Kinetic Theory

Equation of state of a perfect gas, work done in compressing a gas.

Kinetic theory of gases - assumptions, concept-of pressure. Kinetic interpretation of temperature; rms speed
of gas molecules; degrees of freedom, law of equi-partition of energy (statement only) and application to
specific heat capacities of gases; concept of mean free path, Avogadro’s number.
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Introduction
What is Kinetic Theory?

o Kinetic theory explains the behaviour of gases based on the idea that the gas consists of rapidly moving
atoms or molecules.

o Insolids the molecules are very tightly packed as inter molecular space is not present In liquids-inter
molecular spaces are more as compared to solids and in gases the molecules are very loosely packed as
intermolecular spaces are very large.

o The random movement of molecules in a gas is explained by kinetic theory of gases.
o We will also see that why kinetic theory is accepted as a success theory.
¢ Kinetic theory explains the following:-

a) Molecular interpretation of pressure and temperature can be explained.

b) Itis consistent with gas laws and Avogadro’s hypothesis.

¢) Correctly explains specific heat capacities of many gases.

13.2 Molecular nature of matter

o Atomic hypothesis was given by many scientists. According to which everything in this universe is made
up of atoms.

o Atoms are little particles that move around in a perpetual order attracting each other when they are little
distance apart. But if they are forced very close to each other then they repel.

o Dalton’s atomic theory is also referred as the molecular theory of matter. This theory proves that matter
is made up of molecules which in turn are made up of atoms.

o According to Gay Lussac’s law when gases combine chemically to yield another gas, their volumes are in
ratios of small integers.

o Avogadro’s law states that the equal volumes of all gases at equal temperature and pressure have the
same number of molecules.

o Conclusion: - All these laws proved the molecular nature of gases.
o Dalton’s molecular theory forms the basis of Kinetic theory.

Why was Dalton’s theory a success?

o Matter is made up of molecules, which in turn are made up of atoms.
e Atomic structure can be viewed by an electron microscope.

Solids, Liquids, Gases in terms of molecular structure

Basis of difference

Solids

Liquids

Gases

Inter Atomic
Distance(distance
between molecules).

Molecules are very
tightly packed. Inter
atomic distance is
minimum.

Molecules are not so
tightly packed. Inter
atomic distance is more
as compared to solids.

Molecules are loosely
packed .Free to move.
Inter atomic distance is
maximum.

Mean Free Path is the
average distance a
molecule can travel
without colliding.

No mean free path.

Less mean free path.

There is mean free path
followed by the
molecules.
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13.3 Behaviour of Gases

o Gases at low pressures and high temperatures much above that at which they liquify (or solidify)
approximately satisfy a relation between their pressure, temperature and volume:

PV=KT ... ... ...(i)
This is the universal relation which is satisfied by all gases.

where P, V, T are pressure, volume and temperature respectively, and K is the constant for a given
volume of gas. It varies with volume of gas.

K=Nks where, N=number of molecules and ks = Boltzmann Constant and its value never change.
o From equation (i) PV= Nks
Therefore PV/NT = constant=(ks) (Same for all gases).
o Consider there are 2 gases :- (P1,V1,T1) and (P2, V2,T2) where P, V and T are pressure, volume and
temperature resp.
o Therefore P1,V1/(N1T1) = P2V2/(N2T2)

o Conclusion: - This relation is satisfied by all gases at low pressure and high temperature.
Justification of the Avogadro’s hypothesis from equation of gas

o Avogadro’s hypothesis states that equal volumes of all gases at equal temperature and pressure have the
same number of molecules.

o Consider the equation PV/NT = constant and if P,Viand.T are same for 2 gases then N(number of
molecules) is also same.

o According to Avogadro’s hypothesis number of molecules per unit volume is same for all gases at a fixed P
andT.

Avogadro number is denoted by Na. Where, Na =6.02x10%. It is universal value.

o Experimentally it has been foundthat the mass of 24.4 litres of any gas is equal to molecular weight in
grams at standard temperature and pressure.

s W

P

@ " .xe023x10% =}

& ay
1 mole of Carbon Atom,

12 Grams

Carbon Atom
Perfect Gas Equation
o Perfect gas equation is given by PV = uRT,

Where P,V are pressure, volume, T =absolute temperature, i = number of moles and R =universal gas
constant, R=ksNa where, ks = Boltzmann constant and Na = Avogadro’s Number

o This equation tells about the behaviour of gas at a particular situation.
o If a gas satisfies this equation then the gas is known as Perfect gas or an ideal gas.

Different Forms of Perfect Gas Equation
1. PV=pRT ... .....(I)
Where p (no. of moles) = N/Na where N=no of molecules and Na = Avogadro number(no of molecules in 1
mole of gas).Orp = M/M,where M=mass of sample of gas and M, = molar mass.
PV = (N/Na)RT (putting u=N/Na in equation(i))
By simplifying PV = NkgT
PV=NkgT =>P = (N/V) kgT => P=nkgT
Where, n(number density) =N/V. where, N=number of molecules and V=volume.
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< PV=nksT

2. Substitute u = M/Mo in equation(i)
PV=(M/Mo) RT => P=(M/V)1/M.RT where M/V =p (mass density of the gas)
~ P=pRT/M,

Ideal Gas

o A gas that satisfies the perfect gas equation exactly at all pressures and temperatures.
o ldeal gas is a theoretical concept.

o Noreal gasis truly ideal. A gas which is ideal is known as real gas.

o Real gases approach the ideal gas behaviour for low pressures and high temperatures.

Real gases deviation from ideal gas

o Real gases approach the ideal gas behaviour for low pressures and high temperatures.
o ldeal gas equation PV=uRT, for 1 mole ,u=1,PV=RT
=>PV/RT=constant

Graph should be a straight line(parallel to x-axis) for ideal gas. This means it has constant value at all
temperature and all pressure.

o Butin case of real gases graph approach ideal gas behaviour at high temperature and low pressure.

o At high temperature and low pressure molecules are far apart. When temperature is increased the
molecules will move randomly far from each other:

o Asaresult molecular interaction decreases the gas behaves as an ideal gas.

o The ideal behaviour comes into picture when the molecular present inside the gas don’t interact with
each other.

Ideal gas "
i
— .I\I-
1 E—
I T.
| T,=T,>T,»
[=]
z 4
= “T
e | B )
E,
1 | 1 1 1 1 1 1
0 200 400 GO0 B0
P (atm)

Real gases approach ideal gas behaviour
at low pressures and high temperatures.

Deduction of Boyle’s law and Charles law from perfect gas equation
1. Boyle’s law: -Deriving Boyle’s law from perfect gas equation, PV=uRT

o Consider T (temperature) and u (no. of moles) constant.
o Therefore PV=constant.

o According to Boyle’s law, at a constant temperature, pressure of a given mass of gas varies inversely with
volume.
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Charles’s law:-Consider If P(Pressure) is constant, then

From Perfect gas equation PV =puRT,=> V/T=uR/P =constant

Therefore V/T = constant.

According to Charles’s law for a fixed pressure, volume of a gas is « to its absolute temperature.

Conclusion: - Ideal gas satisfies the Boyle’s law and Charles’s law.
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Experimental P-V curves (solid lines) for
steam atdhree temperatures compared
with Boyle's law (dotted lines). Pis in units
of 22 atm and ¥ in units of 0.09 litres.

Deducing Dalton’s Law of partial pressures

(¢]

Dalton’s law of partial pressure states that the total pressure of a mixture of ideal gases is the sum of
partial pressures.

Consider if there are several ideal gases mixed together in a vessel, then the total pressure of that vessel
is equal to sum of partial pressure.

Partial pressure is the pressure exerted by a particular gas if only that gas is present in the vessel.
For example: -

Consider if in a vessel there is a mixture of 3 gases, A,B and C.So the partial pressure of A is equal to
pressure exerted only by Aand considering B and C are not present.

Similarly partial pressure of B is equal to the pressure exerted only by B and considering A and C are not
there.

Similarly for C.

According to Dalton’s law the total pressure of mixture is sum of partial pressure of A, partial pressure of
B and partial pressure of C.

To show how perfect gas equation concludes Dalton’s law of partial pressure:-

(o]

Suppose there is a mixture of ideal gases which means these gases do not interact with each other.
By perfect gas equation, PV=pRT
Where V=volume of vessel,P=Pressure and T=temperature andu (no. of moles).

As there are mixture of gases therefore p=p1+ p2+ ... so on.
PV=( p1+ p2+..)RT
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P= ( u1+u2+...)RT/V
=>P = WwRT/V + WRT/V + ...
& P=P14+Py + ...
Where Pi=partial pressure of gas 1 and P,=partial pressure of gas 2.
& P= P1+Py+---total pressure due to the mixture of gases is equal to the sum of the partial pressure of the
gas.

Pressura Py Pressure Py Pressure P Prassure P=Py+Pz+P;

13.4 Kinetic Theory of an Ideal Gas
Basis of Kinetic Theory: -

1.

e wnN

Molecules of gas are in incessant random motion, colliding against one another and with the walls of the
container.

All collisions are elastic.

Total Kinetic energy is conserved.

Total momentum is conserved.

In case of an elastic collision total Kinetic energy and momentum before collision is equal to the total
Kinetic energy and momentum after collision.

What does Kinetic Theory tells?

1.

At ordinary temperature and pressure the molecular size is very small as compared to inter molecular
distance between them.

In case of gas, molecules are very far from each other and the size of molecules is small as compared to
the distance between them.

As a result, interaction between them is negligible. As there is no interaction between the molecules, there
will be no force between the molecules.

As a result molecules are moving freely as per newton’s first law of motion.

The molecules should move along straight line but when they come closer they experience the
intermolecular forces and as a result their velocities change.

This phenomenon.is known as collision. These collisions are elastic.

L

% 9
9% ’

o ® & GUG&Q

= ‘G = GQ =
=

Molecules moving randomly Molecules colliding with ~ Molecules change their direction

each other after colliding
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13.4.1 Pressure of an ideal gas based on Kinetic theory

Assumptions:-
o Consider a cube shape container filled with an ideal gas. We will consider only one molecule; the

molecule hits the walls of the container and bounces back.
Let the velocity of the molecule when it is moving be (vx, vy, vz).
When the molecule bounces back, the velocity will be (—vx, vy, vz).
Change in momentum = Py — P, where Py = final momentum and P, = initial momentum)
Py — Py = —mv, — mv, = —2muy
This change in momentum is imparted to the wall due to the collision.
Momentum imparted to the wall in collision by one molecule = 2mv,
e But there are as many molecules, we have to calculate total momentum imparted to the wall by
all of them.
e To calculate the number of molecules that hit the wall:
Area of wall=A
~ in time At, all molecules within a distance of Av, At can hit the wall.
but on an average half of molecules move towards the wall and half away from the wall.

 (5) Av,At will hit the wall

= total momentum imparted to the wall =2mv, X %n Av, At = AnvZAtm

O O O O O O

0

o Force exerted on the wall= rate of change of momentum=AnvZm
F

o Pressure onthewall P = 1= nmv?

@]

. P = nmv? is true for group of molecules moving with velocity v,
Note:

i. All the molecules inside the gas will not have the same value of velocity. All will have different
velocities
ii. The above equation therefore, is valid forpressure due to the group of molecules with speed v, in
the x-direction and n stands for the number density of that group of molecules.
e Therefore total pressure due to all such groups will be obtained by summing over the
contribution due to the molecule P = nmv—,?
e Where, ﬁ is the average of v2.
o Since the gas is isotropic the molecules move randomly which means the velocity of all the molecules can

be in any direction. Therefore
2 2 2 1 2 2 2 1
V¢ =V =V} =§(Ux =vy :vz):gv

2

1
o' Therefore, Pressure, P = gnmvz, where v2= average squared speed.

Z

weu,w)

oy, u)

Yel ...

\ A

Elastic collision of a gas molecule with
the wall of the confainer.
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Justifying the assumptions:-

e We have assumed the container containing the gas is a cube. The shape of the container is immaterial.

e For avessel of any arbitrary shape, we can choose a small infinitesimal (planar) area and can prove the
above derivation.

o We will see A and At are not there in the final result.

e By Pascal’s law pressure in one portion of gas in equilibrium is the same as anywhere else.

o All collisions are neglected.

a) The number of molecules hitting the wall in time At was found to be G) Av, At, with random collisions
and a steady state of gas.

b) Thus, if a molecule with velocity (v, vy, vz) acquires a different velocity due to.collision with some
molecules, there will always be some other molecule with a different initial velocity which after a
collision acquires the velocity (vy, vy, V2).

c) Molecular collision, when they are not too frequent and the time spentin collision is very small
compared to the time between collisions, will not have any affect in the above calculation.

13.4.2 Kinetic Interpretation of Temperature
o The average kinetic energy of a molecule is directly proportional to the absolute temperature of the
gas.
e [tisindependent of pressure, volume or nature of the ideal gas.
o Multiplying with V on both sides,

PV = %anF
After simplifying,
PV = EN x% mv? , where, n = N/V
N- Number of molecules in a sample.
e Therefore PV = %E S ()
E- Kinetic energy = N X % mv?
This is the basis of Kinetic interpretation of temperature.
e Combining eq(i) with the ideal gas equation, we get

E = ;kBNT VR (15

E 1 — 3
or, ;=5 my? = EkBT SRR (113
This is the average kinetic energy
~KE T

Hence, temperature can be interpreted as a molecular quantity.

v

i

Molecules going through a porous wall.
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Kinetic theory: Consistent with ideal gas equation and gas laws

1. Consistent with ideal gas equation:
From kinetic interpretation % = %kBT => F = %NkBT
The internal energy of an ideal gas is directly proportional to T
This shows that internal energy of an ideal gas depends only on temperature, not on pressure

or volume.
2. Consistent with Dalton’s law of partial pressures:

1 . .

P= gnmv2 , from kinetic theory

- if a vessel contains a mixture of gases,
1 i —

P = Z[nymyvf + ngmyvg + -]

in equillibrium average Kinetic energy of molecules of different gasses will be equal

1 - 1 = 3
§m1v1 =§m2v2 = =§kBT

Total pressure, P = ;[%nlkBT + %nszT + -]

P = kBT[nl +Tl2 + "']
R
P=-lng +my+]

Ny
P=[p +ps+-]RT
P=P +P+-

This is Datlon’s law of partial pressure.

Law of Equipartition of energy:Degrees of Freedom

(e]

o 0o 0 0O 0o 0o o 0o o o

Degrees of Freedom can be defined as independent displacements or rotations that specify the
orientation of a body or system.

A molecule free to move in space needs three coordinates to specify its location.

If it is constrained to move in a plane it needs to.

If constrained to move along a line, it needs just one coordinate to locate it.

For example:-Consider aroom and if we tie a thick rope from one wall to another.

Take a ball which is moving straight on the rope.

The ball has only 1 degree of freedom. It can move only in one particular dimension.

Consider if the ball is on the floor which is two-dimensional, then the ball can move along 2 directions.
The ball has 2 degree of freedoms.

Consider if we throw the ball in space which is 3 dimensional. Then the ball can move in 3 dimensions.
Therefore degree of freedom tells us in how many ways a body can move or rotate or vibrate.

Categories of Degrees of Freedom

1. Translational degree of freedom.
2. Rotational degree of freedom.
3. Vibrational degree of freedom.

Translational degree of freedom:-

o

(0]

(¢]

Translation means motion of the body as a whole from one point to another.
For example:
Consider the oxygen molecule; it has 2 oxygen atoms which are bonded together.
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The 2 oxygen atoms along with the bond are considered as whole body.

When the body as a whole is moving from one point to another is known as translational.

Consider a molecule which is free to move in space and so it will need 3 coordinates(x, y, z) to specify its
location.

Therefore it has 3 degrees of freedom.

Similarly a molecule which is free to move in a plane which is 2 dimensional and so it needs 2 coordinates
to specify its location.

Therefore it has 2 degrees of freedom.

Similarly a molecule which is free to move in line it needs 1 coordinate to specify its location.

Therefore it has 1 degree of freedom.

Molecules of monoatomic gas have only translational degrees of freedom.This means gases which have
only one atom.

For example:-Helium atom it consists of only one He atom.It will have translationaldegrees of freedom.
Each translational degree of freedom contributes a term that contains square of some variable of motion.
The variable of motion means the velocity (vy,vy,V2).

The term (1/2) mv,2 will contribute to energy.This is Kinetic energy which is involved with the motion of
the molecule from one point to another.

In thermal equilibrium, the average of each such term is (1/2) kgT.

v Three possible
translational motion of a
monatomic molecule

T
./._}

Rotational Degree of freedom

@)

©)

@)

Independent rotations that specify the orientation of a body or system.

There is rotation of one part of the body with respect to the other part.

Rotational degree of freedom happens only in diatomic gas.

Diatomic molecules have rotational degrees of freedom in addition to translational degrees of freedom.

It is possible in diatomic molecules as 2 atoms are connected together by a bond.So the rotation of one
atomw.r.t to other atom.

In diatomic there is translational in addition to that they have rotational degree of freedom also.
For example: - Two oxygen atoms joined together by a bond. There are two perpendicular axes.
There are 2 rotations possible along the two axes.

They have 3 translational degrees of freedom and also 2 rotational degree of rotation.

Therefore Rotational degree of freedom contributes a term to the energy that contains square of a
rotational variable of motion.

Rotational variable of motion comes from angular momentum w.

Linear velocity is vy,vy,v.. Whereas angular velocity is wy,wy,w;.
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o Egr(rotational) = (1/2)(l1w1)+(1/2)l2 wz. These are 3 rotationaldegrees of freedom along the 2
perpendicular axes.

o The total energy contribution due to the degrees of freedom for oxygen molecule.

o There will be 3 translational degree of freedom (1/2)myvy?,(1/2)myvy?,(1/2)myv;?)
o 2 rotational degree of freedom (1/2)112w12,(1/2)12w7?

Vibrational degree of freedom

o Some molecules have a mode of vibration,i.e. its atoms oscillate along the inter-atomic axis like a one-
dimensional oscillator.

o This vibration is observed in some molecules.
o For example:- CO atoms oscillate along the interatomic axis like a

one-dimensional oscillator.

o Consider two 2 atoms they vibrate along the inter-atomic axis.
o The vibrational energy terms contain square of vibrational variables of motion.

o Total vibrational energy term E, = (1/2) m (dy/dt)?+ (1/2) ky? where
(1/2) m(dy/dt)?=Kinetic energy and (1/2)ky? =Potential energy and k=force constant one-dimensional
oscillator.

o The vibrational degree of freedom contributes 2 terms.

¥

1T ©

B

]

(1)

sfie
=i [ g

(2)
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(1) Rotational motion along two axis perpendicular to line joining two particles (here y and z directions)

(2) Vibrational motion along line joining the two atoms

Comparison between 3 energy modes

Translational

Rotational

Vibrational

Ee=(1/2)mvy?

E=(1/2)! w?

Ev= (1/2)m (dy/dt)*+(1/2)ky?

1 squared term is being

1 squared term is being

2 squared term is being

contributed contributed contributed

Law of Equipartition of energy

According to this law, in equilibrium, the total energy is equally distributed in all possible energy modes, with

1.
2.
3.

each mode having an average energy equal to (1/2)ksT.
Each translational degree of freedom contributes (1/2) ks
Each rotational degree of freedom contributes (1/2) ks
Each vibrational degree of freedom contributes 2x (1/2)ks

Specific Heat Capacity for monoatomic gases

@)

O O O O O O

Monoatomic gases will only have translational degree of freedom.
Maximum they can have is three translational degrees of freedom.

Each degree of freedom will contribute (1/2) ks

Therefore 3 degrees of freedom will contribute (3/2) ks

By using law of equipartition of energy, the total internal energy of 1 mole of gas U=(3/2) ksTxNa=(3/2) RT
Specific heat capacity at constant volume Cy= dU/dT=(3/2) R(i)

For an ideal gas Cp-Cy=R, By using equation(i)Cr=(5/2)R

Ratio of specific heats y=Cp/Cv=(5/3)

Specific Heat of Diatomic gases (rigid)

(@)

O O O O O O

A rigid diatomic gas means they will have translational as well as rotational degree of freedom but not
vibrational.

They are rigid oscillator.

A rigid diatomic molecule will have 3 translational degrees of freedom and 2 rotational degrees of
freedom. Total 5 degrees of freedom.

By law of equipartition of energy, each degree of freedom will contribute (1/2) ks
Therefore 5 degree of freedom will contribute (5/2) ks

Therefore the total internal energy of 1 mole of gas, U=(5/2) ksTxNa=(5/2)RT
Specific heat capacity at constant volume(Cy) =dU/dT=(5/2)R

Specific heat capacity at constant pressure of a rigid diatomic is given as Cp=(7/2)R
Ratio of specific heats y=Cp/Cv=(7/5)
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Specific Heat of Diatomic gases (non-rigid)
o A no-rigid diatomic gas has translational, rotational as well as vibrational degrees of freedom.

o There will be 3 translational degrees of freedom and 2 rotational degrees of freedom and 1 vibrational
degree of freedom.

o Total contribution by translational= (1/2) keT, rotational=2x (1/2)ksT and vibrational =kg
o Total Internal energy for 1 mole =(5/2)ksT+ksT = (7/2)ksT= (7/2)RT.
o Cy=dU/dT=(7/2)R.
o Cp=Cy+R=(9/2)R.
o y=Cp/Cv=(9/7)
(1)
7 a
& By T Lo
lg_\_é.: : ﬂr ? .--
; ' ')
".

There are two independent axes of rotation(1) and(2) normal to the axis joining the two oxygen molecule.It
has 3 translational and 2 rotational degrees of freedom

Specific Heat Capacity for polyatomic gases

o Polyatomic gases will have 3 translational degree of freedom, 3 rotational degrees of freedom and ‘f’
number of vibrational modes.

o Total internal energy of 1 mole of gas =(3x(1/2)ksT + 3x(1/2)ksT+ fksT)x Na
((3/2) + (3/2) +f)RT = (3+f) RT.

o Cy=dU/dT = (3+f)R

o Cp=Cy+R=(4+f)R

o V= CP/CV = (4+f)/(3+f)

Specific Heat Capacity for solids
o< Consider there are N atoms in a solid. Each atom can oscillate about its mean position.

Therefore vibrational degree of freedom = kgT
In one-dimensional average energy=ksgT, in three-dimensional average energy =3KgT
o Therefore total internal energy (U) of 1 mole of solid = 3KgTxNa= 3RT

o Atconstant pressure, AQ = AU + PAV change in volume is very less in solids .Therefore AV = 0.
o =>AQ=AU

o Cy=(dU/dT)y
o Cp=(dQ/dT)vas AQ = AU, Therefore Cy=dU/dT=3R
o Therefore Cp=Cy=3R

Specific Heat Capacity of water
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Consider water as solid,so it will have ‘N’ number of atoms.

Therefore for each atom average energy =3ksT
No of molecules in H,0= 3 atoms.

Total internal energy U=3ksTx3xNa =9RT.
Cv=Cp=9R.

Conclusion on Specific heat

¢)

According to classical mechanics, the specific heat which is calculated based on degree of freedom should
be independent of temperature.

However T=> 0,degree of freedom becomes inefficient.
This shows classical mechanics is not enough; as a result quantum mechanics came into play.

According to quantum mechanics minimum non-zero energy is required for degree of freedom to come
into play.

Specific heats of all substances approach zero as T->0.

Mean free path

¢)

©)

¢)

Mean free path is the average distance between the two successive collisions.
Inside the gas there are several molecules which are randomly moving and colliding with each other.

The distance which a particular gas molecule travels without colliding is known as mean free path.

Expression for mean free path

¢)

¢)

o O O O O O

Consider each molecule of gas is a sphere of diameter(d).The average speed of each molecule is<v>.

Suppose the molecule suffers collision with any other molecule within the distance (d). Any molecule
which comes within the distance range of its diameter this molecule will have collision with that molecule.

The volume within which a molecule suffer collision =<v>Atrd?.
Let number of molecules per unit volume =n

Therefore the total number of collisions in time At =<v>Atrd?xn
Rate of collision =<v>Atmd?xn/At=<v>md?n

Suppose time between collision T =1/<v>md?n

Average distance between collision = t<v> = 1/nd?

1/md?n this value was modified and a factor was introduced.
Mean free path(l) = 1/v2 t d’n

Conclusion: - Mean free path depends inversely on:

a) Number density (number of molecules per unit volume)
b) Size of the molecule.

The volume swept by a molecule in time At in which any molecule will collide with it.
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Very Short Answer Type Questions :

1. Can we increase the temperature of a gas keeping its pressure and volume constant?
Sol. No, temperature cannot be changed without changing pressure and volume.
2. The absolute temperature of a gas is increased 4 times. What will be the change in the rms velocity of the
gas molecules?
Sol. v, o< JT
New rms velocity is 2v,
So change = 2v, .« — Vo = Vis
3. What will be the ratio of translational kinetic energy of hydrogen and nitrogen molecules at the same temperature?
Sol. One, because the kinetic energy per molecule of the gas depends only upon the temperature.
4.  What will be the ratio of the rms velocities of the molecules of two gases A and B if their vapour densities
are in the ratio 9 : 167
o Lk [ [F
(Vrms)Z
5.  Calculate the root mean square velocity of a given sample having three molecules having velocity 1, 2 and 3 m/s.
& vi+vg v /1+4+9=\/Em/S
3 3 3
6. Define degree of freedom.
Sol. The term degree of freedom of a system refers to the possible independent motions a system can have or
number of possible independent ways in which system can have energy.
7.  Give the dependence of mean free path of molecules of a gas on number density and size of molecule.
Sol. Mean free path (/) is given by

1
J2nnd?

where n is no. density and d is the diameter of the gas molecule.

[ =
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8. If the temperature of a gas increases, what will happen to its mean square speed?

Sol. If the temperature increases, the mean square speed of gas molecules will increase as V2T .
9. How many degrees of freedom a diatomic gas molecule can have?

Sol. A diatomic gas have 5 degree of freedom, 3 translational and 2 rotational. If diatomic molecule is not rigid then
due to vibratory motion 2 degree of freedom will be added. j.e., 7 degree of freedom.

10. If temperature and mass of a gas are kept constant, draw variation of P(pressure) with V(volume).

p m = constant

Sol. T

T = constant

V—>

Short Answer Type Questions :

11. On the basis of kinetic theory of gases, explain how the temperature of a gas rises on heating.

Sol. When heat is given to a gas, the rms velocity of the gas molecules increases. As v, « T, so the
temperature of the gas increases.

12. On increasing the temperature of a gas filled in a cylinder, the pressure of the gas increases. Explain.

Sol. On raising the temperature, the average velocity of the gas molecules increases. As a result of which more
and more molecules collide with the wall of the cylinder per second. Hence, greater momentum is transferred
to the wall per second and the pressure increases.

13. Explain, on the basis of kinetic theory, how the pressure of a gas changes if its volume is reduced at constant
temperature.

Sol. On reducing the volume, the space for the given number of molecules of the gas decreases i.e., number of
molecules per unit volume increases. As a result of which more molecules collide with the walls of the container
per second transferred more momentum to the walls. Hence, the pressure increases.

14. Distinguish between average speed and rms speed.

Sol. Average speed is the arithmetic mean of the speeds of the molecules where as rms speed is the root mean
square speed i.e., the square root of the mean of the squares of different speeds of the individual molecules.

15. State Boyle’s law.

Sol. According to Boyle’s law, when the temperature of a certain mass of a gas is kept constant, the volume V
occupied by the gas is inversely proportional to the pressure P exerted by the gas i.e.,

when T is constant, V oc% or V= constant

PV = constant
16. State Charles’s law.

Sol. According to this law, when pressure P of a certain mass of a gas is kept constant, the volume V occupied
by the gas is directly proportional to the temperature T of the gas, i.e., when P is constant

Vo T

K = constant
T
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17.

Sol.

18.

Sol.

19.

Two vessels A and B are filled with the same gas, where volume, temperature and pressure in A is twice the
volume, temperature and pressure in B. Calculate the ratio of the number of molecules of gas in A and B.

PV = nRT

n__V ber of molecules = n,N
= RT,num €r or molecules = n,
PV PV,
Ty © Tg

M _PiVa Ts _2Px2V T _2_, .
ng T, PVg 2T PV 1 °

On what factor the average kinetic energy of gas molecules depend? What will the kinetic energy of the
molecules at the absolute zero?

The average kinetic energy of gas molecules depends upon the temperature of the gas. At absolute zero, rms
velocity of the gas molecules becomes zero so mean K.E. per molecules of the gas becomes zero at absolute
zero.

A gas in a cylinder is at pressure P. If the masses of all the molecules be made one-third and their speeds
be made doubled, then find the resultant pressure.

2

Sol. P="ms
3V

’ m ’
m = ?’ Vims 2Vrms
pr 1 " (*) nx (2Vrms )2 _ £

3 V -3
p-4p

3

20.

Sol.

A vessel contains a gas at pressure P;. Show that the pressure becomes double, if the masses of all the
molecules are halved and their speeds doubled.

~Amn ,

P 3 vy Vims

m is halved and v, is doubled. Hence, P will become two times.

1
1 (Em) nx (2Vrms )2
P ==x
3 4

Hence proved.
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Sol.

22.

Sol.

23.

Sol.

24.

Sol.
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The root mean square velocity of the gas molecules is 400 m/s. If the atomic weight is doubled and absolute
temperature is halved then, calculate the root mean square speed of the gas molecules.

3RT

Vims = YR

, 3RT’
Vims = M

v = /% - %vrms - %x 400 = 200 m/s

A vessel contain N molecules of a gas at absolute temperature T. If the number of molecules is halved, what
should be the absolute temperature so as the kinetic energy of the molecules remains the same.

K.E. :EnkT
2

when the number of molecules is halved. K.E. becomes double so, to keep the K.E. same temperature should
be doubled.

Show that the r.m.s. velocity of oxygen is /2 times that of sulphur dioxide.

% M
VemsJo, _ [Mso, Atomic weight of sulphur is 32 and that of oxygen is 16.
(Vr.m.s. )802 M02
32432
32
=2

or (Vims. )02 = \/E(Vr.m.s. )802

Calculate the average kinetic energy of a oxygen molecule (in ergs), if it occupies a volume of 2 x 10* cc at
a pressure of 10° dyne/cm?. (use N, = 6 x 10%3)

1
Average KE = —mvrzms

2
_1_3pV
T2 M

1m_3PV _13PV
2 mN, 2N,

1 3x10°x2x10*
_X—
2 6.023x10%

= 0.5 x 107" erg.
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25.

Sol.

26.

Sol.

27.

Sol.

28.

Sol.

29.

Sol.

The average kinetic energy of a gas molecule at 27°C is 3.3 x 102! J. Calculate its average kinetic energy
at 227°C.

3
KE.=—kgT
2B

at27°C = T=300K
at 227°C = T =500 K
KE, T,
KE, T,

KE;xT, 3.3x107%' x500
T, 300

KE, = =55%x1072"

Mention the condition when a real gas obeys ideal gas equation and why?

At low pressure and high temperature, the molecules are farther apart so that molecular size is negligible as
compared to the size of the container.

Two perfect gases at temperature T, and T, are mixed. If there is no loss of energy and the masses and number
of molecules of the gases are m,, m, and n,, n, respectively. Calculate the temperature of the mixture.

KE., = n1%k7'1

3
Total K.E. =(ny +n2)§kT

Total KE. = KE., + KE.,

(ny +ny )ng =n, %kﬂ +n, %sz

T Ty +n,T,
ny +n,

A gas is filled in a cylinder fitted with a piston at a definite temperature and pressure. Explain on the basis
of kinetic theory why on pulling the piston out; the pressure of gas decreases.

On pulling the piston out, the volume of gas increases. Due to this, less number of molecules collide with the
walls of cylinder per second and hence less momentum is transferred to the walls per second. Also, area of
the walls on which these collisions take place increases. Due, to this pressure decreases.

Two- vessels A and B are identical. A has 1 gm of hydrogen at 0°C and B has 1 gm oxygen at 0°C.
(i)  Which vessel does contain more molecules and how much?
(i)  In.which vessel the pressure of the gas is higher and how much?

(i)~ Vessel A contains 16 times more (hydrogen) molecules contained in B, because the number of molecules
in 1 gm hydrogen is 16 times the number of molecules in 1 gm oxygen.

(i) At a given temperature, the average kinetic energy per molecule (%kT) is independent of the nature of
the gas. Now, from the gas equation PV = nKT for n molecules.

Thus, for a given volume, the gas pressure is proportional to the number of molecules. Hence, pressure
in A will be 16 times higher than that in B.
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30. State law of equipartition of energy and hence calculate molar specific heats of mono, di and triatomic gases
at volume and constant pressure.

1
Sol. According to law of equipartition of energy > kgT energy is associated with every degree of freedom of a gas

molecule, where kg is Boltzmann constant and T is temperature of the system.

(a) Specific heat capacity of monoatomic gases

(b)

In case of mono-atomic gases, a molecule has 3 degrees of freedom.

3
Average energy associated with three degrees of freedom = EKBT'

The total energy of one gram mole of the monoatomic gas U = %kBTxNA = %RT

au d (3 3
but C, =— .Hence C =—|ZRT |=ZR.
Y odT v dT(Z j 2

We know that C, - C, = R

3 5
Hence Cp= R+C, = §R+R=§R

In case of diatomic gases, a molecule. is treated like a rigid rotator. It has 5 degrees of freedom, 3
translational and 2 rotational.

Similarly as in case of mono-atomic gases

1 5
U= 5x(§kBzjNA =oRT

¢ U _5p
dTr
5 7
= =2R+R=-R
Cp C +R 5 5

If diatomic gas is not rigid rotator, it also has one vibrational mode, hence 7 degrees of freedom. With
vibrational mode, 2 degrees of freedom are associated.

Hence U = [ngT+kBT)><NA =%RT
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(c) For triatomic gases

(i) In case of linear triatomic gases, there are seven degrees of freedom

U=7xtksTxN, = LRT
2 2

c U _7
ar 2

Cp:CV+R:ZR+R:gR
2 2

(i) In case of non-linear triatomic gas molecules, there are six degrees of freedom,

Hence U :GX%kBTxNA =3RT

c _du_d

=-——=—/(3RT)=3R
YodT dT( )

C,=C,+R=3R+R=4R

Long Answer Type Questions :

31.

Sol.

32.

Sol.

What is an ideal gas? Under what conditions of pressure and temperature can a gas be assumed as an ideal
gas?

Ideal gas is a gas which strictly obey gas laws. For such a gas, the size of the molecules of a gas is zero
and there is no force of attraction or repulsion amongst its molecules. The ideal gas equation connecting
pressure (P), volume (V) and absolute temperature (7) is given by

PV = uRT = kgNT

where u is the number of moles and N'is the number of molecules. R and kg are constants

R
R =8.314 J mol-' K-, Kg — N, = 138x 10723 UK
A

Real gases satisfy the ideal gas equation only at low pressures and high temperatures only approximately.

Give the postulates of kinetic theory of gases and on its basis, find the expression for the pressure of an ideal
gas.

Assumptions of kinetic theory of gases
(i) = A gas consists of a large number of identical, tiny, spherical, neutral and elastic particles called molecules.

(i) In a gas molecules are moving in all possible directions with all possible speeds in accordance with
Maxwell’s distribution law.

(iii) The space occupied by the molecules is much smaller than the volume of the gas.
(iv) There is no force of attraction among the molecules.

(v) The pressure of gas is due to elastic collision of gas molecules with the walls of the container.
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Sol.

34.

Sol.

( Kinetic Theory ) | (191)

(vi) The time of contact of a moving molecules with the walls of the container is negligible as compared to
the time interval between two successive collisions on the same wall of the container.

Pressure P exerted by an ideal gas is given by

1mN

3V

where v? is the mean square velocity and m is the mass of each molecule.
— 2,2
Vi Vst
V2 z{ 1 1tVo }
N

N is the total number of molecules in the vessel having volume V.

1 _
Assuming the relation P = gpv2 of kinetic theory, prove that the average kinetic energy of a molecule of an

ideal gas is directly proportional to the absolute temperature of the gas.

The average kinetic energy of 1 gm molecule of the gas

1. 5, 1 [3/3] . 1 -
=—Mv°=—-M|— = —pi?
5 v 5 o [Usmg,P 3pv}
M
~ ke 2m(BT) 2Ry =4
2 \pV/) 2 %

There are N molecules in 1 gram molecule of the gas. Hence the average kinetic energy of 1 molecule

w

=RT
ZZ_ZE(E)T :ng
N 2\N 2

R
where k = N is Boltzmann constant. Thus energy o< T.

Write the formula for the pressure of an ideal gas in terms of molecular mass, number of molecules and their
velocity on the basis of kinetic theory and with the help of it, establish the relation between kinetic energy of
the molecules and temperature of the gas.

The pressure exerted by an ideal gas is given by

P= 1nmv2
3

Multiplying both sides by V

PV = nmvi?

3

1o |
PV :gva (i)

where N = (nV) is the number of molecules in the sample.
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35.

Sol.

36.

Sol.

The internal energy E of an ideal gas is purely kinetic

1
E=N5mv2 ..(ii)

Using equation (ii) in (i), we get

or

2

PV = (_) E
3 (D))

Comparing equation (iii) with the ideal gas equation, we get

%E = NkgT

E= %NkBT

E 1 -5 3

—=—mv° =—kgT [

N2 >Ke ...(iv)

Two vessels A and B are identical. A has 1 gm hydrogen at 0°C and B has 1 gm nitrogen at 0°C.

V)
(ii)
(iii)
0

(ii)

(iii)

Which vessel does contain more molecules and how much?
In which vessel is the pressure of the gas higher. and how much?
In which vessel is the average speed of molecules larger and how much?

Vessel A contains 14 times more (hydrogen) molecules than the nitrogen molecules contained in vessel
B, because the number of molecules'in 1 gm of hydrogen is 14 times the number of molecules in 1 gm
oxygen.

At a given temperature, the average kinetic-energy per molecule [%kBT) is independent of the nature

of the gas. Now, from the ideal gas equation PV = nkgT for n molecules, the pressure of the gas is

Thus, for a given volume, the gas pressure is proportional to the number of molecules. Hence, pressure
in A will be 14 times higher than that in B.

1
At a given temperature Vg °< W where M is molecular mass of the gas. Since, the molecular mass

1
of hydrogen is [ﬁ) th the molecular mass of oxygen, the rms speed of hydrogen in vessel A is 14

times larger than that of nitrogen in vessel B.

A vessel contains two non-reacting gases, neon (monatomic) and oxygen (diatomic). The ratio of their partial
pressures is 3 : 2. Find the ratio of (a) number of molecules, and (b) mass density of Ne and O, in the vessel.
The atomic mass of Ne is 20.2 and the molecular mass of O, is 32.0.

The partial pressure of a gas in a mixture of gases filled in a vessel is that pressure which the gas would have
if it alone occupied the whole vessel at the same temperature. (The total pressure of a mixture of non-reacting
gases is the sum of partial pressures of its constituent gases).

Since, V and T are common for the gases neon and oxygen (assumed ideal), we can write

P,V = u,RT and P,V = w,RT
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where P, and P, are the partial pressure, i, and u, the number of moles of neon and oxygen respectively in
the vessel. Thus,

ﬂ=& as ﬂ=E (given)
P u, R, 2
M3

Mo 2

(@) If n, and n, be the number of molecules of neon and oxygen respectively, and N be the Avogadre number,
then by definition, we have

n n
Wy =— and py =2

N N
m_M_3
n, My 2

(b) If m; and m, be the masses, and M, and M, the molecular masses of neon and oxygen respectively,
then we have

_m _my
[ M, and Y2 M,

&zmz(ﬂ\(%\zﬁxﬁzo_gﬂ
0, miv \w,)IM,) "27 320

An oxygen cylinder of volume 30 litres has an initial gauge pressure of 15 atm and a temperature of 27°C.
After some oxygen is withdrawn from the cylinder, the gauge pressure drops to 11 atm and its temperature
drops to 17°C. Estimate the mass of oxygen taken out/of the cylinder.

(R = 8.3 J mol~! K'; molecular mass M of O, =:32)

Let P, and T, be the initial pressure and absolute temperature of oxygen in the cylinder, and P, and T, their
values after some oxygen is withdrawn. Let u, the number of moles of oxygen initially present in the cylinder
and u, the number of moles left over. The volume V (say) remains unchanged. Now, writing gas equation, we
have

P,V = WRT,
and P,V = w,RT,
Here, P, =15 atm = 15 x'1.01 x 105 Nm=, P,=11x1.01 x 105 Nm2, T, =27 + 273 = 300 K,
T,=17 +273 =290 K, V = 30 litre = 30 x 10 m3 and R = 8.3 J mol~! K-'. Therefore,

5 -3
- _ AV, (15x1.01x10%)x(30x107) o
RT, 8.3x300

PV (11x1.01x10°)x(30x107°
and Mp = > _ ! )X ( ) _13.84
RT, 8.3 x 290

Number of moles of oxygen taken out of the cylinder is
w, —u, = 18.25 - 13.84 = 4.41

The molecular mass of O, is 32 g.

Hence, the mass of oxygen taken out of the cylinder is
m=(u, —u,)M=441%x32g=14112¢
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38.

Sol.

39.

Sol.

A vessel A contains hydrogen and another vessel B whose volume is twice of A contains same mass of oxygen
at the same temperature. Compare

(i) Average translational kinetic energies of hydrogen and oxygen molecules,
(i) Root-mean square speeds of the molecules,
(i) Pressures of gases in A and B.

(Molecular weights of hydrogen and oxygen are 2 and 32 respectively).

. _— . 3 )
(i) For all gases at the same temperature, the kinetic energy per molecule is the same (EkBTj. Since,

gases in both vessels are at the same temperature, the average kinetic energy per molecule is the same

(1:1).
3RT

M

o Vimsh _ /%: /2:4:1
a (Vrms)O MH 2

(i) According to the kinetic theory, we have

(i)  We know that v, =

p-lmn 2z 1M 3
3V 3V
Masses of both the gases hydrogen and oxygen are equal.

Hence, the ratio of pressures is

P—H=£xv—°=("§“—s)“xv—°=ﬁxg=32:1
Fo v3 Vi (Vimsdo Ve 1A
What do you mean by the degree of freedom and law of equipartition of energy?

Degree of freedom of a system refers to the possible independent motions a system can have or number of
possible independent ways in which a system can have energy.

(i)  Monoatomic molecule has 3 degrees of freedom all translational.

(i) A diatomic‘'molecule has 5 degrees of freedom 3 translational and 2 rotational.

(iii) A diatomic molecule that is free to vibrate will have 7 degrees of freedom (3 + 2 + 2).

(v) _A-nonlinear polyatomic molecule has 6 degrees of freedom 3 translational and 3 rotational.

The law of equipartition of energy states that if a system is in equilibrium at absolute temperature T, the
total energy is distributed equally in different energy modes of absorption. The energy in each mode being

equal to %kBT.
Each translation and rotational degree of freedom corresponds to one energy mode of absorption and has
energy %kBT . Each vibrational frequency has two modes of energy with corresponding energy equal to

2><%kBT = kgT .
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Sol.
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Explain the concept of mean free path.

The size of gas molecules is very small and they are undergoing collisions, due to which their motion is not
straight or we can say that the path of molecules keep on getting deflected due to collisions. Suppose the
molecules of a gas are spheres of diameter d.

Let us focus on a single molecule having average speed <v>. It will suffer collision with any molecule that
comes with in a distance d, (between the centres).

In At time the volume sweeps by the molecule is given by
Volume = Area x distance travelled by the molecule in At time
V = ndP<v>At ..(i)

Equation (i) gives the volume in which any other molecule can collide with-it. If n is number of molecules per
unit volume, then the molecule will suffer nta?<v>At collisions in At time. The rate of collision is

nrd?<v>At
At

= nnd?<v>

and the time (1) between two successive collision is given by

1
T=————— (i)

(nm<v>d?)

The average distance between two successive collisions; called the mean free path (/) which is given by

| =<v>t = o) .. (iii)

While doing the above derivation we have not considered the motion of other molecules. We assumed them
to be at rest. But actually all are moving. Hence <v> is replaced by <v > i.e., average relative velocity of the
molecules. Hence more exact treatment gives

1

"= Bana? V)

The mean free path of equation (iv) gives its dependence on the number density and size of molecules.

On the basis of law of equipartition of energy, calculate the molar specific heats of monoatomic and diatomic
gases at constant volume and pressure separately.

A monoatomic gas has only three translational degrees of freedom therefore, its average energy at temperature
T is given by

3
E =—kgT
2 B
Total internal energy of one mode of such gas is

U:%kBTxNA 0
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where N, is Avogadro’s number.

As we know, kg = Ni substituting in equation (i), we get
A

U=2RT
2

u _3p

dT 2

The molar specific heat at constant volume, C  is

au 3
——=C, (monoatomic gas)=—R
o7 v ( gas) 5

For an ideal gas
Cp -C,=R
where Cp is the molar specific heat at constant pressure. Thus,

C,=R+C, =R+2R=2R
2 2

C
Ratio of specific heats y = C—p =

v

3

A diatomic molecule is treated as a rigid rotator with-5 degrees of freedom, 3 translational and 2 rotational.
So the average energy of a molecule of diatomic gas at temperature T is given by

5
E=—kgT
2B

and the total internal energy of a mole of diatomic gas is

U :ngTxNA :gRT
and hence, molar specific heat C, (at constant volume) and molar specific heat Cp (at constant pressure) is
given by
c odu_s
dT 2
5
C,=—R
Y2
C,=R+C, :R+§R:ZR
2
4G 7
C, 5
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42. Explain Boyle’s law and Charles’s law and draw the corresponding graphs related to P, Vand T.

Sol. Boyle’s law : According to it, for a given mass of an ideal gas at constant temperature, the volume of a gas

1
is inversely proportional to its pressure, i.e., V = b if mass of gas and T = constant

1V —» PorV—»

Charles’s law : According to it, for a given mass of an ideal gas at constant pressure, volume of a gas is
directly proportional to its absolute temperature i.e., V o T, if m and P are constant.

m = const.
V| P = const,

!

T (in K)—»

43. On the basis of kinetic theory of gases, explain the kinetic interpretation of temperature.

Sol. The pressure exerted by an ideal gas is given by

P = lnmv2
3
Multiplying both sides by V

PV = %anv_2

pv £ tnm? ...(i)
3
where N = (nV) is the number of molecules in the sample.
The internal energy E of an ideal gas is purely kinetic
ES Nlmv2 ii
5 .. (i)
Using-equation (ii) in (i), we get

PV = @ E (i)

Comparing equation (iii) with the ideal gas equation, we get

2E - NKkgT
3
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E= %NkBT
E 1 5 3
—=— =—kgT [
or N 2mV 5 Ke ...(iv)

44.

Sol.

From equation (iv) we can see that the average kinetic energy of a molecule is proportional to the absolute
temperature of the gas. It is independent of pressure, volume or the nature of the ideal gas. This is a fundamental
result relating the temperature to the internal energy of a molecule. This is kinetic interpretation of temperature.

The rms velocity (root mean square velocity) is defined as the square root of the mean of the squares of the
random velocities of the individual molecules of a gas

As from the above equation we can see that v2 o« T

Vims \/T

Establish a relation between kinetic energy of the molecules of a gas and temperature and show that the root
mean square velocity of the molecules of a gas is directly proportional to the square root of the absolute
temperature of the gas.

The pressure exerted by an ideal gas is given by

P = lnmv2
3

Multiplying both sides by V

PV = L nmvi?

3

1 N |
PV =§va ...(i)

where N = (nV) is the number of molecules in the sample.

The internal energy E of an.ideal gas is purely kinetic
E=N lmv2 ii
=N3 .. (i)
Using equation (ii) in (i), we get
2
PV - (gj E (i)

Comparing equation (iii) with the ideal gas equation, we get

2E - NK,T
3
3
E = =NkgT
2 B
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E 1 -5 3
or —=_-mv-=_—

kgT [
N2 >Ke ...(iv)

The rms velocity (root mean square velocity) is defined as the square root of the mean of the squares of the
random velocities of the individual molecules of a gas

)
Vrms =\v

As from the above equation we can see that v_2 o< T

Vims ﬁ
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If pressure of a gas contained in a closed vessel
is increased by 0.4% when heated by 1°C, the
initial temperature must be

(a) 250 K (b) 250°C

(c) 2500 K (d) 25°C

The pressure P, volume V" and temperature 7" of
a gas in the jar 4 and the other in the jar B is at
pressure 2P, volume V' /4 and temperature 2T,
then the ratio of the number of molecules in the

jar A and B will be
(a) 1:1 (b) 1:2
(c) 2:1 (d) 4:1

Air if filled in a bottle at atmospheric pressure
and it is corked at 35°(C . If the cork can come
out at 3 atmospheric pressure than up to what
temperature should the bottle be heated in order
to remove the cork

(a) 325.5°C (b) 851°C

(c) 651°C (d) None of these

The pressure of an ideal gas is written as
2E

P ==—— . Here E refers to
R14

(a) translational kinetic energy
(b) rotational kinetic energy
(c) vibrational kinetic energy
(d) total kinetic energy

Three containers of the same volume contain
three different  gases.” The masses of the
molecules are m,, m, and m, and the number
of molecules in their respective containers
are N,, N, and N,. The gas pressure in the
containers are B, £, and P, respectively. All
the gases are now mixed and put in one of the
containers. the pressure P of mixture will be

(@ P<(R+P+P)
R+P+h
3

() P=R+P+h
(d) P>(R+P+R)

(b) P=

A cubical box with porous walls containing
an equal number of O, and H, molecules is
placed in a larger evacuated chamber. The entire
system is maintained at constant temperature T.
The ratio of v, of O, molecules to that of the

S
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v, of H, molecules, found in the chamber

rms

outside the box after a short interval is
1 1
(@ —= (b) —
242 4
1
(©) — (V2
V2

Three closed vessels A, B and C are at the same
temperature T and contain gases which obey the
maxwellian distribution of velocities. Vessel A
contains only. O,, B.only N, and C a mixture
of equal quantities of @, and N, . If the average
speed of the @, molecules in vessel A is V],
that of the NV, molecules in vessel B is V,, the

average speed of the O, molecules in vessel C
is

(a) @ ®) V,
3kT
© (V)" @ 5

The temperature of argon, kept in a vessel, is
raised by 1°C at a constant volume. the total
heat supplied to the gas is a combination of
translational and rotational energies. Their
respective shares are
(a) 60% and 40%

(c) 50% and 50%

(b) 40% and 60%
(d) 100% and 0%

Two containers of equal volume contain the

same gas at pressure P and P2 and absolute
temperatures 7, and 7, respectively. On joining
the vessels, the gas reaches a common pressure
p and a common temperature T. The ratio p/T is

equal to :
1
@2+l ) S| Bl
I T, 2l T,
T, T T,—-p,T
© Ply Py ) Dty = Pty
T +T, I -1,

An air bubble doubles in radius on rising
from the bottom of a lake to its surface. If the
atmospheric pressure is equal to that of a column
of water of height H, the depth of the lake is

(a) H (b) 2H

(c) TH (d) 8H
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11.

12.

13.

14.

15.

16.

17.

18.

If pressure of CO, (real gas) in a container is

given by P = i—i , then mass of the
2V-b 4b°

gas in container is

(a)llg (b)22¢g

(c)33¢g (d) 44 g

The speed of sound in oxygen (O, ) at a certain
temperature is 460 ms™' . The speed of sound
in helium (He) at the same temperature will be
(assume both gases to be ideal)

(a) 1421ms™ (b) 500ms™"

(c) 650ms™ (d) 330ms™'

A mixture of 2 moles of helium gas (atomic
mass =4 amu) and 1 mole of argon gas (atomic
mass = 40 amu) is kept at 300 K in a container.

v, (helium)
The ratio of the rms speedsis | —
v, (argon)

(a) 0.32
(c) 2.24

(b) 0.45
(d) 3.16

Two non-reactie monoatomic ideal gases have
their atomic masses in the ratio 2:3. The ratio
of their partial pressures, when enclosed in a
vessel kept at a constant temperature, is 4:3.
The ratio of their densities is :

(a) 1:4 (b) 1:2

(c) 6:9 (d) 8:9

A perfect gas at 27°C is heated at constant

pressure so as to double its volume. The final
temperature of gas will be close to

(a) 327°C (b) 200°C

(c) 54°C (d) 300°C

At room temperature a diatomic gas is found to
have an r.ms. speed of 1930ms™" . The gas is :
(a) H, (b) 1,

(c) O, (d £

Using equipartition of energy, the specific
heat (in Jkg'K™') of aluminium at room
temperature can be estimated to be (atomic
weight of aluminium = 27)

(a) 410 (b) 25

(c) 1850 (d) 925

A diatomic gas is heated at constant pressure.
The fraction of the heat energy is used to
increase the internal energy is

3 3
(a) 3 (b) 7
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5 5
c) = d) —
(c) - (d) 5
For a gas if ratio of specific heat at constant
pressure and volume is y then the value of
degree of freedom is

3y-1 2
O vt ) =

9 25
(c) 5(7/—1) (d) 7(7—1)

Two ideal gas at absolute temperature 7; and
T, are mixed. There is no loss of energy. The
masses of the molecules are m, and m, and the
number of molecules in the gases are 7, and n,
respectively. The temperature of the mixture is

T +T, T +T,
(a) &2 (b) 22
2 mn,
T +n,T,
©) T +1, (d) mi, T,
n1+n2

Two thermally insulated vessels 1 and 2 are
filled with air at temperatures (7;, 7,), volume
(7, V,) and pressure (B,P,) respectively. If
the valve joining the two vessels is opened the

temperature inside the vessel at equilibrium will
be :

(T+7)

2
LT (RV +RYs)
RVT + RV,

(@) T +T, (b)

LT, (RV + BV,)
BVIL + BT

(c) (d)
A gas mixture consists of 2 moles of oxygen and
4 moles of argon at temperature T. Neglecting
all vibrational modes, the total internal energy
of the system is :
(a) 4RT

(c) 9RT

(b) 15 RT
(d) 11RT

A vessel containing one gram mole of oxygen at
27°C and 1 atm pressure is thermally insulted
and moles with a constant speed Vv, . It is then
suddenly stopped and this results in a rise of
temperature of the gas by 1°C the speed v, is:
(a) 63.03 m/s (b) 30.63 m/s

(c) 36.03 m/s (d) 33.06 m/s

A gaseous mixture consists of 16 g of helium and

C
16 g of oxygen. The ratio —= of the mixture is :

(a) 1.62 (b) 1.59
(c) 1.54 (d) 1.4

If C, and C, denote the specific heats of
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26.

27.

28.

29.

30.

31.

nitrogen per unit mass at constant pressure and
constant volume respectively, then

(a) C,—-C, =28R

(b) C,-C,=R/28

(c) C,—-C,=R/14

d C,-C, =R

Consider an ideal gas confined in an isolated
closed chamber. As the gas undergoes an
adiabatic expansion, the average time of
collision between molecules increases as V7,
where V is the volume of the gas. The value of q

C
is|y=—=L
(}/ CV }

(@) 72”3 (b) 77‘1
3y+5 3y-5
© @ =2

A vessel has 6g of hydrogen at pressure P
and temperature 500 K. A small hole is made
in it so that hydrogen leaks out. How much

hydrogen leaks out if the final pressure .is )
and temperature falls to 300 K? 2
(a) 2¢g (b) 3¢
(c) 4g (d) 1g

A cylinder contains 12 litres of oxygen at 20°C
and 15 atm pressure. The temperature of the gas
is raised to 35°C and its volume increased to 17
litres. What is the final pressure of gas (in atm)?
(@9 (b) 11
(c) 15 (d) 17

The temperature of the'gas contained in a closed
vessel fincreases by 1°C when pressure of the
gas is increased by 1%. The initial temperature
of the gas is
(a) 100 K
(c) 200 K

(b) 100°C
(d) 250°C

A gas at absolute temperature 300 K has pressure
4 x 107 N/m2. The number of molecules per
cm® is of the order of (Boltzmann constant,
ky=138x107J/K)

(a) 100 (b) 10°

(c) 108 (d) 10"

Two containers of equal volume contain the
same gas at pressures P, and P, and absolute
temperatures T, and T, respectively. On joining
the vessels, the gas reaches a common pressure

P and a common temperature T. The ratio P is
T
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PV

P P P P
(a) _1_|__2 (b) l|:_l+_2:|
T, 27T,
@ BLEBL o BRI
T +T, I, -1,

A balloon contains 1500 m* of helium at 27°C
and 4 atmospheric pressure. The volume of
helium at -3°C temperature and 2 atmospheric
pressure will be
(a) 1500 m*
(c) 1900 m*

(b) 1700 m’®
(d) 2700 m?

: : PV
Given is the graph between T and P for 1g

of oxygen gas at two different temperatures T,
and T, , as shown in figure. Given, density of
oxygen = 1.427 kg m=. The value of PV/T at the
point A and the relation between T, and T, are
respectively

A
T JK

A Ideal gas

(@) 0.259JK'and T <T,
(b) 8314 gJmol' K'and T >T,
(c) 0.259gJK'and T, > T,
(d) 428 gJK'andT <T,
Two perfect gases having masses m, and m, at
temperatures T, and T, respectively are mixed
without any loss of energy. If the molecular
weights of the gases are M, and M, respectively,
then the final temperature of the mixture is

m, +m,
(M\T, +M,T,)

b
®) M, +M,
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35. The kinetic theory of gases gives the gormula motion?
Ly 2 (a) 3x10*J (b) 5x10*J
PV =—Ni for th P
V 3 mv~ for the pressure P exerted by (©) 6x10'7 (d) 7x10'J
a gas enclosed in a volume V. The term Nm ) , .
represents 43. The heat capacity per mole of water is (R is
(a) the mass of a mole of the gas universal gas constant)
(b) the mass of the gas present in the volume V (a) 9R (b) 9 R
(c) the average mass of one molecule of the gas 2
(d) the total number of molecules present in (c) 6R (d) 5R
volume V R
36. Which one of the following is not an assumption 44. It for a gas o 0.674flls gas is made U
of kinetic theory of gases? molecules WhIi/ch o
(@) Ell;egzglil;rﬁzgl)ifgcigfeled by the molecules of (a) monatomic (b) diatomic
. (c) polyatomic
(b) The folr'ce' ];)lf attraction between the molecules (d) mixture 'of diatomic and polyatomic
1S neghiglv’e molecules
(c) The collision between the molecules are
elastic. 45. Mean free path of a gas molecule is
(d) All molecules have same speed. (a) inversely proportional to number of
L molecules per unit volume
37. ;Hlfvj\éeefsgifyk;:t; ;;fégiys of the molecules of (b) inversely proportional to diameter of the
(Boltzmann constant =1.38x10 > J K™ ) mplecule .
(@) 3.1x107J (b) 3.5x107"J (c) directly proportional to the square root
© 5'3 ey @ 6.21 1021 of the absolute temperature
: : (d) directly proportional to the pressure
38. At 27°C temperature, the kinetic energy of an
ideal gas E . If the temperature is increased to Answer Key
327°C, then kinetic energy would be
(@) E (b) E 1. A 2. D 3. C
2 2 4. A 5. C 6. B
(c) \2E, (d) 2E, 7. B 8. D 9. B
39. If f'is the degree of freedom, then C, / C,, is 10. C 11. € 12. A
) 2 13. D 14. D 15. A
@) == () 1+ 16. A 17. D 18. C
! f 19. B 20. D 21. C
(©) 1+5 (@pt- 22. D 23. C 24. A
40. For nitrogen, C,—-C, =x and for argon, ;z E ;S j: §(7) l];
Cp,—C, =¥, The relation between x and y is ) ’ ’
given as 31. B 32. D 33. C
(a) x=y (b) x="Ty 34. C 35. B 36. D
(c) y="Tx (d) x=(1/2)y 37. D 38. D 39. B
. . . 40. A 41. D 42. B
41. A gaseous mixture consists of 16 g of helium 43 A 44 A 45, A
and 16 g of oxygen. The ratio C,/C, of the ’ ‘ ’
mixture is
(a) 1.4 (b) 1.54
(c) 1.59 (d) 1.62
42, One keg of a diatomic gas is at a pressure of 8

x 10* N m2. The density of the gas is 4 kg m?.
What is the energy of the gas due to its thermal
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Average velocity of a particle executing SHM in

one complete vibration is: INEET 2019]
A 2

(a) (; (b) Zero

© 22 (@ Aw

The displacement of a particle executing simple
harmonic motion is given by

y=A,+ Asinwt+ B cos wt
Then the amplitude of its oscillation is given by:

[NEET 2019]
(a) A2 +(A+B)* (b)A+B
() A, + A+ B> (d) A4+ B

The radius of circle, the period of revolution,
initial position and sense of revolution .are

indicated in the fig.
M

[NEET 2019]

y - projection of the-radius vector of rotating
particle P is :

(a) y(t)=3cos (%) , where yin m

(b) y(¢)=3cos (%t) , Where y in m
(c) ¥(f) =3 cos2pt, where y in m

(d) 3(f) = dsin (%tj , where y in m

A pendulum is hung from the roof of a
sufficiently high building and is moving freely
to and fro like a simple harmonic oscillator.The
acceleration of the bob of the pendulum is 20 m
s~ at a distance of 5 m from the mean position.
The time period of oscillation is [NEET 2018]
(a) 2s (b) ms

(c) 2ms (d1s

A particle executes linear simple harmonic
motion with an amplitude of 3 cm. When the
particle is at 2 cm from the mean position, the
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magnitude of its velocity is equal to that of its
acceleration. Then, its time period in seconds is

[NEET 2017]
5 5
(a) o (b) ey
4 21
(c) NG (d) 5

A body of mass m is attached to the"lower
end of a spring whose upper end. is fixed. The
spring has negligible mass. When the mass m is
slightly pulled down and released, it oscillates
with a time period of 3.s. When the mass m is
increased by 1 kg; the time period of oscillations
becomes 5 s. The value of m in kg is

[NEET 2016]

3 4
@ 5 ®) 3

16 9
© 5 @ 1¢

When two displacements represented by y, = a
sin (wt) and y, = b cos (wt) are superimposed, the
motion is [AIPMT 2015]
(a) not a simple harmonic

(b) simple harmonic with amplitude %

(c) simple harmonic with amplitude va? + b?
(at+Db)
2

(d) simple harmonic with amplitude

A particle is executing SHM along a straight
line. Its velocities at distances X, and X, from
the mean position are V, andV,, respectively. Its
time period is [A1IPMT 2015]

2 2 2 2

X7 +X Xy — X

(@) 2r | =2 (b) 2n |2
2 2 2 2

A% +V2 Vi —V,

2 2
X —V)

2 2
Vi =Xy

2 2

Vi —V,
2r

(c) 27 (d) X% —x2

A particle is executing a simple harmonic
motion. Its maximum acceleration is a and
maximum velocity is 3. Then, its time period of

vibration will be [AIPMT 2015]
@ £ (b) =
o’ B
2
2
© £ @ 22
o o
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14.

An air column, closed at one end and open at
the other, resonates with a tunning fork when
the smallest length of the column is 50 cm. The
next larger length of the column resonating with
the same tunning fork is [AIPMT 2015]
(a) 100 cm (b) 150 cm

(c) 200 cm (d) 66.7 cm

A string is stretched between fixed points
separated by 75.0 cm. It is observed to have
resonant frequencies of 420 Hz and 315 Hz.
There are no other resonant frequencies between
these two. The lowest resonant frequency for
this strings is [AIPMT 2015]
(a) 155 Hz (b) 205 Hz

(c) 10.5Hz (d) 105 Hz

The oscillation of a body on a smooth horizontal
surface is represented by the equation,

X =A cos (wt)

where,X = displacement at time t

o = frequency of oscillation

Which one of the following graphs shows
correctly the variation a with t? [AIPMT 2014]

!

@) o

T—

T—

T—

@ o T T—

Here, o0 = acceleration at time t

T = Time period

The damping force on an oscillator is directly
proportional to the velocity. The units of the
constant of proportionality are [AIPMT2012]
(a) kg ms™ (b) kg ms™

(c) kgs™ (d) kgs

Out of the following functions representing

motion of a particle which represents SHM?
[AIPMT 2011]
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I. y = sinwt — cos wt
II. y = sin’wt

3
III. ¥ =5cos (Tﬂ — 3mt)

IV. y=1+wt+wt

(a) Only (IV) does not represent SHM
(b) (1) and (1I1)

(c) (I) and (II)

(d) Only (I)

The displacement of a particle along the x-axis
is given by x = a_sin* wt. The motion of the
particle corresponds to [AIPMT 2010]
(a) simple harmonic motion of frequencyw/p
(b) simple harmonic motion of frequency 3w/2p
(c) non-simple harmonic motion

(d) simple harmonic motion of frequency to

®/2p

The period of oscillation of a mass M suspended
from a spring of negligible mass is T. If along
with it another mass M is also suspended, the
periodof oscillation will now be [AIPMT 2010]

@ T (b) TIV2
(c) 2T d 2T

Which one of the following equations of motion
represents simple harmonic motion ?

[AIPMT 2009]
(a) Acceleration = -k, x +k x
(b) Acceleration =—k(x + a)
(c) Acceleration =k(x + a)
(d) Acceleration = kx

(where, k, k, k, and a are all positive.)

A simple pendulum performs simple harmonic
motion about x = 0 with an amplitude a and time

period T. The speed of the pendulum at x = %

will be [AIPMT 2009]
na3 na
b —
(a) 7 (b) T
3n’a Ta+/3
C d
(©) . (d e

Two simple harmonic motions of angular
frequency 100 rad s and 1000 rad s have the
same displacement amplitude. The ratio of their

maximum accelerations is [AIPMT 2008]
(a) 1:10 (b) 1:10?
(¢) 1:10° (d) 1:10*

A point performs simple harmonic oscillation of
period T and the equation of motion is given by

X=a sin(a)t + %) the elapse of what fraction
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22.

23.

24.

of the time period, the velocity of the point will
be equal to half of its maximum velocity ?

[AIPMT 2008]

b L

(@ (b)

(©)

W~ o]~

T
@ 5

A mass of 2.0 kg is put on a flat i pan attached
to a vertical spring fixed on the ground as shown
in 0 the figure. The mass of the spring g and the
pan is negligible. When g pressed slightly and
released the mass executes a simple harmonic
motion. The spring constant is 200 N/m What
should be the minimum amplitude of the
motion, so that the mass gets detached from the

pan? (Take g = 10 m/s?) [ATPMT 2007]
m

(a) 8.0 cm

(b) 10.0 cm

(c) Any value less than 12.0 cm

(d) 4.0 cm

The particle executing simple harmonic motion
has a kinetic energy K cos2 go t. The maximum
values of the potential energy and the total
energy are respectively [AIPMT 2007]

(a) 0and 2K,
(c) K, and 2K,

Ky
(b) > and K
(d) K, and K
A particle executes simple harmonic oscillation
with an amplitude a. The period of oscillation

is T. The minimum time taken by the particle to
travel half of the amplitude from the equilibrium

position is [AIPMT 2007]
T T

@ - (b)
T T
. d) —

© 3 @ 5

A rectangular block of mass m and area of
cross-section A floats in a liquid of density p.
If it is given a small vertical displacement from
equilibrium, it undergoes oscillation with a time
period T. Then [AIPMT 2006]

(@) Te\Jp

(b) Toc—o

JA
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1
d) Toe—
G
A particle executing simple harmonic motion
of amplitude 5 cm has maximum speed of 31.4

cm/s. The frequency of its oscillation is
[AIPMT 2005]

(©) Tocl
p

(a) 3Hz
(c) 4 Hz

(b) 2 Hz
(d) 1 Hz
Two springs of spring constants k1 and k2 are
joined in series. The effective spring constant of

the combination is given by [AIPMT 2004]
ki +k
@ ok, () B2
kiky
(©) k+k (d) ——=—
b (ki + k)

Which one of the following statements is true for
the speed v and the acceleration a of a particle
executing simple harmonic motion?

[AIPMT 2004]
(a) When v is maximum, a is maximum
(b) Value of a is zero, whatever may be the value

ofy

(c) When v is zero, a is zero
(d) When v is maximum, a is zero

The potential energy of a simple harmonic
oscillator when the particle is half way to its end

point is [AIPMT 2003]
1 1
—E b) —E
@ 7 ® 3
2 1
—E d oE
© 3 @ ¢

(where, E is the total energy)

A particle of mass m oscillates with simple
harmonic motion between points x, and x,,
the equilibrium position being O. Its potential
energy is plotted. It will be as given below in the

graph [AIPMT 2003]
(a) X e 0 X,
(b) xe o o X,
(C) X, ® 0 X,
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o /‘\

é ® X,

0

The displacement of particle between maximum

potential energy position and maximum kinetic

energy position in simple harmonic motion is
[AIPMT 2002]

(b) *a

(c) £2a (d) x1
When a damped harmonic oscillator completes

a
(a) iE

100 oscillations, its amplitude is I reduced to 1

of its initial value. What will 3 be its amplitude
when it completes 200 oscillations ?
[AIPMT 2002]

(a)
(©)

(b)
(d)

O — WM

A mass is suspended separately by two springs
of spring constants k, and k, in a successive
order. The time periods of oscillations in the
two cases are T, and T, respectively. If the
same mass be suspended by connecting the two
springs in parallel, (as shown in figure) then

the time period of oscillations is T. The correct

relation is [ATPMT 2002]
(@ T*=TP+T2  (b) 7220407
() T''=71"'+1" (d) T=T+T,

In SHM restoring force is F = - kx, where k
is force constant, x is displacement and a is
amplitude of motion, then total energy depends

upon [AIPMT 2001]
(a) k, aand m () k, x, m
(c) k,a (d) k, x

Two simple harmonic motions given by, x = a
. . T
sin (wt + ) and y = a sin a)t+5+5)act on

a particle simultaneously, then the motion of
particle will be [AIPMT 2000]
(a)_circular anti-clockwise

(b) circular clockwise

(c) elliptical anti-clockwise

(d) elliptical clockwise

A pendulum is displaced to an angle 8 from its

equilibrium position, then it will pass through

its mean position with a velocity v equal to
[AIPMT 2000]
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(a) \/Tgl (b) +/2glsin 6
(c) /2glcos O (d) \/2g(1—cos 6)
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Under an adiabatic process, the volume of
an ideal gas gets doubled. Consequently the
mean collision time between the gas molecules

changes from 1, tot,: If g—sz for this gas
Vv
then a good estimate for 1,/1, is given by

[JEE Mains 2020]
1 Y
(a) [Ej

1
(©) E

(b) 2

y+1

1Yz
(d) (5)

If a spring has time period 7, and is into n equal
parts, then the time period of each part will be

[AIEEE 2002]
(a) Tvn

(b) T/+/n
(c) nT d) T

A mass M is suspended from a spring of
negligible mass. The spring is pulled a little and
released so that the mass executes SHM of time
period 7. If the mass is increased by m, the time
period becomes 5773. then the ratio of m/M is
[AIEEE 2003]
(a) 3/5 (b) 25/9
(c) 16/9 (d) 5/3

A particle of mass m is attached to a spring
(of spring constant k) and has a natural
angular frequency ,. An external force F(7)
proportional to cos ot(w# ®,) is applied to
the oscillator. The time displacement of the
oscillator will be proportional to

[AIEEE 2004]
(a) __M b 1

wp — m(w, — o)
©__ 1 @ _m

m(w; + ) wp + 0

Two simple harmonic motions are represented
by the equation y, = 0.1 sin[lOOnt + gj and

v, = 0.1 cos pt. The phase difference of the
velocity of particle 1 w.r.t. the velocity of the
particle 2 is [AIEEE 2005]

(a) —m/6 (b) n/3
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10.

(c) -n/3 d) /6

The maximum velocity of a particle, executing
simple harmonic motion with an amplitude of
7 mm, is 4.4 m/s. The period of oscillation is
[AIEEE 2006]
(a) 100 s
(c) 10s

(b) 0.01 s
(d) 0.1s

The displacement of an object attached to a
spring and executing simple harmonic motion is
given by x = 2 x 102 cos n/metre. The time at
which the maximum speed first occurs is
[AIEEE 2007]
(a) 0.5s
(c) 0.125s

(b) 0.75s
(d) 0.25s

If x, v and @ denote the displacement, velocity
and acceleration of a particle executing simple
harmonic respectively and 7T represents the
time period of the motion, then, which of the
following does not change with time?

[AIEEE 2009]
(a) a’T? +4n*v?  (b) aT
X
(c) aT +2nv (d) aT
v

A mass M, attached a horizontal spring, executes
SHM with amplitude 4. When the M passes
through its mean position then a smaller mass m
is placed over it and both of them move together

with amplitude 4,. The ratio of (ﬁj is

A2
[AIEEE 2011]
@) M+ m (b) (M+mju2
M
) M @ M
M+m M+m

An ideal gas enclosed in a vertical cylindrical
container supports a freely moving piston of
mass M. The piston and cylinder have equal
cross sectional area 4. When the piston is in
equilibrium, the volume of the gas is V/ and its
pressure is P. The piston is slightly displaced
from the equilibrium position and released.
Assuming that the system is completely isolate
from its surrounding, the piston executes a
simple harmonic motion with frequency

[JEE Mains 2013]
(@) L VoMP, by L [A™P,

2n A’y 2n\ MV,
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© L MV (g 1 AR

21\ AyP, 2t MV,
A particle performs simple harmonic motion
with amplitude A. Its speed is trebled at
the instant that it is at a distance 24/3 from

equilibrium position. The new amplitude of the

motion is [JEE Mains 2016]
(a) % (b) %m
(c) 34 d) A3

In an experiment to determine the period of a
simple pendulum of length 1 m, it is attached
to difference spherical bobs of radii », and r,.
The two spherical bobs have uniform mass
distribution. If the relative difference in the
periods, is found to be 5 x 10 s, the difference
in radii, |, — .| 18 best given be

[JEE Mains 2017]
(a) 0.5 cm (b) 0.01 cm
(c) 0.1 cm (d) 1 em
NEET & AIPMT Answer Key
1. B 2. D 3.B
4. B . C 6. D
7. C 8. B 9. D
10. B 11. D 12. C
13. C 14. B 15. C
16. D 17. B 18. D
19. B 20. D 21. B
22. D 23. C 24. B
25. D 26. D 27. D
28. A 29. C 30. B
31. D 32. B 33. C
34. B 35. D
JEE Answer Key
1. D 2. B 3. C
4. B 5. A 6. C
7. A 8. B 9. C
10. B 11. A 12. C
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