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Maximize your chance of success, and high rank in NEET, JEE (Main and Advanced) by reading this column.
This specially designed column is updated year after year by a panel of highly qualified teaching experts well-tuned

to the requirements of these Entrance Tests.

Unit
1

THERMAL EQUILIBRIUM AND ZEROTH LAW

Thermal Equilibrium

It is observed that a higher temperature object which is
in contact with a lower temperature object will transfer
heat to the lower temperature object. The objects will
approach the same temperature, and in the absence of
loss to other objects, they will then maintain a constant
temperature. They are then said to be in thermal
equilibrium. Thermal equilibrium is the subject of the
Zeroth law of thermodynamics.

Zeroth Law of Thermodynamics

It states that if two systems are in thermal equilibrium
with a third system then they are in thermal equilibrium
with each other. The Zeroth law leads to the concept of
temperature.

FIRST LAW OF THERMODYNAMICS

o The first law of thermodynamics is represented as
AQ=AU+AW
AQ is the heat exchange within a system, AU is the
change in internal energy of a system, AW is the
work done by the system.
o  System itself can be classified as open, closed or
isolated system as per the table given here:

o

PHYSICS FOR YOU | JANUARY '18

THERMODYNAMICS AND KINETIC

THEORY

Heat exchange | Mass enters
System takes place or | or leaves the
AQ+#0 system
Open v v
Closed v X
Isolated X X

Sign Convention

e  We will use the following thermodynamic sign
convention wherein:

AQ : Heat given to the system is positive, heat
given by the system is negative.

AW : Work done by the system is positive and
work done on the system is negative.

AU : It is the value of the final internal energy

minus the initial internal energy.

Specific Heat Capacity

e  The amount of heat absorbed or evolved by unit
mass of a substance such that its temperature
changes by unity, is called the specific heat capacity
of the substance. Specific heat capacity is expressed
as Q

Q=msAT=ms(T; - T;); s = m

e The amount of heat required to raise the
temperature of one gram mole of a substance
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through a unit degree is called the molar specific
heat of the substance.

c-5-1(20)
n n\AT

A
Here S = AQ is heat capacity.
AT

e Relation between specific heat at constant
volume and pressure
> If AQ is absorbed at constant volume, then
change in volume AV = 0.

AQ AU AU
CV =| —— =| —— = —
AT ), AT ), AT

> If AQ is the heat absorbed by the ideal gas at
constant pressure, we have

CP — (A_Q — A_U) + P A_V
AT )p AT )p AT )p
=C, +R (Using PV =RT)

(U depends only on temperature so subscripts P
and V have no meaning for internal energy)
or Cp,-Cj, =R
Work done by an ideal gas
e  Mathematical method : AW = PAV

VZ
= W=| Pdv
vl
e Graphical method :

> Work done = Area
enclosed between P - V

Area
= work done

curve on V axis v
> Sign concept for work done :
— If VT = AV = + ve = expansion of gas
AW = (+ve) = work done by the system.
— VI AV=—ve= compression of gas,
AW = (-ve) = work done on the system.

Ilustration 1 : In the indicator p
diagram, we have

(a) Changein internal energy along
ABCis 10].

(b) Work done along path AB=20]

() Uc=5]

(d) Heat absorbed by the system along path AD is 5 J.

Calculate

(i) Change in internal energy along the path CDA
(if) Heat given to the system along path ABC.

@ PHYSICS FOR YOU | JANUARY '18

(iii) Value of Uy.
(iv) Change in internal energy along AD.
Soln.: (1) UC - UA =10 I

S UA_UC=_1OI

(i) AQ=AU+AW=(Ug-Uy) + AW

or AQ=10+20=30]

(111) UC - UA = 10}

or UA=UC_]'0
or Uy=5-10=-5]

(IV) UD—UAZAQ(AD)—AWADZS—OZSI

Thermodynamic Processes

Isothermal process : When a thermodynamic
system undergoes a physical change in such a way
that its temperature remains constant, then the
change is known as isothermal process.
> Equation of state: In this process, P and
V change but T = constant, ie., change in
temperature AT = 0.
Boyle’s law is obeyed, i.e., PV = constant
= P\Vi;=PhV,
> First law in isothermal process: From
AQ =AU+ AW,
As AU=0= AQ=AW
i.e., heat supplied in an isothermal change is
used to do work against external surrounding.
Adiabatic process : When a thermodynamic
system undergoes a change in such a way that no
exchange of heat takes place between system and
surroundings, the process is known as adiabatic
process.
> In this process P, V and T change but AQ = 0.
> First law in adiabatic process: As AQ =0
Using AQ = AU + AW, we get AU = -AW
If AW = positive then AU = negative, so
temperature decreases, i.e., adiabatic expansion
produces cooling.
If AW = negative then AU = positive,
so temperature increases, i.e., adiabatic
compression produces heating.
> Equation of state: In adiabatic change, ideal
gases obey C

C

14
Isobaric process : When a thermodynamic system
undergoes a physical change in such a way that

PV = constant ; where ¥ =



its pressure remains constant, then the change is
known as isobaric process.
> Inisobaric expansion (Heating)
— Temperature increases, so AU is positive.
— Volume increases, so AW is positive.
— Heat flows into the system, so AQ is
positive.
> Inisobaric compression (Cooling)
— Temperature decreases, so AU is negative.
— Volume decreases, so AW is negative.
— Heat flows out from the system, so AQ is
negative.
Isochoric or Isometric process When a
thermodynamic process undergoes a physical
change in such a way that its volume remains
constant, then the change is known as isochoric
process.

> Isometric heating

— Pressure — increase

— Temperature — increase
— AQ — positive

Essential Regarding Thermodynamical Processes

— AU — positive
> Isometric cooling

— Pressure — decrease

— Temperature — decrease

— AQ — negative

— AU — negative
Quasi-static process : If the process is performed
in such a way that at any instant during the process,
the system is very nearly in thermodynamic
equilibrium, the process is called quasi-static.
This means, we can specify the parameters P, V, T
uniquely at any instant during such a process.
Cyclic and non-cyclic process : A cyclic process
consists of a series of changes which return the
system back to its initial state. In non-cyclic
process, the series of changes involved do not
return the system back to its initial state. In case of
cyclic process as Uy = Uj = AU = Uy - Uj =0 i.e.,
change in internal energy for cyclic process is zero
and also AU AT = AT =0, i.e., temperature
of system remains constant.

Name | Condition | Internal  Work Done Heat State PV Specific
Energy Exchanged | variable diagram Heat
relation
P
P P _f
Isochoric AV =0 nCyAT 0 nCyAT -2 ‘ Cy = ) R
U v
p
v, V _(f
Isobaric AP=0  nCyAT PAV nCpAT l-2 Cp= (g + 1)R
L5 v
v, v, } c=-2 . Q
Isothermal | AT =0 HCVAT nRT In 7 nRT In 7 p,vV,=b,V, aAT  nx0
1 1 14 = oo
-
RAT PVI=K p _AQ _ 0
Adiabatic | Q=0 nCyAT oD 0 TVI"l=K WAT  nAT
P'YT'=K 4 =0
PV, PV, depends VY
Polytropic PV*=K  nCyAT -22" 11 |yCAT PV*=K cpenas R
1-B on x __R
Yy-1 1-x
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SECOND LAW OF THERMODYNAMICS

Kelvin-Planck Statement

e No process is possible whose sole result is the
absorption of heat from a reservoir and the
complete conversion of the heat into work.

Clausius Statement

e No process is possible whose sole result is the
transfer of heat from a colder object to a hotter
object.

Reversible and Irreversible Processes

e Reversible process : A reversible process is one
which can be retraced in the opposite direction to
the initial state.

e A quasi-static isothermal expansion of an ideal
gas in a cylinder fitted with a frictionless movable
piston is an example of a reversible process.

o Irreversible process : An irreversible process is
one which cannot be retraced back in the opposite
direction to the initial state.

e Allspontaneous processes of nature are irreversible
processes. e.g. transfer of heat from a hot body to a
cold body, diffusion of gases, etc. are all irreversible
processes.

Heat Engine

e It is a device which converts heat energy into the
mechanical energy.

e  Every heat engine basically consists of three parts:
> ahot reservoir called source
> aworking substance
> acold reservoir called sink

o The schematic diagram of a heat engine is shown
here :

Cold
reservoir
T

Hot
reservoir
T,

o  The efficiency of a heat engine is given by
w_ A% o L
Q Q Q I

Carnot Engine

Carnot engine is a reversible heat engine operating
between two temperatures T, (source) and T, (sink).

n

@ PHYSICS FOR YOU | JANUARY '18

e Carnot cycle :

In order to obtain a continuous
supply of work, the working substance is subjected
to the following cycle of quasi-static operations

known as Carnot’s cycle.

A
AP, vy, Ty

> Isothermal expansion (AB) :
V.

2 V2
Q, =W, = | PdV =nRT, log, —*
V. Vl
1
=area ABGEA
> Adiabatic expansion (BC) :
R(T, —T.
= "R =T) _ prea BCHGB
Y-1

> Isothermal compression (CD) :

V.
Q, = W3 =-nRT, log, V—3 = Area CHFDC

4
> Adiabatic compression (DA) :
Voo RO =T
W, = jv4 Pdv = -1 Area DFEAD

(Negative sign indicates that work is done on

the working substance. Since W, and W, are

equal and opposite, so they cancel each other.)

e Efficiency of Carnot Cycle : The efficiency of

engine is defined as the ratio of work done to the
heat supplied, i.e.,

_Workdone w Q -Q, 1 Q,

n= Heat input - Q B Q - Q
T

So efficiency of Carnot engine, N=1- FZ
1

Illustration 2 : A reversible heat engine converts one-
sixth of heat, which it extracts from source, into work.
When the temperature of the sink is reduced by 40°C,
its efficiency is doubled. Find the temperature of source.

Soln.: Efficiency n = K = 1
Q 6



T, 1 T. 5T,
Againm = 1-—2;,-=1-2 =>T,= 1
T, 6 T 6

Finally, efficiency = 2n = % =-

Also, AT =40°C=40K

1 T, —40 T, —40
—=1--2 or -2 =(1—1]—%

3 T, T 3) 3

or 2T1 = 3T2 -120
5T,
or 2T;=|3x—L|-120
6
or 2.5T7-2T;=1200r T; =240 K

REFRIGERATOR

A refrigerator or heat pump is basically a heat engine
runs in reverse direction.
e The schematic diagram of a refrigerator or heat

lw

pump is shown.

Hot Q, Working Q, Cold
reservoir substance reservoir
T, T,

o The coeflicient of performance of a refrigerator is

givenbyﬁ=&= % = 5
W Q-Q T,-T,

e  Relation between coefficient of performance and

efficiency of refrigerator

As 2o L/ D)
Ql - QZ 1- Q2 / Ql
nzl_%or%=l‘“ ...(ii)
From eqns. (i) and (ii), B = I_Tn
KINETIC THEORY

Thekinetic theory of gases is the study of the microscopic
behavior of molecules and the interactions which lead
to macroscopic relationships like the ideal gas law.
e Assumptions of kinetic theory of an ideal gas :
> The number of molecules is very large, but
their separation is large compared to their
molecular size.

> Molecules move randomly with a distribution
in speeds which do not change.

> Molecules undergo elastic collisions with
other molecules and the walls, but otherwise
exert no forces on each other.

> Molecules obey Newton’s laws of motion.

Pressure Exerted by Gas Molecules

e  Under the assumptions of
kinetic theory, the average F

avg

force on container walls

. m O
has been determined to be Vs
mN v}zc
E. .= fe—— L—>
avg L
and assuming random speeds in all directions
2_ 2. 2. 2 _a2
v —vx+vy+vz—3vjC

Then the pressure in a container can be expressed as

F 2 —
avg =I’HNV =£ szlmvz
A 3LA 1%

3V rms

o  The average force and pressure on a given wall
depends only upon the components of velocity
toward that wall. But it can be expressed in terms
of the average of the entire translational kinetic
energy using the assumption that the molecular
motion is random.

o  Expressed in terms of average molecular kinetic
energy:

P=ﬂ lmv2
3V]2

> This leads to a concept of kinetic temperature
and the ideal gas law.

Illustration 3 : The mass of molecules of a gas enclosed
in a container is halved and their speed is doubled. Find
the ratio of initial and final pressures.
M5 1 )
M _1mn;

3V

B (Zm) V12
m 41/12

Soln.: AsP = %

2
P o2x1 1
or —=——=—
P, 4 2
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IDEAL GAS LAW

e Anideal gasis defined as one in which all collisions
between atoms or molecules are perfectly elastic
and in which there are no intermolecular attractive
forces. One can visualize it as a collection of
perfectly hard spheres which collide but which
otherwise do not interact with each other. In
such a gas, all the internal energy is in the form of
kinetic energy and any change in internal energy is
accompanied by a change in temperature.

e An ideal gas can be characterized by three state
variables: absolute pressure (P), volume (V), and
absolute temperature (T). The relationship between
them is called the ideal gas law : PV = nRT = NkT
n = number of moles
R = universal gas constant = 8.3145 ] mol ™ K
N = number of molecules
k = Boltzmann constant = 1.38066 x 102> J K™}
k=R/N,

N, = Avogadro’s number = 6.0221 x 10> mol ™

Gas Laws

e Boyle’slaw: It states that at a constant temperature,
the volume of a given mass of a gas is inversely
proportional to the pressure.

1
V < E or PV = constant.

o Charles’ law : It states that at a constant pressure,
volume of a given mass of gas is directly
proportional to its absolute temperature.

Ve T or V/T = constant.

e Avogadro’s law : It states that at same temperature
and pressure equal volumes of all the gases contain
equal number of molecules.

N; =N,, if P, Vand T are the same.

e  Graham’s law of diffusion : It states that at a
constant pressure and temperature, the rate of
diffusion of a gas is inversely proportional to the
square root of its density.

Rate of diffusion o< L, if P and T are constant.

Jo

e Dalton’s law of partial pressure : It states that the
total pressure exerted by a mixture of non-reactive
ideal gases is equal to the sum of the partial pressure
which each would exert, if it alone occupies the
same volume at the given temperature.

P=P{+P,+P;+......
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Ilustration 4 : An electric bulb of volume 300 cm® is
sealed at temperature 300 K and pressure 10 mm of
mercury. Find the number of air molecules in the bulb.
(Given,6=13.6 x 10°kgm ™~ and k=1.38 x 1072 JK ™)
_ PV (cgh)V

kT kT
N (107 x13.6x10° x9.8) x 300X 10
(1.38 x 1072%) x 300

N=97x 10 =10"
So, number of air molecules in the bulb = 10'°.

Soln.: N

Illustration 5 : A vessel of capacity 3 litre contains

16 g of oxygen, 7 g of nitrogen and 11 g of carbon

dioxide at 27°C. Calculate the pressure exerted by the

mixture of gases.

Soln.: As P = n(R—T) =2y RT
14 M VvV

and P=P; + P, + P;

p RL\™M My My
VM, M, M,

V|32 28 44 %
p- RT _83X300 1 _g3oim
Vo o3x107

[ 1 litre = 107> m?]
Hence pressure = 8.3 atm

Kinetic Interpretation of Temperature

o The expression for pressure exerted by gas
molecules developed from kinetic theory relates
pressure and volume to the average molecular
kinetic energy. Comparison with the ideal gas law
leads to an expression for temperature sometimes
referred to as the kinetic temperature.

1
—mv*
2

PV=nRT<:>PV=§N

This leads to the expression

2N [1 211, ]
T———[—mv2:|——— —myv?

 3nR|2 S 3k|2

where N is the number of molecules, # the number
of moles, R the gas constant, and k the Boltzmann
constant.

e The more familiar form expresses the average
molecular kinetic energy :



KE = |:lmv2:| = ékT
an 2 2

It is important to note that the average kinetic
energy used here is limited to the translational
kinetic energy of the molecules. That is, they are
treated as point masses and no account is made
of internal degrees of freedom such as molecular
rotation and vibration. This distinction becomes
quite important when we deal the specific heats
of gases. When we try to assess specific heat, you
must account for all the energy possessed by the
molecules, and the temperature as ordinarily
measured does not account for molecular rotation
and vibration. The kinetic temperature is the
variable needed for subjects like heat transfer,
because it is the translational kinetic energy which
leads to energy transfer from a hot area (larger
kinetic temperature, higher molecular speeds)
to a cold area (lower molecular speeds) in direct
collisional transfer.

Molecular Speeds

From the expression for kinetic temperature

1 L] 3 1
KEavg = |:— my } = EkT =2 M

2
_ 3kT _ 3RT
Yims = m - M

m = mass of molecule, M = molar mass

The speed distribution for the molecules of an
ideal gas is given by

_ [2RT _ _ [8RT _ [3RT
TN TM Y T T s T Ty

A 3/2
o M P?, |[-m?
S fv)=4mn v° exp
= 2nRT 2RT
=
23 v, -
o x
A g Vims
3 < 353
25 SR
w ag
Nt
% = S35
< =g
S E
= 3
<
P~ I
Molecular Speed

Note that M is the molar mass and that the gas
constant R is used in the expression. If the mass

m of an individual molecule were used instead,
the expression would be the same except that
Boltzmann’s constant k would be used instead of
the molar gas constant R.

Illustration 5 : 0.014 kg of nitrogen is enclosed in a
vessel at a temperature of 27 °C. At which temperature
the rms velocity of nitrogen gas is twice its rms velocity
at 27 °C?

) 3RT
Soln.: Using, Vems =
m

(Vrms)l _ E
or — =

(. R and m are constant.)
(Vrms )2 T2

According to question, (Vype)s = 2(Vime1

Ok _ (300 1300
2(Vrms )1 T2 4 T2
T, =300 x4 =1200 K=927°C

Equipartition of Energy

o The theorem of equipartition of energy states that
molecules in thermal equilibrium have the same
average energy associated with each independent
degree of freedom of their motion and that energy is

1 kT k = Boltzmann’s i kT For three translational

2 : constant 2 degrees of freedom,
1 ‘R= gas 3 such as in an ideal
> RT constant | > RT monoatomic gas.

. - 3
The equipartition result KEavg = —kT serves well

in the definition of kinetic temperature since it
involves just the translational degrees of freedom,
but it fails to predict the specific heats of polyatomic
gases because the increase in internal energy
associated with heating such gases adds energy
to rotational and perhaps vibrational degrees of
freedom. Each vibrational mode will get kT/2 for
kinetic energy and kT/2 for potential energy.

o  The average translational kinetic energy possessed

by free particles given by equipartition of energy is
sometimes called the thermal energy per particle. It
is useful in making judgements about whether the
internal energy possessed by a system of particles
will be sufficient to cause other phenomena. It is
also useful for comparisons of other types of energy
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possessed by a particle to that which it possesses

simply as a result of its temperature.

1 L] 3
KEan —|:Emv :|_5kT

Degree of Freedom

e The number of independent coordinates required
to specify the dynamical state of a system is called
its degree of freedom.

Degree of freedom Molar heat capacity at Example
constant volume
z y Monatomic Helium 12.5,
3 1o Argon 12.6
Mx CV=ER=12.5Imol gt 8
z y Diatomic Nitrogen (N,) 20.7,
5 1o Oxygen (0O,) 20.8
x Cy =~ R=208] mol 11 Oxveen (0
Polyatomic Ammonia (NHj3) 29.0,
z Y o
6 _1 ..—1 | Carbon dioxide (CO,) 29.7
X CV=ER=24.9]mol K

The internal energy of n moles of a gas in which
each molecule has f degrees of freedom is given by

U= nf(%RT)

3nRT
For monatomic gas U = n2
Mixture of Non Reactive Gases
n:n1+n2 .P:P1+P2
U=U;+U, e AU=AU; + AU,
nC, +n,C, nC, +n,C
VZM = 17h  27h "2:CV+R
n +n, n +n,
o Cogp

r = +
G, -1 v-1 7,-1
M=”1M1+”2Mz

n, +7’l2

MEAN FREE PATH

®

It is the average distance covered by a molecule
between two successive collisions and is given by

1
A=——
\/Emcdz

where n is the number density and d is the diameter
of the molecule.

Mean free path is related to the temperature (T)
and pressure (P) as
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_ kgT
\/EndzP
Ilustration 6 : 1 mole of monatomic and 1 mole of

diatomic gases are mixed together. What is the value of
Cy for the mixture?

A

. nCy, +n,Cy,
Soln.: For mixture of gases, C, =————=

n1+n2
3 5
Here, CV1:5R’ n =1 CVz:ER’ n, =1
lx%R +(1><%R) )
G = 1+1 =g R=2R
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SPEE D§ERACTICE

Five moles of hydrogen when heated through 20 K
expand by an amount of 8.3 x 10 m> under a constant
pressure of 10° N m™2 If C,= 20 J ' mol ' K™, find
Cpin J mol 'K

(a) 283  (b) 17.6  (c) 155 (d) 20.8

For a gas molecule with 6 degrees of freedom the
law of equipartition of energy gives the following
relation between the molar specific heat (Cy) and
gas constant (R)

(a) cv=§(b) Cy=R (c) Cy=2R(d) Cy=3R

A tyre is pumped to a pressure of 6 atm suddenly
bursts. Room temperature is 25°C. Calculate the
temperature of escaping air. (y = 1.4).

(a) —60.4°C (b) -94.4°C

(c) -70.4°C (d) -50.4°C

Dust particles in the suspended state in a monatomic
gas are in thermal equilibrium with the gas. If the
temperature of the gas is 300 K, and the mass of a
certain particle is 1077 kg, calculate its rms speed
(inms ) (k=138x1072JK™).

(a) 2.987 (b) 1.482 (c) 0.035 (d) 3.942

The relation between U, P and V for an ideal gas is
U =2 + 3PV. Find the atomicity of gas.
(@) 1 (b) 2 (c) 3 (d) 4

Consider a Carnot’s cycle operating between
T, =500 K and T, = 300 K producing 1 kJ of
mechanical energy per cycle. Find the heat absorbed
from the heat reservoir.

(a) 25007 (b) 1500]

(c) 2000 ] (d) 3000

A cycle followed by an engine (made of one mole of
an ideal gas in a cylinder with p
a piston) is shown in figure

AB : constant volume

BC': constant pressure

CD : adiabatic

DA : constant pressure

Which of the following relation is correct
regarding, the heat exchanged by the engine with
the surrounding for each section of the cycle?
(Cy=G/2)R)

10.

11.

12.

13.

3
(@) Qup =5Va (Pg—Py)

5
(b) QBC ZEPB(VC _VA)

© Qcp Z%pA(VA -Vpb)

(d) both (a) and (b)

At what temperature will the average velocity of
oxygen molecule sufficient so as to escape from the
earth? Escape velocity from earth is 11.0 km s™' and
mass of one molecule of oxygen is 5.34 x 1072¢ kg.
(a) 1.56 x 10° K (b) 7.39 x 10° K

(c) 2.35x10°K (d) 4.89 x 10° K

Find the efficiency of the
thermodynamic cycle shown ,, B
in figure for an ideal diatomic ° A

gas. PoT 4 ¢
(@) 1/12  (b) 1/13 v
(c) 1/18  (d) 1/15 Vo 2V

Two perfect gases at absolute temperatures T
and T, are mixed. There is no loss of energy. Find
the temperature of the mixture if the masses of
the molecules are m; and m, and the number of
molecules in the gases are n; and n,.

(a) Mlitml by atreh
mn,T (n +ny))T
172 (d —=—
n +n, i,

If the coefficient of performance of a refrigerator is
5 and operates at the room temperature 27°C, find
the temperature inside the refrigerator.

(@) 100K (b) 250K (c) 350K (d) 150K

The collision frequency of nitrogen molecule in
a cylinder at 2.0 atm pressure and temperature
17°C is (Take radius of a nitrogen molecule is 1.0 A)
(a) 4.6x10°s™" (b) 5.8x10”s™"
(c) 89x10°s! (d) 7.5%x10% s

Thermodynamic processes are indicated in the
following diagram.

17)
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14.

15.

16.

17.

®

Match the following

Column I Column II
P. ProcessI A. Adiabatic
Q. ProcessII B. Isobaric
R. Process III C. Isochoric
S. Process IV D. Isothermal

(a) P>C,Q>A,R>D,S—>B
b)) P>C,Q—>D,R—>B,S—> A
(c) P>D,Q—>B,R>A,S>C

() P>A,Q>CR->D,S—>B [NEET2017]

1
A carnot engine having an efficiency of m as heat

engine, is used as a refrigerator. If the work done on
the system is 10 J, the amount of energy absorbed
from the reservoir at lower temperature is
(@90]  (b)99]  (¢) 100] (d) 1]
[NEET 2017]
A gas mixture consists of 2 moles of O, and 4 moles
of Ar at temperature T. Neglecting all vibrational
modes, the total internal energy of the system is
(@) 15RT (b) 9RT (c) 11RT (d) 4RT
[NEET 2017]

Cpand Cy are specific heats at constant pressure and
constant volume respectively. It is observed that
Cp - Cy = a for hydrogen gas

Cp - Cy = b for nitrogen gas

The correct relation between a and b is

1
=—1b b)a=b
(@) a " (b) a
(c) a=14b (d) a=28b
[JEE Main Offline 2017]

An engine operates by taking n moles of an ideal
gas through the cycle ABCDA shown in figure.
B

The thermal efficiency of the 2Po}----- 3
engine is (Take Cy = 1.5R, T
where R is gas constant) B 1 ¥
(a) 0.15 Pop----- i :D
(b) 0.32 : :
(c) 0.24 —"}0—2“70
(d) 0.08 V—>
[JEE Main Online 2017]
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18.

19.

For the P-V diagram given for an ideal gas,

out of the following which one correctly represents
the T-P diagram?

A
2
@ 7 ORI
1
P P
A
2
@1 51 @r /
1
P P
[JEE Main Online 2017]

An ideal gas has molecules with 5 degrees of freedom.
The ratio of specific heats at constant pressure (Cp)
and at constant volume (Cy) is

7 5
(a) 6 (b) 2 (0) 7

[JEE Main Online 2017]

@ 2
5

20. N moles of a diatomic gas in a cylinder are at a

temperature T. Heat is supplied to the cylinder such
that the temperature remains constant but n moles
of the diatomic gas get converted into monatomic
gas. What is the change in the total kinetic energy
of the gas?

(@) 0 (b) gnRT © %nRT ) %nRT
[JEE Main Online 2017]
U LY Ul ANSWER  KEY [
L. G 2 @ 3 ® 4 @ 5 (o
6. (@ 7. (a0 8. (a) 9. (a) 10. (d)
11.(b) 12. (@ 13 (© 14 (b) 15. (¢)
16.(b) 17. (&) 18. (&)  19. (b)
20. (a,b,c,d) 21. (b,c) 22. (ab,d)23. (ab)
24.(3) 25. (4) 26. (5) 27. (d) 28. (b)
29.(d)  30. (c)



SOLUTIONS

1.
2.

(a)
o -t ~
d: C, = By R, where fis the degrees of freedom.

6
Here,f=6 .. CV=5R=3R

(b): From P/7VIY = BT

Here, Py =6 atm P, = 1 atm

T, =273+25=298K,y=14

Now, (6)1-19(208)14 = (1)(1-14) 714 _ 714

S T,=1786 K= T,=178.6 - 273 = -94.4°C.
(c): According to kinetic theory of gases,

KE = (3/2)kT, for a particle in thermal equilibrium
at temperature T.

3 3 _ }
. KE:EkT=E><1.38><10 3300 =6.21 x 10721

Now if m is the mass of particle and v, its rms

speed,
2KE
ﬂ vrms =
\' m
/2><6.21><10‘21 .
Vrms = T =0.035ms 1

(c) : For an adiabatic process
dQ=0=dU+dW or 0=dU + PdV (1)
> U=2+3PV

. dU=3(PdV + VdP)

.. 0=3(PdV + VdP) + PdV

rms’

1
KE = —mv?
2

(from eqn. (1))

or4P (dV)+ 3V (dP)=0or 4(d—V)=—3(d—P)
\% P
On integrating
In (V* + In (P*) = constant ; PV*3 = constant
4
ie., ng i.e., gas is triatomic.
Q_T,_ 3 3
(a): —==—2%=-,Q-Q,=W=10"]
Q T 5 1~

3
~Q (1—%):103]:> Q (1_5)2103 J

1
5
.'.Q1=Ex103=2500]

3 3

Qpc = Upc + Wi

= (3/2) Pg(Vo - Vp) + Pg(V - Vp)

= (5/2)Pg (Vo - Vy)
Qcp=0 (" CD is adiabatic process)
Qpa = (5/2) P4 (V4 - Vp)

8.

10.

(a): As ékT = lmv2
2 2

For the molecule to just escape from the earth v = v,
_mv;
3k

| 534x107°x (11.0 ><1o3)2

=1.56x10°K

3x1.38x107>
(c) : Let n be the number of moles of the gas and
the temperature be T in the state A.
Now, work done during the cycle

1 1
W =X @V = Vo) (By) =RV

For the heat (AQ,) given during the process A - B,
AQI = AWAB + AUAB
AW, = area under the straight line AB
1 3PV,
=2 (B +2R)(Vy) = =00

Applying equation of state for the gas in the state
A and B.

RVy _ QR)@2V,)

Ty Ty

= Tp =41,

5R
U,p=nCyAT = n(;)@To -Ty)
_151RT, _15R)Y,
2 2
3 15
AQI = EPOVO + ?POVO = 9P0V0
The processes B - C and C - A involve the

abstraction of heat from the gas.
Work done per cycle

n Total heat supplied per cycle
_BVy/2 1
oRV, 18
(a) : According to the kinetic theory of gases, the
kinetic of an ideal gas molecule at temperature T
is given by KE = (3/2)kT. And as there is no force
of attraction among the molecules of a perfect gas,
therefore potential energy of the molecules is zero.

So the energy of molecule of perfect gas, E= ng

Now if T is the temperature of the mixture, by
conservation of energy, i.e.,
nlEl + anz = (nl + nz)E

n (%le J+n2 (%sz )z (n +n2)(§kTJ
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_ T, +n,T,)

ie,T
(n,+n,)
Q
11. (b): B:WZZS’ 5Qy=5W

v Q-Q=W L Q=6W
Q_T, _ 5_T

As 2= 2-2
Q T, 6 300
= T2 = 250 K
12. (a) : Mean free path, A= _ kT
o " and’p

~ (1.38 x107>%)(290)
(1.414)(3.14)2 x 1019)2(2.026 x10°)
=11%x10" m

- /3kT_\/3><1.38><10_23><290
s m 28x1.66x107%7

=51x10°ms"
. Collision frequency,

Vems _ 5-1%10

— rms
A L1x107

13. (a) : In process I, volume is constant
Process I — Isochoric; P - C
As slope of curve II is more than the slope of curve IIL
Process II > Adiabatic and Process III - Isothermal
Q—>A,R->D
In process IV, pressure is constant
Process IV > Isobaric; S > B

=4.6x107s7!

1
14. (a): Given n=E,W=10]

1
1——

10_9
=—10_" 10=9
B 1 10

10
Since, B= %, where Q, is the amount of energy
absorbed from the cold reservoir.
Q=BW=9%x10=90]
15. (c) : The internal energy of 2 moles of O, atom is

Uo, =" RT 2% 2 xRT
%27 2

U02 = 5RT

The internal energy of 4 moles of Ar atom is
RT 3

Uy, =%=4x5xRT=6RT

The total internal energy of the system is
U=Uq, +Uy,=5RT+6RT =11 RT

@ PHYSICS FOR YOU | JANUARY '18

16. (c) : For an ideal gas, cp - cy =R
where cp and ¢y, are the molar heat capacities.
MCp- MCy =R
(¢cp=MCpand cy, = MCy)
Here, Cp and Cy, are specific heats and M is the

molar mass.
R
For hydrogen gas, Cp, —C,, = g =a ()
. R ..
For nitrogen gas, Cp, —Cy, = 5 b ... (if)

Dividing eqn. (i) by (ii), we get
2-14 or a=14b
b
17. (a) : Work done by engine = area under closed curve
=PyVo
Heat given to the system, Q = Q45 + Qpc
= HCVATAB + T’ICPATBC

= %(”RTB - nRTy,) + g(nRTC - nRTg)

3 5
=3 (2PyVy = PyVy) + 7 (4PyVy - 2Py V)

1
- Bpv,
2
W PV, 2
Thermal efficiency, n=—=—29 -=>0.15
Q 1B, 13
- fovo
2
18. (c) : Here, PV = constant, so given process is

isothermal i.e., temperature is constant. Pressure
at point 1 is higher than that at point 2. So, correct
option is (c).

19. (d): An ideal gas has molecules with 5 degrees of
freedom, then

5 7
Cy= -Rand Cp= —R
" "
Cp _(7/2R_7
Cy (/2R 5
20. (c) : Initial kinetic energy of the system
K,=2RTN
2
Final kinetic energy of the system,

5 3
Kf ZERT(N—H)‘I'ERT(ZI’I)

AKsz—KianT(3—§)=lnRT
2) 2
&
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CHAPTERWISE PRACTICE PAPER

OSCILLATIONS | WAVES

Time Allowed : 3 hours

Maximum Marks : 70

GENERAL INSTRUCTIONS

(i) All questions are compulsory.

(ii) Q.no.1 to5 are very short answer questions and carry 1 mark each.
(iii) Q. no. 6 to 10 are short answer questions and carry 2 marks each.

(iv) Q.no. 11 to 22 are also short answer questions and carry 3 marks each.
(v) Q.no. 23 is a value based question and carries 4 marks.

(vi) Q.no. 24 to 26 are long answer questions and carry 5 marks each.

(vii) Use log tables if necessary, use of calculators is not allowed.
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SECTION - A

1.

The displacement of an elastic wave is given by the
function y = 3 sin wt + 4 cos wt. Where y is in cm
and tis in second. Calculate the resultant amplitude.

Plot a graph between the time period (T) for a
simple pendulum and its length (L).

Are tan 0t and cot ot periodic functions?

When two waves of almost equal frequencies

v; and v, reach at a point simultaneously, what is
the time interval between successive maxima?

What are the two basic characteristics of a simple
harmonic motion?

SECTION - B

6.
7.

8.

Distinguish between compression and rarefaction.

Can a simple pendulum experiment be conducted
inside a satellite?

A string of mass 2.50 kg is under a tension of
200 N. The length of the stretched string is
20.0 m. If the transverse jerk is struck at one end of
the string, how long does the disturbance take to
reach the other end?

10.

OR

A pipe 20 cm long is open at both ends. Which
harmonic mode of the pipe is resonantly excited by
asource of 1650 Hz ? (velocity of sound in air = 330 m s ™)

A particle is executing S.SH.M of amplitude a. At
what displacement from the mean position, is the
energy, half-kinetic and half-potential ?

Write four characteristics of wave motion.

SECTION - C

11.

12.

13.

If ¢ is rm.s. speed of molecules in a gas and v is
the speed of sound waves in the gas, show that c/v
is constant and independent of temperature for all
diatomic gases.

A SONAR system fixed in a submarine operates at
a frequency 40.0 kHz. An enemy submarine moves
towards the SONAR with a speed of 360 km h™".
What is the frequency of sound reflected by the
submarine? Take the speed of sound in water to be
1450 ms™.

The bottom of a dip on a road has a radius of
curvature R. A rickshaw of mass M, left a little away

1)
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14.

15.

16.

17.

22)

from the bottom oscillates about this dip. Deduce
the expression for the period of oscillation.

Which of the following functions of time represent:

(i) sin kt + cos kt (ii) 2 sin® kt

(iii) e (iv) log kt.

(a) simple harmonic

(b) periodic but not simple harmonic

(c) non-periodic motion?

where k is a real positive constant.

A transverse harmonic wave on a string is described

by y(x,t) =3.0sin (36 t+ 0.018 x + n/4) where xand y

are in cm and ¢ in s. The positive direction of x is

from left to right.

(a) Is this a travelling wave or a stationary wave? If
it is travelling, what are the speed and direction
of its propagation?

(b) What are its amplitude and frequency?

(c) What is the initial phase at the origin?

(d) What is the least distance between two
successive crests in the wave?

Explain why (or how):

(a) Bats can ascertain distances, direction, nature,
and sizes of the obstacles without any eyes,

(b) A violin note and sitar note may have the same
frequency, yet we can distinguish between the
two notes, and

(c) Solids can support both longitudinal and
transverse waves, but only longitudinal waves
can propagate in gases.

A body describes simple harmonic motion with

an amplitude of 5 cm and a period of 0.2 s. Find

the acceleration and velocity of the body when the
displacement is (a) 5 cm (b) 3 cm (c) 0 cm.
OR

A spring with a spring constant 1200 N m™ is
mounted on a horizontal smooth table as shown in
figure.
A mass of 3 kg is
attached to the free end
of the spring. The mass
is then pulled sideways
to a distance of 2.0 cm
and released.

k=1200 N m!

Determine (a) the frequency of oscillations
(b) maximum acceleration and
(c) the maximum speed of the mass.
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18.

19.

20.

21.

22.

Show that for a particle in linear S.H.M the average
kinetic energy over a period of oscillation equals
the average potential energy over the same period.

Define wave velocity. Deduce its relation with
angular frequency ® and propagation constant k.

Find the time period of mass
M when displaced from its
R ips Inextensible
equilibrium position and

then released for the system

string

shown in figure. Pulley

M
Discuss the various factors which affect the speed of
sound in a gas.
A particle is vibrating in S.H.M. When the distances
of the particles from the mean position are y; and y,
it has velocities v; and v, respectively. Show that the

2_ 2
time period is T =2mX %
="

23.

Rajeshwer and his friends went to a hill forest for a
plant collection tour. One of his friends Rajender
Rana went to a different direction and entered a
dense forest. He was searching a very useful and
primordial plant. When he searched that plant,
he loudly called his friend Rajeshwer. After a few
seconds he heard the same sound as he just spoken.
He afraid assuming that there was a ghost in nearby
forest. He started crying. Somehow Rajeshwer
heard his sound and found him. Again Rajender
Rana made a loud sound, this sound was again
copied by somebody. Rajender repeated that same
ghost is there. Rajeshwer convinced him that it is
nothing but it is reflection of sound. Now Rajender
Rana became normal.
(a) What values were displayed by Rajeshwer?
(b) What is echo?
(c) If a reflector is situated at a distance of 860 m
from a sound source, after how much time is
echo heard? Speed of sound in air at a room

temperature can be taken as 344 m s~

SECTION - E

24.

Find the expression for time period of motion of
a body suspended by two springs connected in
parallel and series.



25.

26.

OR
A cylindrical log of wood of height h and area of
cross-section A floats in water. It is pressed and
then released. Show that the log would execute
S.H.M. with a time period

T=2m o
\ Apg

where m is mass of the body and p is density of the

liquid.

(a) What are free oscillations? Give examples.

(b) A body of mass m is situated in a potential
field U(x) = U, (1-cos ox) when U, and o
are constants. Find the time period of small
oscillations.

OR

Give an analytical treatment of stationary waves in
a stretched string.

Obtain an expression for the observed frequency of
the sound produced by a source when both observer
and source are in motion and the medium at rest.

OR
Explain the formation of beats analytically. Prove

that the beat frequency is equal to the difference in
frequencies of the two superposing waves.

SOLUTIONS

1.

Here, y = 3 sinwt + 4 coswt = a;sinwt + a,coswt
Resultant amplitude of the wave,

Az\/a12+a§=\/32+42 =5cm
T

(0] L

tan ¢ and cot wt are periodic functions with the
period T = /.

Since tan {o (¢ + T/®)} = tan (0t + M) = tan Wt
and cot {o (t + m/w)} = cot (0t + 7) = cot Wt

Beat frequency of waves = 0y -V,
Hence, tinlrle interval between successive maxima,

V1~V
Two basic characteristics of a S.H.M are
(i) Acceleration is directly proportional to the
displacement.
(ii) Acceleration is directed opposite to the
displacement.

The portion of the medium where a temporary
portion in the volume (or increase in the density)
takes place when a longitudinal wave passes
through the medium is called a compression or a
condensation. The portion of the medium where a
temporary increase in the volume (or decrease in
the density) takes place when a longitudinal wave
passes through the medium is called a rarefaction.

T=21t\/z
8

Inside a statellite, the body is in a state of
weightlessness so that the effective value of gis zero.

. T=2n\/z=oo
0

Thus, the pendulum does not oscillate at all and the
experiment cannot be conducted inside the satellite.

Here, M = 2.50 kg, T = 200 N, length of the string,
I[=20m
Therefore, mass per unit length of the string,

n=22-0.125 kg m™!

20
- Z B / 200 i
Now, n _0.125 =40m s

Therefore, time taken by the transverse jerk to reach
the other end,

I 20
t=—=—=05s

v 40

OR

Here, L =20 cm =0.2 m, v,, = 1650 Hz,
v=330ms"
Fundamental frequency of the open pipe

2L 2(0.2)
According to question, v,, = nv
v, 1650 _
v 825

1
Kinetic energy = Emoaz(a2 - yz)

1
Potential energy = 2 me’y*

Since the energy is half-kinetic and half-potential,
therefore,

I 5. 5 o2 1 59

—mo*(a” — y°) == mw

5 ( y)2 y
9

or az—yzzy2 oryzi\/E
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11.

12.

24

Thus, energy would be half-kinetic and half-
potential at a point where displacement from the

a
mean position is T on the either side.
2

(i) In a wave motion, it is the disturbance which
travels in a medium due to the repeated
periodic vibration of the particles about their
mean positions.

(ii) There exists a definite phase relationship
between any two neighbouring particles of the
medium.

(iii) The energy is transferred from one place
to another without any net transport of the
medium.

(iv) The wave motion is possible only if the medium
possesses elasticity, inertia and least possible
friction between its different particles.

We know, P = % pvfms
3P
Vims = F (1)
. YP ..

Speed of sound in gas, v, = [-— ..(ii)
p

Solving, eqn. (i) and eqn. (ii)

Yms _ (3P [P _ F

p P v

c 3

Here, v,ps=candv,=v -~ —=,/=
4 Y

For diatomic gas, y ==

=4 / 7/5 \/ = constant

Here, frequency of SONAR (source), v = 40.0 kHz

=40 x 10° Hz
Speed of sound waves, v = 1450 m s 5
Speed of observers, v, = 360 km h™' = 360 x s
=100 ms!

Since the source is at rest and observer moves
towards the source (SONAR),
+
v = v vo.vz 1450+100X4OX103
v 1450
V' =4.276 x 10* Hz.
This frequency (V) is reflected by the enemy
submarine and is observed by the SONAR (which

now acts as observer).
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13.

14.

Therefore, in this case, v, = 360 km h™ = 100 m 57!

Apparent frequency,
1450
V=Y = x 4276 x 10
v—v 1450 - 100

N

=4.59 x 10* Hz = 45.9 kHz.

Let R be the radius of the dip and O be its centre. Let
the rickshaw of mass M be at P at any instant. This
case is similar to that of a simple pendulum. The
force that produces oscillations in the rickshaw is

K Mg cos 6

1&

Mg

F=Mgsin 0.1f 0 is small and is measured in radians,
sin®=06, F=Mg0
Displacement of the rickshaw, OP = y = RO
Force constant,
_ Mg6

Displacement

Force Mg

R9:R

Time period,

el o
-

(i) f(t) = sin kt + cos kt

—\/_[ sinkt + — 1 coskt]
V2 N
ZSin(kt-i-g) =\/Ecos(kt—n/4)

It represents SHM and the period of the function
. 2m

is =~
(i) f(1)

The period of the function is %

=2sin’kt=1-cos 2kt

ft) represents a periodic function.

(iii) f(t) = e~ k decrease monotonically to zero as
I —> oo,
It is a non-periodic function.



15.

16.

(iv) f(t) = log kt also increases monotonically with
the time. It does not repeat itself and is a non-
periodic function.

The equation of the form

y(x, t) = Asin(%(vt+x)+¢) ..(1)

represents a harmonic wave of amplitude A,
wavelength A and travelling from right to left with
a velocity v.

Now, the given equation for the transverse harmonic
wave is

y(x,t) =3.0sin (36 £ + 0.018 x + m/4)

36 4
t+x |[+—
0.018 4

= 3.0 sin [0.018 (2000 ¢ + x) + 7/4] ...(ii)
(a) Since the equation (i) and (ii) are of the same
form, the given equation also represents a
travelling wave propagating from right to left.
Further, the coefficient of t gives the speed of
the wave. Therefore, v = 2000 cm s1=20ms™!

(b) Obviously, amplitude, A = 3.0 cm

=3.0 sir1|:0.018(

21 2r
—=0.018 A=
Further, n or 0018

v _ 2000 018=5735"!
A 21

(c) Initial phase at the origin, ¢= g rad

cm

(d) Least distance between two successive crests
in the wave is equal to wavelength. Therefore,
21

A= =349 cm =349 m
0.018

(a) Bats can produce and detect ultrasonic waves
(sound waves of frequencies above 20 kHz).
(i) From the interval of time between their
producing the waves and receiving the echo after
reflection from an object, they can estimate the
distance of the object from them. (ii) From the
intensity of the echo, they can estimate the nature
and size of the object. (iii) Also, from the small time
interval between the reception of the echo by their
two ears, they can determine the direction of the
object.

(b) The instruments produce different overtones
(integral multiples of fundamental frequency).
Hence the quality of sound produced by the two
instruments of even same fundamental frequency
is different.

17.

18.

(c) Solids have both volume and shear elasticity.
So both longitudinal and transverse waves can
propagate through them. On the other hand, gases
have only volume elasticity and not shear elasticity.
So only longitudinal waves can propagate through
them.

Here,r=5cm=0.05m; T=0.2s;

2 2m

w="—=""=10nrads
T 2

When displacement is y, then acceleration, a = —mzy

velocity, v= (,)./rz - y2

(a) When y=5cm=0.05m
a=-(10m)*x0.05=-5n"ms

v =1074/(0.05)* — (0.05)% = 0.

(b) When y=3cm=0.03m
a=-(10n)?>x0.03=-31’ms"

v =107m4/(0.05)> = (0.03)* = 101 x 0.04 = 0.47t m s

(c) When y=0,a=—(10n)2x0=0
v =107/ (0.05)> —0? =101 x 0.05=0.5T ms ",
OR

Here, m=3.0kg;k=1200Nm™,A=2cm=0.02m
(a) The frequency of oscillations of the attached

2

2

mass is
L1 120045y,
2n\m 2x3.14\ 3

(b) The maximum acceleration of the mass is

, kA o we K
|amax|:wA:; ( ® m)
12 .02 _
_ 00;(00 =8m52

(c) The maximum speed of the mass is

k [1200 _
vmax:A(ozA\/gzo.OZx = =04ms !

Consider a particle of mass m executing S.H.M.
with period T. The displacement of the particle at
an instant f, when time period is noted from the
mean position is given by
y = A sinot

dy

Velocity, v = E = A O cosmt.

1 1
Kinetic energy, E; = Emv2 = EmAz(Jo2 cos’ wt.

25)
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26/

1
= EmAzoo2 sin® wt.

¢+ k=mo?)

Potential energy, E,= %ky2

Average kinetic energy over one cycle
T T
1 1: 1
E, = —J E dt= —f —m A*o? cos® ot dt
w Ty Ty 2

T
:im AZU)ZJ. (1+C052(0t)dt

2T
. T
_ im A2 [t N sm2(0t]
4T 2m 0
- L A%0?*(T) L a2 (i)
4T 4

Average potential energy over one cycle
T T

1 1¢1

E ==| Edt=—]| =

Pav T .(]; P T .(’)‘ 2

T
ma)zAz_[ (1—Cos2(0t)dt

mA*@’ sin® otdt

2T
1 in20t |

=—m m2A2[1—&]
4T 20 o

L (ozAZ[T] mA%w? ...(ii)
4T

From eqn. (i) and (11), . = Ep

The distance covered by a wave in the direction
of its propagation per unit time is called the wave
velocity. It represents the velocity with which a
disturbance is transferred from one particle to the
next with the actual motion of the particles.
ns
7\
‘WavM

eat Wave at
t=At
The given ﬁgure shows two plots of the harmonic
wave y = A sin (0t - kx) at two different instants
of time t and t + At. During the small time interval
At, the entire wave pattern moves through distance
Ax in the positive x-direction. As the wave moves,
each point of the moving waveform, such as point P

marked on the peak retains its displacement y. This
is possible only when the phase of the wave remains
constant.

ot - kx = constant.
Differentiating both sides w.r.t. time ¢, we get
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21.

w—kd—x=0 or d_x ®
dt dt  k

dx .
But i wave velocity, v

V=9=&=D7\. [ mzz—n,kzz—n]
kT T A
Given situation is shown in the figure and system is
in equilibrium.
So,Mg=T+T .. Mg=2T
Due to hanging mass spring elongated by 2.
Here, I = distance moved by hanging mass.
In the spring, T=F,; or T=2kI
Mg =2(2 kl) = 2k(2])
Now, displace the mass through a distance y
downwards.
Restoring force on mass M is given by

F=Mg-2k (2l +2y) NN
- Mg~ (2k) 2] - 4 ky "
= F=Mg-Mg-4ky=-4ky F,
d*y !
or, M—==—-4k T4 T
dr? Y
2
p 4y 2k,
dt M 5
Comparing it with d_;/ = —* y M
dt

Mg

/4 }
o= Ak or, T=2—n=2n M
M ® 4k

P
(i) The speed of sound in a gas is given by, v = /Y—

P
At constant temperature, PV = constant;

Pm
—— = constant
Y

. . P :
Since m is constant, so — = constant ie., when
p

pressure changes, density also changes in the same

ratio so that the factor 1. remains unchanged.
P
Hence the pressure has no effect on the speed of

sound in a gas for a given temperature.
(ii) We know that

PV=nRT or p=—— nRT

Also v= /E = ’_ynRT =1/ﬂ
p pV M

where M = molecular weight of the gas



22.

23.

24.

Asy, Rand M are constants, SO v o ﬁ , i.e., velocity
of sound in a gas is directly proportional to the
square root of its temperature, hence we conclude
that the velocity of sound in air increases with
increase in temperature.

(i) Asv= |72 e, vee L
p Jp

The density of water vapours is less than that
of dry air. Since the speed of sound is inversely
proportional to the square root of density, so sound
travels faster in moist air than in dry air.

We know, y = a sin 0t (1)
dy
——=a W cos Wt
dt

or v=a®coswt or vz = a2w2 cos2 wt
2
v =dw’ 1- sin’ o) = 2’0’ (1 - y—zj (From eqn (i)
a

VZZ(DZ (a2_y2)
According to the given condition,
2_ 202 .2 2_ 202 2
vi =0 (a”-y7) and v; = 0" (a” - y3)

(v -v3) = 0 (y3 - y})

2_ 2 2_ 2
(vy—vy) _2m T =21 x (2 =21)

o o= o T
- T (v; —v3)
(a) Rajeshwer has scientific attitude, keen observer,

sharp mind, creative and helping nature.
(b) Echo is the phenomenon of repetition of sound
due to its reflection from the surface of a large
obstacle.
(c) Total distance travelled by sound to come back
=2x860=1720m
Speed of sound is 344 m s
. Distance 1720
Time= ——=——=
Speed 344

An echo is heard 5 s after the sound produced by
source.

Consider a body of mass M suspended by two
springs connected in parallel as shown in figure (a)
Let k; and k, be the spring constants of two springs
S; and S, respectively.

Let the body be pulled down so that each spring
is stretched through a distance y. Restoring forces
F; and F, will be developed in the spring S; and S,
respectively.

According to Hooke's law, F; = -k y

and F, = - kyy
Since both the forces acting in the same direction,
therefore, total restoring force acting on the body
is given by
F=Fi+F=-ky-ky
=-(ki+ky)y
Acceleration produced
in the body is given by
F_ (g+k)y

M M
Since M
M

is constant ... @< -y

Hence motion of the body is SHM.

/k
o= 1tk
M

Time period of body is given by
T= Z—E =27 M
® k +k,

ki +k
o=tk

M
If ky=k,=k Then T=2m %
Consider a body of mass M suspended
by two springs S; and S, which are
connected in series as shown in figure
(b). Let k; and k, be the spring constants
of spring S; and S, respectively.
Suppose at any instant, the displacement
of the body from equilibrium position
is y in the downward direction. If y,
and y, be the extension produced in the
spring S; and S, respectively, then

y=y1+y (1)
Restoring forces developed in S; and S, are given by
Fl = - kl)’l (11)
F2 === k2 V2 (111)

Since both the springs are connected in series, so
Fl = F2 = F

F=-keg (y1 +y2) = -kiy
Using eqn. (ii) and (iii)

kyy
ket (yl + %) = —kyy|

2

k k
kip =2 or p=——t1 y
k1+k2 (k1+k2)

If a be the acceleration produced in the body of

mass M, then
M (k; +ky))M
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2__ hkk = kiky
(k; +ky)M (k +ky) M

Time period of the body is given by

72T, (ky +ky)M
® kik,

T=2mn l+i M.
kK,

[From eqn. (iv)]

OR

Here, m = mass of cylinder
h = height of cylinder
hy = length of the cylinder dipping in the liquid at
equilibrium position
p = density of liquid
A = cross-sectional area of cylinder.
At equilibrium,
mg = Buoyant force
= Weight of water displaced by the log of wood
= p(Ah;)g v ()
Now, log is pressed gently through a small distance x
vertically and released.

Then the buoyant force becomes
Fp=pA(h; +x)g
- Net restoring force, F = Buoyant force — weight
=pA (h; +x)g-mg
= pA(hy + x)g - p(Ahy)g [using eqn (i)]
= (Apg)x
Here, F and x are in opposite direction
~(Apg)
m

F=-(Apg)x ...(ii)

..(iii)

or, a=

From standard SHM eqn, a = -o’x
From eqns (ii) and (iii),

Q)Z:Apg — = Apg T=21 ﬂ
m \ m VApg

If a body, capable of oscillating, is slightly displaced
from its position of equilibrium and left to move
itself, it starts oscillating with a frequency of its
own. Such oscillations are called free oscillations.
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The frequency with which a body oscillates freely is
called natural frequency and is given by

1 |k

Yo = 2w \'m

Some important features of free oscillations are

(i) In the absence of dissipative forces, such a
body vibrates with a constant amplitude and fixed
frequency, as shown in figure. Such oscillations are
also called undamped oscillations.

(ii) The amplitude of oscillation depends on the
energy supplied initially to the oscillator.

(iii) The natural frequency of an oscillator depends
on its mass, dimensions and restoring force i.e., on
its inertial and elastic properties (m and k).
Constant Amplitude

Examples. (i) The vibrations of the prongs of tuning
fork struck against a rubber pad.
(ii) The vibrations of the string of a sitar when
pulled aside and released.
(iii) The oscillations of the bob of a pendulum when
displaced from its mean position and released.
(b) Given, U(x) = Uy(1 - cosox)

Differentiating both sides with respect to x

U
) _ Uy [0 + usin oex] = Ugersin ocx

dx
F=- dU(x) =-U,asin(ox)
dx
For small oscillations, sin = 0.
= sinox = ox
So, F = -Uy a(ax) = ~Upo’x
or, F= —(Uo(xz)x

@)

Also, F = —kx ...(ii)
From eqns. (i) and (ii)
k = U00(.2

Thus,T=21t\/E=2ﬂ: mz
k Uyo
OR

Consider a uniform string of length L stretched by a
tension T along the x-axis, with its ends rigidy fixed
at the end x = 0 and x = L. Suppose a transverse
wave produced in the string along the string in
positive x-direction and gets reflected at the fixed
end x = L. The two waves can be represented as



y1=Asin (0t - kx) and y, =-A sin (0f + kx)
The negative sign before A is due to phase reversal of
the reflected wave at the fixed end. By the principle
of superposition, the resultant wave is given by
Y=y, + ¥, =— Alsin (0t + kx) - sin (0f - kx)]

= - 2A cos 0t sin kx
(.- sin (A + B) —sin (A - B) =2 cos A sin B)
or y=-2Asin kx cos wt (1)
If stationary waves are formed, then the ends

x =0and x = L must be nodes because they are kept
fixed.

So, we have the boundary conditions:
y=0atx=0forallt
and y=0atx =L forallt

The first boundary condition (y = 0, x = 0) is
satisfied automatically by equation (i). The second
boundary condition (y = 0, x = L) will be satisfied if

y=-2sin kL cos wt =0
This will be true for all values of t only if
sin kL = 0 or kL = nm, where n =1, 2, 3,...
2nL
S
For each value of n, there is a corresponding value

of A, so we can write

2nL 2L
——=nm or A,=—
n

A

n

The speed of transverse wave on a string of linear

mas density W is given by v = \/f
u
So the frequency of vibration of the string is

n [T

2L\

v v
=T
7\'71

Forn=1, Dl:i Z=D (say)
u

This is the lowest frequency with which the string
can vibrate and is called fundamental frequency or
first harmonic.

2 T
Forn=2, Dzzz — =2V
\u

(First overtone or second harmonic)

3 T
Forn=3, D3:Z — =30
\/u

(Second overtone or third harmonic)

26.

Thus the various frequencies are in the ratio
1:2:3: .. and hence form a harmonic series.
These frequencies are called harmonics with the
fundamental itself as the first harmonic. The
higher harmonic are called overtones. Thus second
harmonic is first overtone, third harmonic is second
overtone and so on.

Nodes : These are the positions of zero amplitude.
In the n'™ mode of vibration, there are (n+ 1) nodes,
which are located from one end at distances

x=0,—,—,...., L

Antinodes : These are the positions of maximum
amplitude. In the n'™ mode of vibration, there are n
antinodes, which are located at distances

_ L 3L 5L Qn-1L
X
As shown in figure consider the case when both the
source and the observer are moving towards each
other with speeds v, and v, respectively. Let the
speed of a wave be v. If v is the frequency of the
source, it sends out compression pulses through the
medium at regular intervals of

T=1/v.
(S L >
Ve—> <,
s Q)
—© O—
<—>
Vg T vOT

At time t = 0, the observer is at O; and the source
at §; and the distance between them is L when the
source emits the first compression pulse. Since
the observer is also moving towards the source,
so the speed of the wave relative to the observer is
(v + v,). Therefore, the observer will receive the first

compression pulse at time, ¢, =
v+,

At time t = T, both the source and observer have
moved towards each other covering distances
S1 Sy =v, Tand O; O, = v, T respectively. The new
distance between the source and the observer is
S0, =L - (vi+v,)T

The second compression pulse will reach the
N L—(v,+v,)T

observer at time, t, =T
v+v,
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The time interval between two successive
compression pulses or the period of the wave as
recorded by the observer is

+L_(VS+VO)T_ L

’T/= tz— tl =T
V+Vo V+Vo
1_V5+V0 T= V=V T
V+V0 V+V0

Hence the apparent frequency of the sound as heard
by the observer is

1 v+v 1 v+v
=—= 9. — or V= 2V (i)
TI

U —
v—v, T V=

When the source moves towards the observer and
the observer moves away from the source. In this
case, the apparent frequency can be obtained by
replacing v, by - v, in eqn. (i). Thus
oYy

V=

OR

Consider two harmonic waves of frequencies v;
and v, (v; being slightly greater than v,) and each
of amplitude A travelling in a medium in the same
direction. The displacements due to the two waves
at a given observation point may be represented by

y1 =Asinw; t =Asin2r v, ¢

¥y, =Asinm, t = Asin2n v, ¢
By the principle of superposition, the resultant
displacement at the given point will be

y=y;+y,=Asin2nv, t + Asin2nv, ¢

_ ZAcom(%)t.smm(@)t

If we write

v -V v+
Vod = —= 5 2 and Vay =12
then y=2Acos (2T Vg t) Sin (2T v, 1)
or y=Rsin(2nv,, t)

where R = 2A cos(21 v,,,q ) is the amplitude of the
resultant wave.
The amplitude R of the resultant wave will be

maximum, when
COS2MUqt=%1

or 2 M Vgt = N1 wheren=0,1, 2, ...
or (V] - V)t =nn
n 1 2
or t= =0, R s eeeee
V1~ V1=V V=Y,
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Time interval between two successive maxima
1

V=,

Similarly, the amplitude R will be minimum, when
COS 2T Vg E=0

or 2 Vg = 21+ 1)n/2 wheren=0,1,2,...
or n(v; - vyt = (2n + 1)n/2
or f= @nth) 1 3 5

200, -0y) V=V, 2(0;, —,) 2V —v,)
The time interval between successive minima
1
v, — L,
Clearly, both maxima and minima of intensity

occur alternately. Hence the time interval between
1

V1~V

two successive beats, #.,; =

The number of beats produced per second is called
beat frequency.

1
Upeat= Or  Upeat = V1 — V2

tbeat
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M P P-g Practice Problems

his specially designed column enables students to self analyse their
extent of understanding of specified chapters. Give yourself four
marks for correct answer and deduct one mark for wrong answer.
Self check table given at the end will help you to check your

Class XI

readiness.
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Total Marks : 120
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32

Only One Option Correct Type

One end of a 2.35 m long and 2.0 cm radius
aluminium rod (K =235 W m™'K™!) is held at 20°C.
The other end of the rod is in contact with a block
of ice at its melting point. The rate in kg s~* at which
ice melts is (Take latent heat of fusion for ice as
? x 10°] kg_l)

(a) 487 x 107° (b) 24m x 107°

(c) 24mx 107 (d) 4.8 x107°

A vessel contains a mixture consisting of m; =7 g of
nitrogen (M; = 28) and m, = 11 g of carbon dioxide
(M, = 44) at temperature T = 300 K and pressure
Py = 1 atm. Find the density of the mixture
(in kg m™).

(a) 1464 (b) 1.316 (c) 2.468  (d) 0.532
Two spheres A and B having radii of 3 cm and
5 cm respectively are coated with carbon black on
their outer surfaces. The wavelengths of radiations
corresponding to maximum intensity of emission
are 300 nm and 500 nm respectively. The respective
powers radiated by them are in the ratio of

5 5 5Y 5Y
@ o o ) @(3)
Find the amount of work done to increase the
temperature of one mole of an ideal gas by 30°C if it
is expanding under the condition, V o< T*>,
(a) 166.2] (b) 136.2]
(c) 126.2] (d) None of these

PHYSICS FOR YOU | JANUARY '18

Time Taken : 60 min

5. A liquid takes 10 minutes to cool from 80 °C to

50°C. The temperature of the surroundings is
20 °C. Assuming that the Newton's law of cooling is
obeyed, the cooling constant will be

(a) 0.056 min~! (b) 0.042 min~!

(c) 0.081 min! (d) 0.069 min*

P-T diagram. When presented on
P-V diagram, it would

PA B " P/\B
(a) {7 (b) iq/
L sy Sy
p \B A P4 3 "
© Y:IL @ | X4
C C
v e

Oxygenisfilledinaclosed metaljar of volume 10> m?
at a pressure of 1.5 x 10° Pa and temperature 400 K.
The jar has a small leak in it. The atmospheric
pressure is 10° Pa and the atmospheric temperature
is 300 K. Find the mass of the gas that leaks out by
the time the pressure and the temperature inside
the jar equalize with the surrounding. (Molar mass
of oxygen = 32 g)

(a) 0.32g (b) 0.16g (c) 0.08g (d) 0.64¢g
Ideal gas undergoes an adiabatic change in its state
from (Py, V1, Ty) to (P,, V5, T,). The work done (W)
in the process is (u = number of moles, Cp and Cy
are molar specific heats of gas)

() W=w(T,-T,)Cp (b) W=w(T; - T,)Cy

() W=w(T +T))Cp (d) W=u(T;+T5)Cy



9.

10.

11.

12.

Consider a sample of oxygen at 300 K. Find the
average time taken by a molecule to travel a distance
equal to the diameter of the earth. (Take molar mass
of 0,=32¢g)
(a) 5h (b) 10h  (c) 24h (d) 8h
An ideal gas undergoes the process V.
1 - 2 as shown in figure. The heat
supplied and work done in the
process are AQ and AW respectively.
The ratio AQ: AW is
(@) y/(y-1) () v
(0 y-1 (d) (y- iy
A cylinder of radius R made of a material of thermal
conductivity k; is surrounded by a cylindrical shell
of inner radius R and outer radius 2R made of a
material of thermal conductivity k,. The two ends
of the combined system are maintained at different
temperatures. There is no loss of heat from the
cylindrical surface and the system is in steady state.
The effective thermal conductivity of the system is
kk,

b)

k, +k,

1
(d) Z(3kl +k,)

(@) ki +k;

1
(©) Z(kl +3k,)

An ideal gas is found to obey an additional law
P*V = constant. The gas is initially at temperature
T and volume V. When it expands to a volume 2V,
the temperature becomes

T (b) N2T (¢) 2T

Assertion & Reason Type

(d) 242T

Directions : In the following questions, a statement of
assertion is followed by a statement of reason. Mark the
correct choice as :

13.

14.

(a) Ifboth assertion and reason are true and reason
is the correct explanation of assertion.

(b) Ifboth assertion and reason are true but reason
is not the correct explanation of assertion.

(c) If assertion is true but reason is false.

(d) If both assertion and reason are false.

Assertion : Total kinetic energy or internal energy
or total energy does not determine the direction of
flow of heat.

Reason : Systems are in thermal equilibrium, when
their temperature are same or average kinetic
energy per molecule is same.

Assertion : The specific heat of a gas in an adiabatic
process is zero and in an isothermal process is
infinite.

15.

Reason : Specific heat of gas is directly proportional
to change of heat in system and inversely
proportional to change in temperature.

Assertion : The root mean square and most
probable speeds of the molecules in a gas are the
same.

Reason : The Maxwell distribution curve for the
speed of the molecules in a gas is symmetrical.

JEE MAIN / JEE ADVANCED

16.

17.

18.

19.

Only One Option Correct Type

A sphere of density p, specific heat s and radius r
is hung by a thermally insulating thread in an
enclosure which is kept at a lower temperature than
the sphere. The temperature of the sphere starts to
drop at a rate which depends upon the temperature
difference between the sphere and the enclosure. If
the temperature difference is AT and surrounding
temperature is T then rate of fall in temperature
will be (Given that AT << T))

46TAT 120 T2AT

(a) 207 (b) fibtil Vil
T’pS TpS
126 TIAT 126AT
() —20— (d) 3
rps rpsTO

One gram mole of oxygen at 27°C and 1 atmospheric
pressure is enclosed in a vessel. Assuming the
molecules to be moving with v, ., find the number
of collisions per second which the molecules make
within one square metre area of the vessel wall.

(a) 1.95x 10* (b) 3.95 x 10**
(c) 1.95x 10¥ (d) 3.95 x 10*

A 5 g piece of ice at —20°C is put into 10 g of water
at 30°C. Assuming that heat is exchanged only
between the ice and water, find the amount of ice
melted.

(a) 3.125g (b) 5.000¢g (c) 4.950g (d) 2.500g
Consider the cyclic process
ABCA, shown in figure is 79
performed on a sample of ;) ¢
2.0 mole of an ideal gas.

A total of 1200 J of heat is 300K
withdrawn from the sample
in the process. The work done 0
by the gas during the part BC

is

(a) 25207
(c) -45207

(b) -3250]
(d) -5520]

33)
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20.

21.

22.

34

More than One Options Correct Type

An ideal gas is taken from the
state A (pressure P, volume V) to
the state B (pressure P/2, volume
2V) along a straight line path
in the P-V diagram. Select the
correct statement(s) from the
following statements.

v 2V V0

(a) The work done by the gas in process AB is
greater than the work that would be done if
the system were taken from A to B along the
isotherm.

(b) In the T-V diagram, the path AB becomes a
part of parabola.

(c) In the P-T diagram, the path AB becomes a
part of hyperbola.

(d) In going from A to B, the temperature T of the
gas first increases to a maximum value and then
decreases.

ABCDEFGH is a hollow cube B G
made of an insulator (see figure). N H

Face EFGH has positive charge
on it. Inside the cube, we have C F
ionised hydrogen.

D E
The usual kinetic theory expression for pressure

(a) will be valid.

(b) will notbevalid, since the ions would experience
forces other than forces due to collisions with
the walls.

(c) will not be valid, since collisions with walls
would not be elastic.

(d) will not be valid because isotropy is lost.

Two bodies A and B have thermal emissivities of
0.01 and 0.81 respectively. The outer surface areas
of the two bodies are the same. The two bodies emit
total radiant power at the same rate. The wavelength
Ap corresponding to maximum spectral radiancy in
the radiation from B shifted from the wavelength
corresponding to maximum spectral radiancy in
the radiation from A, by 1.00 pm. If the temperature
of A is 5802 K, then

(a) the temperature of B is 1934 K

(b) Ag=1.5um

(c) the temperature of B is 11604 K

(d) the temperature of B is 2901 K.
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23.

24.

25.

26.

In the figure a container is shown to have
a movable (without friction)piston on top.
The container and the piston are all made
of perfectly insulating material allowing no
heat transfer between outside and inside the
container. The container is divided into two
compartments by a rigid partition made of

Let v,v,

speed, root mean square speed and most probable

and v, respectively denote the mean

speed of the molecules in an ideal monatomic gas at
absolute temperature T. The mass of a molecule is
m. Then

(a) nomolecule can have a speed greater than V2 Vims

(b) no molecule can have a speed less than v,/ V2
(C) vp <v “Vims

(d) the average kinetic energy of a molecule is

3.5
7mvp.

Integer Answer Type

A calorimeter of negligible heat capacity contains
100 cm® of water at 40°C. The water cools to 35°C
in 5 minutes. The water is now replaced by kerosene
oil of equal volume at 40°C. Find the time taken
(in minutes) for the temperature to become 35°C
under similar conditions. Specific heat capacities
of water and kerosene oil are 4200 ] kg™' K™! and
2100 J kg™! K™ respectively. Density of kerosene oil
= 800 kg m™>.(Assume that the rate of heat radiation
is same for both the liquids)

A diatomic gas (y = 1.4) does 200 J of work when it
is expanded isobarically. The heat given to the gas
in the process is 100 # J. Find n.

The temperature of water at the surface of a deep lake
is 2°C. Find the temperature (in °C) expected at the
bottom.

Comprehension Type

A

a thermally conducting material that allows

slow transfer of heat. The lower compartment of the

container is filled with 2 moles of an ideal monatomic

gas at 700 K and the upper compartment is filled with

2 moles of an ideal diatomic gas at 400 K. The heat

capacities per mole of an ideal monatomic gas are



Cy= ER’ Cp= gR and those for an ideal diatomic gas
5 7
are C, =—R, C, =—R.
Vo2 P

27. Consider the partition to be rigidly fixed so that it
does not move. When equilibrium is achieved, the 3¢
final temperature of the gases will be
(a) 550 K (b) 525K
(c) 513K (d) 490K

28. Now consider the partition to be free to move
without friction so that the pressure of gases in both
compartments is the same. Then total work done by

the gases till the time they achieve equilibrium will
be

(a) 250 R (b) 200 R
(c) 100R (d) -100R
Matrix Match Type

29. In given figure all the rods are of identical shape
and size. Heat current passing through section
AB is 250 units. Match entries in column I with

column II.
C D
K
2K 2K
Al K ] K/2; [ K |F
300°C B T E 0°C
G
Column I Column II
(A) Temperature of point G (P) 150
(in °C)
(B) Temperature of point C (Q) 125
(in °C)
(C) Heat current in CD (R) 175
(D) Temperature of point D (S) 100
(in °C)
(T) 200

A B C D
(a) R T Q P
(b) P R Q S
(o) P R Q Q
(d) Q P R S

. One mole of a monatomic ideal gas is taken through

the cycle shown in figure.

A — B: adiabatic expansion

B — C: cooling at constant volume
C — D : adiabatic compression

D — A : heating at constant volume.

PA
A

<V a

The pressure and temperature at A and B are
denoted by P,, T, and Pg, Ty respectively. Given
that T, = 1000 K, Py = (2/3)P, and P = (1/3)P,.
Match entries in column I with column II.

Column I Column II

(A) Work done by gas in (P) -5298
process AB (in ])

(B) Heat lost by gas in (Q) 500
process BC (in])

(C) Temperatureat D (inK) (R) 1870
(D) Temperatureat B(inK) (S) 850

A B C D
(a) P Q R S
(b) R P Q S
(c) P R Q S
(d R P S Q

-1
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CLASS XI

Snapshot of Rolling Motion
For rigid bodies : solid cylinder, hollow cylinder,
solid sphere and hollow sphere,
o Order of acceleration

Asolid > %solid = Hhollow
sphere cylinder  sphere

e Order of required friction force for pure rolling

Fnottow > Jhottow > Jootia. > Soolia
cylinder sphere cylinder sphere

e Order of required minimum friction coefficient
for purerolling

Rhollow > Mnoliow = Msolid
cylinder sphere cylinder

> Apollow
cylinder

> Mgolid
sphere

r N
o A force Fis applied at a distance x above

MOTION OF A RIGID BODY

GEOMETRICAL OPTICS

r

e For a system of particles

. M + Myt + ...

- Position, 7y =—1l 22 -
my +my +.....

- Velocity, ¥y, =

1N

‘o During such motion, all the particles\
have same displacement (s), velocity
(v) and acceleration (a) during any
interval and at any instant.

{}

)

r h)

Angular displacement, 6 = 3
-

e Angular velocity, ® = %

do
Angular acceleration, oL = o

Equations of rotational motion
- 0=+ ot

r h)
Velocity of the Image of a Moving Object Sign-Convention

Combination of Prism

¢ Dispersion without deviation |

4 . . Incident e Deviati . h . o
Object is approaching the focus light B eviation wit ; out_dls;)):;rsmn
i infini ’ sl |2 0=0) 4’ = v _Hp)2
of a concave mirror from infinite £ g ( e,
with speed v, = v " HR
d o = _ r_ ’
Vv _ A f? du negative i positive 3 S =(-DA+( -DA
image dt (Ll _ f)Z dt l%
2 g0
= =t Vobj ) 3 &
N\ A

) Through Spherical e )
< - e Mirror formula, 1.1 1
u v f
¢ Magnification, m=-v/u
- Longitudinal magnification :

Newton’s Formula

SRS

Mirrors

AN

If object distance (x;)
and image distance (x,)
are measured from focus,

1
- = — o2 2
the centre of a rigid body of _>¢ PURE ISR zw ! f2=xx, ! REFLECTION mL=—Z—V=[K} =m?
dius R, Mand t of inerti - mP=mP ST
rcaMlzi vt = TRANSLATIONAL L W= = g + 200 ) OF LIGHT - Superficial magnification:
about an axis passing through : :
The bouncing back of a area ofimage
the centre of mass MOTION A li . By S e =
f . ! ight ray to other side of A area of object )
_ _F(R+x) ja F(x—RC) | f mustbe Kinematics of normal in a same NS
MR(C+1)™"  R(C+1) | <Hgmg Rotational Motion '
< / According to the law of
ft q : ) reflection, Zi = Zr
When a force acts on a body * i;,:iz,sl)izlztc?rfcilele\/vi(;‘iz
r . Al P R
e For a body rolling I RIGID BODY URE - centre lies on the axis of A GEGMETRICAL
without slipping, ROTATIONAL rotation and every point  Deviation produced by U
velocity of centre of PURE MOTION MOTION moves through same the combination of GPT":S
m =R < ROLLING angle. two plane mirrors & Through Plane e
ass, Yoy = Rw A 12 > W Deals with light
Kinetic energy, MOTION ] 7y A\ ‘ 86=360-2(c+ PB) propagation in the
Rotational Analogue Dynamics of 5=360-260 | form of rays
K = Kirans. + Krot, . . -
[ of Mass Rotational Motion E N ¢ \
_1 .2 1+C) On an For two plane mirrors Minimum length (L,) of a
= — CM . . . 3
| 2 Inclined Moment of Inertia YO Angular Momentum Y inclined at. an angle 6, t'he mirror to se.e comp!ete Image of
. Plane COMBINED z I 1o about A point number of images of a point ~ ® A person in the mirror :
e Arigid body of radius R,] % TRANSLATIONAL o Forarigidbody, I =Y m’ i L o P 0 object formed are L,,=1/2 x (height of person) Through Spherical
mass M and moment of AND ROTATIONAL i=1 =T e n=360/0-1[1f360/0iseven]  ® A wall behind a person in the Lenses
inertia, I = CMR? is, e Perpendicularaxes theorzem 3 e Of a rigid body rotating about a (® n=360/0  [1f360/0isodd] mirror L, = 1/3 x (height of wall) | i
released at rest. ‘i@ MOTION L=L+ I), ,"yx fixedaxis L = m, (7, x¥,); L = Io
ing[ C (= kR i R .. % g i i
e gls:r; 0 co;stant Vzrlise? for“% (Objectisinx-yplane) - i < i T ) Gellllefifl l‘flatl(;n for
different bodies V e Parallel axes theorem: @@ P - N, \ . Sp. :rlca s:r aces )
2 ' = dL i i de _Md i
‘ o S Ifall points in the bo dy\ Lig=1Icy+Md : e From Newton's 2nd law %, = - e Ifhalf por.tlon of lens is covere.d by black paper e;lser = fzfer = e“S”R Iazc
- . A ) . ) then only intensity of image will be reduced. ,
of a rigid body in rotates about an axis of = . Torquegabout the axis of rotation Lens maker’s formula
combined motion rotation and the axis of T=7FxF; 1=rFsin0=1Ia ( p—. 8 i 11
o il rotation moves with » Work done by torque, W = 140 ¢ Ifalens is made of number of layers -y 8 7o G 1)|:R - R}
] L=Loy + M7, x¥) , . respecttotheground. 5 " e Power, P = T of different R.I. fora given A b 2 C 8 2 )
N 7 h & number of images = number of R.I. il S Y
y . _ \ \ r VL by 8 Thin Spherical Lens
o The speed of a point on the circumference at ] ] - Conservation of Angular Momentum ( \ =2 ’ 1 1 1
any instant tis 2ro sin (wt/2) « = Yeloc1ty .Of any pqmt f’f the rigid body o7 A il ol e Iflens is cut into two equal parts by a vertical “» Thin lens formula : Y ?
¢ x and y coordinates of the bottommost point i c_ombm—ed motion is the vector sum v T ST plane, focal length of each part T )
atany timef, (x, y) = (vt - rsin ¢, r - r cos 0t) ) ] of vand 7 x ®. , . L=Io= constant ) | f'=2xfocallength of originallens (f) J | gepiication : m o @ hy |

(8=0) Alz_(uil)A
p—1
enet :(“V _HR)A+(“V _HR)A’ )

{}

'Angular dispersion, 0 = (Uy, - Up)A |

9 . My — 1
Dispersive power, ® = ﬁ
g

{}
r ]
Relationbetween piands,,

. A+3,  [where
S 2 Sm =angle of minimum
n= A deviation
sin— A =angle of prism
2

ord,, = (- 1)A (Prism of small angle))
L

{} angular A
dispersion
0 v
o\ Sy
Through > V&\@\:ﬁ‘ "
. A
Prism > Y
\4
B C
REFRACTION
OF LIGHT

Snell’s law : When light

travels from medium a to
M, sini

medium b, “p, = -
p, sinr

. . Cc
Refractive index, 1 = M

Y4

Through Different Medium

4

r

L

Apparent Depth (dap) and Normal Shift (x) ]

e Object in denser medium is observed

d 1
=2 x=d |1-—
U 0

¢ Object in rarer medium is observed

fromrarer: d,,

d
fromdenser: —¢ = i(< 1); x=[p-1]d
d n ac

ap
t
e Lateral shift:d =
Cosr

sin(i —r)
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Maximize your chance of success, and high rank in NEET, JEE (Main and Advanced) by reading this column.
This specially designed column is updated year after year by a panel of highly qualified teaching experts well-tuned
to the requirements of these Entrance Tests.

Unit SEMICONDUCTOR DEVICES AND
1 COMMUNICATION SYSTEM

BAND THEORY OF SOLIDS e Primarily four types of band structure exist in solids.
Inside the crystal each electron has a unique position Empty
and no two electrons see exactly the same pattern of i band PN [ S———
surrounding charges. Because of this, each electron band Empty states band band Fermi
will have a different energy level. These different energy ~ **"*2 illod stato energy
levels with continuous energy variation form what are Valence Valence alonce
called energy bands. Metals Somiconducors | band
e Electrons occupy energy — Insulators
states in atomic orbitals . o In metals the valence band is either partially filled
e  When several atoms are  E. 2p orbital (Cu) or the valence and conduction bands overlap
brought close to each Efi 2s orbital (Mg).
other in a solid these e Insulators and semiconductors have completely
energy states split into ; > filled valence band and empty conduction band.

” L
To Interatomic spacing

a series of energy states o It is the magnitude of bandgap which separates

(molecular orbitals). metals, semiconductors and insulators in terms of
o The spacing between these states are so small that their electrical conductivity.

they overlap to form an energy band. > Energy gap between conduction band and
o The furthest band from the nucleus is filled with valence band AEy = (C.B.)in ~ (V.B.) max

valence electrons and is called the valence band. > No free electron is present in forbidden energy
e The empty band is called the conduction band. gap-

> Width of forbidden energy gap depends upon

o The energy of the highest filled state is called Fermi the nature of substance.

energy.
&Y >  As temperature increase, forbidden energy gap

e There is a certain energy gap, called forbidden decreases very slightly.

energy bandgap (AEy), between valence and

e The bandgap is relatively smaller in semiconductors
conduction bands. gap y

while it is very large in insulators.
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CLASSIFICATION OF SOLIDS ON VARIOUS PROPERTIES

Properties Conductors

Insulators Semiconductors

Electrical conductivity 10? to 10® mho m™

10" t0 107" mho m™ 10°t0 10°° mho m™!

Resistivity 10%t0 10 Qm 10" t0 10 Q m 10°t010°Q m
(negligible)
C.B.
C.B.
‘ CB. ‘ A
Band structure AE, (large) AE, (small)
VB. ¢

V.B.

Energy gap (E,) Zero or very small

Very large; for diamond it Less than 3 eV

is6eV

Current carriers Free electons

Electrons and holes

VB. and CB. are
completely filled or C.B. is
somewhat empty

Condition of V.B. and C.B.
at ordinary temperature

V.B. - completely filled
C.B. - completely unfilled

V.B. - somewhat empty
C.B. - somewhat filled

Temperature co-efficient Positive Zero Negative
of resistance (ideally)

Effect of temperature on Decreases Remains unchanged Increases
conductivity

Electron density 10% m™ — Ge~10"m™

Si~10"°%m™

Examples Cu, Ag, Au, Na, Pt, Hg,

etc.

Wood, plastic, mica, Ge, Si, GaAs, etc.

diamond, glass, etc.

Classification
of Semiconductor
Intrinsic Extrinsic
Semiconductor Semiconductor

On the basis
of doping

p-type Semiconductor
(Trivalent dopant)

n-type Semiconductor
(Pentavalent dopant)

Intrinsic Semiconductor
called
semiconductor. It has thermally generated current

e A pure semiconductor is intrinsic

carriers.

o They have four electrons in the outermost orbit of
atom and atoms are held together by covalent bonds.

e Electrons and holes both are charge carriers and
n, (in C.B.) = n;, (in V.B.)

Extrinsic Semiconductor

e An impure semiconductor is called extrinsic
semiconductor.

e  When pure semiconductor material is doped with
small amounts of certain specific impurities with
valency different from that of the parent material,
the number of mobile electrons/holes drastically
changes. The process of addition of impurity is
called doping.

e In extrinsic semiconductors n, # 1.

e Electrical conductivity of extrinsic semiconductor
is given by 6 = 1/p = e(n,U, + 1y, W)

Where p is resistivity, i, and W, are mobility of
electrons and holes respectively.

39)

PHYSICS FOR YOU | JANUARY '18



n-type semiconductor : Extrinsic semiconductor
doped with pentavalent impurity like As, Sb, Bi, etc.
in which negatively charged electrons work as charge
carriers, is called n-type semiconductor. Every
pentavalent impurity atom donate one electron in
the crystal, therefore it is called a donor atom.

p-type semiconductor : Extrinsic semiconductor
doped with trivalent impurity like Al, B, etc. in
which positively charged holes work as charge
carriers, is called p-type semiconductor. Every
trivalent impurity atom has a tendency to accept
one electron, therefore it is called an acceptor atom.

VARIOUS SEMICONDUCTOR DEVICES

p-n Junction Diode

40

When donor impurities are introduced into one
side and acceptors into the other side of a single
crystal of an intrinsic semiconductor, a p-# junction
is formed. It is also known as junction diode. It is
symbolically represented by

o pl I” o)

The most important characteristic of a p-» junction
is its ability to conduct current in one direction
only. In the other (reverse) direction, it offers very
high resistance.

The current in the junction diode is given by

1=1, (eeV/nkT -1

where k = Boltzmann constant, [, = reverse
saturation current,

1 for Ge

n = constant = )
{2 for Si

> In forward biasing, V'is positive and low,

VKT 1, then forward current,

If — IO (eeV/nkT)

> Inreverse biasing, V is negative and high

¢V/"kT < < 1, then reverse current,

L=-1,
Depletion region : When a hole diffuses from
p — n due to concentration gradient, it leaves
behind an ionised acceptor which is immobile. As
the process continues, a layer of negative charge on
the p-side of the junction is developed. Similarly
electron diffusion creates a layer of positive
charge on n-side. This region containing the
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uncompensated acceptor and donor ions is known
as depletion region.
Biasing of p-n junction

» Unbiased
Vi(x) > Idf
p n — Iy
x Inet=0
» Forward-biased
—'Idf
—I
X ——Inet

—  Effective barrier potential decreases.

— Depletion width decreases.

— Low resistance offered at junction.

— High current flows through the circuit.
> Reverse-biased

—  Effective barrier potential increases.

— Depletion width increases.

— High resistance offered at junction.

—  Low current flows through the circuit.
I-V characteristic of a p-n junction : The I-V
characteristics of a p-n junction do not obey Ohm’s
law. The I-V characteristics of a p-n junction are as
shown in the figure.

Ig(mA)
100

80

60

40

Reverse voltage «— 20
-100 -80 -60 -40 -20 ¢

VR (V) !

Knee voltage

0.2 0.4 0.6 0.8 1.0 Vg(V)
-1 —5 Forward voltage

Breakdown )
voltage
=5
R(UA)

Applications of p-n junction diode as rectifier

Rectifier is a device which is used for converting
alternating current into direct current. There are
two types of rectifiers.
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e  Half wave rectifier
» Peak current,

I — Smax
max =+ Rp)

> Output dc current,

C

I
I — max
dc P
P
> Efficiency = -9 = 40.6%
ac

> Output frequency = Input frequency

l avan AR

Special Types of Diode

Full wave rectifier

> Peak current,
Smax ”

JE— - .
M (rp+Rp)
> Output dc current,

A\
1. = 2lmax Kmvanvyi
d

¢ T
P
> Efficiency = %€ = 81.2%

ac

> Output frequency = 2 x Input frequency

Types of diode

Circuit Diagram and I-V characteristics

Working

Zener diode : It is heavily
doped p-n junction and
operated in reverse bias
which is used as voltage
regulator.

Vi=(L+I)R+V,

R Regulated
voltage (V)

Unregulated
voltage (V)

I(mA) e Any increase (decrease) in

' the input voltage results

Reveizse bias Lorward bias in increase (decrease) of

V(V) voltage drop across R

‘ { without any change in
I(<A)

voltage across the zener diode.

Photodiode : It is fabri- -
cated with a transparent "//
window to allow light to o
fall on the diode to detect Lt
the light signals.

p-sidet n-side
'

It is operated under reverse
bias.

e If hv > E, electron hole
pairs are generated in near
depletion region so reverse

Ir(nA) current Iy increases.

LED : It is a heavily doped
p-n junction which emits
spontaneous radiation
under forward bias.

Metallised
contact

e It converts electrical energy

Solar cell : It is basically a L R
p-n  junction which \\\
generates emf when solar oy hDI
radiation falls on the p-n ’Delp letion
i layer !

junction. It converts solar b
energy into electrical energy. :

g’ Red g E into light energy.
= Gl 9 e The semiconductor used for
= fabrication of visible LEDs
§ must have minimum band

© gap of 1.8 eV.
Voltage across LED (V)

kVo (@i e It works on the same
voltage) principle (photovoltaic
effect) as the photodiode,
— v except that no external bias

is applied and the junction
Short circuit

~__— area is kept large.

current

Illustration 1 : An alternating voltage of 350 V, 60 Hz is

applied on a full wave rectifier. The internal resistance

of each diode is 200 Q. If Ry = 5 k2, then find
(i) the peak value of output current.

(ii) the value of output direct current.

(iii) the output dc power.

(iv) the rms value of output current.

@
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Vins XV2  350x32

Soln.: (i) I,,., = = =0.095 A
(0 T (R, +7r)  (5000+200)
21 2%0.095
{i) Iy = —max — =0.061 A
( ) dc 314
(iii) Py = B X Ry = (0.061)% x (5000) = 18.6 W
I .
(iv) = -2 — 009 _ 5067 A

2 1.41




Transistors

The name of this electronic device is derived from
it's fundamental action i.e., transfer of resistor.
Transistor is basically silicon or germanium crystal
containing three main regions :

> Emitter (E) : It provides majority charge

Transistor in general is known as bipolar junction
transistor.

Transistor is a current operated device.
There are two types of transistor.

Transistor
(Transfer (l)f resistor)

carriers by which current flows in the transistor. v
Therefore the emitter semiconductor is heavily n|oon P p
Eo— o C Eo— o C
doped.
> Base (B) : The base region is lightly doped ! L
. B B
and thin.
. i 1] i 1]
> Collector (C) : The collector region is larger than Emjtter Coflector Emitter Coflector
. . E) © (E) ©)
the other two regions and is moderately doped.
A transistor has two junctions and thus have two
depletion regions. Base (B) Base (B)
Configuration of transistor :
Basic Tr:;msistorI Configuration
v v
Common Emitter (CE) Common Base (CB) Common Collector (CC)
I IC IE IC E IE

O/P

Action of n-p-n transistor :
The forward bias of the
emitter-base circuit repels
the electrons of emitter g
towards the base, setting up 4

emitter current Ip. As the
Vs

base is very thin and lightly
doped, a very few electrons (= 5%) from the emitter
combine with the holes of base, giving rise to base
current Iz and remaining electrons (= 95%) are
pulled by collector which is at high positive
potential. The electrons are finally collected by the
positive terminal of battery Vp, giving rise to
collector current I . Ip=Ip + I

For a common-emitter p-n-p transistor

> Input characteristics :
Dynamic input resistance

R = (Avﬁ)
Al Vi

> Output characteristics :

Dynamic output resistance
AV,

Alg ),

There are four possible ways of biasing the two p-n

junctions of a transistor.
> Active mode : Also known as linear mode

T, =0 LA

ut off region’

B

operation.

» Saturation mode : Maximum collector current
flows and transistor acts as a closed switch from
collector to emitter terminals.

> Cut-off mode : Denotes operation like an open
switch where only leakage current flows.

» Inverse mode : The emitter and collector are
interchanged.

43)
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Applications of transistor :

Transistor as a switch

Transistor as an amplifier

Transistor as an oscillator

saturation region.
e Vpg=IgRp+ Vg
Veg = Vee - IcRe

Hence I =0
Vee=Vee
(open circuit (switch))

1

(switch).

e Operated in cut off region or

e WhenV,=00r<0.7V,Iz=0

e When V; > 0.7 V, then this
is similar to a closed circuit

Net collector voltage,
Vee=Vee-IcRe

Input and output signals are
180° out of phase.

ac current amplification factor

Al
BQC = <
Al
dc current amplification factor
I B I
p de = < 0= =

' 4B Ip
Voltage gain,
AV, R
Av = > = _Bac -~
AV. Rp

1

An oscillator produces a

continuing, repeated waveform

without input other than

perhaps a trigger.

The essentials of a transistor as

an oscillator are

> Tank circuit : It is a parallel
combination of L and C.
This network resonates at

f o = 1 1
AfTequency Uy ==yl =:

> Amplifier : The amplifier
increases the strength of
oscillations.

Illustration 2 : The current gain of a transistor in

common emitter configuration is 70. If emitter current

is 8.8 mA, then find
(i) base current.

I
Soln.: Current gain, = I_C p=Ig+ 1,

B
(1) IC = BIB or IC = 7OIB

(ii) collector current.
(iii) the current gain in common base configuration.

SinCCIE:IB+IC or IE:IB+7OIB

1 8.8
or Ip=71 . Iz=-L =22 =0.124mA
.. 71
(ii) Collector current = I~
Ic=70Iz or I-=70x0.124=8.68 mA

(iii) Current gain in common base configuration

B

o=
1+

DIGITAL ELECTRONICS AND LOGIC GATES

70
o=

— =0.986
71

Digital electronic circuit uses discrete signals. A digital circuit operates in a binary manner only in two states
designated as 0 (off) and 1(on) using different logic gates.

Various Types of Logic Gate

T

NOT Gate

It just inverts the input signal.

Y=4

AND Gate
Output is high only when both inputs are high
A B Y
0 0 0
Y=AB 0 1 0
B 1 00
1 1 1
OR Gate
Output is high if any of input or all are high.
A B Y
0 0 0
Y=A+B 0 1 1
B 10 1
1 1 1

NAND Gate
An AND Gate followed by a NOT Gate.
A B Y|
A — 0 0 1
Y=AB 0 1 1
B 1 0 1
1 1 0
NOR Gate
An OR Gate followed by a NOT Gate.
A B Y
0 0 1
A —
y=A+B |0 1 0
B 1 0 0
1 1 0
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Ilustration 3 : What must be the input to get an output
Y =1 from the circuit shown in figure?

el g B

Soln.: It is a combination of OR and

Al B C
AND gate. There can be three schemes | 1 | 0 | 1
for getting output = 1. 011
111711
BASIC COMMUNICATION SYSTEM
A basic communication system consists of an

information source, a transmitter, a link and a receiver.

Link
. Source 9f Transmitter [ Receiver O}l (i
information (Channel) signal
Transmitter

In radio transmission, the transmitter consists of a

transducer, modulator, amplifier and transmitting antenna.

o Transducer : Converts sound signals into electric
signal.

e Modulator : Mixing of audio electric signal with
high frequency radio wave.

e Amplifier : Boosting the power of modulated signal.

e Antenna : Signal is radiated in the space with the
aid of an antenna.

Transducer Modulator Amplifier

Transmitter
Communication Channel
The function of communication channel is to carry
the modulated signal from transmitter to receiver. The
communication channel is also called transmission
medium or link.
Receiver
The receiver consists of antenna, demodulator, amplifier
and transducer.
e Pickup antenna : To pick the signal
¢ Demodulator : To separate out the audio signal
from the modulated signal
o Amplifier : To boost up the weak audio signal
e Transducer : Converts electrical signal into audio
signal.

__________________________________________________________________

Demodulator Amplifier Transducer

__________________________________________________________________

Receiver

MODULATION

e The process of superposition of a low frequency
(LF) signal over the high frequency (HF) signal is
known as modulation.

Need for Modulation
o Digital and analog signals to be transmitted are
usually of low frequency and hence cannot be
transmitted to long distances.
> Height of antenna : For efficient radiation
and reception, the height of transmitting and
receiving antennas should be comparable to a
quarter of wavelength of the frequency used.

Amplitude Modulation (AM)

o The process of changing the amplitude of a carrier
wave in accordance with the amplitude of the
audio frequency (AF) signal is known as amplitude
modulation (AM).

e Modulation index : The ratio of amplitude of
modulated wave to the amplitude of carrier
wave is called the modulation factor or degree of
modulation or modulation index (m).

_ Change in amplitude of modulated wave E,

m

Amplitude of carrier wave E,

e Voltage equation for AM wave : Suppose voltage
equations for carrier wave and modulating wave are
c(t) = E.sin 0.t and m(t) = E,,, sin 0,,t
¢,(t) = Esin 0.t = (E, + E,, sin ®,,t) sin o

. mE,
=E_ sin ot + 5 cos(m, — m,,)t

(4

cos(w, + m,,)t

The above AM wave indicated that the AM wave is
equivalent to summation of three sinusoidal wave,
one having amplitude E, and the other two having

EC

amplitude

DEMODULATION

e The process of extracting the audio signal from
the modulated wave is known as demodulation or
detection.

Simple Demodulator Circuit

e A diode can be used to detect or demodulate an
amplitude modulated (AM) wave. A diode basically
acts as a rectifier i.e., it reduces the modulated
carrier wave into positive envelop only.

45)
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e In the actual circuit the value of RC is chosen such

N
|l
1 . J—C
that — << RC ; where v, = frequency of carrier
DC R =1000Q 1x10-12F
signal.
AM :

P
* 2 Input ©
L= =4
AM (= =4 L
——>SE CT R3 Output Soln.: Using << RC
Wave input § £ ] Vo Vcarrier
vi N\ 12 9
o — We get time constant, RC= 1000 x 10" “s=10"s
Q ¢ 1
g Nowv=—=——=10"Hz
10~

Illustration 4 : In the given detector circuit, determine  Thus the value of carrier frequency should be much less
the suitable value of carrier frequency. than 10° Hz, say 100 kHz.

Ground Wave Propagation

e In ground wave propagation, radio waves travel along the surface of the earth (following the
curvature of earth).

o These waves induce currents in the ground as they propagate due to which some energy is lost.

o The decrease in the value of energy (i.e., attenuation) increases with the increase in the frequency
of radio wave.

Sky Wave Propagation

o These are the waves which are reflected back to the earth by ionosphere. Ionosphere is a layer
of atmosphere having charged particles, ions and electrons and extended above 80 km - 300 km
from the earth’s surface.

o Critical frequency (v,) : It is defined as the highest frequency of radio wave, which gets reflected
to earth by the ionosphere after having been sent straight to it. If maximum electron density of

=
=
-
<t
=
=
>
=
=
(=]
(]
w
g
o
(7]

the ionosphere is N,,,,, m >, then v, = 9(Nypa) % Above v, a wave will penetrate the ionosphere
and will not be reflected by it.

Space Wave Propagation

o The space waves are the radio waves of very high frequency (30 MHz to 300 MHz) ultra-high
frequency (300 MHz to 3000 MHz) and microwave (more than 3000 MHz). At such high
frequencies, the sky wave as well as ground wave both fails.

o The space wave propagation is also called as line of sight propagation. The line of sight distance
is the distance between transmitting antenna and receiving antenna at which they can see each

other. Maximum line of sight distance, d,; =/2hpR +/2hgR

e Space wave propagation can be utilised for transmitting high frequency TV and FM signals.

Ilustration 5 : The electron density of E, F,, F, layers  Soln.: v, o< (Nmax)” 2
of ionosphere is 2 x 10', 5 x 10'! and 8 x 10" m™
respectively. What is the ratio of critical frequency for
reflection of radio waves? =2x 1011)1/2 1 (5% 1011)1/2 1 (8% 1011)1/2 =2:410:4

= (V)g: (Uc)Fl : (UC)FZ
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SPEE D§ERACTICE

In the given circuit the current Dy
through the battery is
(Assume all diodes are ideal)
(a) 0.5A

(b) 1A

(c) 1.5A

(d2A

If V, = 20sin10°7t and V,,, = 10sin400mt are carrier
and modulating signals, the modulation index is
(a) 56% (b) 30%

(c) 50% (d) 48%

A light emitting diode (LED) has a voltage drop of
2 V across it and a current of 10 mA passes when
it operates with a 6 V battery through a limiting
resistor R. The value of R is

(a) 40 kQ (b) 4kQ

(c) 200Q (d) 400 Q

A diode AM detector with the output circuit
consisting of R = 1 kQ and C = 1 uF would be more
suitable for detecting a carrier signal of

(a) 0.1 kHz (b) 0.5kHz

(c) 10kHz (d) 0.75 kHz

If B, R; and r are the ac current gain, load resistance
and the input resistance of a transistor respectively
in CE configuration, the voltage and the power gains
respectively are

5Q

(b) Béamd -

(a) B&andﬁzﬁ R
r L

.
R nap(R ] @ panapf)
() B . andﬁ( . J (d) BRL andB(RL)

The ionospheric layer acts as a reflector for the
frequency range

(a) 1kHzto 10 kHz (b) 3 MHz to 30 MHz

(c) 3kHzto 30 kHz (d) 100 kHz to 1 MHz

To get an OR gate from a NAND gate, we need

(a) only two NAND gates.

(b) two NOT gates obtained from NAND gates and
one NAND gate.

(c) four NAND gates and two AND gates obtained
from NAND gates.

(d) None of these

10.

11.

12.

13.

14.

The peak voltage in the output of a half-wave diode
rectifier fed with a sinusoidal signal without filter
is 10 V. The dc component of the output voltage is

(a) 102V (b) 10/nV (c) 10V (d) 20/nV

In an n-p-n transistor 10® electrons enter the emitter
in 1078 5. If 15% of the electrons are lost in the base
of transistor, then the current transfer ratio and
current amplification factor respectively are

(a) 095,19 (b) 0-96, 24

(c) 0975, 39 (d) 0985, 657

A TV tower has a height of 100 m. How much
population is covered by the TV broadcast if the average
population density around the tower is 1000 km™.
(Radius of the earth = 6.37 x 10°m)

(a) 4lakh (b) 4 billion

(c) 40,000 (d) 40 lakh

A diode having potential difference 0.5 V across
its junction which does not depend on current is
connected in series with resistance of 20 Q across
a source. If 0.1 A passes through resistance, then
what is the voltage of the source?

(@ 15V (b)) 20V (c) 25V (d)5V

The electron mobility in N-type Germanium is
3900 cm” V~'s! and its conductivity is 6.24 mho cm ™.
Then impurity concentration will be
(a) 107 cm™ (b) 1082 cm™
(c) 102 cm™3 (d) 10" cm™
In a common emitter transistor amplifier the
audio signal voltage across the collector is 3 V. The
resistance of collector is 3 kQ. If current gain is
100 and the base resistance is 2 kQ, the voltage and
power gain of the amplifier is
(a) 15and 200 (b) 150 and 15000
(c) 20 and 2000 (d) 200 and 1000

[NEET 2017]

The given electrical network is equivalent to

) e
B

(a) OR gate (b) NOR gate
(c) NOT gate (d) AND gate
[NEET 2017]

D
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15.

16.

17.

18.

19.

Which one of the following represents forward bias

diode?
4V R -3V
(a) W
2V R +2V
(b) o —ww
3V R 5V
(c) > AW
oV R 2V
(d) [ >}—ww——  [NEET2017]
In amplitude modulation, sinusoidal carrier

frequency used is denoted by w, and the signal
frequency is denoted by w,,,. The bandwidth (Aw,,)
of the signal is such that Aw,, << ®. Which of
the following frequencies is not contained in the
modulated wave?

(a) o, (b) W,
() o, +w, (d) o, -,

[JEE Main Offline 2017]
In a common emitter amplifier circuit using an #n-p-n

transistor, the phase difference between the input
and the output voltages will be

(a) 45° (b) 90°
(c) 135° (d) 180°

[JEE Main Offline 2017]
A signal of frequency 20 kHz and peak voltage of

5V is used to modulate a carrier wave of frequency
1.2 MHz and peak voltage 25 V. Choose the correct
statement.
(a) Modulation index = 5, side frequency bands are
at 1400 kHz and 1000 kHz
(b) Modulation index = 0.2, side frequency bands
are at 1220 kHz and 1180 kHz
(c) Modulation index = 0.8, side frequency bands
are at 1180 kHz and 1220 kHz
(d) Modulation index = 5, side frequency bands are
at 21.2 kHz and 18.8 kHz
[JEE Main Online 2017]
The V-I characteristic of a diode is shown in the figure.
The ratio of forward to reverse bias resistance is
I (mA)4

20
15

10

: 7 8
—O—ZD 1upA

v(V)
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20.

(a) 100 (b) 10°
(c) 10 (d) 107
[JEE Main Online 2017]

A signal is to be transmitted through a wave of
wavelength A, using a linear antenna. The length
I of the antenna and effective power radiated P.g
will be given respectively as

(K is a constant of proportionality)

A 1\ %
@ Ere=x(L]" ® nrg-x(]]

A
A 1
ZP.=K|—
g’ eff (k)

[JEE Main Online 2017]

SOLUTIONS

1.

(¢):In the given circuit,
diode D; is reverse biased,
so it will not conduct. The
corresponding equivalent
circuit is as shown in the
figure.  The  equivalent
resistance of the circuit is

_(5Q+5Q)x20Q 20

4 5Q+5Q)+20Q 3

5Q

5Q

10V

The current through the battery is I = 20~ L5A
5 Q

— 10
(c) : Modulation |ndex,u=%=0.5=50%

(d): As LED is connected to a battery through a
resistance R in series, hence the current ﬂowing is
10 mA (which is the same).

The voltage drop across LED =2V

As the battery has 6 V, the potential difference

acrossR=6V-2V=4V
4V 4V
IR=4V or R=—=—3=4OOQ
I 10x10°A

1
(c) : For demodulation, o <<RC
C
where v¢ is the frequency of the carrier signal.

Here, R=1kQ, C=1uF
RC=1x10°Qx1x10°F=10"s
1 1

Ve 10x10°

or vc=10"Hz=10kHz

=0.1x10">s




10.

11.
12.

(a) : Voltage gain = current gain X resistance gain
output resistance R,
X =Bx—=

input resistance r
Power gain = voltage gain x current gain
pRLpop fL
r r
(b): The ionospheric layer acts as a reflector for
a certain range of frequencies (3 to 30 MHz).
Electromagnetic waves of frequencies higher than
30 MHz penetrate the ionosphere and escape.

(b): To obtain an OR gate from NAND gates, we
need two NOT gates obtained from NAND gates
and one NAND gate as shown in figure.

A A

— )i
B B
The Boolean expression is

Y=A-B=A+B =A+B

(b): In half-wave rectifier, Vi = Yo = 10
C
T T
(d): Emitter current,
h 108 x(1.6x107"
=188 ( ) A=1.6mA

time 1078

1.5
Base current, Iy =1.5% of I = ﬁ x1.6=0.024 mA

Collector current, Ic = I - Iz = 1.6 - 0.024

=1.576 mA
1 1.576
Current transfer ratio, o.= L """ -0985
I 1.6
I 1.576
C t amplification factor, B=-%=~———=65.7
urrent amplification factor. B I, 0024

(d): Maximum distance of communication to TV

tower, d=,/2hR

Population covered = d” x population density

22 6 -6
=7X2X100><6.37X10 X1000 %10

=44 % 0.91 x 10° = 40 x 10° = 40 lakh.
(€): VV=V+IR=05+(01%x20)=25V
(d): Given, n, = 3900 em?Vlg!
6=624mhocm ™} e=16x10"°C
Since, 6 = en, U,

o 6.24
n,=—n=

. = T =10"°cm™3
el, 1.6x10 "~ %3900

13.

14.

15.

16.
17.

18.

19.

20.

(b): Given: V; =3V, Rc = 3kQ, Ry =2kQ, B = 100
Voltage gain of the CE amplifier,

R 3
Ay =—B,.| =5 |=-100[ = |=-150
\4 Bac(RBJ (2)

Power gain, Ap = § x Ay =100 x (-150) = -15000
Negative sign represents that output voltage is in
opposite phase with the input voltage.

5 _

(b): E C Pt
A | B|C|C |Output(Y)
ojof|1]0 1
0[1]0]1 0
1001 0
1{1]0]1 0

At output, the truth table corresponds to NOR gate.
(d): A diode is said to be forward biased if p-side is
at higher potential than n-side of p-n junction.

(a)

(d)

<

(b): Modulation index, p=—"== > =0.2
V. 25

Frequency of carrier wave,

v, = 1.2 x 10° kHz = 1200 kHz

Frequency of modulate wave = 20 kHz

V; =V, -V, = 1200 - 20 = 1180 kHz

Vy =V, +V,, = 1200 + 20 = 1220 kHz

(d): Forward bias resistance,

AV 0.8-0.7 0.1
Rl = —= VNI = 3 =10
Al (20-10)x10 1010
o 10 ;
Reverse bias resistance, R, = = =10
Then, the ratio of forward to reverse bias resistance,
R 10 _
by — =10 6
R, 10

(b): For transmitting a signal, the size of antenna
should be comparable to the wavelength of the signal
(A). A linear antenna of length (/) radiates power
2 2

which is proportional to (%) ie. Py =K (%) .
N

53)
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CHAPTERWISE MCQS FOR PRACTICE

ATOMS

When an electron in hydrogen atom revolves in

stationary orbit, it

(a) does not radiate energy and its velocity changes.

(b) does not radiate energy and its velocity remains
unchanged.

(c) radiates energy but its velocity is unchanged.

(d) radiates energy with the change of velocity.

In Rutherford’s scattering experiment when a
projectile of charge z; and mass M; approaches
a target nucleus of charge z, and mass M,, the
distance of closest approach is ry. The energy of the
projectile is

(a) directly proportional to z;z,

(b) inversely proportional to z;

(c) directly proportional to mass M,

(d) directly proportional to M; x M,

If an electron in hydrogen atom jumps from an
orbit of level n = 3 to an orbit of level n = 2, the
emitted radiation has a frequency

(R = Rydberg constant, ¢ = velocity of light)

Rc 5Rc 3Rc
(@ —
25

8R
® S © :

d =5

The ionization energy of hydrogen is 13.6 eV. The
energy of the photon released when an electron
jumps from the first excited state (n = 2) to the
ground state of a hydrogen atom is

(a) 3.4 eV (b) 4.53 eV

(c) 10.2 eV (d) 13.6 eV

v, is the frequency of the series limit of Lyman
series, L, is the frequency of the first line of Lyman
series and L3 is the frequency of the series limit of
the Balmer series. Then

PHYSICS FOR YOU | JANUARY '18

10.

() vy -V =g (b) V1 =V, - 3
1 1 1 1 1
© =t (@) =t
Uy VU V3 Vp Yy Vs
In hydrogen atom, electron excites from ground
state to higher energy state and its orbital velocity

d
1 I
is reduced to (5) of its initial value. The radius of

the orbit in the ground state is R. The radius of the

orbit in that higher energy state is
(a) 2R (b) 3R (c) 27R (d) 9R

Hydrogen atom from excited state comes to the
ground state by emitting a photon of wavelength A.
If R is the Rydberg constant, the principal quantum
number 7 of the excited state is

(a) |— by =
WR—1 WR—1
(© | IR d | MR
WR—1 1

Two H-atoms in the ground state collide
inelastically. The maximum amount by which their
combined kinetic energy is reduced is

(a) 10.2 eV (b) 20.4 eV (c) 13.6 eV (d) 27.2 eV
The transition from the state n = 4ton =3 in a
hydrogen-like atom results in ultraviolet radiation.
Infrared radiation will be obtained in the transition
(@) 21 (b) 352

(c) 42 d) 54

In accordance with the Bohr’s model, find the
quantum number that characterises the earth’s
revolution around the sun in an orbit of radius
1.5 x 10" m with orbital speed 3 x 10* m s~
(Mass of earth = 6.0 x 10%* kg)



11.

12.

13.

14.

15.

16.

17.

(b) 1.26 x 107
(d) 2.57 x 1074

(a) 3.21 x 10%*
(c) 4.52 x 10°°

A hydrogen atom initially in the ground level
absorbs a photon, which excites it to the n = 4 level.
Determine the wavelength of photon when it again
fall back to ground level.

(a) 632.8 A (b) 453.2 A
(c) 970.5 A (d) 512.6 A
Taking the Bohr radius as ay = 53 pm, the radius of

Li"™ jon in its ground state, on the basis of Bohr’s
model, will be about

(a) 53 pm (b) 27 pm
(c) 18 pm (d) 13 pm
Positronium is just like a H-atom with the proton

replaced by the positively charged antiparticle of
the electron (called the positron which is as massive
as the electron). What would be the ground state
energy of positronium?

(a) -6.8 eV (b) -13.4 eV
(c) 26.8 eV (d) 4.4 eV
A diatomic molecule is made of two masses

my and m, which are separated by a distance r. If
we calculate its rotational energy by applying Bohr’s
rule of angular momentum quantization, its energy
will be given by (n is an integer)
n*n?
(@ ——— (b)
2(my +my)r

2w’ h?
(m; + mz)r2

(my + my)n*h* (my + m,)*n*i*

(c) (d)

2m1m2r2 Zmlzmgr2
The diagram shows S
the energy levels for — L] n=3

an electron in a certain
atom. Which transition
shown represents the
emission of a photon
with the highest energy?

Y
n=
I 1II I I1v

(@I (b) I (c) III (d) IV
NUCLEI
There is a stream of neutrons with a kinetic

energy of 0.0327 eV. If the half-life of neutrons is
700, what fraction of neutrons will decay before
they travel a distance of 10 m?

(a) 4.6 x 107° (b) 3.9 x 107°
(c) 9.2 x 107° (d) 7.8 x 10°°
In a nuclear fusion reaction, two nuclei, A and B fuse

toproduceanucleus C,releasinganamountofenergy
AE in the process. If the mass defects of the three

18.

19.

20.

21.

22.

23.

24.

nuclei are AM,, AMp and AM¢ respectively, then
which of the following relations holds? Here, c is the
speed of light.

(a) AMp + AMg = AMc - AE/c?

(b) AMp + AMg = AMc + AE/c

(c) AMp - AMg = AM¢ - AE/c*

(d) AMp - AMg = AM¢ + AE/c?

The energy released by the fission of one Uranium
atom is 200 MeV. The number of fissions per
second required to produce 3.2 W of power is
(Take 1 eV = 1.6 x 107))

(@) 107 (b) 10  (¢) 10  (d) 10"

The ionizing power and penetration range of
radioactive radiations increase in the order

(a) v, B, o and v, B, a respectively

(b) v, B, o and «, B, v respectively

(c) o, B,y and a, B, vy respectively

(d) o, B, yand v, B, o respectively

The activity of a sample of radioactive material is
Aj at time t; and A, at time t,(¢, > t;). If its mean
life is T, then
(a) Asty = Asty (b) Ay -Ay=t- 14
(© A, = Ale(tl—tz)/T (d) A= Ale(tl/t2)T

Two radioactive substances A and B have decay
constants 5A and A respectively. At ¢ = 0, they have
the same number of nuclei. The ratio of number of

nuclei of A to those of B will be (1/¢°) after a time
1
4 2 —
(a) 42 (b) 21 (d) m

A radioactive nucleus is being produced at a
constant rate o per second. Its decay constant is A.
If Ny are the number of nuclei at time ¢ = 0, then the
maximum number of nuclei possible are

1
(c) o

(a) N0+% (b) Np
A o
i o ¥
(c) oc+N° (d) o

The masses of two radioactive substances are
same and their half-lives are 1 year and 2 years
respectively. The ratio of their activities after 6 years
will be

(@ 1:3 (b)1:6 (d1:2

The mass of a §Li nucleus is 0.042 u less than the
sum of the masses of all its nucleons. The binding
energy per nucleon of 4Li nucleus is nearly

(a) 46 MeV (b) 5.6 MeV

(c) 3.9 MeV (d) 23 MeV

(c) 1:4

52/
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25.

26.

27.

28.

29.

30.

Using the following data : Mass of hydrogen nucleus
= 1.00783 u, mass of neutron = 1.00867 u and mass
of nitrogen atom (léN) =14.00307 u, the calculated
value of the binding energy of the nucleus of the
nitrogen atom (“%N) is close to

(a) 56 MeV (b) 98 MeV
(c) 104 MeV (d) 112 MeV
Which of the following statements is correct ?

(a) The rest mass of a stable nucleus is less than
the sum of the rest masses of its separated
nucleons.

(b) The rest mass of a stable nucleus is greater
than the sum of the rest masses of its separated
nucleons.

(¢) Innuclear fission, energy is released by fusion of
two nuclei of medium mass (approximately
100 amu)

(d) In nuclear fission, energy is released by
fragmentation of a very low nucleus.

Two protons are kept at a separation of 40 A. Fj, is
the nuclear force and F, is the electrostatic force
between them. Then
(a) F, << F,
(c) F, >> F,

(b) F,=F,
(d) F, = F,

A radioactive element has rate of disintegration
10,000 disintegrations per minute at a particular
instant. After four minutes, it becomes 2500
disintegrations per minute. The decay constant per
minute is

(a) 0.2 logg2 (b) 0.5 loge2

(c) 0.6 logg2 (d) 0.8 loge2

The half-life of radioactive nucleus is 100 years.
The time interval between 20% and 80% decay of
the parent nucleus is
(a) 100 years
(c) 300 years

(b) 200 years
(d) 400 years

Two nuclei have their mass numbers in the ratio of
1: 3. The ratio of their nuclear densities would be
@) 3)°:1 (b) 1:1

(c)1:3 (d)3:1

SOLUTIONS

1.

56/

(a) : Electrons can revolve around the nucleus in
stationary orbits only which are non-radiating.
Energy is radiated only when an electron jumps
from an outer stationary orbit to inner stationary
orbit. Velocity of electron changes while revolving
in stationary orbits but energy remains constant.

PHYSICS FOR YOU | JANUARY '18

2.

(a): Energy of the projectile is the potential energy
1 zz,

at closest approach, =
PP are, 1

Therefore energy o z;z,.

(b): When an electron jumps from higher level
ny to lower energy level n,, the frequency of the
emitted radiation is

V=Rc Lz_iz
n, m

.. Forn=3ton=2,
9—4 5R
22 3? 4 9 36 36

(c) : Energy of the electron in n'" state of hydrogen

13.6
atom is E, =——-eV

n

6
For ground state (n = 1) E; =— 2 eV
. 13.6
For first excited state (n=2) E, =— > eV
2

The energy of the photon emitted for the electron
transition fromn=2ton =11is

1

1
AE=E,—E =(-13.6 eV)(2—2—1—2)=10.2 eV

(a): For Lyman series

1
UZRC|:—2—
1

1
—2] ,wheren =2, 3, 4,.......
n
For the series limit of Lyman series, n = oo
1 1
. YV, =Rc [1—2——2]=Rc ()
For the first line of Lyman series, n = 2
1 1 3
‘. 1)2 =RC|:—2——2:|=—RC
1 2 4
For Balmer series

..(ii)

1 1

v=Rc |:2—2 - —2] ,wheren =3,4,5....
n

For the series limit of Balmer series, n = o

1 1 Rc

. 1)3 =RC|:2—2—§:|=T

From eqns. (i), (ii) and (iii), we get

V1 =V2+ V3 OF U] —Vy =03

...(iii)

. Vi
(d): As per question, Vi

4
where subscripts h and g denotes higher energy
state and ground state.
Orbital velocity of electron in the n'" orbit is

1 .
3 (1)



e
= or V,oc—
" 2gmh "on
v, 1 B
For ground state, n=1, —=— ...(ii)
Vg n
Equating eqns. (i) and (ii), we get n =3
2,2
n°h°g
Radius of n'™ orbit is 7, = 2—3 or ryecn’
5 e m
B_0_
no?
r3=9r1 =9R ("~ , = R(Given))
(a): According to Rydberg’s formula
1 1 1
—=R| ———
7 P
Here, ng=1,n;=n
1 1 1 1 1
B ] R e ) B
Multiplying eqn. (i) by A on both sides,
R
1:7»R(1—i) or n= MR
n2 AR-1

(a): In inelastic collision kinetic energy is not
conserved so some part of K.E. is lost.

Reduction in K.E. =
K.E. before collision — K.E. after collision
Now, since initial K.E. of each of two hydrogen
atoms in ground state = 13.6 eV

Total K.E. of both hydrogen atom before
collision =2 x 13.6 =27.2 eV.
If one H atom goes over to first excited state

(n; = 2) and other remains in ground state
(ny = 1) then their combined K.E. after collision is
13. 13.
=3—26+3—26 =34+13.6=17¢eV
@ O

Hence, reduction in K.E. =27.2 - 17 = 10.2 eV.
(d): In hydrogen like atoms:

1 R( 11 J

P )

A m 63
Transition of electron occurs from 7, to n;.

1
x is proportional to energy.

From n =4 to n = 3, ultraviolet radiation is obtained.
1 1 1 TR

— = R( - )— —— = 0.048R
A 32 42 144

10.

11.

12.

13.

(@) I—R(l—l)—”—o.mz
A 1?2 22 4

(b) ;=R(212_312)=§§=o.1413

© ;—R(;—L)—igom

) i=R(42 512)=49§O=0.02R

A is smaller than ultraviolet in (a), (b) and (c).

A is greater than ultraviolet in (d).

Greater the A, less the energy of radiation.

Infrared radiation has less energy and greater A as
compared to ultraviolet radiation.

Hence option (d) is correct.

(d): According to Bohr’s quantization condition of
angular momentum,

Angular momentum of the earth around the sun,

_nh 2nmvr
mvr=—; - n=

2T h

2x3.14x6.0x10** x1.5x10" x3x10*
6.6x107>4
=2.57 x 1074
(c) : Energy of an electron in the n™ orbit of H-atom,
13.6
E,=—-=2eV
n

Energy in the ground (n = 1) level, E; = -13.6 eV
Energy in the fourth (n = 4) level, E, = -0.85 eV
Energy radiated during emission

AE=E, - E,=-0.85- (-13.6) = 12.75 eV

As AE = E
A

he 6.6x107%x3x108
Wavelength, A = ne T
AE  12.75%1.6x10~
=0.9705 x 10~ m = 970.5 A

(c): Here, ag = 53 pm, n = 1 for ground state.
For Li**ion,z=3

) T n* h? agn’
Radius of n™ orbit, r = — 5=
4n°mKze z
2 2
53x(1 h
r= w B 2=53pm
3 41 mKe
=17.66 = 18 pm
(a): According to Bohr’s formula,
B = T s called reduced
= —5 5.5 ,mis called reduced mass.
" S
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14.

15.

D

In case of hydrogen, m = m, = mass of electron.
For positronium,

mexme _m,

m= =—
m,+m, 2
—me?
Since for H-atom, E; = e __—_13.6eV
se2
-13.6
So, for positronium E; = - —6.8¢eV.

() : A diatomic molecule consists of two atoms of
masses m; and m, at a distance r apart. Let r; and
1, be the distances of the atoms from the centre of

mass. il

3

2

Y

|
™=

The moment of inertia of this molecule about
an axis passing through its centre of mass and
perpendicular to a line joining the atoms is

I= mlrlz + myr;

m
Asmyry=myr, or n =2 7
m
m myr
n=—20-n);n=—>—
m my; +m,
o myr
Similarly, r, = 1
my +m,

Therefore, the moment of inertia can be written as

myr Y mr Y
I=m|—2— | +m,| ——
1 2
my +m, my +m,

mym
=12 (i)

m +1’l’12

According to Bohr’s quantisation condition

2,2
L=2" LS ..(i)
27 412
2
Rotational energy, E = By
g+ my) N
8m’I 2m1m2r2 (Using (i) and (ii))

(c) : Transition I is showing absorption photon.
From rest of three, transition III have maximum

energy as AE o< [%—%J

nm
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16.

17.

18.

19.

20.

(b):

or

Kinetic energy of neutron = 0.0327 eV
K=0.0327x 1.6 x 107 ]

I ~19
or Emv =0.0327x1.6x10

> 2%0.0327x1.6x107"°

or v

1.675x 1077
or v =0.0625x10%;v=025x10*m s
Time taken = distance _ 10
velocity  0.25 x 10*
or t=4x107"s

N _
Fraction that decays = o =(l-e M)
0

><4><1073) 6
=39x10"

(a): Binding energy of A = AMAC2

Binding energy of B = AMgc*

Binding energy of C = AM¢ &

The nuclear reaction is given by
A+B—C

Energy released ,

AE =BEof C- (BE of A + BE of B)

= AMC C2 - (AMAC2 + AMBCZ)

AE

C—ZZAMC—(AMA+AMB)
AE
Cc

(d): Energy released per fission is

E =200 MeV =200 x 10° x 1.6 x 107%]
=32x10717
Power, P=32 W

p
Number of fissions per second = I

3.2 3.2 11
el — o =10
3.2x10 3.2x10
(b)
dN At
(C) Al = (E) = 7\,N1 = }bNOC !
1
A, = (d—N) = AN, = ANje
t
2
ﬁ = e_Mz = e(tl tz)}‘
A1 e_;\'tl
A _ w-n)r (t, = )T
—= 12 or A,=Ae! 2



21.

22.

23.

24.

25.

26.
27.

(c): At t = 0, N = Ny for both the substances A
and B

=\t —A ot
N, =Nge A andNB=NOe B

=\t
Na_e™ _ Og-hr _ s (1)
Np M e
2
AS &: l
NB e
2 1
4At=2 or t=—=—
4n 2\

(d): Maximum number of nuclei will be present,
When rate of decay = rate of formation

(04
A N-a N=2
% N=y

(c¢) : Let us assume that the initial total number of
radioactive substances are the same.

Sample -1 : Half life Ty, = 1 year.

Sample - 2 : Half life Ty, = 2 years.

lyr{2yr|3yr| 4yr | 5yr | 6yr
Sample-1| N [Ny/2| No/4 | No/8| No/16 | No/32 | N,/64
Sample-2| N Nol2 Nol4 Ny/8
dNy __ No _ dN;_ 0693 Ny
dt ' 64 dt lyr 64
Ny _ 5 No _ dN, 0693 Ny
dt >3 dt 2yr 8
2x8 1
Ratio of their activities=——=—
1x64 4

(b): For ;Li nucleus,
Mass defect, AM =0.042 u

1u=9315MeV/c®

AM = 0.042 x 931.5 MeV/c? = 39.1 MeV/c?
Binding energy, E, = AMc*

MeV
=|39.1 3
c

)62 =39.1 MeV

E, 39.1MeV

Binding energy per nucleon, Ey,,, = i 7

= 5.6 MeV
(c) : Binding energy of "IN,
B.E. = (7 x 1.00783 + 7 x 1.00867 — 14.00307)uc>
B.E. = 0.11243 x 931.5 MeV = 104.7 MeV

(a)
(a): Nuclear force is much stronger than the

electrostatic force inside the nucleus i.e., at distances
of the order of fermi. At 40 A, nuclear force is

28.

29.

30.

ineffective and only electrostatic force of repulsion
is present. This is very high at this distance because
nuclear force is not acting now and the gravitational
force is very feeble. Fpydear << Felectrostatic i this case.

(b) : The number of nuclei in the radioactive element is

N = Npe M
N _ w2500 _ 1 )
N, 10000 T4

or e*=4=21=05In2=05Ilog.2

(b): Let the radioactive nucleus decay 20% in time
t; and 80% in time f,. Then in time ¢1, 80% of the
nucleus left undecayed and in time t,, 20% of the
nucleus left undecayed.

t/T;
N 1 1/2
v )

N, (2

80 1 1‘1/Tl/2 4 1 tl/Tl/z (1)
oY1 or —=|~-
100 2 5 2

20 1\2/ T 1 (1)l
— == or —=|— ...(ii)
100 2 5 2

Dividing eqn. (ii) by eqn. (i), we get

2 & t—t
or (l) = (1] e or 2—1=2
2 2 Ty,

or ty—t;=2(Tyy)=2(100 years) = 200 years
(b): Aj:Ay=1:3

Their radii will be in the ratio

R0A11/3 . R0A21/3 _ 1.3l

and

Density =
ZnR?
> A énRgAz
p Ay “Pay, = 4 L =
Yar3a A
3 0 "1
Their nuclear densities will be the same.
...................................................................... e
U NHLELD (l ANSWER KEY [
1. (c) (a) . (o) . (@ 5 (d
6. &) 7. (b) 8 () 9. (d 10. (a)
11.(c) 12. (b) 13. (b) 14. (a) 15. (d)
16.(b) 17. () 18. (@ 19. () 20. (ab,d)
21. (bd) 22. (ab) 23. (cd) 24. (2) 25. (7)
26.(4) 27. (d) 28. (d) 29. (¢) 30. (b)
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Maximum Marks : 70

Time Allowed : 3 hours

GENERAL INSTRUCTIONS N

(i) All questions are compulsory.

(ii) Q.no.1 to5 are very short answer questions and carry 1 mark each.
(iii) Q. no. 6 to 10 are short answer questions and carry 2 marks each.

(iv) Q.no. 11 to 22 are also short answer questions and carry 3 marks each.
(v) Q.no.23is a value based question and carries 4 marks.

(vi) Q.no. 24 to 26 are long answer questions and carry 5 marks each.

(vii) Use log tables if necessary, use of calculators is not allowed.

f

1.

60)

SECTION - B

A solenoid is connected to a battery so thata steady 6. An object is placed 18 cm in front of a mirror. If

current flows through it. If an iron core is inserted
into the solenoid, will the current increase or
decrease? Explain.

Two wires of equal lengths are bent in the form of
two loops. One of the loops is square shaped whereas
the other loop is circular. They are suspended in
a uniform magnetic field and the same current is
passed through them. Which loop will experience
greater torque? Give reasons.

A variable frequency a.c. source is connected to
a capacitor. How will the displacement current
change with decrease in frequency?

Can a charged body attract another uncharged
body? Explain.

An air capacitor is given a charge of 2 nuC raising
its potential to 200 V. If on inserting a dielectric
medium, its potential falls to 50 V, what is the
dielectric constant of the medium?

PHYSICS FOR YOU | JANUARY '18

the image is formed at 4 cm to the other side of
the mirror, calculate its focal length. Is the mirror
convex or concave? What is the nature of the image?
What is the radius of curvature of the mirror?

A transmitting antenna at the top of a tower has
a height of 36 m and the height of the receiving
antenna is 49 m. What is maximum distance
between them, for satisfactory communication in
the LOS mode? (Radius of earth = 6400 km)

Why is the wave nature of matter not more apparent
to our daily observations?
OR

For photoelectric effect in sodium, the figure shows
the plot of cut off voltage versus frequency of
incident radiation. Find

(i) the threshold frequency

(ii) the work function for sodium.



9.

10.

>
>

Cutoff voltage (in volt)

L 1A 111 >
3456 7 8 910

Frequency (in 10 Hz)

[

f=}

L1
1 2

A change of 8.0 mA in the emitter current brings
a change of 7.6 mA in the collector current. How
much change in the base current is required to have
the same change (= 7.6 mA) in collector current.
Find the value of ot and f.

Two wires of equal length, one of aluminium
and the other of copper have the same resistance.
Which of the two wires is lighter? Hence explain
why aluminium wire preferred for overhead power

cables. (pp;=2.63%x 10 Qm, pc,=1.72x 10° Qm,
relative density of Al = 2.7, of Cu = 8.9)

SECTION - C

11.

12.

13.

14.

15.

Write the order of frequency range and one use of
each of the following electromagnetic radiations.
(i) Microwaves (ii) Ultraviolet rays

(iif) Gamma rays

A circular coil is placed in a uniform magnetic
field of strength 0.10 T normal to the plane of
the coil. If the current in the coil is 5.0 A, find :
(i) total torque on the coil, (ii) total force on the
coil, (iii) average force on each electron in the coil
due to the magnetic field (the coil is made of copper
wire of cross-sectional area 10> m?* and the free
electron density in copper is 10°°m ™).

Define mean life of a radioactive sample. Deduce its
relation with decay constant and half-life.

Deduce an expression for the de Broglie wavelength
of an electron accelerated through a potential
difference V. Is it possible to detect matter wave
associated with electron with the help of electron
diffraction experiment?

A short bar magnet placed with its axis inclined at
30° with an external magnetic field of 800 G acting
horizontally experiences a torque of 0.016 N m.
Calculate (i) the magnetic moment of the magnet,
(ii) the work done by an external force in moving
it from most stable to most unstable position,
(iii) the work done by the force due to the
external magnetic field in the process mentioned
in (ii)?

16.

17.

18.

19.

OR

(a) If % stands for the magnetic susceptibility of a
given material, identify the class of materials
for which:

(i) -1=2y<0

(ii) 0 <y < € (€ stands for a small positive number).

(b) Write the range of relative permeability of these
materials.

(c) Draw the pattern of the magnetic field lines
when these materials are placed in an external
magnetic field.

An electric dipole with moment p is placed in a
uniform electric field of intensity E. Write the
expression for the torque T experienced by the
dipole. Identify two pairs of perpendicular vectors
in the expression. Show diagrammatically the
orientation of the dipole in the field for which the
torque is (i) maximum, (ii) half the maximum
value, (iii) zero.

Figure shows an equiconvex lens of refractive index
1.5 in contact with a liquid layer on top of a plane
mirror. A small needle with its tip on the principal
axis is moved along the axis until its inverted image
is found at the position of the needle. The distance
of needle from the lens is measured to be 45 cm.
The liquid is removed and experiment is repeated.
The new distance is measured to be 30 cm. What is
the refractive index of the liquid?

Q BLAP’ Q,

Write two basic modes of communication.
Explain the process of amplitude modulation.
Draw a schematic sketch showing how amplitude
modulated signal is obtained by superposing a
modulating signal over a sinusoidal carrier wave.

What is induced emf? Write Faraday's law
of electromagnetic induction. Express it
mathematically. A conducting rod of length /, with
one end pivoted, is rotated with a uniform angular

@
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speed ® in vertical plane, normal to uniform
magnetic field B. Deduce an expression for the emf
induced in this rod.

20. Calculate the longest and shortest wavelength in the
Balmer series of hydrogen atom. Given : Rydberg
constant = 1.0987 x 10" m* .

21. Give reasons for the following :
(i) Longitudinal waves cannot be polarised.
(ii) Two identical but independent monochromatic
sources of light cannot be coherent.
(iii) The value of the Brewster angle for a transparent
medium is different for lights of different
colours.

22. (i) A charge +Q is placed on a large spherical
conducting shell of radius R. Another small
conducting sphere of radius r carrying charge q
is introduced inside the large shell and is placed
at its centre. Find the potential difference
between two points, one lying on the sphere

and the other on the shell.

(ii) How would the charge between the two spheres
flow if they are connected by a conducting wire?

SECTION - D

23. Anuj’s mother was having a constant headache
and was diagnosed with tumor. She was avoiding
treatment because of financial constraints. When
Anuj learnt about it, he cancelled his plans to go
abroad and decided to use that money for the
treatment and care of his mother. Answer the
following questions :

(i) What, according to you are the values displayed
by Anuj?

(ii) Which type of radiation do you think could be
used for the treatment?

(iii) Why are y-rays emitted by a nucleus ?

SECTION - E

24. State Kirchhoft’s laws. Derive the condition for
obtaining balance in a wheatstone bridge.
OR
Explain the working and principle of a
potentiometer. How will you find the value of emf
of a cell using a potentiometer?

25. (i) What is wavefront? Explain different types of
wavefronts.
(ii) Derive Snell’s law of refraction using Huygens’
principle.
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OR

(i) What are coherent sources of light?

(ii) Derive a mathematical expression for the width
of interference fringes obtained in Young’s
double slit experiment with the help of a
suitable diagram.

26. Derive an expression for the phase angle of an a.c.
with an inductor L, a capacitor C and a resistor
R in series. Draw the phase diagram. Obtain an
expression for the resonant frequency of the circuit.

OR

Explain briefly, with the help of a labelled diagram,
the basic principle of the working of an a.c.
generator. In an a.c. generator, coil of N turns and
area A is rotated at v revolutions per second in a
uniform magnetic field B. Write the expression for
the emf produced.

A 100-turn coil of area 0.1 m?* rotates at half a
revolution per second. It is placed in a magnetic
field 0.01 T perpendicular to the axis of rotation of
the coil. Calculate the maximum voltage generated
in the coil.

SOLUTIONS

1. When an iron core is inserted into it, magnetic flux
increases, an induced emf is set up in the coil which
opposes current according to Lenz’s law and hence
current in solenoid decreases.

2. For a wire of given length, the circular loop has
greater area than the square loop. So the circular
loop will experience greater torque in the magnetic
field, because torque o< area of the loop.

1
3. On decreasing the frequency, reactance X = v
®

will increase and it leads to decrease in conduction
current. In this case displacement current is equal
to conduction current; hence displacement current
will decrease.

4. Yes, a charged body can attract another uncharged
body. When the charged body is placed near the
uncharged body, the induced charges of opposite
kind are produced on the uncharged body and thus
uncharged body is attracted by the charged body.

5. When dielectric is introduced, the potential
difference between the plates of capacitor decreases
by a factor K, the dielectric constant.

V200

Thus, g = =
V' 50



6. Here,u=-18 cm

y=4cm

1 1 1
As —=—+—

f v u

1 1 1 9-2 7
or —_—_———= =

f 4 18 36 36
36
f=7=5.14cm

As focal length is positive, the mirror must be
convex. The image is virtual, erect and smaller in
size.
Radius of curvature, R =2f=2 x 5.14 cm
=10.28 cm

Here hy =36 m, hy =49 m
and R = 6400 km = 6400000 = 64 x 10° m

Maximum line-of-sight (LOS) distance d,
between the two antennae is

dy, =\ 2x64%10° X 36 +/2x 64X 10° x 49

dyy = (8x6x107 x2x10)+(8x7x10° x+2x10)
=(48x102x\/%)+(56x102x\/%)
=104 %102 x~+20 =104 x10% x 2/5

=208 x+/5 x102
=208 x 2.236 x 100 = 46.51 km

According to de Broglie wave equation,

LS

mv
where the letters have their usual meanings. Since
the value of & (i.e., 6.63 x 10734 ] s) is exceedingly
small and the objects in our daily observations
have got large masses, A is almost negligible. Let us
calculate the de Broglie wavelength of a car whose
mass is 1500 kg and speed is 36 km hl(=10m s_l).

h  6.63x107*
mv  (1500)%(10)
This wavelength is so small relative to the
dimensions of the car, so, we do not expect wave
aspect in its behaviour.

OR

x107% m

From Einstein’s photoelectric equation,

(et

10.

11.

When V,=0

(i) v, =4.5x%x10"Hz

(ii) g = hv,
_6.6x107* x4.5x10"
C 16x107Y

Given, Al = 8.0 mA, Al-=7.6 mA

As Alp=Alz+ Al

or Aly=Alp- Al =8.0-7.6=04mA

eV=1.86¢eV

AL )
a=22c 76 _4os
Al 8.0
B — _AIC — 7_6 =1
Al 04

Two wires have same length and resistance. As the
areas are different,

For Cu wire, R =P, v
Cu

l

For aluminium wire, Ryj = Py ——
Apl

As resistances are equal,
l

=PaAl ——
Ap

so, Pcu
ACu

Ay pa_2.63x107° 263
Acy Pcu 1.72x107% 172

My palApy  2.7X263 _
Mg, PculAcy  8:9x172

Ratio of masses, 0.46

My < Mcy
Thus the aluminium wire of the same resistance is
lighter than copper wire and that is why aluminium
wires are preferred for overhead power cables.
(i) Microwaves : Order of frequency range 10° Hz
to 10'* Hz.
Use : Microwaves are used for radar systems in
aircraft navigation.
(ii) Ultra-violet rays :
10" Hz to 10" Hz.

Use : Ultra-violet rays are used to destroy

Order of frequency range

the bacteria and for sterilizing the surgical
instruments.

(iii) Gamma rays : Order of frequency range
10" Hz to 10 Hz.
Use : Gamma rays are used in the treatment of
cancer and tumors.
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12.

13.

64

(i) Total torque T = NIAB sin 0
As 0=0°
= 1=0

(ii) Fet = 0 as force on each
side is balanced by force on
corresponding side.

(iii) Force on each electron F, = ev B

I'= Anevy
!
Vd—A—ne
Fool po 1.6x107Y x5%0.10
¢ Ane 1070 x10% x1.6x107"

=5x 107N

Mean life : The average time for which the nuclei
of a radioactive sample exist is called mean life or
average life of that sample. It is equal to the ratio
of the combined age of all the nuclei to the total
number of nuclei present in the given sample. It is
denoted by 7.

Mean life = Sum of the lives of all the nuclei

Total number of nuclei
Relation between mean life and decay constant:
Suppose a radioactive sample contains N, nuclei
at time ¢ = 0. After time ¢, this number reduces to
N. Furthermore, suppose dN nuclei disintegrate in
time t to t + dt. As dt is small, so the life of each of
dN nuclei can be approximately taken equal to ¢.
Total life of all dN nuclei = t AN

N
Total life of all the N, nuclei _ J‘O tdN
0

Total life of all the N, nuclei

Mean life =
Ny
1 No
or T=— Jth
0 0
As N=Noe_7‘t

dN =-AN, e dt
When N =N, t =0and when N=0, t = oo,
Changing the limits of integration in terms of time,
we get

17 "y
T=— |tAN, e ™ dt
N J AN,

00
Here we have ignored the negative sign which just
tells that N decreases with the passage of time ¢.
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14.

0 0 —A
1.« o 1 1
= [ —-e"]=—=[0—1 _L
7»[ ] k[ lorz X
0.693
Also Ty, = =0.693 1

de Broglie wavelength of an electron : Consider
an electron of mass m and charge e. Let v be
the final velocity attained by the electron when
it is accelerated from rest through a potential
difference V. Then kinetic energy gained by the
electron equals the work done on the electron by
the electric field.

K.E. gained by the electron,
2

1
K=—mv* = r
2 2m
Work done on the electron = eV
2
k=L _.v
2m

or p=+2mK =+2meV

Hence, the de Broglie wavelength of the electron is

(o

p - 2meV
Now, h = 6.63 x 1077 s,
m=9.1x10""kg,
e=16x10"°C
6.63x107>*
V2x9.1x107 x 1,610V
C123x1070 123,
NN

For an accelerating potential of 120 V, we find

A=

A =0.112 nm. This wavelength is of the same order
as the spacing between the atomic planes in crystals.
This suggests that matter waves associated with
electrons could be detected by electron diffraction
experiments.
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15.

16.

@

(i) Since,T=mBsin 0
T
m=
Bsin®
0.016
or m= )
800x10 " xsin30°
or m=0.40 A m?
(i) W= - mB(cos 0, - cos 0,)
W = - mB(cos 180° - cos 0°)
=-mB(-1-1)=2mB
or W=2x0.40x800x107*= 0.064 ]
(iii) The displacement and the torque due to the
magnetic field are in opposite direction. So work done
by the force due to the external magnetic field is
Wy = - 0.064 .

[-1G=10"*T]

OR

(a) (i) For -12=% < 0, material is diamagnetic.
(ii) For 0 < i < €, material is paramagnetic.

(b) Range of relative magnetic permeability of
diamagnetic material is 0 <, < 1.

Range of relative magnetic permeability of
paramagnetic material is 1 <, < 1 + €.

(c) Pattern of magnetic field lines when
diamagnetic and paramagnetic material is
placed in an external field, is as shown in given
figures (i) and (ii) respectively.

1 Yy

,, AN

® (ii)
Expression for torque on dipole in uniform electric
field is

T=pE sin@ or T=pxE

So, two pairs of perpendicular vectors are :
(a) torque T and electric dipole moment P
(b) torque T and electric field intensity E.
(i) Torque is maximum, +q
when 0 = 90° between P and

- p
E i.e., when electric dipole is 2
perpendicular to direction of
field T, = PE »
1 . 1
(ii) T:ETmax or pEsmG:EpE

. 1
sm9=5 or 0=30°o0r150°
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17.

So, torque is half the maximum value for 6 = 30° or
150° between P andE.

+q +q
- 150°
bw{30° _ . p .
E 2 E
=q
=q

(iii) Torque is zero, when 6 = 0° or 180° between
p and E i.e., when dipole is placed parallel or
antiparallel to direction of electric field.

> F > E
*— —o *——<¢—o
-q p +q +q ; -q

Let us first consider the situation when there is no
liquid between lens and plane mirror and the image
is formed at 30 cm i.e., at the position of object.

As the image is formed on the object position itself,
the object must be placed at focus of biconvex lens.

s f=30cm
Radius of curvature of convex lens can be calculated

1, 11 1 (3 11
- D= 2 (2 L
f Chy )[Rl R, )or 30 (2 1)(R —R)

1 1(2
or 5—5(%) = R=30cm
Now a liquid is filled between lens and plane mirror
and the image is formed at position of object at 45 cm.
The image is formed on the position of object itself,
the object must be placed at focus of equivalent lens
of biconvex of glass and plano convex lens of liquid




18.

1 1 1 .
S S ..(1)
feq fl f2
Equivalent total length f., = 45 cm
Focal length of biconvex lens f; = 30 cm

Focal length of plano convex lens

1 1 1
f——(u—l)(z—;)

2
1 -1
or 72—(“—1) (%)
=30
f “u-1

Now equation (i),

1 1 1 -1
11,1 :>L=L_(“ )
fq i £ 45 30 30

l.,l_—l_i u_l—l

30 90 3’
1 4
L P
H=37075

The two basic modes of communication are
(i) point-to-point communication
(ii) broadcast communication
Amplitude modulation : Amplitude modulation is
produced by varying the amplitude of the carrier
waves in accordance with the modulating wave.
Let the carrier wave be c(t) = A sinw ¢
and the modulating signal be m(t) = A,,sinw,y,t,
where w,,, = 21v,, is the angular frequency of the
message signal.
Modulated signal c,,,(?) is

(1) = (A .+ A, sin w,,t)sinw ¢

A
=A, [l + A_m sinw,, t )Sin .t
c
Cu(f) = A sinw t + UA, sin,,t sinw ¢

A
where L= A_m is the modulation index.
(o

C

A
Cu(h) = A sin ot + Mz £ cos (0, - W,,)t — HZ cos

(0. + )t

o, - ,, and ®, + ®,, are the lower side band and
upper side band, respectively.

Production of amplitude modulated wave :
Amplitude modulated signal is obtained by
superposing a modulating signal over a sinusoidal
carrier wave is shown in the figure given below :

19.

20.

m(t)

Modulating signal Carrier wave

- \(AC + A, sinm, t)
A

S "

C W e h
m VU /u,\[\\\t
Sl

(A, + A, sinw,t)
Amplitude-modulated wave

Whenever the magnetic flux linked with a closed
circuit changes, an emfis set up across it which lasts
only so long as the change in flux is taking place.
This emf is called induced emf.

According to Faraday's law of electromagnetic
induction, the magnitude of induced emf is equal
to the rate of change of magnetic flux linked with
the closed circuit (or coil).

Mathematically,
d
e=—N28
dt

where N is the number of turns in the circuit and ¢p
is the magnetic flux linked with each turn.

Here, negative sign indicates the direction of
induced emf.

Let the conducting rod of length I completes one
revolution in time T. Then

Change in flux in time T = B x Area swept = B x 1tl®

Change in flux
Induced emf = ———F———

Time
Bxnl?
€=
T
ButT:z_Tc
o
Bxnl® 1
-2 Ble
2n/o 2

The wavelength (A) of different spectral lines of
Balmer series is given by

1 1 1
—=R|——-— wheren=3,4,5,6, ......
N 2 2

n
For longest wavelength, n = 3
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21.

22.

@

1 11 ;5
—=1.097x10" | — —— |=1.097 x 107 x —
A 2?2 3 36
36 36x10'°
7\,: m = 7
5%1.097 x 107 5x1.097 X 10
A=6563 A

For shortest wavelength, n = oo

1 1 1] 1.097%x107
—=1.097x10" | = - — [=———
A 22 2 4
4 4x10'°A .
A= ~m= —=3646 A
1.097 X 10 1.097 x 10

(i) In polarisation, vibrations perpendicular to
the direction of propagation are restricted
to just one direction. This is possible in
transverse waves which have such vibrations. In
longitudinal waves, vibrations occur along the
direction of propagation. So their polarisation
is not possible.

(ii) The phase difference between two independent
light sources changes 10° times in one second.
Such rapid changes cannot be detected by our
eyes.

(iii) According to Brewster law, u = tan ip. As
refractive index u of a transparent medium
is different for light of different colours, so
Brewster angle i, is different for light of different
colours.

(i) Electric potential on the shell A is
1
V, = (Q+i) (D)
4me, \R R
Whereas electric potential on sphere B is
1 ..
VBz—(g+ﬂ) ...(ii)
4neg\ R 1

So, the potential difference between the sphere
and shell is

V=V, = ! (g+q Q i)
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23.

24.

25.

26.

(ii) If they are connected by wire, then whole
charge of inner sphere will flow to outershell.

(i) Anuyj is caring, sacrificing and concerning

(ii) X-rays, gamma rays and charged particle are
type of radiation used for treatment of tumor.
Radiations are given to the brain to shrink
tumors formed by cancer cells.

(iii)y-rays are emitted by nucleus for coming down
to a lower energy level.

Refer to point 2.5 (1, 2, 4), page no. 99 (MTG Excel
in Physics).

OR

Refer to point 2.5 (7), page no. 101 (MTG Excel in

Physics).

(i) Refer to point 6.10 (6), page no. 443 (MTG
Excel in Physics).

(ii) Refer to point 6.11 (5), page no. 445 (MTG
Excel in Physics).

OR

(i) Refer to point 6.13 (3), page no. 446 (MTG
Excel in Physics).

(ii) Refer to point 6.13 (7), page no. 448 (MTG
Excel in Physics).

Refer to point 4.6 (6,7), page no. 269 (MTG Excel in
Physics).

OR
Refer to point 4.8 (2), page no. 275 (MTG Excel in
Physics).

1

N=100,A=0.1m%v = 3 s'B=001T

Maximum voltage generated in the coil is
€9 = NBA® = NBA x 270 )

or €,=100x0.01x0.1x2x3.14x —

or £y=0314V. 2
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NEET / AlIMS 4. Fission of nuclei is possible because the binding

Only One Option Correct Type

Which one of the following statements is true, if
half-life of a radioactive substance is 1 month?

(a) gth part of the substance will disintegrate in

3 months.

(b) lth part of the substance will remain

undecayed at the end of 4 months.
(c) The substance will disintegrate completely in
4 months.

(d) ith part of the substance will remain
undecayed at the end of 3 months.

The simple Bohr model cannot be directly applied

to calculate the energy levels of an atom with many

electrons. This is because

(a) of the electrons not being subject to a central
force.

(b) of the electrons colliding with each other.

(c) of screening effects.

(d) the force between the nucleus and an electron
will no longer be given by Coulomb’s law.

If doubly ionized lithium atom is hydrogen like
with atomic number 3, the wavelength of radiation
required to excite the electron in Li*" from the first
to the third Bohr orbit and the number of different
spectral lines observed in the emission spectrum
of the above excited system are

(a) 296 A, 6 (b) 114 A, 3

(c) 1026 A, 6 (d) 8208 A, 3

energy per nucleon in them

(a) increases with mass number at low mass numbers
(b) decreases with mass number at low mass numbers
(c) increases with mass number at high mass numbers
(d) decreases with mass number at high mass numbers.

The wavelength limit present in the Pfund series is
(R=1.097 x 10’ m™"
(a) 1572 nm
(c) 2278 nm

(b) 1898 nm
(d) 2535 nm

For scattering by an inverse square field (such
as that produced by a charged nucleus in
Rutherford’s model) the relation between impact
parameter b and the scattering angle 0 is given by,
b= (Zezcot(6/2))/(2n80mv2). The scattering angle
forb=0is

(a) 180° (b) 90°

(c) 45° (d) 120°

The count rate of a radioactive sample falls from
4.0 x 10° 5™ to 1.0 x 10% s™" in 20 h. What will be
the count rate after 100 h from beginning?
(a) 3.91x10°s™! (b) 3.91 x 10%s7!
(c) 3.91x10%s™ (d) 3.91 x 10°s7!

Two stable isotopes $Li and 3Li have respective
abundances of 7.5% and 92.5%. These isotopes
have masses 6.01512 u and 7.01600 u respectively.
The atomic weight of lithium is

(a) 6.941u (b) 3.321u

(c) 2.561u (d) 0.621u

The temperature at which protons in proton gas
would have enough energy to overcome Coulomb
barrier of 4.14 x 1074 is
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(Boltzmann constant = 1.38 x 1072 JK})
(@ 2x10°K (b) 10°K
(c) 6x10°K (d) 3x10°K
10. Some energy levels of a molecule are shown in

the figure. The ratio of the wavelengths r = % is

-E }\’
4 l 2
_§E ...........................

given by

(a) rzg (b) r=§ (c) r=§ (d) rzé

—me*
Se2n I
H-atom. If all the H-atoms are in the ground state

11. Let E, = be the energy of the n' level of

and radiation of frequency (E, - E;)/h falls on it,

then

(a) it will not be absorbed at all.

(b) some of atoms will move to the first excited
state.

(c) all atoms will be excited to the n = 2 state.

(d) all atoms will make a transition to the n = 3
state.

12. The fission properties of %33 Pu are very similar
to those of %5U. The average energy released
per fission is 180 MeV. If all the atoms in 1 kg of
pure *3,Pu undergo fission, then the total energy
released in MeV is
(a) 4.53 x 102 MeV  (b) 2.21 x 10'* MeV
(c) 1x 10" MeV (d) 6.33 x 10** MeV

Assertion & Reason Type
Directions : In the following questions, a statement of
assertion is followed by a statement of reason. Mark the
correct choice as :
(a) If both assertion and reason are true and reason is
the correct explanation of assertion.
(b) If both assertion and reason are true but reason is
not the correct explanation of assertion.
(c) Ifassertion is true but reason is false.
(d) If both assertion and reason are false.
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13.

14.

15.

Assertion : Most of the mass of the atom is
concentrated in its nucleus.

Reason : All alpha particles striking a gold sheet
are scattered in different directions.

Assertion : If the accelerating potential in an
X-ray tube is increased, the wavelengths of the
characteristic X-rays do not change.

Reason : When an electron beam strikes the target
in an X-ray tube, part of the kinetic energy is
converted into X-ray energy.

Assertion : Isotopes of an element can be separated
by using a mass spectrometer.

Reason : Separation of isotopes is possible because
of difference in electron number of isotopes.

JEE MAIN / JEE ADVANCED

Only One Option Correct Type

16. A nucleus with Z = 92 emits the following in a

sequence :

o, BB oo 000 B, B0 BB o
Then Z of the resulting nucleus is

(a) 76 (b) 78

(c) 82 (d) 74
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17. The half-life of a radioactive substance is 20 min.
The approximate time interval between the time ¢,
2 1
when — of it has decayed and time t; when 3 of it
had decayed is
(a) 7min (b) 14 min (¢) 20 min (d) 28 min
18. The inverse square law in electrostatics is
2
|F|= for the force between an electron
(4mey)-r
1 -
and a proton. The —) dependence of | F| can be
r

understood in quantum theory as being due to the
fact that the particle of light (photon) is massless.
If photons had a mass m,,, force would be modified

e? A
e e KT

where A = m,c/h and i = —. The change in the
’ 2n

to|F|=

ground state energy (eV) of a H-atom if m,, were
107 times the mass of an electron is (rg=Bohrsradius)
(a) 18.6 Arg (b) -27.2
(c) 27.2 Arg (d) -Arg

19. An electron and a proton are separated by a large
distance. The electron starts approaching the
proton with energy 2 eV. The proton captures
the electron and forms a hydrogen atom in first
excited state. The resulting photon is incident on
a photosensitive metal of threshold wavelength
4600 A. The maximum kinetic energy of the
emitted photoelectron is (Take hc = 12420 eV A)

(a) 2.4eV (b) 2.7 eV
(c) 2.9eV (d) 5.4eV
More than One Options Correct Type
20. A class XII student draws yalB
graph A, B, Cand D to show ¢
relationships of principal b
quantum number n and
different physical quantities
related to H-atom. T 1 5 3 4 >F

x-axis : principal quantum number

y-axis : different physical quantities

Then, mark the correct options.

(a) Magnetic field produced due to Bohr's electron
at centre of atom is given by graph marked (C).

(b) Magnetic dipole moment of electron of
H-atom is represented by graph marked (D).

21.

22.

23.

24.

(c) Frequency of rotation of electron is represented
by graph (B).
(d) Energy of electron is represented by graph (A).

10 g of a radioactive element is kept in a container.

The element is PB-active. Then after one half-life

(molar mass of the substance is 100 g, Avogadro's

number = 6 x 10% per mole).

(a) The weight of the substance left in the container
will be 5 g.

(b) The weight of the substance left in the container
will be nearly 10 g.

(c) If all B-particles leave the container then the
charge of the substance left is 4800 C.

(d) If all B-particles leave the container then the
charge of the substance left is 9600 C.

If stability of a nucleus depends on even and odd

number of protons and neutrons. Then,

(a) nucleus with even N and even Z are most
stable.

(b) an even N, odd Z or odd N even N nucleus is
somewhat lesser stable than even-even nucleus.

(c) an odd N, odd Z nucleus is least stable.

(d) there are few odd N, odd Z nuclides which are
stable.

Consider aiming a beam of free electrons towards

free protons. When they scatter, an electron and a

proton cannot combine to produce a H-atom,

(a) because of energy conservation.

(b) without simultaneously releasing energy in the
form of radiation.

(c) because of momentum conservation.

(d) because of angular momentum conservation.

Integer Answer Type

In hydrogen like atom an electron is orbiting in an
orbit having quantum number n. Its frequency of
revolution is found to be 13.2 x 10" Hz. Energy
required to free the electron from the atom from
the above orbit is 54.4 eV. In time 7 ns the electron

jumps back to orbit having quantum number

n
> T be the average torque acted on the electron

during the above process, then find 0.2t x 10*

h _
in N m. (Given: —=2.1x10"* J s, frequency of
T

revolution of electron in the ground state of H-atom
V= 6.6 x 10'° Hz and ionization energy of H-atom,
Ey=13.6€V).

D
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25. A sample of hydrogen gas is excited by means of
a monochromatic radiation. In the subsequent
emission spectrum, 10 different wavelengths are
obtained, all of which have energies greater than or
equal to the energy of the absorbed radiation. Find
the initial quantum number of the state (before

absorbing radiation). 29.

26. When a slow moving neutron collides with
Uranium 235 atom (235U) following reaction
occurs.
o+ 233U—> 236U*‘—) oZr + 134Te +3n
If kinetic energy of neutrons is neglected (as it is
very small), then the Q of reaction is 37 x K MeV.
Find the value of K. Use following data.
m(U*>) = 235.0439 u, m(n) = 1.0087 u,
m(Zr”) = 98.9165 u, m(Te'**) = 1339115 u.

Comprehension Type
The key feature of Bohr’s theory of spectrum of hydrogen
atom is the quantization of angular momentum when
an electron is revolving around a proton. We will extend
this to a general rotational motion to find quantized
rotational energy of a diatomic molecule assuming it to
be rigid. The rule to be applied is Bohr’s quantization
condition. 30.

27. A diatomic molecule has moment of inertia I. By
Bohr’s quantization condition, its rotational energy
in the n™ level (n =0 is not allowed) is

1 i) 1[&)

@ (SRZI L
h? d Z[iJ

o) ol

28. It is found that the excitation frequency from
ground to the first excited state of rotation for the

4
CO molecule is close to —x10'! Hz. Then the
T

moment of inertia of CO molecule about its center
of mass is close to (Take h = 21t x1074 ] )

(a) 2.76 x 107*° kg m*
(b) 1.87 x 10** kg m?
(c) 4.67 x 10 kg m?
(d) 1.17 x 107 kg m*
Matrix Match Type

Using Bohr's formula for energy quantisation,
match the entries in column I with column II.
Column I Column II
(A) Excitation energy of n =3 (P) 0.85
level of He atom (in eV)
(B) Energy required to excite (Q)48.1
electron in Li** from
n=1ton=3(ineV)
(C) Energy of electron in (R) 12.09
fourth excited state of
H-atom (in eV)
(D) Second excitation potential (S) 108.8
of H-atom (in V)
A B C
(@) Q R p
(b) P R S
(c) P S Q
(d) Q S p

Match column I of the nuclear processes with
column II containing parent nucleus and one of
the end products of each process and then select
the correct answer using the codes given below.

RO w»w

Column I Column I
(A) Alpha decay (P) 30 > BN+ ...
(B) B* decay (Q) %5U - %iTh +.
(C) Fission (R) 1§§B — lgng + ..

(D) Proton emission (S) 239Pu - 140La +.

A B C D
(@) S Q P R
(b) P R Q S
(c) Q P S R
(d R S Q P

N
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SINGLE OPTION CORRECT TYPE

1.

The half lives of radioisotopes 3*P and 3P are
20 days and 30 days respectively. These radioiso-
topes are mixed in the ratio of 4 : 1 of their atoms.
If the initial activity of the mixed sample is 7 mCi,
then the activity of the mixed sample after 60 days.
(a) 2.5 mCi (b) 1 mCi

(c) 3.2 mCi (d) 3 mCi

Liquid of refractive index W is filled in a vessel of
height H. At the bottom of the vessel is a spot P and
a hole from which liquid is coming out.

Let d be the distance of
image of P from an eye at
point Q at height H from
bottom at an instant when
level of liquid in the vessel
is x. If we plot a graph
between d and x, it will be
like

(c)

The slits in double-slit interference experiment are
illuminated by orange light (A = 600 nm). A thin

transparent plastic of thickness ¢ is placed in front of
one of the slits. The number of fringes (N) shifting
on screen is plotted versus the refractive index u of
the plastic in graph shown. The value of ¢ is

| t f t — U
050 1.00 1.50 2.00

(a) 4.8 mm
(c) 2.4 um

(b) 48 um
(d) 24 um

The area of cross-section of the two vertical arms of
a hydraulic press are 1 cm? and 10 cm? respectively.
A force of 10 N applied, as shown in the figure, to a
tight fitting light piston in the thinner arm balances
a force F applied to the corresponding piston in the
thicker arm. Assuming that the levels of water in
both the arms are the same, we can conclude

vertical ;

10N F (applied vertically)
[

(a) F =100 N
(b) F=50 N
(¢c) F=25N

(d) F, as applied, cannot balance the effect of the
force on the first piston.

By Akhil Tewari, Author Foundation of Physics for JEE Main & Advanced, Professor, IITians PACE, Mumbai.
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5. Anideal gas obey the law PV* = constant. The value
of x for which it has non positive molar specific heat
at normal temperature, is (C, for the gas is 2.5R)
(a) 0.5 (b) 145 (c) 14 (d) -14

COMPREHENSION TYPE

For questions 6 and 7 :

A solid spherical ball of mass 0.5 kg and radius 10 cm
rolls to the top of a hill, as shown in figure. Kinetic
energy of the ball at the bottom of hill is 140 J. As
the ball moves up the hill, it rolls without slipping.
Height of the hill is 16 m. As the ball reaches the top
of the hill, it is moving horizontally. From the top of
hill, it will move into air and fall freely under gravity.
Assuming that no work is done against friction as the
ball rolls and neglecting air resistance. (g = 10 m s72)

KE=140]

A B @

6. Rotational kinetic energy of the ball at the top of the
hill is nearly
(a) 22.57 (¢) 37]

() 23] (d) 17]

7. In the figure, when the ball strikes the ground at
C, its distance from the foot of the hill, i.e., BC is
nearly
(@) 23m (b) 36 m (c) 14m (d) 42m

For questions 8 and 9
Figure shows a region containing uniform magnetic

field B which is increasing at the rate d—

The region is gravity free. A
disc of mass m and radius R is
kept in this magnetic field. Two
charged particles having charges
g, and g, and each having mass
m are embedded to this non
conducting disc on circumference
at diametrically opposite points.
The disc is free to translate as well
as rotate.

Region of magnetic

field

8. Ifg, = q, = g, then the initial acceleration of g, will
be

4gR
(a) 59R dB (b) 4qR dB

5m dt 5m E

74
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SR dB
5m dt

2R d

© 5m dt

(d)

9. 1Ifg,=q, g, = —q, then the initial acceleration of g,
will be

(a) R4 (b) 4848
6m dt 3m dt
4R dB qR_dB
12m dt 24m dt

MATRIX MATCH

10. The equation for the displacement of a stretched

t X
string is given by y =8sin® 1| —— ——— | where
grRgvenby ¥ [0.02 100} 4
and x are in cm and ¢ in s. Match the column I with
column II.
Column-I Column-II
(A) Amplitude of wave (in cm) (P) 50
(B) Frequency of wave (in Hz) (Q) 4
(C) Velocity of wave (inm s!) (R) 4m
(D) Maximum particle velocity (S) 4007w
(in cm s71)
A B C D
(a) Q P P S
(b) R P P S
(©) Q P S P
(d) R P S P

Your favourite MTG Books/Magazines available in

JAMMU & KASHMIR at

Kabli Book Stall - Anantnag Mob: 8803043296, 9906460029
New Valley Book Depot - Anantnag Mob: 9469183540
Sharjha Book Depot - Anantnag Mob: 9419040456
Harnam Dass & Bro’S - Jammu Ph: 0191-2542175, 2574428; Mob: 9419664141
Sahitya Sangam - Jammu
Ph: 0191-2579593, 2562191, 2579593; Mob: 9419190177
e Shiela Book Centre - Jammu Ph: 0191-2574912; Mob: 9419146803
e Kapoor Sons - Srinagar Ph: 0194-2456458; Mob: 9419425757, 9419069199
o Kashmir Book Depot - Srinagar
Ph: 2450262, 474440, 2475973; Mob: 9906726231, 9419761773
e Shah Book Centre - Srinagar Mob: 9906763627, 9419062444
e Abdullah News Agency - Srinagar
Ph: 0194-2472621, 2435057; Mob: 9419074859
o Highway Book Shop - Srinagar Mob: 9858304786
o Paradise Book House - Srinagar Mob: 9419067856

Visit “MTG IN YOUR CITY" on www.mtg.in to locate

nearest book seller OR write to info@mtg.in OR call
0124-6601200 for further assistance.




FULLY LOADED &

COMPLETELY
UPDATED

MTG's BITSAT Power Guide is
not only the most exhaustive
prep-tool, but also the only
book available at present,
updated as per the |atest
BITSAT syllabus for students
aspiring for top rank in
BITSAT 2018.

= } Earpinte Ty e Py, (he ' Wicheramics, Erglist & Lagied Rasoning

Attempt all questions

from this book on the
Web + Mobile for

free

Leiiat
(For detals see miide the book)

Get MTG's BITSAT Power Guide today for a
real-world feel of BITSAT. Find out what's
different about the BITSAT test, including its
pattern of examination and key success factors.
Be it with chapterwise MCQs or model test
papers, check how good your chances are for
glory in BITSAT 2018.

@ Jngia’s Mos! Authentic

BITSAT

POWER GUIDE

g Fastest Selling Guioe

o i Bl i "
Vo Teed Papzc il Dietalled) Fichtions

FEATURES
= Covers all 5 subjects - Physics, Chemistry,
Mathematics, English & Logical Reasoning

* Chapterwise MCOs in each section for practice

* Past chapterwise BITSAT Qs (2017-2011)

« 10 Model Test Papers with detailed solutions

« Attempt all questions & tests from this book enline,
for free with{

Visit www.MTG.in to buy online. Or visit a leading bookseller near you.

For more information, email info@mtg.in or call 1800 300 23355 (toll-free).

PHYSICS FOR YOU | JANUARY ‘18 @



1. One end of a massless
rope, which passes over a
massless and frictionless
pulley P is tied to a hook C
while the other end is free.
Maximum tension that the rope can bear is 960 N.
With what value of maximum safe acceleration can
aman of 60 kg climb on the rope? (Take g = 10 m s2)
(a) 16 m s72 (b) 6 m s72
(c) 4m s2 (d) 8 ms2

2. Aballis released from the top of a tower of height h.
It takes time T to reach the ground. What is the
position of the ball in time T/3?
(a) h/9 from the ground
(b) 7h/9 from the ground

(c) 8h/9 from the ground
(d) 17h/18 from the ground.

3. Three charges —q,, +q, 3¢ 74
and -g; are placed as
shown in the figure. The

x -component of the force b
on —q, is proportional to -4, tqy X
(a) q—; q; cos0 (b) Z—§+q; sin®
b a a
(c) q—2+—2c056 (d) q—;—q—;sine
b a b a
4. In the given circuit, with steady current, the
potential drop across the R

capacitor must be
(@) V 14 c
(b) V2 —
(c) VI3 2V A
(d) 2v/3

5. 'The refractive index of glass is 1.520 for red light
and 1.525 for blue light. Let 8, and §, be angles
of minimum deviation for red and blue light
respectively in a prism of this glass. Then
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(a) 8, >9, (b) 8, <9,

(c) 8, =9,

(d) 8, can be less than or greater than depending
upon the angle of prism.

The binding energy per nucleon of deuteron (f H)
and helium nucleus (3 He) is 1.1 MeV and 7 MeV

respectively. If two deuteron nuclei react to form a
single helium nucleus, then the energy released is

(a) 13.9 MeV (b) 26.9 MeV
(c) 23.6 MeV (d) 19.2 MeV.
A capacitor is charged A

The dashed line shows the
variation of In I with respect
to time. If the resistance is
changed to 2x the new graph
will be

(a) P (b) Q (R (d)S.

The upper half of an inclined plane with inclination
0 is perfectly smooth while the lower half is rough.
A body starting from rest at the top will again come
to rest at the bottom if the coefficient of friction for
the lower half is given by

(a) 2tan¢ (b) tand (c) 2sin¢ (d) 2cosd

\
using an external battery
with a resistance x in series. Inl i

~y'o QD =" o

A wave travelling along the x-axis is described by
the equation y(x, t) = 0.005 cos(ox — Pt). If the
wavelength and the time period of the wave are
0.08 m and 2.0 s, respectively, then o and f in
appropriate units are

B
a) o=12.50m, p=—
() p 50

(b) o = 25.00m, [3—76
© a="2, p=22
T
@ o =% p="—"
T



10.

11.

12.

13.

14.

15.

A bob of mass M is suspended B
by a massless string of length
L. The horizontal velocity v at
position A is just sufficient to
make it reach the point B. The
angle 0 at which the speed of the
bob is half of that at A, satisfies

T T T
a) 6=— b) —<0<—
(a) . (b) 2 5
3 3
(© Z<o<Z d T<o<n
2 4 4
In a series resonant LCR circuit, the voltage across R

is 100 V and R = 1 kQ with C = 2 pE The resonant
frequency m is 200 rad s™1. At resonance the voltage
across L is

(a) 4 x 1073V (b) 2.5 x 102V
(c) 40V (d) 250 V
A non-planar loop of

conducting wire carrying a
current I is placed as shown
in the figure. Each of the
straight sections of the loop
is of length 2a. The magnetic
field due to this loop at the
point P(a, 0, a) points in the
direction
1/~ - 1
@ FR) ©
© Fli+ick) @ A
A thin uniform rod of length / and mass m is
swinging freely about a horizontal axis passing
through its end. Its maximum angular speed is o.
Its centre of mass rises to a maximum height of

(-j+l€+f)

1 Po’ 1 Po?
(@ ——— (b) ———
3 g 12 ¢
1 Pw? 1 Po’
() -——— (d) ———
2 g 6 g

The electrical conductivity of a semiconductor
increases when electromagnetic radiation of
wavelength shorter than 2480 nm is incident on it.
The band gap (in eV) for the semiconductor is

(@ 09 (b)) 0.7 (c) 0.5 (d) 1.1

Suppose the gravitational force varies inversely as
the nh power of distance. Then the time period of
a planet in circular orbit of radius R around the sun
will be proportional to

17.

18.

19.

20.

w )

(c) R"

b al?)

(d) R(%_z)

. According to Newton's law of cooling, the rate of

cooling of a body is proportional to (AT)", where
AT is the difference of the temperature of the body
and the surroundings, and 7 is equal to

(a) two (b) three

(c) four (d) one.

A parallel plate capacitor C
with plates of unit area and C

separation d is filled with a d¢ ______ o . g R
liquid of dielectric constant —
11
|

K = 2. The level of liquid is
d/3 initially. Suppose the
liquid level decreases at a constant speed v, the time
constant as a function of time ¢ is

6€,R (15d +9vt)e, R
(a) L (b) — 2 %
5d + 3vt 2d° —3dvt —9v“t
6€,R 15d —9vt)e, R
(0 —0 (@) —A=VDRR
5d —3vt 2d” +3dvt —9v°t

A spherical solid ball of volume V is made of a
material of density p,. It is falling through a liquid of
density p, (p, < p;). Assume that the liquid applies
aviscous force on the ball that is proportional to the
square of its speed v, i.e., F; = —kv? (k > 0). The
terminal speed of the ball is

(2) Vg(P1k_ P,) (b) Vg(plk_ P,)
Vepy Vepy
(c) P (d) P

Spherical balls of radius R are falling in a viscous

fluid of viscosity n with a velocity v. The retarding

viscous force acting on the spherical ball is

(a) directly proportional to R but inversely
proportional to v

(b) directly proportional to both radius R and
velocity v

(c) inversely proportional to both radius R and
velocity v

(d) inversely proportional to R but directly
proportional to velocity v.

The difference in the variation of resistance with
temperature in a metal and a semiconductor arises
essentially due to the difference in the

77
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21.

22.

23.

24.

25.

26.

78]

(a) crystal structure

(b) variation of the number of charge carriers with
temperature

(c) type of bonding

(d) variation of scattering mechanism with
temperature.

The K, X-ray emission line of tungsten occurs at
A=0.021 nm. The energy difference between Kand L
levels in this atom is about

(a) 0.51 MeV (b) 1.2 MeV

(c) 59 keV (d) 13.6 eV.

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

together with amplitude A,. The ratio of (%) is
2
M M+m

(@) M+m ®) M

M 2 Mam 2
O (5m) @ (5

The energy of radiation emitted by LED is

(a) greater than the band gap of the semiconductor
used

(b) always less than the band gap of the
semiconductor used

(c) always equal to the band gap of the
semiconductor used

(d) equal to or less than the band gap of the semi-
conductor used.

In Young’s double slit experiment, 12 fringes are
observed to be formed in a certain segment of the
screen when light of wavelength 600 nm is used.
If the wavelength of light is changed to 400 nm,
number of fringes observed in the same segment of
the screen is given by

(a) 12 (b) 18 (d) 30

If S is stress and Y is Young’s modulus of material
of a wire, the energy stored in the wire per unit

(c) 24

volume is
g2
(a) 2Y/S (b) S12Y (c) 28%Y (d) E

Consider the spectral line resulting from the
transition n =2 - n = 1 in the atoms and ions given
below. The shortest wavelength is produced by
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27.

28.

29.

30.

(a) hydrogen atom  (b) deuterium atom
(c) singly ionized helium
(d) doubly ionised lithium

Three rods of identical cross-sectional area and
made from the same metal form the sides of an
isosceles triangle ABC, right-angled at B. The points
A and B are maintained at temperatures T and
J2T respectively. In the steady state, the
temperature of the point C is T Assuming that
only heat conduction takes place, T /T is

1 3
b
(a) 2(2-1) ®) N
© 1 (d)

J3(\2-1) V241

A convex lens is in contact with concave lens. The
magnitude of the ratio of their focal lengths is 2/3.
Their equivalent focal length is 30 cm. What are
their individual focal lengths?

(a) - 15,10 (b) - 10, 15

(c) 75, 50 (d) - 75, 50.

The magnitude of electric field I—; in the annular

region of a charged cylindrical capacitor

(a) is same throughout

(b) is higher near the outer cylinder than near the
inner cylinder

(c) varies as 1/r, where r is the distance from axis

(d) varies as 1/r2, where r is the distance from axis.

A monoatomic ideal gas, initially at temperature
T,, is enclosed in a cylinder fitted with a frictionless
piston. The gas is allowed to expand adiabatically to a
temperature T, by releasing the piston suddenly. If L,
and L, are the lengths of the gas column before and
after expansion respectively, then T,/T, is given by

i 2/3 ) L
(a) L (b) L

2/3
2 L
© L o (2]

h

1.

2.

(b) : T-60g=60a or 960 - (60 x 10) = 60a

or 60a=360 or a=6ms2

1
(c): Equation of motion : s =ut+ > gtz
h=0+% gT?* or 2h=gI?
After T/3,



1 (T)z gT?
s=0+-xg|=| =2—
2 3 18

or 18s=gT?
From (i) and (ii), 18 s = 2k

h
or s= 5 from top.

Height from ground = h— g = %
. - TN
(b) : Force on (-q,) due to g, = >
919> Amegb
Fy= ——=— along(q,9,)
4me b () (ear)
Force on (-q,) due to (—g3)= 611—6213
9.9 4neya
F,= A1 35 shown
4neya

F, makes an angle of K
(90° - ©) with (g,9,)
Resolved part of F,
along q,4q,

=F, cos (90° - 0)

_ M along (q,9,)
4meqa

Total force on (-q,)
_ | 191
4me b’

x-component of force o< |:q_§ + 3 Gin 6] .

4,95 Sin®
2

:l along x - axis

4neya

a2

(c): In the steady state condition, no current flows
through the capacitor C along the branch BE.
Apply Kirchhoft’s law to the closed mesh ACDFA,

8 I
At ANW——— F
B 14 . | |C — E
||
2R
cl2Y AM—>—p
2V-I2R)-I(R)-V=0 or V=3IR
or J= 1 ..... (i)
3R
Apply Kirchhoft's law to the mesh ABEFA,

\%4
V+V,-IR-V=0 or V.=IR= (312

Potential difference across capacitor V. =

10.

(b) : Angle of minimum deviation § = A(u - 1)
o forred pp-1

8, for blue -1

Since Uz > Up,

§<1 o8, <),
(c): Total binding energy for (each deuteron)
=2x1.1=22MeV
Total binding energy for helium = 4 x 7 = 28 MeV
Energy released = 28 —(2 x 2.2)
=28 -4.4=23.6 MeV.

E _
(b) : Charging current [ =—e tx/C
E t
orlnl= ln()—
x) xC )
Slope of In I versus ¢ curve = ——
xC

When x is changed to 2x, the slope of the curve
increases and maximum current decreases.
Obviously the new graph is Q.

(a) : For upper half smooth incline, component of

g down the incline = gsin¢ Rx  Migcose
V2= 2(gsing) 1 gsing
2 gcos
For lower half rough ¢ S

incline, frictional retardation = W, gcosd
. Resultant acceleration = gsin¢ - p, gcos¢

0=1v?+2 (gsing - ukgcosd))é
or 0=2(gsing) é + 2g(sind - MkC05¢)é
or 0=sin0 + sin¢ - W, cosd

W, = 2tang.
(b) : The wave travelling along the x-axis is given by
y(x, ) = 0.005 cos(owx — Pt).

or Wcosh=2sind or

Therefore o=k = 277{ As A =0.08 m.

2
o=""-" _s500m
0.08 0.04
T 2

a=2500mPB=mn

(d) : Energy conservation gives
v?=u?-2g (L - L cosb)

L
or 5%zSgL—ZgL(I—cosG)
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11.
12.

13.

14.

15.

D

or5=20-8+ 8 cosO
7
or cosf=——
3n
= —<0<m
4

(d)

(d) : Imagine a wire AD
added to form a closed
loop DEFAD. Current
flows along AD.

Imagine that a wire DA
is added to form a closed
loop ABCDA. Current
flows along DA.

Effectively there is no current in DA or AB.

The point (a, 0, a) lies in the x-z plane.

The magnetic field due to current in ABCDA will be
in positive z-direction.

Similarly the magnetic field due to current in
ADEFA will be in positive x-direction. Magnitudes
of the two fields will be equal.

The direction of resultant magnetic field at P will be

% G+k).
(d) : The uniform rod of length I and mass m is
swinging about an axis passing .
through the end.

When the centre of mass is

raised through A, the increase
in potential energy is mgh.

1
This is equal to the kinetic energy (= > I 0)2) .

1 2,
= mghzz m;co.

P’
h="2_
6g
12375
(c): Energy (in eV) =
&Y A@inA)
12375 o
AE = eV (.- 2480 nm = 24800 A)
24800
or AE=05eV Band gap = 0.5 eV.

(a) : For motion of a planet in circular orbit,
Centripetal force = Gravitational force

MROT=—Cm or 0=
R

2 Rn+1 2 [LHJ
T=""com = — =L Rl 2
[0 GM GM
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16.

17.

18.

19.

20.

21.

22.

&

T is proportional to R* % 7,

(d) : According to Newton's law of cooling, rate of

cooling is proportional to AT.
(AT)"=(AT)orn=1.

(a) : Time constant T = RC.

Ag, (KAEO)
cC, \d-x)\ x J = KAg,

Now C= = = .
d—x x
. RKAg,
Since x=——vt, T= 7

—vt+K(d—d+vt)
3 3

Substituting A = 1 and K = 2 in the above equation
3X2Reg, 6Re

T= = .
d-3vt+6d—-2d+6vT 5d+3vt

(b) : The forces acting on
the solid ball when it is
falling through a liquid are
mg downwards, thrust by
Archimedes principle upwards
and the force due to the friction
(viscous) also acting upwards.
The viscous force rapidly
increases with velocity,

Vp,g
viscous
force

mg=Vp,g
attaining a maximum when the ball reaches the
terminal velocity. Then the acceleration is zero.
mg - Vp,g - kv’ = ma

where V'is volume of ball, v is the terminal velocity.
When the ball is moving with terminal velocity
a = 0. Therefore Vp, g - Vp,g - kv> = 0.

o = /Vg(Plk—pz)_

(b) : Retarding viscous force = 6mnRy
obviously option (b) holds goods.

(b) : Variation of number of charge carriers
with temperature is responsible for variation of
resistance in a metal and a semiconductor.

(c): Consider the transition of an electron from
L-shell to K-shell

12375 2
E -Ex= o where E isin eV and A is in A.
12
or AE= 375 AE =59 keV

—— =58928 eV or
0.21

k

(d) : (i)



23.

24.

25.

26.

27.

When a mass m is placed on mass M, the new
system is of mass = (M + m) attached to the spring.
New time period of oscillation

(m+ M) y
...(ii)
k
Consider v, is the velocity of mass M passing
through mean position and v, velocity of mass
(m + M) passing through mean position.
Using, law of conservation of linear momentum

T, =21

My, = (m + M)v,
M(A,0,) = (m + M)(A,0,)
(vy=A,w,and v, = A,m,)
or ﬁ_wg_(mw) i
A, M o M T,
2n 27
O =—and(,)2 i
[+ o= Fromaon )
A m+ M (Using () and (i)
o sing (i) and (ii
A M g
(d)
(b) : Fringe width [&:%

12 fringes of A}, occupy a segment of screen.
Let N fringes of A, occupy the same segment.

A,D A,D
N|—1|=12
d d
12 x 600 x 107
N=———F— or
400 x 10~
(d) : Energy stored per unit volume

N=18

Stress X stress s?
2Y 2Y

1 1 1 1
Z—RZA ——— | - =
A [n% nf) A

A is shortest if Z is largest. Z is largest for doubly
ionised lithium atom (Z = 3) among the given
elements.

Hence wavelength for doubly ionised lithium will
be the least.

1 .
=3 X stress X strain =

(d) : < 72

(b) : For heat conduction,

2Q_ (AT) A

At )

Since B is at higher G

temperature than A, heat ¢

flows from B to A, A to g

C and then C to B, for B a C
N27) (TO)

steady state.

28.

29.

30.

Q T-T, )
For AC, =KA
('

a

For CB, & =KA (
At

Equate the two equations

for steady state.
(T—TC) (TC—JE T)
KA =KA| ———
V2a a
or T—T,=v2T,-2T
T 3
or 3T:TC(\/5+1) or <

T (2+1)

(a) : Let focal length of convex lens = f, = f

(suppose)
-3 f

f, = focal length of concave lens = —

Equivalent focal length = 30 cm

1_1 2 (..1:L+L)
0 f 3\ f A A

1 1
or —=—
30 3f
or f=10cm = Focal length of convex lens.

-3
Focal length of concave lens = - X 10=-15cm

Focal lengths are — 15 cm (concave lens) and
10 cm (convex lens).

(c): Let A = charge per unit length of cylinder

E= where r = distance from axis of

2meyr
cylinder.

1
E varies as —. Option (c) represents the correct
r
answer.
(d) : For an adiabatic process, TV "1 2 constant
V,= AL, V,= AL,
where A denotes area of cross-section of the
gas-cylinder.

v, )3 B 5 )
== ,asy = 3 for monoatomic gas.

or

N

@
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N PRESS RELEASE
SRM University AP - Amaravati announces the setting up of

School of Liberal Arts and Basic Sciences (SLABS)
B.A., B.B.A, B.Com. & B.Sc. courses will be offered from 2018 in 12 subjects

President of SRM University, Dr. P. Sathyanarayanan, announced the
setting up of School of Liberal Arts and Basic Sciences (SLABS)
at its University in Amaravati in the presence of the Honorary
Pro Chancellor of SRM University, AP - Amaravati, Prof. Nicholas
Dirks (Chancellor Emeritus, University of California, Berkley), and
Dr. D Narayana Rao, Pro Vice Chancellor of SRM University, AP — Amaravati.
SLABS will be SRM Amaravati's home for fundamental research,
where free, open, and critical inquiry is pursued across disciplines,
finding answers and solutions to world’s most challenging problems
and daunting issues. SLABS will have its first intake of students in
2018 and will offer B.A., B.B.A., B.Com and B.Sc. programs across
12 departments —Economics, English, History, Journalism, Psychology,
Business Studies, Commerce, Physics, Chemistry, Mathematics, Biology
and Computer Science.

“Today, we face increasingly complex issues and challenges, and
tackling these, calls for multi-dimensional thought processes
and problem solving skills. Education needs to focus on this
and much more. We aim to help students develop such skills
through the liberal arts and basic sciences education offered at
SRM SLABS. For this, we are looking at hands-on guidance from
Prof. Nicholas Dirks, given his background as a renowned
anthropologist, and his rich experience in Liberal Arts. SRM SLABS
also has a strong faculty base of international caliber who will
bring a global perspective to liberal arts education.” They will
assist in creating a holistic approach to education, which will
become, we hope, the calling card for SRM Amarvati's SLABS", says
Dr. P Sathyanarayanan, President SRM Amaravati.

"] am very pleased to be involved with SRM Amaravati as it establishes
its School of Liberal Arts and Basic Sciences. In our program, students
will learn the skills of critical thinking and knowledge creation in
a range of fields in the humanities, social sciences, and sciences.
They will have an innovative multi-disciplinary education, in close
proximity as well to breaking new teaching and research in areas
ranging from machine learning and data science to public policy and
social analysis”, says Prof. Nicholas Dirks, Honorary Pro Chancellor,
SRM Amaravati.

“SRM is committed to offering a distinctive form of learning
empowering young students and thinkers with historical and cultural
perspectives, as well as language, critical thinking, and communication
skills— ideal traits to survive the modern world. The multi-disciplinary
focus of SLABS will ensure that the students would have both breadth
as well as depth of knowledge about a wide range of subjects”, says
Dr. D Narayana Rao, Pro. Vice Chancellor, SRM Amaravati.

About SRM University, AP-Amaravati

SRM University, AP — Amaravati, is envisaged to be a multi-disciplinary
institution starting off with programs in engineering, followed by liberal
arts and later on in fields of management, law, medical sciences, and
pure sciences. SRM envisions to emerge as a world-class university
in creating and disseminating knowledge and providing students a
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unique learning experience in their chosen field of scholarship that
would best serve the society. The focus is on developing into an
inter-disciplinary institution combining academic rigour, excitement of
discovery, creativity and entrepreneurship that delivers cutting-edge
research based education, creating new knowledge and innovations.
The School of Engineering and Applied Sciences is already functional
with the first batch of engineering students having commenced their
courses in August 2017.

For more information, please visit: www.srmap.edu.in

FACT SHEET:
School of Liberal Arts and Basic Sciences (SLABS), at SRM University,
AP-Amaravati

2018 session
B.A., BBA, B. Com., B. Sc.

3 years + 1 Additional year (Optional) resulting in a
Diploma / Certificate

Beginning from
Courses Offered

Program Duration

Disciplines Physical and Natural Sciences, Arts, Humanities, Social
Sciences, Business Studies, Commerce

Subjects Economics, English, History, Journalism, Psychology,
Business  Studies, Commerce, Physics, Chemistry,

Mathematics, Biology and Computer Science.
Merit, based on Std. XII Exam Results

Top in the category from India and Abroad.

100% PhDs

75% have international Exposure in Research/Teaching
15% Foreign nationals

Visiting faculty comprising of local and global experts/
academics

Multi-disciplinary.

No restriction on courses across disciplines

In class discussions, Field Trips

Presentations / Movies / Hands on Assignments

KA

Admission Criterion
Faculty Profile

SLABS Approach
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WORK

CUTSH

A small ball of mass 2 x 10~ kg having a charge of 5. A part of circuit in a steady state along with the

1 uC is suspended by a string of length 0.8 m.
Another identical ball having the same charge is kept
at the point of suspension. Determine the minimum
horizontal velocity which should be imparted to the
lower ball so that it can make complete revolution.

Three particles, each of mass m, are situated at the
vertices of an equilateral triangle of side length a.
The only forces acting on the particles are their
mutual gravitational forces. It is desired that each
particle moves in a circle while maintaining the
original mutual separation a. Find the initial
velocity that should be given to each particle and
also the time period of the circular motion.

A large open container of negligible mass and
uniform cross-sectional area A has a small hole
of cross-sectional area A/100 in its side wall near
the bottom. The container is kept on a smooth
horizontal floor and contains a liquid of density &
and mass m,. Assuming that the liquid starts flowing
out horizontally through the hole at ¢ = 0, Calculate
(i) the acceleration of the container, and

(ii) velocity of efflux when 75% of the liquid has

drained out.

A metallic rod of length Im is rigidly clamped at
its mid point. Longitudinal stationary waves are set
up in the rod in such a way that there are two nodes
on either side of the mid-point. The amplitude of an
antinode is 2 x 107® m. Write the equation of motion
at a point 2 cm from the mid-point and those of the
constituent waves in the rod. (Young’s Modulus of
the material of the rod =2 x 10! Nm™2,

density = 8000 kg m~3).

currents flowing in the branches, the values of
resistances etc., is shown in the figure.

1A
3Q
4V
_{ 3Q 5Q
2A
J— 1Q
4 uF
31{ 1Q
2A 2Q 4Q
3Q
1A

Calculate the energy stored in the capacitor C(4 WF).
A diatomic gas is enclosed in

a vessel fitted with massless L
movable piston. Area of cross

section of vessel is 1 m?. Initial Il -
height of the piston is 1 m

as shown in the figure. The initial temperature of the
gas is 300 K. The temperature of the gas is increased
to 400 K, keeping pressure constant. Calculate the
new height of the piston. The piston is brought to its
initial position with no heat exchange. Calculate the
final temperature of the gas. You can leave answer in
fraction.

In an interference arrangement similar to Young’s
double-slit experiment, the slits S, and S, are
illuminated with coherent microwave sources, each
of frequency 10° Hz. The sources are synchronized to
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have zero phase difference. |
The slits are separated by a 5y
distance d = 150.0 mm. The ),

intensity I(0) is measured as 0
a function of 0, where 0 is

defined as shown. If I is the Ze

maximum intensity, then s

find I(8) for 0 <6 < 90°. |2

A cart is moving along x-direction with a velocity

of4msL A person on the cart, throws a stone with

avelocity of 6 m s71, relative to himself. In the frame

of reference of the cart, the stone is thrown in y-z

plane making an angle of 30° with vertical z-axis.

At the highest point of its trajectory, the stone

hits an object of equal mass, hung vertically from

branch of a tree, by means of a string of length L.

A completely inelastic collision occurs in which the

stone gets embedded in the object. Determine :

(i) the speed of the combined mass immediately
after the collision with respect to an observer
on the ground.

(ii) the length L of the string such that tension in the
string becomes zero when the string becomes
horizontal during the subsequent motion of
the combined mass.

1.

84

SOLUTIONS

Two balls, each of mass 2 x 103 kg and similar
charge of 1 nWC are separated by a string of length
0.8 m. Force of repulsion occurs between the two
similar charges.

Icos©

Let us consider the vertical circular motion of the
lower ball. The three forces acting on the ball are:
(i) Weight of ball = mg
(ii) Electrostatic force of repulsion
po 9 %107 x 1072
(0.8)
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(iii) Tension of string = T

2
my
Centripetal force = e

2

my .
or T +mgcos®—F = T (1)
Energy is conserved.
I
Ep = 5mvo

1
E, = 5mv2 + mg(l +IcosB)

%mvé = %mv2 +mg I(1 + cosB) ...(ii)
For reaching the top of circle at A,
T=0,06=0
From (i), we get
2
mg — F=""" ...(iii)

l
I 5 1 5
and Emvo = 5mv +mg 11 + 1),

or v,>=1v2+4gl ..(iv)
From eqns. (iii) and (iv),

mg — F= ?(vé - 4gl)

IF
or Ig——:v§—4gl or v§:5|g——
m m

2 0.8 9x107°
vy =(5 x 08 X 10) - X
0.002 0.64

45
or vé =40— 5" 3438 or v,=5.86ms.

Side of equilateral
triangle = a

Let r = radius of the
circle

2
2
r=2 xa? -
3 4
a
or r=— ..(1)
3

Let v = initial velocity
given to each particle.
For circular motion,
centripetal force must
be provided by net
gravitational force




Gravitational force between two masses is given by

mXm sz B

72 - 72 ...(11)
a a

Resultant force = Centripetal force

[

2
or F,= m. or \/Fz JrF2+2cmos6O°:ﬂ

r r
mv2
or x/§F=—
,
2
or szx/gFr:\/gX[Gm }(“chm
m m 22 3 a
Gm
V= [
a

Time period of circular motion

2nr a a a’
T=—=2nX|—+|X,|]— =27—
% ﬁ Gm 3Gm

(i) Mass of water = volume x density

m
=(AH)p or H="2
my = (AH)p Ap

Area=A

velocity of efflux = v

H
v =42gH = 2gx@
Ap
2
Ap

When the liquid flows out of the container
horizontally, a force is exerted on the container.
Force F = p x (area of hole) x v2

A
or F=pXx_—xXxvy
100

A 2m,
or F=P 08 %I
100 Ap 0 CelEmE .
m,
or moa:Lg or a= é
0 50

(ii) When 75% of liquid has drained out
then, h = H/4

H

v =42gh or v = 2gZ
_ |8 xmy  myg
or v=, |——=]|—".
2Ap 2Ap

For a longitudinal wave,

, Y |2 x 10" a
Velocity,v= |— = 4/————=5000 m s
P 8000

A4 S A2
— _ —
x=0
A N N N N N A
I S|
I 1
1m

Let A = Amplitude of constituent wave
Amplitude at antinode =24 =2 x 10°°m
5\ 5A
Length of rod = > or 1= > or A=04m
.. Let equation of stationary wave = A sin kx sin ot
or y=A sin kx sin ot
_2n 2m

A 04
v 5000
o=2nv=2n|—| or ®w=2ntx——
A 0.4

or = 250007
y = (107) sin (57 x) sin (25000 7tt)
Atx=2cm=2x10"2m,
or y=107%sin(57 x 2 x 1072) sin(25000 7t)
or y=107%sin(0.17) sin (25000 7t)
Constituent waves : The two waves are
y,=Asin(wt-kx) and y, = A sin(wt + kx)
y, = 1076 5in(25000 ©t - 5mx) and
¥, = 1078 sin (250007t + 57x)

At steady state, no current flows through capacitor C.
According to Kirchhoft’s law,

(i) atjunctionE, I, =3A (ii) at junction H, I, = 1A
(iii) Potential difference across capacitor,

V- V=6l +2I,

or V=(6x3)+(2x1)=18+2=20V

1 2
Energy = 5CV

or U=%><(4><10_6)><(20)2 =8x107]
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e)

L _T
When pressure is kept constant, vov
Volume = Area x height = Ah 1 2
T T; T,h 400x1 4
-T2 oy hy = 2" _ .
Ahy Ah, T, 300 3

The process is adiabatic. When the gas is compressed
without exchange of heat.

T’ v, v-1 4 2/5
—=| = oo T =400 — K
T, Vi 3

The intensity I(0) is measured as a function of 0.
I, denotes the maximum intensity. 6 varies from
0° to 90°. |

S
10)=1, cos’ (2) drn '

2
Where Sz—ndsine d2
A |Sz
d sin®
10)=1, cosz(n - )
A
x 108
where A = 5 =0.30m
10

5[ ©x0.15Xsin O
or I(®)=I,cos” | —————

0.30

=1, cos2 (_TES;HG)

(i) The cart is moving in x - y plane.

The stone, thrown from cart, travels in y - z plane
while z-axis is vertical axis. The stone makes an
angle of 30° with z-axis. Its path is parabolic. At the
highest point of its trajectory, the vertical velocity
of the stone will be zero. The velocity of the stone is
thus confined to (x, y) plane at the highest point.
Velocity of cart is along x-axis

P, =4i
Velocity of stone with respect to cart
Vv, =(6sin30°) j + (6 cos30°) k
=3j+3V3 k=3 +3 k)
Velocity of stone = V
b=, 47,

or ¥, = 4i+ 3}' +3V3 k =absolute velocity of stone
At the highest point, z-component of velocity is
zero
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v = (4i + 3))
Speedat the highest point (v) =y4” +3° =5ms~

Momentum is conserved so

1

myv = (2m)v,
where v = velocity of combined mass

or v, =K:§=2.5ms_1
2
(ii) It is given that the tension in the string becomes
zero at horizontal position. The combined mass
therefore is at rest in this position. During the
subsequent motion of the combined mass, the
energy is conserved.

PE at A=KE. atB

1 5
mgL = —mv,
8. aC
2
2.5
o sz—o—( )
2¢ 2x10
6.25
= —=0.32
20
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Lih 61 IMUSING

SOLUTION SET-53

1.

4.

(c): V=1R=17pl = %Azlp = EA=1Ip
Apply Gauss’s law,
Gin _ (outgoing flux - incoming flux)
€

q.

= =Ilp=ps| = i =Ieo|pi=pa|
0

(a) : Any such black box can r I

be replaced by an effective

emf € and an effective resistor ¢ - R
r connected in series as 1
shown.

L e€=IR+r)

Case (i) :€ = 1 (10 + 7).
Case (ii): € = 0.6 (18 + 1)

€=12Vand r=2Q.
ForI=0.1A,12=0.1 (R +2)
= R=118Q

(d) : Let us assume that the terminal Bis at 0 V and
hence the terminal A is at potential 4 V. Current
through wire AB,

Ijp=—=02A
AB ™0 4%x50Q
10 Q 2V 10Q
4v
I I_]ov
A —|
| ;oY B
Il
4V

Potential difference across voltmeter,
V=[pr-2 = 2sinmt=0.2Xx50x -2
Differentiating the equation

2mcosmt =10 v
v=0.2 T cosmt m s~
v =207 (cosmt) cm s~

1
1

(a,c): Fora<r<b

av Ed
1=2° - Y _po(an?) = kEX4nr?
dR dr
(547tr2
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ve |1 ln(é)
4tk a

5. (a, ¢, d) : Equivalent resistance across AB,

RR’
R =
“ R+FR
Current drawn from battery, [ = %
IfR >> R, "t RIR
RR <R S0, [ >
R+R’ R+r
Since R’ is always much greater than R
s> v
r+R

Potential drop across resistance r,

o
Vi=lr= RR’

r+

R+ R RR’
1 r R+ PR
VAB:V_‘/r:V RR’ =V RR’
r+ r 4+ —-
R+ R R+ R
VR
AsR'>>R, Vyp =
° ABT 4+ R
VR

Current through R, I, = Vap

R’ r(R+R)+RR
AsR >>R
. VR
1T (r+ RR

Since I, depends on R’ hence current through
resistance R’ is not constant as R’ varies.

But potential drop across AB will remain nearly
constant.

Solution Senders of Physics Musing

SET-52

1. Sudhakar, Latur (Maharashtra)
2. Laxmi Trupti, Calicult (W.B.)
3. Harshdeep Kaur, Chandigarh




IA(2, 3.2)

B :
/ . g

Electric field on particle,

E:—;\a_v_-/;a_vz—3;\—4'/]\
dx ~ dy

The particle released, will move along E .
Direction of electric field with x axis,

tne=ﬂ=f or 0 =53°
(-3) 3
&zi = Ax=24m
32 4

If charge particle starts at A, it crosses the x-axis at B.
x-coordinates of B,

Xg=—(24-2)=-04
V,=(3x2)+(4x3.2)=188V

Vy=(3x(-04) +(4x0)=-12V

Using work energy theorem,

1 _
210 x> =107°(18.8 - (~1.2))

1 1

= y=2x102ms! =v=2mms"
(5) :Here p=m?x103°Cm, =2 x 108 kg m?,
E=2x10°NC!

Using energy conservation,

E 1t x107%x2x10°

I 2x10748
Since w = 21V

x 1024

. 10%
= 4n?=m?x 10 or v =
S v=5x101Hz

109

) 50 —|7310V
(2) :20V -

T 10Q oo TR

Let potential of point O is 0 volt.

Therefore V, =20 Vand V,=(20-10) V=10V

Current through 5 Q resistance,

Vi — V3 _20-10
R 5

(0]

=2A

10.

RiR,

(5) : Equivalent resistance of heater = ———=—
R, + R,

60 x 30

= =20Q
60 + 30

Emf of battery, e =IR=(20x 3) =60 V
Current in 60 Q resistance, I, = 1 A
Q=R t=(1)>x60x7x60]
. msAT =25200]
25200

——— = AT=25°C=5x
0.240 x 4200

or AT =

Sox=5

(3) : Using Thevenin's theorem, the given circuit

can be simplified to the equivalent circuit shown in

figure, where €’ is the potential drop across terminal
1 1

OfRandl,=_+_+l or r':z
r r r r 3

equivalent circuit

For power losses in R to be maximum
R = Equivalent resistance of remaining circuit (+')

230
33

R=
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