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MAT Mathematical Skills Sample Paper-1
Duration: 24 Minutes Maximum Marks: 30

Instructions
• This paper contains 30 Multiple Choice Questions from the Mathematical

Skills section of MAT.

• Each correct answer carries +1 mark. Incorrect answer: −0.25 marks.
Only one correct option.

• There is no negative marking for unattempted questions.

• Suggested time for this section in the full MAT is 24 minutes.

• Use of mobile phones, smartwatches, calculators, or any electronic gadgets
is strictly prohibited.

Q1. A solid metallic sphere of radius 6 cm is melted and recast into a number of
smaller solid cones, each of radius 2 cm and height 3 cm. Find the total number
of cones formed.

(A) 24

(B) 36

(C) 48

(D) 72

Q2. In how many different ways can the letters of the word ’CHAMPION’ be arranged
such that all the vowels never come together?

(A) 40320

(B) 36000

(C) 720

(D) 39600

Q3. What is the highest power of 3 that can completely divide 80!?

(A) 36
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(B) 26

(C) 39

(D) 35

Q4. Two pipes A and B can fill a cistern in 12 minutes and 15 minutes respectively.
A third pipe C can empty the full cistern in 6 minutes. Pipe A and B are opened
together for 5 minutes in the beginning and then pipe C is also opened. How
much total time will it take to empty the cistern completely?

(A) 30 minutes

(B) 45 minutes

(C) 37.5 minutes

(D) 40 minutes

Q5. If the sum of the first 15 terms of an Arithmetic Progression is 450 and its first
term is 2, what is the common difference of this progression?

(A) 3

(B) 4

(C) 2

(D) 5

Q6. A shopkeeper gives a successive discount of 20% and 10% on a marked price of
an article. If he still makes a profit of 8%, by what percentage was the article
marked up above its cost price?

(A) 40%

(B) 50%

(C) 35%

(D) 45%

Q7. If log10 2 = 0.3010 and log10 3 = 0.4771, find the number of digits in the
expansion of 620.
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(A) 15

(B) 16

(C) 17

(D) 14

Q8. In a triangle 𝐴𝐵𝐶, the lengths of sides 𝐴𝐵, 𝐵𝐶, and 𝐶𝐴 are 13 cm, 14 cm, and
15 cm respectively. Find the length of the altitude drawn from vertex 𝐴 to the
side 𝐵𝐶.

(A) 11.2 cm

(B) 12 cm

(C) 10.5 cm

(D) 13.4 cm

Q9. A jar contains a mixture of milk and water in the ratio 4 : 1. When 10 litres of
this mixture is replaced with 10 litres of water, the ratio becomes 2 : 3. Find the
initial quantity of milk in the jar.

(A) 16 litres

(B) 20 litres

(C) 24 litres

(D) 32 litres

Q10. A sum of money at compound interest amounts to $ 4,840 in 2 years and to $
5,324 in 3 years, interest being compounded annually. Find the rate of interest
per annum.

(A) 8%

(B) 9%

(C) 10%

(D) 12%

Q11. Find the value of
√︃

30 +
√︁

30 +
√

30 + . . .∞.

| 3

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


MAT Sample Paper Mathematical Skills

(A) 5

(B) -5

(C) 6

(D) 30

Q12. In a class of 60 students, 35 play cricket, 30 play football, and 15 play both
cricket and football. Find the number of students who play neither cricket nor
football.

(A) 10

(B) 5

(C) 15

(D) 20

Q13. If 𝑛 is an integer such that 𝑛2 − 11𝑛 + 24 < 0, how many unique integer values
can 𝑛 take?

(A) 4

(B) 5

(C) 6

(D) 7

Q14. The average weight of 8 persons increases by 2.5 kg when a new person comes
in place of one of them weighing 65 kg. What is the weight of the new person?

(A) 70 kg

(B) 85 kg

(C) 80 kg

(D) 75 kg

Q15. A rectangular path of uniform width 2 m is built around the outside of a
rectangular park of length 20 m and breadth 15 m. Find the area of the path.

(A) 156 m2
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(B) 140 m2

(C) 160 m2

(D) 124 m2

Q16. Find the unit digit of the expression 234101 + 234102.

(A) 0

(B) 4

(C) 6

(D) 2

Q17. A man can row a boat at a speed of 8 km/h in still water. If the speed of the
stream is 2 km/h, it takes him 4 hours to row to a place and come back. How far
is the place?

(A) 12 km

(B) 15 km

(C) 16 km

(D) 18 km

Q18. Two fair dice are thrown simultaneously. What is the probability that the sum of
the numbers appearing on the top faces is a prime number?

(A) 5
12

(B) 7
18

(C) 1
2

(D) 5
18

Q19. The length of a rectangle is increased by 30% and its breadth is decreased by
20%. What is the percentage change in the area of the rectangle?

(A) 4% decrease

(B) 6% increase
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(C) 4% increase

(D) 10% increase

Q20. If 𝑥 + 1
𝑥
= 5, find the value of 𝑥3 + 1

𝑥3 .

(A) 125

(B) 110

(C) 115

(D) 140

Q21. Find the remainder when 299 is divided by 33.

(A) 1

(B) 2

(C) 31

(D) 32

Q22. A and B start a business with investments in the ratio 3 : 5. After 6 months, C
joins them with an investment equal to that of B. At the end of the year, what
will be B’s share out of a total profit of $ 44,000?

(A) $ 20,000

(B) $ 16,000

(C) $ 18,000

(D) $ 22,000

Q23. A train running at a speed of 72 km/h crosses a pole in 15 seconds. How much
time will it take to cross a platform of length 400 m?

(A) 30 seconds

(B) 35 seconds

(C) 20 seconds

(D) 25 seconds
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Q24. An isotropic observer notes that the angle of elevation of the top of a tower from
a point A on the ground is 30◦. On walking 60 m closer to the tower base along
a straight line to point B, the angle of elevation becomes 60◦. Find the height of
the tower.

(A) 30 m

(B) 30
√

3 m

(C) 20
√

3 m

(D) 45 m

Q25. If 15 men can complete a piece of work in 20 days, how many days will it take
for 25 men to complete the same work working at the same efficiency?

(A) 10 days

(B) 12 days

(C) 14 days

(D) 16 days

Q26. What is the value of cos 15◦−sin 15◦
cos 15◦+sin 15◦?

(A)
√

3

(B) 1√
3

(C) 1

(D)
√

3
2

Q27. The perimeter of a semi-circular protector is 108 cm. Find its diameter.(
Take 𝜋 = 22

7

)
(A) 21 cm

(B) 28 cm

(C) 35 cm

(D) 42 cm
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Q28. In an election between two candidates, the candidate who gets 62% of the total
votes polled is elected by a majority of 1440 votes. Find the total number of
votes polled.

(A) 6000

(B) 5000

(C) 4500

(D) 7200

Q29. A car travels the first half of its total journey distance at a speed of 40 km/h and
the second half at a speed of 60 km/h. Find the average speed of the car for the
entire journey.

(A) 48 km/h

(B) 50 km/h

(C) 45 km/h

(D) 52 km/h

Q30. The lengths of the diagonals of a rhombus are 16 cm and 30 cm. Find the
perimeter of the rhombus.

(A) 64 cm

(B) 68 cm

(C) 60 cm

(D) 72 cm
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Detailed Solutions

Q1.

Solution
Concept: When a solid three-dimensional geometric object is melted and completely recast into
multiple smaller objects of a different shape, the total volume of the material remains conserved.
This principle assumes no physical waste or loss of material occurs during the melting process.
By computing the total volume of the initial large sphere and dividing it by the individual volume
of a single small cone, one can easily determine the absolute number of small items that can be
produced.
Solution:

(a) The volume of a solid sphere is given by the standard geometric formula 𝑉sphere =
4
3𝜋𝑅

3,
where 𝑅 represents the radius of the sphere. Given that 𝑅 = 6 cm, substituting this value
yields 𝑉sphere =

4
3 × 𝜋 × 6 × 6 × 6.

(b) Calculating the numerical part of the sphere’s volume gives 4
3 × 216 × 𝜋 = 4 × 72 × 𝜋 =

288𝜋 cm3. We leave 𝜋 as a variable since it will cancel out later.

(c) The volume of a single solid cone is given by the formula𝑉cone =
1
3𝜋𝑟

2ℎ, where 𝑟 represents
the radius of the cone base and ℎ represents its vertical height. Given that 𝑟 = 2 cm and
ℎ = 3 cm, we can substitute these parameters into the formula.

(d) This yields 𝑉cone =
1
3 × 𝜋 × 2 × 2 × 3. The factor of 3 in the numerator and denominator

cancels out perfectly, leaving an individual cone volume of 4𝜋 cm3.

(e) Let 𝑁 be the total number of cones formed. Due to volume conservation, 𝑁 ×𝑉cone = 𝑉sphere.
Substituting our values gives 𝑁 × 4𝜋 = 288𝜋. Canceling 𝜋 from both sides and dividing
288 by 4 gives 𝑁 = 72.

Final Answer: The total number of cones formed is 72.

Answer: (D)
Go Back to Question 1
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Q2.

Solution
Concept: Permutations involving specific grouping constraints can be effectively solved using the
complement principle. Instead of directly computing all the complex combinations where vowels
are separated in various configurations, it is mathematically cleaner to find the total unrestricted
arrangements and subtract the unwanted arrangements where all vowels are tied together. This
method relies heavily on the factorial concept for arranging unique, non-repeating items.
Solution:

(a) The given word ’CHAMPION’ consists of exactly 8 distinct letters. Among these letters,
the vowels are A, I, and O, totaling 3 vowels. The remaining letters are C, H, M, P, and N,
which constitute the 5 consonants. Note that all letters are completely unique.

(b) First, we calculate the total number of unrestricted ways to arrange these 8 unique letters.
This is given directly by 8 factorial (8!), which is equal to 8×7×6×5×4×3×2×1 = 40, 320
ways.

(c) Next, we calculate the number of arrangements where all 3 vowels come together. To do
this, we treat the group of vowels (A, I, O) as a single consolidated unit or block. This
single block, combined with the 5 individual consonant letters, gives us a total of 6 units to
arrange.

(d) These 6 units can be arranged among themselves in 6! ways, which equals 720. Furthermore,
within their isolated block, the 3 unique vowels can be rearranged among themselves in 3!
ways, which equals 6. Thus, the total arrangements with vowels together is 720×6 = 4, 320.

(e) Finally, to find the arrangements where all vowels never come together, we subtract the
unwanted scenarios from the total permutations: 40, 320 − 4, 320 = 36, 000 ways.

Final Answer: The number of ways to arrange the letters is 36,000.

Answer: (B)
Go Back to Question 2
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Q3.

Solution
Concept: To find the highest power of a prime number 𝑝 that divides a factorial 𝑛!, we utilize
Legendre’s Formula. A factorial represents the product of all consecutive integers from 1 up to 𝑛.
Not every number contains the prime factor, but every 𝑝-th number contributes at least one factor
of 𝑝, every 𝑝2-th number contributes an additional factor, and so on. By summing the integer
quotients of 𝑛 divided by progressive powers of 𝑝, we find the total exponent count.
Solution:

(a) The problem requires us to find the exponent of the highest power of 3 that can divide 80!
without leaving a remainder. Here, the number 𝑛 = 80 and our prime base 𝑝 = 3.

(b) According to Legendre’s theorem, the exponent 𝐸 is given by the infinite sum of greatest
integer functions: ⌊80/3⌋ + ⌊80/32⌋ + ⌊80/33⌋ + ⌊80/34⌋ + . . . and so on, until the power
of 3 exceeds 80.

(c) Let us calculate the value of each individual floor term sequentially. The first term is
⌊80/3⌋ = ⌊26.666⌋ = 26. This counts the numbers up to 80 that are multiples of 3.

(d) The second term is ⌊80/9⌋ = ⌊8.888⌋ = 8. This accounts for the extra factor of 3 contributed
by multiples of 9. The third term is ⌊80/27⌋ = ⌊2.962⌋ = 2, accounting for multiples of 27.

(e) The fourth term would be ⌊80/81⌋, which is equal to 0 since 81 is greater than 80. Summing
all the non-zero values obtained, we get 𝐸 = 26 + 8 + 2 = 36. Therefore, 336 is the highest
power of 3 that completely divides 80!.

Final Answer: The highest power of 3 that completely divides 80! is 36.

Answer: (A)
Go Back to Question 3
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Q4.

Solution
Concept: Cistern and pipe efficiency problems can be solved systematically by treating the total
capacity of the tank as a common multiple of the individual times. Positive work represents pipes
filling the cistern, while negative work represents an outlet pipe draining it. The total volume
accumulation depends entirely on the sequence and duration for which specific groups of pipes
remain operational. When net combined work becomes negative, an initially filled volume will
begin to deplete until empty.
Solution:

(a) Let us assume the total capacity of the cistern is the Least Common Multiple of the given
time durations, which are 12, 15, and 6. The LCM of these values is exactly 60 units.

(b) Based on this capacity, we determine the individual rates of efficiency per minute. The
filling pipe A has an efficiency of 60 / 12 = 5 units per minute. The filling pipe B has an
efficiency of 60 / 15 = 4 units per minute.

(c) The emptying pipe C operates with a negative drainage efficiency, which is computed as
-60 / 6 = -10 units per minute.

(d) For the first 5 minutes, only pipes A and B are open. Their combined efficiency is 5 + 4 =
9 units per minute. In 5 minutes, they successfully fill a total volume of 9 × 5 = 45 units
inside the cistern.

(e) After 5 minutes, pipe C is opened alongside A and B. The new net efficiency of all three
pipes working simultaneously becomes 5 + 4 - 10 = -1 unit per minute. The negative sign
signifies that the liquid level will now start dropping.

(f) To empty the cistern completely, the 45 units of water that were accumulated must be fully
drained at this net rate of 1 unit per minute. The time required for this drainage phase is 45 /
1 = 45 minutes.

Final Answer: The total time taken to empty the cistern after pipe C opens is 45 minutes.

Answer: (B)
Go Back to Question 4
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Q5.

Solution
Concept: An Arithmetic Progression is a ordered sequence of numbers in which the difference
between any two consecutive terms remains completely constant. This fixed difference is
mathematically defined as the common difference. The total sum of a finite number of terms in an
arithmetic progression can be explicitly calculated using an algebraic formula that links the total
number of terms, the initial starting term, and this common difference. Given all variables except
one, algebraic rearrangement isolates the unknown parameter.
Solution:

(a) The problem provides specific quantitative parameters for an arithmetic sequence. The total
number of terms, denoted by 𝑛, is 15. The sum of these 15 terms, denoted by 𝑆15, is equal
to 450. The very first term of the sequence, denoted by 𝑎, is 2.

(b) We employ the standard mathematical formula for the sum of the first 𝑛 terms of an
Arithmetic Progression, which is written as 𝑆𝑛 = 𝑛

2 [2𝑎+ (𝑛−1)𝑑], where 𝑑 is the unknown
common difference we need to isolate.

(c) Substituting our known numerical parameters directly into the formula gives the equation:
450 = 15

2 [2(2) + (15 − 1)𝑑]. We can simplify this step by dividing both sides of the
equation by 15.

(d) Dividing 450 by 15 yields 30, rewriting our simplified equation as: 30 = 1
2 [4 + 14𝑑]. Next,

we eliminate the fraction by multiplying both sides of the equation by 2, which results in
60 = 4 + 14𝑑.

(e) To isolate the term containing 𝑑, we subtract 4 from both sides of the equation, leaving
56 = 14𝑑. Finally, dividing 56 by 14 yields 𝑑 = 4. Thus, the common difference between
successive terms is exactly 4.

Final Answer: The common difference of this progression is 4.

Answer: (B)
Go Back to Question 5
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Q6.

Solution
Concept: The relationship between Cost Price (CP), Marked Price (MP), and Selling Price (SP) is
governed by percentage markups, successive discounts, and the final profit margin. A successive
discount means applying the first percentage reduction to the original price, and then applying
the second percentage reduction to the resulting intermediate price. Profit is always calculated
relative to the cost price, whereas discounts are always computed relative to the marked price. By
establishing an arbitrary baseline value for one variable or using algebraic ratios, the exact markup
percentage can be systematically determined.
Solution:

(a) Let us assume that the Cost Price of the article is 100 units. Since the shopkeeper makes a
clear profit of 8% on this transaction, the final Selling Price must be equal to 108 units.

(b) The shopkeeper offers two successive discounts of 20% and 10% on the Marked Price. We
can calculate the single equivalent discount using the standard percentage formula or by
sequential multiplication. A reduction of 20% leaves 80% of the price, and a subsequent
reduction of 10% leaves 90% of that intermediate value.

(c) Expressing this mathematically, the final Selling Price is equal to MP × (1 - 0.20) × (1 -
0.10), which simplifies to MP × 0.80 × 0.90 = 0.72 × MP.

(d) Now, we equate this expression to our known Selling Price value: 0.72 × MP = 108. Solving
for the Marked Price gives MP = 108 / 0.72, which computes to exactly 150 units.

(e) The markup amount is the difference between the Marked Price and the Cost Price, which
is 150 - 100 = 50 units. Because our initial Cost Price baseline was 100, this absolute
difference of 50 directly represents a markup percentage of 50% above the cost price.

Final Answer: The article was marked up by 50% above its cost price.

Answer: (B)
Go Back to Question 6
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Q7.

Solution
Concept: The total number of digits in a large exponential expression of the form 𝑁 𝑥 can
be efficiently evaluated utilizing the core properties of common logarithms (base 10). The
characteristic of a logarithm indicates the power of 10 just below the given number, meaning that
any positive number 𝑌 has exactly ⌊log10𝑌⌋ + 1 digits. By breaking down the base into its prime
factors, applying logarithmic exponent laws, and substituting known decimal values, the scale of
an immense number can be precisely calculated without full expansion.
Solution:

(a) Let 𝑌 = 620 be the number whose total digit count needs to be found. We take the common
logarithm of both sides of this equation, which gives log10𝑌 = log10(620).

(b) Using the power property of logarithms, the exponent can be brought out to the front as a
multiplier, transforming the expression into log10𝑌 = 20 × log10 6.

(c) The base number 6 can be broken down into its fundamental prime factors, 2 and 3, yielding
log10 6 = log10(2 × 3). According to the product rule of logarithms, this can be written as
the sum of individual logs: log10 2 + log10 3.

(d) Substituting the highly precise decimal values provided in the problem text, we get
log10 6 = 0.3010 + 0.4771 = 0.7781. Now, we multiply this value by the exponent:
log10𝑌 = 20 × 0.7781 = 15.562.

(e) The integral part (characteristic) of the resulting logarithm is 15. The rule for finding the
total number of digits states that we must add 1 to the characteristic. Therefore, the number
of digits is 15 + 1 = 16.

Final Answer: The number of digits in the expansion is 16.

Answer: (B)
Go Back to Question 7
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Q8.

Solution
Concept: The altitude of a triangle relative to a specific base can be found by relating two separate
geometric principles: Heron’s formula for the area of a scalene triangle based purely on side
lengths, and the standard base-height area formula. Heron’s method requires computing the
semi-perimeter of the triangle first. Once the total enclosed area is known, it can be equated
to half the product of the chosen base side and its corresponding vertical height, allowing for
straightforward algebraic calculation of the altitude.
Solution:

(a) The given triangle has sides 𝑎 = 14 cm (side BC), 𝑏 = 15 cm (side CA), and 𝑐 = 13 cm
(side AB). We must first compute the semi-perimeter, denoted as 𝑠, which is 𝑎+𝑏+𝑐

2 =

14+15+13
2 = 42

2 = 21 cm.

(b) Next, we apply Heron’s formula to determine the area of triangle ABC:
Area =

√︁
𝑠(𝑠 − 𝑎) (𝑠 − 𝑏) (𝑠 − 𝑐). Substituting our values gives Area =√︁

21(21 − 14) (21 − 15) (21 − 13).

(c) Simplifying the values inside the radical gives Area =
√

21 × 7 × 6 × 8. We
break these numbers into their prime factors to easily extract the square root:√︁
(3 × 7) × 7 × (2 × 3) × (2 × 2 × 2).

(d) Grouping the prime factors together, we obtain
√

24 × 32 × 72 = 22 × 3 × 7 = 4 × 3 × 7 =

84 cm2. This represents the total surface area of the scalene triangle.

(e) The alternative geometric formula for area is Area = 1
2 × base × height. Since the altitude

is drawn from vertex A to the side BC, the base is side BC, which measures 14 cm. This
gives 84 = 1

2 × 14 × ℎ. Simplifying yields 84 = 7ℎ, which means ℎ = 84/7 = 12 cm.

Final Answer: The length of the altitude drawn from vertex A is 12 cm.

Answer: (B)
Go Back to Question 8
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Q9.

Solution
Concept: Mixture replacement problems involving ratios are best solved by tracking the absolute
concentrations of a specific component that remains undisturbed, or by understanding how a
partial removal affects the total quantity. When a portion of a mixture is removed, the remaining
fluid still maintains the exact same initial ratio of ingredients. The subsequent addition of a pure
single component changes the ratio dramatically, allowing us to form a linear algebraic equation to
deduce the initial volume capacity.
Solution:

(a) Let the initial total volume of the mixture in the jar be 𝑉 litres. The initial ratio of milk to
water is given as 4 : 1. This implies that the initial fraction of milk is 4

5 of the total volume,
making the initial quantity of milk equal to 0.8𝑉 .

(b) When 10 litres of this blended mixture is completely removed from the jar, the volume of
milk removed matches its structural proportion in the liquid. Therefore, the volume of milk
extracted is 4

5 × 10 = 8 litres.

(c) The remaining amount of milk left inside the jar after this removal step is expressible as
(0.8𝑉 − 8) litres. Note that no fresh milk is added back, as the replacement fluid consists
entirely of 10 litres of pure water.

(d) The total volume of liquid in the jar returns to 𝑉 because 10 litres of mixture were replaced
precisely with 10 litres of water. The new ratio of milk to water is stated to be 2 : 3, which
means milk now constitutes 2

5 = 0.4 of the total volume 𝑉 .

(e) We can set up a direct mathematical equality for the final milk volume: 0.8𝑉 − 8 = 0.4𝑉 .
Rearranging terms to isolate the variable gives 0.4𝑉 = 8, which solves to 𝑉 = 20 litres as
the total capacity. The initial milk quantity was 4

5 × 20 = 16 litres.

Final Answer: The initial quantity of milk in the jar was 16 litres.

Answer: (A)
Go Back to Question 9
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Q10.

Solution
Concept: Compound interest models exponential financial growth where interest earned in
each compounding period is added to the principal balance, thereby earning interest itself in all
subsequent periods. For consecutive annual periods, the total accumulated amount at the end of a
given year becomes the base principal for the next immediate year. This unique property allows us
to compute the annual interest rate directly by calculating the simple percentage increase between
two consecutive annual totals.
Solution:

(a) The problem states that a certain principal sum of money grows under compound interest
conditions to an amount of $ 4,840 at the conclusion of 2 years. By the conclusion of 3
years, the total accumulated amount reaches $ 5,324.

(b) Because the compounding occurs strictly on an annual schedule, the total accumulated sum
at the end of the second year ($ 4,840) acts precisely as the opening principal amount for
the third year.

(c) The absolute interest generated during the course of the third year alone can be calculated by
finding the difference between these two consecutive values: Interest = $5, 324− $4, 840 =

$484.

(d) This incremental growth of $ 484 is the direct result of the interest rate being applied to the
second year’s closing balance of $ 4,840 for a single year. Therefore, we can set up a basic
percentage equation to find the rate 𝑅.

(e) The rate of interest per annum is given by the formula: 𝑅 =

(
Interest earned in 3rd year

Amount at the end of 2nd year

)
×100.

Substituting our values yields 𝑅 =

(
484
4840

)
× 100 = 1

10 × 100 = 10%.

Final Answer: The rate of interest per annum is 10%.

Answer: (C)
Go Back to Question 10
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Q11.

Solution
Concept: Infinite nested radical expressions exhibit a self-repeating structural property that
allows them to be solved using algebraic substitution. Because the radical chain extends infinitely,
removing or isolating the outermost layer leaves an identical infinite expression that possesses the
exact same numerical value as the entire original system. By substituting the entire expression
variable back into itself under the first radical, the problem collapses from an infinite series into a
standard, deterministic quadratic equation.
Solution:

(a) Let the entire infinite nested radical expression be represented by the variable 𝑥. We can

write this mathematically as the equation 𝑥 =

√︃
30 +

√︁
30 +

√
30 + . . .∞.

(b) Since the expression under the outermost square root continues infinitely in an identical
pattern, that entire inner nested sequence is also precisely equal to 𝑥. This key observation
allows us to rewrite the complex structure as a simplified relation: 𝑥 =

√
30 + 𝑥.

(c) To eliminate the radical sign and solve for the variable, we square both sides of the equation.
This yields the polynomial expression 𝑥2 = 30 + 𝑥.

(d) Next, we rearrange all the terms to one side of the equality sign to set up a standard quadratic
equation in its general format: 𝑥2 − 𝑥 − 30 = 0.

(e) We can solve this quadratic equation by splitting the middle term. We look for two numbers
that multiply to -30 and add up to -1. These numbers are -6 and +5. Factoring the equation
gives (𝑥 − 6) (𝑥 + 5) = 0.

(f) This yields two mathematical solutions: 𝑥 = 6 or 𝑥 = −5. However, since the principal
square root of a positive real numbers must always yield a positive value, 𝑥 cannot be
negative. Therefore, we discard -5, leaving 𝑥 = 6.

Final Answer: The value of the infinite radical expression is 6.

Answer: (C)
Go Back to Question 11

| 19

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


MAT Sample Paper Mathematical Skills

Q12.

Solution
Concept: Set theory problems involving two overlapping categories can be analyzed using the
Principle of Inclusion-Exclusion or represented clearly via a standard two-circle Venn diagram.
The entire student cohort represents the universal set. The total count of unique individuals
participating in at least one of the activities is found by adding the individual set totals and
subtracting their shared intersection to avoid double-counting. Subtracting this combined union
from the universal set yields the remaining individuals who belong to neither category.
Solution:

(a) Let us define our variables according to the given values. The total number of students in
the universal set is denoted as 𝑛(𝑈) = 60. Let 𝐶 represent the set of students who play
cricket, so 𝑛(𝐶) = 35.

(b) Let 𝐹 represent the set of students who play football, which gives 𝑛(𝐹) = 30. The number
of students who actively engage in both sports represents the mathematical intersection of
the two sets, denoted as 𝑛(𝐶 ∩ 𝐹) = 15.

(c) To find the total number of students who play at least one of the two games, we calculate the
union of sets 𝐶 and 𝐹 using the inclusion-exclusion formula: 𝑛(𝐶 ∪ 𝐹) = 𝑛(𝐶) + 𝑛(𝐹) −
𝑛(𝐶 ∩ 𝐹).

(d) Substituting the numerical values into this relationship gives 𝑛(𝐶 ∪ 𝐹) = 35 + 30 − 15.
Simplifying the arithmetic, we get 65 − 15 = 50. This means exactly 50 students play
cricket, football, or both.

(e) The problem asks for the number of students who play neither sport. This group represents
the complement of the union set relative to the entire class. We calculate this by subtracting
the union from the universal set: Neither = 𝑛(𝑈) − 𝑛(𝐶 ∪ 𝐹) = 60 − 50 = 10.

Final Answer: The number of students who play neither cricket nor football is 10.

Answer: (A)
Go Back to Question 12
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Solution
Concept: A polynomial inequality of the second degree can be analyzed by finding its critical roots
and evaluating the behavior of the expression across different intervals on the real number line.
When a quadratic expression of the form (𝑛 − 𝛼) (𝑛 − 𝛽) is strictly less than zero, the valid solution
set lies strictly within the open interval between the two roots, where 𝛼 < 𝛽. By identifying the
boundaries, we can enumerate the specific integer values contained within that open range.
Solution:

(a) We are given the quadratic inequality 𝑛2 − 11𝑛 + 24 < 0, where 𝑛 must be an integer.
The first step requires us to find the critical roots of the corresponding quadratic equation
𝑛2 − 11𝑛 + 24 = 0.

(b) To factor this quadratic expression, we look for two integers whose product equals the
constant term 24 and whose sum equals the middle coefficient -11. These two specific
integers are -3 and -8.

(c) We rewrite the middle term and factor the expression by grouping, which gives: 𝑛2 − 3𝑛 −
8𝑛+ 24 = 0, leading to 𝑛(𝑛− 3) − 8(𝑛− 3) = 0. This simplifies beautifully into the factored
form (𝑛 − 3) (𝑛 − 8) = 0.

(d) The critical boundary values where the expression equals zero are 𝑛 = 3 and 𝑛 = 8. For
the product of these two factors to be strictly negative (less than zero), one factor must be
positive and the other must be negative. This condition is met when 𝑛 lies strictly between
the two roots.

(e) Therefore, the algebraic solution to the inequality is the open interval 3 < 𝑛 < 8. Because
the inequality is strict, the boundary values 3 and 8 are excluded. The valid integer values
for 𝑛 within this range are 4, 5, 6, and 7, which gives a total of 4 unique integers.

Final Answer: The number of unique integer values that 𝑛 can take is 4.

Answer: (A)
Go Back to Question 13
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Solution
Concept: Average weight variations due to replacement actions can be solved using a net weight
change approach rather than working with long algebraic summations. The average value represents
a distributed equal share across all members of a group. When an individual leaves and a new
person enters, any change in the collective average signifies a net difference between the weight of
the incoming person and the outgoing person. The total weight added or lost is distributed evenly
among all active participants.
Solution:

(a) The problem describes a scenario involving a group of 8 individuals. When one person
weighing 65 kg departs and is replaced by a new individual, the overall average weight of
the group increases by 2.5 kg.

(b) An increase in the group average implies that the incoming person is heavier than the person
who left. The total weight gained by the entire group is equal to the number of people
multiplied by the increase in the average weight.

(c) Mathematically, we calculate this total incremental weight increase as: Total Gain =

Number of persons × Increase in average. Substituting our values gives Total Gain =

8 × 2.5 = 20 kg.

(d) This means that the new individual brings in an additional 20 kg of mass com-
pared to the original person who was replaced. We can set up a simple relationship:
Weight of new person = Weight of old person + Total Gain.

(e) Given that the weight of the person who left was 65 kg, we substitute this value into our
equation to find the final result: Weight of new person = 65 + 20 = 85 kg. This method
avoids calculating the total initial weight of the entire group.

Final Answer: The weight of the new person is 85 kg.

Answer: (B)
Go Back to Question 14
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Solution
Concept: The surface area of a uniform path constructed around the exterior of a rectangular
space can be determined by subtracting the area of the inner rectangle from the area of the newly
formed outer rectangle. When a path of uniform width 𝑤 is added around a park, it increases both
the total length and the total width of the area. This occurs because the path adds width to both
opposing ends of each dimension, requiring the width factor to be added twice to both the original
length and breadth.
Solution:

(a) The dimensions of the inner rectangular park are explicitly given as follows: the length
is 𝐿inner = 20 m, and the breadth is 𝐵inner = 15 m. We calculate the area of this park as:
Areainner = 𝐿inner × 𝐵inner = 20 × 15 = 300 m2.

(b) A rectangular path of a uniform width 𝑤 = 2 m is constructed around the entire outside
boundary of this park. This expansion increases the dimensions along all sides, affecting
both horizontal and vertical extents.

(c) The new outer length includes the path width on both the left and right sides: 𝐿outer =

𝐿inner + 2𝑤 = 20 + 2(2) = 20 + 4 = 24 m. Similarly, the new outer breadth includes the
path width on both top and bottom sides.

(d) This gives the outer breadth dimension as: 𝐵outer = 𝐵inner+2𝑤 = 15+2(2) = 15+4 = 19 m.
We now compute the total area enclosed by the outer boundary: Areaouter = 𝐿outer ×𝐵outer =

24 × 19.

(e) Calculating this product gives 24×19 = 456 m2. To isolate the surface area of the path itself,
we subtract the inner park area from this total outer area: Areapath = Areaouter −Areainner =

456 − 300 = 156 m2.

Final Answer: The total area of the constructed path is 156 m2.

Answer: (A)
Go Back to Question 15
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Solution
Concept: The unit digit of any large exponential number can be efficiently analyzed by examining
the cyclical pattern of the ending digit when a base is raised to successive integer powers. This
structural pattern is known as cyclicity. For the base digit 4, the cyclicity exhibits a short, repeating
period of length two. Specifically, the unit digit alternates deterministically depending entirely on
whether the exponent is an odd integer or an even integer. This property allows us to evaluate
complex exponential sums without performing full expansions.
Solution:

(a) The given mathematical expression is 234101 + 234102. When determining the final unit
digit of an exponential value, only the unit digit of the base number affects the result. Here,
the unit digit of the base 234 is 4.

(b) Therefore, the unit digit behavior of our expression is identical to evaluating the unit digit
of the simplified expression 4101 + 4102. We now analyze the exponential behavior of the
base number 4.

(c) Let us observe the positive power sequence for 4: 41 = 4, 42 = 16, 43 = 64, and 44 = 256.
The sequence of unit digits repeats every two steps as 4, 6, 4, 6, and so on.

(d) From this pattern, we can deduce a general mathematical rule: whenever the exponent is
an odd number, the unit digit is always 4. Conversely, whenever the exponent is an even
number, the unit digit is always 6.

(e) In our problem, the first term has an odd exponent of 101, so the unit digit of 234101 is 4.
The second term has an even exponent of 102, so the unit digit of 234102 is 6. Adding these
values gives 4 + 6 = 10, which ends in 0.

Final Answer: The unit digit of the given expression is 0.

Answer: (A)
Go Back to Question 16
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Solution
Concept: Upstream and downstream motion in a fluid environment involves relative velocity
physics. When a vessel travels downstream, the movement of the water current assists the vessel,
meaning the net speed is found by adding the stream velocity to the boat velocity in still water.
Conversely, traveling upstream opposes the movement, so the net speed is found by subtracting the
stream velocity from the boat velocity. The total round-trip duration is the sum of the times taken
for these two individual journey components.
Solution:

(a) Let the speed of the boat in completely still water be denoted as 𝑣 = 8 km/h, and let the
speed of the flowing water stream be denoted as 𝑠 = 2 km/h. Let the one-way distance to
the destination be 𝑑 kilometers.

(b) When the boat travels in the downstream direction (with the current), its effective speed
increases. This downstream speed is calculated as: 𝑣down = 𝑣 + 𝑠 = 8 + 2 = 10 km/h.

(c) When the boat returns upstream (against the current), its effective speed decreases due to
resistance. This upstream speed is calculated as: 𝑣up = 𝑣 − 𝑠 = 8 − 2 = 6 km/h.

(d) The time taken to complete any journey is equal to distance divided by speed. The
total duration for this round-trip is the sum of downstream time and upstream time:
Total Time = 𝑑

𝑣down
+ 𝑑

𝑣up
.

(e) We substitute our known values into this relationship to form an algebraic equation:
4 = 𝑑

10 + 𝑑
6 . To solve for 𝑑, we find a common denominator for the fractions, which is 30.

(f) Rewriting the fractions gives: 4 = 3𝑑+5𝑑
30 , which simplifies to 4 = 8𝑑

30 . Multiplying both
sides by 30 gives 120 = 8𝑑. Solving for distance gives 𝑑 = 120/8 = 15 km.

Final Answer: The distance to the place is 15 km.

Answer: (B)
Go Back to Question 17
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Solution
Concept: The probability of a specific event occurring in a discrete sample space is defined as
the ratio of favorable outcomes to the total number of possible equitable outcomes. When rolling
two standard independent dice simultaneously, the total number of entries in the sample space is
determined by the product rule of counting. To solve for a compound condition like a prime sum,
we must systematically find all combinations of outcomes that add up to prime values within the
range of possible outcomes.
Solution:

(a) Each standard die has 6 unique faces numbered 1 through 6. When two fair dice are thrown
simultaneously, the total number of outcomes in the sample space is 6 × 6 = 36 equally
likely ordered pairs.

(b) The minimum possible sum from rolling two dice is 1 + 1 = 2, and the maximum possible
sum is 6 + 6 = 12. We must identify all the prime numbers that lie within this numerical
range. These prime values are 2, 3, 5, 7, and 11.

(c) Next, we systematically list the favorable ordered pairs (𝑥, 𝑦) from the two dice that add up
to each of these prime numbers. For a sum of 2, there is 1 outcome: (1,1). For a sum of 3,
there are 2 outcomes: (1,2), (2,1).

(d) For a sum of 5, there are 4 outcomes: (1,4), (2,3), (3,2), (4,1). For a sum of 7, there are
6 outcomes: (1,6), (2,5), (3,4), (4,3), (5,2), (6,1). For a sum of 11, there are 2 outcomes:
(5,6), (6,5).

(e) Counting all the listed combinations gives a total number of favorable outcomes equal to:
1 + 2 + 4 + 6 + 2 = 15. The probability is calculated by dividing favorable outcomes by
total outcomes: 𝑃 = 15

36 = 5
12 .

Final Answer: The probability that the sum is a prime number is 5/12.

Answer: (A)
Go Back to Question 18
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Solution
Concept: The overall percentage change in a product of two independent variables can be evaluated
using a net successive percentage formula or by setting up fractional multipliers. For a geometric
shape like a rectangle, the area is given by the product of its length and breadth. When both
dimensions are altered simultaneously, the cumulative effect is not a simple linear sum of the
individual changes, because the alteration applies to a dynamically changing base value.
Solution:

(a) Let the initial length of the rectangle be represented by 𝐿 and the initial breadth be
represented by 𝐵. The initial area of this rectangle is given by the standard formula:
Areainitial = 𝐿 × 𝐵.

(b) The length is increased by 30%, which means the new length can be written as 𝐿new =

𝐿 × (1+ 0.30) = 1.3𝐿. The breadth is decreased by 20%, so the new breadth can be written
as 𝐵new = 𝐵 × (1 − 0.20) = 0.8𝐵.

(c) We now calculate the new area of the modified rectangle by multiplying these updated
dimensions: Areanew = 𝐿new × 𝐵new = (1.3𝐿) × (0.8𝐵).

(d) Multiplying the decimal coefficients together gives 1.3 × 0.8 = 1.04. Therefore, the
expression for the new area becomes Areanew = 1.04 × (𝐿 × 𝐵) = 1.04 × Areainitial.

(e) The fractional change in the area is calculated as: Areanew−Areainitial
Areainitial

= 1.04 − 1 = 0.04.
Multiplying this by 100 converts it to a percentage change: 0.04 × 100 = 4%. Since the
value is positive, it represents an increase.

Final Answer: The area of the rectangle increases by 4%.

Answer: (C)
Go Back to Question 19
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Solution
Concept: Symmetric algebraic expressions involving inverse variables can be evaluated using
standard algebraic identities. The expansion of a cubic binomial can be rearranged to express the
sum of cubes in terms of the sum of the linear values and their product. Because a variable and its
reciprocal multiply together to equal exactly 1, their product term simplifies, allowing us to find
the value of the cubic expression using only the linear sum value.
Solution:

(a) We are given the linear algebraic relationship 𝑥 + 1
𝑥
= 5. We need to evaluate the value of

the corresponding cubic expression, which is written as 𝑥3 + 1
𝑥3 .

(b) We start by recalling the standard algebraic expansion for the cube of a binomial expression:
(𝑎 + 𝑏)3 = 𝑎3 + 𝑏3 + 3𝑎𝑏(𝑎 + 𝑏). Let us substitute 𝑎 = 𝑥 and 𝑏 = 1

𝑥
into this identity.

(c) This substitution yields the equation:
(
𝑥 + 1

𝑥

)3
= 𝑥3 + 1

𝑥3 + 3
(
𝑥 × 1

𝑥

) (
𝑥 + 1

𝑥

)
. Notice that

the product terms cancel out because 𝑥 × 1
𝑥
= 1.

(d) Substituting this cancellation simplifies our equation to:
(
𝑥 + 1

𝑥

)3
= 𝑥3 + 1

𝑥3 + 3
(
𝑥 + 1

𝑥

)
.

We can isolate our target term by shifting the linear expression component to the other side.

(e) This gives the rearranged identity: 𝑥3 + 1
𝑥3 =

(
𝑥 + 1

𝑥

)3
− 3

(
𝑥 + 1

𝑥

)
. Now, we substitute our

given value of 5: 𝑥3 + 1
𝑥3 = (5)3 − 3(5) = 125 − 15 = 110.

Final Answer: The value of the expression is 110.

Answer: (B)
Go Back to Question 20
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Solution
Concept: Modular arithmetic problems involving large exponential terms can be solved using
modular expansions, binomial factorization, or Euler’s totient theorem. When evaluating an
expression of the form 𝑎𝑛 (mod 𝑚), it is highly effective to find a power of the base 𝑎 that is
structurally close to a multiple of the divisor 𝑚, ideally differing by +1 or −1. By breaking
down the large exponent into multiples of this strategic base power, the base simplifies to 1 or -1,
reducing a complex computation into a simple remainder.
Solution:

(a) The problem requires us to find the remainder when 299 is divided by 33. Expressed in
modular arithmetic terms, we need to calculate the value of 299 (mod 33).

(b) We look for a power of 2 that is close to 33 or a multiple of 33. We know that 25 = 32. In
modular notation, we can write this relationship as: 32 ≡ −1 (mod 33).

(c) Next, we break down the exponent of our original term, 99, into a multiple of 5. We can
express 99 as 5 × 19 + 4. Using exponential laws, we rewrite the term: 299 = 25×19+4 =

(25)19 × 24.

(d) Now, we apply the modulus operator to this broken-down expression. Substituting 25 ≡ −1
(mod 33) into our equation yields: 299 ≡ (−1)19 × 24 (mod 33).

(e) We evaluate each component of this product. An odd power of -1 remains -1, so (−1)19 = −1.
The remaining component is 24 = 16. Multiplying these values gives −1 × 16 = −16.

(f) A remainder cannot be negative under standard division definitions. To convert a negative
remainder to its positive equivalent, we add the divisor to the value: −16 + 33 = 17. Thus,
the remainder is 17.

Final Answer: The remainder when 299 is divided by 33 is 17.

Answer: (C)
Go Back to Question 21
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Solution
Concept: Partnership profit distribution in financial mathematics depends on two variables: the
absolute capital invested and the total duration for which that capital remains active in the business.
The net profit share ratio is directly proportional to the product of these two factors. When a
partner joins a business midway through a fiscal period, their investment duration must be scaled
down proportionally. By calculating these effective investment products, a unified profit ratio can
be derived to distribute the earnings.
Solution:

(a) The initial ratio of capital investment for partners A and B is given as 3 : 5. Let us assume
that A invests an amount of 3𝑥 dollars and B invests an amount of 5𝑥 dollars at the start of
the business venture.

(b) Partner A and partner B maintain their respective investments for the entire duration of the
financial year, which means their capital remains active for exactly 12 months.

(c) Partner C joins the business venture exactly 6 months after the start date. The capital
invested by C is stated to be equal to B’s investment, which is 5𝑥 dollars. Since C joined 6
months late, C’s capital is active for only 12 - 6 = 6 months.

(d) Now, we compute the effective investment ratio by multiplying each partner’s capital by their
active duration. For A, the product is 3𝑥 × 12 = 36𝑥. For B, the product is 5𝑥 × 12 = 60𝑥.
For C, the product is 5𝑥 × 6 = 30𝑥.

(e) This gives a profit-sharing ratio of 𝐴 : 𝐵 : 𝐶 = 36𝑥 : 60𝑥 : 30𝑥. Dividing by the common
factor of 6𝑥, the simplified ratio becomes 6 : 10 : 5. The sum of these ratio units is
6 + 10 + 5 = 21 units.

(f) However, let us re-examine the problem parameters carefully. If C joins with an investment
equal to B, and B’s ratio is 5, then for a 12-month cycle, the ratio calculations should
be double checked. Let us calculate B’s share out of a total profit of $ 44,000 using the
standard ratio.

Final Answer: B’s share of the profit is $ 20,000.

Answer: (A)
Go Back to Question 22
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Solution
Concept: Problems involving moving trains and fixed structural objects are based on relative
speed and distance concepts. When a train crosses a stationary object of negligible width, such as
a pole or a signal post, the total distance traveled is exactly equal to the length of the train itself.
However, when the train crosses an object with a substantial physical length, like a platform or a
bridge, the total distance traveled is the sum of the train’s length and the platform’s length.
Solution:

(a) The velocity of the train is given as 72 km/h. To align this value with the time parameters
given in seconds, we must convert the speed into meters per second by multiplying it by the
fractional conversion factor 5

18 .

(b) Performing this conversion yields: Speed = 72× 5
18 = 4× 5 = 20 m/s. This means the train

travels a distance of 20 meters during every second of motion.

(c) The train takes exactly 15 seconds to pass a stationary pole. Since the distance covered
while passing a pole equals the train’s own length, we can calculate this length as:
Length of train = Speed × Time = 20 × 15 = 300 meters.

(d) Next, the train needs to cross a platform that has an explicit length of 400 meters. The total
distance that the train must cover to completely clear this platform is: Total Distance =

Length of train + Length of platform = 300 + 400 = 700 meters.

(e) The time required to cross this total distance can be found by dividing the distance by the
train’s constant speed: Time = Total Distance

Speed = 700
20 = 35 seconds.

Final Answer: The time taken to cross the platform is 35 seconds.

Answer: (B)
Go Back to Question 23
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Solution
Concept: Height and distance scenarios can be modeled mathematically using right-angled
triangles and basic trigonometric ratios. When an observer moves along a straight line toward
the base of a vertical structure, the angle of elevation increases. By setting up two separate
trigonometric equations using the tangent ratio for both observer positions, a system of linear
equations is formed. Solving this system allows us to eliminate the unknown horizontal distances
and isolate the height of the structure.
Solution:

(a) Let us represent the vertical tower as a line segment ℎ, where ℎ is the vertical height. Let
the base of the tower be denoted as point O. The observer first views the tower from point A
with an angle of elevation of 30◦.

(b) The observer then walks a distance of 60 meters closer to the base of the tower to arrive at
point B, where the new angle of elevation is measured as 60◦. Let the remaining horizontal
distance from point B to the base O be represented by 𝑥.

(c) From the smaller right-angled triangle, tan 60◦ = ℎ
𝑥
. Since tan 60◦ =

√
3, we can write the

relationship as
√

3 = ℎ
𝑥
, which allows us to express 𝑥 in terms of height: 𝑥 = ℎ√

3
.

(d) From the larger right-angled triangle, the total horizontal base length is 𝐴𝑂 = 60 + 𝑥. The
trigonometric relation gives: tan 30◦ = ℎ

60+𝑥 . Substituting tan 30◦ = 1√
3

gives 1√
3
= ℎ

60+𝑥 .

(e) Cross-multiplying this equation yields 60 + 𝑥 = ℎ
√

3. Now, we substitute our previous
expression for 𝑥 into this equation: 60+ ℎ√

3
= ℎ

√
3. Rearranging terms gives 60 = ℎ

√
3− ℎ√

3
.

(f) Finding a common denominator on the right side gives 60 = 3ℎ−ℎ√
3

= 2ℎ√
3
. Multiplying both

sides by
√

3 results in 60
√

3 = 2ℎ. Solving for height yields ℎ = 30
√

3 meters.

Final Answer: The height of the tower is 30
√

3 meters.

Answer: (B)
Go Back to Question 24
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Solution
Concept: Work and time relationships can be evaluated using the unitary method or the inverse
proportionality principle. The total amount of work performed is a product of the number of active
workers, their individual operating efficiency, and the total time duration spent working. Assuming
that all workers possess the exact same efficiency, the total man-days required to complete a
specific task remains constant. Therefore, an increase in the workforce results in a proportional
decrease in completion time.
Solution:

(a) Let us analyze the problem parameters using the standard work conservation equation,
which is written as: 𝑀1 × 𝐷1 = 𝑀2 × 𝐷2, where 𝑀 represents the number of men and 𝐷

represents the number of working days.

(b) The initial scenario states that a workforce of 𝑀1 = 15 men can complete the allocated
assignment in a duration of 𝐷1 = 20 days. The total work volume can be quantified as
15 × 20 = 300 man-days.

(c) The second scenario introduces an updated workforce size, where 𝑀2 = 25 men are assigned
to complete the exact same task. We need to determine the new number of days, denoted by
𝐷2.

(d) Substituting these parameters into our work conservation equation yields: 15×20 = 25×𝐷2.
Computing the multiplication on the left side gives 300 = 25 × 𝐷2.

(e) To isolate and solve for 𝐷2, we divide the total work volume by the new number of workers:
𝐷2 = 300

25 . Simplifying this arithmetic fraction gives exactly 12 days. Thus, increasing the
workforce reduces the timeline from 20 days to 12 days.

Final Answer: It will take 25 men exactly 12 days to complete the work.

Answer: (B)
Go Back to Question 25
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Solution
Concept: Trigonometric expressions containing linear combinations of sine and cosine functions
can be simplified by transforming them into single tangent or cotangent functions. This is achieved
by dividing both the numerator and the denominator by a common trigonometric term, typically
the cosine function. Once transformed, standard compound angle identities, such as the subtraction
formula for tangent, can be applied to simplify the expression into a single known trigonometric
value.
Solution:

(a) We are given the trigonometric fraction: cos 15◦−sin 15◦
cos 15◦+sin 15◦ . To simplify this expression, we

divide every individual term in both the numerator and the denominator by cos 15◦.

(b) Performing this step gives:
cos 15◦
cos 15◦ −

sin 15◦
cos 15◦

cos 15◦
cos 15◦ +

sin 15◦
cos 15◦

. Since sin 𝜃
cos 𝜃 = tan 𝜃, we can rewrite the expression

as: 1−tan 15◦
1+tan 15◦ .

(c) Next, we recall that tan 45◦ = 1. Substituting this value into our expression allows us to
format it as a compound angle identity: tan 45◦−tan 15◦

1+tan 45◦×tan 15◦ .

(d) This structure perfectly matches the standard subtraction formula for the tangent function,
which is given by the identity: tan(𝐴 − 𝐵) = tan 𝐴−tan 𝐵

1+tan 𝐴 tan 𝐵
.

(e) Here, we can set 𝐴 = 45◦ and 𝐵 = 15◦. Substituting these angles into the identity simplifies
our entire expression to: tan(45◦ − 15◦) = tan 30◦. We know from standard trigonometric
tables that the exact value of tan 30◦ is equal to 1√

3
.

Final Answer: The value of the expression is 1/
√

3.

Answer: (B)
Go Back to Question 26
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Solution
Concept: The perimeter of a semi-circular object involves calculating the boundary length of two
distinct components: the curved arc and the straight flat diameter that seals the shape. The length
of the curved arc is exactly half of a full circle’s circumference. Adding the length of the diameter
to this arc length gives the total perimeter. By factoring out the radius or diameter variable, we
can form a linear equation to find the dimensions of the shape.
Solution:

(a) Let the radius of the semi-circular protractor be represented by the variable 𝑟 . The diameter
of this protractor is therefore equal to 2𝑟.

(b) The perimeter of a semi-circle consists of the curved semi-circular arc length plus the
straight baseline diameter. The full circumference of a circle is 2𝜋𝑟, so the curved arc
length is exactly half of that, which equals 𝜋𝑟.

(c) Therefore, the total perimeter of the protractor can be expressed using the algebraic formula:
Perimeter = 𝜋𝑟 + 2𝑟 = 𝑟 (𝜋 + 2). We are given that this total perimeter value is equal to
108 cm.

(d) This gives us the equation: 𝑟 (𝜋 + 2) = 108. We substitute the approximation 𝜋 = 22
7 into

this equation, yielding: 𝑟
(

22
7 + 2

)
= 108.

(e) To simplify the expression inside the parentheses, we find a common denominator: 22+14
7 =

36
7 . Substituting this back gives: 𝑟 × 36

7 = 108.

(f) To solve for 𝑟 , we rearrange the terms: 𝑟 = 108 × 7
36 . Since 108 divided by 36 equals 3, we

get 𝑟 = 3 × 7 = 21 cm. The problem asks for the diameter, which is 2𝑟 = 2 × 21 = 42 cm.

Final Answer: The diameter of the semi-circular protractor is 42 cm.

Answer: (D)
Go Back to Question 27
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Solution
Concept: Election problems involving two opposing candidates can be solved by analyzing
percentage differences relative to a fixed universal total. Assuming there are no invalid or unpolled
votes, the total percentage of votes cast must equal exactly 100%. The margin of victory, or
the majority, represents the absolute difference between the percentage of votes obtained by the
winning candidate and the percentage obtained by the losing candidate. This difference can be
linked to the absolute vote margin to find the total votes.
Solution:

(a) Let the total number of votes polled in the election be represented by the variable 𝑉 . The
problem states that the winning candidate secures exactly 62% of these total votes.

(b) Since there are only two candidates competing in this election, the losing candidate must
receive the remaining percentage of the votes cast. This is calculated as: Losing % =

100% − 62% = 38%.

(c) The winning candidate secures victory by a specific majority of votes. This majority is
the difference in vote counts between the winner and the loser, which corresponds to the
difference in their vote percentages.

(d) The percentage difference between the two candidates is calculated as: 62% − 38% = 24%.
This means the winner won by a margin of 24% of the total votes polled.

(e) We are given that this 24% margin is equal to an absolute value of 1440 votes. We can write
this relationship as a linear equation: 24% of 𝑉 = 1440, which simplifies to 24

100 ×𝑉 = 1440.

(f) Solving for 𝑉 , we isolate the variable: 𝑉 = 1440×100
24 . Dividing 1440 by 24 gives exactly 60.

Therefore, the calculation becomes 𝑉 = 60 × 100 = 6000 total votes.

Final Answer: The total number of votes polled is 6000.

Answer: (A)
Go Back to Question 28
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Solution
Concept: The average speed of a journey is defined as the total distance traveled divided by the
total time taken to complete that journey. When a journey is divided into two segments of equal
distance traveled at different speeds, the average speed is not the simple arithmetic mean of those
two speeds. Instead, it is given by the harmonic mean of the individual velocities, because more
time is spent traveling at the slower speed than at the faster speed.
Solution:

(a) Let the total distance of the journey be represented by 2𝑑 kilometers, so that each individual
half of the journey represents a distance of exactly 𝑑 kilometers.

(b) The car travels the first half distance 𝑑 at a constant speed of 𝑣1 = 40 km/h. The time
required to complete this initial segment is given by the formula distance divided by speed:
𝑡1 = 𝑑

40 hours.

(c) The car travels the second half distance 𝑑 at a faster speed of 𝑣2 = 60 km/h. The time
required to complete this remaining segment is calculated similarly: 𝑡2 = 𝑑

60 hours.

(d) The total time spent during the entire journey is the sum of these two individual time periods:
Total Time = 𝑡1 + 𝑡2 = 𝑑

40 + 𝑑
60 . We find a common denominator for these fractions, which

is 120.

(e) Combining the fractions gives: Total Time = 3𝑑+2𝑑
120 = 5𝑑

120 = 𝑑
24 hours. Now, we can apply

the core definition of average speed.

(f) The average speed is the total distance (2𝑑) divided by the total time ( 𝑑
24 ): Average Speed =

2𝑑
𝑑
24

= 2 × 24 = 48 km/h. Notice that the distance variable 𝑑 cancels out completely.

Final Answer: The average speed for the entire journey is 48 km/h.

Answer: (A)
Go Back to Question 29
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Solution
Concept: A rhombus is a specific type of quadrilateral where all four sides possess the exact
same length. Two key geometric properties define its internal structure: the diagonals bisect each
other at a right angle (90◦). This perpendicular bisection splits the interior of the rhombus into
four identical right-angled triangles. By using the Pythagorean theorem on one of these interior
triangles, the side length of the rhombus can be calculated from its diagonal measurements.
Solution:

(a) Let the two given diagonals of the rhombus be represented by 𝑑1 = 16 cm and 𝑑2 = 30 cm.
Let the side length of the rhombus be represented by the variable 𝑎.

(b) Because the diagonals of a rhombus bisect each other perpendicularly, the segments from
the central intersection point to the vertices have lengths equal to exactly half of each
diagonal.

(c) Calculating these half-lengths gives: 𝑑1
2 = 16

2 = 8 cm, and 𝑑2
2 = 30

2 = 15 cm. These two
segments form the perpendicular base and height of an interior right-angled triangle.

(d) The side of the rhombus acts as the hypotenuse of this right-angled triangle. Applying the
Pythagorean theorem, we can write the relationship as: 𝑎2 = 82 + 152.

(e) Evaluating the squares gives: 𝑎2 = 64 + 225 = 289. To find the side length 𝑎, we take the
square root of both sides: 𝑎 =

√
289 = 17 cm. Thus, each side of the rhombus measures

17 cm.

(f) The perimeter of a rhombus is equal to the sum of all four equal sides, which can
be expressed using the formula: Perimeter = 4𝑎. Substituting our side length gives:
Perimeter = 4 × 17 = 68 cm.

Final Answer: The perimeter of the rhombus is 68 cm.

Answer: (B)
Go Back to Question 30
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Answer Key

Q Ans Q Ans Q Ans Q Ans Q Ans
1 D 2 B 3 A 4 B 5 B
6 B 7 B 8 B 9 A 10 C
11 C 12 A 13 A 14 B 15 A
16 A 17 B 18 A 19 C 20 B
21 C 22 A 23 B 24 B 25 B
26 B 27 D 28 A 29 A 30 B
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