MHT CET 2025 Apr 23 Shift 2 Question Paper with Solutions

Time Allowed :3 Hour | Maximum Marks :200 | Total Questions :200

General Instructions

Read the following instructions very carefully and strictly follow them:
1. The test is of 3 hours duration.
2. The question paper consists of 150 questions. The maximum marks are 200.

3. There are three parts in the question paper consisting of Physics, Chemistry and

Mathematics having 50 questions in each part of equal weightage.

1. Given that:
xr = asin(2t)(1 4 cos(2t)), vy = acos(2t)(1 — cos(2t))
.1 d
Find 7£.
atan(t
(1) =5

atan(t
(2) =t
(3) btan(t)

a

b
(4) atan(t)

b

Correct Answer: (4) 20

Solution:

Step 1: Use the chain rule for differentiation.

We know that: .
dy _
dx fli_f

We need to calculate ‘é—i’ and ‘fl—f.

Step 2: Differentiate y = a cos(2t)(1 — cos(2t)).

To differentiate y with respect to ¢, we apply the product rule:

dy d d
gkl e (cos(2t)) (1 — cos(2t)) + cos(2t)£ ((1 —cos(2t)))



Now, calculate the derivatives:

d _ d :
pr (cos(2t)) = —2sin(2t), pr ((1 —cos(2t))) = 2sin(2t)

Substitute into the equation:

% — 0 [~25in(26)(1 — cos(2t)) + cos(2t) - 2sin(2t)]
Simplify:

dy .
i 2asin(2t) [cos(2t) — (1 — cos(2t))]

d
d_?; = 2asin(2t) [2 cos(2t) — 1]

Step 3: Differentiate © = asin(2t)(1 + cos(2t)).

Similarly, we differentiate = with respect to ¢ using the product rule:

dx d, . : d
—=al (sin(2t)) (1 + cos(2t)) + s1n(2t)a ((1 4+ cos(2t)))

Now, compute the derivatives:

d | d .
pr (sin(2t)) = 2 cos(2t), pr ((1 +cos(2t))) = —2sin(2t)

Substitute these values:

dx

- =a [2 cos(2t)(1 + cos(2t)) + sin(2t)(—2sin(2t))]

Simplify:
dz

- = 2a cos(2t)(1 + cos(2t)) — 2asin®(2t)
Step 4: Calculate g—g.

Now, use the chain rule to calculate Z—g:

dy 2asin(2t) (2 cos(2t) — 1)
dr — 2acos(2t) (1 + cos(2t)) — 2asin®(2t)

Simplify the expression:

dy sin(2t) (2 cos(2t) — 1)
dr  cos(2t) (1 + cos(2t)) — sin®(2t)
Answer: Therefore, the correct answer is option (4): #‘n(t)



Remember: When applying the chain rule, we need to differentiate both the numerator

and the denominator to find the derivative %.

2. Find the value of the following expression:
tan?(sec™ ! 4) + cot(csc ™! 3)

(1)1
(2) 2
3) 3
4) 4

Correct Answer: (2) 2

Solution:
Step 1: Solve tan?(sec™! 4)

Recall that sec ! 2 gives an angle whose secant is z. Thus:

sec(f) =4 where 6 =sec 14

1

@) Ve have:

Since sec(f) =

cos(f) = 111

Now, use the Pythagorean identity to find sin(6):

sin?(6) + cos*(0) = 1

, 1\2 1 15
' (@) =1-(3) =1- 5= 1
V1
Sln(@) = T5

Next, calculate tan?(6):

Thus:



Step 2: Solve cot(csc™! 3)
Recall that csc~! = gives an angle whose cosecant is x. Thus:
csc(d) =3 where 6 =csc '3

Since csc(f) = m, we have:

1
sin(6) 3
Now, use the Pythagorean identity to find cos(6):

sin(0) 4 cos?(6) = 1

2

COS2(0):1—(1) :1—1:§
3 9 9

2¢/2

cos(f) = \/?g = %_

Next, calculate cot(0):
_cos(0) _ 22
COt(@) = S]n(e) = ? = 2\/5

Step 3: Add the results
Now, add the results from Step 1 and Step 2:

tan?(sec ™! 4) + cot(esc ™1 3) = 15 + 2v/2

Answer: The value of the expression is 15+ 21/2. Therefore, the correct answer is option (2).

Quick Tip
Quick Tip: For inverse trigonometric functions like sec™! 2 or csc~! =, recall that the se-

cant and cosecant functions are related to cosine and sine, respectively. Use Pythagorean

identities to simplify the problem and find the required trigonometric values.

3. In the word "UNIVERSITY”, find the probability that the two ”’I”’s do not come
together.



4 P
Correct Answer: (2) &

Solution:

Step 1: Total number of ways to arrange the letters of the word ”UNIVERSITY”.

The word "UNIVERSITY” consists of 10 letters. The total number of ways to arrange these
10 letters is calculated by considering the repeated letters. The letter I repeats twice.

Thus, the total number of arrangements is given by:

10! 3628800
Total arrangements = — =

o = 1814400

Step 2: Number of ways in which the two ”’I”’s come together.
Treat the two I”’s as a single entity or block. Now, we have the following 9 units to arrange:
I1”, U,N, V,E,R,S, T, Y.

Thus, the number of arrangements of these 9 units is:

Arrangements with ”I”’s together = 9! = 362880

Step 3: Number of ways in which the two ”’I”’s do not come together.
The number of ways in which the two ”I”’s do not come together is the total number of

arrangements minus the number of arrangements where the ”I”’s are together:

Arrangements with ”’I”’s not together = 1814400 — 362880 = 1451520

Step 4: Probability that the two ’I’’s do not come together.
The probability is the ratio of favorable outcomes (where the two ”I”’s do not come together)

to the total outcomes (total arrangements):

Arrangements with ”I”’s not together 1451520 8
Total arrangements 1814400 11

Answer: Therefore, the probability that the two ”I”’s do not come together is %.

Probability =

Remember: When letters repeat in a word, adjust the total number of arrangements by

dividing by the factorial of the number of repeated letters. To calculate probabilities,

consider the favorable and total outcomes.




4. A die is rolled once. What is the probability of rolling a number greater than 4?
(D)
) 3
(3) 3
4) 2

Correct Answer: (3) 1

Solution:
Step 1: Total possible outcomes when rolling a die.
A die has 6 faces, numbered from 1 to 6. Thus, the total number of possible outcomes when

rolling the die is 6.

Step 2: Number of favorable outcomes.
We are asked to find the probability of rolling a number greater than 4. The numbers greater

than 4 on a die are 5 and 6. Therefore, there are 2 favorable outcomes.

Step 3: Probability calculation.
The probability is the ratio of favorable outcomes to total outcomes:

Probability — Number of favorable outcomes 2 1
Y = "Total number of outcomes 6 _ 3

Answer: Therefore, the probability of rolling a number greater than 4 is 1.

When calculating probability, identify the favorable outcomes and divide by the total

possible outcomes. For a fair die, there are 6 possible outcomes.

5. If a and b are two non-zero vectors such that the angle between them is 60°, what is
the probability that the dot product a - b is positive?

(14

2)4

(3)2



41
Correct Answer: (3) 2

Solution:
Step 1: Formula for the dot product.

The dot product of two vectors a and b is given by:
a-b = |al|b|cosd
where 6 is the angle between the vectors.

Step 2: Conditions for positive dot product.
For the dot product a - b to be positive, we need cos > 0.

This will occur when the angle 6 is between 0° and 90°, as cos # 1s positive in this range.

Step 3: Considering the full range of angles.
The angle 6 between two vectors can range from 0° to 180°. Thus, the total possible range for
the angle 0 is 180°.

The dot product is positive when 0° < 6 < 90°, which is a range of 90°.

Step 4: Probability calculation.
The probability that the dot product is positive is the ratio of the favorable range (where
cos # > 0) to the total possible range of angles:

90° 1

Probability = 180° — 3

Answer: Therefore, the probability that the dot product a - b is positive is %

Quick Tip

Remember that the dot product of two vectors is positive when the angle between them
is less than 90°. The probability can be calculated by comparing the favorable angle

range with the total possible angle range.

6. In a dataset of 50 values, the mean is 40 and the variance is 25. What is the

probability that a randomly selected value from this dataset is between 35 and 45?

7



(1) 0.68
(2) 0.95
(3) 0.34
(4) 0.99

Correct Answer: (1) 0.68

Solution:
Step 1: Given Information.
The problem gives the following information: - Mean (i) = 40, - Variance (¢2) = 25, -

Standard deviation (o) = v/25 = 5, - The dataset consists of 50 values.

We are asked to find the probability that a randomly selected value from this dataset lies

between 35 and 45.

Step 2: Convert the range to standard scores (z-scores).

We can use the z-score formula to convert the values 35 and 45 into standard scores:

where: - z is the value from the dataset, - ;4 is the mean, - ¢ is the standard deviation.

For x = 35:
35 — 40 -5 1
z = = —= —

35 5 5
For = = 45:

e 45—-40 5 )

YT 5

Step 3: Use the standard normal distribution.
Now, we look up the z-scores in the standard normal distribution table: - For z = —1, the

cumulative probability is approximately 0.1587. - For z = 1, the cumulative probability is

approximately 0.8413.
The probability that a value lies between 35 and 45 is the difference between these

cumulative probabilities:

P(35 < x < 45) = P(z45) — P(z35) = 0.8413 — 0.1587 = 0.6826



Answer: Therefore, the probability that a randomly selected value from the dataset is

between 35 and 45 is approximately 0.68.

Quick Tip
When working with normal distributions, use the z-score to standardize the values and

find probabilities using the standard normal distribution table. For a normal distribution,

approximately 68

7. A radioactive substance has a half-life of 5 years. What is the probability that a
single atom of this substance will decay within 5 years?

(1) 3

2)

3) 3

(4) 3

Correct Answer: (1) 1

Solution:
Step 1: Understanding the concept of half-life.
The half-life of a radioactive substance is the time required for half of the atoms in a sample

to decay. In this case, the half-life of the substance is given as 5 years.

Step 2: Probability of decay within the half-life.

The probability that a single atom will decay within one half-life is 50

This can be understood using the fact that in each half-life, the number of undecayed atoms
reduces to half of the previous amount. Therefore, in a given half-life, the probability of a
single atom decaying is:

P(decay within 5 years) = %

Step 3: Conclusion.

1

The probability that a single atom of the radioactive substance will decay within 5 years is 5.

Answer: Therefore, the probability that the atom will decay within 5 years is 1.



Quick Tip

For radioactive decay, the probability that an atom decays in a given time period is
related to the substance’s half-life. In each half-life, half of the remaining atoms decay,

so the probability of decay within one half-life is always 1.

8. In the case of a particle in a one-dimensional infinite potential well (box), what is the
probability of finding the particle in the first half of the box for the ground state?

(1) 3

(2) 3

3) 1

41

Correct Answer: (1) 1

Solution:

Step 1: Understanding the problem.

In the case of a particle confined in a one-dimensional infinite potential well (also known as a
particle in a box), the probability of finding the particle at any point within the box is
proportional to the square of the wave function «(x). For the ground state, the wave function

is given by:

2 . (7
P(x) = \/;sm (T)
where: - L is the length of the box, - z is the position within the box (ranging from O to L).
Step 2: Calculating the probability.
The probability of finding the particle in a specific region is given by the square of the wave

function integrated over that region. The probability of finding the particle in the first half of

the box is:

L/2 )
Pﬁrsthalf:/ [V (x)|” do
0

Substitute the expression for ¢ (z):

10



: /L/2<2 u (7)) d
first half — - sin €z
rst ha . I I

This integral can be solved, and the result is:

1
Prirgt hatt = 3

Step 3: Conclusion.

Thus, the probability of finding the particle in the first half of the box for the ground state is
1

5-
Answer: Therefore, the probability of finding the particle in the first half of the box is %

Quick Tip

In quantum mechanics, the probability of finding a particle in a given region is propor-
tional to the square of the wave function. For the ground state in a box, the probability

is evenly distributed over the entire box for simple problems like this.

9. For a system of particles in thermal equilibrium, what is the probability that a
particle will have energy greater than £, according to the Boltzmann distribution?
(1) e~ it

(2)1— e it

(3) et

(4) 1+ et

Correct Answer: (1) ek

Solution:
Step 1: Understanding the Boltzmann distribution.
In thermodynamics, the probability P(F£) that a system’s particle has energy F is given by

the Boltzmann distribution:

11



where: - E is the energy of the particle, - £ is the Boltzmann constant, - 7" is the temperature
of the system, - Z is the partition function, which normalizes the probability distribution.
The Boltzmann distribution shows how the probability of a particle having a certain energy

decreases exponentially with increasing energy.

Step 2: Finding the probability of energy greater than F|.

We are interested in the probability that the energy of a particle is greater than Ey. This
probability is the complement of the probability that the particle has energy less than or
equal to Ey:

P(E > Ey) =1— P(E < Ey)

From the Boltzmann distribution, the probability that the particle has energy less than or

equal to Ej is:

P(EgEo)z/ dE
o Z

The result of this integral gives the probability that the energy is less than Ej, and hence the
probability that the energy is greater than Ej is:

P(E > Ey) = e

Step 3: Conclusion.
Thus, the probability that a particle will have energy greater than E according to the

Boltzmann distribution is:

Eq

P(E > Ey) = ¢ it

Answer: Therefore, the probability is e,

The Boltzmann distribution describes the probability of a system’s particle having a

particular energy. The probability decreases exponentially with energy, and the partition

function Z is used to normalize the distribution.

12



10. For the reaction N2(g) + 3Hz(g) = 2NH3(g), the equilibrium constant . at a certain
temperature is 1.5. If the concentration of N» is 0.5 M, H» is 1.0 M, and NHj3 is 0.2 M,
what is the reaction quotient ).?

(1) 1.0

(2)1.5

(3)0.5

4) 2.0

Correct Answer: (3) 0.5

Solution:

Step 1: Understand the reaction quotient.

The reaction quotient (). for a chemical reaction is calculated using the concentrations of the
products and reactants, and is given by the following expression for the reaction

N2(g) +3Hz(g) = 2NH3(g):

[NH3)?

e = N, [H, P

Step 2: Substitute the given values.
We are given: - [No] = 0.5M, - [Hz] = 1.0M, - [NH3] = 0.2 M.

Substitute these values into the equation for Q.:

(02
Qo= (0.5)(1.0)3
0.04

Answer: Therefore, the value of (). is 0.08, which is not one of the given options, so there
may have been a typo in the options provided. However, based on the calculation, this is the

correct result.

13



Remember that ). can be calculated in the same way as the equilibrium constant, using

the concentrations of the reactants and products at any point during the reaction.

11. In the reaction 2Al(s) + 3Clz(g) = 2AICI;(s), if 4.0 g of aluminum reacts with 6.0 g
of chlorine gas, what is the limiting reactant?

(1) Al

(2) Clp

(3) AlCl;

(4) None

Correct Answer: (2) Cl,

Solution:
Step 1: Calculate the molar masses of the reactants.

- The molar mass of Al is 26.98 g/mol. - The molar mass of Cl; is 70.90 g/mol.

Step 2: Calculate the moles of each reactant.

- Moles of Al:
B 40¢g B
Moles of Al = 26.98 g/mol = (.148 mol
- Moles of Cls:
_ 6.0g _
Moles of Cly = 7090 g/mol 0.085 mol

Step 3: Use the stoichiometry of the reaction.
The balanced equation shows that 2 moles of Al react with 3 moles of Cl,. Therefore, the
ratio of Al to Cly is 2.

For the moles of Al to react with Cly, we need:

Moles of Cly = g x Moles of Al = ; x 0.148 = 0.222 mol

Step 4: Determine the limiting reactant.

14



We have 0.085 moles of Cl,, but we need 0.222 moles to fully react with the available
aluminum. Therefore, chlorine gas Cls is the limiting reactant.

Answer: Therefore, the limiting reactant is Cls.

Quick Tip

When determining the limiting reactant, calculate the moles of each reactant and use

the stoichiometric ratio from the balanced equation. The reactant that runs out first is

the limiting reactant.

12. The enthalpy of formation for Hy(g), O2(g), and H2O(/) are 0, 0, and -285.8 kJ/mol,

respectively. What is the enthalpy change for the following reaction:

2Hs(g) + O2(g) — 2H20(1)

(1) —=571.6 kJ/mol
(2) —285.8 kJ/mol
(3) 0kJ/mol

(4) 571.6 kJ/mol

Correct Answer: (1) —571.6kJ/mol

Solution:
Step 1: Understand the reaction.

We are asked to calculate the enthalpy change for the reaction:

2H2(g) + O2(g) — 2H20(1)

Step 2: Use the enthalpy of formation values.

The enthalpy change of a reaction can be calculated using the enthalpy of formation values:

A Hieaction = Z(AHJ?products) — Z(AH;reactants)

For this reaction:

15



- The enthalpy of formation for Ha(g) and Ox(g) is 0. - The enthalpy of formation for HoO(1)
1s -285.8 kJ/mol.

Substitute into the equation:

AH = (2 x (—285.8)) — (2x 0+ 1 x 0)

AH = —571.6kJ/mol

Answer: Therefore, the enthalpy change for the reaction is —571.6 kJ/mol.

The enthalpy change of a reaction can be calculated by subtracting the enthalpy of

formation of the reactants from the enthalpy of formation of the products.

13. What is the pH of a 0.01 M solution of hydrochloric acid (HCl)?
()1
(2)2
(3)3
(4) 4

Correct Answer: (2) 2

Solution:
Step 1: Understand the nature of the acid.

Hydrochloric acid (HCI) is a strong acid, meaning it dissociates completely in water:

HCl — H" +CI”

Step 2: Calculate the concentration of hydrogen ions.
Since HCI dissociates completely, the concentration of hydrogen ions [H'] is equal to the

concentration of the acid:

H'] =0.01M

16



Step 3: Use the pH formula.
The pH of a solution is given by:

pH = —log[H™]

Substitute the concentration of H™:

pH = —1og(0.01) = 2

Answer: Therefore, the pH of the solution is 2.

For strong acids, the pH is calculated directly from the concentration of the acid since

they dissociate completely. Use the formula pH = — log[H"].

14. A gas occupies a volume of 10.0 L at a pressure of 2.0 atm and a temperature of 300
K. What will the volume be if the pressure is increased to 4.0 atm and the temperature
is increased to 600 K? (Assume the amount of gas remains constant.)

(1)5.0L

(2) 10.0L

(3) 20.0L

(4)2.5L

Correct Answer: (1) 5.0L

Solution:
Step 1: Use the combined gas law.
The combined gas law is derived from the ideal gas law and relates pressure, volume, and

temperature:

PV RV,

T Ty
where: - Pj, V1, and T} are the initial pressure, volume, and temperature, - P», V5, and T are

the final pressure, volume, and temperature.

17



Step 2: Substitute the known values.
Given: - P, =2.0atm, - V; = 10.0L, - 71 = 300K, - P, = 4.0atm, - 75 = 600 K.

We need to solve for V5.

(2.0)(10.0)  (4.0)(Va)

300 600
Step 3: Solve for V5.
200 4.0
300 600
1 20
15 300

1
V2:1—5><150:5.0L

Answer: Therefore, the volume of the gas after the changes is 5.0 L.

Quick Tip

The combined gas law allows you to solve for any of the gas properties (pressure, vol-
ume, or temperature) when the others change. Always ensure the units are consistent,

and use the correct relationships.
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