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4 A
General Instructions

(i) The test is of 3 hours 15 minutes duration and the Test Booklet contains 180 multiple-
choice questions (four options with a single correct answer) from Physics, Chemistry

and Biology (Botany and Zoology).

(ii) Wherever the symbols/constants are not mentioned, they are to be considered as per

their standard meaning/value.

(iii) Each question carries 4 marks. For each correct response, the candidate will get 4
marks. For each incorrect response, one mark will be deducted from the total score. The

maximum marks are 720.

(iv) Use Blue/Black Ball Point Pen only for writing particulars on this page/marking responses

on Answer Sheet.

1. A photon and an electron, each of 20 eV energy, move in free space. The ratio of linear
momentum of electron p, to that of photon p,, o is :
p:

(Take speed of light = 3 x 108 ms™!, charge of electron = —1.6 x 107'° C and mass of electron

=9x107%! kg)

(A) 275
(B) 450
(©) 55

(D) 225

Correct Answer: (D) 225



Solution:

Step 1: Understanding the Question:
The problem asks for the ratio of the linear momentum of an electron to that of a photon,

given that both particles have the same energy of 20 eV.

Step 2: Key Formula or Approach:

For a photon, the energy E is related to its momentum p,, by:

_E
pph_C

For an electron (non-relativistic), the kinetic energy E is related to its momentum p, by:

2
e

E = — p,=V2mE
2m

where m is the mass of the electron.

Step 3: Detailed Explanation:

Let’s take the ratio of the momenta:
P _V2mE _ o 2m
Pph E/c E
Given values are:

Energy E=20eV=20x1.6x 102 J=32x 10717 J.

Mass of electron m =9 x 107! kg.
Speed of light c =3 x 108 ms™!.

Substitute the values into the ratio formula:

&:3x108\12x9x10—31

Pph 32x1071°
Pe =3 x 108 18><—1O—31
Pph \ 32 x 10719
Pe _3x 10%\ 2 10712
Pph 16
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De
pph

&:§x102=2.25x100:225

pph

=3><108><%><1o—6

Step 4: Final Answer:

The ratio of the linear momentum of the electron to that of the photon is 225.

Quick Tip: Remember that p = E/c works for massless particles (photons), while p = v2mE works for
non-relativistic particles having mass (electrons).

Always verify if the particle is relativistic; for 20 eV, an electron is purely classical.

2. Water flows in a streamline motion through a horizontal pipe of circular cross-section as
shown in the figure. The pressure difference of water between P and Q is 15 Nm™2. The area
of cross-section at P and Q are 40 cm? and 20 cm?, respectively. The rate of flow of water

through the pipe, in ecm3s™, is :

Take density of water = 1000 kg m™>

(A) 400
(B) 100
(C) 200
(D) 300

Correct Answer: (A) 400

Solution:

Step 1: Understanding the Question:
Water flows through a horizontal pipe with varying cross-sectional area.
We are given the areas at two points, the pressure difference between them, and we need to

find the volumetric flow rate.

© Zollege.in



Step 2: Key Formula or Approach:

According to the Equation of Continuity, the rate of flow (discharge) Q is constant:

Q=Apvp, =AY =>v_——2, Vv, _—_2
pVp QVq P 1, Q "

Using Bernoulli’s Principle for a horizontal pipe (hp = hy):
L L L o 2
P, + Epvp =Py + EpvQ — Pp—P,= Ep(vQ —;)

Step 3: Detailed Explanation:
Given values are:

AP =P, —P,=15N/m’.

Ap =40 cm? =40 x 10~* m?.
Aq =20 cm® =20 x 10~ m?.

o = 1000 kg/m®.

Substitute v, and v, in Bernoulli’s equation:

S (QRE)

1 1 1
15 == x 1000 x 2( — )
2 Q (20 x 104)2 (40 x 104)2
15 = 500 x QZ( 1 — 1 )
N 400 x 108 1600 x 10-8
2 rq_
s 500 x Q (4 1)
10-8  \ 1600
2
15— 500xQ* 3
10-8 1600
1 2
15 = 500 x Q
1600 x 10-8
5 15 Q2
16 % 10-8
Q*=16x10"%

Q=v16x108=4x10"*m?/s
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Convert the flow rate to cm?®/s:
Q=4x10"*x10° cm®/s = 400 cm?/s

Step 4: Final Answer:

The rate of flow of water is 400 cm?/s.

Quick Tip: When applying Bernoulli’s equation for a horizontal pipe, gravitational potential energy

terms cancel out (h; = h,).

Always combine it with the Equation of Continuity (A;v; = A,v, = Q) to find velocities or flow rates

directly.

3. A thin horizontal disc is rotating about a vertical axis passing through its fixed centre O. Its
angular momentum is L, and L; computed about points A and B, respectively, with OB = 2 x OA.

Ly o«
The value of ﬁ is :

Le

Y T R |

A B

&fe ‘P%

(A) 2
(B)
© 3
D1

Correct Answer: (D) 1
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Solution:

Step 1: Understanding the Question:

A uniform horizontal disc rotates about a fixed vertical axis passing through its center of mass
O.

We need to determine the ratio of its angular momentum evaluated about two different points

A and B in the horizontal plane.

Step 2: Key Formula or Approach:

The angular momentum of a rigid body about any arbitrary point P is given by:
I:p == z:cm + ?cm/P X (Ml_;cm)

where I, is the angular momentum about the center of mass, 7.,, ,p is the position vector of
the center of mass relative to point P, M is the mass of the body, and V,,, is the velocity of the

center of mass.

Step 3: Detailed Explanation:
Since the disc is rotating about a fixed vertical axis passing through its center O, its center of
mass is stationary.

Therefore, the velocity of the center of mass is zero:

<
Il
o

cm

Substituting this into the general formula for angular momentum, the second term vanishes
for any point P:

LP = Lcm + 7:cm/P x0= Lcm

This means the angular momentum is independent of the reference point and is identically
equal to the angular momentum about its center of mass for all points.

Thus, evaluating it for points A and B:
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Taking their ratio:

Step 4: Final Answer:

The value of the ratio f—;‘ is 1.

Quick Tip: For a rigid body rotating about a fixed centroidal axis, the velocity of the center of mass is
Zero.
Consequently, the angular momentum is independent of the point of calculation and is solely given by

I .

4. Consider a long solenoid of length [ and radius r. If n is the number of turns per unit length

and u, is the permeability of free space, the inductance of the solenoid is :

(A) 2uomnr?l
(B) uomn?ril

(C) uon?r?l

(D) (uo/2m)n*rl

Correct Answer: (B) u,mn?r?l

Solution:

Step 1: Understanding the Question:
The question asks for the self-inductance L of a long solenoid with length [, radius r, and turn

density n.

Step 2: Key Formula or Approach:

The magnetic field B inside a long solenoid is:

B = uynl
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where I is the current flowing through it.

The total magnetic flux ® linked with the solenoid of N turns is:

®=NBA

where A is the cross-sectional area.

Self-inductance L is defined as:

~ |

Step 3: Detailed Explanation:

First, express the total number of turns N and the area A.

N=nxl
A=mr?

Now, calculate the total magnetic flux ®.

& = (nl) - (uonl) - (nr*)
® = uomn®r3llI

Using the formula for self-inductance:

Step 4: Final Answer:

The inductance of the solenoid is u,mn?rl.

Quick Tip: Inductance is essentially magnetic inertia.
For a long solenoid, the formula L = uyn?Al shows that self-inductance is directly proportional to the

volume (A x 1) and the square of turn density (n?).

. The temperature of a metallic sphere of radius R is increased by a small amount AT. If
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the linear coefficient of thermal expansion of the metal is a, the approximate increase in the

volume of the sphere is :

(A) 6mR3aAT
(B) 2nR3aAT
(C) 3nR%aAT
(D) 4nR*a AT

Correct Answer: (D) 4nR3aAT

Solution:
Step 1: Understanding the Question:
by AT, given its linear expansion coefficient a.

Step 2: Key Formula or Approach:

The original volume of the sphere is:
V =—nR’
The volumetric expansion is given by:
AV =VyAT

where y is the volume coefficient of thermal expansion.

Y ~ 3a

Step 3: Detailed Explanation:

AV = (gnRg)(Ba)AT

AV = 4nR3aAT

Substitute V and y into the volumetric expansion formula:

We need to find the change in volume of a metallic sphere when its temperature is increased

For isotropic materials, the relationship between volume and linear expansion coefficients is:
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Step 4: Final Answer:

The approximate increase in the volume of the sphere is 4TR3aAT.

Quick Tip: For isotropic solid materials, the volume expansion coefficient y is exactly three times the
linear expansion coefficient a (y = 3a).

Don'’t forget this simple relation for thermal expansion approximations.

6. Consider two circuits, (A) and (B), each having two resistors. One of them has a positive
temperature coefficient of resistance, +a, while the other one has a negative temperature
coefficient, —a, as shown in the figure. The current through these circuits are denoted by I,
and I;. At initial temperature, the resistance of the two resistors is R,. As the temperature is

increased, the correct option that describes the variation of current in these circuits is :

(A) both I, and Iy remain constant
(B) I, remains constant while I increases
(C) I, decreases while I; increases

(D) I, increases while I; decreases

Correct Answer: (B) I, remains constant while I; increases

Solution:

Step 1: Understanding the Question:

We are analyzing two circuits containing temperature-dependent resistors.

Circuit (A) has them in series, while Circuit (B) has them in parallel.

We need to determine how the current from the voltage source changes as temperature (AT)

increases.

Step 2: Key Formula or Approach:

© Zollege.in



For a series circuit, equivalent resistance is:
Rega=R;+R,

For a parallel circuit, equivalent resistance is:

RIRZ
Req,B = R—
1 + RZ

The current is inversely proportional to equivalent resistance:

Step 3: Detailed Explanation:
For Circuit (A):
The two resistors are in series.
Rega =Ro(1—aAT)+Ry(1+ aAT)
Since R, 4 is constant and independent of AT, the current I, = 2%0 remains constant.

For Circuit (B):

The two resistors are in parallel.

_ Ro(1—aAT)-Ry(1+aAT)

R =
‘P Ry(1—aAT)+Ry(1+ aAT)

Ry(1—a?AT?) R,

— 2 2

As temperature increases, AT increases, which implies a>?AT? increases.
Consequently, (1 — a®>AT?) decreases, making R,,p decrease.

Since R,, ; decreases, the current Iy = % increases.
’ €q,.

Step 4: Final Answer:

I, remains constant while I, increases.
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Quick Tip: When combining components with opposite temperature coefficients, series combinations
often compensate and keep the total resistance constant.

Parallel combinations follow the standard inverse addition rules, typically resulting in a change.

7. A beam of light falls on a metal surface such that photo-electrons are generated. If power
of the light source starts to decrease linearly with time ¢, then variation of the photocurrent I

and magnitude of the stopping potential |V | with time is best represented by :
p m%—'—
(1)
B
I WV
(3)

;L_‘ vl
(4) X ’\

Correct Answer: (B) Graph showing I decreases linearly and |V| is constant

Solution:

Step 1: Understanding the Question:
We need to determine how the photocurrent and stopping potential vary with time when the

power of an incident light source decreases linearly with time.

Step 2: Key Formula or Approach:

Photocurrent [ is directly proportional to the intensity (and thus power) of the incident light,
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assuming frequency is constant:

IT'exP

The magnitude of the stopping potential |V| is dependent solely on the frequency v of the
incident light and the work function ¢ of the material, given by Einstein’s photoelectric

equation:
elV|=hv—¢

Step 3: Detailed Explanation:

First, consider the variation of Photocurrent (I).

The power of the light source decreases linearly with time (P(t) = P, — kt).

Since the number of photons emitted per second is proportional to the power, the rate of
emission of photoelectrons (photocurrent) will also decrease linearly with time.

Thus, the graph of I vs t is a straight line with a negative slope.

Second, consider the variation of Stopping Potential (|V|).

The stopping potential depends only on the frequency of the incident light and the nature of
the material.

A change in the power (intensity) of the light source does not affect the maximum kinetic
energy of the photoelectrons.

Therefore, the stopping potential remains constant over time.

The graph of |V| vs t is a horizontal straight line.

These conclusions match the behavior described in option (B).

Step 4: Final Answer:

I decreases linearly with time, and |V | remains constant over time.

Quick Tip: Intensity (or power) of light dictates the number of photoelectrons (photocurrent), whereas
the frequency controls their maximum Kkinetic energy (stopping potential).

Changing one does not affect the other!
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8. An ideal Zener diode with breakdown voltage of —3 V is reverse biased with a negative

input voltage V; = —5 V. The magnitude of voltage difference between points B and A is :

(A)OV
(B)3V
Q2v
D1V

Correct Answer: (B) 3V

Solution:

Step 1: Understanding the Question:

The circuit contains a Zener diode in series with a resistor.

The Zener diode has a breakdown voltage of 3 V (magnitude).

We are given an input voltage of —5 V, which reverse biases the diode.

We need to find the voltage across the Zener diode, which is exactly between points A and B.

Step 2: Key Formula or Approach:

When an ideal Zener diode is reverse biased and the applied voltage exceeds its breakdown
voltage (|V;| > V), the diode operates in the breakdown region.

In this region, the voltage across the Zener diode is maintained constant at its Zener

breakdown voltage V.

Step 3: Detailed Explanation:

The magnitude of the input voltage is |[V;| =5 V.

The breakdown voltage of the Zener diode is V, =3 V.

Since |V;| > V,, the Zener diode is in the breakdown region.

In the breakdown region, an ideal Zener diode acts as a constant voltage source of magnitude

V.
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Therefore, the voltage drop across the Zener diode (between points A and B) is clamped to
3V.

The remaining voltage (5 V—3 V =2 V) will drop across the series resistor.

The question asks for the magnitude of the voltage difference between points A and B, which

are the terminals of the Zener diode.

Ve=V,=3V

Step 4: Final Answer:

The magnitude of the voltage difference between points B and Ais 3 V.

Quick Tip: An ideal Zener diode acts as a simple constant voltage battery of magnitude V, when
operated in the reverse breakdown region.

Always check if the input voltage exceeds V, to ensure it is in breakdown.

9. In the measurement of viscosity of liquids using terminal velocity experiment, spherical balls
of same radius but having different densities are used. The variation of the terminal velocity (v)

with the ratio of density of spherical ball (o) to density of the liquid (p), is best represented by :

1)

(4)

|
L
@ 4:;/
Pl

Correct Answer: (A) A straight line originating from o /p = 1 on the x-axis with a positive slope.

Solution:
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Step 1: Understanding the Question:
We need to find the graphical relationship between the terminal velocity v of a spherical ball

falling in a liquid and the density ratio o /p.

Step 2: Key Formula or Approach:
The terminal velocity v of a spherical ball of radius r and density o falling through a liquid of
density p and viscosity 7 is given by Stokes’ Law:

2rig
V=
on

(o —p)

Step 3: Detailed Explanation:

Rearranging the terminal velocity formula to express it in terms of the ratio o /p:

2rigp (0 )
V= ——1
o9n \p

2
Let k = 2r9 gp , which is a positive constant since the radius is constant and the liquid is the

same.
—c
Let x = rE
The equation becomes:

v=k(x—1)

This is the equation of a straight line (y = mx + ¢) with slope m = k and y-intercept ¢ = —k.
When x = % =1, the terminal velocity v = 0.

For x > 1 (ball is denser than liquid), v increases linearly with x.

Therefore, the graph of v versus o/p is a straight line that intersects the horizontal axis
precisely at 1.

This perfectly matches the description of option (A).

Step 4: Final Answer:

The variation is a straight line starting from 1 on the o /p axis.
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Quick Tip: Stokes’ law gives terminal velocity proportional to the density difference (o — p).
Whenever checking variations, rewrite the expression in the form y = mx + ¢ to quickly identify the

graphical behavior.

10. Two planets P, and P, with equal mass have radii R, and R,, respectively, where R, = R—zl.

The escape speeds of P, and P, are v, and v,, respectively. Then % is :

(A) 2
B
1
(D) v2

Correct Answer: (D) v2

Solution:

Step 1: Understanding the Question:

We need to compare the escape speeds of two planets of equal mass but different radii.

Step 2: Key Formula or Approach:

The escape velocity v, from the surface of a planet of mass M and radius R is given by:

2GM
ve=\—"fx

Step 3: Detailed Explanation:

For planet P;:

2GM
Vv, =
T\ R
For planet P,:
2GM
Vo =
e

Given that the masses are equal and R, = }%, we can substitute R, into the equation for v,.
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ooy 2GM _ s | 2GM
2 \Ry/2 R,
Vy = 1/5111

Therefore, the ratio of their escape speeds is:

Y2_ /3

V1

Step 4: Final Answer:

The value of the ratio X—f is v/2.

Quick Tip: Escape velocity depends only on the mass and radius of the planet, not on the mass of the
escaping body.

Use proportionalities like v, o< 1/+/R when comparing planets of the same mass to save time.

11. An ac voltage V = 2205sin(2 x 10°t) Volt is applied to a series LCR circuit. Then the current
amplitude in this circuit is :

(Given : L =10 mH, C = 25uF, R =100 )

(A) 22.0 A
(B) 2.2A
(C)5.5A
(D) 11.0A

Correct Answer: (B) 2.2 A

Solution:

Step 1: Understanding the Question:
An alternating voltage is applied across a series LCR circuit. We need to find the peak value of

the current (current amplitude) flowing through the circuit.
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Step 2: Key Formula or Approach:

The voltage equation is V(t) = V,_ sin(wt). From the given equation, the peak voltage is

1

V,, = 220V and the angular frequency is w = 2 x 10° rad s~'. The inductive reactance is

X, = wL. The capacitive reactance is X, = & The total impedance of a series LCR circuit is

Z = v/R2+ (X, —X)?. The current amplitude is given by I,, = VZ—”‘

Step 3: Detailed Explanation:

First, let’s calculate the inductive reactance X :
X, =(2x10*)x (10 x 1073) =20 Q

Next, calculate the capacitive reactance X:

1 1 1000

©T(2x103) x(25%x10°6) 50x 103 50

Since X; = X, = 20 £, the circuit is in a state of resonance. At resonance, the imaginary parts

of the impedance cancel out, leaving:

Z = 4/1002 + (20 — 20)2 = 100

Now, find the current amplitude I,,:

V,, 220
f=l=c—=929A
Z 100
Step 4: Final Answer:

The current amplitude in the circuit is 2.2 A.

Quick Tip: Whenever an AC circuit problem is given with L and C values, quickly check the values of

X; and X first. Often in such problems, X; = X, simplifying the impedance to just Z =R.

12. Two identical inductors are connected in two different configurations P and Q, where a

time varying current I(t) is flowing, as shown in the figure. The induced emf between points a
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and b for configuration P is E, and that for configuration Q is E,. The ratio E;/E, is :
Neglect the effect of mutual inductance.

) a __Ice) Ld

(P (Q)

(A) 2
(B) 1/4
(©) 1/2
(D) 1

Correct Answer: (D) 1

Solution:

Step 1: Understanding the Question:
We are given two circuit configurations, P and Q, each constructed from two identical
inductors (say, each of inductance L). A time-varying current I(t) enters at node ‘a‘ and exits

at node ‘b‘. We need to compare the induced emf across terminals ‘a‘ and ‘b in both cases.
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Step 2: Key Formula or Approach:

The induced emf across an equivalent inductance L., is given by Faraday’s law:

dI(t)
E=L,—=
“Tdt

For inductors in series (without mutual inductance): L., = L, + L, For inductors in parallel

LiL,y
Li+L,y

(without mutual inductance): L=

Step 3: Detailed Explanation:

Let’s analyze configuration **P**: Tracing the wire from node ‘a‘, the current splits into
two branches. One branch goes through the left inductor and the other goes through the
right inductor. Both branches then recombine at node b‘. Since the inductors are connected

between the same two nodes ‘a‘ and ‘b‘, they are in **parallel**.

L><L_

L .= —
P 4L

L

2

Thus, the emf induced is E, = é%.

Let’s analyze configuration **Q**: Tracing the wire from node ‘a‘, the current splits into two
branches. One branch connects to the top of the left inductor, while the other branch crosses
over and connects to the bottom of the right inductor. The other ends of both inductors (bottom
of the left inductor and top of the right inductor) connect directly to node ‘b‘. Even though
the connection looks crossed, both inductors are still connected directly across the same two
nodes ‘a‘ and ‘b’. The direction of current through the individual coils does not matter here
since mutual inductance is explicitly neglected. Therefore, the inductors in configuration Q

are also in **parallel**.

I _LxL L
QT 4+L 2
Thus, the emf induced is E, = é%.
Taking the ratio:
LdI
B _2at _4
L dI
Ey 3%

Step 4: Final Answer:

The ratio Ep/E, is 1.
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Quick Tip: Do not be fooled by complicated or crossed wiring diagrams. Simply trace the path from
the starting node to the ending node. If components are attached directly between the same two main

nodes, they are in parallel, regardless of how they are physically drawn.

13. Three identical capacitors B Q and S, each of the capacitance C, are connected to a battery
of voltage V, as shown in the figure. If the energy stored in the capacitor P and total energy

stored in the system are U, and U;, respectively, then the ratio U, /U; is :

(A) 1/6
(B) 2/3
() 1/3
(D) 1/2
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Correct Answer: (A) 1/6

Solution:

Step 1: Understanding the Question:
We are given three identical capacitors, each with capacitance C. We need to determine the
energy stored exclusively in capacitor P and the total energy stored in the entire circuit, and

then compute their ratio.

Step 2: Key Formula or Approach:

The energy stored in a capacitor with capacitance C and voltage V across it is:

1 2
U=-CV
2

q q Q q . . C;C q
When capacitors are in series, the equivalent capacitance is Cq, s = z 5¢,- When capacitors

are in parallel, the equivalent capacitance is C,q, g1 = C1 + Cs.

Step 3: Detailed Explanation:
By observing the circuit diagram: 1. Capacitors P and Q are connected in the top branch.
They are in **series** with each other. 2. Capacitor S is connected in the middle branch. 3.
The series combination of (P and Q) is connected in **parallel** with capacitor S, and both
parallel branches are connected directly across the battery V.
Let’s find the equivalent capacitance of the series combination of P and Q:
c-C C
C = — = —
R c+c 2
The total equivalent capacitance of the entire system is the sum of Cp, and Cs (since they are

in parallel):

C 3C
Ciotai =Cpg+Cs=—+C=—
total PQ S 2 2
Now, let’s find the total energy stored in the system (U;):
1 1/3C 3
Up = =CoeV> == | — | V2 ==CV?
T 2 total 2 ( 2 ) 4

Next, let’s find the energy stored specifically in capacitor P (Up): The branch containing P

and Q has a total voltage V across it. Since P and Q are identical and in series, the voltage V
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divides equally among them. Voltage across capacitor P:

Vv
VP:E

Energy stored in capacitor P:

Up = iC (Vp)? = 1C(V)2— LV Leve
PPl o 2) 274 8
Finally, we calculate the required ratio:
1,172
Up §CV

= :1)(
Ur 3cv2 8

4_ 4
3

Step 4: Final Answer:

The ratio U, /Uy is 1/6.

Quick Tip: For identical capacitors in series, the voltage drops equally across each. Knowing this saves
time: Vp = V/n where n is the number of identical capacitors. Energy is proportional to the square of

voltage, so the energy of one capacitor in a 2-series pair is 1/4th of the energy it would have alone.

14. A conducting loop of finite resistance lies on the x — y plane. There is a constant magnetic

field in the z direction. The area of the loop varies with time ¢, as A= A,(1+sin t) in appropriate

units. The figure that correctly indicates the qualitative behaviour of the power P dissipated

in the loop as a function of time is :

(2)

@)

)

Correct Answer: (B) Graph showing a periodic waveform starting from maximum at t = 0 with
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smooth rounded peaks and smooth rounded bottoms touching P = 0.

Solution:

Step 1: Understanding the Question:

A conducting loop is situated in a uniform, constant magnetic field. Its area is changing
periodically with time, which causes the magnetic flux to change. This changing flux induces
an electromotive force (emf) and thus a current. We need to find the functional form of the

power dissipated over time.

Step 2: Key Formula or Approach:

The magnetic flux ® linked with the loop is given by:

®=B-At)

According to Faraday’s law, the induced emf € is:

do
€=——

dt

The electrical power P dissipated in the loop of resistance R is:

x| M

Step 3: Detailed Explanation:

Given the area A(t) = A,y(1 +sint) and constant magnetic field B, the flux is:
®(t) = BAy(1 +sint)
Differentiating with respect to time to find the induced emf:
d .
€= —E[BAO(l +sint)] = —BAjcost
Now, compute the power dissipated:

P(t) =

(—BAycost)® [ BA: )
R = cos*t
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B2AZ g
¢. The power equation becomes:

Let Py = —

P(t) =P,cos*t

Analyzing the function P(t) = Pycos®t: 1. At t = 0, P(0) = P,cos*(0) = P,, which is a
maximum. 2. At t = 1t/2, P(1t/2) = P,cos*(nt/2) = 0. 3. The cos®t curve is a strictly non-
negative, periodically varying smooth curve (since cos? t = H%“m). It has smooth, rounded
peaks at the maxima and smooth, rounded valleys where it touches the horizontal axis.
Comparing this to the provided options: - Graph (A) is not periodic. - Graph (B) starts
at a maximum, touches zero periodically, and exhibits the characteristic smooth sinusoidal
behavior with smooth valleys. - Graph (C) has sharp, non-differentiable valleys which would
correspond to a function like | cos t|, not cos? t. - Graph (D) represents a constant function.

Thus, Graph (B) represents the correct qualitative behavior.

Step 4: Final Answer:

The correct figure is the one displaying a cos? t profile (Option B).

Quick Tip: Be careful distinguishing between plots of |cost| and cos? t. The absolute value function
creates sharp corners (non-differentiable points) when it touches zero, while the squared trigonometric

function creates smooth, rounded minima (parabolic near zero).

15. In an adiabatic expansion, the temperature of one mole of an ideal monatomic gas (y = 5/3)

decreases from 60 K to 50 K. The work done by the gas in the process is :
Take the universal gas constant as R = 8.3 J mol ' K!

(A) 166 J
(B) 41.5J
(C) 83J
(D) 124.5J

Correct Answer: (D) 124.5]J
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Solution:

Step 1: Understanding the Question:
An ideal monatomic gas expands adiabatically, which results in a drop in its temperature. We

are required to find the amount of work done by the gas during this expansion.

Step 2: Key Formula or Approach:

For an adiabatic process, the work done by n moles of an ideal gas is given by:
R(T,—T.
W= nR(T, 2)
ry—1

where T, is the initial temperature, T, is the final temperature, n is the number of moles, R is

the universal gas constant, and y is the ratio of specific heats (C/Cy).

Step 3: Detailed Explanation:
Given parameters: Number of moles, n = 1 Initial temperature, T; = 60 K Final temperature,
T, = 50 K Adiabatic constant, y = % Gas constant, R = 8.3 J mol ' K*

Substitute the values into the work formula:

_ (1)(8.3)(60—50)

w
5
Y|
3x10
w=? .
3
83 83x3
W = > =
2 2
2
W:¥=124.5J

Step 4: Final Answer:

The work done by the gas in the process is 124.5 J.

Quick Tip: An alternative way to think about adiabatic work is using the First Law of Thermodynamics:
AQ=AU+W. Since AQ =0, W =—AU = —nCy AT = nCy (T, — T,). For a monatomic gas, Cy = %R,
giving W =1 x 3 x 8.3 x 10 = 124.5 J directly.
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16. Consider a particle moving along a straight line, whose position as a function of time is
given by s(t) = at>— ft +y, where a =1 ms ™2, =6 ms™! and y = 5 m. The average speed of

the particle, in ms™!, fromt =0tot =6 s is :

(A)O
(B) 12
Q6
D) 3

Correct Answer: (D) 3

Solution:

Step 1: Understanding the Question:
We are given the position function s(t) of a particle moving in 1D. We need to find the
**average speed** over the interval t = 0 to t = 6 s. Note that average speed depends on

total path distance, not displacement.

Step 2: Key Formula or Approach:

Total Distance

Total Time _* If the particle changes

The velocity of the particle is v(t) = %. Average speed =
direction (where v(t) = 0), we must split the time interval into segments, calculate the

absolute distance traveled in each segment, and sum them up.

Step 3: Detailed Explanation:
Given position equation:

s(t)=1t>—6t+5

First, find the velocity as a function of time:
ds
v(t)=—=2t—6
(t) T
Set v(t) = 0 to check if the particle stops and turns around within t € [0, 6]:

2t—6=0 = t=3s
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Since the particle changes direction at t = 3 s, we evaluate the position at t =0, t = 3, and
t=6:-Att=0:s5(0)=5m-Att=3:5(3)=(3)2—6(3)+5=9—184+5=—4m-Att =6:
s(6)=(6)*—6(6)+5=36—36+5=5m

Now, calculate the absolute distance traveled in each segment: Distance from t =0 to t = 3:

d; =1s(3)—s(0)|=|-4—-5|=|-9[=9m

Distance from t =3 to t = 6:

dy =1s(6) —s3)| = [5— (=4 =19]=9m

Total distance D:

Total time T = 6 s.

Finally, find the average speed:

Step 4: Final Answer:

The average speed of the particle is 3 ms™.

Quick Tip: Always watch out for the phrasing "average speed" versus "average velocity". If the question

asked for average velocity, it would simply be % = ‘w = % = 0. For average speed, finding

turning points (v = 0) is essential.

17. The following table presents the part of the electromagnetic spectrum and their corre-

sponding major applications.

Part of the electromagnetic spectrum Applications

P | Microwave I | For purifying the water

Q | UV rays II | For warming the food

R | Gamma rays III | For AM and FM communication systems
S | Radio wave IV | For treating the Cancer cells

The correct option is :
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(A) P-II, Q-IV, R-III, S-I
(B) P-I, Q-II, R-III, S-IV
(C) P-I, Q-IV, R-II, S-III
(D) P-II, Q-1, R-IV] S-III

Correct Answer: (D) P-II, Q-I, R-IV, S-III

Solution:

Step 1: Understanding the Question:
This is a standard matching question based on the factual knowledge of the electromagnetic

spectrum and its practical applications.

Step 3: Detailed Explanation:

Let’s pair each EM wave type with its most well-known application: - Microwave (P): Highly
utilized in microwave ovens due to the absorption of microwave frequencies by water molecules,
which results in internal heating. Hence, P matches with II (For warming the food). - UV
rays (Q): Ultraviolet radiation is germicidal; it destroys the DNA of bacteria and viruses. It is
widely used in water purifiers (UV filters). Hence, Q matches with I (For purifying the water).
- Gamma rays (R): Extremely high-energy radiation capable of destroying living cells. In a
controlled environment, they are used in radiotherapy to kill cancer cells. Hence, R matches
with IV (For treating the Cancer cells). - Radio wave (S): Long-wavelength electromagnetic
waves utilized extensively for transmitting information over long distances, such as radio
broadcasts. Hence, S matches with III (For AM and FM communication systems).

Combining these, the correct matching is P-II, Q-I, R-IV, S-III.

Step 4: Final Answer:

The correct matching corresponds to Option (D).

Quick Tip: Such matching questions can often be solved by being absolutely sure about just 1 or 2
options. For instance, knowing Radio waves = AM/FM communication (S-III) immediately eliminates

options A and B.
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18. An ideal gas is made of polyatomic molecules. Each of the molecules has three translational,
three rotational and f number of vibrational modes. If the ratio of heat capacities C,/C, of

the gas is 8/7, then the value of f is:

(A) 1
(B) 4
@3
(D) 2

Correct Answer: (B) 4

Solution:

Step 1: Understanding the Question:
We need to find the number of vibrational modes f for a polyatomic gas, given its degrees of

freedom composition and its adiabatic constant y = C,/C,, = 8/7.

Step 2: Key Formula or Approach:

The molar heat capacity at constant volume is given by the equipartition theorem:
1
Cy, = E(Total Degrees of Freedom)R

A single vibrational mode contributes 2 degrees of freedom (one for kinetic energy and one for
potential energy). Thus, f vibrational modes contribute 2f degrees of freedom. Total degrees

of freedom F = f,,,,,s + fror + 2f,ip- The specific heat ratio is y = g—C = CE—:R =1+ :;V =1+ %

Step 3: Detailed Explanation:
Given: Translational degrees of freedom = 3 Rotational degrees of freedom = 3 Number of
vibrational modes = f (yielding 2f degrees of freedom)
Total degrees of freedom F:
F=3+3+2f =6+2f

Calculate Cy:

F_ 6+2f
CVZER:

R=(3+f)R
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Calculate Cyp:
Cp=C,+R=(B+f)R+R=(4+f)R

The ratio of heat capacities y:

&_(4+f)R_4+f
C, (B+f)R 3+f

We are given y = %, so:

Cross-multiply and solve for f:
7(4+f)=8(3+f)

28+ 7f =24+ 8f
8f —7f =28—24
f=4

Step 4: Final Answer:

The number of vibrational modes f is 4.

Quick Tip: Remember that each active vibrational *mode* contributes 2 degrees of freedom to the

specific heat (%kBT for average kinetic energy and %kBT for average potential energy).

19. A unit positive point charge is taken slowly through an infinitesimally thin tube that is
inside a charged dielectric sphere of radius R, having uniform positive charge density p, as
shown in the figure. The initial and final positions of the charge are marked by A and B at
distances 2R and 3R respectively, from the centre of the sphere. In this process, the magnitude
of the total work done on the point charge is ﬁ—fz. The value of n is :

(e, is the permittivity of vacuum)
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(A) 18
(B) 2
Q6
D) 9

Correct Answer: (A) 18

Solution:

Step 1: Understanding the Question:

We need to find the work done to slowly move a unit positive charge from point A (at distance
2R) to point B (at distance 3R) through a path that traverses a uniformly charged sphere.
Since electrostatic force is conservative, the work done depends solely on the potential

difference between the initial and final points, irrespective of the actual path taken.

Step 2: Key Formula or Approach:

The work done by an external agent to slowly move a charge g from A to B is:
Wext =AU = q(VB - VA)

For points outside a uniform spherical charge distribution (r > R), the sphere acts as if its

entire charge Q were concentrated at the center. The potential is given by:

1 Q

4meg

V(r)=
where the total charge Q of the sphere is Q = %nR?’ o.

Step 3: Detailed Explanation:
Both points A and B are outside the sphere (r, = 2R > R and rz; = 3R > R). Calculate the

potential at distance r:
1 %TCRSP _ pR®
4me, r  3e,r

Find the potential at point A (r, = 2R):

_ pR3 _ pR2
"~ 3€4(2R)  6¢,

Va
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Find the potential at point B (r5; = 3R):

pR® _ pR?

V prn =
57 3¢,(3R) e,

The charge being moved is a unit positive charge, ¢ = +1. The work done on the charge is:

R*> pR?
W=q(Vp—V)=1x| 2= 2%
9¢, ©b¢€q

w=LE(1_1)_pR(2-3)_ ot
e \9 6) ¢ \ 18 J  18¢,

The negative sign indicates work is done by the electric field. The question asks for the

**magnitude** of the total work done:

_ PR’
18¢,

W]
. . . . . pR2 _
Comparing this with the given expression nes» we getn=18.

Step 4: Final Answer:

The value of n is 18.

Quick Tip: Electrostatic forces are strictly conservative. The phrase "taken slowly through an infinites-
imally thin tube inside... the sphere" is purely a distractor! For any conservative field, simply use

AU = gAYV evaluated at the endpoints.

20. A current I, flows through a metallic circular loop of radius r as shown in the figure.
Resistance of the segment ABC is half that of ADC. Magnitude of magnetic field at the center O

of the loop is :

(A)

27r

I

(B) T3
Uol,

© ="

Uol
(D) tolo
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Mol
12r

Correct Answer: (B)
Solution:

Step 1: Understanding the Question:
A steady current I, enters at point A of a circular loop, splits into two paths (ABC and ADC),
and exits at point C. The loop’s center is O, and AC forms a diameter (indicating both segments

are semicircles). We need to determine the net magnetic field at the center O.
Step 2: Key Formula or Approach:
The magnetic field at the center of a circular arc subtending an angle 6 carrying current [ is:

I
= “_09
4nr

B
For parallel branches, the total current I, divides inversely as the resistance:
IlRl :IZRZ aIld Il+12 :Io

Step 3: Detailed Explanation:

From the figure, the line segment AC passes through the center O, implying that branches ABC
and ADC are perfect semicircles. Thus, the angle subtended by both branches at the center is
6, =06,=m.

Let I, be the current through ABC and I, be the current through ADC. Let the resistance of
ABC be R, and that of ADC be R,. Given: R, = %Rz =—> R, =2R,.

Since the branches are in parallel, the potential difference across them is equal:
LR, =I,R, = IR, =L,(2R,) = [, =2I,
Using Kirchhoff’s junction rule at A:

L+L=1, = 2L+, =1, = 3I,=1,

I 21
3 3

Now, evaluate the magnetic field at center O due to each branch. Using the right-hand rule,

current I, in ABC produces a magnetic field directed into the plane (®). Current I, in ADC
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produces a magnetic field directed out of the plane (©®).

Magnitude of field due to ABC:

3, = oy ol _ i () _ Zul
4rtr 4r 4r \ 3 12r

Magnitude of field due to ADC:
N MoIz(TC) ol _ Yo (I_o) _ Uolo
4rnr 4r 4r \ 3 12r

Since the fields are oppositely directed, the net magnetic field magnitude is:

2uoly ol _ Molo
12r 12r  12r

Bnet = |B1 _B2| =

Step 4: Final Answer:

The magnitude of the magnetic field at the center O is ‘iOTIr"

Quick Tip: If a loop is made of a *uniform* wire, the magnetic field at the center is always exactly
zero regardless of where the current enters or exits (I;6; = [,6, = B; = B,). A non-zero field at
the center implies the wire has varying resistance per unit length (e.g., varying thickness), as explicitly

given here by R; # R, despite identical lengths.

21. Bob B of mass m at rest is hanging vertically from the ceiling via a massless string of length
10 m, as shown in the figure. Point mass A of mass m travelling horizontally with speed 10
ms~! hits bob B elastically. The bob B rises h meter after the collision. Taking the acceleration

due to gravity ¢ = 10 ms™? and neglecting the size of the bob, the value of h is :

(A) 2.5
(B) 8
Q7
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(D) 5
Correct Answer: (D) 5

Solution:

Step 1: Understanding the Question:

A moving mass undergoes a 1D elastic collision with a stationary identical mass forming a
pendulum. After the collision, the pendulum bob swings upwards, converting its kinetic
energy entirely into gravitational potential energy at its highest point. We need to find this

maximum height h.

Step 2: Key Formula or Approach:
1. Elastic Collision: When two identical masses undergo a one-dimensional, perfectly elastic
collision, they completely exchange their velocities. 2. Conservation of Mechanical Energy:

As bob B swings upward, its kinetic energy is converted into potential energy.

%mv2=mgh — h=£

Step 3: Detailed Explanation:

Before collision: Velocity of mass A, u, = 10 ms™! Velocity of bob B, uz =0

Both objects have the same mass m and the collision is elastic. Thus, their velocities are
exchanged: Velocity of mass A after collision, v, = 0 Velocity of bob B after collision, vz =
10 ms™!

1

Now, bob B starts swinging with an initial speed v; = 10 ms™". At its maximum height h, its

velocity becomes zero. Using energy conservation for bob B:

Kinetic Energy at bottom = Potential Energy at max height

1
Emvg =mgh
he Lo
28
Substitute v; = 10 ms™! and g = 10 ms™2:
_ (107 _ 100 _
T 2x10 20
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Step 4: Final Answer:
The bob B rises to a height of 5 m.

Quick Tip: An extremely useful shortcut for 1D perfectly elastic collisions: If m; = m,, the bodies simply

swap their velocities. No need to set up full momentum and kinetic energy conservation equations.

22. An electromagnetic wave travelling in a lossless dielectric medium having a dielectric con-
stant, ¢, = 9, has the electric field, E, = E,sin(kz — 27 x 10°t) Vm™! where E, is the amplitude

and k is the wave vector. Among the following options, the incorrect choice is :

(A) The direction of propagation of the electromagnetic wave is along +z.
(B) The speed of the electromagnetic wave inside the medium is 10® ms™.

(C) The wavelength of the electromagnetic wave inside the medium is 300 m.

(D) The magnetic field is given by the relation B, = % sin(kz — 27t x 10°t) where v is the speed of

the electromagnetic wave inside the medium.

Correct Answer: (C) The wavelength of the electromagnetic wave inside the medium is 300 m.

Solution:

Step 1: Understanding the Question:
We are given the equation for the electric field of an EM wave propagating through a dielectric
medium. We need to evaluate four statements regarding the wave’s propagation direction,

speed, wavelength, and magnetic field, and identify the incorrect statement.

Step 2: Key Formula or Approach:

The standard wave equation is E(z, t) = E, sin(kz — wt). 1. **Direction:** The phase term

C

NG
. 3. f:?%Wavelength:‘k‘k A = %, Where frequency

(kz — wt) dictates propagation in the positive z-direction. 2. **Speed:** v = . For a

C

Ve
v = 5=. 4. **Magnetic field:** Magnitude B, = % Direction corresponds to £ x B = 7.

non-magnetic dielectric, u, ~ 1, so v =

Step 3: Detailed Explanation:
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Let’s analyze the given wave equation: E, = E,sin(kz — wt), where w = 27 x 10° rad s ". -

6 3 . FOSOS . .
**Frequency:** v = > = 2";7110 = 10° Hz. - **Direction:** The phase is kz — wt, meaning

the wave travels in the +z direction. (Statement A is True).

Now, evaluate the speed v in the dielectric medium: - €, = 9. Assuming y, = 1. - v = ==
% = 3X3—1°8 = 10% ms™!. (Statement B is True).

Next, find the wavelength A in the medium: - A =3 = i—gi =100 m. - Statement C claims the
wavelength is 300 m. (Statement C is **False**).

Check the magnetic field equation: - Since E = E,i and velocity is along k, the direction
of B must satisfy 1 x B = k. This means B = j, so the magnetic field is along the y-axis
(B,). - The amplitude is B, = % - Phase remains identical to the electric field. - Therefore,
B, = % sin(kz — 27 x 10°t). (Statement D is True).

Step 4: Final Answer:

The incorrect choice is (C).

Quick Tip: When dealing with EM waves traversing different media, the frequency v remains strictly

constant. Changes in wave speed directly and proportionately impact the wavelength (A o< v).

23. A particle of mass M moves along a horizontal x axis from x = 0 to x = L. The coefficient
of kinetic friction varies as a function of x as y,(x) = u, — ax, where u,, a are constants of
appropriate dimensions, so that u,; (L) = 0. The total work done by the frictional force during

the motion is nu,M gL, where g is the acceleration due to gravity. The value of n is :

A) 1/2
(B) 1
© 1
(D) 1/3

Correct Answer: (A) 1/2
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Solution:

Step 1: Understanding the Question:
A particle travels along a horizontal rough surface whose coefficient of kinetic friction
decreases linearly with distance. We need to compute the total work done by the frictional

force over a distance L.

Step 2: Key Formula or Approach:
The kinetic frictional force is f.(x) = u(x)N = u,(x)M g. The work done by a variable force

in 1D is obtained by integration:

L L
sz ﬁ-d}?:J —fr(x)dx
0 0

Since the question asks to match the format nu,M gL and all options are positive, we will

evaluate the magnitude of work.

Step 3: Detailed Explanation:

First, find the constant a. We are given that friction vanishes at x = L:

(L) =py—al =0 = a=%

Substitute a into the friction coefficient equation:
e (x) = po — (—) X
The frictional force as a function of x is:

i) = Mg (1o — 22

Calculate the magnitude of the work done by friction:

|W|=f ()d=Mf — %) d
Okax go(.uo LX)X
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Perform the integration:

x2 71
|W|=Mg[uox—“°

2L |,
W|=M L Hol.” —M( L1 L)
= Mg\ U oL ) &g\ Yo 2“0
1
|W|:§H0M8L

Comparing this with the given expression nu,M gL, we see that:

1
= =

Step 4: Final Answer:
The value of nis 1/2.

Quick Tip: For any force that varies linearly from a maximum value F,,,, to zero over a distance L,
the magnitude of work done is simply the area of the corresponding triangle under the Force-Distance

graph: Area = % x base x height = %L(qug).

24. Consider three media B Q and R with refractive indices 1, 1.25, and 1.5, respectively. The
medium Q having a thickness of 5 cm is placed between extended media P and R as shown in
the figure. An object O is placed at the center of medium Q. If viewed from medium P near the
normal direction, the apparent depth of O is h;. For similar observation from medium R, the

apparent depth is h,. The value of |h; —h,|, in cm, is :

(A) 3
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(B)O
1
(D) 2

Correct Answer: (C) 1

Solution:

Step 1: Understanding the Question:

An object lies in a transparent medium (Q) bounded by two different transparent media
(P and R). We need to calculate the apparent depth of the object when viewed from each
bounding medium separately and then find the absolute difference between these apparent

depths.

Step 2: Key Formula or Approach:
The apparent depth hg, .., Of an object at true depth h,, in a medium of refractive index

n,,; when viewed from a medium of refractive index n,, is given by:

Mops
happarent = hreal (Tl

obj

Step 3: Detailed Explanation:

Given parameters: - Refractive index of medium B n, = 1 - Refractive index of medium Q,
ng=125= % - Refractive index of medium R, ng = 1.5 = % - Total thickness of medium Q =
5 cm - The object O is at the center of Q, so its real depth from either boundary (P-Q or R-Q)
is:

h —=2.5cm

real —

Case 1: Observation from medium P The observer is in medium P (n,;,, = 1) and the object

is in medium Q (n,p; = 1.25).

1
hy=h, (@) —2.5x (—) =25x0.8=2.0cm
ng 1.25

Case 2: Observation from medium R The observer is in medium R (n,;,, = 1.5) and the
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object is in medium Q (n,;; = 1.25).

1.5
hy=h,.y (@) —2.5x (—) —25x1.2=3.0cm
ng 1.25

We need to find the absolute difference |h; —h,|:
|h, —h,| = [2.0—3.0| = 1.0 cm

Step 4: Final Answer:

The value of |h; —h,| is 1 cm.

Quick Tip: Apparent depth fundamentally relates to the ratio of speeds of light. When viewing into
an optically denser medium (n,; > n,p,), the object appears closer (shallower). When viewing into a

rarer medium (n,p; < ngp), the object appears further away (deeper).

25. Consider a fixed uniformly charged insulating sphere with radius R and total charge +Q. A
point charge -q (¢ < Q) with mass m is released from rest at a distance of 3R from the centre
of the charged sphere. When the point charge reaches the surface of the sphere, its speed is :

(e, is the permittivity of vacuum, neglect gravitational forces).

Qq
(A) 1/ Zme,mr
3Qq
(B) 4meomR
2Qq
(C) 3megmR
Qq
(D) 3megmR
Correct Answer: (D) —3712me

Solution:

Step 1: Understanding the Question:
A negatively charged particle accelerates from a distance of 3R down to the surface of a

uniformly charged positive sphere of radius R. We must find its final velocity using the
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principle of conservation of mechanical energy.

Step 2: Key Formula or Approach:

The electrostatic potential V at a distance r (r > R) from the center of a uniformly charged

10

4meg r°

sphere of total charge Q is V(r) =

kinetic energy equals the negative change in potential energy:

Step 3: Detailed Explanation:

Initial State (released from rest at r = 3R):

Ki =0
1 Q Qq
U, = VR =—q( o2 ) =-
4mey 3R 12meyR
Final State (arrives at the surface r = R):
1
Ky = Emv2
1 Q) Qq
U, =(—q)V(R) = — =)=
s =COVR) E (47160 R 4me R
Apply conservation of energy:
__Q _1 S Qq
12me,R 2 4melR
Rearranging for kinetic energy:
1 , Qq
2 4rmegR  12meyR

Factor out common terms:

o™= et (1 5) = e (5)
—mv* = l1—=]= -
2 4me R 3 4me,R \ 3

1 5 2Qq Qq

—my- = =
2 12megR 6me R

According to energy conservation, the change in
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Solve for v?:
S = 2Qq Qg
6me,mR  3meymR

Take the square root to find v:

3meymR
Step 4: Final Answer:
The speed of the point charge at the surface is 3n§me-

Quick Tip: Electrostatic energy calculations involving identical 1/r potentials often simplify elegantly

using fractional arithmetic. The difference (% - %) = % directly gives the work multiplier for k%.

26. A car travels on a circular racetrack of radius 50 m, which is banked at an angle 6. If the
car travels at a speed 10 ms™', then the wear and tear on its tyres is minimum. Taking the

acceleration due to gravity to be 10 ms™2, the value of 0 is :

(A) tan"!(24/5)
(B) tan"%(1/5)
(C) tan"'(2/5)
(D) tan"(v/3/2)

Correct Answer: (B) tan"'(1/5)

Solution:

Step 1: Understanding the Question:

We are asked to find the banking angle 6 of a curved track where a car can travel without
relying on lateral friction. The condition "wear and tear on its tyres is minimum" implies that
frictional force is zero, meaning the horizontal component of the normal force alone provides

the required centripetal acceleration.

Step 2: Key Formula or Approach:
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For a vehicle negotiating a banked curve of radius r with zero lateral friction, the optimum

(or safe) speed v is governed by:

v=4/rgtan6

which can be rearranged to find the banking angle:

2
v
tanf = —
rg
Step 3: Detailed Explanation:
Given parameters: Radius, r = 50 m Speed, v = 10 ms ™! Acceleration due to gravity, g =

10 ms—2

Substitute these values into the optimum banking angle equation:

1 2
tanf = (10)
50 x 10
1

tanf = —OO
500

tanf = 1

5

Taking the inverse tangent:

0 =tan! (1)
5

Step 4: Final Answer:

The value of 0 is tan"(1/5).

Quick Tip: The phrase "minimum wear and tear" is a classic textbook indicator that friction (f; = 0)

should not be included in the force balance equations, leaving only the normal force and gravity.

27. A frictionless circular wire of unit radius is fixed on the horizontal plane. Two point parti-
cles of unit mass start moving simultaneously from point A(6 = 1/2) with identical uniform
angular speeds in opposite directions, and meet again at point B(6 = —r/2). During this
time, which of the following figures schematically represent the magnitude of the total linear

momentum P of the system, as a function of 6 ?
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(1)

@
(3)
)

N

Correct Answer: (D) A single smooth bump (cosine shaped) starting at 0 at § = 7t/2, reaching a

peak at 0 =0, and ending at 0 at 8 = —7/2.

Solution:

Step 1: Understanding the Question:

Two identical masses slide on a circular wire starting from the "top" (6 = 7/2) and meet
at the "bottom" (6 = —mt/2). One moves clockwise, the other counterclockwise, both with
uniform identical speeds. We need to find how the magnitude of their combined (total) linear

momentum P varies with angle 6.

Step 2: Key Formula or Approach:
The linear momentum vector is P = m¥, + m¥,. By symmetry, components of momentum
perpendicular to the line connecting the particles cancel out, while components parallel to it

add up.

Step 3: Detailed Explanation:

Let the angular speed be w. Since radius r = 1, their linear speed is v = wr = w. Let a be
the angular distance covered by each particle from the start point A(7t/2). - At time t, the
counter-clockwise particle is at angle /2 + a. Its velocity is tangent to the circle, pointing
downward and left. - The clockwise particle is at angle 6 = /2 — a. Its velocity is tangent,
pointing downward and right.

At any given instance: - The horizontal components (x-direction) of their velocities are equal
and opposite, so they perfectly cancel each other out. - The vertical components (y-direction)

of their velocities are identical and point in the same direction (downwards).
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The downward velocity component of each particle is vsina. Thus, the total momentum

vector points strictly downwards with magnitude:
P =m(vsina) + m(vsina) =2mvsina

The x-axis of the required plot corresponds to the position 6 of the clockwise-moving particle.

Thus, 6 = /2 —a, giving a = /2 — 6. Substitute a into the momentum equation:
. (T
P(0)=2mv sm(E — 0) =2mvcosf

Let’s check the endpoints and middle: 1. At the start (0 = ©/2): P = 2mvcos(7/2) = 0.
(Particles move horizontally in purely opposite directions). 2. At the midpoint (6 = 0):
P =2mv cos(0) = 2mv. (Particles move straight down, momenta perfectly align). 3. At the
end (6 =—m/2): P =2mv cos(—mn/2) = 0. (Particles move horizontally towards each other,
cancelling).

The function P = 2mv cos 0 plots as a single positive smooth "bell-like" bump between /2

and —7t/2. Option (D) perfectly represents this shape.

Step 4: Final Answer:
The magnitude of total momentum follows a single smooth cosine bump starting and ending

at zero.

Quick Tip: Checking boundary conditions is a very powerful way to solve graphical choice questions.
At the start, velocities are oppositely directed (total P = 0). This alone eliminates graphs A, B, and C

which incorrectly show a non-zero initial momentum.

28. Three identical p-n junction diodes D,, D, and D, are connected across a battery as shown in
the figure. If the width of the depletion regions of D,, D, and D, are W;, W, and W, respectively,

then the correct option is :

A W, >W, =W,
B W, >W,>W,
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C) Wy =W, > W,
(D) W, > W, > W,

Correct Answer: (A) W, > W, =W,

Solution:

Step 1: Understanding the Question:
The circuit consists of three parallel branches connected across a DC battery. We need to identify

the biasing (forward or reverse) of each diode to compare the widths of their depletion regions.

Step 2: Key Formula or Approach:

The width of the depletion region of a p-n junction depends on its biasing: 1. Reverse Bias:
The depletion width increases (widest). 2. Forward Bias: The depletion width decreases
(narrowest). For identical diodes with identical forward bias conditions, the depletion widths

will be equal.

Step 3: Detailed Explanation:

Looking at the battery, the longer vertical line on the left is the positive terminal, and the
shorter thick line on the right is the negative terminal. - Diode D,: The p-side (triangle base)
is on the left, connected to the positive terminal. It is forward biased. - Diode D,: The n-side
(vertical line) is on the left, connected to the positive terminal. It is reverse biased. - Diode
D,: The p-side (triangle base) is on the left, connected to the positive terminal. It is forward
biased.

Since D, is reverse biased, its depletion width W, is the largest. Since D; and D, are both
forward biased and have identical series resistors (1 k2) across the same voltage, their

forward currents are equal, making their depletion widths equal. Thus, W, > W; = Wj.

Step 4: Final Answer:

The correct relation is W, > W, = W;.
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Quick Tip: Always trace the path from the battery terminals to the p-side (triangle) and n-side (bar) of
the diode to determine the bias state. Reverse biasing pulls majority carriers away from the junction,

widening the depletion region.

29. The lens combination as shown in the figure, consists of two lenses, L, and L,, of the focal

lengths +10 cm and —10 cm, respectively. The position of the image formed is :

(A) 60 cm to the right of the concave lens
(B) 20 cm to the left of the concave lens
(C) 60 cm to the left of the concave lens

(D) 30 cm to the right of the concave lens

Correct Answer: (C) 60 cm to the left of the concave lens

Solution:

Step 1: Understanding the Question:
An object is placed at a distance of 30 cm in front of a convex lens (L;). The light then passes

through a concave lens (L,) placed 3 cm behind L,. We need to locate the final image.

Step 2: Key Formula or Approach:

The lens formula is given by:
1 1

E
v u f
We apply this formula sequentially for both lenses. The image formed by the first lens acts as

the object for the second lens.

Step 3: Detailed Explanation:
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For Lens L; (Convex): Focal length, f; = +10 cm Object distance, u; = —30 cm Using the

lens formula:

E R Y
v, —30 10
2t 4 1 o4 4 1
v, 30 10 v, 10 30 30 30 15
v =+15 cm

So, L, forms a real image 15 cm to its right.
For Lens L, (Concave): The distance between the lenses is d = 3 cm. The image I, acts as
a virtual object for L,. Object distance for L,, u, =v; —d = 15—3 = +12 cm. Focal length,

f5 =—10 cm. Using the lens formula again:

1_ 1,1 _—6+5_ 1
v, 10 12 60 60
v, = —60 cm

The negative sign indicates that the final image is virtual and formed 60 cm to the left of the

concave lens L,.

Step 4: Final Answer:

The final image is formed 60 cm to the left of the concave lens.

Quick Tip: Be very careful with sign conventions when the intermediate image acts as an object for the
next lens. If the image is formed "behind" the second lens, it is a virtual object and its object distance u

must be taken as positive.

30. A solid sphere A of radius R and mass M is attached at a point to a smaller solid sphere
B of radius r < R and mass m < M. Assume that the line joining their centres lies along the
horizontal. The moment of inertia of the system calculated about a vertical axis passing
through the centre of A is I, and that calculated about a vertical axis passing through the

centre of B is I;. The difference I, —I; is :
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A)O

(B) (m—M)R+r)?

(C) (m— M)(R + r)? (duplicate option in original text, solved accurately below)
(D) (m—M)(R—r)?

Correct Answer: (B) (m—M)(R+r)?

Solution:

Step 1: Understanding the Question:
We have two solid spheres glued together such that the distance between their centers is
d =R+ r. We need to calculate the moment of inertia of this combined system about two

different vertical axes and find their difference.

Step 2: Key Formula or Approach:

The moment of inertia of a solid sphere about its own central axis is:

2 2
- EMSPhereRsphere

I

cm

By the Parallel Axis Theorem, the moment of inertia about an axis at a distance d from the
center of mass is:

I= Icm + Msphered2

Step 3: Detailed Explanation:
Let’s calculate I, (axis passing through the center of sphere A): - For sphere A, the axis passes
through its center: I, ;= %MRZ. - For sphere B, the axis is at a distance d =R + r from its

center: I gpouea = 2mr* + m(R + r)?. Total moment of inertia I,:

2 2
I,= EMRZ + gmr2 +m(R+r)?

Let’s calculate I (axis passing through the center of sphere B): - For sphere B, the axis passes
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through its center: I ., ;; = %mrz. - For sphere A, the axis is at a distance d =R + r from its

center: Iy gpous = 2MR*+ M (R + r)?. Total moment of inertia I:
2 2 2 2 2
Iy = gmr + EMR +M@R+r1)
Now, compute the difference I, — I:
2 2 2 2 2 2 2 2 2 2
IL,—I;= EMR + gmr +mR+r)|— gmr + gMR +M(R+r)
The internal terms cancel out, leaving:

Li—Iz=mR+r*-—MR+r)>=(m—M)R+r)?

Step 4: Final Answer:

The difference I, — I; is (m— M)(R + r)?.

Quick Tip: Notice how the intrinsic spin moment of inertia terms (%MR2 and %mrz) are present
symmetrically in both total inertia expressions and perfectly cancel out when subtracting. Only the

parallel axis theorem shifts (M d?) survive.

31. Consider that an electron is revolving in an excited state of Hydrogen atom with velocity

v/25.6 x 10° ms~!. The radius of the orbit is x x 10~ m. The value of x is :

Take the mass of electron to be 9 x 1073! kg, charge of electron = 1.6 x 107'° C and

1 _
4meq

9x10° Nm? C?

A1
(B) 4
3
(D) 2

Correct Answer: (A) 1
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Solution:

Step 1: Understanding the Question:
We are given the orbital velocity of an electron in a Hydrogen atom and asked to determine

the radius of that specific orbit.

Step 2: Key Formula or Approach:
In Bohr’s model, the necessary centripetal force for the circular orbit is provided by the

electrostatic force of attraction between the nucleus and the electron.

mv? 1 e?
r 4me, 12
Rearranging to solve for the radius r:
1 e?
P — —
4me, my?

This approach directly utilizes the given values without needing to find the principal quantum

number n.

Step 3: Detailed Explanation:
Given values: v = v/25.6 x 10°ms™! = 1> =25.6x10°m?s 2 m=9x 103 kg e =
1.6 x 107 Ck = — =9 x 10° Nm? C>

4mey

Substitute the values into the derived formula:

e (9 x 10%) x (1.6 x 10719)?
~ (9% 10-31) x (25.6 x 1019)

L 9% 10° x 2.56 x 107®
"~ 9x 10731 x 25.6 x 1010

(9 X 2.56) y ( 10° x 10738 )
r=| —— _—
9 x 25.6 10-31 x 1010

10—29
r=1(0.1) x (10_21)

Simplify the numbers:

r=0.1x10%=1.0x10"m

Since r = x x 107 m, comparing gives x = 1.
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Step 4: Final Answer:

The value of x is 1.

Quick Tip: Using the direct dynamic force balance equation F en¢ripetal = Feectrostatic allows you to
bypass calculating the quantum number n completely, saving valuable time and reducing calculation

steps.

32. The mean free path of molecules in an ideal gas A is half that of another ideal gas B.
The diameter of the spherical molecules of gas A is twice the diameter of the molecules of

B. If number densities of the gases A and B are n, and n, respectively, then the correct option is :

(A) n, = %nB
(B) ny =ng
(C) ny=2ng

D) n,= %nB

Correct Answer: (A) n, = %nB

Solution:

Step 1: Understanding the Question:
We are asked to find the relationship between the number densities of two gases given the

ratios of their mean free paths and molecular diameters.

Step 2: Key Formula or Approach:

The mean free path A of gas molecules is given by:

1
A=—-——
V2md2n

where d is the collision diameter of the molecule and n is the number density (number of

molecules per unit volume).
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Step 3: Detailed Explanation:

From the formula, the ratio of mean free paths for two gases is:

B
A d?n,  \d,) \n,

e —1 M1 = th 1
Weare given: 1. Ay =3A5 = 7 =352.dy=2dy = T =3

Substitute these ratios into our equation:

1 1 ng
2 4 n,
Multiply both sides by 4:
:
2=_5
1y
Rearranging for n,:
1
nA = EnB

Step 4: Final Answer:

The correct option is n, = %nB.

Quick Tip: Mean free path is inversely proportional to both the number density and the square of the
molecular diameter (A o< 1/(d?n)). Use proportional ratios to avoid carrying unnecessary constants

like /2 and 7.

33. A cylindrical cork of uniform density floats in a liquid of density p,. If the cork is depressed
slightly and released, it oscillates harmonically with time period T. If the same cork floats in an-

other liquid of density p,, then the similar oscillation has time period 2T. The value of p,/p; is :

(A) 1/4
(B) 4
©) 2
(D) 1/2
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Correct Answer: (A) 1/4

Solution:

Step 1: Understanding the Question:
A floating cylindrical cork exhibits simple harmonic motion when disturbed vertically. We
need to find the ratio of densities of two different liquids based on the time periods of

oscillation of the same cork in them.

Step 2: Key Formula or Approach:
When a floating cylinder is depressed by a small distance y, the extra buoyant force provides

the restoring force:

Frestoring = _(A Y p)g = _(Ap g).y

where A is the cross-sectional area and p is the density of the liquid. This is the equation of

SHM with effective spring constant k = Apg. The time period T is:

T=2n‘/m=2n o
k Apg

Since m, A, and g are constant for the same cork, the time period is inversely proportional to

the square root of the liquid’s density:

1
T oc —
VP
Step 3: Detailed Explanation:

Taking the ratio of the time periods in the two liquids:

L_,|P2
T, P1

Given: T; = T T, = 2T Substitute the values into the ratio:
R
2T P1
1_4|P2
2 P1
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Square both sides to find the density ratio:

P2 _ (1) _1
pr \2) 4
Step 4: Final Answer:

The value of the ratio p,/p; is 1/4.

Quick Tip: For any floating object undergoing vertical SHM, the "stiffness" of the restoring force
depends entirely on the liquid it pushes out. Thus, a denser liquid provides a much stiffer restoring

force, resulting in faster oscillations (smaller time period).

34. For sound waves, if the number of nodes for the 5th harmonic of an open-ended pipe is n

and that for the 9th harmonic of the same pipe with one of its ends closed is m, the ratio n/m is :

(A) 3/5
(B) 5/9
(C) 9/5
(D) 1

Correct Answer: (D) 1

Solution:

Step 1: Understanding the Question:
We need to determine the number of nodes formed in specific standing wave harmonics for
two types of organ pipes: an open pipe (both ends open) and a closed pipe (one end closed,

one open).

Step 2: Key Formula or Approach:
1. Open-ended pipe: Both ends are antinodes. The k" harmonic corresponds to k loops.
Since nodes are sandwiched between antinodes, the k" harmonic has exactly k nodes. 2.

Closed-ended pipe: The closed end is a node and the open end is an antinode. It only forms
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odd harmonics (p = 2k — 1). For the p* harmonic, the number of nodes is given by k = pTH.

Step 3: Detailed Explanation:

For the open-ended pipe: We are considering the 5th harmonic. Number of nodes n =
harmonic number = 5. So, n = 5.

For the closed-ended pipe: We are considering the 9th harmonic. The relationship between

harmonic number p and node count k is p = 2k — 1. Substitute p = 9:
9=2k—1 = 10=2k = k=5

Number of nodes m = 5. So, m = 5.

Now, evaluate the ratio:

Step 4: Final Answer:

The ratio n/m is 1.

Quick Tip: For stationary waves in pipes: In an open pipe, number of nodes = harmonic number. In a

closed pipe, number of nodes = (harmonic number + 1) / 2.

35. Consider the following nuclear reaction :
238U _)234 Th +4 He
Take masses of 2*8U, 2**Th and “He as 238.050 u, 234.043 u and 4.003 u, respectively. The Q

value for the reaction, in keV] is :
Given : 1 u=931.5 MeV ¢ 2

(A) 3740
(B) 3726
(C) 3730
(D) 3736

Correct Answer: (B) 3726
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Solution:

Step 1: Understanding the Question:
We are required to calculate the energy released (Q value) during the alpha decay of

Uranium-238, using the given atomic masses, and express the final answer in keV.

Step 2: Key Formula or Approach:

The Q value of a nuclear reaction is determined by the mass defect (Am):
Am = Mass of Reactants — Mass of Products

Q =Am x931.5 MeV/u

Step 3: Detailed Explanation:

Calculate the mass of the products:
My oduces = M(*>*Th) + m(*He) = 234.043 u +4.003 u = 238.046 u
Calculate the mass defect Am:
Am = m(***U) — M, oauces = 238.050 u—238.046 u = 0.004 u
Calculate the Q value in MeV:
Q =0.004 x 931.5 MeV = 3.726 MeV
Convert the energy from MeV to keV:
Q =3.726 x 10° keV = 3726 keV

Step 4: Final Answer:

The Q value for the reaction is 3726 keV.
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Quick Tip: Be very careful with decimal arithmetic and unit conversions here. 1 MeV = 1000 keV.
Missing this step would lead to choosing an incorrect order of magnitude, though here all options are in

the thousands.

36. Which of the following measurements require ’index correction’ ?

(A) Measurement of speed of sound using resonance tube
(B) Measurement of resistance of a wire using meter bridge
(C) Measurement of gravitational acceleration using simple pendulum

(D) Measurement of focal length of lenses using optical bench

Correct Answer: (D) Measurement of focal length of lenses using optical bench

Solution:

Step 1: Understanding the Question:
We need to identify the laboratory experiment that requires an "index correction" during data

collection and analysis.

Step 3: Detailed Explanation:

Let’s analyze the corrections typically associated with these standard laboratory experiments:
1. Resonance Tube: The antinode does not form exactly at the open edge of the tube but
slightly above it. This requires an end correction (e = 0.6r), not an index correction. 2.
Meter Bridge: Errors due to the resistance of the thick copper strips and non-coincidence
of zero of the scale with the end of the wire require an end error correction. 3. Simple
Pendulum: Accurate measurement often requires accounting for the radius of the bob to
find the true effective length, but it is not formally termed an index correction. 4. Optical
Bench: In an optical bench setup, the physical index mark on the carriage mount holding the
lens or mirror may not perfectly align with the actual optical center (pole) of the component.
The distance between the index mark and the true optical center is called the index er-

ror, and the adjustment made to the measured scale reading is known as the index correction.

Step 4: Final Answer:

Measurement of focal length using an optical bench requires index correction.
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Quick Tip: Memorize the specific instrumental errors for standard lab experiments: Optical bench —

Index correction; Resonance tube — End correction; Meter bridge — End error.

37. In a solar system, the time-period of revolution of a planet tracing a circular orbit of radius

R is proportional to :

(A) R®
(B) RY/?
) R3/2
(D) R?

Correct Answer: (C) R3/2

Solution:

Step 1: Understanding the Question:
The question asks for the dependence of the orbital time period T of a planet on the radius R

of its circular orbit.

Step 2: Key Formula or Approach:
According to Kepler’s Third Law of Planetary Motion, the square of the time period of revolution
of a planet around the sun is directly proportional to the cube of the semi-major axis of its

elliptical orbit. For a circular orbit, the semi-major axis is simply the radius R.
T? o< R?

Step 3: Detailed Explanation:

Taking the square root of both sides of Kepler’s Third Law:

T o< v/ R3

T o< R3/?
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Step 4: Final Answer:

The time-period is proportional to R*/2.

Quick Tip: Kepler’s Third Law (T2 o< R®) can also be rapidly derived by equating gravitational force to

GMm

_ 2 GM _ (2m)2 2 _ 4n%p3
Mt =mw’R = & =(%)R = T2 =R

R2

centripetal force:

38. Consider that o, kg, b represent Stefan-Boltzmann constant, Boltzmann constant and

Wien’s displacement law constant, respectively. The dimension of ok;'b is :

(&) [L7'T'K™]
(B) [LT'T'K™?]
(C) [L7'K?]

(D) [LT'T'K 2]

Correct Answer: (B) [L7!T 'K 2]

Solution:

Step 1: Understanding the Question:

We need to find the composite dimensional formula for the expression okj"b.

Step 2: Key Formula or Approach:
Determine the dimensions of the individual constants using their defining physical laws: 1.
Stefan-Boltzmann constant (c): E/(A-t) = o T* 2. Boltzmann constant (k;): E =k, T 3.

Wien’s constant (b): A,,,, T =b

Step 3: Detailed Explanation:

Let’s find the dimensional formula for each parameter: - 0 = Area,TimETlTeerzeramre‘* = [[LAZ/I]fg[_Ig] -
33— E ML2T™2 B
[MTK] - ky = g = L T ] = [ML2T~2K'] - b = Length - Temperature = [LK]
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Now, construct the dimension for O'kf_;l b:

[O‘k;lb] — [0] : [b]

[kz]
Substitute the dimensional formulas:

[MT3K*]-[LK]
[ML2T—2K1]

Combine terms in the numerator:

_ [MLT*K?]

~ [ML2T—2K-1]
Subtract powers of the denominator from the numerator: - Mass (M): 1 —1 =0 - Length (L):
1—2=—1-Time (T): =3 —(—2) = —1 - Temperature (K): —3 —(—1) = -2

The final dimensional formula is [L™!T7*K~2].

Step 4: Final Answer:

The dimension is [L ' T 1K 2].

Quick Tip: When dealing with complex dimensional expressions, check for base units that appear
only in some variables. Here, M only appears in ¢ and kg with power 1, so dividing them instantly

eliminates M, heavily restricting the possible answers.

39. A ray of light with wavelength A is incident on three different photo-electric cells namely 1,
2 and 3. The threshold wavelength of these photo-electric cells are A,, A,, and A, respectively
and the magnitude of stopping potentials of these cells are V;, V, and V;, respectively. The
relation between A and threshold wavelengths are A; < A, A, > A and A; > A. The correct

option is :

AV, <V, V4 =0
B)V,=0,V, <V,
QCV,=0,V,>V;
D)V, >V, V=0
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Correct Answer: (B) V;, =0, V, <V,

Solution:

Step 1: Understanding the Question:
We are given an incident wavelength A and three different threshold wavelengths. We must

determine the behavior of the stopping potential for each cell.

Step 2: Key Formula or Approach:
Photoelectric emission only occurs if the incident wavelength is shorter than the threshold
wavelength (A < A,). If A > A, no electrons are emitted, and the stopping potential is zero

(V =0). If A < A,, Einstein’s photoelectric equation applies:

__hc  hc

e —_— — ——

A A

The stopping potential increases as the threshold wavelength A, becomes larger (meaning a

smaller work function).

Step 3: Detailed Explanation:
For Cell 1: Given A; < A. The incident wavelength is greater than the threshold. The incident
photons do not have enough energy to overcome the work function. Thus, no photoelectric
emission occurs, giving V; = 0.

For Cell 2: Given A, > A. Emission occurs. The stopping potential is:

v=—(3-1)>0
e A A
For Cell 3: Given A; > A. Emission occurs. Since A, is much larger than A, (A3 > A,), the

term %3 is smaller than %2 Therefore, the subtracted work function component is smaller,

yielding a larger stopping potential:

v.= e (l _ i)
T e \A A,
Since %3 < %2, it follows that V3 > V.

Combining all conditions: V; =0 and V; >V, > 0.
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Step 4: Final Answer:

The correct option is V; =0, V, < V5.

Quick Tip: A larger threshold wavelength implies a smaller work function (¢ = hc/A). A smaller
work function leaves more residual kinetic energy for the emitted electrons, requiring a higher stopping

potential.

40. One main scale division of a Vernier calliper is equal to 1 mm and the number of divisions
on the Vernier scale is 10. When both the jaws touch each other, the Vernier scale shifts to the
left of zero of the main scale in such a way that 4th Vernier division coincides with a division
of the main scale. If this Vernier calliper measures the length of a wire to be 1 cm, the actual

length of the wire is :

(A) 1.04 cm
(B) 0.60 cm
(C) 0.96 cm
(D) 1.00 cm

Correct Answer: (A) 1.04 cm

Solution:

Step 1: Understanding the Question:
We are provided with the specifications of a Vernier caliper which has a negative zero error
(Vernier zero is to the left of the main scale zero). We need to determine the true length of a

wire whose measured reading is 1 cm.

Step 2: Key Formula or Approach:

Least Count (LC) = 1MSD — 1VSD = 1 MSD Negative Zero Error =

Total Vernier Divisions *

—(Coinciding Division) x LC (based on the options provided). Actual length = Mea-

sured reading - Zero Error.
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Step 3: Detailed Explanation:

First, calculate the Least Count: 1 MSD = 1 mm. Total divisions on Vernier scale = 10.

1 mm
[IC=—=0.1 mm
10

Determine the Zero Error: The Vernier zero shifts to the left, indicating a negative zero error.
The 4th division coincides with the main scale. Note: While strictly defined negative zero error is
—(10—4) x 0.1 = —0.6 mm, none of the options correspond to this. The question setter intended
the simplified (though technically flawed for standard calipers) calculation often found in some
textbooks:

Zero Error = —n X LC =—4 x 0.1 mm = —0.4 mm

Calculate the actual length: Measured reading = 1 cm = 10 mm.

Actual length = Measured length — Zero Error

Actual length = 10 mm — (—0.4 mm) = 10.4 mm

Convert back to cm:

10.4 mm = 1.04 cm

Step 4: Final Answer:

The actual length of the wire is 1.04 cm.

Quick Tip: If a Vernier caliper problem gives you an answer that doesn’t match the strict —(N —n) x LC
negative error formula, quickly check if the direct —n x LC yields a matching option. This is a very

common trap/error in exam paper setting.

41. A point charge Q is placed inside a cavity within a solid isolated conducting sphere. Con-

sider points A, B and C as shown in the figure, where the magnitudes of the electric fields are

E,, Egz and E_, respectively. The points B and C are at the same distance from the center of the

solid sphere. The correct option is :

(A) E,#0, E, < E,.
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(B) E, =0, Ey = E,
(C) EA#O, EB :EC
(D) E,=0, E, > E

Correct Answer: (A) E, #0, E; < E,

Solution:

Step 1: Understanding the Question:
We need to compare the magnitudes of the electric field at three different locations: inside
a cavity with a charge (A), inside the bulk of a conductor (B), and outside the isolated

conductor (C).

Step 2: Key Formula or Approach:

1. Inside the cavity (A): The electric field is created by the point charge Q and induced
charges on the cavity wall. Since it is close to Q, E, # 0. 2. Inside the conducting material
(B): Under electrostatic equilibrium, the electric field everywhere inside the bulk material of a
conductor is exactly zero. So, Ez = 0. 3. Outside the conductor (C): The point charge Q
induces a charge —Q on the inner cavity wall and a charge +Q on the outer surface of the

sphere. This outer surface charge creates a non-zero electric field outside. So, E. # 0.

Step 3: Detailed Explanation:
From the principles above: - E, # 0 - E; =0 - E; > 0 (since it is outside the charged sphere)
Comparing B and C, since E; =0 and E > 0, it is strictly true that E; < E.. These conclusions

directly match option (A).

Step 4: Final Answer:

The correct relation is E, # 0 and E; < E.
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Quick Tip: Electrostatics of conductors states that electric field is strictly zero everywhere inside the
solid conducting material. This fact alone makes Ez = 0 and is the fastest way to eliminate wrong

options in such conceptual questions.

42. In Geiger-Marsden experiment, the number of scattered a-particles N(6) is plotted as a

function of scattering angle 6. Which of the following options represents the correct plot ?

Correct Answer: (D) A highly convex curve dropping precipitously from the y-axis at very small

angles and flattening out towards 180°.

Solution:

Step 1: Understanding the Question:
We need to identify the correct experimental graph for Rutherford’s alpha particle scattering

experiment, plotting the number of scattered particles against the scattering angle.

Step 2: Key Formula or Approach:
Rutherford’s scattering formula predicts that the number of alpha particles scattered at an

angle 0 is inversely proportional to sin*(6/2):

1

MO Sitor

Step 3: Detailed Explanation:
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Analyzing the function N(60): - For very small angles (6 — 0), sin(6/2) — 0, which implies
N(0) — oo. Most alpha particles pass undeviated. - For larger angles, the number of particles
drops off extremely rapidly. - At 8 = 180°, N(0) reaches its minimum value.

Since the y-axis is on a logarithmic scale (10%,103,10%...), the plot of logN vs 6 will have
an asymptote at 6 = 0, dropping extremely sharply and then gradually flattening out
without ever becoming zero or concave downwards. Option (C) incorrectly implies a finite
number of particles scattered at 0° with a horizontal tangent. Option (D) correctly depicts

the precipitous, continuously steep drop-off characteristic of a sin~* function on a semi-log plot.

Step 4: Final Answer:

The correct plot is Option (D).

Quick Tip: Remember that in Rutherford scattering, the vast majority of alpha particles pass straight

through (0 ~ 0°). This means the graph must shoot up toward infinity near the y-axis.

43. One mole of an ideal monatomic gas undergoes a cyclic process as shown in the figure.

The total heat supplied to the gas is :

o[, &3 o

(A) 800J
(B) 400 J
(C) 500J
(D) 600J

Correct Answer: (D) 600 J

Solution:
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Step 1: Understanding the Question:
A cyclic process forms a rectangle on a P-V diagram. We need to find the "total heat supplied",
which, in the context of cyclic processes when matching options to net work, refers to the net

heat exchanged.

Step 2: Key Formula or Approach:

According to the First Law of Thermodynamics, for a complete cycle, the change in internal
energy is zero (AU = 0). Therefore, the net heat supplied equals the net work done by the
gas:

Qret = Wier

The net work done is exactly the area enclosed by the cycle on the P-V diagram.

Step 3: Detailed Explanation:

The cyclea — b — ¢ — d — a is clockwise, so the net work done is positive. The enclosed
shape is a rectangle. Height of the rectangle (AP) = P,,,. — P,;, = 300 — 100 = 200 N/m*
Width of the rectangle (AV) =V, ., —V,.,,=5—2=3m®

Calculate the area:

W,.. = Area = AP X AV

W .. =200x3=600J

net

Since Q.. = W,,.;, the total heat supplied over the cycle is 600 J.

Step 4: Final Answer:
The total heat supplied to the gas is 600 J.

Quick Tip: For any closed loop on a P-V diagram, the area of the loop always represents the net work

done. If the cycle is clockwise, work is done by the gas (+). If counterclockwise, work is done on the

gas (-).

44. Two infinitely long parallel conducting wires A and B carry currents I and 2I, respectively,

in the same direction. The wire A has uniform mass per unit length A and lies on an insulated
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floor. The wire B is kept fixed at a height h above the floor. The minimum magnitude of h so

that the wire A does not rise from the floor is : .
g is the acceleration due to gravity and u, is the permeability of free space.

4uol?
(A) 75,

pol?
(B) 21'?Ag

ol
(©) L

2uol?
D) T

pol®

Correct Answer: (C) ~5 Z

Solution:

Step 1: Understanding the Question:
Wire B is fixed above wire A. Because they carry currents in the same direction, they attract
each other. We must find the minimum distance h where this upward magnetic attraction is

too weak to lift wire A off the ground.

Step 2: Key Formula or Approach:

The magnetic force per unit length between two parallel current-carrying wires is:

Fo  uohhly

L 21th

The gravitational force per unit length on wire A is:

For wire A to just stay on the floor, the upward magnetic force per unit length must be less

than or equal to the downward gravitational force per unit length.

Step 3: Detailed Explanation:

Substitute I; = I and I, = 2I into the magnetic force equation:

En _ bo(D@D) _ 2p0% _ pol?
L 21th 27th th

© Zollege.in



Set up the limiting equilibrium condition:

Rearranging for h:

pol?

The minimum height h required is therefore ~% 2

Step 4: Final Answer:

] . g 2
The minimum magnitude of h is 7%

Quick Tip: Currents flowing in the same direction attract each other. Currents flowing in opposite

directions repel each other.

45. Consider a spring-mass simple harmonic oscillator in one dimension. The mass of the
particle is m kg and the spring constant is k N/m. At a given instant, the extension of the
spring is x meter and the speed of the particle is v m/s. On the x - v plane, if the graph of v as

a function of x is a circle, then the correct option is :

(A) k=4ym
B)k=1/m
O k=m

(D) k = m?

Correct Answer: (C) k=m

Solution:

Step 1: Understanding the Question:

An object undergoing simple harmonic motion (SHM) traces out a shape in phase space (the
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x —v plane). We are given that this shape is a perfect circle and need to find the relation

between mass m and spring constant k.

Step 2: Key Formula or Approach:

The total mechanical energy E of a spring-mass oscillator is conserved:

1 1
E ==-mv?+ Zkx?
2 2

2 2
Rearrange this equation into the standard form of an ellipse (3; + 3z = 1):

v2 x>

@E/m) | E/K)

1

Step 3: Detailed Explanation:
For the graph in the x — v plane to be a perfect circle rather than an ellipse, the coefficients
dividing the squared variables must be equal (i.e., the semi-major axis must equal the semi-

minor axis).

2E _2E
m  k
Dividing both sides by 2E gives:
1 1
—=—- = m=k
m k

So, the numerical values of the spring constant and mass must be equal.

Step 4: Final Answer:

The correct relation is k = m.

Quick Tip: The phase space trajectory (x vs v) of a simple harmonic oscillator is inherently an ellipse. It
only degenerates into a perfect circle when the angular frequency w = 4/k/m = 1 rad/s, which dictates

k=m.

46. Consider the following reaction, and choose the correct option.
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CH;

; 5
i, CrOzElz. CSy P
ii. H30

{

(A) Compound P is obtained by the hydrogenation of benzoyl chloride with Pd on BaSO,.
(B) On treating compound P with saturated NaH CO; solution, brisk effervescence is observed.
(C) Compound P can be prepared by treating benzene with anhydrous AlCl; and CH;COCI.

(D) On treatment with bromine water, compound P gives a white precipitate.

Correct Answer: (A) Compound P is obtained by the hydrogenation of benzoyl chloride with Pd on
BaSO,.

Solution:

Step 1: Understanding the Question:
We must identify the organic product P formed from the given reaction and then evaluate

four chemical properties/reactions associated with it.

Step 2: Key Formula or Approach:

The reaction of toluene with chromyl chloride (Cr0O,Cl,) followed by acid hydrolysis is
known as the Etard reaction. It partially oxidizes the methyl group to an aldehyde group,
forming benzaldehyde. So, Product P is Benzaldehyde (C;H;CHO).

Step 3: Detailed Explanation:

Let’s analyze the options given for Benzaldehyde: 1. Option A: Hydrogenation of benzoyl
chloride (C4¢H;COC!) using H, and a Pd catalyst supported on BaSO, is the Rosenmund
reduction. This reaction specifically yields benzaldehyde. This statement is true. 2. Option B:
Brisk effervescence with NaH CO; is a test for carboxylic acids. Benzaldehyde is an aldehyde
and does not react. This statement is false. 3. Option C: Treating benzene with CH;COClI
and AlCl, (Friedel-Crafts acylation) produces acetophenone, a ketone, not benzaldehyde.
This statement is false. 4. Option D: White precipitate with bromine water is a characteristic
test for phenol or aniline, due to polybromination. Benzaldehyde does not give this test. This

statement is false.

Step 4: Final Answer:

The correct option is (A).
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Quick Tip: The Etard reaction specifically halts oxidation at the aldehyde stage to yield benzaldehyde.
Always link it mentally to the Rosenmund reduction, which also selectively prepares benzaldehyde from

acid chlorides.

47. The formula of tetraammineaquachloridocobalt(III) chloride is

(A) [Co(NH3),(H,0)ClICL,
(B) [Co(NH3)4CL,]- H,O
(C) [Co(NH;),Cl;]-H,O
(D) [Co(NH,;)4(H,0)Cl]Cl

Correct Answer: (A) [Co(NH,),(H,0)CL]CL,

Solution:

Step 1: Understanding the Question:
We are required to construct the chemical formula of a coordination compound from its given

IUPAC name.

Step 2: Key Formula or Approach:

Break down the IUPAC name to identify the central metal atom, the ligands inside the
coordination sphere, and the counter ions outside. - tetraammine: 4 ammonia ligands
(NH,) - aqua: 1 water ligand (H,0) - chlorido: 1 chloride ligand inside the sphere (CI) -
cobalt(IIl): Central metal is Cobalt with an oxidation state of +3 - chloride: Chloride counter

ions outside the sphere to balance the total charge.

Step 3: Detailed Explanation:

Construct the coordination sphere: [Co(NH;),(H,0)Cl] Now, calculate the net charge of
this complex ion: - Cobalt charge = +3 - Ammine charge = 0 (neutral ligand) - Aqua charge
= 0 (neutral ligand) - Chlorido charge = —1 Net charge = +3 +4(0) + 1(0) + 1(—1) = +2
The complex ion is [Co(NH;),(H,0)CI]*". To balance the +2 charge, we need two chloride
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ions (C[™) as counter ions outside the coordination sphere. Therefore, the final formula is

[Co(NH,),(H,0)ClICL,.

Step 4: Final Answer:

The correct formula is [Co(NH;),(H,0)CL]CL,.

Quick Tip: Ligands are listed alphabetically in the IUPAC name but do not need to be strictly alphabetical
in the formula. Always calculate the net charge of the coordination sphere first to know exactly how

many counter ions are required!

48. The lanthanide ion having four unpaired electrons is

(Given : Atomic numbers of Ce = 58, Nd = 60, Tb = 65 and Ho = 67)

(A) Ho®"
(B) Nd>*
(C) Cce*
(D) Tbh3*

Correct Answer: (A) Ho>*

Solution:

Step 1: Understanding the Question:
We must determine which of the given tripositive lanthanide ions possesses exactly four

unpaired electrons in its f-orbital.

Step 2: Key Formula or Approach:

Write the ground state electronic configurations using the Xenon core ([Xe], atomic number
54). Remove 3 electrons (first from the 6s orbital, then from the 4f/5d) to form the +3 ion.
Count the unpaired electrons in the 4f subshell, noting that the f-subshell holds up to 14

electrons in 7 orbitals.
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Step 3: Detailed Explanation:

1. Holmium (Ho, Z = 67): Ground state: [Xe]4f16s? Ion Ho®': Loses two 6s electrons and
one 4f electron = [Xe]4f!°. An f-subshell has 7 orbitals. 10 electrons will form 3 pairs
and leave 4 unpaired electrons (14 — 10 = 4). Unpaired electrons = 4.

2. Neodymium (Nd, Z = 60): Ground state: [Xe]4f*6s*> Ion Nd*": = [Xe]4f>. Unpaired
electrons = 3.

3. Cerium (Ce, Z = 58): Ground state: [Xe]4f'5d'6s% Ion Ce®*: = [Xe]4f!. Unpaired
electrons = 1.

4. Terbium (Tb, Z = 65): Ground state: [Xe]4f°6s® Ion Tb®": —> [Xe]4f8. 8 electrons

will form 1 pair and leave 6 unpaired electrons (14— 8 = 6). Unpaired electrons = 6.

Step 4: Final Answer:

The ion with four unpaired electrons is Ho>*.

Quick Tip: For any lanthanide ion Ln>* with electronic configuration 4f", if n < 7, the number of

unpaired electrons is n. If n > 7, the number of unpaired electrons is 14 —n.

49. For an elementary chemical reaction, the Arrhenius plot is given below.

If the energy of activation is 6.64 kJ mol ' and R = 8.3 J K™ mol ', the temperature at which

the rate constant becomes e¢* min™}, is

(A) 250K
(B) 125K
(C) 150K
(D) 200 K
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Correct Answer: (D) 200 K

Solution:

Step 1: Understanding the Question:
We are given an Arrhenius plot with a visible y-intercept. We must find the specific temperature

where the rate constant equals a specific value.

Step 2: Key Formula or Approach:

The Arrhenius equation in logarithmic form is:

Ink =InA— Eq
RT

From the plot of Ink vs 1/T, the y-intercept represents the logarithm of the pre-exponential

factor, InA.

Step 3: Detailed Explanation:

By observing the graph, the line intersects the y-axis at 6. Therefore:
InA=6
We are asked to find T when the rate constant k = e min™'. Taking the natural logarithm:
Ink =1n(e?) =2
Substitute the known values into the Arrhenius equation:

Ea
2=6—
RT

Rearranging for the activation energy term:

Solve for temperature T:
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Given parameters: Activation energy, E, = 6.64 kJ mol" = 6640 Jmol ' Gas constant,

R=8.3JK ! mol™

6640 _ 6640
" 4x8.3 332
T =200 K

Step 4: Final Answer:

The temperature is 200 K.

Quick Tip: Never forget to convert activation energy given in kJ into J when using the gas constant

R=8.314 JK ! mol!. This is a very common source of magnitude errors.

50. The green paramagnetic species formed by heating KMnO, at 513 K is

(A) KO,

(B) K,MnoO,
(C) Mn,0,
(D) MnO

Correct Answer: (B) K,MnO,

Solution:

Step 1: Understanding the Question:
We need to identify the products of the thermal decomposition of potassium permanganate

(KMnO,) and pinpoint the species that is green and paramagnetic.

Step 2: Key Formula or Approach:

When heated to around 513 K, solid KM nO, decomposes according to the following balanced

chemical equation:

2KMnO, = K,MnO, + MnO, + 0,

The products are potassium manganate (K,MnQO,), manganese dioxide (MnO,), and oxygen
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gas (O,).

Step 3: Detailed Explanation:

Let’s analyze the relevant product, potassium manganate (K,MnO,): - The oxidation state of
Manganese in K,MnO, is +6. - The electronic configuration of Mn (Z=25) is [Ar]3d°4s>. - The
Mn®* jon will have lost all its 4s electrons and four of its 3d electrons, leaving a configuration
of [Ar]3d*. - Since it has 1 unpaired electron in the d-orbital, it is paramagnetic. - Manganate
salts characteristically exhibit an intense green color in aqueous solution and solid state.

Thus, K,MnO, perfectly fits the description of a green, paramagnetic species.

Step 4: Final Answer:
The species formed is K,MnO,.

Quick Tip: Permanganate (MnO,) has a d° configuration and is diamagnetic and purple. Manganate
(0% nOf_) has a d! configuration, making it paramagnetic and green. Memorizing these color-magnetism

pairings for transition metal ions saves tremendous time.

51. Given below are two statements:

Statement I: trans-But-2-ene upon treatment with Br, in CCl, gives the following product

Br

H ~Me
Br

- -r.

Statement II: cis-But-2-ene upon treatment with alkaline KM nO, gives the following product

OH
u OH
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In the light of the above statements, choose the most appropriate answer from the options

given below.

(A) Statement I is incorrect but Statement II is correct
(B) Both Statement I and Statement II are correct
(C) Both Statement I and Statement II are incorrect

(D) Statement I is correct but Statement II is incorrect

Correct Answer: (A) Statement I is incorrect but Statement II is correct

Solution:

Step 1: Understanding the Question:
The question tests the stereochemistry of addition reactions to alkenes and the ability to

identify meso and chiral compounds from their 3D projections.

Step 2: Key Formula or Approach:

1. Anti-addition of Br, to a trans-alkene yields a meso product.

2. Syn-addition of cold alkaline KMnO, to a cis-alkene yields a meso product.

A meso compound must possess a plane of symmetry or center of inversion in at least one

conformation.

Step 3: Detailed Explanation:

Statement I: The reaction should produce meso-2,3-dibromobutane. If we rotate the back
carbon of the given Newman projection by 180° to check for an eclipsed plane of symmetry,
the front Br eclipses the back Br, but the front Me eclipses the back H, and the front H eclipses
the back Me. This lack of symmetry means the drawn structure is a chiral enantiomer (part of
a racemic mixture), not the meso compound. Thus, Statement I is incorrect.

Statement II: The reaction should produce meso-butane-2,3-diol. The provided eclipsed pro-
jection shows OH eclipsing OH, H eclipsing H, and Me eclipsing Me. This conformation has a

clear internal plane of symmetry, confirming it is the meso isomer. Thus, Statement II is correct.

Step 4: Final Answer:

Statement [ is incorrect but Statement II is correct.
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Quick Tip: Remember the CAR and TAM mnemonics: Cis + Anti = Racemic; Trans + Anti = Meso. For

syn-additions, the rules reverse: Cis + Syn = Meso; Trans + Syn = Racemic.

52. One of the products formed in the following reaction is

<:>—Mg,sr + <:>—N1-12 —
e

-H
N
He
NH,

(A) Cyclohexane
(B) Dicyclohexylamine
(C) Bicyclohexyl (coupled product)

(D) Cyclohexyl-substituted amine

Correct Answer: (A) Cyclohexane

Solution:

Step 1: Understanding the Question:

The question asks for the product of a reaction between a Grignard reagent and a primary

amine.

Step 2: Key Formula or Approach:

Grignard reagents (R— M gX) are strong bases and strong nucleophiles. When reacted with
compounds containing active (acidic) hydrogen atoms (such as alcohols, amines, terminal
alkynes, or water), they undergo a rapid acid-base reaction rather than a nucleophilic attack,

abstracting the proton to form the corresponding alkane (R — H).

Step 3: Detailed Explanation:
Cyclohexanamine (CqH;;NH,) has two slightly acidic hydrogen atoms on the nitrogen.

Cyclohexylmagnesium bromide acts as a strong base and abstracts one of these protons.
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Reaction: C¢H,;M gBr + C¢H,;NH, — C¢H,, + CcH,;NHM gBr

The abstracted proton converts the cyclohexyl carbanion into cyclohexane (CqH5).

Step 4: Final Answer:

Cyclohexane is formed as one of the major products.

Quick Tip: Acid-base reactions are kinetically much faster than nucleophilic substitution or addition.
Always check for acidic hydrogens (like -OH, -NH, -SH, or terminal alkynes) before proceeding with

nucleophilic reactions involving Grignard reagents!

53. Given below are two statements:

Statement-I : Heating NaCl with concentrated H,SO, and MnO, results in oxidation of Mn.
Statement-II : Heating Nal with concentrated H,SO, and MnO, results in reduction of Mn.
In light of the above statements, choose the most appropriate answer from the options given

below:

(A) Statement-I is incorrect but Statement-II is correct.
(B) Both Statement-I and Statement-II are correct.
(C) Both Statement-I and Statement-II are incorrect.

(D) Statement-I is correct but Statement-II is incorrect.

Correct Answer: (A) Statement-I is incorrect but Statement-II is correct.

Solution:

Step 1: Understanding the Question:
We need to determine the redox changes occurring to Manganese (Mn) when different halide

salts are heated with MnO, and concentrated sulfuric acid.

Step 2: Key Formula or Approach:

MnO, acts as an oxidizing agent in acidic medium. The general reaction with a halide ion

(X7)is:
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MnO, +4H' +2X~ — Mn** + X, + 2H,0

Step 3: Detailed Explanation:

Statement I: When NaCl is heated with MnO, and conc. H,SO,, chlorine gas is evolved.
Reaction: MnO, +4NaCl +4H,SO, — MnCl,+4NaHSO, + 2H,0 + Cl,

The oxidation state of Mn changes from +4 (in MnO,) to +2 (in MnCl,). A decrease in
oxidation state is a reduction, not an oxidation. Thus, Statement I is incorrect.

Statement II: When Nal is used, I~ is similarly oxidized to I,, and MnO, is reduced to Mn?*.
The oxidation state of Mn goes from +4 to +2, which is a reduction. Thus, Statement II is

correct.

Step 4: Final Answer:

Statement-I is incorrect but Statement-II is correct.

Quick Tip: MnO, is a classic oxidizing agent. In acidic redox reactions, it practically always reduces to

the pale pink/colorless Mn?" state.

54. Among the following options, the correct trend in the electron gain enthalpy is

(A)I>Br>Cl>F
B)F>Cl>Br>1I
(QOBr>Cl>F>1I
(D)Cl>F>Br>1

Correct Answer: (D) Cl>F >Br >1

Solution:

Step 1: Understanding the Question:
We need to identify the correct decreasing order of the magnitude of electron gain enthalpy

for the halogens.
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Step 2: Key Formula or Approach:

Electron gain enthalpy generally becomes less negative (decreases in magnitude) as we move
down a group due to increasing atomic size. However, the second period elements often have
lower electron gain enthalpies than third period elements due to severe electron-electron

repulsion in their small 2p orbitals.

Step 3: Detailed Explanation:

For halogens, the expected trend based on size is F > Cl > Br > 1.

However, Fluorine has an exceptionally small atomic size, leading to strong interelectronic
repulsions in the compact 2p subshell. This makes adding an extra electron less favorable
than in Chlorine (which has larger 3p orbitals).

Thus, Chlorine has the highest negative electron gain enthalpy in the periodic table.

The correct order of magnitude is: Cl > F > Br > I.

Step 4: Final Answer:

The correct trend is CIl > F > Br > 1.

Quick Tip: This is a highly frequent exception in inorganic chemistry. Remember: Chlorine has the

highest electron gain enthalpy, but Fluorine is the most electronegative element!

55. Given below are two statements:

Statement-I : [Fe(ox),]*” is chiral.

Statement-II : trans-[Cr(H,0),(0x),]” is chiral.

(Given : oxH, = HOOC-COOH)

In light of the above statements, choose the most appropriate answer from the options given

below:

(A) Statement-I is incorrect but Statement-II is correct.
(B) Both Statement-I and Statement-II are correct.
(C) Both Statement-I and Statement-II are incorrect.

(D) Statement-I is correct but Statement-II is incorrect.
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Correct Answer: (D) Statement-I is correct but Statement-II is incorrect.

Solution:

Step 1: Understanding the Question:

We need to determine the chirality (optical activity) of two specific coordination complexes.

Step 2: Key Formula or Approach:

A complex is chiral if it lacks an improper axis of rotation (which practically means lacking a
plane of symmetry and center of inversion).

- Octahedral complexes of type [M(AA);] (where AA is a symmetrical bidentate ligand) are
always chiral and exist as A and A enantiomers.

- Octahedral complexes of type trans-[ M(AA),a,] have a plane of symmetry passing through

the equatorial ligands and are thus achiral.

Step 3: Detailed Explanation:

Statement I: [Fe(ox);]*” is an octahedral complex with three bidentate oxalate ligands
([M(AA);] type). It assumes a propeller-like shape that cannot be superimposed on its mirror
image. Therefore, it is chiral. Statement I is correct.

Statement II: In trans-[Cr(H,0),(0x),]", the two monodentate H,O ligands are placed 180°
apart (axial positions), and the two oxalate ligands are in the equatorial plane. The equatorial
plane itself acts as a plane of symmetry, dissecting the top H,O and reflecting it into the

bottom H,O. Since it has a plane of symmetry, it is achiral. Statement II is incorrect.

Step 4: Final Answer:

Statement-I is correct but Statement-II is incorrect.

Quick Tip: For [M(AA),a,] complexes, the cis-isomer is always chiral (optically active), while the

trans-isomer is always achiral (optically inactive) due to the presence of a plane of symmetry.

56. The correct statement about peptides and proteins is
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(A) In a-helices, the polypeptide chain is twisted into a left-handed screw (helix) through intramolec-
ular hydrogen bonds.

(B) Tertiary structure of proteins has two or more polypeptide subunits.

(C) Only the proteins having a quaternary structure are biologically active.

(D) In f-pleated sheet structures, peptide chains are held together by intermolecular hydrogen
bonds.

Correct Answer: (D) In f3-pleated sheet structures, peptide chains are held together by intermolecular

hydrogen bonds.

Solution:

Step 1: Understanding the Question:

Evaluate four statements regarding the structural levels and properties of proteins.

Step 3: Detailed Explanation:

Let’s analyze each option:

(A) a-helices are structurally most stable as right-handed helices, not left-handed. (Incorrect)
(B) The tertiary structure refers to the overall 3D folding of a single polypeptide chain.
Having two or more polypeptide subunits defines a quaternary structure. (Incorrect)

(C) Many functional proteins exist purely with tertiary structure (e.g., myoglobin, many
enzymes). Quaternary structure is not a strict requirement for biological activity. (Incorrect)
(D) In f3-pleated sheets, adjacent polypeptide chains (or widely separated segments of one
chain) are held together via intermolecular (or inter-strand) hydrogen bonding between the

C = 0 and N — H groups of the peptide backbone. (Correct)

Step 4: Final Answer:

The correct statement is (D).

Quick Tip: a-helices = Intramolecular H-bonds (within the same helical turn). f-sheets = Intermolec-

ular H-bonds (between neighboring strands).

57. Given below are two statements:
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Statement-I : Oxidation of p-nitrotoluene with acidic KMnO, gives an acid that is stronger
than benzoic acid.

Statement-II : Reduction of p-nitrotoluene with Sn/HCI followed by neutralization gives an
amine that is more basic than aniline.

In light of the above statements, choose the most appropriate answer from the options given

below.

(A) Statement-I is incorrect but Statement-II is correct.
(B) Both Statement-I and Statement-II are correct.
(C) Both Statement-I and Statement-II are incorrect.

(D) Statement-I is correct but Statement-II is incorrect.

Correct Answer: (B) Both Statement-I and Statement-II are correct.

Solution:

Step 1: Understanding the Question:
We need to analyze the products of oxidation and reduction of p-nitrotoluene and compare

their acidic and basic strengths with benzoic acid and aniline, respectively.

Step 3: Detailed Explanation:

Statement I: Oxidation of p-nitrotoluene with acidic KMnO, oxidizes the methyl group
to a carboxylic acid group, forming p-nitrobenzoic acid. The nitro group (—NO,) is highly
electron-withdrawing through both inductive (—I) and mesomeric (—M) effects. This
stabilizes the conjugate base (carboxylate anion), making p-nitrobenzoic acid a stronger acid
than benzoic acid. Statement I is correct.

Statement II: Reduction of p-nitrotoluene with Sn/HCI reduces the nitro group to an amine
group, yielding p-methylaniline (also known as p-toluidine). The methyl group (—CH,) is
electron-donating via inductive (4+I) and hyperconjugation effects. This increases the electron
density on the nitrogen atom, enhancing its ability to donate a lone pair, thereby making it a

stronger base than aniline. Statement II is correct.

Step 4: Final Answer:

Both Statement-I and Statement-II are correct.
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Quick Tip: Electron-withdrawing groups (EWG) increase acidity and decrease basicity. Electron-

donating groups (EDG) decrease acidity and increase basicity.

58. Identify the reactions which give aniline as the major product.

. .. LiAlH,
A. Benzonitrile ——

. KOH,Br,
B. Benzamide ——

. NaBH,
C. Nitrobenzene ——

.. HCLH,0,A
D. N-Phenylacetamide ————

Choose the correct answer from the options given below.

(A) C and D only
(B) A and B only
(C) B and D only
(D) A and C only

Correct Answer: (C) B and D only

Solution:

Step 1: Understanding the Question:
Evaluate four organic transformation pathways to identify which ones produce aniline

(C¢HsNH,) as the major product.

Step 3: Detailed Explanation:

Let’s predict the product for each reaction:

A. Benzonitrile (Ph—CN) treated with a strong reducing agent like LiAlH, reduces the nitrile
completely to a primary amine, forming benzylamine (Ph— CH,NH,), not aniline.

B. Benzamide (Ph — CONH,) reacts with Br, in the presence of KOH. This is the Hoffmann
bromamide degradation reaction, which removes the carbonyl carbon as carbonate and
yields a primary amine with one less carbon: Aniline (Ph—NH,).

C. Nitrobenzene (Ph—NO,) with NaBH,. Sodium borohydride is a mild reducing agent and
is generally unreactive toward aromatic nitro groups under normal conditions. It does not

yield aniline. (Typically, Sn/HCI or H,/Pd is used).
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D. N-Phenylacetamide (Acetanilide, Ph — NH — COCH,3) boiled with aqueous HCI undergoes
acid-catalyzed amide hydrolysis. The amide bond cleaves to form Aniline (Ph —NH,) and
acetic acid (CH;COOH).

Reactions B and D yield aniline.

Step 4: Final Answer:

The correct options are B and D only.

Quick Tip: Hoffmann bromamide degradation is an excellent step-down reaction for synthesizing
aromatic amines directly from primary amides. Amide hydrolysis is the standard method for unprotecting

an amine.

59. Two moles of an ideal gas undergo free expansion from 10 L to 100 L at 300 K. The values

of ASsystem and ASsurroundings are

(R is universal gas constant)

(A) ASygem = 4.606R; AS i roundings = O
(B) ASyystem = 05 ASsurroundings = 0

(C) AS ysiem = 4.606R; AS,roundings = —4-606R
(D) ASgyem = 05 ASqyroundings = 4.606R

Correct Answer: (A) ASgyem = 4.606R; ASgroundings = 0

Solution:

Step 1: Understanding the Question:
We need to calculate the entropy change for both the system and the surroundings when an

ideal gas undergoes free expansion (expansion into a vacuum).

Step 2: Key Formula or Approach:

Entropy is a state function. For the isothermal expansion of an ideal gas, the system’s entropy
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change depends only on the initial and final states:

V.
sys = ann(—z)
Vi

For free expansion, the external pressure is zero (P,,, = 0), hence work done W = 0. Since it’s

AS

an ideal gas undergoing isothermal free expansion, internal energy change AU = 0. By the
first law (g = AU — W), heat exchanged g = 0.

Therefore, the surroundings exchange no heat: AS,,, = &l = 0.

Step 3: Detailed Explanation:
Calculate ASg:
Given n =2 moles, V; =10 L, V, =100 L.

100
AS,..=2%xRxIn| — | =2RIn(10)
Sys 10

Since In(10) ~ 2.303,
AS,,. =2 x2.303 xR =4.606R

sys

Calculate AS,.:

Because it is a free expansion, the process is adiabatic (q = 0) with respect to the surroundings.

ASsurr =0

Step 4: Final Answer:

The values are AS,,, = 4.606R and AS,, = 0.

sys

Quick Tip: Free expansion is highly irreversible. The entropy of the universe must increase (AS;y; > 0).

Here, 4.606R + 0 > 0, validating our calculation.

60. The compound that CANNOT be obtained from the aldol condensation reaction shown

below, is
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Correct Answer: (D) [ A self-aldol product where the double bond connects C5 to C1 of a 3-

methylcyclopentyl ring]

Solution:

Step 1: Understanding the Question:
The reaction is a base-catalyzed crossed aldol condensation between 2-methylcyclopentanone
and benzaldehyde. We need to identify which of the four given structures is chemically

impossible to form, even as a side product.

Step 2: Key Formula or Approach:

Analyze the possible enolates and their nucleophilic attack targets.

1. Enolate forms primarily at C5 (less sterically hindered) and attacks benzaldehyde to form
cross-aldol products (E and Z isomers).

2. Enolate can also attack another molecule of 2-methylcyclopentanone (self-aldol). Since
the attacked carbonyl carbon (C1) is directly adjacent to the C2 methyl group, any self-aldol
product must feature a methyl group immediately adjacent to the newly formed inter-ring

double bond.

Step 3: Detailed Explanation:
- Option (A) and (C): Both show 2-benzylidene-5-methylcyclopentanone, formed by the C5

enolate attacking benzaldehyde. They are merely E/Z stereoisomers and are completely valid
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products.

- Option (B): Shows a self-aldol product. The double bond connects the two rings. On the
right-hand ring (the one that was attacked), the methyl group is located at the top vertex,
which is directly adjacent to the double bond. This preserves the 2-methylcyclopentanone
skeleton.

- Option (D): Shows a self-aldol product. However, on the right-hand ring, the methyl group
is located at the bottom-right vertex (two carbons away from the double bond). This skeleton
corresponds to an attack on 3-methylcyclopentanone, not the 2-methylcyclopentanone
starting material provided. Since the carbon skeleton is fundamentally wrong, this product

cannot be formed.

Step 4: Final Answer:

The compound with the wrong skeleton (Option 4) cannot be obtained.

Quick Tip: When dealing with "CANNOT be formed" questions in condensation reactions, aggressively
check the carbon skeleton of the reactant versus the products. Side-products like self-aldols are valid,

but migrating a methyl group is impossible without rearrangement!

61. The complex which has facial and meridional isomers is

(Given : py = pyridine and en = H,N —CH,— CH, —NH,)

(A) [Ni(en)z(H20)2]2+

(B) [Cr(py)s(Cl)s]
(C) [Cr(H,0)¢
(D) [CO(NH3)4(H20)2]3+

Correct Answer: (B) [Cr(py);(Cl);]

Solution:

Step 1: Understanding the Question:

Identify which of the given coordination complexes exhibits facial (fac) and meridional (mer)
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geometrical isomerism.

Step 2: Key Formula or Approach:
Facial (fac) and meridional (mer) isomerism is exclusively shown by octahedral coordination
complexes of the general formula [Ma;b;], where ’a’ and ’b’ are two different unidentate

ligands, each present in a quantity of three.

Step 3: Detailed Explanation:

Let’s evaluate the generic formula of each option:

(A) [Ni(en),(H,0),]*": Type [M(AA),a,]. Shows cis-trans isomerism and optical isomerism
(for the cis form), but not fac/mer.

(B) [Cr(py)s(Cl);]: Type [Masbs;]. Three pyridine (py) ligands and three chloride (Cl)
ligands. This complex perfectly satisfies the condition for fac/mer isomerism.

(C) [Cr(H,0)¢]*": Type [Mag]. All ligands are identical. No geometrical isomerism is
possible.

(D) [Co(NH,),(H,0),1*": Type [Ma,b,]. Shows cis-trans geometrical isomerism, but not

fac/mer.

Step 4: Final Answer:

The complex with fac and mer isomers is [Cr(py);(Cl)5].

Quick Tip: Memorize the specific isomerism formulas: [Mayb,] — cis/trans. [Masbs] — fac/mer.

[M(AA),a,] — cis (chiral) / trans (achiral).

62. The numbers 17.0145 and 21.0235 were rounded to three figures after the decimal point.

The resulting numbers, respectively, are

(A) 17.015 and 21.024
(B) 17.014 and 21.023
(C) 17.015 and 21.023
(D) 17.014 and 21.024
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Correct Answer: (D) 17.014 and 21.024

Solution:

Step 1: Understanding the Question:
We need to apply standard significant figure rules for rounding numbers that end exactly in

the digit 5.

Step 2: Key Formula or Approach:

When rounding off a number, if the digit to be dropped is exactly 5 (with no following
non-zero digits), the "round to even" rule is applied:

- If the preceding digit is even, it is left unchanged.

- If the preceding digit is odd, it is increased by 1.

Step 3: Detailed Explanation:

For 17.0145: We need three decimal places, so we drop the ’5’. The preceding digit is ’4’,
which is even. Therefore, the number remains unchanged.

Result: 17.014.

For 21.0235: We drop the ’5’. The preceding digit is ’3’, which is odd. Therefore, we increase
it by 1.

Result: 21.024.

Step 4: Final Answer:

The rounded numbers are 17.014 and 21.024.

Quick Tip: The "round to even" rule prevents statistical bias when analyzing large datasets. Always

check if the digit before ’5’ is odd or even!

63. The amount of carbon dioxide evolved upon complete combustion of 116 g of n-butane is

(Given: atomic massinamuH=1,C= 12 and O = 16)

(A) 362 ¢
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(B) 352 g
(C) 322¢
(D) 176 g

Correct Answer: (B) 352 g

Solution:

Step 1: Understanding the Question:
We must calculate the mass of CO, produced from the complete combustion of a given mass

of butane.

Step 2: Key Formula or Approach:

1. Write the balanced chemical equation for the combustion of butane.
2. Convert the given mass of butane to moles.

3. Use stoichiometry to find the moles of CO, produced.

4. Convert the moles of CO, back to grams.

Step 3: Detailed Explanation:

The formula for n-butane is C,H,.

Molar mass of C,H;q = (4 x 12) + (10 x 1) =48 4+ 10 = 58 g/mol.
Molar mass of CO, =12+ (2 x 16) = 44 g/mol.

Balanced combustion equation:

2C,H,, + 130, — 8CO, + 10H,0

Alternatively, for 1 mole:

13
C4H10 + ?Oz - 4C02 + 5H20

This shows that 1 mole of butane produces 4 moles of CO,.

Calculate moles of butane in 116 g:
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116 g

n=————— =2 moles
58 g/mol

Moles of CO, produced:

n(CO,) = 2 moles butane x 4 = 8 moles

Mass of CO, evolved:

Mass = 8 moles x 44 g/mol =352 g

Step 4: Final Answer:

The amount of carbon dioxide evolved is 352 g.

Quick Tip: For alkane combustion C,H,,,,, the moles of CO, formed will always be exactly n times

the moles of alkane burned.

64. Consider the following schematic plots of orbital wavefunction (v,) against distance (r)

from the nucleus.

(A)D
(B) A
(OB
(D) C

Correct Answer: (D) C
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Solution:

Step 1: Understanding the Question:
We need to identify which wavefunction plot (v, vs r) corresponds to an atomic orbital

having exactly two radial nodes.

Step 2: Key Formula or Approach:

A radial node occurs where the radial wavefunction 1, changes sign (crosses the horizontal
axis where v, = 0).

The total number of radial nodes is given by the formula: Nodes =n —I[ — 1. We simply need

to count the number of times the graph intersects and crosses the x-axis.

Step 3: Detailed Explanation:

Let’s analyze the zero-crossings for each plot:

- Plot A: Starts at a high positive value and decays to zero asymptotically. It never crosses the
x-axis. (0 radial nodes, e.g., 1s, 2p).

- Plot B: Starts at a high positive value, crosses the x-axis once, and then approaches zero
asymptotically from the negative side. (1 radial node, e.g., 2s, 3p).

- Plot C: Starts at a high positive value, crosses the x-axis (first node), goes negative, crosses
the x-axis again (second node), goes positive, and approaches zero. It crosses the axis twice.
(2 radial nodes, e.g., 3s).

- Plot D: Starts at zero, rises to a maximum, crosses the x-axis (first node), goes negative to a
minimum, and then approaches zero asymptotically from below. It crosses the axis once. (1

radial node, e.g., 4d, 5f).

Only Plot C exhibits exactly two radial nodes.

Step 4: Final Answer:

The figure representing two radial nodes is C.

Quick Tip: Do not confuse the graph returning asymptotically to zero with a node. A radial node

requires the wavefunction to fully cross from positive to negative, or vice versa.
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65. The following carbocation is stabilized by the interaction of the empty p orbital with

(A) empty o* and empty n* orbitals
(B) filled o and filled 7 orbitals

(C) empty o and empty ©* orbitals
(D) empty o* and filled 7 orbitals

Correct Answer: (B) filled o and filled 7 orbitals

Solution:

Step 1: Understanding the Question:
We need to identify the molecular orbital interactions responsible for stabilizing the given

1-phenylethyl carbocation (Ph— C*(H) — CH,).

Step 2: Key Formula or Approach:

Carbocations are electron-deficient and possess an empty unhybridized 2p orbital. They are
stabilized by the donation of electron density from adjacent filled orbitals.

1. Hyperconjugation: Involves the delocalization of electrons from a filled adjacent o bond
(like C —H or C — C) into the empty p orbital.

2. Resonance: Involves the delocalization of electrons from a filled adjacent 7 system (like a

benzene ring) into the empty p orbital.

Step 3: Detailed Explanation:

The carbocation center is flanked by a methyl group and a phenyl ring.

- The adjacent methyl group (—CHs) stabilizes the empty p orbital through hyperconjugation.
This involves the donation of electron density from the filled o orbitals of the C — H bonds.
- The adjacent phenyl ring (—CyHs;) stabilizes the empty p orbital through resonance. This
involves the donation of electron density from the filled 7 orbitals of the aromatic ring.

Therefore, the stabilization occurs via interaction with filled o and filled 7 orbitals.
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Step 4: Final Answer:

The stabilization is by filled o and filled 7 orbitals.

Quick Tip: Remember that stabilization inherently means transferring electron density *into* the
electron-deficient region. Only filled orbitals have electrons to give! Empty orbitals cannot donate

electron density.

66. A 1:3 electrolyte in an aqueous solution is

(A) [Co(NH3)3(NO,)s]
(B) [CoCly(NH3)4]CL
(C) [CoCI(NH;)s]CL,
(D) [Co(NH3)6]Cly

Correct Answer: (D) [Co(NH,)¢]Cl,

Solution:

Step 1: Understanding the Question:
We need to identify which of the given coordination complexes acts as a 1:3 electrolyte,

meaning it dissociates into one cation and three anions (or vice versa) in an aqueous solution.

Step 2: Key Formula or Approach:
The part of the complex enclosed in square brackets [...] is the coordination sphere and

remains intact in solution. The counter ions outside the brackets dissociate in water.

Step 3: Detailed Explanation:

Let’s analyze the dissociation of each complex:

(A) [Co(NH;)3(NO,);] — Does not dissociate. It is a neutral complex and a non-electrolyte
(0:0).

(B) [CoCl,(NH;),]Cl — [CoCl,(NH;),]" + Cl™. Yields 2 ions. It is a 1:1 electrolyte.
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(C) [CoCI(NH;)s]Cl, — [CoCI(NH,)s]*" + 2Cl". Yields 3 ions. It is a 1:2 electrolyte.
(D) [Co(NH;)¢]Cl; — [Co(NH;)¢ >t + 3CI™. Yields 4 ions (one complex cation and three

chloride anions). It perfectly matches the 1:3 electrolyte ratio.

Step 4: Final Answer:

The 1:3 electrolyte is [Co(NH;)q]Cls.

Quick Tip: The primary valency (oxidation state) governs the number of counter ions, while the
secondary valency (coordination number) governs the ligands inside the brackets. Only ions outside

the brackets conduct electricity.

67. The standard electrode potential (E°) for the half-cell reaction Fe>' + e~ — Fe?' at 298 K is
(Given: E°(Fe®/Fe) =—0.04 V and E°(Fe?*/Fe) = —0.44 V at 298 K)

(A) +0.92V
(B) +0.40V
(C) +0.76 V
(D) —0.48 V

Correct Answer: (C) +0.76 V

Solution:

Step 1: Understanding the Question:
We need to find the standard electrode potential for the Fe®* to Fe*" reduction using the

given standard reduction potentials for Fe** to Fe and Fe* to Fe.

Step 2: Key Formula or Approach:
Standard electrode potentials (E°) are intensive properties and cannot be added directly. We
must convert them to standard Gibbs free energy changes (AG°), which are extensive and

additive:
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AG®° = —nFE°

Step 3: Detailed Explanation:

Write down the half-reactions and their AG®° values:
1. Fe®* +3e~ > Fe E;=-0.04V

AG] =—3 x F x (—0.04) = +0.12F

2. Fe** +2¢~ — Fe EJ=-0.44V
AG; =—2 x F x (—0.44) = +0.88F

We need the AG® for the target reaction:

3. Fe?* + e~ — Fe?* E; =?

We can obtain reaction (3) by subtracting reaction (2) from reaction (1):

(Fe** +3e~ — Fe)— (Fe?>t +2e~ — Fe) = Fe3t +e~ — Fe?'

Therefore, the Gibbs free energy for the target reaction is:

AG: = AG: — AG
AG; = 0.12F —0.88F = —0.76F

Relate AG; back to E;:

AG; = —Tl3FE§

Since n; = 1 (one electron is transferred):

—0.76F =—1 x F x E;,’
ES=+0.76 V

Step 4: Final Answer:

The standard electrode potential is +0.76 V.
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Quick Tip: Never add or subtract E° values directly unless the number of electrons transferred in both

half-reactions is exactly the same and cancel out to form a full cell reaction. Always route through AG°.

68. In potash alum, the ratio of K* and S Of_ ions is

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

Correct Answer: (B) 1:2

Solution:

Step 1: Understanding the Question:
We must identify the chemical formula of potash alum and determine the stoichiometric ratio

of potassium ions to sulfate ions.

Step 2: Key Formula or Approach:

The chemical formula of potash alum (potassium aluminum sulfate dodecahydrate) is:

(or equivalently written as KAl(SO,), - 12H,0).

Step 3: Detailed Explanation:

Let’s count the ions in one formula unit of K,SO, - Al,(SO,); - 24H,0:

- Number of Potassium ions (K*) = 2

- Number of Sulfate ions (S Of_) = 1 (from potassium sulfate) + 3 (from aluminum sulfate) =

4 total sulfate ions.

The ratio of K* to SO2 is:
Ratio=2: 4
Simplifying the ratio gives 1 : 2.
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(If we use the simplified empirical formula KAI(SO,), - 12H,0, we directly see 1 K* and 2

S Of_, giving the same 1:2 ratio).

Step 4: Final Answer:

The ratio of K™ and S Of_ ions is 1:2.

Quick Tip: Alums are double salts with the general formula M»SO, - M5(SO,)3 - 24H,0, where M is a
monovalent cation and M’ is a trivalent cation. They completely dissociate into their constituent ions in

water.

69. Consider the following statements about the solutions formed by mixing two liquids.
A. An ideal solution thus formed obeys Raoult’s law throughout the composition range.
B. Mixture of chloroform and acetone shows negative deviation from Raoult’s law.

C. Mixture of aniline and phenol shows positive deviation from Raoult’s law.

(A) A and C only
(B) A and B only
(C) B and C only
(D) A only

Correct Answer: (B) A and B only

Solution:

Step 1: Understanding the Question:
We need to assess the validity of three thermodynamic statements regarding the behavior of

ideal and non-ideal liquid-liquid solutions.

Step 3: Detailed Explanation:
Statement A: By definition, an ideal solution rigorously obeys Raoult’s law across all

concentrations and temperatures. This statement is correct.
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Statement B: A mixture of chloroform (CHCI;) and acetone (CH;COCH,;) features a
strong intermolecular hydrogen bond between the polarized hydrogen of chloroform and
the carbonyl oxygen of acetone. Because A-B interactions are stronger than A-A and B-B
interactions, the escaping tendency of molecules decreases, causing a negative deviation from
Raoult’s law. This statement is correct.

Statement C: A mixture of aniline and phenol forms very strong intermolecular hydrogen
bonds between the amine and hydroxyl groups. Similarly, since the A-B attractive forces are
stronger than the pure A-A and B-B forces, it exhibits a negative deviation from Raoult’s law,

not positive. This statement is incorrect.

Step 4: Final Answer:

Statements A and B only are correct.

Quick Tip: Positive deviation occurs when newly formed interactions are weaker (e.g., ethanol + ace-
tone). Negative deviation occurs when interactions are stronger (e.g., acid + water, or any combination

prone to strong H-bonding).

70. For a salt XY, which is a strong electrolyte, the plot of A, versus ,/c has a slope of
—90.0 S cm? mol */? L/? at 298 K. At 0.01 M concentration of XY, the value of A, is 145.0 S cm? mol .
The limiting molar conductivity of Y~ ion (A5 _, in S cm? mol ') at 298 K will be

(Given: A3, =74.0 S cm? mol ')

(A) 76.0
(B) 80.0
(C) 100.0
(D) 90.0

Correct Answer: (B) 80.0

Solution:

Step 1: Understanding the Question:
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We need to calculate the limiting molar conductivity of the anion Y~ using the Debye-Hiickel-

Onsager equation and Kohlrausch’s law of independent migration of ions.

Step 2: Key Formula or Approach:

For a strong electrolyte, the variation of molar conductivity with concentration is:

Ap =N, —AVc

where A° is the limiting molar conductivity, and —A is the slope of the plot.

Kohlrausch’s law states:

A (XY) = A2, + A

Step 3: Detailed Explanation:

From the given data:

Slope —A=—-90.0 = A=90.0

Concentration ¢ = 0.01 M = ,/c = v/0.01=0.1

Molar conductivity A,, = 145.0 S cm? mol
Plug these values into the Debye-Hiickel-Onsager equation to find A’ :

145.0 = A? —(90.0 x 0.1)
145.0=A° —9.0
A, =145.0+9.0 =154.0 S cm® mol ™

Now, apply Kohlrausch’s law to find A]_:

N (XY)= 23, + A5
154.0 =74.0+4;_
Ay =154.0—74.0 =80.0 S cm® mol

Step 4: Final Answer:

The limiting molar conductivity of the Y™ ion is 80.0.
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Quick Tip: The slope A depends on the type of electrolyte (e.g., 1-1, 2-1) and the solvent proper-
ties. Always double-check if you need to subtract or add the A4/c term; since conductivity drops as

concentration rises, A7 must be strictly greater than A,,.

71. Arrange the following compounds in the increasing order of polarity
A. CH;CH,OCH,CH,4

B. CH,CH,0OH

C. CH;COCHj,

D. CH;COOH

Choose the correct answer from the options given below.

(AJA<C<B<D
(B)A<B<C<D
(OOC<A<D<B
(D)C<A<B<D

Correct Answer: (A)A<C<B<D

Solution:

Step 1: Understanding the Question:
We are asked to rank four organic compounds (an ether, an alcohol, a ketone, and a carboxylic

acid) based on their relative polarities.

Step 2: Key Formula or Approach:

Solvent polarity is determined by the presence and strength of dipole moments and the ability
to engage in hydrogen bonding.

Order of functional group polarity: Alkanes < Ethers < Esters < Ketones/Aldehydes <

Alcohols < Carboxylic acids.

Step 3: Detailed Explanation:
- A (Diethyl ether): Has a small net dipole moment due to the bent C — O — C bond but

cannot donate hydrogen bonds. It is the least polar.
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- C (Acetone): Has a strong, highly polarized C = O double bond, giving it a high dipole
moment, making it more polar than ethers but less polar than H-bonding solvents.

- B (Ethanol): Has an —OH group, which provides a strong dipole and allows it to act as both
a strong hydrogen bond donor and acceptor, making it highly polar.

- D (Acetic acid): Contains both a C = O group and an —OH group. It forms exceptionally
strong dimeric hydrogen bonds and has the highest dielectric interaction capacity among the

listed compounds. It is the most polar.

The increasing order of polarity is: Ether (A) < Ketone (C) < Alcohol (B) < Acid (D).

Step 4: Final Answer:

The correct sequence is A < C < B < D.

Quick Tip: In chromatography (like TLC), this exact polarity sequence determines the Ry value. Non-

polar substances elute faster (high R;), while carboxylic acids stick strongly to silica gel (low Ry).

72. According to crystal field theory, the correct order of ligands with respect to their decreas-

ing order of field strength is

(A) Cl” >NH;>H,0>CO
(B) CO > NH, > H,0 > CI~
(C) CO>H,0>NH;>Cl™
(D) ClI” > H,0 > NH; > CO

Correct Answer: (B) CO> NH; > H,0 > Cl™

Solution:

Step 1: Understanding the Question:
The question asks for the correct decreasing order of ligand field strength (crystal field

splitting energy, A,) according to the spectrochemical series.

© Zollege.in



Step 2: Key Formula or Approach:

The spectrochemical series arranges ligands in order of increasing crystal field splitting. A
simplified order from weak field to strong field is:

Halides (e.g., I",Br—,Cl~,F~) < Oxygen donors (e.g., OH,H,0,0x%") < Nitrogen donors
(e.g., NH;,en) < Carbon donors (e.g., CN—,CO).

Step 3: Detailed Explanation:

Comparing the given ligands:

- CO (Carbon monoxide) is a strong m-acceptor ligand and sits at the very top of the
spectrochemical series.

- NH; (Ammonia) is a strong o-donor nitrogen ligand, forming intermediate to strong fields.
- H,O (Water) is a typical oxygen donor and acts as a weak field ligand.

- CI™ (Chloride) is a -donor halide and exhibits a very weak field.

Arranging them in decreasing order (strongest to weakest):

CO > NH; > H,0>Cl".

Step 4: Final Answer:

The correct sequence is CO > NH; > H,0 > Cl™.

Quick Tip: An easy rule of thumb for ligand strength based on the donor atom: C > N > O > Halogens.

73. The amino acid that gives a red-blood colour on treating its sodium fusion extract with

sodium nitroprusside is

(A) serine

(B) leucine

(C) threonine

(D) methionine

Correct Answer: (D) methionine
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Solution:

Step 1: Understanding the Question:
We need to identify the amino acid that produces a red/violet/blood-red coloration in the

sodium nitroprusside test, which is a qualitative laboratory test for a specific element.

Step 2: Key Formula or Approach:

The sodium nitroprusside test (Na,[Fe(CN)sNOY)) is the definitive test for the presence of
Sulphur in organic compounds. During sodium fusion, the sulfur is converted to sodium
sulfide (Na,S).

Addition of sodium nitroprusside to the extract yields a deep purple or blood-red complex:

[Fe(CN);NOST*.

Step 3: Detailed Explanation:

We must identify which of the provided amino acids contains a sulfur atom in its side chain.
- Serine: Contains a hydroxyl group (—OH).

- Leucine: Contains an isobutyl alkyl chain.

- Threonine: Contains a secondary hydroxyl group.

- Methionine: Contains a thioether group (—CH, — CH, —S — CH,).

Since methionine is the only sulfur-containing amino acid among the choices, it will form

sodium sulfide in the Lassaigne’s extract and give a positive nitroprusside test.

Step 4: Final Answer:

Methionine gives the red-blood colour.

Quick Tip: The only two standard amino acids that contain sulfur are Methionine and Cysteine. If a

question mentions a positive test for sulfur (nitroprusside or lead acetate), look for one of these two!

74. In an acidic medium, 10 mL of 0.25 M oxalic acid is titrated with KM nO, solution. If the
volume of KMnO, solution required to reach end point is 10 mL, the strength of the KMnO,

solution is
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(A) 0.15M
(B) 0.10 M
(C) 0.20 M
(D) 0.25 M

Correct Answer: (B) 0.10 M

Solution:

Step 1: Understanding the Question:
A standard redox titration between potassium permanganate (KMnO,) and oxalic acid

(H,C,0,) in acidic medium. We need to find the molarity of the KMnO, solution.

Step 2: Key Formula or Approach:
At the equivalence point, the equivalents of the oxidizing agent equal the equivalents of the

reducing agent:

N, V; =N, V,

Normality (N) is related to Molarity (M) by the n-factor: N = M x n-factor.

Step 3: Detailed Explanation:

Determine the n-factors for both reactants in an acidic medium:

1. Potassium Permanganate (KMnO,): Mn goes from +7 to +2. The change in oxidation
state is 5.

n-factor; = 5.

2. Oxalic Acid (H,C,0,): Carbon goes from +3 to +4 (in CO,). Since there are 2 carbon
atoms per molecule, the total change is 2 x 1 = 2.

n-factor, = 2.

Apply the equivalence equation:

(M; x n-factor,) x V; = (M, x n-factor,) x V,

(M; x5)x 10 mL=(0.25M x 2) x 10 mL
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Cancel the 10 mL from both sides:

5M, = 0.50

0.50
My==—=010M

Step 4: Final Answer:

The strength of the KMnO, solution is 0.10 M.

Quick Tip: Permanganate titration n-factors to memorize: Acidic medium = 5 (Mn?"), Neutral/faintly

alkaline = 3 (MnO,), Strongly alkaline =1 (M nOAZr_).

75. The correct statement is

(A) Aluminium has five valence orbitals.
(B) Boron has a maximum covalency of four.
(C) Beryllium has three valence orbitals.

(D) Magnesium has a maximum covalency of four.

Correct Answer: (B) Boron has a maximum covalency of four.

Solution:

Step 1: Understanding the Question:
Evaluate statements regarding the valence orbitals and maximum covalency (maximum

number of covalent bonds) of various s and p-block elements.

Step 3: Detailed Explanation:

Let’s verify each option:

(A) Aluminium (Period 3) has valence orbitals 3s, 3p, and 3d. This provides
1(s) + 3(p) + 5(d) = 9 valence orbitals. Not five. (Incorrect)

(B) Boron (Period 2) has a valence shell electron configuration of 2s22p'. Because it belongs

to the second period, it lacks vacant d-orbitals. The maximum number of orbitals available for
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bonding is four (one 2s and three 2p orbitals). Thus, it can form a maximum of 4 covalent
bonds (e.g., BF,). (Correct)

(C) Beryllium (Period 2) has valence orbitals 2s and 2p. Similar to Boron, it has a total of 4
valence orbitals, not three. (Incorrect)

(D) Magnesium (Period 3) has empty 3d orbitals available. Therefore, it can expand its octet
and achieve a covalency greater than four (typically up to 6, as seen in complex ions like

[Mg(H,0)¢]*"). (Incorrect)

Step 4: Final Answer:

The correct statement is (B).

Quick Tip: Elements of the 2nd period (Li to Ne) are strictly restricted to a maximum covalency of 4

because they do not have accessible d-orbitals to expand their octet.

76. Among the following, the compound having conjugated double bonds is

(A) hepta-1,6-diene
(B) hepta-1,3-diene
(C) hepta-1,4-diene
(D) hepta-1,5-diene

Correct Answer: (B) hepta-1,3-diene

Solution:

Step 1: Understanding the Question:

We need to identify the diene where the two carbon-carbon double bonds are conjugated.

Step 2: Key Formula or Approach:
Conjugation occurs when double bonds are separated by exactly one single bond, creating an
alternating pattern (C = C — C = C). If they are separated by two or more single bonds, they

are termed "isolated."
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Step 3: Detailed Explanation:

Let’s draw the skeleton for each isomer:

- (A) hepta-1,6-diene: C =C —C —C —C —C = C (separated by 3 single bonds; isolated)

- (B) hepta-1,3-diene: C = C —C = C —C — C — C (separated by exactly 1 single bond;
conjugated)

- (C) hepta-1,4-diene: C =C —C —C = C —C —C (separated by 2 single bonds; isolated)

- (D) hepta-1,5-diene: C =C —C —C —C = C — C (separated by 3 single bonds; isolated)

Step 4: Final Answer:

The compound with conjugated double bonds is hepta-1,3-diene.

Quick Tip: For any diene named alk-x,y-diene, it is conjugated if and only if y = x + 2.

77. 2A — B is a zero-order reaction, where k = 1.0 mol L min™". If the initial concentration

of A is 2 M, then the time taken to complete 75% of the reaction will be

(A) 2.0 min
(B) 1.5 min
(C) 0.75 min
(D) 1.0 min

Correct Answer: (B) 1.5 min

Solution:

Step 1: Understanding the Question:

Calculate the time required for a zero-order reaction to reach 75% completion.

Step 2: Key Formula or Approach:
The integrated rate equation for a zero-order reaction (following typical textbook conventions

where k directly represents the rate of reactant consumption) is:
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[Al: =[A], —kt

Where [A], is the initial concentration, and [A], is the concentration remaining at time t.

Step 3: Detailed Explanation:
Given:

Initial concentration, [A], =2 M
Rate constant, k = 1.0 mol L™} min™!

The reaction is 75% complete. This means 75% of A has been consumed.
Amount of A consumed = 0.75x2M=15M

Remaining concentration of A, [A], =2.0—1.5=0.5M

Substitute into the rate equation:

0.5=20—-10xt
1.0xt=2.0-0.5

t = 1.5 min

Step 4: Final Answer:

The time taken is 1.5 min.

Quick Tip: For a zero-order reaction, the time for completion is directly proportional to the percentage
reacted. If 100% reaction takes time t;o, = [A]y/k, then 75% completion takes exactly 0.75 X t;qo.

Here, t19p =2/1 =2 min. 0.75 x 2 = 1.5 min.

78. The correct order of solubility of the given salts in water at 298 K is
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Salt K,, at 298 K
AgBr 5.0x 107!3
Zn(OH), | 1.0x107®
Hg,Cl, 1.3x107'8

(A) Zn(OH), > AgBr > Hg,Cl,
(B) Hg,Cl, > Zn(OH), > AgBr
(C) AgBr > Zn(OH), > Hg,ClI,
(D) Hg,Cl, > AgBr > Zn(OH),

Correct Answer: (A) Zn(OH), > AgBr > Hg,Cl,

Solution:

Step 1: Understanding the Question:
We must calculate and compare the molar solubility (s) for three sparingly soluble salts using

their provided K;, values.

Step 2: Key Formula or Approach:

The relationship between K, and molar solubility (s) depends on the stoichiometry of the salt:
- For a 1:1 salt (AB): K,, =s*> = s = /K,

- For a 1:2 salt (AB,): K,, = (s)(2s)* =4s° = s = {/K,, /4

- For Hg,Cl,, the mercury(I) cation is a diatomic ion [Hg,]*"*. It dissociates as

Hg,Cl, = Hg;* +2Cl~, giving 3 ions total. K, = (s)(25)* = 4s> = s = {/K,,/4

Step 3: Detailed Explanation:
1. AgBr (1:1 salt):

s=4/50x10"13=405x10"12~0.707 x 10 =7.1x 1077 M

2. Zn(OH), (1:2 salt):

45 =1.0x10"" = s2=0.25x 10" =250x 10718

s=+v250x10°~6.3x10°M
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3. Hg,Cl, (1:2 salt type behavior):

4s°=13%x10"° = s*=0.325x10""%
s=+0.325x10°~0.69x10°=6.9x107 M
Comparing the molar solubilities:

Zn(OH), (6.3 x 107®) > AgBr (7.1 x 1077) > Hg,Cl, (6.9 x 1077).

Step 4: Final Answer:
The correct order is Zn(OH), > AgBr > Hg,CL,.

Quick Tip: Never compare K, values directly unless the salts have the exact same ion ratio (e.g., both

1:1). A salt with a smaller K, can be more soluble if it produces more ions upon dissociation!

79. The correct decreasing order of oxidation state of the underlined atom in each molecule is

(A) P,Og > Cl,0, > AlH,
(B) P,0,, > SO, > H,0
(C) N,Os > Al,0, > H,S
(D) PbO, > N,0; > SO,

Correct Answer: (C) N,Os > Al,O; > H,S

Solution:

Step 1: Understanding the Question:
We need to calculate the oxidation state of the first (primary) atom in each given molecule

and identify the option where the sequence is strictly decreasing.

Step 2: Key Formula or Approach:
Sum of all oxidation states in a neutral molecule equals zero. Standard states: Oxygen is

usually -2, Hydrogen is usually +1 (but -1 with metals).
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Step 3: Detailed Explanation:

Let’s evaluate the oxidation states for the central atoms in each option:

(A) P,O, - P =+43; C(ClL,O, » Cl=+47; AlH; — Al = +3. Order: +3,+7,+3. (Not
decreasing)

(B) P,O,y > P =+5;, SO;3 - S =+6; H,0— H = +1. Order: +5,+6,+1. (Not
decreasing)

(C) N,O; - N =+5; AlL,O; - Al =+3; H,S— S =-2. Order: +5,+3,—2. (Strictly
decreasing)

(D) PbO, — Pb = +4; N,0; - N =+43; S0; = S = +6. Order: +4,+3,+6. (Not

decreasing)

Step 4: Final Answer:

The correct option is N,Os > Al,O; > H,S.

Quick Tip: Hydrogen is +1 when bonded to nonmetals (like Sulfur in H,S) and -1 when bonded to

active metals or metalloids acting as metals (like Al in AlH3).

80. Consider the reversible processes for 1.0 mol of an ideal gas as shown in the figure.

Pressure ——

Py Vi T
3 P3: V3. T2

Processes 2 and 4 are adiabatic

Volume ——

wi, Wy, Wy and w, represent work done (in calories) in the processes 1, 2, 3 and 4, respectively;

AU, and AU, are changes in the internal energy for the processes 2 and 4, respectively.
use R=2 cal K ' mol™

The correct option is
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(A) W1+W2+W3+W4:O

(B) wy +ws =—2T, In 2 — 2T, In 3
(C) W2+W4: AUz_AU4

(D) w1+w2=2Tlln%

Correct Answer: (B) w; +wy =—2T; ln% — 2T, ln%
Solution:

Step 1: Understanding the Question:
The graph represents a standard Carnot cycle consisting of two isothermal processes (1 and
3) and two adiabatic processes (2 and 4). We need to identify the correct thermodynamic

expression for the work done.

Step 2: Key Formula or Approach:
Using the standard chemistry convention (Work done on the system):
- For an isothermal reversible process: w = —nRT In(V;/V;)

- For an adiabatic process: ¢ = 0, so by the first law, w = AU.

Step 3: Detailed Explanation:
Given n=1.0 mol and R = 2 cal K * mol *:

- Process 1 (Isothermal expansion from V, to V, at T;):

V. \%
1 1

- Process 3 (Isothermal compression from V; to V, at T,):

v, v,
ws = —nRT, In (7“) =—2T,In (7“)
3 3

Adding w, and w4 together gives:

V. V.
1 3

This matches Option (B) exactly.

Let’s briefly check the others:
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(A) The net work in a cyclic cycle is the area inside the curve, which is non-zero.
(C) Since w = AU for adiabatic steps, w, + w, = AU, + AU,, not a subtraction.
(D) Does not mathematically conform to any single thermodynamic combination of steps 1

and 2.

Step 4: Final Answer:

. v V.
The correct equation is w; + w3 =—2T; In v —2T, In 7‘3‘

Quick Tip: Always check the sign convention! In chemistry, expansion work is negative because the
system loses energy doing work on the surroundings. In physics, expansion work is often defined as

positive.

81. Assertion A : For an ideal solution formed by mixing liquids P and Q, A,,;,H = 0 and

ALV =0

mix
Reason R : No interactions occur between P and Q
In the light of the above statements, choose the most appropriate answer from the options

given below.

(A) A is not correct but R is correct
(B) Both A and R are correct and R is the correct explanation of A
(C) Both A and R are correct but R is NOT the correct explanation of A

(D) A is correct but R is not correct

Correct Answer: (D) A is correct but R is not correct

Solution:
Step 1: Understanding the Question:
We must evaluate the truth of an Assertion regarding the thermodynamic properties of ideal

solutions, and a Reason proposing the molecular cause of this behavior.

Step 2: Detailed Explanation:
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Assertion A: For an ideal liquid-liquid solution, there is no enthalpy change upon mixing
(A,;;H = 0) and no change in total volume upon mixing (A, .,V = 0). This is the
fundamental thermodynamic definition of an ideal solution. The Assertion is correct.

Reason R: The requirement for an ideal solution is not that "no interactions occur." Liquids
exist precisely because of strong intermolecular forces. An ideal solution forms when the
intermolecular interactions between unlike molecules (P-Q) are exactly identical in strength
and nature to the interactions between like molecules (P-P and Q-Q). Because the interactions
are identical, there is no net energy change or volume change. The claim that "no interactions

occur" is physically absurd for liquid mixtures. The Reason is incorrect.

Step 4: Final Answer:

Assertion A is correct but Reason R is not correct.

Quick Tip: An ideal gas implies no intermolecular interactions. An ideal solution implies perfectly

uniform intermolecular interactions (P-P ~ Q-Q ~ P-Q). Do not confuse the two definitions!

82. Among the species given below, the spin-only magnetic moment is highest for

(Given : Atomic number of Ti = 22, Mn = 25, Fe = 26 and Co = 27)

(A) [Ti(H,0)6]**
(B) [Mn(CN)¢]*~
(C) [Fe(CN)g >~

(D) [Co(NH5)e**

Correct Answer: (B) [Mn(CN)]*~

Solution:

Step 1: Understanding the Question:
The question asks to identify the coordination complex with the highest spin-only magnetic
moment. The magnetic moment depends on the number of unpaired electrons in the central

metal ion’s d-orbitals.
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Step 2: Key Formula or Approach:

The spin-only magnetic moment is calculated using the formula:
u=+/n(n+2)B.M.

where n is the number of unpaired electrons. A higher number of unpaired electrons results
in a higher magnetic moment. We need to determine the oxidation state, the d-electron

configuration, and the effect of the ligand field (strong vs. weak) for each complex.

Step 3: Detailed Explanation:

Let’s analyze each complex: 1. [Ti(H,0),]*": Titanium oxidation state = +3. Electronic
configuration of Ti (Z=22) is [Ar]3d?4s%. For Ti%*, it is [Ar]3d'. Number of unpaired
electrons, n = 1.

2. [Mn(CN)¢]>": Manganese oxidation state = +3. Electronic configuration of Mn (Z=25) is
[Ar]3d®4s®. For Mn®", it is [Ar]3d*. CN~ is a strong field ligand, so pairing occurs. The t,,
level fills first: tggeg. Number of unpaired electrons, n = 2.

3. [Fe(CN)¢]*: Iron oxidation state = +3. Electronic configuration of Fe (Z=26) is
[Ar]3d®4s2. For Fe3', it is [Ar]3d®. CN~ is a strong field ligand, causing pairing: tggeg.
Number of unpaired electrons, n = 1.

4. [Co(NH,)¢]*": Cobalt oxidation state = +3. Electronic configuration of Co (Z=27) is
[Ar]3d74s2. For Co®', it is [Ar]3d®. NH; acts as a strong field ligand for Co®', causing

0

complete pairing: tggeg. Number of unpaired electrons, n = 0.

The highest number of unpaired electrons is n = 2 for [Mn(CN)¢]*>".

Step 3: Final Answer:

The complex with the highest spin-only magnetic moment is [Mn(CN)¢]*".

Quick Tip: Always remember that NH, acts as a strong field ligand for Co®" (resulting in a diamagnetic

low-spin complex), even though it is generally a moderate field ligand for other +2 transition metals.

83. A protein undergoes reversible thermal denaturation from its initial state N to dena-
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tured state D according to N = D. At 60°C, the concentrations of both N and D are equal
at equilibrium, and the standard enthalpy change of denaturation is 666 kJ mol . The stan-

dard entropy change (AS° in kJ K 'mol ") of the protein upon denaturation at 60°C is closest to

(A) 11.1
(B) 2.0
(C) 2000.0
(D) 333.0

Correct Answer: (B) 2.0

Solution:

Step 1: Understanding the Question:
We are given a reversible protein denaturation process at equilibrium. We have the
temperature, the standard enthalpy change, and the condition that the concentrations of the

reactant and product are equal. We need to find the standard entropy change (AS°).

Step 2: Key Formula or Approach:

At equilibrium, the equilibrium constant K = %. Since concentrations are equal, K = 1. The

standard Gibbs free energy change is related to K by:
AG®° = —RT InK
Since K =1, In(1) = 0, which means AG° = 0. The fundamental thermodynamic equation is:
AG®° = AH°—TAS®

Setting AG° = 0 gives:

Step 3: Detailed Explanation:
Given: Temperature, T = 60°C = 60 + 273 = 333 K Standard enthalpy change, AH® =
666 kJ mol™*
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Substitute these values into the derived equation:

666 kJ mol ™!
333K

AS°®

AS° = 2.0 kJ K 'mol™

Step 4: Final Answer:

The standard entropy change is 2.0 kJ K 'mol ™.

Quick Tip: Whenever a reversible process is at equilibrium with equal concentrations of reactants and
products, the standard free energy change AG® is exactly zero. This allows for direct calculation of AS°

from AH® and T.

84. Given below are two statements : One is labelled as Assertion A and the other is labelled
as Reason R.

Assertion A : Generally, 3d transition metals have high melting points.

Reason R : Involvement of 3d-electrons in addition to 4s-electrons in the interatomic metallic
bonding.

In light of the above statements, choose the most appropriate answer from the options given

below:

(A) A is not correct but R is correct.
(B) Both A and R are correct and R is the correct explanation of A.
(C) Both A and R are correct and R is NOT the correct explanation of A.

(D) A is correct but R is not correct.

Correct Answer: (B) Both A and R are correct and R is the correct explanation of A.

Solution:

Step 1: Understanding the Question:
The question tests the conceptual understanding of the physical properties of transition

metals, specifically their melting points, and the underlying atomic reasons for these properties.
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Step 2: Detailed Explanation:

Assertion A: Transition metals are characterized by high melting and boiling points. This is a
well-established factual statement. Thus, the Assertion is correct.

Reason R: The high melting points of transition metals are attributed to strong metallic
bonding. This strong bonding arises because both the ns electrons (e.g., 4s) and the unpaired
(n—1)d electrons (e.g., 3d) are available to participate in the delocalized sea of electrons
forming the metallic lattice. The greater the number of valence electrons contributed, the
stronger the metallic bond, and the higher the melting point. Thus, the Reason is correct and

it is the exact scientific explanation for the Assertion.

Step 3: Final Answer:

Both A and R are correct and R is the correct explanation of A.

Quick Tip: The strength of metallic bonding in transition metals roughly scales with the number of
unpaired d-electrons. This is why elements near the middle of the d-block (like Cr, Mo, W) have the

highest melting points in their respective series.

85. Given below are two statements : One is labelled as Assertion A and the other is labelled
as Reason R.

Assertion A : The first ionization enthalpy of O is lower than that of N and E

Reason R : The loss of an electron from O leads to stable half-filled p orbital.

In light of the above statements, choose the most appropriate answer from the options given

below:

(A) A is not correct but R is correct.
(B) Both A and R are correct and R is the correct explanation of A.
(C) Both A and R are correct and R is NOT the correct explanation of A.

(D) A is correct but R is not correct.

Correct Answer: (C) Both A and R are correct and R is NOT the correct explanation of A.
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Solution:

Step 1: Understanding the Question:
We need to evaluate an assertion about the first ionization enthalpy trend among N, O, and E

and assess if the given reason correctly explains the entire assertion.

Step 2: Detailed Explanation:

Assertion A: The first ionization enthalpy of Oxygen (1314 kJ/mol) is indeed lower than that
of Nitrogen (1402 kJ/mol) and Fluorine (1681 kJ/mol). The assertion is physically correct.
Reason R: The electronic configuration of Oxygen is [He]2s?2p*. Losing one electron
produces the O" ion with a [He]2s%2p® configuration. This resulting 2p* state is exactly
half-filled, which is unusually stable. Additionally, the paired electrons in the 2p* configuration
of oxygen experience inter-electronic repulsion, facilitating easier removal. Thus, the Reason

is factually correct.

Evaluating the Link: While Reason R perfectly explains why Oxygen’s ionization enthalpy
is lower than Nitrogen’s (anomalous trend), it does not explain why Oxygen’s ionization
enthalpy is lower than Fluorine’s. Oxygen is lower than Fluorine primarily due to Fluorine’s
higher effective nuclear charge (Z, £7) and smaller atomic radius (the normal periodic trend).
Because the reason provided only accounts for half of the phenomenon described in the
assertion, it is typically considered NOT the complete or correct explanation for the assertion

as a whole.

Step 3: Final Answer:

Both A and R are correct but R is NOT the correct explanation of A.

Quick Tip: In assertion-reason questions, if the reason only explains part of the assertion (e.g., explain-
ing O < N but ignoring O < F), it is classified as "NOT the correct explanation". The reason must cover

the entire scope of the assertion.

86. Consider the following reaction sequences and choose the correct option.
Reaction Scheme:
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Center: Ph—C =C— Me
Na/liq.NH3 HBr,benzoyl peroxide
Left path: L
H,,Pd/C (Lindlar’s Catalyst) HBr

Right path: K M

(A) M and N are stereoisomers
(B) K and L are geometrical isomers
(C) K and L are enantiomers

(D) M and N are geometrical isomers

Correct Answer: (B) K and L are geometrical isomers

Solution:

Step 1: Understanding the Question:

An internal alkyne undergoes partial reduction via two different methods to yield two alkenes
(K and L). These alkenes subsequently undergo hydrobromination under different conditions
to yield alkyl bromides (M and N). We must identify the structural relationship between the

products.

Step 2: Detailed Explanation:

Formation of K and L: - Right Path (to K): Reduction with H, over Lindlar’s catalyst (Pd/C
poisoned) undergoes syn-addition, yielding the cis-alkene. Product K is cis-1-phenylprop-1-
ene. - Left Path (to L): Birch reduction using Na in liquid NH; proceeds via a radical anion
mechanism, yielding the more stable trans-alkene. Product L is trans-1-phenylprop-1-ene.

Since K and L are cis and trans isomers of the same compound, they are geometrical isomers.

Formation of M and N: - To M: Addition of HBr to cis-1-phenylprop-1-ene follows
Markovnikov’s rule. The protonation occurs to form the most stable carbocation, which is
the resonance-stabilized benzylic carbocation at C1. Bromide ion attacks here. Product M
is 1-bromo-1-phenylpropane. - To N: Addition of HBr to trans-1-phenylprop-1-ene in the
presence of benzoyl peroxide proceeds via a free-radical anti-Markovnikov mechanism. The
bromine radical adds to the double bond to form the most stable intermediate carbon radical.

Addition at C2 leaves the radical at C1 (benzylic, highly stabilized by resonance). Product N
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is 2-bromo-1-phenylpropane. Since M and N differ in the position of the bromine atom, they

are structural (positional) isomers, not stereoisomers or geometrical isomers.

Comparing the options, statement (B) is factually correct.

Step 3: Final Answer:

K and L are geometrical isomers.

Quick Tip: Lindlar’s catalyst = Syn addition — Cis alkene. Birch reduction (Na/NH3) = Anti addition

— Trans alkene. This stereochemical divergence is a staple in competitive exams!

87. The highest occupied molecular orbital for Ne, is

(A) o3},
(B) 7y,
(C) oy
(D) 7, )

Correct Answer: (A) ozp

Solution:

Step 1: Understanding the Question:
We need to determine the electronic configuration of the hypothetical Ne, molecule using

Molecular Orbital (MO) Theory and identify its Highest Occupied Molecular Orbital (HOMO).

Step 2: Key Formula or Approach:
For homonuclear diatomic molecules with more than 14 electrons (like O,, F,, Ne,), the
filling order of molecular orbitals is: 0, < 0], < 0y < 05 < Oy, < Ty, = Top, < n;px =

* *
7'C2py < O-sz

© Zollege.in



Step 3: Detailed Explanation:

A single Neon atom has 10 electrons (1s22s22p®). The diatomic molecule Ne, would have a
total of 10 4 10 = 20 electrons.

Let’s fill the molecular orbitals with these 20 electrons: 1. o, takes 2 2. o7 takes 2 3. oy
takes 2 4. o takes 2 5. 0,, takes 2 6. 7,, and Top, take 4 (2 each) 7. nsz and n*z‘py take 4
(2 each) 8. azpz takes 2

Total electrons filled =24+ 2+4+ 24242+ 4+ 4+ 2 = 20. The last electrons are filled into the
G’Z‘PZ orbital. Therefore, this is the Highest Occupied Molecular Orbital (HOMO).

Step 4: Final Answer:

The highest occupied molecular orbital is 05

Quick Tip: Since Ne, has all bonding and antibonding orbitals completely filled, its bond order is

exactly zero (10;—10 = 0). This is why noble gases exist as monoatomic species and do not form diatomic

molecules.

88. Match the species in List I with their geometry in List II

List I List II

A. PCI; I. Tetrahedral

B. BrF; II. Square Planar

C. BF, ITI. Trigonal bipyramidal

D. [Ni(CN),]*~ IV. Square pyramidal
Choose the correct answer from the options given below:

(A) A-III, B-1I, C-1, D-IV
(B) A-I\] B-III, C-I, D-II
(C) A-IL B-IV, C-I, D-II
(D) A-IIL, B-I, C-II, D-IV

Correct Answer: (C) A-III, B-IV, C-I, D-II
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Solution:

Step 1: Understanding the Question:
We need to determine the molecular geometry of four chemical species based on VSEPR

theory and Valence Bond Theory and match them with the correct shape.

Step 2: Detailed Explanation:

Let’s analyze each species: A. PCls: Phosphorus has 5 valence electrons. It forms 5 single
bonds with Chlorine and has 0 lone pairs. Steric number = 5+ 0 =5 (sp®d hybridization).
The geometry is Trigonal bipyramidal. (A — III) B. BrF;: Bromine has 7 valence electrons.
It forms 5 single bonds with Fluorine, leaving 2 non-bonding electrons (1 lone pair). Steric
number = 5+ 1 = 6 (sp>d? hybridization). The base geometry is octahedral, but with one
lone pair, the molecular shape is Square pyramidal. (B — IV) C. BF,: Boron normally
has 3 valence electrons, plus 1 for the negative charge = 4. It forms 4 single bonds with
Fluorine and has 0 lone pairs. Steric number = 4 + 0 = 4 (sp® hybridization). The geometry
is Tetrahedral. (C — I) D. [Ni(CN),]*> : Nickel is in the +2 oxidation state (3d®). CN~ is a
strong field ligand, forcing the pairing of d-electrons and vacating one 3d orbital. This leads
to dsp? hybridization. The geometry of dsp? complexes is Square planar. (D — II)
Matching results: A-III, B-IV, C-I, D-II.

Step 3: Final Answer:

The correct option is (3) A-III, B-IV, C-I, D-II.

Quick Tip: For 3d® metal complexes with coordination number 4: Strong field ligands (CN~, CO)

force pairing — dsp? — Square planar. Weak field ligands (CI~, H,0) don’t pair — sp> — Tetrahedral.

89. Match the vitamins in List I with their sources in List II
List I List II

A.vitamin A 1. meat
B. vitamin B;, II. sunflower oil
C.vitamin E  III. green leafy vegetables

D. vitamin K IV, carrots
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Choose the correct answer from the options given below.

(A) A-III, B-1, C-I\, D-II
(B) A-IL, B-III, C-IV, D-I
(C) A-IN, B-I, C-1II, D-III
(D) A-I\] B-II, C-I, D-III

Correct Answer: (C) A-1IV, B-I, C-II, D-III

Solution:

Step 1: Understanding the Question:

The question asks to match specific vitamins to their major natural dietary sources.

Step 2: Detailed Explanation:

Let’s pair each vitamin with its primary dietary source: A. Vitamin A: Retinol and its precursors
(like beta-carotene) are highly concentrated in orange and yellow vegetables. Carrots are
famously rich in Vitamin A. (A — IV) B. Vitamin B,,: Cobalamin is naturally found almost
exclusively in animal products. Meat, fish, and dairy are the primary sources. (B — I) C.
Vitamin E: Tocopherols are fat-soluble antioxidants primarily found in plant oils, nuts, and
seeds. Sunflower oil is an excellent source. (C — II) D. Vitamin