MHT CET 2025 Apr 9 Shift 1 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 200 questions. The maximum marks are 200.

3. There are three parts in the question paper consisting of Physics, Chemistry and
Biology (Botany and Zoology) having 50 questions in each part of equal weightage.

1. A wire of length L having Resistance R falls from a height / in Earth’s
horizontal magnetic field. What is the current through the wire?

(1) b2

) 4
(3)
(4) 57
Correct Answer: (1)
Solution:

When the wire falls in Earth’s magnetic field, an induced emf is generated due to the motion
of the wire in the magnetic field. According to Faraday’s Law of Induction, the induced emf
() is given by:

hB
R

¢ = BvlL

where: - B is the magnetic field, - v is the velocity of the wire as it falls, and - L is the length
of the wire.
The velocity v of the wire can be determined using the equation for free fall:

v =1+/2gh

where ¢ is the acceleration due to gravity and A is the height from which the wire falls.
Substituting this into the equation for the induced emf:

e = By/2ghL

The current [ is given by Ohm’s law:

[ £ Bv\/2ghL

R R

Thus, the current is proportional to the magnetic field B, the height h, and the length L, and
inversely proportional to the resistance R. The correct expression for the current through the

wire 1S R -



9 Quick Tip

When dealing with induced emf in a falling wire in a magnetic field, remember to apply
Faraday’s law and use the appropriate motion equations for falling objects to deter-
mine the velocity.

2. Mass = (28 £0.01) g, Volume = (54 0.1)cm?. What is the percentage error in
density?

22501
o

() 559

2 0
(@) 2%

Correct Answer: (2) 221%

Solution:

The density p of an object is given by the formula:

Mass
Volume
Given: - Mass = 28 +£0.01 g - Volume = 54+ 0.1 cm®
The formula for density error is:

p:

A A
% error in density = (—m -+ —V) x 100
m V

where: - Am = 0.01 g (uncertainty in mass), - m = 28g, - AV = 0.1cm? (uncertainty in
volume), - V = 5cm?.
Substituting the given values:

0.01 0.1
in density = | — + — 100
% error in density ( 53 + 3 ) X

First, calculate the individual percentage errors: - % ~ 0.000357, - %1 = 0.02.
Now, add the errors:

% error in density = (0.000357 + 0.02) x 100 = 2.0357%

Thus, the percentage error in density is approximately 3.57%.

9 Quick Tip

When calculating percentage errors in density, sum the percentage errors in mass and
volume. Be mindful of the unit conversions and ensure all uncertainties are included in
the calculation.

3. The value of g at height h above Earth’s surface is -~. Find & in terms of the
radius of the Earth.
(1) R

S



(2) 2R
(3) RV3

R
(4)
Correct Answer: (3) RV/3
Solution:
We are given that the value of gravitational acceleration ¢’ at a height h above the Earth’s
surface is \/ig, where ¢ is the acceleration due to gravity at the Earth’s surface.
The formula for gravitational acceleration at a height h above the Earth’s surface is given by:

g/ _ 9R2
(R+ h)?

where: - g is the acceleration due to gravity on the surface of the Earth, - R is the radius of
the Earth, - h is the height above the Earth’s surface.
We are given that:

Substitute this into the equation:

Cancel out ¢ from both sides:

V3 (Bt h?

Now, square both sides to eliminate the square root:

R2
3 (R+h)?
Cross-multiply:
3R?> = (R + h)*

Expand the right-hand side:

3R? = R? + 2Rh + h?
Simplify:

3R?> — R?> = 2Rh + h?

2R? = 2Rh + h?

Rearrange the equation:

2R* = h(2R + h)
Solve for h:



_ 2R?
2R+ h
Approximate for h (assuming h < R, so h is much smaller than R):

h~ RV3
Thus, the height h is approximately Rv/3.

9 Quick Tip

When solving problems involving gravity at a height, remember to use the formula for
gravitational acceleration at height h and apply algebraic manipulation to solve for the
unknown variable.

4. Given the voltage equation V = 100x/§sin(wt) and capacitance C = 2 uF,
calculate the RMS current.

(1) 10A

(2) 20A

(3) 50 A

(4) 100 A

Correct Answer: (1) 10A

Solution:

The equation for the voltage across a capacitor is:

V' = Viax sin(wt)

where Vipax = 100v/2 V is the maximum voltage, and w is the angular frequency.
For an AC circuit with a capacitor, the RMS (Root Mean Square) current is related to the
voltage by:

Vims
I rms — ch

where: - Vis is the RMS voltage, - X¢o = % is the reactance of the capacitor.
First, calculate the RMS voltage:

Vinax  100v/2
Vims = ——= — \/_:100\/

V2o V2

Now, calculate the reactance X. The reactance X is given by:

1
Xo=—
¢ wC

Substitute C' = 2uF =2 x 1079F and w = 27 f. For a typical mains frequency of f = 50 Hz,
we have:

w =271 x 50 = 314rad/s

Now, calculate X¢:



1

Xo = = 1592.5¢2
C=3ixaxi00 U
Finally, calculate the RMS current:
100
ms = ~ 0.0628 A
= Tgz5 00028

However, this current does not match the provided answer choices. Given that the current is
usually much larger in real-world problems, there might be a different w or frequency to
account for. We might need to consider another approach based on the given details. Please
verify the assumptions to confirm the result.

9 Quick Tip

In AC circuits involving capacitors, the RMS voltage and current are important for
understanding power. The current through a capacitor depends on the frequency of the
AC signal and the capacitance.

5. The equation for the RMS velocity is given as

3RT
’Ur = _—
s Moy

where R is the gas constant, T is the temperature, and My is the molecular mass. If the
temperature is increased, find the new RMS velocity vyms when the temperature is doubled.
<1> \/gvrms

(2) 2vrms

(3) \/ﬁvrms

(4) o

Correct Answer: (2) 2upys

Solution:

The given equation for the RMS velocity is:

_ |3RT
Urms — WG
where: - vpyg 1S the root-mean-square velocity, - R is the universal gas constant, - T" is the
temperature, and - M is the molecular mass.
Now, the problem states that the temperature is doubled, i.e., T5 = 2T7. We are asked to find
the new RMS velocity when the temperature is increased to 277.
Substitute the new temperature into the RMS velocity formula:

, 3R(27)

V. =
rms M,
0

Simplify the expression:

3RT
Ulms = V2 X 4/ = = V2 X vy
Mo

5



Thus, when the temperature is doubled, the new RMS velocity is v/2 times the original
velocity. However, this result does not match the answer choices provided. Please review the
options for more clarification.

Q Quick Tip

When the temperature of a gas is doubled, the RMS velocity of the gas molecules in-
creases by a factor of v/2. This is due to the direct proportionality between the RMS
velocity and the square root of the temperature.

6. Two spherical black bodies radiate the same amount of heat per second. If
their temperatures are 77 and 75, and their radii are R; and Rs, respectively, find
the relation between their temperatures and radii.

(1) Ty = V2Ty

(2) Th =215

(3) T = %
(4) Ty = V313

Correct Answer: (1) T1 = /2T)

Solution:

We are given that two black bodies radiate the same amount of heat per second. The amount

of heat radiated by a body is given by the Stefan-Boltzmann law:

P =cAT*
where: - P is the power radiated (amount of heat radiated per second), - o is the
Stefan-Boltzmann constant, - A is the surface area of the body, - T" is the temperature of the
body.
For a spherical body, the surface area is:

A = 47 R?

Now, let the power radiated by the first body be P; and the second body be P». According to
the problem, P, = P, so we have:

c4rRIT} = 04w R3TY

Canceling common terms:

RITY = R3Ty

(&) -(7)

R Th?

Ry Ty

Now, take the ratio of both sides:

Taking the square root of both sides:



Finally, solving for Ti:

Ty = V2T
Thus, the relation between the temperatures and radii is 77 = V2T,

9 Quick Tip

When comparing the radiation of heat by two bodies, use the Stefan-Boltzmann law
and equate the radiated power to solve for the unknown variable. Make sure to apply
the correct formulas for the surface area of spherical bodies.

7. Energy stored in a capacitor is given by the equation
1
E=_-0V?
2

where: - C' is the capacitance, - V' is the voltage, - E is the energy stored. Given the values of
C,V, and E, determine the energy stored.

(1) E=3CV?

(2) E=CV

(3) E=0CV3

(4) E=3CV

Correct Answer: (1) E = 2CV?

Solution:

The energy F stored in a capacitor is given by the formula:

1
E=-CV?
2OV

where: - C' is the capacitance of the capacitor (in farads),

- V' is the voltage across the capacitor (in volts),

- E is the energy stored in the capacitor (in joules).

Given the values for capacitance C' and voltage V', you can directly substitute them into the
formula to calculate the energy stored in the capacitor.

9 Quick Tip

Remember, the energy stored in a capacitor is proportional to the square of the volt-
age. Always use the formula F = %C’V2 to find the energy stored.

8. What is the ratio of the wavelength of the Lyman series limit to the Paschen
series limit?

(1)1:4

(2)1:3

(3)2:3

(4)1:2

Correct Answer: (1) 1:4



Solution:

The Lyman and Paschen series are part of the hydrogen atom’s emission spectra. The Lyman
series corresponds to transitions where the final state is n = 1, while the Paschen series
corresponds to transitions where the final state is n = 3.

The wavelength of light emitted during these transitions can be found using the Rydberg

formula for hydrogen:
1 1 1
T —Ryl=—-—
Ao (n% n%)

where: - X is the wavelength of the emitted radiation, - Ry is the Rydberg constant, - n; and
no are the principal quantum numbers of the initial and final states, respectively.

For the Lyman series limit, the transition is from no — 1, and the wavelength corresponds to
the transition where ny — oo. Thus, for Lyman:

1 1 1
=R —— — 1 =R
)\Lyman a <12 002> "

For the Paschen series limit, the transition is from ny — 3, and the wavelength corresponds to
the transition where no — oo. Thus, for Paschen:

1 1 1 1
— —Rul=—-— =Ry =
)\Paschen H <32 OO2> " (9)
Now, the ratio of the wavelengths is the inverse of the ratio of the terms:

)\Lyman _ 9 _9
APaschen 1
Thus, the ratio of the wavelength of Lyman to Paschen is 9 : 1, meaning the wavelength of the

Lyman series limit is 9 times greater than that of the Paschen series limit.

9 Quick Tip

To find the wavelength ratio of two series limits in the hydrogen spectrum, use the Ry-
dberg formula and compare the limits where no — oo for both series.

9. What is the ratio of the wavelength of a photon?
h

(1) A= 55

@r=5
E

(3) A= n

A=z

Correct Answer: (2) A =
Solution:

o

The wavelength of a photon can be related to its frequency using the equation:

A= —
f

where: - X is the wavelength of the photon, - ¢ is the speed of light in a vacuum (3 x 108 m/s),
- f is the frequency of the photon.



This is the general relation for the wavelength of any electromagnetic radiation, including
photons.

Q Quick Tip

For any photon, use the relation A = & to calculate its wavelength, where c is the speed
of light and f is the frequency of the photon.




