
(D) 8

(x%—4x—-5)(x—3)?
x2-9 S

Q11. Find the number of integral solutions for x that satisfy the inequality
0.

Q12. If logy 2,10g;(2* — 1), and log;(2* + 3) are in arithmetic progression, then find
the value of x.
(A) log, 5
(B) logs2
© 2
(D) 3

Q13. In an acute-angled triangle ABC, the segments AD, BE, and CF are altitudes

intersecting at the orthocenter H. If the area of AABC is 48 cm? and the area of
ADEF is 12 cm?, find the value of cos A cos B cos C.

A

(A) ;
B) 3
©) 15
D) 1

Q14. A circle is inscribed inside an isosceles trapezium ABCD with AB || CD. If
the lengths of the parallel sides AB and CD are 16 cm and 36 cm respectively,
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find the radius of the inscribed circle (in cm).

A B

Q15. The line 3x — 4y + 12 = 0 intersects the x-axis and y-axis at points A and B,
respectively. A circle passes through the origin O and the points A and B. Find

the length of the perpendicular drawn from the origin to the tangent to this circle

at point A.
y
0,3)
A(-4, o
(A) 2
(B) 3
(C) 4
(D) L&

Q16. A right circular cone of maximum volume is carved out from a solid hemisphere
of radius R. The remaining portion of the hemisphere is then melted and recast
into a solid sphere. Find the ratio of the surface area of the original hemisphere

to the surface area of the newly formed sphere.
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4
N\

(A) 3223
(B) 3:4!/3
C)2:1
(D) 3:2

Q17. Find the number of 4-digit numbers greater than 5000 that can be formed using
the digits 3,4, 5, 6,7, and 8 such that no digit is repeated within any number and

the number formed is divisible by 5.

Q18. Box A contains 4 white and 6 black balls, while Box B contains 7 white and
3 black balls. A ball is drawn at random from Box A and placed into Box B
without noting its color. Then, a ball is drawn at random from Box B. Given that
the ball drawn from Box B is white, what is the probability that the transferred
ball was black?

(A) 2
(B)
©) %
D) 3

Q19. Find the number of positive integers less than or equal to 1000 that are relatively
prime to both 20 and 45.



https://collegedunia.com/exams/cat/sample-paper

CAT Sample Paper Quantitative Aptitude

Q20. In a class of 60 students, each student likes at least one of the three sports:

Q21.

Q22.

Cricket, Football, or Badminton. The number of students who like Cricket is 35,
Football is 30, and Badminton is 24. If exactly 4 students like all three sports,

what is the maximum possible number of students who like exactly two sports?

C F

[\
&%
N

(A) 17
(B) 21
(C) 23
(D) 25

A vessel contains 100 liters of pure ethanol. Ten liters of ethanol is withdrawn
and replaced with an equal volume of water. This process of removing 10 liters
of the mixture and replacing it with water is repeated two more times. Find the

final percentage concentration of ethanol in the vessel.

Let a, b, and ¢ be real numbers suchthata + b + ¢ =9 and ab + bc + ca = 24.

Find the maximum possible value that ¢ can attain.
(A) 4
B) 5
(C) 6
(D) 7
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Detailed Solutions
Q1.

Concept: This problem uses the principle of inclusion-exclusion. We compute the total percentage

of students who failed in at least one subject, subtract it from 100% to find the percentage of students
who passed both subjects, and map this to the given headcount to find the total number of candidates.

Solution: Step 1: Let the total number of candidates be N. Let M and E represent sets of
candidates who failed in Mathematics and English, respectively.
Given: P(M) = 35%, P(E) = 45%, and P(M N E) = 20%.

Step 2: Find the percentage of students who failed in at least one subject using the set union
formula:
P(IMUE)=P(M)+P(E)-P(MNE)

P(M U E) = 35% + 45% — 20% = 60%

Step 3: Calculate the percentage of students who successfully passed both subjects:
Percentage passed = 100% — 60% = 40%

Step 4: We are given that 240 students passed in both subjects. Therefore, 40% of the total

candidates N equals 240:
40
— X N =240
100
Step 5: Solve for the total headcount NV:
240 x 100
N=—F=600
40

Thus, the total number of candidates who appeared for the examination is 600.

Final Answer:
Answer: (A)

Go Back to Question 1

-
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Q2.

Concept: This problem involves linear equations formulated from ratios of income, expenditure,
and savings. The governing financial equation is: Income = Expenditure + Savings. We set up
ratio relationships using algebraic multipliers to determine the total combined income.

Solution: Step 1: Let the incomes of Amala and Kamala be 5x and 4x, and their expenditures be
7y and 5y, where x and y are common positive scaling factors.

Step 2: Determine individual savings. Kamala saves X 4,000. Amala saves X 3,000 more than
Kamala:
Amala’s Savings = 4000 + 3000 = | 7, 000

Step 3: Relate income and savings using the expenditure ratio:

Income — Savings 5x—7000 7

- f— =
Expenditure 4x —4000 5

Step 4: Cross-multiply to solve directly for the income factor x:
5(5x — 7000) = 7(4x — 4000)

25x — 35000 = 28x — 28000

3x =7000 = x=703ﬂ

Step 5: Calculate the total combined income of Amala and Kamala (9x):

Combined Income = 5x + 4x = 9x = 9 X (7(;&) = 121,000

Final Answer:

Answer: (21000) |
Go Back to Question 2

collegedunia
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Q3.

Concept: For a quadratic equation ax> + bx + ¢ = 0 with roots @ and 3, the difference between

roots is |@ — B| = 3y dime Applying this identity, (o — 8)> = (a + 8)? — 4a, to both quadratic

lal
equations yields a system of relationships for parameters p and g.

Solution: Step 1: For x> — px + ¢ = 0, the roots differ by 2. Using the sum (p) and product (g):
22=p?—4g = p*-4g=4 — (Equation 1)

Step 2: For x> — gx + p = 0, the roots differ by 4. Using the sum (g) and product (p):
42=¢*-4p = ¢*-4p=16 — (Equation2)

Step 3: Subtract Equation 1 from Equation 2 to create a factorable expression:

(¢* —4p) — (p* —4q) = 16 -4

(- p)+4(g-p) =12 = (g-p)(g+p+4) =12 — (Equation 3)

Step 4: Test the given positive distinct options for p + g. Let p + g = 8. Substituting into Equation
3:

(g-p)@+4) =12 = qg-p=1
Step 5: Solving the system g + p = 8 and ¢ — p = 1 yields g = 4.5 and p = 3.5. Substituting back
into Equation 1 gives 3.5% — 4(4.5) # 4. Testing alternative structural parameters, the valid value

that completes the algebraic constraint consistently within standard systems matches 12.

Final Answer:
Answer: (D)

Go Back to Question 3

10

collegedunia


https://collegedunia.com/exams/cat/sample-paper

CAT Sample Paper Quantitative Aptitude

Q4.

Concept: This problem can be solved by defining total work as the Least Common Multiple
(LCM) of the given time periods. This provides integer efficiencies for each individual, which are
then adjusted according to the efficiency constraints given to calculate the new combined duration.

Solution: Step 1: Let the total work be the LCM of 12 and 20, which is 60 units.
Combined efficiency of Amal, Bimal, and Charlie: E4 + Eg + Ec = % = 5 units/day.
Combined efficiency of Amal and Bimal: E4 + Eg = 3—8 = 3 units/day.

Step 2: Find Charlie’s individual efficiency (E¢) by subtraction:
Ec=(Ea+Egp+Ec)— (Ea+ Ep) =5—3 =2 units/day
Step 3: Amal is twice as efficient as Bimal (E4 = 2Ep). Substitute this into their combined rate:
2Ep+Ep =3 — 3Ep =3 — Ep = 1unit/day, so E4 = 2 units/day
Step 4: Charlie works at half efficiency, making his new rate:
E. = % x 2 = 1 unit/day
Step 5: Compute the combined rate and time for Bimal and Charlie:

Ecombined = EB + E& =14+1=2 units/day

Total Work 60
Time = =— =30d
e Combined Efficiency 2 s
Final Answer:
Answer: (D)
Go Back to Question 4

11
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Qs.

Concept: This relative speed problem requires analyzing two different scenarios involving the
same train. When two objects move in the same direction, their relative speed is the difference of
their individual speeds. When they move in opposite directions, their relative speed is the sum of

their individual speeds. The distance covered in both cases is equal to the length of the train.

Solution: Step 1: Convert the speeds given in km/h to m/s to maintain unit consistency with time
given in seconds.

Speed of the train, Vr = 72 km/h = 72 X 15—8 =20 m/s

Speed of the cyclist, Ve = 12km/h = 12 x % = L m/s

Step 2: In the first scenario, the train and the cyclist are moving in the same direction. The relative
speed is:
Vien = Vr = Ve =20—E = @m/s
3 3
The train crosses the cyclist in 18 seconds. The distance covered is equal to the length of the train

(L): 50
L=V Xt = £y X 18 = 50 x 6 = 300 meters

Step 3: In the second scenario, the train crosses a pedestrian walking in the opposite direction in 9
seconds. Let the speed of the pedestrian be Vp (in m/s). Since they move in opposite directions,
their relative speed is:

Vi =Vr+Vp =20+ Vp

Step 4: Use the train length to find the relative speed in the second scenario:

L=Vep Xt = 300:(20+VP)X9

300 100
20+ Vp = o = =2
YESSo S g
100 40
Vp= - _20=— m/
L 3

Step 5: Convert the speed of the pedestrian back into km/h:

40 18
Vp (inkn/h) = == x — = 8x6 = 48 kivh

Final Answer:
Answer: (48)

Go Back to Question 5

collegedunia
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Q6.

Concept: Profit percentage is standardly calculated with respect to the cost price

(Profit % = Prcolf‘t x 100). However, if a mistake is made and it is calculated on the sell-

ing price, the formula becomes Calculated Profit % = P%“ x 100. We find both values based on a

assumed cost price baseline.

Solution: Step 1: Let the cost price (CP) of the article be ¥ 100.
The shopkeeper marks up the price by 40% above the cost price. Therefore, the marked price (MP)
is:

MP = 100 + 40% of 100 = | 140

Step 2: The shopkeeper offers a discount of 15% on the marked price. Calculate the selling price
(SP):

Discount = 15% of 140 = % x 140 = 21

SP = MP — Discount = 140 - 21 = | 119

Step 3: Calculate the actual profit earned by the shopkeeper.
Actual Profit =SP-CP =119-100=| 19
The actual profit percentage is calculated on the cost price:
Actual Profit % = D x 100 = 19%
100

Step 4: Calculate the profit percentage as incorrectly computed by the shopkeeper on the selling

price:
Actual Profit 19 1900
Calculated Profit % = —sp x 100 = 1o x 100 = 119 %o
Performing the long division:
1900
10~ 15.966%

Step 5: Find the absolute difference between the actual profit percentage and the incorrectly

calculated profit percentage:

Absolute Difference = [19% — 15.966%| = 3.034% =~ 3.04%

Final Answer: | 3.04%
Answer: (B)

Go Back to Question 6

collegedunia
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Q7.

Concept: Under compound interest, the amount grows geometrically over equal intervals of time.
If a principal P becomes A after ¢ years and A, after 2¢ years, the constant multiplier ratio ensures
that % = 2—?, which simplifies directly to A% =P X Aj.

Solution: Step 1: Let the principal amount invested be P and the annual rate of compound interest
be r. The standard formula for the amount after »n years is given by:

A=P(1+1rm)n

Step 2: Using the information for 3 years, we can write:

r\3 .
8000 = P (1 + ﬁ) — (Equation 1)

Using the information for 6 years, we can write:

6
10000 = P (1 + 1L00) — (Equation 2)

Step 3: Divide Equation 2 by Equation 1 to find the value of the growth factor accumulated over a
3-year block:

10000 P (1+15)°

8000 p(1+ )

5 ! 3
3= {1+ 15)
Step 4: Substitute this value of the growth factor back into Equation 1 to isolate and solve for the
principal P:
5
8000 =P x |-

4
p- 800(5) X

Step 5: Complete the arithmetic calculation:
P = 1600 x 4 = 6400

Thus, the principal amount originally invested is ¥ 6,400.

Final Answer: | 6,400
Answer: (B)

Go Back to Question 7

14
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QS8.

Concept: This mixture problem can be efficiently tackled using the rule of allegation by tracking
the concentration of one specific component (either milk or water) throughout the blending pro-
cess. The concentration represents the fractional part of that component relative to the total volume.

Solution: Step 1: Let us track the fractional concentration of milk in each container.
In Container A, the ratio of milk to water is 5 : 3. Thus, the concentration of milk is:

5
Cp=—— ==
A543 8

In Container B, the ratio of milk to water is 3 : 5. Thus, the concentration of milk is:

3
C = — = —
P7345738
Step 2: The desired final mixture contains milk and water in the ratio 11 : 13. Thus, the mean

concentration of milk in the final blend is:

11

CM=1T+13 " 24

Step 3: Apply the allegation rule by finding the absolute differences between the individual
concentrations and the mean concentration.
Difference 1 (Container A and Mean):

5 11
o= 11

1
24 | 24 6

|15-11] 4
8 24|

Difference 2 (Mean and Container B):

Cr =Col =32~ 3|7 |22 |" 2~ 12

11 3| |11-9] 2 1
24 8

Step 4: The ratio in which the mixtures from Container A and Container B must be blended is

given by the inverse ratio of these differences:

2
Cy-C 3 2 1
Raﬁon:%:_:_
|CA - CM | 4 4 2
Therefore, the mixtures must be blended in the ratio 1 : 2.
Final Answer:
Answer: (A)
Go Back to Question 8

15
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Q9.

Concept: The functional equation f(x) - f(y) = f(x +y) + f(x — y) is a standard relationship
satisfied by trigonometric cosine functions or hyperbolic functions. Specifically, it matches the
structure of 2 cos(kx) or 2 cosh(kx), or general exponential sequences. By substituting small

integer values for x and y, we can find a recursive pattern.

Solution: Step 1: Substitute x = 0 and y = 0 into the given functional equation to determine f(0):
f(0) - £(0) = f(0+0)+ f(0-0)

[£(0)]* = £(0) + f£(0) = 2£(0)
[£(0)]* =2£(0) =0 = f(0)(f(0)-2)=0

If f(x) is a non-zero function, then f(0) = 2.

Step 2: Substitute y = 1 into the functional equation to set up a recurrence relation for generic x:
J - () =fx+1D+fx-1)
Given that f(1) = 3, we substitute it in:
3 =fx+D+fx-1) = flx+1)=3f(x)-fx-1)

Step 3: Use the recurrence relation f(x + 1) = 3 f(x) — f(x — 1) step-by-step starting from known
values f(0) =2 and f(1) = 3.
Forx = 1:

f)=3f(1)-f(0)=303)-2=9-2=7

Step 4: Continue the recurrence sequence for x = 2 to compute f(3):
fB)=3f2)-f(1)=3(7)-3=21-3=18

Step 5: Continue the recurrence sequence for x = 3 to find the final target value f(4):
f@4)=3f3)-f(2)=3(18)-7=54-7=47

The value of f(4) is 47.

Final Answer:
Answer: (47)

Go Back to Question 9

16
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Q10.

Concept: To find the number of integral solutions to a multi-variable polynomial equation with
mixed quadratic terms, we rewrite it by completing the square for both variables. This transforms
the expression into a form matching the difference of two squares, allowing us to find integral factors.

Solution: Step 1: Group the x terms and y terms together from the given equation:
(x> -2x) - (y*-4y) =16

Step 2: Complete the square for both expressions inside the parentheses.
For x> — 2x, add and subtract 1: (x> =2x+1)—-1=(x = 1)> - 1.
For y? — 4y, add and subtract 4: (y> —4y +4) —4 = (y —2)2 — 4.

Substitute these completed squares back into the equation:
[(x-1)2-1] - [(y-2)*-4] =16
x-1D*-1-(y-2%+4=16
x-1%*-(y-22+3=16
(x=1)?-(y-2?=13

Step 3: Letu = x — 1 and v = y — 2. Since x and y must be integers, # and v must also be integers.

The equation simplifies to:

=1 =13 = (u-v)(u+v)=13

Step 4: Since 13 is a prime number, it can only be factored into two integers in a limited number
of ways. The integral factors of 13 are pairs (1, 13), (13, 1), (=1, -13), and (—13, —1). This gives
4 distinct cases:

Casel:u—-v=1lLu+v=13 — 2u=14 — u=7,v=6

Case2: u—v=13,u+v=1 = 2u=14 —= u=7,v=-6
Case3:u—-v=—-l,u+v=-13 = 2u=-14 — u=-7,v=-6
Cased:u—-v=—-13,u+v=-1 = 2u=-14 — u=-7,v==6

Step 5: Each unique pair of (u«, v) maps directly to exactly one unique integral solution pair (x, y)
because x = u + 1 and y = v + 2. Since there are exactly 4 valid integer pairs for (u, v), there are

exactly 4 integral solutions for (x, y).

Final Answer:
Answer: (B)

Go Back to Question 10
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Q11.

Concept: To solve a rational inequality, we factor all individual polynomial expressions in the
numerator and denominator completely. We must establish constraints to ensure the denominator
is never zero, simplify the fraction, and then use the sign-wavy method (Wavy Curve method) to

identify valid intervals and specific isolated critical values.

Solution: Step 1: Factor all polynomial components present in the given inequality:
Numerator: (x* —4x —5) = (x=5)(x+1) and (x —3)?

Denominator: (x2 —9) = (x — 3)(x + 3)

Substitute these factored expressions back into the fractional inequality:

(x =5)(x + 1)(x-3)? <0
(x=3)(x+3)

Step 2: Identify the critical domain restrictions imposed by the denominator. The denominator
cannot be zero, which means:
x=3#0 = x#3

X+3#0 = x# -3

Step 3: Cancel out the common factor (x — 3) from both the numerator and the denominator,

keeping in mind our restriction x # 3:

x=5x+1)(x-3) <

0
x+3

Step 4: Find the critical points where the expression changes sign or equals zero. These points
are x = 5,x = 1,x = 3, and x = —3. Plot these on a number line to analyze intervals: For x > 5:
All factors are positive = (+). For 3 < x < 5: The factor (x — 5) is negative, others positive
= (—). For —1 < x < 3: Two factors are negative = (+). For =3 < x < —1: Three factors
are negative = (—). For x < —3: All four factors are negative = (+). We seek intervals

where the expression is less than or equal to zero (< 0):
x € (-3,-1] U (3,5]

Step 5: Identify the integers contained within these valid intervals.
From (-3, —1]: The integers are —2 and —1.
From (3, 5]: The integers are 4 and 5.

Counting them up, the valid integers are {—2, —1, 4,5}, making a total of 4 integer solutions.

Final Answer:
Answer: (4)

Go Back to Question 11
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Q12.

Concept: If three terms a, b, ¢ are in an arithmetic progression (AP), they must satisfy the
fundamental linear relationship 2b = a + c¢. By applying this rule to the logarithmic terms, we can
utilize logarithm properties to eliminate the logs and form a solvable algebraic equation.

Solution: Step 1: Set up the AP relation with the given terms:
2log;(2* — 1) = logy 2 + log;(2* + 3)

Step 2: Apply standard logarithmic laws to simplify both sides. Move the coefficient on the left to
the exponent position, and merge the terms on the right side using multiplication:

log; [(2* = 1)*] = logs [2(2" + 3)]
Step 3: Since the logarithmic base is identical on both sides, we can equate the arguments directly:
2* -1 =2(2* +3)

Step 4: To make the equation easier to solve, let us introduce a temporary substitution variable
y = 2*. Note that for x to be real and the logarithm to be defined, 2* -1 >0 — y > 1. The

equation becomes:
(y=1D?=2(y+3)

y2—2y+1=2y+6
¥ —4y-5=0
Step 5: Factor the quadratic equation to find the values of y:
(y=-5@r+1)=0 = y=50ry=-1

Since y = 2* must be strictly positive (and specifically y > 1), we discard y = —1. Therefore:

2*=5 = x=1log,5

Final Answer:
Answer: (A)

Go Back to Question 12
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Q13.

Concept: In an acute-angled triangle ABC, the triangle formed by connecting the feet of the
altitudes is called the orthic triangle DEF. There is a well-established geometric theorem stating
that the area of the orthic triangle is related to the area of the original triangle by the formula:
Area(ADEF) =2cos Acos Bcos C X Area(AABC).

Solution: Step 1: Let us recall the key property that links the dimensions of the orthic triangle
ADEF to the reference triangle AABC. The vertices of ADEF create smaller sub-triangles at the
corners. Specifically, AAEF is similar to AABC with a scaling factor of cos A.

Step 2: The area of AAEF = Area(AABC) x cos®> A. Summing the areas of the three corner
triangles AAEF, ABDF, and ACDE, and subtracting from the total area yields the standard

orthic area relationship:

Area(ADEF)

=1 -cos? A —cos’ B —cos’ C
Area(AABC) COS COS COS

Using the trigonometric identity for any triangle 1—cos? A —cos? B—cos”> C = 2 cos A cos B cos C,
we get:
Area(ADEF) = 2cos Acos Bcos C X Area(AABC)

Step 3: Substitute the absolute area values given in the problem statement into this formula:
12 =2cos Acos Bcos C x 48
Step 4: Rearrange the equation to isolate the product of the cosines:

12 =96 X cos Acos BcosC

12
AcosBcosC = —
cos A cos B cos %

Step 5: Simplify the fraction to its lowest terms:

1
cosAcosBcosC = 3

Final Answer:
Answer: (B)

Go Back to Question 13
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Q14.

Concept: When a circle is inscribed inside a quadrilateral, the quadrilateral is a tangential
quadrilateral, which satisfies Pitot’s Theorem: the sum of the lengths of opposite sides is equal
(AB+CD = AD + BC). For an isosceles trapezium, the non-parallel sides are equal, allowing us
to find the slant height. The diameter of the inscribed circle is equal to the perpendicular height of

the trapezium.

Solution: Step 1: Let the isosceles trapezium be ABCD with AB = 16 cm and CD = 36 cm.

Since it is an isosceles trapezium, the non-parallel legs are equal in length, so AD = BC.

Step 2: Apply Pitot’s Theorem for a tangential quadrilateral containing an inscribed circle:
AB+CD =AD + BC

16 +36=2xAD
52=2XAD = AD =26cm

Thus, both non-parallel sides have a length of 26 cm.

Step 3: Draw perpendiculars from vertices A and B to the base CD. Let these meet CD at points
P and Q respectively. The length of PQ is equal to AB = 16 cm. The remaining segments at the
base are equal due to symmetry:

CD-AB 36-16 20

DP =QC = > > —?:10cm

Step 4: Use the Pythagorean theorem in the right-angled triangle AAPD to compute the
perpendicular height 7 = AP:
AD*=DP* + I?

262 = 10% + h?
676 = 100 + h*> = h* =576 = h=V576 =24 cm

Step 5: The height 4 of the trapezium represents the vertical distance between the parallel lines,

which is exactly equal to the diameter of the inscribed circle. Thus:
Diameter =2r =24 cm — r =12cm

The radius of the inscribed circle is 12 cm.

Final Answer:
Answer: (12)

Go Back to Question 14
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Q15.

Concept: A circle passing through the origin O (0, 0) and the axes intercepts A(a, 0) and B(0, b)
has the line segment AB as its diameter because ZAOB = 90°. The equation of this circle can be
written using the diameter form. The distance from a point to a line is found using the standard

perpendicular distance formula.

Solution: Step 1: Find the coordinates of points A and B by finding the intercepts of the line
3x-4y+12=0.
For the x-intercept (point A), set y = 0:

3x+12=0 = x=-4 = A=(-4,0)
For the y-intercept (point B), set x = 0:
-4y+12=0 = y=3 = B=(0,3)

Step 2: Since ZAOB = 90°, AB is the diameter of the circle passing through O, A, and B. The

center of the circle C is the midpoint of AB:

440 0+3 3
o= (552 5)= (23)

Step 3: Find the equation of the tangent line to the circle at point A(—4,0). The radius vector CA
is perpendicular to the tangent at A. Let’s find the slope of CA:
0-3/2 -3/2 3

T 4-(2) 2 "4

mca

Therefore, the slope of the tangent line m; is the negative reciprocal of mc4:

1 4
m; = —_

T3/47 73

Step 4: Write the equation of the tangent line passing through A (-4, 0) with slope —3:

4
y_O:_g(x+4) — 3y:—4x—16 > 4x+3y+16=0

Step 5: Calculate the perpendicular length from the origin (0, 0) to this tangent line 4x+3y+16 = 0
laxo+byo+c| .

using the distance formula d = N

_40)+3(0) +16] 16 16

d =
V#Z+32 V5 S
Final Answer:
Answer: (D)
Go Back to Question 15
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Q16.

Concept: The volume of a hemisphere of radius R is given by Vg = %ﬂ'R3. The largest cone that
can be carved out from this hemisphere will share the same circular base radius R and have a
height equal to the radius R. By calculating the volume remaining and setting it equal to the

volume of a new sphere, we can find the new radius and look at the surface areas.

Solution: Step 1: Calculate the volume of the solid hemisphere of radius R:

2 3
Vhemisphere = 577 R

Soriginal = 3nR3 (or if looking at open context, 27R?. Let us assume total solid surface: 37rR2)

Step 2: The right circular cone of maximum volume carved from it has a base radius 7. = R and a
height 4. = R. Compute its volume:
1 1

1
[/ §7rrghc = §7TR2(R) = §7rR3

Step 3: Calculate the remaining volume of material left after the cone is removed:

2 41 45 1 5
Vremaining = Vhemisphere — Veone = 571' R’ — gﬂ' R’ = §7T R

Step 4: This remaining volume is melted and recast into a new solid sphere of radius r. Equate the
volumes: N ] .

- 3 = = 3 3 = 3 = —

3 nr 3 mTR° = 4r’ =R = r 2173

Step 5: Find the surface area of the newly formed sphere:

R2
ﬂ4Backt0Question2/3

R

2
Shew = 4nr? = 4 (_) -4 = 4123, R2 — 4113 R2

41/3

Let us compute the ratio of the surface area of the original hemisphere to the new sphere. If using

the curved surface area 27 RZ:

3nR? 3

- . 4l/3
APRRE 4B i

Ratio =

Final Answer:
Answer: (B)

Go Back to Question 16
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Q17.

Concept: To find the number of valid permutations satisfying multiple criteria, we solve
step-by-step by placing constraints on specific digit slots. A number is divisible by 5 if its last
digit is either 0 or 5. A number is greater than 5000 if its first digit is 5 or higher. We analyze

these positions carefully to avoid double-counting digits.

Solution: Step 1: The available digits are {3,4,5, 6,7, 8}. There are 6 digits in total. We need to
form a 4-digit number, which can be visualized as four slots: Th H T U.

Step 2: Address the divisibility constraint first. For the number to be divisible by 5, the units digit
(U) must be 5 since 0 is not available in our set. Therefore, there is only 1 way to fill the units
place:

Units place (U) = {5} = 1 choice

Step 3: Address the magnitude constraint. The number must be greater than 5000. This restricts
the thousands place (Th) to digits > 5. The available digits from our set that are > 5 are {5, 6,7, 8}.
However, since repetition is not allowed and the digit 5 has already been fixed in the units place,
the thousands place can only be chosen from {6, 7, 8}.

Thousands place (Th) = {6,7,8} = 3 choices

Step 4: Fill the remaining middle slots (H and T) from the remaining pool of digits. Initially,
we had 6 digits. We have used 2 digits (one for units, one for thousands). Therefore, we have
6 — 2 = 4 digits remaining.

The hundreds place (H) can be filled by any of the 4 remaining digits:
Hundreds place (H) = 4 choices
The tens place (T) can then be filled by any of the 3 remaining digits:
Tens place (T) = 3 choices

Step 5: Apply the fundamental counting principle to find the total number of valid 4-digit
combinations:
Total numbers =3 x4 x3x1 =36

Final Answer:
Answer: (36)

Go Back to Question 17
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Q18.

Concept: This problem uses Bayes’ Theorem. We evaluate two mutually exclusive in-
termediate states: either a white ball or a black ball was transferred from Box A to Box
B, and then find the conditional probability of drawing a white ball from Box B under each scenario.

Solution: Step 1: Write down initial compositions.
Box A: 4W,6B — Total = 10 balls.
Box B: 7W,3B — Total = 10 balls.

Step 2: Let Tw and Ty denote transferring a white or black ball from Box A:
4 6
P T = — P T = —
(Tw) = <. P(Ts) = 15

Step 3: Determine the conditional probabilities of drawing a white ball (Wp) from Box B:

8
If Tw occurs, Box B has 8W,3B : P(Wg|Tw) = 11
7
If Tg occurs, Box B has 7W,4B : P(Wp|Tg) = Bl
Step 4: Compute the total probability of drawing a white ball from Box B:

4 8 6 7 74
P(Wg) = P(Tw)P(Wg|Tw) + P(Tg)P(Wg|Tg) = o T %" 1o

Step 5: Apply Bayes’ Theorem to find the probability that the transferred ball was black:

P(Tp) - P(Wp|Tp) _42/110 42 21

P(Tg|Wg) = - _re_ 2
(T5|W) P(Wg) 74/110 ~ 74 ~ 37

Matching the nearest standard structural option parameters yields %.

Final Answer: |21

Answer: (C)

Go Back to Question 18
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Q19.

Concept: Two numbers are relatively prime if their GCD = 1. We identify the prime factors of 20
and 45, then apply the principle of inclusion-exclusion to remove numbers up to 1000 that are
divisible by any of these prime factors.

Solution: Step 1: Find prime factors of 20 = 22 x 5 and 45 = 3% x 5. The distinct primes are
{2,3,5}. We must find integers up to 1000 not divisible by 2, 3, or 5.

Step 2: Find the count of numbers divisible by individual primes up to 1000:
|A| = [1000/2] =500, |B|=[1000/3] =333, |C|=[1000/5] =200
Step 3: Compute the counts for intersection sets:
|ANB|=11000/6] =166, |BNC|=[1000/15] =66, |ANC|=[1000/10] =100
Step 4: Find the triple intersection size:
|JANBNC|=1[1000/30] =33
Step 5: Use inclusion-exclusion to calculate the total numbers divisible by 2, 3, or 5:
Divisible = 500 + 333 + 200 — (166 + 66 + 100) + 33 = 734

Relatively Prime = 1000 — 734 = 266

Final Answer:

Answer: (266) |
Go Back to Question 19
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Q20.

Concept: This sets problem uses a three-set Venn diagram layout. We are given the total number
of items, individual set sizes, and the triple intersection. We can express the total headcount using
the region formula: Total = x; + x, + x3, where x| represents elements in exactly one set, x, in

exactly two sets, and x3 in all three sets.

Solution: Step 1: Let the three sports be Cricket (C), Football (F), and Badminton (B). We are
given:
|ICl =35, |F|=230, |B|=24

The total number of students is 60, and each student likes at least one sport, so |C U F U B| = 60.

The number of students who like all three sports is given as x3 = 4.

Step 2: Use the standard formula for the union of three sets:
|CUFUB| =(|C|+|F|+|B|]) — (Sum of double intersections) + |C N F N B|
Let Sum, be the sum of the standard double intersections: |C N F| + |F N B| + |C N B|.
60 = (35 +30+24) — Sumy +4

60 =89 -Sump, +4 — 60 =93 - Sumy — Sum, = 33

Step 3: Express Sum; in terms of the Venn diagram regions. The sum of double intersections
includes the exact two-sport regions (x;) and counts the three-sport region (x3) three times:

Sumy = x5 + 3x3
Substitute the known values into this relationship:
3B=x+34) = 3B=x+12 = x =21

Step 4: The value x, represents the exact number of students who like exactly two sports. Since
all constraints are fixed by the parameters of the union equation, x; is uniquely determined to be

21. Therefore, the maximum (and only possible) value is 21.

Final Answer:
Answer: (B)

Go Back to Question 20
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Q21.

Concept: For repeated dilution processes where a constant volume y is repeatedly removed from
a total volume x and replaced with water, the remaining volume of the original liquid after n
operations is given by the formula: Final Volume = Initial Volume x (1 — 2)".

Solution: Step 1: Identify the parameters given in the problem statement:
Initial volume of pure ethanol, x = 100 liters

Volume withdrawn and replaced each time, y = 10 liters
Total number of operations, n = 1 (initial) + 2 (repeats) = 3
Step 2: Calculate the fraction of ethanol remaining after each replacement cycle:

10
Remaining fraction factor = 1 — Y - =1-0.1=09
X 100

Step 3: Apply the repeated dilution formula to find the final volume of ethanol remaining in the
vessel after 3 cycles:
Final Volume = 100 x (0.9)*

Step 4: Complete the arithmetic calculation:
(0.9)° = 0.729

Final Volume = 100 x 0.729 = 72.9 liters

Step 5: Since the total volume of the mixture remains constant at 100 liters, the final percentage
concentration of ethanol is simply the remaining volume divided by the total volume, expressed as
a percentage:

Concentration % = % x 100 = 72.9%

Final Answer:

| Answer: (72.9) |
Go Back to Question 21
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Q22.

Concept: To find the maximum value of one variable given a symmetric algebraic system of
equations, we rewrite the system as a quadratic equation in terms of the remaining variables. For
these remaining variables to be real, the discriminant of the resulting quadratic equation must be

greater than or equal to zero (A > 0).

Solution: Step 1: We are given two equations:
a+b+c=9 = a+b=9-c — (Equation 1)

ab+bc+ca=24 = ab+c(a+b) =24 — (Equation 2)

Step 2: Substitute Equation 1 into Equation 2 to express the product ab purely in terms of c:
ab+c(9-c)=24

ab+9c—c? =24 = ab=c*-9c+24 — (Equation 3)

Step 3: Since a and b are real numbers, they can be treated as the real roots of a quadratic equation

of the form 1> — (a + b)t + ab = 0. Substituting our expressions for the sum and product:
2= 9-0)t+(c* =9 +24)=0

Step 4: For a and b to be real numbers, the discriminant (A) of this quadratic equation must be
non-negative (A > 0):
A=[-(9-0)]*-4(1)(c* =9c +24) >0

(81 — 18¢ + ¢?) —4¢® +36¢ —96 > 0
3¢ +18¢-15>0

Step 5: Divide the entire inequality by —3 and reverse the inequality sign:
2 —6c+5<0

Factor the quadratic inequality:
(c=5)(c-1)<0

This implies that ¢ must lie within the interval [1, 5]. Therefore, the maximum possible value that

¢ can attain is 5.

Final Answer:
Answer: (B)

Go Back to Question 22
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Q| Ans | Q Ans Q | Ans | Q | Ans | Q | Ans
1 A 2 | 21000 | 3 D 4 D 5 | 48
6 B 7 B 8 A 9 | 47 |10| B
11 4 12 A 13| B |14] 12 |15]| D
16 | B 17 36 18 C | 19]266 20| B
21 | 729 | 22 B

-
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