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CURRENT ELECTRICITY

In previous chapters we deal largely with
electrostatics that is, with charges at rest. With this
chapter we begin to focus on electric currents, that is,
charges in motion.

Electric Current

Electric charges in motion constitute an electric
current. Any medium having practically free electric
charges, free to migrate is a conductor of electricity.
The electric charge flows from higher potential
energy state to lower potential energy state.

e
b
1 — )|
I

Positive charge flows from higher to lower potential
and negative charge flows from lower to higher.
Metals such as gold, silver, copper, aluminium etc.
are good conductors. When charge flows in a
conductor from one place to the other, then the rate of
flow of charge is called electric current (I). When
there is a transfer of charge from one point to other
point in a conductor, we say that there is an electric
current through the area. If the moving charges are
positive, the current is in the direction of motion of
charge. If they are negative the current is opposite to
the direction of motion. If a charge AQ crosses an area
in time At then the average electric current through the
area, during this time as

A
e Average Current Iy = A—?

. A d
e Instantaneous current | = Lim _Q:_Q
At—=0 At dt

KEY POINTS

e Current is a fundamental quantity with
dimension [M°L°T°AY]

e Current is a scalar quantity with its SI unit
ampere.
Ampere: The current through a conductor is
said to be one ampere if one coulomb of charge
is flowing per second through a cross—section of
wire.

JEE (Mains & Advance) #

The conventional direction of current is the
direction of flow of positive charge or applied
field. It is opposite to direction of flow of
negatively charged electrons.3
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The conductor remains uncharged when
current flows through it because the charge
entering at one end per second is equal to
charge leaving the other end per second.

For a given conductor current does not change
with change in its cross—section because
current is simply rate of flow of charge.

If n particles each having a charge q pass per
second per unit area then current associated

: : . A
with cross—sectional area A is 1= X? =ngA.
If there are n particles per unit volume each
having a charge g and moving with velocity v
then current through cross—sectional area A is

I= Ad_ ngqvA
At

If a charge g is moving in a circle of radius r
with speed v then its time period is T = 2xr/v.

The equivalent current I= .4
2xr
Classification of Materials According to

Conductivity

(i) Conductor:

In some materials, the outer
electrons of each atoms or molecules are only
weakly bound to it. These electrons are almost
free to move throughout the body of the material
and are called free electrons. They are also known
as conduction electrons. When such a material is
placed in an electric field, the free electrons move
in a direction opposite to the field. Such materials

are called conductors.

PHYSICS
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(if) Insulator: Another class of materials is called
insulators in which all the electrons are tightly

Behavior of Conductor in Presence of Applied
Potential Difference

bound to their respective atoms or molecules.
Effectively, there are no free electrons. When
such a material is placed in an electric field, the
electrons may slightly shift opposite to the field
but they can’t leave their parent atoms or
molecules and hence can’t move through long
distances. Such materials are also called
dielectrics.

(iii) Semiconductor:  In  semiconductors, the

behaviour is like an insulator at low levels of
temperature. But at higher temperatures, a small
number of electrons are able to free themselves
and they respond to the applied electric field. As
the number of free electrons in a semiconductor
is much smaller than that in a conductor, its
behaviour is in between a conductor and an
insulator and hence, the name semiconductor. A
freed electron in a semiconductor leaves a
vacancy in its normal bound position. These
vacancies also help in conduction.

Behavior of Conductor in Absence of Applied
Potential Difference

In absence of applied potential difference
electrons have random motion. The average
displacement and average velocity is zero. There
is no flow of current due to thermal motion of free
electrons in a conductor.
The free electrons present in a conductor gain
energy from temperature of surrounding and
move randomly in the conductor.
The speed gained by virtue of temperature is called
2 —§kT

2

ms —

1
as thermal speed of an electron > mv

kT .
So thermal speed Vims = 4/3 where m is mass of
m

electron and k is Boltzmann constant.
At room temperature T = 300 K, Vims = 10° m/s
e Mean Free Path A: (A~10A),

_ total distance travelled

number of collisions
e Relaxation Time: The time taken by an
electron between two successive collisions is
called as relaxation time t: (t~10s),
total time taken
number of collisions

Relaxation time: 7=

PHYSICS

When two ends of a conductors are joined to a
battery then one end is at higher potential and
another at lower potential. This produces an
electric field inside the conductor from point of

higher to lower potential E = \{Where V =emf

of the battery, L = length of the conductor.
The field exerts an electric force on free electrons
causing acceleration of each electron.
Acceleration of electron é:E = —¢E

m m

Drift Velocity

Drift velocity is defined as the velocity with
which the free electrons get drifted towards the
positive terminal under the effect of the applied
external electric field. In addition to its thermal
velocity, due to acceleration given by applied
electric field, the electron acquires a velocity
component in a direction opposite to the direction
of the electric field. The gain in velocity due to
the applied field is very small and is lost in the
next collision.

Under the action of electric field :
Random motion of an electron
with superimposed drift

At any given time, an electron has a velocity
V, =U, +dr,, where U, = the thermal velocity and
dar, = the velocity acquired by the electron under
the influence of the applied electric field.
11 = the time that has elapsed since the last
collision. Similarly, the velocities of the other
electrons arev, =, +ar, ,V, = U, +ar;,..V, =Uy +ary -
The average velocity of all the free electrons in
the conductor is equal to the drift velocity of the
free electrons
LV Y, Y+
v, =

N
_ (uy +dr) + (U, +dr,) +...+ (Uy +ary)

N
_ (U +Uy +...+U )+a[r1+r2+...+rNj
N N

p=4

. L Tty ~ eE
Vy=a| ————— | >y =ar=——r7
N m

Note: Order of drift velocity is 107 m/s.

& JEE (Mains & Advance)
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Relation Between Current and Drift Velocity
Let n= number density of free electrons and A=
area of cross—section of conductor.
Number of free electrons in conductor of length
L = nAL. Total charge on these free electron
Ag =neAL
Time taken by drifting electrons to cross

conductor At = L
Vd

C.current I=ﬂ = neAL Yo = neAvy
At L

Example:
Find free electrons per unit volume in a metallic wire
of density 10* kg/m3, atomic mass number 100 and
number of free electrons per atom is one.
Solution:
Number of free charge particle per unit volume (n) =
total free charge particle

total volume

@>> dA
T Hj
<«

e |f the cross—sectional area is not normal to the
current, but makes an angle 6 with the direction

= dl = JdA coso =

of current then J =

~ dAcos@
JdA = 1=[J.dA
e Current density J is a vector quantity.

It's direction is same as that of E . It's S.1. unit is
ampere/m? and dimension [L2A].

Example:

The current density at a point is R =—.
1 3
o
Find the rate of charge flow through a cross sectional
area S =(2f +3j)cm?
Solution:

The rate of flow of charge = current = | = I Jds =
1=J.S
=(2x10%) [ j-(27 +3])]x10* A=6A

JEE (Mains & Advance) #

Total free electrons = number of free electron per

N
atom x total number of atoms = M—Ax M

w
ﬁx M 23 4
So ne M., _ N, d _ 6.023x10™ x10
Y M,, 100x10°°
6.023 x 107
Current Density (J)

Current is a macroscopic quantity and deals with the
overall rate of flow of charge through a section. To
specify the current with direction in the microscopic
level at a point, the term current density is introduced.
Current density at any point inside a conductor is
defined as a vector having magnitude equal to current
per unit area surrounding that point. Remember area
is normal to the direction of charge flow (or current
passes) through that point.

e Current density at point P is given by J =%ﬁ

dA

dA cos 0
Example:
A potential difference applied to the ends of a wire
made up of an alloy drives a current through it. The
current density varies as J = 3 + 2r, where r is the
distance of the point from the axis. If R be the radius
of the wire, then the total current through any cross

section of the wire.
(/3

Solution:
Consider a circular strip of radius r and thickness dr
dl = J.dS =(3+2r)(2zrdr)cos0°= 27 (3r +2r?)dr

2 R
I :_[RZﬁ(3r+2r2)dr = 2z BL+gr3 =
0 2 3 )

2 3
27[(3R + aj units
2 3

PHYSICS
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Relation Between Current Density, Conductivity
and Electric Field

Let the number of free electrons per unit volume in a
conductor = n

<
<

4
A D
1

dx

|

||

Total number of electrons in dx distance = n (Adx)
Total charge dQ = n (Adx)e

>
»

d d .
Current= 1 = €Q = nAe—X =neAvy, Current density =
dt dt
J= 1. nevy
A
E E 2
J= ne(e—)r Vy =[e—jr =1 :(ne T]E =J =
m m m

ne’r

oE, where conductivity o =

m
o depends only on the material of the conductor and
its temperature.
In vector form J=cE Ohm's law (at microscopic
level)

FUNDAMENTAL UNLOCKED-

Q.1  Find free electrons per unit volume in a
metallic wire of density 10* kg/m?, atomic
mass number 100 and number of free
electron per atom is one.

Q.2 The current through a wire depends on time
asi=ig+ asinxt, whereip =10 Aand o =

% A. Find the charge crossed through a

section of the wire in 3 seconds, and
average current for that interval.

Q.3 Acurrent of 5 A exists in a 10 Q resistance for
4 minutes. (Charge of the electron = 1.6 x 10~
19C)

(a) How many coulombs and
(b) How many electrons pass through any
cross section of the resistor in this time?

Q.4  A-cylindrical conducting wire of radius 0.2

mm is carrying a current of 20 mA .

(&) How many electrons are transferred per
second between the supply and the wire
at one end?

(b) Write down the current density in the
wire.

PHYSICS

Relation Between Potential Difference and
Current (Ohm's Law)

If the physical conditions of the conductor (length,
temperature, mechanical strain etc.) remains same,
then the current flowing through the conductor is
directly proportional to the potential difference across
it's two ends i.e. | « V = V = IR where R is a
proportionality constant, known as electric resistance.
Ohm's law (at macroscopic level)

e Ohm's law is not a universal law.
The substances, which obey ohm's law are known
as ohmic.

e Graph between V and | for a metallic conductor
is a straight line as shown.

\4)

-

=R

. v
Slope of the line=tan & =T

KEY POINTS

e 1 ampere of current means the flow of 6.25 x 108
electrons per second through any cross section of
conductor.

e Current is a scalar quantity but current density is

a vector quantity.

e Order of free electron density in conductors =
102 electrons/m?®

Terms Order

Thermal speed v | 10°m/s
Mean free path . | 10A
10m/s

10 “m/s

Relaxation time t

Drift speed vy

& JEE (Mains & Advance)
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e If asteady current flow in a metallic conductor of
non-uniform cross section.

e

(i) Along the wire I is same.

(ii) Current density and drift velocity depend on
area
lh=1h Ai<Ay = J1 >0, E1 > Ey, de >Vd2

If the temperature of the conductor increases, the
amplitude of the vibrations of the positive ions in
the conductor also increase. Due to this, the free
electrons collide more frequently with the
vibrating ions and as a result, the average
relaxation time decreases.

e At different temperatures V-l curves are
different.
Heretan 6: >tan 6, SOR: > R»

Example:

What will be the number of electrons passing through
a heater wire in one minute, if it carries a current of 8
A

Solution:

ieTi1>T,

Ne It 8x 60

|=— = N=—=—"""_-3x10% electrons
t e 1.6x10

Example:

An electron moves in a circle of radius 10 cm with a
constant speed of 4 x 10% m/s. Find the electric current
at a point on the circle.

Solution:

Consider a point A on the circle. The electron crosses
this point once in every revolution. The number of
revolutions made by electron in one second is

4x10° 2
ne— %X £ 107rotls

T 2xr 27x10x102% 1«

ne 2
. Current 1 - =2 x10" x1.6x107%°
T

(- t=1s) :3;2><10_12 =1x10 A
T

e

JEE (Mains & Advance) #

Example:
A current of 1.34 A exists in a copper wire of cross—
section 1.0 mm? Assuming each copper atom
contributes one free electron. Calculate the drift speed
of the free electrons in the wire. The density of copper
is 8990 kg/m? and atomic mass = 63.50.

Solution:

Mass of 1m? volume of the copper is = 8990 kg =
8990 x 10% g

8990 x10°

63.5

Since each mole contains 6 x 10%° atoms therefore
number of atoms in 1m?
n= (1.4 x 10°% x (6 x 10%) = 8.4 x 10%®

| = neAvy

Vaz — = N B— T Y

neA 8.4x10° x1.6x10 " x10

=0.1 mm/s (-~ 1 mm?=10"°m?)

Number of moles in 1m3 = =1.4x10°

Example:

The current through a wire depends on time as i = (2
+ 3t)A. Calculate the charge crossed through a cross
section of the wire in 10 s.

Solution:
10 10

|:z_‘jjdq = (2 +30dt = [dg= [(2+30) dt =
0 0

3t2 10
q=[2t+—)
2 Jo
q=2xlo+gx100 =20+150=170C

Example:

Figure shows a conductor of length ¢ carrying current
I and having a circular cross — section. The radius of
cross section varies linearly from a to b. Assuming
that (b —a) << ¢. Calculate current density at distance

x from left end.

Solution:
Since radius at left end is a and that of right end is b,

therefore increase in radius over length 7 is (b — a).
Hence rate of increase of radius per unit length =
(B) Increase in radius over length x = [b%aj X

l

PHYSICS
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Since radius at left end is a so radius at distance x, r =

)
at| — |X
Y4

Area at this particular section A = ar2 =
wTla+ X
l
. | I
Hence current density J = — = — =
A zr

|
2
)
¥4

Resistance

*[For metals: o positive for semiconductors and
insulators: o negative]

o Resistance of the conductor decreases linearly
with decrease in temperature and becomes zero at
a specific temperature. This temperature is called
critical temperature. At this temperature
conductor becomes a superconductor.

Resistivity

The resistance of a conductor is the opposition which
the conductor offers to the flow of charge. When a
potential difference is applied across a conductor, free
electrons get accelerated and collide with positive
ions and their motion is thus opposed. This opposition
offered by the ions is called resistance of the
conductor.

Resistance is the property of a conductor by

virtue of which it opposes the flow of current in

it.

Unit: ohm, volt/ampere, Dimension = M L2 T3

A—Z

Resistance Depends on:
e Length of the conductor (R « ¢)

. 1
e Area of cross-section of the conductor R o« o

ttC—»
. 4
o Nature of material of the conductor R = %
o Temperature Rt = Ro (1 + aAt)
Where R; = Resistance at t° C, Ry = Resistance at
0°C
At = Change in temperature, o = Temperature
coefficient of resistance

PHYSICS

Resistivity: p=RA// if /=1m, A=1m?then p=R

1m

1m
e (R=p| *T

|2 Im

The specific resistance of a material is equal to the

resistance of the wire of that material with unit cross

— section area and unit length.

Resistivity Depends On (i) Nature of material (ii)

Temperature of material p does not depend on the size

and shape of the material because it is the

characteristic property of the conductor material.

Specific Use of Conducting Materials

e The heating element of devices like heater,
geyser, press etc are made of microhm because it
has high resistivity and high melting point. It does
not react with air and acquires steady state when
red hot at 800°C.

e Fuse wire is made of tin lead alloy because it has
low melting point and low resistivity. The fuse is
used in series, and melts to produce open circuit
when current exceeds the safety limit.

e Resistances of resistance box are made of
manganin or constantan because they have
moderate resistivity and very small temperature
coefficient of resistance. The resistivity is nearly
independent of temperature.

e The filament of bulb is made up of tungsten
because it has low resistivity, high melting point
of 3300 K and gives light at 2400 K. The bulb is
filled with inert gas because at high temperature
it reacts with air forming oxide.

e The connection wires are made of copper
because it has low resistance and resistivity.

& JEE (Mains & Advance)
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Colour Code for Carbon Resistors Example:
Find the current in the circuit
Colour Strip A | Strip B Strip C Strip D A _AAMA B
(Tol ) VYWV
Black 0 0 10° S 1Q 20 3Q
Brown 1 1 10 May be remembered as
Red 2 2 10° BBROY
ol I B ———, I
Yellow 4 4 10 ery .
Green 5 5 10° 30v
Blue 6 6 10° H .
Violet 7 7 10' Solution:
o 5 5 b Reg =1+ 2+ 3 =6Q the given circuit is equivalent
Gold - - 10" + 5% tO
Silver - - 10° +10%
No colour - - - + 20 % 6Q
A AN B
Example:
Draw a colour code for 42 k Q@ + 10% carbon »
resistance. I slov
Solution: v 30
According to colour code colour for digit 4 is yellow, currenti=—-= 5 5A

for digit 2 it is red, for 3 colour is orange and 10%
tolerance is represented by silver colour. So colour
code should be yellow, red, orange and silver.

Example:
What is resistance of following resistor.
Violet  Gold
! |
Yellow Brown
Solution:

Number for yellow is 4, Number of violets is 7
Brown colour gives multiplier 10, Gold gives a
tolerance of £ 5%

So, resistance of resistor is 47 x 10! Q + 5% = 470 +
5% Q.

Combination of Resistors

Series Combination
R, R, R,

‘ Vi \% \ \
|
I

<T

e Same current passes through each resistance

e Voltage across each resistance is directly
proportional to it's value
V1 = |R1, Vz = |R2, V3 = |R3

e Sum of the voltage across resistance is equal to
the voltage applied across the circuit.
V=Vi1+V2+V3=IR=IR;+ IR, + IR3
R=R:+R,+R3
Where R = equivalent resistance

JEE (Mains & Advance) #

eq

Example:
. R R . .
The resistance R, 7 T oo are connected in series.

Find their equivalent resistance.

Solution:
. N R R
Resultant of the given combination Reg = R +Z + T
o R 4R
-1 3
4

Parallel Combination
e There is same drop of potential across each
resistance.

e Current in each resistance is inversely
proportional to the value of resistance.
v \% | Y

e Current flowing in the circuit is sum of the
currents in individual resistance.

vV V V V
=1 + I+ I3:>E:_+_+_ =

Ro R, R

1
R R R, R,

PHYSICS
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Example:
Resistance R, 2R, 4R, 8R...c are connected in
parallel. What is their resultant resistance?
Solution:

1 1 1 1 1

—_— _+_

Rq R 2R 4R B8R

1 11 1) 1 2 R
=—|l+—+—+.0|=—|—|=— => R =—
R 2 4 R 1 R 2

Example:
Find equivalent Resistance

(o, AN VWV VWV
A R R R °B

Solution:
Here all the Resistance are connected between the
terminals A and B

A c AV ANV ANV o B
VA R VB VA VB

Modified circuit is So

AO—>—P>—WW—L 08B

R
Req = 5
Example:

A copper wire of length ‘¢’ and radius ‘r’ is nickel

plated till its final radius is 2r. If the resistivity of the
copper and nickel are pcy and pni, then find the
equivalent resistance of wire?
Solution:

l . . l
R= px; Resistance of copper wire Reu = po; —5

zr?

(- A=nr?)

f{
+ 2r
(I

“+ Ani = n(2r)? — nr? = 3nr? = Resistance of Nickel
. {
wire Rni = oy ——
N P 3xr?
Both wire are connected in parallel. So equivalent

resistance

- ReuRui — | _PcuPhni Y
Re, + Ry 3Pey + Pi mr?

PHYSICS

Example:

Each resistance is of 1 Q in the circuit diagram shown
in figure. Find out equivalent resistance between A
and B

Solution:

By symmetric line method Ras = (2+1(2) || 2= g

Example:

Identical resistance of resistance R are connected as

in figure then find out net resistance between x and y.

Solution:

Given circuit can be modified according to following

figures

1 1 3 1 5 2R

= —_— —_— —_—— .
R 2R 2R 2R 2R Y5

Xy

& JEE (Mains & Advance)
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FUNDAMENTAL UNLOCKED- (FU#2) : Kirchhoff's Law
Q.1  Find the current in the circuit There are two laws given by Kirchhoff for
A NP B determination of potential difference and current in

different branches of any complicated network.
n |]_aw of conservation of charge is a consequence of continuity equation |

30v
Q.2 Find current which s passing through e First law (Junction Law or Current Law)
battery. . .
20 In an electric circuit, the algebraic sum of the
current meeting at any junction in the circuit is
Jv%/gvzw zero or Sum of the currents entering the Junction
ANV is equal to sum of the current leaving the
6Q Junction. £1=0
|1

L i1—ip—i3—is+i5=0=i1+is=ir+ i3+ s

Q.3  The dimensions of a conductor of specific
resistance p are shown below. Find the
resistance of the conductor across AB, CD

and EF.
[ Xa / D
c This is based on law of conservation of charge.
E 1—eF
O _
.- b e Second Law (Loop Rule or Potential Law)
a . . .

/ In any closed circuit the algebraic sum of all
¢ eB potential differences and e.m.f. is zero. E — ZIR =
. _ _ 0 while moving from negative to positive
Q.4  Ifawireisstretched to double its length, find terminal inside the cell, e.m.f. is taken as positive

the new resistance if original resistance of the

§ while moving in the direction of current in a
wire was R.

circuit the potential drop (i.e. IR) across
resistance is taken as positive.

Q.5 Inthe figure given beside find out the current This law is based on law of conservation of

in the wire BD energy
C o0 B '
KEY POINTS
20v
T 10v o If a wire is stretched to n times of it's original
length, its new resistance will be n? times.
D 20 A o If a wire is stretched such that it's radius is
reduced to n times of it's original values, then
Q.6 Find the current in 2Q resistance resistance will increases n* times similarly
4Q 2Q resistance will decrease n* time if radius is
120 V increased n times by contraction.
g e To get maximum resistance, resistance must be
connected in series and in series the resultant is
40

greater than largest individual.

JEE (Mains & Advance) # PHYSICS
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e To get minimum resistance, resistance must be
connected in parallel and the equivalent
resistance of parallel combination is lower than
the value of lowest resistance in the combination.

e Ohm’'s law is not a fundamental law of nature. As
it is possible that for an element:
(i) V depends on | non-linearly (e.g. vacuum
tubes)
(if) Relation between V and | depends on the sign
of V for the same value
[Forward and reverse Bias in diode]
(iii) The relation between V and | is non-unique.
That is for the same | there is more than one
value of V.
e In General:
(i) Resistivity of alloys is greater than their
metals.
(ii) Temperature coefficient of alloys is lower
than pure metals.
(iii) Resistance of most of non metals decreases
with increase in temperature. (e.g. carbon)
(iv) The resistivity of an insulator (e.g. amber) is
greater than the metal by a factor of 102

o Temperature coefficient (o) of semi conductor
including carbon (graphite), insulator and
electroytes is negative.

Example:
In the given circuit calculate potential difference

between the points P and Q.
10 {8V 12V

P
| —ww—S
I F S

Solution:
Applying Kirchhoff's voltage law (KVL) 12 -8 = (1)

I+(9)I+(2)I:>I=%A
Potential difference between the points P and

1
Qu Vp —Vo =9x =3

PHYSICS

Example:

In the given circuit calculate potential difference
between A and B.

Solution:

First applying KVL on leftmesh 2 -3 1 -2 1: =0
= 11 = 0.4 amp.

A B >
Now applying KVVL on right mesh. 4 -51,-31,=0
=12=0.5amp.

Potential difference between points A and B
Va—-Vg=-3%x04-4+3x%x05=-3.7volt.

Example:

A wire of resistance per unit length p. = 10°Q/ miis
turned in the form of a circle of diameter 2 m. A piece
of same material is connected in diameter AB. Then
find resistance between A and B.

Solution:
R, r
. R .
A 2r |B
R, T
R = p. x length
Ri=n X% 1076Q, R, =2 x 10769, R3=nx 108 Q
Lol Rw=088x
Ry 7x10 2x10 %10
10-% ohm.
Example:

In the following circuit diagram, the galvanometer
reading is zero. If the internal resistance of cells are
negligible then what is the value of X?

AW ©

4000 e

_1! g
- 10V N —

bt

b
Solution:
° Ig = 0
10 N .
| = ———— also potential difference across X is
400+ X
2V =1 X=2
10X =2 = X=100Q
400+ X

& JEE (Mains & Advance)
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FUNDAMENTAL UNLOCKED- (FU#3) :

Q.1 Find relation in between current iy, iz, i3, i4, is
and ie.

Q.2 Find the current in each wire

F_ 10 E 20 D
14V
20
-|—1ov -|-30v
A B C

Q.3  Find the potential at point A
20V

0—wwv—| F—o-50V
+10V

=30V

Q.4  Find current in the circuit

Q.5  Find the current in each wire applying only

Kirchhoff voltage law

10V 50V
F ” E ” O

20 20
£

30V
_|_

A B C

JEE (Mains & Advance) #

Cell
Cell convert chemical energy into electrical
energy.

Electro Motive Force (E.M.F.)
The potential difference across the terminals of a cell
when it is not giving any current is called emf of the
cell. The energy given by the cell in the flow of unit
charge in the whole circuit (including the cell) is
called the emf of the cell.
o emf depends on:
(i) nature of electrolyte
(ii) metal of electrodes
o emf does not depend on:
(i) area of plates
(ii) distance between the electrodes
(iii) quantity of electrolyte
(iv) size of cell

Internal Resistance

Offered by the electrolyte of the cell when the electric
current flows through it is known as internal
resistance.

Distance between two electrodes increases = r

increases
_4_{E r
—WWWA—

Area dipped in electrolyte increases = r decreases
Concentration of electrolyte increases = r increases
Temperature increases = r decreases

¢« Terminal Potential Difference
The potential difference between the two
electrodes of a cell in a closed circuit i.e. when
current is being drawn from the cell is called
terminal potential difference.

(a) When Cell is Discharging
Current inside the cell is from cathode to anode.
r
—

Iy [
R

L

CurrentIzi:E=IR+Ir=V+Ir:>V=
r+R

E-1Ir

When current is drawn from the cell potential
difference is less than emf of cell. Greater is the
current drawn from the cell smaller is the terminal
voltage.

PHYSICS
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(b) When Cell is Charging
Current inside the cell is from anode to cathode.

Current Izg =V=E+Ir

During charging terminal potential difference is
greater than emf of cell.

(c) When Cell is in Open Circuit
In open circuitR = wo .. I:izo =>V=E
R+r
In open circuit terminal potential difference is
equal to emf and is the maximum potential

difference which a cell can provide.

(d) When Cell is Short Circuited

InshortcircuitR=0 = IzizE and V
R+r r

=1R=0
In short circuit current from cell is maximum and
terminal potential difference is zero.

Combination of Cells

e Series Combination
When the cells are connected in series the total
e.m.f. of the series combination is equal to the
sum of the e.m.f.'s of the individual cells and
internal resistance of the cells also come in series.

E, E, E,
ry I, ‘I

I R

Equivalent internal resistance r=r, +r, +r, +...
Equivalentemf=E=E; + Eo+ Es + ...

E . .
Current I, =—— [f all n cell are identical then
r«+R
| = nE
nr+R

E
o Ifnr>>R, I =—; current from one cell

r

nE
o Ifnr<<R, I :F ; n x current from one cell

“ PHYSICS # JEE (Mains & Advance)

e Parallel Combination
When the cells are connected in parallel, the
total e.m.f. of the parallel combination
remains equal to the e.m.f. of a single cell and
internal resistance of the cell also come in
parallel. If m identical cell connected in
parallel then total internal resistance of this

combination r,,, -L . Total emf. of this

m
combination = E
. . . E mE
Current in the circuit | = =
r mR+r
R+—
m
E r
E r
E r
Iy £ .
MWWV
R
If r<<mR |=E/R = Current from one cell
mE
Ifr>>mR | =— = m x current from one

r
cell

e Mixed Combination
If n identical cells connected in series and
there are m such branches connected and
parallel in the circuit then total number of
identical cell in this circuit is nm. The internal
resistance of the cells connected in a row =

nr.
Since there are such m rows,

. . . . nr
Total internal resistance of the circuit r, = —
m

Total e.m.f. of the circuit = total e.m.f. of the cells
connected in a row Epet = NE

. L. E
Current in the circuit | = —2%t =

R+rnet R+E

m
Current in the circuit is maximum when external
resistance in the circuit is equal to the total

. . nr
internal resistance of the cells R=—
m
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KEY POINTS

e At the time of charging a cell when current is
supplied to the cell, the terminal voltage is greater
thanthee.m.f.E,V=E + Ir

e Series combination is useful when internal
resistance is less than external resistance of the
cell.

e Parallel combination is useful when internal
resistance is greater than external resistance of the
cell.

e Power in R (Given Resistance) is maximum, if its
value is equal to net resistance of remaining
circuit.

o Internal resistance of ideal cell =0

o If external resistance is zero than current given by
circuit is maximum.

Example:

A battery of six cells each of e.m.f. 2 V and internal
resistance 0.5 Q is being charged by D. C. mains of
e.m.f. 220 V by using an external resistance of 10 Q.
What will be the charging current?

Solution:

Net e.m.f of the battery = 12V and total internal
resistance = 3Q

Total resistance of the circuit =3 + 10 =13

. m.f. 220-12

Charging current | = Nete_mf = =16
total resistance 13

A

H g Py

220V 100

| ' AWV
Example:

A battery of six cells each of e.m.f. 2 V and internal
resistance 0.5 Q is being charged by D. C. mains of
e.m.f. 220 V by using an external resistance of 10 Q.
What is the potential difference across the battery?
Solution:

In case of charging of battery, terminal potential V =
E+Ir=12+ 16 x 3 =60 volt.

JEE (Mains & Advance) #

Example:

Four identical cells each of e.m.f. 2V are joined in
parallel providing supply of current to external circuit
consisting of two 15Q resistors joined in parallel. The
terminal voltage of the equivalent cell as read by an
ideal voltmeter is 1.6V calculate the internal
resistance of each cell.

Solution:

. . . . r
Total internal resistance of the combination req = "

Total e.m.f. Eeq = 2V
x15 1 550
15+15 2

equivalent cell

Total external resistance R =

Current drawn from

__ terminal potential 1.6

external resistance 7.5

Example:

The e.m.f. of a primary cell is 2 V, when it is shorted
then it gives a current of 4 A. Calculate internal
resistance of primary cell.

Solution:
= E , If cell is shorted then R =0, 1| :E
r+R r
. r:E _2 =050
I 4
PHYSICS
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Example:

n rows each containing m cells in series, are joined in
parallel. Maximum current is taken from this
combination in a 3Q resistance. If the total number of
cells used is 24 and internal resistance of each cell is
0.5 Q, find the value of m and n.

Solution:
Total number of cell mn = 24, For maximum current
mr 3n

—=R=05m=3n, m=—=6n
n 0.5

wbnxn=24=n=2andmx2=24=m=12

FUNDAMENTAL UNLOCKED- (FU#4) :

Q.1  In following diagram boxes may contain
resistor or battery or any other element

1A=i

1A=iy

®) 10I V,1Q

then determine in each case

(@) Emf. of battery

(b) Battery is acting as a source or load

(c) Potential difference across each battery

(d) Power input to the battery or output by
the battery

(e) The rate at which heat is generated inside
the battery

(f) The rate at which the chemical energy of
the cell is consumed or increased

(g) Potential difference across box

(h) Electric power output across box

Galvanometer
The instrument used to measure strength of
current, by measuring the deflection of the coil
due to torque produced by a magnetic field, is
known as galvanometer.

PHYSICS

vad
Shunt

The small resistance connected in parallel to

galvanometer coil, in order to control current

flowing through the galvanometer, is known as
shunt.
e Merits of Shunt

(i) To protect the galvanometer coil from
burning.

(it) Any galvanometer can be converted into
ammeter of desired range with the help of
shunt.

(iii) The range an ammeter can be changed by
using shunt resistance of different values.

e Demerits of Shunt

Shunt resistance decreases the sensitivity of

galvanometer.

Conversion of Galvanometer into Ammeter

A galvanometer can be converted into an

ammeter by connecting low resistance in parallel

to its coil.

e The value of shunt resistance to be connected
in parallel to galvanometer coil is given by

Ryi;

1 — Ig
Where i = Range of ammeter
ig= Current required for full scale deflection of
galvanometer.
Ry = Resistance of galvanometer coil.

—P—D—P—@— —>—
i | R, i
(i—ig) A 4

e The galvanometer can be converted into
voltmeter by connecting high resistance in series
with its coil.

e The high resistance to be connected in series with

galvanometer coil is given by R = :L -R,
g

& JEE (Mains & Advance)
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KEY POINTS

e The rate of variation of deflection depends upon
the magnitude of deflection itself and so the
accuracy of the instrument.

e A suspended coil galvanometer can measure
currents of the order of 10-° ampere.

e g is the current for full scale deflection. If the
current for a deflection, of one division on the
galvanometer scale is k and N is the total number
of divisions on one side of the zero of
galvanometer scale, then Ig = k x N.

e A ballistic galvanometer is a specially designed
moving coil galvanometer, used to measure
charge flowing through the circuit for small time
intervals.

Wheat Stone Bridge

e The configuration in the adjacent figure is called
Wheat Stone Bridge.

e If current in galvanometer is zero (I = 0) then
bridge is said to be balanced

VD=VB :>I1P=I2R&I1Q=I28:> g

i
Q

[ X
II \/

o |If g<§then Vs > Vp and current will flow

from B to D.

o |If g>§ then Vg < Vp and current will flow

from D to B.

JEE (Mains & Advance) #

Metre Bridge

It is based on principle of whetstone bridge. It is used
to find out unknown resistance of wire. AC is
1 m long uniform wire R.B. is known resistance and
S is unknown resistance. A cell is connected across 1
m long wire and Galvanometer is connected between
Jockey and midpoint D. To find out unknown
resistance we touch jockey from A to C and find
balance condition. Let balance is at B point on wire.

ATe— ¢ ———(100-) C
1
II

AB=/cm P=rv
BC=(100-7¢)cm Q = r(100 — ¢) where
r = resistance per unit length on wire.

At balance condition: E:B = _r
S r(100-7)
100—/¢
:E =S :—( 20 )R
S 14

Post Office Box

It is also based on wheat stone bridge. The resistance
of 10Q, 1000, and 10000 are often connected
between AB and BC. These are known as ratio arms.
Resistance from 1Q to 50000 are connected between
A and D, this is known arm. Unknown resistance is
connected between C and D.

A cell is connected between A and C with key K; and
Galvanometer is connected between B and D with key Ko.

[C ZPE EB: Z% AC—
E|

s% RRERT]
N B

R * A 4
‘\‘ le
P H xxil

G .A\_
K, K

First, we select ratio of resistance Q and P. For
given value of S we will take value of resistance
from known arm in such a way that Galvanometer

Q

show null deflection S = B R . On decreasing the

Q

value of B the sensitivity of the box increases. It

is used to find out the breakage in telegraph line
in post and telegraph offices.

PHYSICS
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KEY POINTS

e To increase the range of an ammeter a shunt is
connected in parallel with the galvanometer.

e To convert an ammeter of range | ampere and
resistance Ry Q into an ammeter of range nl
ampere, the value of resistance to be connected in
parallel will be Rg(n — 1)

e To increase the range of a voltmeter a high
resistance is connected in series with it.

e To convert a voltmeter of resistance Ry Q and
range V volt into a voltmeter of range nV volt, the
value of resistance to be connected in series will
be (n— 1)R,.

o Resistance of ideal ammeter is zero & resistance
of ideal voltmeter is infinite.

e The bridge is most sensitive when the resistance
in all the four branches of the bridge is of same
order.

Example:

In the adjoining network of resistors each is of
resistance r Q. Find the equivalent resistance between
point A and B

Solution:
Given circuit is balanced Wheat stone Bridge
1 1 1 1

Rg 2r 2r r

Rag=Tr

B

PHYSICS

Example:

Calculate magnitude of resistance X in the circuit
shown in figure when no current flows through the 5Q
resistor?

6V 6Q
X 180
2Q 6Q
Solution:
Since wheat stone bridge is balanced so % = % or X
_18x2 _ 60
6

Example:

For the following diagram the galvanometer shows
zero deflection then what is the value of R?
Solution:

. 100 200
For balanced Wheat stone bridge E =10
(100 +R)
:>m0+R=5:>m0+R=5R:>Rzgﬁzzaz
Example:

A 100 volt voltmeter whose resistance is 20 kQ is
connected in series to a very high resistance R. When
it is joined in a line of 110 volt, it reads 5 volt. What is
the magnitude of resistance R?

Solution:
When voltmeter connected in 110 volt line, Current
through the voltmeter 1 =—118
(20x10° +R)
The potential difference across the voltmeter V = IRy
~ 110x20x10°
(20x10° + R)

= 20x10°+R=440x10°=R=420x10°Q

& JEE (Mains & Advance)
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Example:

When a shunt of 4Q is attached to a galvanometer, the
deflection reduces to 1/5". If an additional shunt of
20 is attached what will be the deflection?

Solution:
I I
O
4, 5 C
AW
S=4Q

Initial condition: When shunt of 4Q used

I—><G:ﬂl><4 = G=16Q
5 5

When additional shunt of 2Q used I' x 16 = (I - I') g

=>1'= —
13
- it will reduce to 3 of the initial deflection
0 ) n O
+—>—@—+ —>—>—@—>—->
"(I—I’) 40 G _ "(I i 4G
—WWA— = |[-) &
SQ
—AVWW— — MWW/
2Q
Example:

A galvanometer having 30 divisions has current

sensitivity of 20pA/division. It has a resistance of 25

Q.

(i) How will you convert it into an ammeter
measuring upto 1 ampere.

(i) How will you convert this ammeter into a
voltmeter upto 1 volt.

Solution:

The current required for full scale deflection I4 = 20

pA x 30 = 600 uA =6 x 10%A

(i) To convert it into ammeter, a shunt is required in
parallel with it shunt resistance
R, = IR, :( 6x10’47

(I-1,) \(1-6x10 ‘

(if) To convert galvanometer into voltmeter, a high

resistance in series with it is required series

resistance R = \L -R 1

T
Iy  6x10

—25=1641.67 Q

]25 =0.015Q

—-25 = 1666.67

JEE (Mains & Advance) #

Potentiometer

o Necessity of Potentiometer

Practically voltameter has a finite resistance.
(ideally it should be o) in other words it draws
some current from the circuit. To overcome this
problem potentiometer is used because at the
instant of measurement it draws no current from
the circuit. It means its effective resistance is
infinite.

e Working Principle of Potentiometer
Any unknown potential difference is balanced on
a known potential difference which is uniformly
distributed over entire length of potentiometer
wire. This process is named as zero deflection or
null deflection method.

e Potentiometer Wire
Made up of alloys of magnin, constantan, Eureka.
Specific properties of these alloys are high
specific resistance, negligible temperature co-—
efficient of resistance (o). Invariability of
resistance of potentiometer wire over a long
period.

Circuits of Potentiometer

e Primary circuit contains constant source of
voltage rheostat or Resistance Box

E Rh(O-R)
primary circuit
< L

A A B
secondary circuit * wire
EY, C E<E
D

e Secondary, Unknown or Galvanometer
Circuit
Let p = Resistance per unit length of
potentiometer wire

e Potential Gradient (x) (V/m)
The fall of potential per unit length of
potentiometer
wire is called potential gradient.
_ current x resitance of potentiometer wire _
length of potentiometer wire

x=Y
L

The potential gradient depends only on primary
circuit and is independent of secondary circuit.

PHYSICS

28



, CURRENT ELECTRICITY » © Questpix

e Applications of Potentiometer Example:
To measure potebtial | Connect in series with There is a definite potential difference between the
difference across a | the given resistance. two ends of a potentiometer. Two cells are connected
resistance To find out current ina in such a way that first time help each other, and
) , N second time they oppose each other. They are
To find out emf of a | given circuit balanced on the potentiometer wire at 120 cm and 60
cell Calibration ~ of  an cm length respectively. Compare the electromotive
Comparision of two | ammeter or to have a force of the cells.
emfs E1/E; check on reading of (A) Solution:
To find out internal | Calibration ~ of a Suppose  the potential gradient along the
resistance  of  a | voltmeter or to have a potentiometer wire = x and the emf's of the two cells
. ] are E; and E.
prlmary_C(_eII check on rgadlng of (V) When the cells help each other, the resultant emf =
Comparision of two | To find out (E1 + E»)
resistance. thermocouple emf (ey) E,+E,=xx120cm ..(0)
To find out an | (mVormV) When the cells oppose each other, the resultant emf =
unknown resistance (E1—Eo)
which is E:i—E;=xx60cm ..(iiN)
From equation (i) and (ii) —ce_120cm_2
Difference between potentiometer and voltmeter E-E, 60cm 1
Potentiometer Voltmeter S Ei+Ep=2(E1— ) = 36, = E1— E _3
> It measures the | It measures the E, 1
unknown emf very | unknown emf
accurately approximately. ) _ .
» Wnlmeasuringenf | Wil messuring et || Q.1 WL e vl ot psses 10
does not draw any draws some current of 99 ohm?
cu_rr_ent LA from HIeISoHLce o en_1f Q.2 Find the reading of ammeter? Is this the
driving source of know | While measuring current through 6027
emf unknown potential 30
> While measuring difference the resistance
unknown potentia' of voltmeter is hlgh but AV
difference the infinite. J_ 6Q 4
resistance of It is based on deflection 18V s1Q
potentiometer becomes | Mmethod. '
infinite Its sensitivity is low. Q.3 A galvanometer has a resistance of G ohm
> It is based on zero | It is only used to and range of V volt. Calculate the resistance
deflection method measured  emf  or {8 23/ u\fglci in series with it to extend its range
> It has a high | unknown potential o _
sensitivity. difference. Q.4 In a meter bridge experiment, the value of
> 1t used for various unknoyvn resistance is 2Q. To get the
Stk - balancing point at 40cm distance from the
applications like same end, the resistance in the resistance box
measurement of will be:
internal resistance of (A)05Q (B3
cell, calibration of (©)20a (D)80a
ammeter and Q.5 Inapost office box if the position of the cell
voltmeter, and the galvanometer are interchanged, then
measurement of the:
thermal  of  emf, (A) Null point will not change
comparison of emf’s (B) Null point will change
(C) Post office box will not work
etc. (D) Nothing can be said.
- @ ATE # JEE (Mains & Advance)
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Heating Effect of Current

Cause of Heating

The potential difference applied across the two ends
of conductor sets up electric field. Under the effect of
electric field, electrons accelerate and as they move,
they collide against the ions and atoms in the
conductor, the energy of electrons transferred to the
atoms and ions appears as heat.

¢ Joules's Law of Heating
When a current | is made to flow through a
passive or ohmic resistance R for time t, heat Q is
produced such that
2
Q=PRt=Pxt=VlIt= VEt
Heat produced in conductor does not depend
upon the direction of current.
e Sl unit: joule; Practical Units: 1
kilowatt hour (kWh)
1kWh = 3.6 x 10° joule = 1 unit 1 BTU
(British Thermal Unit) = 1055 J
2
. Power:P=VI=VF=I2R e Sl unit :
Watt
The watt—hour meter placed on the premises
of every consumer records the electrical
energy consumed.

e Power Transferred to Load by Cell

E°R ]
PZIZRZ 2 :>P=Pmax|fd_P=0:>r
(r+R) drR
=R
E2
................. max 4y
1
r =I R >R
Power transferred by cell to load is maximum
2 2
when r =R and Prax = E—=E—
4r 4R
e Series Combination of Resistors (Bulbs)
PP
Total power consumed P, =—2—. If n bulbs
1 2

are identical P

total —

R,v@n @F;,v

©
\Y

JEE (Mains & Advance) # PHYSICS

In series combination of bulbs Brightness o

Power consumed by bulb « V o« R «
rated

Bulb of lesser wattage will shine more. For same

currentP=1R P«<R RT=P"

e Parallel Combination of Resistors (Bulbs)

Total power consumed Pt = P1 + P
If n bulbs are identical Pyt = NP
In parallel combination of bulbs

Brightness o« Power consumed by bulb oc | o %

Bulb of greater wattage will shine more.

PV @

(pgvg W

\Y,
For same V more power will be consumed in

. 1
smaller resistance P o« E

e Two identical heater coils gives total heat Hs

when connected in series and Hp when connected

in parallel than %:4 [In this, it is assumed
S
that supply voltage is same]

e If aheater boils m kg water in time T1 and another
heater boils the same water in T,, then both
connected in series will boil the same water in
time Ts = T1 + T, and in parallel T, SLEUS

T, +T,

[Use time taken oc Resistance]

e Instruments based on heating effect of current,
works on both A.C. and D.C. Equal value of A.C.
(RMS) and D.C. produces, equal heating effect.
That why brightness of bulb is same whether it is
operated by A.C. or same value D.C.

Fuse Wire

The fuse wire for an electric circuit is chosen keeping
in view the value of safe current through the circuit.

mm Fuse

S

Bulb
T.V
Refrigerator

— Washing Machine —

—— DVD Player
—— Computer
L Electric Fan
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e The fuse wire should have high resistance per unit
length and low melting point.

¢ However, the melting point of the material of fuse
wire should be above the temperature that will be
reached on the passage of the current through the
circuit

o A fuse wire is made of alloys of lead (Pb) and tin
(Sn).
Length of fuse wire is immaterial.
The material of the filament of a heater should
have high resistivity and high melting point.

e The temperature of the wire increases to such a
value at which, the heat produced per second
equals heat lost per second due to radiation from

2

the surface of wire 12 (p_ﬂj =Hx27zrl 12t

r
H = heat lost per second per unit area due to
radiation.

Example:

An electric heater and an electric bulb are rated 500
W, 220 V and 100 W, 220 V respectively. Both are
connected in series to a 220 V a.c. mains. Calculate
power consumed by (i) heater (ii) bulb.

Solution:
V2 V2
= = or Rz?, For heater. Resistance Rp =
2
@: 96.8 Q,
500

_ (220°

For bulb resistance R. = =484 O

Current in the circuit when both are connected in

V. 20  _g38a
R, +R, 484+96.8
(i) Power consumed by heater = I°’Ry, = (0.38)? x 96.8

=13.98 W
(ii) Power consumed by bulb = I?R_ = (0.38)? x 484
=69.89 W

Example:

A heater coil is rated 100 W, 200 V. It is cut into two
identical parts. Both parts are connected together in
parallel, to the same source of 200 V. Calculate the
energy liberated per second in the new combination.

series | =

Solution:
2 2 2
S Vi L) S
R P 100

Resistance of half piece =4%O =200 Q

Resistance of pieces connected in parallel =2—(2)O =

100 @

PHYSICS

2

Energy liberated/second p:V_:M = 400
R 100

w

Example:

The power of a heater is 500W at 800°C. What will be
its power at 200°C. If o. = 4 x 10 per °C?
Solution:

V2 Poo _ Reo  Ry(1+4x10™*x800)

Pt . 200 a0 _
R Py Ry R(1+4x107x200)

= Py, = —5022232 —611W

Example:

When a battery sends current through a resistance Ry
for time t, the heat produced in the resistor is Q. When
the same battery sends current through another
resistance R, for time t, the heat produced in Rz is
again Q. Determine the internal resistance of battery.
Solution:

[N

R +r R, +r

Example:

A fuse with a circular cross-sectional radius of 0.15
mm blows at 15A. What is the radius of a fuse, made
of the same material which will blow at 120 A?
Solution:

For fuse wire | oc r¥'?

So
2/3 2/3
T U] :(@) =(8)" =4=r,=4r,=0.60 mm
r I 15

FUNDAMENTAL UNLOCKED- (FU#4) :

Q.1 In the figure shown B, B, and B3 are three
bulbs rated as (200V, 50 W), (200V, 100W)
and (200V, 25W) respectively. Find the
current through each bulb and which bulb
will give more light?

B B (B)
E)—"CE——8

1
200V

Q.2 Three bulbs, each having a resistance of 180
Q, are connected in parallel to an ideal battery
of emf 60 V. Find the current delivered by the
battery when (a) all the bulbs are switched on,
(b) two of the bulbs are switched on and (c)
only one bulb is switched on.

& JEE (Mains & Advance)
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ANSWERS KEY

Fundamental Unlocked- (Fu#l) :

1. n=6.023x10%m3 2. 31C, % A

3. (8)Q=1200C (b)n=75x102 4. @) n= %xloﬂ = 1.25 x 10" (b) Zixloﬁ A2,
. T

Fundamental Unlocked- (Fu#2) :

1. 3A 2. 15A
3. Rae= 2 Reo= 2 Re= P2 4 4R
ab ac bc
5. 1AfromDtoB 6. %A
Fundamental Unlocked- (Fu#3) :
1. i1+i2—iz—istis+ig=0 2. 1AfromFtoE, 105 AfromBtoE, 11.5AfromEtoD
3. Potential at A= %SV 4, i=25A

5. Currentinwire AF=10 AfromAtoF
Currentinwire EB=15 AfromBto E
Currentin wire DE=25 AfromEtoD

Fundamental Unlocked- (Fu#4) :

1. (@ E=10V each (b) (A) act as a source and (B) act as load
() Va=9V,Vg=11V (d) PA=9W,Pg=11W
(e) Heatrate =1 W each (f 10 W each
(9) 9V, 11V (h) -9W, 11 W

Fundamental Unlocked- (Fu#5) :

1. 11Q. 2. 4 A No, it is not the current through the 6 Q resistor.
3. G(n-1)ohm 4. (B)
5 (A

Fundamental Unlocked- (Fu#6) :
1. 0.07A, Bulb B3 will give more light.
@1AMm23A((C)1IBA

JEE (Mains & Advance) # PHYSICS
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Some Worked Out Examples

Example 1:
Figure shows a thick copper rod X and a thin copper
wire Y, joined in series. They carry a current which is
sufficient to make Y much hotter than X. Which one
of the following is correc;[?

Y

Mean Time Between
Collisions of The
Electrons

Less in X than Y
Samein Xand Y

More in X than Y

Less in X than Y

X
Density of Conduction

Electrons

(A) Same in X and Y
(B) Same in X and Y
(C) Samein X and Y
(D) More in X than Y
Answer: (A)
Solution:

The number density n of conduction electrons in the
copper is a characteristic of the copper and is about
10% at room temperature for both the copper rod X
and the thin copper wire Y.

Both X and Y carry the same current | since they are
joined in series.

From | = neAvqy

We may conclude that rod X has a lower drift velocity
of electrons compared to wire Y since rod X has
larger cross-sectional area. This is so because the
electrons in X collide more often with one another
and with the copper ions when drifting towards the
positive end. Thus, the mean time between collisions
of the electrons is less in X and then in Y.

Example 2:

An electric current flow along an insulated strip PQ
of a metallic conductor. The current density in the
strip varies as shown in the graph. Which one of the
following statements could explain this variation?

A

Current density

>

P Distance along strip fromP
(A) The strip is narrower at P than at Q
(B) The strip is narrower at Q than at P
(C) The potential gradient along the strip is uniform
(D) The resistance per unit length of the strip is
constant

PHYSICS

Answer: (A)

Solution:

The current density at P is higher than at Q. For the
same current flowing through the metallic conductor
PQ, the cross-sectional area at P is narrower than at

Q. The resistance per unit length r is given by r =%
where p is the resistivity and A is the cross-sectional
area of the conductor PQ. Thus, r is inversely
proportional to the cross-sectional area A of the
conductor.

Example 3:

A potential divider is used to give outputs of 2V and
3V from a 5V source, as shown in figure. Which
combination of resistances, Ri, Rz and Rs gives the
correct voltages?

3V

AAA—e A
vvvvl YWV—

ho 2V

)
Iy
A4

vVO————0

R1 R> R3

(A) 1ka 1kQ 2kQ
(B) 2 kQ 1kQ 2ko
(C) 3ka 2ko 2ko
(D) 3ka 2 ko 3k
Answer: (B)

Solution:

For resistors in series connection, current (I) is the
same through the resistors. In other words, ratio of the
voltage drop across each resistor with its resistance is
the same.

That is | _5-8_3-2_2 ie,Ri:R,:R3=2:1
Rl R2 R3

1 2.

Example 4:

How will the reading in the ammeter A of figure be
affected if another identical bulb Q is connected in
parallel to P as shown. The voltage in the mains is
maintained at a constant value.

(A) The reading will be reduced to one-half

(B) The reading will not be affected

(C) The reading will be doubled of the previous one
(D) The reading will be increased four-fold

& JEE (Mains & Advance)
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Answer: (C) Answer: (B)
Solution: Solution:

Resistance is halved. Current is doubled.

Example 5:

In which one of the following arrangements of
resistors does the ammeter M, which has a resistance
of 20, give the largest reading when the same
potential difference is applied between points P and

Q?

1Q 1Q
(A) P o—M——Wh—D——0
1Q
AYAVAVAV
(B) Po——¢p »—@—OQ
20
AVAVAVAV
e
YYyy
(C) po ™ °Q
AVAVAVAY
2Q
10
(D) Po—T W@ 70
Vs
YYvy
Answer: (C)
Solution:
Let Ve =E
For(A):Izg For(B): I = E E For (C) :

2/+2 8/
2 &
E E
I=—For(D): I =—
2 () 3

Example 6:

The resistance of all the wires between any two
adjacent dots is R. The equivalent resistance between
A and B as shown in figure is

A
B
7 7
A) —R B) - R
) 3 (B) ¢
14
© ER (D) None of these

JEE (Mains & Advance) #

. Lo 7
Given circuit can be reduce toR,; = 5 R

Example 7:

A candidate connects a moving coil voltmeter V, a
moving coil ammeter A and a resistance R as shown
in figure. If the voltmeter reads 20 V and the ammeter
reads 4A, R is:

{B=—W)

(A) equal to 5Q

(B) greater than 5Q

(C) less than 50

(D) greater or less than 5Q depending upon its
material

Answer: (B)

Solution:

Let a current of x ampere passes through the

voltmeter, then (4-x) ampere passes through the

resistance R. Therefore, voltmeter reading 20 = (40 —

X)R .. R:42—0, i.,e., R>5Q

Example 8:

A cell of internal resistance 1Q is connected across a
resistor. A voltmeter having variable resistance is
used to measure potential difference across resistor.
The plot of voltmeter reading V against G is shown.
What is value of external resistor R? (G = Resistance
of galvanometer)

Y ©
vT 10V A \
5VY/ L R
24V 10

28

GQ)~
(A)50Q B)4
©3a (D) can't be determined

PHYSICS
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Example 11:
Answer: (A : .
. _( ) Three 60W, 120V light bulbs are connected across a
Solution: ’
. s 120 V power source. If resistance of each bulb does
When galvanometer resistance tends to infinity G - .
o not change with current then find out total power

Potential difference across R is 20V = 20=24 —i x
l1=i=4Aals020=4xR =R =5Q.

Example 9:
Atime varying current i is passed through a resistance
R as shown in figure. The total heat generated in the
resistance is:

A

34,

0 t, 2t, 3t, "t

(A) 11iiRt, (B) 13i’Rt,
(C) 17iRt, (D) 15i’Rt,
Answer: (B)

Solution:
Total heat produced =

jﬁ' det+(3l) R(2t, —t, )+ 2R (3, — 2t; )

0 0

= 3iZRt, +9iZRt, +iZRt, =13iZRt,

Example 10:
The circuit shown in figure, contains a battery, a
rheostat and two identical lamps. What will happen to
the brightness of the lamps if the resistance of the
rheostat is increased?

Lamp P Lamp Q T

(A) Less brighter  Brighter
(B) Less brighter  Less brighter
(C) Brighter Less brighter
(D) No change Brighter

Answer: (A) YW
Solution:

Consider two extreme cases. (i) When the resistance
of the rheostat is zero, the current through Q is zero
since Q is short-circuited. The circuit is then
essentially a battery in series with lamp P. (i) When
the resistance of the rheostat is very large, almost no
current flows through it. So, the currents through P
and Q are almost equal. The circuit is essentially a
battery in series with lamps P and Q.

PHYSICS

delivered to the three bulbs.

R

120V = SN S)
(A) 180 W (B; 20w (C)4ao0w (D)60W
Answer: (C)
Solution

Total power supplied _ v’ _[][] £ 460 = 40W
3/2R (3 R

Example 12:

An apparatus is connected to an ideal battery as
shown in figure. For what value of current, power
delivered to the apparatus will be maximum?

E E
A) — B) —
Q= (®) o5
© % (D) information insufficient
Answer: (B)
Solution:

. E
For maximum power Rext = Rint = R .. current = >R

Example 13:

In the given black box unknown emf sources and
unknown resistances are connected by an unknown
method such that (i) when terminals of 10 ohm
resistances are connected to box then 1 ampere
current flows and (ii) when 18 ohm resistances are
connected then 0.6 A current flows then for what
value of resistance does 0.1 A current flow?

o—
Black box I) gR
o_

(A)1180 (B)27 (C)180Q
Answer: (A)

(D) 58 @

& JEE (Mains & Advance)
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Example 14:

Figure shows a balanced Wheatstone's bridge
R=50 0=500

(A) If P is slightly increased, the current in the
galvanometer flows from C to A

(B) If P is slightly increased, the current in the
galvanometer flows from Ato C

(C) If Q is slightly increased, the current in the
galvanometer flows from C to A

(D) If Q is slightly increased, the current in the
galvanometer flows from Ato C

Answer: (BC)

Solution:

If P is slightly increased, potential of C will
decrease. Hence current will from Ato C. If Q is
slightly increased, potential of C will increases,
hence current will flow from C to A.

Example 15:
In the circuit shown in figure.

A

40
60
B
I
20 20V

(A) Power supplied by the battery is 200W

(B) Current flowing in the circuit is 5A

(C) Potential difference across the 4Q resistance is
equal to the potential difference across the 6Q
resistance

(D) Current in wire AB is zero

JEE (Mains & Advance) #

Answer: (AC)

Solution:

40 and 6 resistor are short-circuited. Therefore, no
current will flow through these resistances. Current
passing through the battery is | = (20/2) = 10A. This
is also the current passing in wire AB from B to A.
Power supplied by the battery P = EI = (20) (10) =
200W

Potential difference across the 4Q resistance =
potential difference across the 6 resistance.

Example 16 to 17:
In given circuit, 7 resistors of resistance 2Q each and

6 batteries of 2V each, are joined together.
2V

A_| B_|
20 §§ 203
—X

16. The potential difference Vp — Vg is-

5 6 5 22
(A) 6V (B) 5V ©) 6V (D) 5 v
Answer: (B)
Solution:
lh+b+l3+li+l5+1g=17
(x+6)V x+4)V 1, &2V xV
Al D

v Gav Foy
I\+]? Il+12+13+ L, 11+IZ+IZK+IA+IS+L>

17. The current through branch BG is-

(A) 1A (B) 0.2A (C)0.4A (D) 0.6A
Answer: (D)
Solution:
Current through branch BG : I, :g = % =0.6A

18. The current through battery between A & B is-
(A)O6A (B)OBA (C)04A (D)1A

Answer: (A)

Solution:

=06 A

Current through branch AB = I, =

N | X

PHYSICS
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Example 19 to 21: _ _ Example 22 to 24:
An ammeter and a voltmeter are connected in series A network of resistance is constructed with Ry and R,
to a battery with an emf of 10V. When a certain as shown in figure. The potential at the points 1, 2,
resistance is connected in parallel with the voltmeter, 3 N NAEVRY: v tivel h
the reading of the voltmeter decreases three times, are by V2 V3 e N, Fespeclively, gac
whereas the reading of the ammeter increases the two having a potential k times smaller than the previous
times. one.

i . . yﬂ AMAA Vi AMA Ve AMAA Vs Ve A N
19. Find the voltmeter reading after the connection of '}g' 'H' VFVQH =y

1 1 1 1

the resistance.

(A) 1V (B) 2V (C) 3V (D) 4V =R, =R ER  ER, =R
Answer: (B)
10v
" R, .
22. Theratio — is
2
O, @ , 1 K
MV ———V— (A) k X (B) 1
Initially V1 + V, = 10V (i
VR 0 . 1 o (k=17
Finally, 2+ 2, =10V (i © k-7 (©) —
From equation (i) & (ii) We get V1 = 6 volt, V, = Answer: (D)
4 volt - Solution:

|®|®

R
—V /3 —>e—2V,—>

- Final reading = \%z 2 volt
20. If resistance of the ammeter is 20, then resistance )

of the voltmeter is: Vo lTk=V, K L Volk :&:(k—l)

(A) 10 (B) 20 (©) 32 (D) 40 R, R, R, k
Answer: (C)
Solution: . R, .

V. R. 4 23. The ratio == is

2_-"A_2 g RA=20=Ry =30 R,

o Ro6 (k-1)° 1

(A) (B) k* -~

21. If resistance of the ammeter is 20, then resistance K K

of the resistor which is added in parallel to the k 1

voltmeter is: ® k-1 (D) k- K2

(A) §Q (B) EQ Answer: (C)

5 7 Solution:

(C) §Q (D) None of these Current in Ry and Rs will be same:

Answer'Y(A) v Vit
. _ n-1"—
Solution: sz—”:—kzhzaz&(k—l)
RR v R R R, KRy
Rv+R=i=l:>R=§Q Putthevalueolein(i)&:L
Ra v, 4 S R, k-1
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24. The current that passes through the resistance Ry
nearest to the Vo is

(k-1 V, (k+1)°V,
W =7 ®) =%
© (k+k—12j\é—° (D) (k —k—lzj\é—o
Answer: (D)
Solution:

Current in Rz nearest to Vo :
_ﬁ_ V, /k _(k—ljvo

l,=—L= - Yo
2 R, R(kj k* JR,
3
k-1

Example 25:

For the circuit shown in figure, 4 cells are arranged.
In column 1, the cell number is given while in column
I, some statements related to cells are given. Match
the entries of column I with the entries of column II.

1
100 &
AMAMA | AAMA
YYYyyy 1" YYYYYyY

2V 20

Cell 11

| A - —] A
1YW 1 WYY
v 10 3V 20

ECeII v

AR

Cell 111

Column | Column 1l

(A) Cell | (P) Chemical energy of cell is
decreasing.

(B) Cell ll (Q) Chemical energy of cell is
increasing.

(C) Cell 1l (R) Work done by cell is
positive.

(D) Cell IV (S) Thermal energy developed

in cell is positive.
(T) None of these
Answer: (A)— QS; (B)— PRS; (C)— PRS; (D)— QS
Solution:
2 14 12

We have, |, =—£A, I, = 33A, I :‘gA
1, 10Q 2V 20
— e —] WA

@
I, 1V 10 3V 20

I, 2V )
_‘—“—WNV_

2Q
In each cell thermal energy will be dissipated due to
internal resistance whether the chemical energy of the
cell is increasing or decreasing.
(i) Cell I is getting charged, hence its chemical
energy increases.

JEE (Mains & Advance) #

(if) Cell Il and 11 both are getting discharged; hence
their chemical energy is decreasing. So, work
done by both of them is positive.

(iv) Cell IV is getting charged, hence its chemical
energy increases.

Example 26:
Equivalent resistance for the given figure
between P and Q is NR/3. Find value of N.

R

R R
R Q
P v R

Answer: 4
Solution:

R/2 R/3 R/2
—— AW —WWW— W ——
Rnet = ﬁ N=4

3
Example 27:

All resistances in the diagram below are in ohms. Find
the effective resistance between the point A and B (in
Q).

Answer: 2
Solution:
The given system can be reduced as shown in figure.

30

Il
=23
(e}
\ °
w
te]
l
w
o]
Il
w
e}

3Q 30 3Q
6Q
MWy
3Q
30 = =—AW—
= A 20
YWYy
30 3Q

PHYSICS
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Example 28:
In the given circuit, find the current (in mA) in the

wire between points A and B.
110 A 2k
——

Answer: 8

Solution:
1k 2kQ |

2% Yy, 1kW
L L

||
I'32v
l1=16 mA; I, =8mA = I — I, =8mA
Example 29:
Consider an infinite ladder of network shown in
figure. A voltage is applied between points A and B.
If the voltage is halved after each section, find the

ratio of &

A AAAA}A AAA}AA AAAAA AAAAIAA AAAA
YYYYYY YYVYYY YYYYYY YYYYYY YYVYYY

)
N
AAA
VWWWy

=<
R3
>
-

\AAAAAL
Ry
N
AMA
VWYWy
Ry
S
AMA
VWYWy
2y
S
MA
VWYWy

Answer: 2
Solution:

Voltage across AB =V, Voltage across AB' = \é ie.,

\
Voltage across R, = 3

Now from Kirchhoff's law it is obvious that voltage

across R; =V —% = \L

2
R R
A'—'"’_WMA_ Y WY
ir2Y
Vv RE |Vv2
B T

When the voltage is halved, current is also halved,
i.e., current in Rz is half of that in Ry.
SORi=R, - = e _p

2 R

PHYSICS

Example 30:
In the given circuit, the voltmeter and the electric cell

are ideal. Find the reading of the voltmeter (in volt)

1Q A 20Q

10 ©

E=2V 5

WC

Answer: 1

Solution:

The electric current through ideal voltmeter is zero.

According to loop rule, E -1 x | — 1 x 1 =20

_E o
2 2

Reading of the voltmeter = VAo - Vg =[1 x I] = [1 x

1]=1Vv

= 1A

Example 31:

In the circuit shown below, all the voltmeter identical
and have very high resistance. Each resistor has the
same resistance. The voltage of the ideal battery
shown is 27 V. Find the reading of voltmeter V3 (in

volts).
R
A'A'A‘A' A'A'A'A' A'A'A'A'
v, V,
V, R
."""V .V‘V."' .""l‘V
|
V=27 volt
Answer: 6
Solution:
R
O A'A'A'A' 9 A'l'lvA' 18 A'A'A'A' 27
Vi V;
X
v, R
""‘V‘V 9 ‘V"‘V‘V 1 8 AV‘V‘V‘V 27
| 27
V=27 volt

X-9 x-9 x-18
+ +
R, R R

=0=x=12 ..V, =6 volt

& JEE (Mains & Advance)
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Example 32: Example 34:

A battery of internal resistance 4Q is connected to the
network of resistances as shown in figure. In order
that the maximum power can be delivered to the

network, the value of R in Q should be

R R
MMM, MM
YYYYYY YYYVYY

=6R
40 R 4R

MW MM
YYYVYY YYYVYY

AMMA
YYYYYY
pyj

M
o
mm
YWy
AMAAMA

Answer: 2

Solution:

For maximum power, external resistance is equal to
internal resistance.

Therefore, 2R=40rR=2

Example 33:

How much time heater will take to increase the
temperature of 100 g water by 50°C if resistance of
heating coil is 484 and supply voltage is 220V a.c.

Solution:
\/ 2
Heat given by heater = heat taken by water :? t=

220 220
484
t= (100 x 103) (4.2 x 10% (50) = t=210's

ms A0 =

A wire of length L and 3 identical cells of negligible
internal resistances are connected in series. Due to the
current, the temperature of the wire is raised by AT in
atime t. A number N of similar cells is now connected
in series with a wire of the same material and cross-
section but of length 2L. The temperature of the wire
is raised by the same amount AT in the same time t,
the value of N is
Answer: 6
Solution:
Let R be the resistance of wire. Let R' be the resistance of
another wire so R'=2R (.- Length is twice)

(3v)°

In case (i) Energy released in t second = xt

In case (ii) .. Energy released in t-seconds =

(N3V?)
xt
2R
2
But Q = mcAT .. mcAT = (ov )><t (i)
2
Applying Q' = m'cAT = 2mcAT :(NZV ) xt ..(i)

Dividing equation (i) by equation (i)
meaT ~ OVixlp 1 9x2

2MCAT szzx%R 2 N?

JEE (Mains & Advance) #
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OBJECTIVE EXERCISE - |

Single Correct Type Questions
Microscopic Analysis

1.

A wire has a non-uniform cross-section as
shown in figure. A steady current flow through
it. The drift speed of electrons at points P and
Q is vp and vo.

(B) vp <vq
(D) Data insufficient

(A) ve =Vo
(C) ve > vq

Two wires each of radius of cross section r but
of different materials are connected together
end to end (in series). If the densities of charge
carriers in the two wires are in the ratio 1 : 4,
the drift velocity of electrons in the two wires
will be in the ratio:
A)1:2 B)2:1 (C)4:1 (D)1:4

An insulating pipe of cross-section area 'A'
contains an electrolyte which has two types of
ions — their charges being —e and +2e. A
potential difference applied between the ends
of the pipe result in the drifting of the two types
of ions, having drift speed = v (—ve ion) and v/4
(+ve ion). Both ions have the same number per
unit volume = n. The current flowing through
the pipe is
(A) nev A2
(C) 5nev A/2

(B) nev A/4
(D) 3nev A/2

The current in a metallic conductor is plotted
against voltage at two different temperatures
T1 and T.. Which is correct

g h
=
O T,
Voltage
(A) T:>T> (B) T.<T,
O Ti=T: (D) none
PHYSICS

5.

A metal rod of length 10 cm and a rectangular
. 1 .
cross-section of 1 cm x 5 cm is connected to

a battery across opposite faces. The resistance
will be
(A) maximum when the battery is connected

1
across 1 cm x E cm faces.

(B) maximum when the battery is connected
across 10 cm x 1 cm faces.
(C) maximum when the battery is connected

1
across 10 cm x 3 cm faces.

(D) same irrespective of the three faces.

Ohm’s law and Circuit Analysis

6.

i

8.

In the given circuit the current flowing through
the resistance 20 ohms is 0.3 ampere while the
ammeter reads 0.8 ampere. What is the value
of R,?

AN—-(B)>-

(A) 30 ohm
(D) 60 ohm

(B) 40 ohm (C) 50 ohm

Resistances R and R, each 60Q are connected
in series as shown in figure. The Potential
difference between A and B is kept 120 volt.
Then what will be the reading of voltmeter
connected between the point C & D if
resistance of voltmeter is 120Q.

(A)48V (B)24V (C)40V (D) None

A simple circuit contains an ideal battery and a

resistance R. If a second resistor is placed in

parallel with the first,

(A) the potential across R will decrease

(B) the current through R will decreased

(C) the current delivered by the battery will
increase

(D) the power dissipated by R will increase

& JEE (Mains & Advance)
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9.

10.

11.

12.

13.

CURRENT ELECTRICITY

28

In the circuit shown in the figure, the current
through:

302 202 202

(A) the 3Q resistor is 0.50 A
(B) the 3Q resistor is 0.25 A
(C) 4 resistor is 0.50 A

(D) the 4Qx resistor is 0.25 A

An energy source will supply a constant

current into the load, if its internal resistance is:

(A) equal to the resistance of the load

(B) very large as compared to the load
resistance

(C) zero

(D) non-zero but less than the resistance of the
load

A storage battery is connected to a charger for
charging with a voltage of 12.5 Volts. The
internal resistance of the storage battery is 1Q.
When the charging current is 0.5 A, the emf of
the storage battery is:
(A) 13 Volts

(C) 12 Volts

(B) 12.5 Volts
(D) 11.5 Volts

When a current of 4 A flows within a battery
from its positive to negative terminal, the
potential difference across the battery is 12
volts. The potential difference across the
battery is 9 volts when a current of 2 A flows
within it from its negative to its positive
terminal. The internal resistance and the e.m.f.
of the battery are:
(A) 0.1 0, 4V
(©) 059,10V

(B) 0.2.Q, 5V
(D) 0.7 Q, 10V

In the figure shown, battery 1 has emf = 6 V
and internal resistance = 1 Q. Battery 2 has
emf = 2V and internal resistance = 3 Q. The
wires have negligible resistance. What is the
potential difference across the terminals of
battery 2?

14.

15.

16.

17.

18.

JEE (Mains & Advance) #

Six equal resistances are connected between
points P, Q and R as shown in the figure. Then,
the net resistance will be maximum between

P
Q R
(A)Pand Q (B)Qand R
(C)Pand R (D) any two points

In the circuit, the galvanometer G shows zero
deflection. If the batteries A and B have
negligible internal resistance, the value of the

resistor R will be-
500 Q)
— AW,

©)
~ |a2v
R A

12v| B

(A) 200 0 (B) 100 @ (C) 500 © (D) 1000 Q

In the figure shown the current through 2Q
resistor is:

|10V 1082
5Q
20V
|
(A)2A (B)OA (C)4A (D)6A

The equivalent resistance between the
terminal points A and B in the network shown
in figure is:

R
MW
R

R

WY
wZ ® 0L o

A Wheatstone's bridge is balanced with a
resistance of 625Q in the third arm, where P,

PHYSICS
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rod

and S are in the 1%, 2"@ and 4" arm respectively.
If P and Q are interchanged, the resistance in
the third arm has to be increased by 51Q to
secure balance. The unknown resistance in the
fourth arm is:

(A) 625 Q (B) 650 © (C) 676 © (D) 600 Q
Electric Power and Joule heating

19. Power generated across a uniform wire
connected across a supply is H. If the wire is
cut into n equal parts and all the parts are
connected in parallel across the same supply,
the total power generated in the wire is

WS @ O O

20. A rigid container with thermally insulated
walls contains a coil of resistance 100 Q,
carrying current 1 A. Change in internal energy
after 5 min will be
(A)zero (B)10k) (C)20kJ (D)30kJ

21.  Consider a cylindrical element as shown in the
figure. Current flowing through the element is
I and resistivity of material of the cylinder is p.
Choose the correct option out the following.

A B "
4rI ! $or

—

S I
—
(A) Power loss in second half is four times the
power loss in first half.
(B) Voltage drop in first half is twice of
voltage drop in second half.
(C) Current density in both halves are equal.

(D) Electric field in both halves is equal.

22.  Arrange the order of power dissipated in the
give circuits, if the same current is passing

through all circuits and each resistor is ‘t’

PHYSICS

23.

24,

25.

(1) A= AA——r—B
NN

(2) A B
® A—CZ::}WB

(A)P2>P3>Ps>P; (B)P3>Py;>Ps>Py
(C)Ps>P3>P,>P; (D)P1>P2>P3>Py

The variation of current (1) and voltage (V) is
as shown in figure A. The variation of power P
with current | is best shown by which of the
following graph
Vu
Fig. A 1

A
P
P

b \
(A) ‘ i (B) i

I I

p

©) ‘/ (D)

] 1
In the figure shown the power generated iny is
maximum when y = 5Q. Then R is:

}]’
10V, R
2Q)

A2 BEQ (CO)50 (D)3
When electric bulbs of same power, but
different marked voltage are connected in
series across the power line, their brightness
will be:

(A) proportional to their marked voltage

& JEE (Mains & Advance)
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(B) inversely proportional to their marked
voltage
(C) proportional to the square of their marked
voltage
(D) inversely proportional to the square of
their marked voltage

26.  Two bulbs rated (25W — 220V) and (100W —
220V) are connected in series to a 440 V line.
Which one is likely to fuse?

(A) 25 W bulb (B) 100 W bulb
(C) both bulbs (D) none

27. Rate of dissipation of Joule’s heat in
resistance per unit volume is (symbols have
usual meaning)
(A)sE (B)oj (©)jE (D) None

28. Two bulbs one of 200 volts, 60 watts & the
other of 200 volts, 100 watts are connected in
series to a 200 volt supply. The power
consumed will be:
(A) 37.5 watt
(C) 62.5 watt

(B) 160 watt
(D) 110 watt

Electric instruments

29. A galvanometer has a resistance of 20Q and
reads full-scale when 0.2 V is applied across it.
To convert it into a 10 A ammeter, the
galvanometer coil should have a
(A) 0.010 resistor connected across it
(B) 0.02¢ resistor connected across it
(C) 2002 resistor connected in series with it
(D) 2000  resistor connected in series with it

30. A galvanometer coil has a resistance 90 Q and
full-scale deflection current 10 mA. A 910Q
resistance is connected in series with the
galvanometer to make a voltmeter. If the least
count of the voltmeter is 0.1V, the number of
divisions on its scale is

(A)90  (B)91  (C)100 (D) none

31. A galvanometer has resistance 100Q and it
requires current 100pA for full scale
deflection. A resistor 0.1Q is connected to
make it an ammeter. The smallest current
required in the circuit to produce the full scale
deflection is

CURRENT ELECTRICITY ‘
(A) 1000.1 mA (B) 1.1 mA
(C) 10.1 mA (D) 100.1 mA

32.

33.

34.

JEE (Mains & Advance) #

In a galvanometer, the deflection become one
half when the galvanometer is shunted by a

200 resistor. The galvanometer resistance is

2002
MWV

a2

—)——)—@——
i i2 Rg

(A)5Q (B)10Q (C)40Q (D) 200

Which of the following wiring diagrams could
be used to experimentally determine R using
ohm’s law? Assume an ideal voltmeter and an

ideal ammeter.
R

(A)55

(B)

R
—AA
Y,
(C) _®_
_/\/\,_|
R

(D) é

—AN—

By error, a student places moving-coil
voltmeter V (nearly ideal) in series with the
resistance in a circuit in order to read the
current, as shown. The voltmeter reading will
be

PHYSICS
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35.

36.

37.

38.

E=12V,r=2Q

4Q

(A)O (B)4v (C)ev (D) 12v

In a balanced wheat stone bridge, current in the

galvanometer is zero. It remains zero when:

[1] battery emf increased

[2] all resistances are increased by 10 ohm

[3] all resistances are made five times

[4] the battery and the galvanometer are
interchanged

(A) only [1] is correct

(B) [1], [2] and [3] are correct

(C) [1], [3] and [4] are correct

(D) [1] and [3] are correct

The figure shows a metre-bridge circuit, with
AB =100 cm, X =120 and R = 18Q, and the
jockey J in the position of balance. If R is how
made 80, through what distance will J have to
be moved to obtain balance?

P I

\I I"\'WV-|| W

LIA 1X|J 1 R I Bl
& !

(A)10cm (B) 20cm (C) 30 cm (D) 40 cm

In a metre bridge experiment, null point is
obtained at 20 cm from one end of the wire
when resistance X is balanced against another
resistance Y. If X <Y, then where will be the
new position of the null point from the same end,
if one decides to balance a resistance of 4X against
Y?

(A)50cm (B) 80 cm (C)40cm (D) 70 cm

In the given circuit, no current is passing through
the galvanometer. if the cross-sectional diameter
of AB is doubled then for null point of
galvanometer the value of AC would be:

PHYSICS

39.

40.

41.

42.

,.

L)

—X—»1C
B)x/2 (C)2x

(A) x (D) None

A potentiometer wire has length 10 m and
resistance 10Q. It is connected to a battery of
EMF 11 volt and internal resistance 1 Q, then
the potential gradient in the wire is:

(A) 10 VIm (B) 1 V/m

(©)0.1V/m (D) none

A 6V battery of negligible internal resistance
is connected across a uniform wire of length 1
m. The positive terminal of another battery of
emf 4V and internal resistance 1 Q is joined to
the point A as shown in figure. The ammeter
shows zero deflection when the jockey touches

the wire at the point C. The AC is equal to:

6V
| |
| |

PN

4V, 102
(A)2/3m (B)1/3m (C)3/5m (D)1/2m

In the given potentiometer circuit length of the
wire AB is 3 mand resistance isR=4.5Q. The
length AC for no deflection in galvanometer is:

E=5v 1=0.5Q
X %B
JC
E=3V T
(A)2m (B) 1.8 m

(C) dependentonry (D) none of these

The length of a potentiometer wire is ¢. A cell
of emf E is balanced at a length ¢/3 from the

positive end of the wire. If the length of the

& JEE (Mains & Advance)
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wire is increased by ¢/2. At what distance will

One or More Than One Correct Type Questions

the same cell give a balance point. Microscopic Analysis
20 l 4 4/ i i _secti
(A) = (B) = ©) = (D) £ 46. A metallic cc_)nductqr of irregular cross sectlpn
3 2 6 3 is as shown in the figure. A constant potential

difference is applied across the ends (1) and
(2). Then:
43. In the given potentiometer circuit, the H

resistance of the potentiometer wire AB is Ro. (2)

C is a cell of internal resistance r. The

(A) the current at the cross-section P equals the

galvanometer G does not give zero deflection ;
current at the cross-section Q

for any position of the jockey J. Which of the (B) the electric field intensity at P is less than
following cannot be a reason for this? that at Q.
D (C) the rate of heat generated per unit time at Q
Wiy is greater than that at P
! (D) the number of electrons crossing per unit
A 7 B area of cross-section at P is less than that at
r
@) Q
G 47. A current passes through an ohmic conductor
(A)r>R of nonuniform cross section. Which of the
0 following quantities are independent of the
(B) R>>Ro cross-section?
(C) emf of C > emf of D (A) the charge crossing in a given time
. . . interval.
(D) The negative terminal of C is connected to (B) drift speed
A (C) current density
(D) free-electron density
44. For the post office box arrangement to Ohm’s law and Circuit Analysis
determine the value of unknown resistance, the 48. A battery is of emf E is being charged from a

charger such that positive terminal of the

battery is connected to terminal A of charger

between and negative terminal of the battery is
B C D connected to terminal B of charger. The

internal resistance of the battery isr.

(A) Potential difference across points A and B

unknown resistance should be connected

o."o 50 ;‘;o 500 must be more than E.
i (B) A must be at higher potential than B
A 4 } N (C) In battery, current flows from positive
[@oc000000 terminal to the negative terminal
131‘/: e e, (D) No current flows through battery
(A)BandC (B)CandD 49.  Two identical fuses are rated at 10A. If they
(C)Aand D (D) Biand C, are joined
45. A resistance is shown in the figure. Its value (A)in par_allel, the combination acts as a fuse
and tolerance are given respectively by: of rating 20A
RED ORANGE (B) in parallel, the combination acts as a fuse
of rating 5A
VIOLET SILVER (C) in series, the combination acts as a fuse of
(A) 27 KO, 20% (B) 270 KQ, 5% rating 10A.

C) 270 KQ, 10%

JEE (Mains & Advance) # PHYSICS
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(D) in series, the combination acts as a fuse of Matrix Match Type Questions

rating 20A.
51.  In the potentiometer arrangement shown in
Electric instruments figure, null point is obtained at length ¢.
. R
50. Mark out the correct options. —||E—wvw—
(A) An ammeter should have small resistance. ,
——

(B) An ammeter should have large resistance. ]
(C) A voltmeter should have small resistance. —]}
(D) A voltmeter should have large resistance.

Column-I Column-IlI
(A) If E1is increased (P) ¢ should increase

(B) If Ris increased (Q) ¢ should decrease
(C) If Ezis increased (R) ¢ should remain the

same to again get
the null point

“ PHYSICS # JEE (Mains & Advance)
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OBJECTIVE EXERCISE - 11

Single Correct Type Questions 4. Two conductc_)rs have the same res_ls_tance at
_ _ - 0°C but their temperature coefficients of
Which of the following quantities do not resistance are oz and o2 The respective
change when an ohmic resistor connected to a temperature coefficients of their series and
battery is heated due to the current? parallel combinations are nearly:
(A) drift speed (A) o ta, 061 + az (B) o +a, L +a,
(B) resistivity 2 2
(C) resistance ©) o, +a,, o ta, (D) o, +a,, na,
(D) number of free electrons o ta,
The wire shown in figure has a uniform cross- 5 A Cir_C“it is comprised of eight identical
section A. batteries and a resistor R : 0.8Q. Ea<_:h battery
has an emf of 1.0 V and internal resistance of
: , 0.20Q. The voltage difference across any of the
x=0 x=L battery is
i
Resistivity of the material of wire is given by
L =P, (Lj A potential difference V is ;
L+x
applied across the wire: (A)0.5V (B)LOV (C)O0V (D)2V
(A) Resistance of wire is 2= In ) 6. Ir_l the circuit shown, what is the potential
A difference Vpq?
(B) Current density is variable inside the wire m_
(C) Electric field at x = 0 is —2~ v T
(In2).L 10
p “AWA
(D) Electric fieldat x = L is (IVW (A)+3v (B)+2Vv (C)-2Vv (D) none
n
A circular portion is cut of a disc of thickness 7. An ammeter A of finite resistance, and a
t, its resistivity is U and radii of disc are a and resistor R are joined in series to an ideal cell C.
b (b > a). A potential difference is maintained A potentiometer P is joined in parallel to R.
between outer and inner cylindrical surfaces Thte t_ammteter dr.eadl_ngv '; ) lo and | thg
of the disc. What is resistance of the disc? potentiometer reading IS. o 'S _now replace
by a voltmeter of finite resistance. The
ammeter reading now is | and the voltmeter
v @ reading is V.
D b 1 1j
A) —In| — B ——=
()27rt (aj ()p[a b
2 2 —
(C)27zpt(i2—i2j D) £ b*—a (A)Iflo,V<Vo (B)I>I0,V:Vo
a b 27rt ab C)I=1o,V<Vo (D) I< 1o,V =Vo
JEE (Mains & Advance) PHYSICS r ®
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To verify Ohm’s law, a student is provided
with a test resistor Ry, a high resistance Ry, a
small  resistance R,, two identical
galvanometers G; and G, and a variable
voltage source V. The correct circuit to carry
out the experiment is:

R,
(AR TR
e
v
R,
,,,,,,,,,,,, N
(B) R, - R,
=
Y
R
1

(C) vvﬁvv‘v

\Y%
R,
v
MWW GQ
(D) R
R,
L~
=T

In a meter bridge, the wire of length 1 m has a
non-uniform cross-section such that, the

variation 3—3 of its resistance R with length ¢

is d—Roc—

de  Jo
connected as shown in the figure. The
galvanometer has zero deflection when the

jockey is at point P. What is the length AP?
I

Two equal resistances are

R' R'
P y B
é—f 1-1 3
(A) 0.25m (B)0.3m
(C) 0.35m (D)0.2m
PHYSICS

10. Inthe circuit shown, a four-wire potentiometer
is made of a 400 cm long wire, which extends
between A and B. The resistance per unit
length of the potentiometer wire is r = 0.01
Q/cm. If an ideal voltmeter is connected as
shown with jockey J at 50 cm from end A, the
expected reading of the voltmeter will be:

1.5V, 1.5V,
059,05Q 4, I —
! ]
H ! 50cm -
1Q | :
BI: >

100cm
(A) 0.20 V(B) 0.25 VV (C) 0.75 V (D) 0.50 VV

One Or More Than One Correct Type Questions

11. In the circuit shown E, F, G and H are cells of
e.m.f. 2V, 1V, 3V and 1V respectively and
their internal resistances are 2Q, 1Q, 3Q and 1O

respectively.
1 L A |
F ! 'E

D——AMA—1B
20
G, -  H
1T C 1T

(A)Vo—-Vp=-2/13V

(B) Vb -V =2/13V

(C) Ve = 21/13 V = potential difference
across G.

(D) V1 = 19/13 V = potential difference
across H.

12.  The value of the resistance R in figure is
adjusted such that power dissipated in the 2Q
resistor is maximum. Under this condition

80
—— A —
IZVJ: M 20

(A)R=0
(B)R=8Q
(C) power dissipated in the 2 Q resistor is 72

W.
(D) power dissipated in the 2 Q resistor is 8

W.

& JEE (Mains & Advance)
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Figure shows the net power dissipated in R

versus the current in a simple circuit shown.
P(W)

T ITAN
/ \

0 2 4 56 8

(A) The internal resistance of battery is 0.2Q
(B) The emf of battery is 2V

(C) R at which power is 5W is 2.5 Q

(D) Ati=2A, poweris 3.2 W

For the circuit shown in the figure

24V

15.

(A) the current | through the battery is 7.5 mA

(B) the potential difference across R, is 18 V

(C) ratio of powers dissipated in Ry and Rz is 3

(D) If Ry and R; are interchanged magnitude of
the power dissipated in R, will decrease by a
factor of 9

In a potentiometer wire experiment the emf of
a battery in the primary circuit is 20V and its
internal resistance is 5Q. There is a resistance
box in series with the battery and the
potentiometer wire, whose resistance can be
varied from 1200 to 170Q. Resistance of the
potentiometer wire is 75Q. The following
potential differences can be measured using
this potentiometer.
(A)5v  (B)6V

(C)7V.  (D)8V

JEE (Mains & Advance) #
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SUBJECTIVE EXERCISE - |

Microscopic Analysis

1. A copper wire carries a current density j (=
current per unit area). Assuming that n = No.
of free electrons per unit volume, e =
electronic charge, <v> = average speed due to
thermal agitation. The distance which will be
covered by an electron during its displacement
| along the wire

2. The total momentum of electrons in a straight
wire of length ¢ carrying a current | is

(mass of electron = me, charge of
electron = e)

3. A copper wire of length L, and cross section
area A carries a current I. If the specific
resistance of copper is p, the electric field in the
wire is

4, Two conductors are made of the same material
and have the same length. Conductor A is a
solid wire of diameter 1mm. Conductor B is a
hollow tube of outer diameter 2mm and inner
diameter Imm. Find the ratio of resistance Ra
to Rg.

Ohm’s law and Circuit Analysis

5. (a) Given n resistors each of resistance R, how
will you combine them to get the (i) maximum
(ii) minimum effective resistance? What is the
ratio of the maximum to minimum resistance?
(b) Given the resistances of 10, 2 Q, 3 Q, how
will be combine them to get an equivalent
resistance of (i) (11/3) Q (ii) (11/5) Q (iii) 6 Q
(iv) (6/11) ?
(c) Determine the equivalent resistance of

networks shown in figure

PHYSICS

6.

7.

8.

9.

10.

Find the current (in mA) in the wire between
points A and B.
1 kO A 2kQ

T L, o

2kQ 1kQ

r |

o
30V
Find the current | & voltage V in the circuit

shown.
50 70

If the switches S;, S; and Ss in the figure are
arranged such that current through the battery
is minimum, find the voltage across points A
and B.

6Q 3Q
—\N—AA—
602 A
AN\ S
2
S 10 A
7 % 00 s 1Q S1Q
24V 3
T I

B

For what value of R in circuit, current through
4Q resistance is zero.

R 4Q
Vr Vr
2Q
4\}__ i —6V
10V
_|_

Find the current through 25V cell & power
supplied by 20V cell in the figure shown.

_ltov Jsv o 20V [30v

_25v
EER

& JEE (Mains & Advance)
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11.

12.

13.

14.
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CURRENT ELECTRICITY

Four resistances 40Q, 600, 90Q and 110Q
make the arms of a quadrilateral ABCD.
Across AC is a battery of emf 40V and internal
resistance negligible. The potential difference
across BD in V' is

The series combination of two batteries, both
of the same emf 10 V, but different internal
resistance of 20Q and 5Q, is connected to the
parallel combination of two resistors 30Q and
RQ. The voltage difference across the battery
of internal resistance 20 is zero, the value of
R (in Q) is:

Two batteries of different emfs and different
internal resistances are connected as shown.

The voltage across AB in volts is:
6V 10

3V 2Q2

An electrical circuit is shown in the figure.
Calculate the potential difference across the
resistance of 400 ohm, as will be measured by
the voltmeter V of resistance 400 ohm, either
by applying Kirchhoff’s rules or otherwise.

O
L/
4000
MWV
100Q | 100  200Q
MWW WW~
100Q
MWV
[
10V

15.

In the given circuit diagram, the current
through the 1Q resistor is given by I amp. Fill
21 in OMR sheet.

Electric Power and Joule heating

16.

17.

18.

JEE (Mains & Advance) #

When two identical batteries of internal
resistance 1Q each are connected in series
across a resistor R, the rate of heat produced in
R is Ji. When the same batteries are connected
in parallel across R, the rate is Jo. If J1 =2.25 ),
then the value of R in Q is:

A person decides to use his bath tub water to
generate electric power to run a 40 watt bulb.
The bath tub is located at a height of 10 m from
the ground & it holds 200 litres of water. If we
install a water driven wheel generator on the
ground, at what rate should the water drain
from the bath tub to light bulb? How long can
we keep the bulb on, if the bath tub was full
initially. The efficiency of generator is 90%. (g
=10m/s?)

The coil of a calorimeter C has a resistance of
R: = 60Q. The coil R; is connected to the
circuit as shown in figure. What is the rise in
temperature (°C) of 240 grams of water poured
into the calorimeter when it is heated for 7
minutes during which a current flows through
the coil and the ammeter shows 3A? The
resistance

R, = 30Q. [Disregard the resistances of the
battery and the ammeter, and the heat losses
and heat capacity of the calorimeter and the
resistor and specific heat of water = 4200
JIkg°C

PHYSICS
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19.

An electric kettle has two windings. When one
of them is switched on, the water in the kettle
begins to boil in 15 minutes, and when the
other is switched on it takes 30 minutes for
water to boil. If the two windings are joined in
series and switched on, water in the kettle

begin to boil in %hr. Assuming no heat loss to

the surrounding fill the value of a in OMR
sheet.

Electric instruments

20.

21.

22.

A part of a circuit is shown in figure. Here
reading of ammeter is 5 ampere and voltmeter
is 96V & voltmeter resistance is 480 ohm.
Then find the resistance R

— BT W

In the figure shown for which values of R; and
R, the balance point for Jockey is at 40 cm
from A. When R; is shunted by a resistance of
100, balance shifts to 50 cm. Find R: and Ra.

(AB =1 m):
R, R,
A B

The resistance of the galvanometer G in the
circuit is 25Q. The meter deflects full scale for
a current of 10 mA. The meter behaves as an
ammeter of three different ranges. The range is
0-10A, if the terminals O and P are taken;
range is 0-1 A between O and Q; range is 0-
0.1 A between O and R. Calculate the
resistance R, Rz and Rs.

©
— WA MWW MM
R, R, R,
+ 10A 1A 0.1A
0 P Q R
PHYSICS

23.

24,

25.

A meter bridge is set-up as shown, to determine
an unknown resistance ‘X’ using a standard
10 ohm resistor. The galvanometer shows null
point when tapping-key is at 52 cm mark. The
end-corrections are 1 cm and 2 cm respectively
for the ends A and B. The determined value of
‘X is:

—
0

0

X
™

[ o] [ Q__©

2

A potentiometer wire AB is 100 cm long and
has a total resistance of 10 ohm. If the
galvanometer shows zero deflection at the
position C, then find the value of unknown
resistance R.

O

[©

[e >
[T

A battery of emf ¢, = 10V is connected across
a 1 m long uniform wire having resistance
10Q/m. Two cells of emf &1 = 2V and &, = 4V
having internal resistances 1Q and 5Q
respectively are connected as shown in the
figure. If a galvanometer shows no deflection
at the point P, find the distance of point P from
the point A.

| 10Q
| | N\
8021 ov

& JEE (Mains & Advance)
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In a potentiometer arrangement, a cell of emf
1.25 V gives a balance point at 35.0 cm length
of the wire. If the cell is replaced by another
cell and the balance point shifts to 63.0 cm,
what is the emf of the second cell?

27.

While doing an experiment with potentiometer

it was found that the deflection is one sided and

two cases are possible

(i) the deflection decreased while moving
from one end A of the wire to the end B;

(ii) the deflection increased. while the jockey
was moved towards the end B. Then

(a) Which terminal +ve or —ve of the cell Ej,
is connected at X in case (i) and how is E;
related to E?

(b) Which terminal of the cell E; is connected
at X in case (ii)?

|E \
||—(')

E4£
X Jy G

JEE (Mains & Advance) #
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A resistance R of thermal coefficient of
resistivity = o is connected in parallel with a
resistance = 3R, having thermal coefficient of
resistivity = 2a.. Find the value of aesr.

A long conductor of circular cross-section has
radius r and length | as shown in the figure. The
conductivity of the material near the axis is o1
and increases linearly with the distance from
axis and becomes o near the surface. Find the
resistance of the conductor if the current enters
from the one end and leaves from the other end.

A long cylinder with uniformly charged
surface and cross-sectional radius a = 1.0 cm
moves with a constant velocity v = 10 m/s,
along its axis. An electric field strength at the
surface of the cylinder is equal to E = 0.9
KV/cm. Find the resulting convection current,
that is, the current caused by mechanical
transfer of charge.

(@) The current density across a cylindrical
conductor of radius R varies according to the

equation J = Jo(l—%j, where r is the distance

from the axis. Thus the current density is a
maximum Jo at the axis r = 0 and decreases
linearly to zero at the surface r = R. Calculate
the current in terms of Jo and the conductor’s
cross sectional area is A = nR2.

(b) Suppose that instead the current density is
a maximum Jo at the surface and decreases

. . r
linearly to zero at the axis so that J = JOE .SS

Calculate the current.

CURRENT ELECTRICITY

SUBJECTIVE EXERCISE - 11
5.

PHYSICS

\ 7
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Find the potential difference Va — Vg for the
circuit shown in the figure.
ik

Iy

1V IV g 1V 1V

Relation between current in conductor and time
is shown in figure then determine.

(i) Total charge flow through the conductor
(ii) Write expression of current in terms of time
(iii) If resistance of conductor is R then total
heat dissipated across resistance R is

Find the resistor in which maximum heat will
be produced.

& JEE (Mains & Advance)
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JEE-Main (Previous Year Questions)

In the circuit shown, the current in the 1Q

resistor is: [JEE(Main)-2015]
6V p 3Q
{1 AWV
§ TV
AW
30 Q30
(1)0A

(2) 0.13 A, fromQto P
(3)0.13 A, fromPto Q
(4)1.3A, fromPtoQ

A galvanometer having a coil resistance of 100
Q gives a full-scale deflection, when a current
of 1 mA is passed through it. The value of the
resistance, which can  convert this
galvanometer into ammeter giving a full scale
deflection for a current of 10 A is:
[JEE(Main)-2016]
M2 (@010 (33 @001
When a current of 5 mA is passed through a
galvanometer having a coil of resistance 15 Q,
it shows full scale deflection. The value of the
resistance to be put in series with the
galvanometer to convert it into a voltmeter
range 0— 10 V is: [JEE(Main)-2017]
(1) 1.985 x 10° (2) 2.045 x 10°
(3) 2535 x 10° (4) 4.005 x 10° @

In a large building, there are 15 bulbs of 40 W,
5 bulbs of 100W, 5 fans of 80 W and 1 heater
of 1 kW. The voltage of the electric mains is
220V. The minimum capacity of the main fuse
of the building will be:

[JEE(Main)-2018]
MD12A (2)14A (3)8A (@4 10A

5.

On interchanging the resistances, the balance
point of the meter bridge shifts to the left by 10
cm. The resistance of their series combination
is 1KQ. How much was the resistance on the
left slot before interchanging the resistance.
[JEE(Main)-2018]
(1)910Q (2)990 Q (3)5050Q (4) 550 Q

In a potentiometer experiment, it is found that
no current passes through the galvanometer
when the terminals of the cell are connected
across 52 cm of the potentiometer wire. If the
cell is shunted by the resistance of 5Q, a
balance is found when the cell is connected
across 40 cm of the wire. Find the internal
resistance of the cell.

[JEE(Main)-2018]
1) 250 (2) 10 3) 1.5 (4)2a
A carbon resistance has a following colour
code. What is the value of the resistance?

[JEE(Main)-2019]

GOY Golden
(1) 1.64 MQ+5%  (2) 530 kQ + 5%
(3)64kQ+10%  (4)5.3 MQ+5%

A copper wire is stretched to make it 0.5%

longer. The percentage change in its electrical

resistance if its volume remains unchanged is:
[JEE(Main)-2019]

(2) 0.5%

(4) 2.0%

(1) 2.5%
(3) 1.0%

The Wheatstone bridge shown in Fig. here,
gets balanced when the carbon resistor used as
Ri1 has the colour code (Orange, Red, Brown).
The resistors R, and R4 are 80Q and 40Q,
respectively. Assuming that the colour code for
the carbon resistors gives their accurate values,
the colour code for the carbon resistor, used as
R, would be: [JEE(Main)-2019]

(1) Red, Green, Brown

(2) Brown, Blue, Brown
(3) Grey, Black, Brown
(4) Brown, Blue, Black

PHYSICS
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10.

11.

12.

13.

14.

A current of 5 A passes through a copper
conductor (resistivity = 1.7 x 108 Qm) of
radius of cross section 5 mm. Find the mobility
of the charges if their drift velocity is 1.1 x 10~
3mfs.

[JEE(Main)-2019]
(2) 1.5 m?¥Vs
(4) 1.0 m¥Vs

(1) 1.3 m¥Vs
(3) 1.8 m¥Vs

Two equal resistance when connected in series
to a battery, consume electric power of 60 W.
If these resistances are now connected in
parallel combination to the same battery, the
electric power consumed will be:
[JEE(Main)-2019]
(1)60W (2)240W (3)30W (4) 120 W

A potentiometer wire AB having length L and
resistance 12 r is joined to a cell D of emf ¢ and
internal resistance r. A cell C having emf &/2
and internal resistance 3r is connected. The
length AJ at which the galvanometer as shown
in fig. shows no deflection is:
[JEE(Main)-2019]

o]

—31

5 13
@ L (2)ﬂL (3)EL @ ;L

A galvanometer is used in laboratory for
detecting the null point in electrical
experiments. If, on passing a current of 6mA it
produces a deflection of 2°, its figure of merit
is close to:

[JEE(Main)-2020]
(2) 333° A/div.
(4) 666° A/div.

(1) 3 x 103 A/div.
(3) 6 x 103 A/div.

A cylindrical wire of radius 0.5 mm and
conductivity 5 x 107 S/m is subjected to an
electric field of 10 mV/m. The expected value
of current in the wire will be x> mA. The value
of xis__

[JEE(Main)-2021]

PHYSICS

15. Five equal resistances are connected in a
network as shown in figure. The net resistance
between the points Aand B is :

[JEE(Main)-2021]

E 4 1'1'1"'1‘ e \
-

MR @5 @F @R

16. A cell E; of emf 6V and internal resistance 2Q
is connected with another cell E; of emf 4V and
internal resistance 8Q (as shown in the figure).
The potential difference across points X and
Yis: JEE(Main)-2021]

|_.

4V, 8Q2

S

6V, 2Q

(1)100V (2)36 V (3)5.6V (4)2.0V

17. Inthe figure given, the electric current flowing

through the 5 kQ resistor is 'x' mA.
3kQ

-

The value of x to the nearest integer is

[JEE(Main)-2021]

18. A wire of 1Q has a length of 1m. It is stretched
till its length increases by 25%. The percentage
change in resistance to the nearest integer is :-

[JEE(Main)-2021]

(3)12.5% (4) 76 %

(1)56% (2) 25 %

& JEE (Mains & Advance)
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19.

20.

21.

22.

23.

JEE (Mains & Advance) #
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In an electrical circuit, a battery is connected to
pass 20 C of charge through it in a certain given
time. The potential difference between two
plates of the battery is maintained at 15 V. The
work done by the battery is J.
[JEE(Main)-2021]

A resistor develops 500 J of thermal energy in

20s when a current of 1.5 A is passed through

it.

If the current is increased from 1.5 A to 3A,

what will be the energy developed in 20 s.
[JEE(Main)-2021]

(1) 1500 J (2) 1000J (3)500J (4) 20001

Two identical cells each of emf 1.65 V are
connected in parallel across a parallel
combination of two resistor each of resistance
20Q. A voltmeter connected in the circuit
measures 1.2 V.
The internal resistance of each cell is
[JEE(Main)-2022]
(1) 250 (2)4a (3) 5 (4) 10Q
What will be the most suitable combination of
three resistors A = 2Q, B = 4Q, C = 6Q so that

(2—32)9 is equivalent resistance  of

combination?
[JEE(Main)-2022]

(1) Parallel combination of A and C connected
in series with B.

(2) parallel combination of A and B connected
in series with C

(3) Series combination of A and C connected
in parallel with b

(4) Series combination of b and C connected
in parallel with A.

The total current supplied to the circuit as
shown in figure by the 5V battery is A.
[JEE(Main)-2022]

5V 50

250

24. A resistor develops 300 J of thermal energy in

15s, when a current of 2A is passed through it.

If the current increases to 3A, the energy
developed in 10s J.

[JEE(Main)-2022]

25. In a potentiometer arrangement, a cell gives a
balancing point at 75 cm length of wire. This
cell is now replaced by another cell of
unknown emf. If the ratio of the emf’s of two
cells respectively is 3 : 2, the difference in the
balancing length of the potentiometer wire in
above two cases will be cm.

[JEE(Main)-2022]

26. A hollow cylindrical conductor has length of
3.14 m, while its inner and outer diameters are
4 mm and 8 mm, respectively. The resistance
of the conductor is n x 102 Q. If the
resistivity of the material is 2.4 x 10% om.
The value of n is
[JEE(Main)-2023]

27. The equivalent resistance between A and Bis

[JEE(Main)-2023]

1.50) 0.50
1200
VWA
80 40
Ao—i o8
VWA
602
10 10
2 1
1) —Q 2) —
OF @
@) 20 @ ta
PHYSICS

28




CURRENT ELECTRICITY

~

@'Qu estpix

»

JEE-ADVANCED (PREVIOUS YEAR QUESTIONS)

Two ideal batteries of emf V; and V; and three
resistances Ri, Rz and Rs; are connected as
shown in the figure. The current in resistance
Rz would be zero if:

[JEE(Advanced)-2014]

(A) Vi=Vand R1 =R, =R3
(B) Vi=V; and Ri=2R, =R3
(C) V=2V, and 2R1=2R, = R3
(D) 2Vi=V, and 2R1 =Ry = Rs

Heater of an electric kettle is made of a wire of
length L and diameter d. It takes 4 minutes to
raise the temperature of 0.5 kg water by 40 K.
This heater is replaced by a new heater having
two wires of the same material, each of length
L and diameter 2d. The way these wires are
connected is given in the options. How much
time in minutes will it take to raise the
temperature of the same amount of water by
40K? [JEE(Advanced)-2014]
(A) 4 if wires are in parallel

(B) 2 if wires are in series

(C) 1 if wires are in series

(D) 0.5 if wires are in parallel.

A galvanometer gives full scale deflection with
0.006 A current. By connecting it to a 4990Q
resistance, it can be converted into a voltmeter of

range 0 -30 V. If connected to a %Q

resistance, it becomes an ammeter of range 0 —
1.5 A. The value of n is:
[JEE(Advanced)-2014]

In an aluminium (Al) bar of square cross
section, a square hole is drilled and is filled
with iron (Fe) as shown in the figure. The
electrical resistivities of Aland Fe are 2.7 x 10~
8 om and 1.0 x 107" Qm, respectively. The
electrical resistance between the two faces P
and Q of the composite bar is
[JEE(Advanced)-2015]

PHYSICS

Fe | ,
2mm P

7 mm

2475 1875
A) —Q B) —
(A) o (B) g M
1875 2475
C) — D) —— uQ)
(© 29 M2 (D) 132 ~
5. In the following circuit, the current through the
resistor R = (2Q2) is | Amperes. The value of |
is: [JEE(Advanced)-2015]
R (=2Q) 10
20 80
H 6Q 20
6.5v T aQ
10Q
120 4Q

Paragraph for Questions No. 6 and 7

Consider an evacuated cylindrical chamber of height
h having rigid conducting plates at the ends and an
insulating curved surface as shown in the figure. A
number of spherical balls made of a light weight and
soft material and coated with a conducting material
are placed on the bottom plate. The balls have a radius
r <<h. Now a high voltage source (HV) is connected
across the conducting plates such that the bottom
plate is at +Vo and the top plate at —Vo. Due to their
conducting surface, the balls will get charged, will
become equipotential with the plate and are repelled

by it. The balls will eventually collide with the top
plate, where the coefficient of restitution can be taken
to be zero due to the soft nature of the material of the
balls. The electric field in the chamber can be
considered to be that of a parallel plate capacitor.
Assume that there are no collision between the balls
and the interaction between them is negligible.
(Ignore gravity) [JEE(Advanced)-2016]

& JEE (Mains & Advance)
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HV

Which of the following statements is correct?

(A) The balls will bounce back to the bottom
plate carrying the opposite charge they
went up with

(B) The balls will execute simple harmonic
motion between the two plates

(C) The balls will bounce back to the bottom
plate carrying the same charge they went
up with

(D) The balls will stick to the top plate and
remain there

The average current in the steady state
registered by the ammeter in the circuit will be:
(A) Proportional to Vo2

(B) Proportional to Vo?

(C) Proportional to the potential Vo

(D) Zero

An incandescent bulb has a thin filament of
tungsten that is heated to high temperature by
passing an electric current. The hot filament
emits black-body radiation. The filament is
observed to break up at random locations after
a sufficiently long time of operation due to
non-uniform evaporation of tungsten from the
filament. If the bulb is powered at constant
voltage, which of the following statement(s)
is(are) true? [JEE(Advanced)-2016]
(A) The temperature distribution over the
filament is uniform
(B) The resistance over small sections of the
filament decreases with time
(C) The filament emits more light at higher
band of frequencies before it breaks up
(D) The filament consumes less electrical
power towards the end of the life of the
bulb

Shown in the figure is a semicircular metallic
strip that has thickness t and resistivity p. Its
inner radius is Ry and outer radius is Ry. If a
voltage Vo is applied between its two ends, a
current I flows in it. In addition, it is
observed that a transverse voltage AV develops
between its inner and outer surfaces due
to purely kinetic effects of moving electrons
(ignore any role of the magnetic field due to the
current). Then (figure is schematic and not
drawn to scale)-

10.

[JEE(Advanced)-2020]

A 1=, E&J
R
(B) the outer surface is at a higher voltage than
the inner surface
(C) the outer surface is at a lower voltage than
the inner surface
(D) AV « I2

In the balanced condition, the values of the
resistances of the four arms of a Wheatstone
bridge are shown in the figure below. The
resistance Rs; has temperature coefficient
0.0004°C. If the temperature of Rs is
increased by 100°C, the voltage developed
between S and T will be volt.
[JEE(Advanced)-2020]

)

A

R,=60Q R,=10002

11.

JEE (Mains & Advance) #
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© R.=5000 T

R,=300Q
Q

In order to measure the internal resistance r; of
a cell of emf E, a meter bridge of wire
resistance Ro = 500, a resistance Ro/2, another
cell of emf E/2 (internal resistance r) and a
galvanometer G are used in a circuit, as shown

in the figure. If the null point is found at 7 = 72

cm, then the value of ry = Q.
[JEE(Advanced)-2021]
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R f2
|—fvv» ’\N\A,
EfZ 2 \

Two resistances Ry = X Qand R, = 1 Q are
connected to a wire AB of uniform resistivity,
as shown in the figure. The radius of the wire
varies linearly along its axis from 0.2 mm at A
to 1 mm at B. A galvanometer (G) connected
to the center of the wire, 50 cm from each end
along its axis, shown zero deflection when A
and B are connected to a battery. The value of
Xis . [JEE(Advanced)-2022]

R
1 R,

©

13.

The figure shows a circuit having eight
resistances of 1Q each, labelled R; to Rs, and
two ideal batteries with voltages ¢ = 12V and
g2 = 6V. [JEE(Advanced)-2022]

Which of the following statement(s) is(are)
correct?

PHYSICS

14.

(A) The magnitude of current flowing through
Riis 7.2 A.

(B) The magnitude of current flowing through
Rois 1.2 A.

(C) The magnitude of current flowing through
Rsis 4.8 A.

(D) The magnitude of current flowing through
Rsis 2.4 A.

In Circuit-1 and Circuit-2 shown in the figures,
Ri=1Q,R,=20Qand R3 =3 Q. P;and P, are
the power dissipations in Circuit-1 and Circuit-
2 when the switches S; and S; are in open
conditions, respectively. Q1 and Q; are the
power dissipations in Circuit-1 and Circuit-2
when the switches S; and S; are in closed
conditions, respectively.
[JEE(Advanced)-2022]

R

_/‘_/WWW\_
S: 2Ry

A B

Circuit-1

Circuit-2

Which of the following statement(s) is(are)

correct?

(A) When a voltage source of 6 V is
connected across A and B in both circuits,
P, < Ps.

(B) When a constant current source of 2 Amp
is connected across A and B in both
circuits, P1 > Pa.

(C) When a voltage source of 9 V is
connected across A and B in Circuit-1, Qs
> Py,

(D) When a constant current source of 2 Amp
is connected across A and B in both
circuits, Q2 < Q1.

& JEE (Mains & Advance)
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ANSWER KEY

OBJECTIVE EXERCISE-I

Que.l 1 ] 2] 3] 4] 5 10 12 12]13] 147 15
Ans.] c|c|pbp|lB|lA]lD|]A]c]D|[B]c|lc|c|]Aa]THB
Que.| 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
Aans.] B A B|B|D|A]A]B|[D|[cCc|]A]lc|Aa]B]TC
Que.| 31 [ 32 | 33 [ 34 | 35|36 | 37| 38|39 40| 41 ] a2 a3 | 44| 45
As.] D | D[ B|D|[c|[B]A]A]B|]A|D|[B|]A]C]|[D
Que.| 46 | 47 | 48 | 49 | 50
Ans. |ABCD| AD |ABC| AC | AD

51. (A)— (Q); (B) > (P); (C) > (P)

[ep}
~l
oo
©

OBJECTIVE EXERCISE-II

Que| 1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 15
Ans.| D A A A C B A C A B |ACD| AC [ABD| AD | ABC

SUBJECTIVE EXERCISE-I

1. Szens<v>/] 2. p=1me/le
3. Ip/A 4. 3:1
5. @) (i) in series, (ii) all in parallel: n2,

(b) (i) Join 1Q, 2 Q in parallel and the combination in series with 3Q,
(i) parallel combination of 2Q and 3Q in series with 1Q,
(i) all in series, (iv) all in parallel

() (i) (16/3) @, (ii) 5R.

6. 7.5 mA 7. I1=25A,V=35Volts
8. 1V 9. 10

10. 12A, —20W 11. 2

12. 30 13. 5

14. 2013V 15. 5

16. 4 17. 4/9 kg/sec., 450 sec
18. 25 19. 3

20. 20 ohm 21. %Q, 50

22. R: =0.0278Q, R> = 0.25Q, R3 = 2.5Q 23. 10.6

24, 4 ohm 25. 46.67 cm

26. 225V 27. (@) +ve, E, > E (b) —ve

JEE (Mains & Advance) # PHYSICS
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SUBJECTIVE EXERCISE-II

5 1_ar?

1. Qs =Za 2. =73 (20, +0,)
3. 5x107A 4, (@) JoA/3; (b) 2J0A/3
22 1 t) ... Rt
5. ——V 6. i) =it (i) i=i,|1-—| (iii)) —=%
5 ()200() o( tO]() 3
7 40

JEE-MAIN (PREVIOUS YEAR QUESTIONS)

Que,| 1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 | 15
Ans.| 2 4 1 1 4 3 2 3 2 4 2 4 1 5 4
Que.,| 16 | 17 18 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27
Ans.| 3 3 1 300 4 3 2 2 450 | 25 2 1

JEE-ADVANCED (PREVIOUS YEAR QUESTIONS)
1. (ABD) 2. (BD) 3. 5 4, (B) 5. 1 6. (A  7.(B)
8. (CD) 9. (ACD) 10.  0.26100.28 (I 12. 5 13. (ABCD)
14. (ABC)

“ PHYSICS # JEE (Mains & Advance)
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CHEMICAL BONDING

1. Back Bonding
Back bonding generally takes place when out of
two bonded atoms one of the atom has vacant
orbitals (generally this atom is from second or
third period) and the other bonded atom is having
some non-bonded electron pair(generally this
atom is from the second period). Back bonding

-9 0

O
Vacant  Filled
2p-orbital 2p-orbital

Decrease in B — F bond length is due to
delocalised pr—pn back bonding between filled
p-orbital of F atom and vacant p-orbital of B
atom.

The extent of back bonding is much larger if the
orbitals involved in the back bonding are of same
size, for example the extent of back bonding in
boron trihalides is as follows:

BF; > BCl; > BBr; > Bls;

There is prn-pr back bonding in boron trihalide.
The extent of back bonding decreases from BF;
to Bls because of increasing size of p-orbitals
participating in back bonding that is from
2p(in F) to 5p(in 1.

Molecules | Type of back Shape
bonding
BF; 2p—2px Planar
N(CHs)3 no back | Pyramidal  (w.r.t.
bonding Nitrogen)
N(SiHz)s | 2p—3dx Planar (w.r.t.
Nitrogen)
P(SiH3)3 No back | Pyramidal  (w.r.t.
bonding Phosphors)
CHsNCS | No back | Bent (w.r.t.
bonding Nitrogen)
SiHsNCS | 2p.—3dx Linear (w.r.t.
Nitrogen)
N(GeHas)s | 2p,—4d; Planar (w.r.t.
Nitrogen)
GeHsNCS | No back | Bent (w.r.t.
bonding Nitrogen)

JEE (Mains & Advance) # CHEMISTRY

increases the bond strength and decreases the
bond length.

For example, in BF; the boron atom completes its
octet by accepting 2p-electrons of fluorine into 2p
empty orbital.

F F F
~ ~
7 24 FA

e Lewis Basic Order:
N(CHs);> P(SiH3)s> N(SiH3)3

e Lewis Acid Order:
BFs:< BCls:< BBrs< Bls
BeF, < BeCl, < BeBr; < Bel,

Que. Which is better proton donor acid- Between
(CH3)s~ C- OH & (CH3)s— Si- OH ?

Ans.  (CHa)s- Si- OH, because (CHz)s— Si—- O-is
stablized by 2p.—3d-back bonding.

Que. Which is better proton donor acid between
CHF;3 and CHCI; ?

Ans.  CHCIs, because CCls™ is stabilized by

2p~—3dxback bonding.

Effect of Back Bonding

a. Bond Length must be decrease.
b. Bond angle may be change

c. Hybridization may be change

e When lone pair of central atom involved in back
bonding, bond angle increases.

e When lone pair of surrounding atom involved in
back bonding, bond angle increases due to bond
pair- bond pair repulsion.
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Comparison of Bond Length
dg-o in H3BOs< dgoin [B(OH)4]"
ds.r bond in BFs< dg.rin BF4~
Hint: No back bonding
[B(OH)4]~ and BF4~

involved in

e Inorganic Graphite

e B3N3Hg + 3 HCl—— B3N3HoCls

3000°C
SRR

BN)x 3 D
network like structure
2p~—2p- back bonding involved in inorganic

Graphite

Some Important Order: Que. Order of bond angle
e Extent of Back Bonding:OCl,< O(SiHs): Q ﬂ Q psz
e Order of Bond Angle: x<y<z o) o)
where x =/ BOH in B(OH)s, y = ~ BOC AN N, 3,
. . . CHs CH3 SiH; SiH3
in B(OCHs)s and z = £ BOS in B(OSiHs3)3
e Metaboric Acid (HBO,): HBO, ——
112° < 144°
(BO2)n Close to sp® sp?
BsOs*~ is aromatic, planer, O and B are sp?
Hybridized
Que. Order of bond angle:-
H CH3 S|H3
el . <
:o)e1 202)6 20%)6;
| < l < l
H B % B N B
\O/ \O OCHs OCHs OSiH; OSiH3
L/
Que. Order of Strength Back Bonding:
/H oo
F HON N H,
|x < |y < 2
B B B
0 \H H” Nk e N
Que. Order of Strength Back Bonding:
= number of donar atom{ strength of back bonding
2pNH; ZpKNHz 2p.NH:
O A
2p P 2
H” “NH Ho “NH:  NHE NH;

2 Bridge Bonding These electron deficient bonds have less number

There are many compounds in which some
electron deficient bonds are present apart from
normal covalent bonds or coordinate bonds which
are 2c-2e~ bonds( two centre two electron bonds).

CHEMISTRY

of electrons than the expected such as three
centre-two electron bonds (3c-2e) which are
present in diborane B;Hs, Al2(CHa)s, BeHx(s) etc.

& JEE (Mains & Advance)
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H H
%, R
B)o7e B )1z2°
\\:“ ((’{
HN H %

The structure of diborane containing four terminal(t)
and two bridging(b) hydrogen atoms. The model
determined by molecular orbital theory indicates that
the bonds between boron and the terminal hydrogen
atoms are conventional 2c-2e- covalent bonds. The
bonding between the boron atoms and the bridging
hydrogen atoms is, however different from that in
molecules such as hydrocarbons. Having used two
electrons in bonding to the terminal hydrogen atoms,
each boron has one valence electron remaining for
additional bonding. The bridging hydrogen atoms
provide one electron each. Thus the B2H- ring is held
together by four electrons, an example of 3c-2e-
bonding. This type of bond is sometimes called as
'banana bond'. Group 13, gallium is known to form
a similar compound, digallane, GazHs.

But Al.Cls have covalent bond only and there is no
electron deficient bonding as depicted in the given
structure.

cl .C.I Cl
>|/ a7 (Bridging Al Cl - Alis
L] \
a” SN D
3¢ — 4e bond)
Key points:
e Two Types:
(i) 3c- 4 ebond (surrounding atom has lone
pair)
(ii) 3c—2 ebond (surrounding atom has no lone
pair)

e 3c- 4 e bond remove more deficiency as
compared to 3c- 2e-.
e Vacant orbital takes part in hybridisation.

(A) AlCles
Information:
¢ Number of 3c—4 e~ bond =2,
e Number of 2c-2 e bond =4
e Hybridisation of central atom = sp*
Octet: complete
e Octet complete

(B)

©

(D)

(E)

Hp H

Ht\ /\B/ t
B

w S h

B2 He

1.Clg
Information:

Planarity:- planar

Hybridisation of central atom = sp3d?
Maximum number of atom in a plane =8
Number of 3c—4 e bond =2,

Number of 2c-2 e bond =4

Octet complete

BoHs
Information

Planarity:- Non- planar

Maximum number of atom in a plane = 6
Octet: incomplete, Lewis Acid

3c-2e bond=2

2c-2 e~ bond= 4

Bridge bonds are stronger and longer
than the terminal bonds.

2 bridging ‘H’ are perpendicular to the
plane.

Aly(CHs)s
Information

Hybridisation of central atom = sp®
Planarity:- non- planar

Number of 3c-2 e bond =2

Number of 2c-2 e~ bond =22

Maximum number of atoms in one plane
=10

BGQC|4
Information

Hybridisation of central atom = sp?
Planarity:-Planar (all atoms are in one
plane)

e~ Deficient

Number of 3c-4 e~ bond =2

Number of 2c-2 e~ bond =2

JEE (Mains & Advance) # CHEMISTRY




- CHEMICAL BONDING o~ ©) Questpix

(F)  BeHs Odd Electron Molecules
Information e If number of electron present in molecule are in
« Hybridisation of central atom = sp? odd number.

e Planarity:-Planar (all atoms are in one
e Example: Odd electron molecule NO; CIO;

OF Ozf C|02
Number of electron 23 41 17 17 33

plane)
e Number of 3c—2 e bond=2
e Number of 2c—2 e bond =2

e Information:

(G)  BeHay(Polymer) (i) All odd electron molecules are paramagnetic

Information in nature.

e Hybridisation of central atom = sp® (ii) Bond Order of odd electron molecule is 0.5.
e Planarity:-Non- Planar (iii) Bond Order of simple covalent bond is 1.

e Borane

Hybridisation of odd electron molecule:
According to fact orbital having odd electron present
Q.1  N(SiHs)s has - at high energy level so it doesn't involve in
hybridisation but if surrounding atom is more
electronegative then central atom, then it develop
partial positive charge on central atom so orbital
contracts towards central atom and involve in
hybridisation.

(A) sp® hybridisation, pyramidal shape

(B) sp? hybridisation, planar shape

(C) sp® hybridisation, tetrahedral shape

(D) dsp? hybridisation, square planar shape

Q.2  Correct statement regarding this reaction

BF3 + NH3 —> [FsB « NH3] Odd Hybridisation | odd formation
(A) Hybridisation of N is changed Electron | of central | electron | of dimer
(B) Hybridisation of B is changed Molecule | atom present
(C) NHs act as a lewis base in
(D) (B) & (C) both
NO. sp? sp? Yes
Q.3 Shape of N(CH3)s is hybrid
(A) pyramidal (B) Linear orbital
(C) Tetrahedral (D) None of these Clos 7 0’ Yos
Q.4 Which of the following molecule is stable by hybrid
back bonding orbital
(A) AICI (B) AlH: CHs sp? p- orbital | Yes
C) BCI D) ICI
() BCl: (D) ICls CF; sp? sp® Yes
Q.5  Which of the following represents (3C-4e") hybrid
Bridge bonding orbital
(A) AlCls (B) BH Clo; sp? 3 d|No
(C) BzHg (D) none of these )
orbital
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Structure of odd e molecules
(1) NO: Structure:

Free electron occupies the one sp? orbital.

N N
+ N + N
7 No o N
sp®
2) ClOs-  Structure:-  Cl
@)
O
(3) CHa:- Structure:-
H
N
Sp%—C—H
e B
P(containing free electron)
(4) CFs:- Structure:
Free electron present
e In one sp® hybrid orbital
™~
F/ | F
F
Key point
Species | Type of orbital (odd e7)
NO: sz
CF3 Sp3
ClOs Sp®
CHs Pure ‘P’
CIO; d-orbital

lonic Compound

Properties of ionic compound

(a) Physical state: lonic compounds are hard,
crystalline and brittle due to strong electrostatic
force of attraction. Brittleness — {Same charged
ions comes nearer. So they repell each other}

Attraction

lRepuIsion

JEE (Mains & Advance) # CHEMISTRY

(b) Isomorphism: The phenomenon of different ionic
compounds, having same crystal arrangement of
ions is termed as isomorphism

Condition of Isomorphism:

(i) Same charge on cation & anion between
isomorphs

(ii) Same radius ratio range of cation & anion
between isomorphs

(iii) Same number of water of crystalization between
isomorphs

Example:
(i) ZnS04-7H:0, FeS04-7H-0 are isomorphous
(if) All alums are isomorphous

(c) Boiling point and melting point: lonic
compounds have high boiling point and melting
point due to strong electrostatic force of attraction
among oppositely charged ions.

(d) Conductivity: It depends on ionic mobility.
(i) Insolid state — (No free ions) - Bad conductor
of electricity.
(i) In fused state or aqueous solution Due to free
ions - Good conductor of electricity.

Conductivity order: Solid state < fused state <

Agueous solution

(e) Solubility: lonic compounds are more soluble in
polar solvalents and less soluble in non polar
solvents. Solubility of ionic compounds in water
mainly depends upon hydration energy & lattice
energy.

Que. Why does the solubility of alkaline earth
metal hydroxides in water increase down the
group?

Ans.  Among alkaline earth metal hydroxides, the
anion being common , the cationic radius will
influence the lattice enthalpy. Since lattice
enthalpy decreases much more than the
hydration enthalpy with increasing ionic size,
the solubility increases as we go down the

group.

Que. Why does the solubility of alkaline earth
metal carbonates and sulphates in water
decrease down the group?
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Ans. The size of anions being much larger
compared to cations, the lattice enthalpy will
remain almost constant within a particular
group. Since the hydration enthalpies
decrease down the group, solubility will
decrease as found for alkaline earth metal
carbonates and sulphates.

Fajan’s Rule

e Just as all the covalent bonds have some
partial ionic character, the ionic bonds also
have partial covalent character. The partial
covalent character of ionic bonds was
discussed by Fajans interms of the following
rules:

e The smaller the size of the cation and the larger
the size of the anion, the greater the covalent
character of an ionic bond.

e The greater the charge on the cation, the greater
the covalent character of the ionic bond.

e For cations of the same size and charge, the one,
with electronic configuration (n-1)d* ns®, typical
of transition metals, is more polarising than the
one with a noble gas configuration,
ns? npé, typical of alkali and alkaline earth metal
cations.

e The cation polarises the anion, pulling the
electronic charge toward itself and thereby
increasing the electronic charge between the two.
This is precisely what happens in a covalent bond,
i.e., buildup of electron charge density between
the nuclei. The polarising power of the cation, the
polarisability of the anion and the extent of
distortion (polarisation) of anion are the factors,
which determine the per cent covalent character
of the ionic bond.

Polarisation power of a cation is usually called
ionic potential or charge density.

Charge on cation

lonic potential hi) =
P (o) Size of cation

Application of The Concept of Polarisation

(&) To compare the covalent and ionic character of
molecule

(b) To compare the nature of oxide

(c) To compare the electrical conductivity of ionic
compounds

(d) Tendency of the formation of complex
compounds

CHEMISTRY

(e) To compare the thermal stability of metal salts
(f) To compare the intensity of colour of compounds

(g) To compare the solubility of heavier metal halide
in water.

Factors Affecting polarization

(1) Charge on cation
charge T, ¢ T, polarisation T, covalent character
7T, ionic character
Order of covalent character: NaCl< MgCl<
AICl;< SiCly

(2) Size of cation
size 1, ¢ T, polarization T, covalent character
7,ionic character 4
Order of covalent
LiCI>NaCI>KCI>RbCI>CsCI

character:

(3) Size of anion
size T, polarization T, covalent character T,ionic
character
Order of
NaF<NaCl<NaBr<Nal

covalent character:

(4) Charge on anion
charge T, polarization T, covalent character
*1.ionic character 1
Order of covalent character. LiF< Li»O < Li3N

(5) Type of cation
(i) Inert gas configuration cation: ns2np® (8e)
Ex.. Na'=1s22s22p°®

(ii) Pseudo inert gas configuration cation:
ns2np®nd™® (18e")
Cu® = 1522522p®3s23p®3d*°
Some other examples are: Zn*?, Ga*® , Ge*
, Ag*, Cd*2 Au*, Hg*?

(iii) Non inert gas configuration: ns?np®nd®*(n +
1)s? (18 + 2¢")
Tr* =[Xe] 6s? 4f14 5d*°

Note: order of polarizing power of cation
Non inert gas configuration > Pseudo inert
gas configuration > inert gas Configuration

& JEE (Mains & Advance)
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Example
Order of covalent character:
(a) NaCl<CucCl (b) KCI<AgCI
(c) CaCl,< CdCl; (d) CaClz< PbCl;

(€) CdCl,< PbCl,

Inert Pair Effect

In p-block elements the stability of the lower
oxidation state increases on descending the group.
Because increased effective nuclear charge holds ns
electrons tightly due to poor shielding effect of inner
d & f orbitals and thereby, restrict their (ns electrons)
participation in bonding only np electrons take part in
bond formation. As a result of this, +1 oxidation state
of Tl is more stable than it's +3 oxidation state. Pb
shows +2 stable oxidation state and Bi shows +3
stable oxidation state.

For example:

Group 13 Group 14

B (+3) C (+4)

Al (+3) Si (+4)

Ga (+3), (+1) Ge (+4), (+2)
In (+3), (+1) Sn (+4), (+2)
TI (+3), (+1) Pb (+4), (+2)

Order of stability:
TI*™ > In*t > Ga*™ (due to inert pair effect)
Pb*2 > Sn*2 > Ge*2 (due to inert pair effect)

Example:

PbCl, is stable at room temperature whereas Pbls
doesn't exist.

Solution:

Due to inert pair effect Pb(+4) is less stable than
Pb(+2). Hence it is very good oxidant.

Pb(IV) + 26— Phb(ll)

Reducing abilities of halides follows the sequence
I->Br >CI

Inert pair effect: Order of Stability

Due to inert pair effect

(a) TI*L > TI*3 (b) Bi*® > Bi*S

(c) Pb*2 > Ph* (d) Hg > Hg*

(e) Pb™+2e® - Pb*2 (f) TI™+2e® >TI*
(Oxidizing agent) (Oxidizing agent)

(g) Bi**+2e° - Bi*
(Oxidizing agent)

Note: PbO;, Pb,Os; (PbO + PbO,) are oxidizing
agents because Pb*? is more stable than Pb**

JEE (Mains & Advance) # CHEMISTRY

Reducing power order 1I->Br >CI->F

(a) Pbl,—Roawots o phy, + |,
Pbls does not exist because Pb** act as oxidizing
agent and I~ act as reducing agent.

Pb™ + I ——>Pb*2 + I,

(b) PbBr,—LX0T™: 5 phBr, + Br,

(c) PbCl,—a9 5 phCl, + Cl,

Cul,
Fel,
Bil,
T, [with 1°]

does not exist

Note: Only pentahalide of Bi is BiFs is possible. [F®
is weak reducing agent]

a) Cu™+ 1° —>Cu,l, +1
@ ©OA) (RA) 272 72

(b) Fe®+ 1° ——>Fe?+1,
(0.A) (R.A)

() Bi*+ 1° ——>Bi* +1,
(O.A) (R.A)

(d) TI™+31° —>TI" +1,
(0.A) (R.A)

But Tl [with I39] exists, T¢lz— T + 130

Stability of higher oxidation state  down the
group

CXs> SiXys> GeXs> SnXs> PbX4 (Where X is F,
Cl, Br, )

Stability of lower oxidation state T down the
group.

CXa< SiXo< GeXa< SnXo< PbX; (Where X is F,
Cl, Br, )

Application of Fajan’s Rule

Thermal stability

Anionic part polyatomic
lonic {
Anionic part monoatomic
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Thermal stability of lonic compound having

polyatomic anion

Order of Thermal stability

(a) LioCOs< Na,COs< KoCO3< Rh,CO3< Cs,CO4

(b) BeCOs< MgC03< CaCO0O3z< SrC0O3< BaCOs3

(c) Li2SOs< NaxSO4< K2S04< Rb2SO4< Cs3S04

(d) BeSO4< MgS0O4< CaS0s< SrSOs< BaSO,

(E) LiNOs< NaNO3< KNO3< RhbNO3< CsNOs

(f) Be(NO3)< Mg(NO3).<Ca(NO3)2<Sr(NO3).<
Ba(NOs),

(g) NaHCOs< KHCO3< RbHCO3< CSHCO3

(h) Be(HCOs)<
Mg(HCO3),<Ca(HCO3),<Sr(HCO3)2<
Ba(HC03)2

Thermal stability of ionic compound having
monoatomic anion
MX — M*+ X~ [Thermal Stability decided by Lattice
Energy]
L.E = KquQao/r?(rc + ra)
= L.E. o« charge L.E. oci
size

= Charge t, LE. T =size T,L.E. |

Thermal stability « Lattice energy
Example:
(@) LiCl > NaCl > KCI > RbCI > CsCl
(b) LiBr > NaBr > KBr > RbBr > CsBr
(C) Li»O > Na,O > K»,O > Rb,0O > Cs,0
(d) LisN > K3N > RbsN
(e) KF > KCI > KBr > Kl

Colour of lonic compound
Higher the polarization of ionic compound greater
will be the colour intensity of ionic compound.

AgF AgCl AgBr Agl
Example: J J
white pale yellow yellow

Que. Predict the colour of CuCl and CuBr if colour
of Cul is white:

Ans.  White

lonic Mobility
¢ T, Hydrate size T, lonic mobility {

CHEMISTRY

Example:
(i) Hydrate Size LiGg > Nag, > Ky > Rbg,
>Csq
lonic Mobility LGy < Nag, < Kgy <Rbg,
<Cseq
(i) Hydrate Size Bej,> Mg, >Cag,

> Slaay > B,

lonic Mobility Be 2

(aq) < Mg, < Cag, <

Sliaay < Baga)
(i) Hydrate Size ~ F.,>Cl.,>Br ,>1.,
lonic Mobility  F.)<Cl ., <Br,,<lq,
Exception Case
(iv)  Note: ¢ of: Be*2> Al
6.4 6
. 2+ +3
Hydrate Size Beiy) > Al
e R +2 +3
lonic Mobility Beiy) < Ali)

Solubility
Case-1: Down the group, H.E. 4, L.E {, solubility J

(a) LiF < NaF < KF < RbF < CsF

(b) BeO < MgO < CaO < SrO < BaO

(c) BeS < MgS < CaS < SrS < BaS

(d) LiOH < NaOH < KOH < RbOH < CsOH

Case-11: Down the group, solubility ¢

(@) LiClO3 > NaClOs; > KCIO3 > RbCIO3 > CsClOs
(chlorate)

(b) LiClO4 > NaClO4 > KCIO4 > RbCIO, > CsClO4
(perchlorate)

(c) BeSO3 > MgS0O; > CaSO; > SrSO; > BaS0;
(sulphite)

(d) BeSO4 > MgSO4 > CaS0O4 > SrSO4 > BaSO4
(sulphate)

(e) BeS,0; > M98203 > CaS,03 > SrS,03 > BaS;03
(thiosulphate)

(f) BeCrO4 > MgCrO4 > CaCrO4 > SrCrO4 > BaCrO4
(chromate)

(g) BeCO3z > MgCOs > CaCO3 > SrCO3 > BaCOs
(carbonate)

Note: Br/I~: They follow trend of polyatomic
(a) LiBr > NaBr > KBr > RbBr > CsBr

& JEE (Mains & Advance)
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(b) Nal > Lil > KI > Rbl > Csl
Case —I11: If number of cations> number of anions,
then solubility T down the group.
(@) Li20O < Naz0 < K0 < Rb,0 < Cs,0
(b) Li>CO3 < Na,CO3 < K,C0O3 < Rh,CO3 < Cs,C0O3
(C) NaHCO:< KHCO3< RbHCOs< CsHCO3;
(Sparingly soluble)

Reason:
Massive H bonding in NaHCO; (Sparingly Soluble)

Q, e M. ©
O 0O 0O

I I |
o

Compact H-bonding in KHCO3;, RbHCO;, CsHCO;
(Completely Soluble)
/O—H----O@\
O0=C C=0
SOh-H—07
Que. Find order of Ksp.
Solubility T, KgT
NaHCO3< KHCO3< RbHCO3< CsHCO:s

Case (IV): Number of monoatomic anion > Number
of cation, then solubility T down the
group.

Be(OH), < Mg(OH), < Ca(OH); < Sr(OH),

But if number of polyatomic anion > number of
cation, then solubility I down the group.
Be(NOs), > Mg(NQ3), > Ca(NOs), > Sr(NOs), >
Ba(N03)2

BeX, > MgX2 > CaXs > SrX, > BaXs (X = C|, Br,
I) — Exception to key point

Key point (For Cases | to 1V)

If number of polyatomic anion > Number of cation
then solubility I down the group, otherwise solubility
increases down the group.

Alkaline earth metals

(a) BeS;03 > MgS;03 > CaS,03 > SrS,03 > BaS;03
(Thiosulphate)

(b) BeCrO,;>MgCrO4> CaCrO4 > SrCrO4 > BaCrO4
(Chromate)

(c) BeSO; > MgSO; > CaSO; > SrSO; > BaSOs3

JEE (Mains & Advance) # CHEMISTRY

(Sulphite)
Hydroxide
(@) Be(OH); < Mg(OH); < Ca(OH)2 < Sr(OH);
(b) LiOH < NaOH < KOH < RbOH < CsOH

Carbonate
(a) BeCO3 > MgCQ3 > CaCO3 > SrC0O; > BaCOs
(b) Li2CO3 < Na2COs < K>CO3 < Rb,CO3 < Cs,CO3

Nitrate

(a) LiNOs; > NaNO3 > KNO3; > RbNO3 > CsNOs

(b) Be(NOs); > Mg(NOs), > Ca(NOs); > Sr(NOs), >
Ba(NOs),

Other example

(a) BeS <MgS < CaS < SrS <BaS

(b) LiF < NaF < KF < RbF < CsF

(c) BeO <MgO < Ca0O < SrO <BaO

(d) LiClOs > NaClOs > KCIOs > RbCIO,s >
CsCIOq

(e) LiClOz > NaClOs > KCIO; > RbCIO; >
CsCIOs;

(f) BeSO4>MgSO4 > CaSOs4 > SrSO4 > BaSOs

Exception in solubility

1. LiCl > NaCl > KCI < RbCl < CsCl
or
LiCl > CsCl > RbCI > NaCl > KCI

2. Mng < CaF, < SrF; < BaF; < BeF»

3. Oxalate MgC;04 < CaC;04 < SrC,04
< BaC,0. < BeC,04

Solubility order of heavier metal halides (in
polar solvent)

AgF > AgCl > AgBr > Agl
PbF, > PbCI, > PbBr, > Pbl, ; Polar Solvent
HgF, > HgCl, > HgBr, > Hgl,

Nature of oxide

Order of acidic character:

(a) Li-O > Na,O > K>0 > Rh,0O > Cs,0
(b) MgO > CaO > SrO > BaO

(c) ZnO > MgO > Ca0 > SrO > BaO
(d) NiO > CaO > SrO > BaO

(e) PbO > CaO

(f) PbO < PbO;
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(g) SnO < SnO;
s-block-metal oxide are basic except BeO

Nature of non-metallic oxides:

0
\

50s —HO, Hos_0_H
g

E.N of non-metal T, acidic nature T

(a) CO, > Si0»

(b) CO<CO; positive charge T, EN T, acidic
nature T

(c) SO; <S03

(d) N,O<NO<N,0, <N,O, <N,O,

(e) H,SO3 < H,SO,4

(f) HCIO < HCIO; < HCIO; < HCIO,

(g) HNO; < HNOs

(h) Na,0 <Mgo< ALO, < SiO,
Strong Basic Basic Amphoteric  weak acid

<P,0, < SO, < CLO,
Acidic  Strong acid  Strong acid

(i) MnO MnO, Mn,0,

Basic = acidic
Amphoteric

(4) CrO Cr,0, CrO,
Basic —_ Acidic
Amphoteric
Amphoteric oxides
(a) Oxides of Pb, Zn, Be, Al, Ga, Sn, Cr*®

(b) As;03, Sb,03, V205

Melting Point
Melting point « Lattice energy
. 1 .
Lattice energy .« ——, Lattice energy « charge
size
(@) LiF > LiCl> LiBr > Lil
(b) CaF,> CaCl,> CaBr,> Cal,
(c) NaF < AlF;
(d) ZnF, > ZnCl,

Exception:

NaCl > KCI > RbCl > CsCl > LiCl

Kl > Nal > Rbl > Csl >Lil

NaF > KF > LiF > RbF > CsF

CaF; > Mng > SrF, > BaF, > BeF»
BeXo<........... <BaX, X=(CI, Br,1)
MgO > CaO > BeO > SrO > BaO

ok wbdpeE

FUNDAMENTAL UNLOCKED- (FU#2) :

Q.1  In which of the following species the bonds
are non-directional ?
(A) NCls3 (B) RbCl
(C) BeCl; (D) BCls

Q.2 Out of following which one has least value of

melting point
(A) LiCl (B) BeCl;
(C) MgCl, (D) CaCl;

Q.3 Out of following which one has maximum
ionic character -
(A) NaCl (B) KCI
(C) CaCl; (D) MgCl;

Q.4 Which of the following has highest melting

point -
(A) NaCl (B) Nal
(C) NaBr (D) NaF

Q.5 Among LiCl, BeCl, BCl; and CCls, the
covalent bond character follows the order -
(A) LiCl < BeCl, > BCl; > CCl,
(B) LiCl > BeCl, < BCl; < CCly4
(C) LiCl < BeCl, < BCl; < CCly
(D) LiCl > BeCl, > BCl; > CCl,4

Molecular orbital theory (MOT)

Given by Hunds & Mulliken

1. Two atomic orbital come nearer & then overlap
each other to form two molecular orbitals

2. Combination of atomic orbital (AO) forms
molecular orbital (MO)

Types of molecular orbitals

Molecular orbitals of diatomic molecules are
designated as o(sigma), n(pie), 5(delta) etc.

In this nomenclature, the sigma () molecular orbitals
are symmetrical around the inter molecular axis
(assumed to be z-axis) while pi () molecular orbitals
are not symmetrical.

n CHEMISTRY & JEE (Mains & Advance)
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(a) s-s combination of orbitals

Molecular
orbital
Atomic
orbital .
Gls

N

Energy

1s

Al

0,

S

Atomic
orbital

1s

(b) p-p combination of orbital(end to end overlap)

Molecular
orbital
Atomic
orbital —
O2p,

i\

Energy

2p;

O2p,

Atom
orbita

2p;

\1,_

ic
I

(c) p-p combination of orbitals (side by side overlap)

Molecular
orbital
Atomic
orbital -
T
> 2px
s [
(6]
Tc2px
(d) s-p combination of orbitals
Molecular
orbital

Energy
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Atomic
orbital

GZst

Atomic
orbital

%

2px

Atomic

\

orbital

2p;

Nodal plane
-0 — 2
1s 1s oy,
Antibonding sigma
Molecular orbital
2:0 —+ @
1s 1s 1s
Bonding sigma
Molecular orbital
Nodal plane
22 -2 —»2323
O

Antibonding sigma
Molecular orbital

0 + 00 — e
2pZ 2pz GZpZ
Bonding sigma
Molecular orbital
- Nodal plane
2 _8 . 2¢
2pPx 2px nsz
Antibonding pi
_ _ Molecular orbital
% + % _’ ...... % .....
2 2p T,
P " Bonding pi

Molecular orbital

Nodal plane

P A
D +

- — i
Oasp,
Antibonding pi
Molecular orbital

A P N
+ &S e
Oasp,
Bonding sigma
Molecular orbital
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3. Energy of BMO < Energy of ABMO. =1,, <Oy, < ﬁ;p = ,T;p < O-;p
y z X y 7

Note: Molecular orbital energy order for O,

4. Molecular orbitals can be filled by electrons .
and F2 (molecule having > 14 electrons)

according to Aufbau, Hund's, Pauli's principle. . .
Ois <0151 < Oy <Oy <Oy, <70y,
5. Energy order of the molecular orbitals of
homonuclear di-atomic molecules.
Note: Molecular orbital energy order for up to
N2 (molecule having < 14 electrons)

=TTy, < Top, = Tap <Oy

o *, n * = antibonding molecular orbital
o, = = bonding molecular orbital

Gls < o-ls <O—25 < O-Zs <7z-2px

Example:
Why molecular orbitals have different order of energy in N> & O ?
Sol.s-p mixing
Hint
AO MO AO AO MO AO
3 Gap . Ty Ty
(=] (o2}
) = &
@ Oas 0 :
) Gy .
2s —- —— 2s 2 _. ___ 25
6ZS G;s
The correct MO energy-lavel diagram The correct MO energy-lavel diagram
When s-p mixing is not allowed. When s-p mixing is allowed, the energies
of the o,,and T,, orbitals are reversed.
Bond Order w = n(n+2) B.M. (where n = number of

Bond order can be defined as: )
N unpaired electron)

Bond order = Ny =N,
2 Example:

Np = No. of electron in bonding MO's
Na = No. of electron in antibonding MO's
If bond order = 0, it means species does not exist. _N,—-N, _2-0
Bond order of 1, 2 & 3 corresponds to a single Bond order = > 5
bond, double & triple bond respectively.

Bond orderTstabilityof moleculeTbondlength |

H, = Configuration: o, , o

=1 Hence H - H

(diamagnetic)

Order of lonisation Energy

Magnetic behaviour
If the molecule has one or more unpaired (@ N2>0z2 () N2>N () 02< O
electron, it will be paramagnetic, (d) _N2> O (€) F2>F
If all the electrons are paired it will be For Axial

diamagnetic.
Magnetic strength can be calculated by using spin

only formula of magnetic moment ().

CHEMISTRY

After two rotation from 180°, If sign is changed
then orbital is ungerade, if not then gerade.
Gerade molecular orbital have even no. of nodal
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plane and ungerade molecular orbital have odd
no. of nodal plane.

Que. Halogen are diamagnetic but colourful
explain:
Colours: F, : Paleyellow
Cl; :  Greenish yellow
Br,:  Reddish-Brown

I, :  Violet
Sol. Halogen are colourful due to HOMO-LUMO
transition.

HOMO: Highest occupied molecular orbital
LUMO: Lowest unoccupied molecular orbital
In F2 molecule HOMO is ABMO
In O, molecule HOMO is ABMO
In N2 molecule HOMO is BMO
In CO molecule HOMO is NBMO

VIBGYOR

ATELvI

Note:
1. If bond order is fractional, then it wants to make
it integer greater than previous

NO ———>NO"

B.0.=25 B.0.=3
2. If bond order is greater, then molecule is more
stable.
O, < NO
B.0.=2 B.0.=25
3. CO cot
Bond order: 3 >3
Bond length:  1.128A°  1.115A°

Electron is removed from NBMO having slight
anti-bonding character, so bond order slightly
increase

FUNDAMENTAL UNLOCKED- (FU#3) :

Q.1 In the conversion of N into N?* the electron
will be lost from which of the following
molecular orbitals ?

(A) O_;PZ (B) Osp, ©) Top, (D) ﬂ;px

JEE (Mains & Advance) # CHEMISTRY

Q.2 The bond orders in BN, BO and CO
respectively are -
(A) 2, 3,5/2 (B)2,5/2,2
(C)2,5/2,3 (D)5/2,2,3

Q.3 Which of the following leads to bonding ?
(A) s-Orbital p-orbital

!

(B) s-orbital p-orbital

i

(C) P- orbltal p-orbital
(3
0 ©

(D) p-orbital d-orbital

QY
S N
Q4 In an antibonding molecular orbital, electron
density is minimum -
(A) Around one atom of the molecule
(B) Between the two nuclei of the molecule
(C) At the region away from the nuclei of the
molecule
(D) at no place

Q.5  Which have odd bond order -
(A) O, (B) O, (C)NO (D)Al

Hydrolysis

In hydrolysis of covalent molecules the nucleophilic
centre of molecule is replaced by OH™ group of water
generally through nucleophilic substitution reaction.

Example:
Hydrolysis of SiCl4
H H
P TS
Ve cl
Si o, — ~N —HCl
. / Si——Cl SI
C|/| Cl+ H H C|/ cl | \OH
cl cl cl
Transition state
+3H,0 |-3HCI
C‘)H
Si
w0 | o
HO
Silicic acid
Note:

CCl4, NFs, is inert towards hydrolysis due to the
absence of d orbital, but under drastic condition these
molecules under goes hydrolysis.

CCly + H,O —Swperheaed o oo Cl, + 2HC
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Note: Hydrolysis of XeF, & XeF, takes place

through with redox reaction.
XeF; + H.O — Xe + 2HF +% 02

3XeF4 + 6H.0 — 2Xe + XeOz + 12HF +g 02

XeFs + 3H,0 —— XeOs + 6HF

Example:
CCls + H,O —— No hydrolysis due to absence of
vacant d-orbital (possible through SN mechanism)

Example:
SiCls + 4H,0 ——Si(OH)4+ 4HCI

Explanation:

(i) Product is oxyacid as well as hydracids.

(i) Hybridisation of reactant is sp® but that of
transition state is spd.

(iii) Generally the oxyacid form of central atom
and same oxidation state.

(iv) Generally the hydracid form by surrounding
atom.

SOLVED EXAMPLE

Example:
NCl; + 3H,0 — NH3 + 3HOCI

Explanation:
(i) Product is base and oxyacid.
(ii) Hybridisation of central atom doesn’t change
in transition state.
(iii) Electronegativity of nitrogen and chlorine is
almost equal.

Example: PCl; + 3H,O —— H3PO3 + 3HCI

Note: Basicity of HsPO3 = 2

Example:
AsCl; + 3H,0 —As(OH)s + 3HCI
Note: Basicity of H3AsO; = 3

Q.1 Compare rate of hydrolysis?

Q) (A) MgCl, (B) AIClI3
(C) CCly (D) SiCl,
(E) PCls
Ans.
Correct order CCls< MgCl< AlCIs< SiCls< PCls
CHEMISTRY

(i) (A)SnCl, (B)SnCls
Ans. SnCl; < SnCl,
(iii) (A) SnCls (B) SnMe4
Ans. SnCl; > SnMey
Rate of hydrolysis order
PCl; > AsCls > SbCls; > BiCls
Note:

(i) BeXz—Predominantly covalent (X =F, CI, Br, 1)
(it) MgXz — Predominantly covalent (X = ClI, Br, I)
(iii) AlX3 — Predominantly covalent (X = ClI, Br, I)
(iv) LiF/MgF2/AlFs— Predominantly ionic

Example:
SbCl, + H,O——= ShOCI

Antimonyl chloride

+ 2HCI

Sb* + HO—= SbO" + 2H"
Antimonyl cation
Example:
BiCl, + H,O——= BIiOCl + 2HCI

Bismuthyl chloride

Bi** + H,O—— BiO* + 2H"

Bimuthyl cation

Q.2 Which of the following ions are present in
BiOCI?
(A) Bi* (B) Bio* (C) OCI- (D) CI-
Ans. (BD)
Remember:
Parent Oxyacid of following atoms:
(@) P—— (i) HsPOs (i) H3PO4
(b) S— (i) H2SOs  (ii) H2SO4
() N—— (i) HNO,  (ii) HNO3
(d) Cl— (i) HCIO  (ii) HCIO,

(iii) HCIO3 (iv) HCIO4
(e) Se—— HySe04, Te—— HsTeOg,
B—) H3803, SI —> H4Si04

Q.3 Identify the product obtained on hydrolysis?
Solution:
(i) Cl,0 + H,O0 —HCIO
(i) SF4 + H2O — H,S03 + HF
(i)  SO.Cl; + H,0 —— H,SO4 + HCI
(IV) N,O3z + H,O —— HNO;

(V) N,Os + H,O —— HNO;3

»
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(vi) SO; + H;O —— H,S03
(VII) SOs3 + H,O —— H»S0,

Addition and addition elimination reaction
(@) P4O10 + 6H,0 — 4H3PO4
(b) P4Os + 6H20 —— 4H3PO3

Q.4 Identify the product obtained on hydrolysis?
Solution:
(I) P4sO19 + Ho.O —— 4H3POq4
(i) P4Og + H,O —— 3H3PO,4 + H3PO3
(iii) P4Og + HoO —— 2H3P04 + 2H3PO3
(iV) P,O7; + Ho,O —— H3PO4 + 3H3PO3
(V) P4Os + Ho.O —— 4H3PO3

Example:
H,S,0; + H, O——H,0, + H,SO,
marshall'sacid
(i) Partial hydrolysis of H2S;0s
H>S,0e—— H,S04 + H,SOs5
(ii) Complete hydrolysis of H2S,0s
H,S,0—— 2H,S0,4 + H,0,

Example:
H,RO, + H,O——H,PO,+ H,PO,
hypophosphoric acid
H,RO, + H,0——H,PO,+ H,PO,
Isohypophosphoric acid
Note: Product obtained after hydrolysis of both
given compound is same.

Important
Hydrolysis of Interhalogen compound
(i) ICl+ H,O— HOI + HCI
(ii) IF3 + H,O — HIO, + 3HF
(iii) BrFs + H,O —> HBrOs + 5HF
(iv) IF7 + H,0 —> HIO, + 7THF

Q.5  Which of the following statement is correct
about X and X’?
XX’ + H,0 — HX + HOX’
(A) X is more electronegative than X’
(B) X’ has larger size than X
(C) Both (A) and (B)
(D) None of these
Ans. (C)
Important
Hydrolysis of noble gases compound

(i) XeF, +H,0——Xe+0, +HF
(ii) 6XeFs + 12H,0 — 4Xe + 2XeOs + 24HF +

30,
(iii) Hydrolysis of XeFs

JEE (Mains & Advance) # CHEMISTRY

XeF, +3H,0——> XeO, +6HF

(explosive)

(iv) Alkaline hydrolysis of XeFg
XeF, +3H,0—— XeO, +6HF

(explosive)

XeO, —— HXeO, — Xe+ XeO, * +0,

(unstable)

Two gaseous product Xe and O, are obtained
during alkaline hydrolysis.

Q.6 Hydrolysis of BCls
Sol.  BCl; + H,0 — H3BO; + 3HCI
Product of hydrolysis of BCl; is H;BO3 and
HCI.
lonisation of B(OH)s:
B(OH); + HLO——[B(OH)4] + H*

Hydrolysis of Carbide
(i) Be:C + H,O —>Be(OH), + CH,
(i) AlCs + H;0 —>AI(OH)s + CHs
(iiii) CaCz + H,0 ——Ca(OH), + CoHz
(iv) BaC; + H,O —Ba(OH); + C;H;
(v) Mg.Cs + H,O0 ——Mg(OH), + CsHa

Alkaline hydrolysis of BeCl,
BeCl, + H,0—"" [Be(OH),]* +2NaCl
(vii)  Rate of hydrolysis
Order: SFe< SeFs< TeFs
Conclusion: Size T, steric crowding {,
rate of hydrolysis T
SN?/Drastic condition
Example:

SFe —2—> SF.' +F

SF.' + HOH—> H,SO, + HF

Example:
CCl,+ H, O—— COCl, + 2HCI

(Carbonyl chloride)
phosgene gas

Note: CCly is a fire extinguisher but it is not
used as fire extinguisher at high
temperature because it forms COCl,
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Example:

Note:

Hydrolysis of NF; by SN mechanism:

2NF3z + 3H,O —— N,03 + 6HF

Via SN!, hydrolysis of SFs , CCls, NF3 Can
be done.

Other example

Hydrolysis of oxide

CO; + H,O —> H,CO3
SO, + H,0 —> H,SO3
SOz + H,0O —> H,SO,
N».O3; + H,0 —> HNO;
N»Os + H,0 —> HNO3
Cl,07 + H,O —> HCIO4
CbOs+H,O — HCIO3
P40¢ + H,O —> HsPO3
PO + H0O —> HsPO,
Mn,O; + H,O — HMnO4
CrOsz + H,O — H.CrOg4
An example of disproportionation reaction

required bond
Combinatic of group number & oxidisation state
must be in odd & even.

AX type

ICl + HOH — IOH + HCI
Hypo Halous HXO

Halic HXO;

AX; type
CIFs + 3HOH —2F 5 CI(OH); —"°
HCIO: Chlonis

Halous HXO;
Per halic HXO4

3. AXstype
BrFs + 5SHOH — ——=H Br(OH)s
—2HO s HBrO;

\ 7
o~ © Questpix
4, AX;type -
IF;+ 7HOH —™F I(OH);
—>Hs10g

Ortho per lodic acid

—>HI0,
per lodic acid

Hydrolysis of TeFs
TeFs + BHOH —=2" 5 Te(OH)s

Hydrolysis of SF4
SFs + 4HOH —2*  S(OH); —F2
H.S0s

Sp3d

Hydrolysis of SeF4

SeF, + 4HOH T) Se(OH)A —

H,0
H,SeO;
Spid

Hydrolysis of SFs

+6 +6

SF, + HOH —2— SO, + 6HF

Hydrolysis of SeFs
SeFg + 6HOH —mE Se(OH)s Tm)

H,Se0s Spid?

ANSWER KEY

FUNDAMENTAL UNLOCKED- (FU#1)

1.

B) 2 (D) 3. (A) 4

FUNDAMENTAL UNLOCKED- (FU#2)

1.

B) 2 (B) 3. (B) 4.

FUNDAMENTAL UNLOCKED- (FU#3)

1.

B) 2 ©) 3. (B) 4.

(©)

(D)

(B)

CHEMISTRY

5, (A)
5, (€)
5. (D)
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OBJECTIVE EXERCISE-I

Single Correct Type Question

Back Bonding

1. Which of the following will not form adduct ?
(A) (CH3)2.0 + BF;  (B) (SiH3)20 + BF3
(C) NHs + BFs (D) CH3sNH; + BF;

2. Which of the following has highest bond
energy?
(A) C-Fin (CFs)
(C) C-Brin (CBrs)

(B) C-Cl in (CCl,)
(D) B-F in (BF3)

Multicentered Bond / Bridge Bonding
3. In which of the following molecules/species all
following characteristics are found ?
(@) sp®hybridisation of central atom
(b) Hybridisation can be considered to have
taken place with the help of empty
orbital(s).
(c) All bond lengths are identical i.e. all A-B
bond lengths are identical.
(A) B2Hg (B) AlCls
(C) BeClz(g) (D) BF4

4, Which of the following ligand is not
responsible for symmetrical bond cleavage in
B2Hs ?

(A) MexS (B) H- (C) THF (D) NHs

5. Which of the following molecule have 3C—4e-
bond as well as planar geometry ?
(A) AlzBre (B) A|2|5
(C) 1.Clg (D) (AlHs),

Odd Electron Species
6. Find the odd electron specie in which odd
electron is present in pure 'p' atomic orbital.

(A) NO, (8) CIO,

(C) CF, (D) CH,

Inert Pair Effect
7. Which of
incorrect?
(A) Oxidizing power order: SiCls < SnCls <
PbCl,
(B) lonic character order: CsBr > RbBr > KBr
> NaBr > LiBr

the following statements is

JEE (Mains & Advance) # CHEMISTRY

(C) The ionic character of lead(ll) halides
decreases with increase in atomic no. of
halogen

(D) The oxidation state of Tl in Tllz is +3.

lonic Compound

8.

9.

10.

11.

Compound having lowest Melting point.
(A) BeCl2 (B) MgCl: (C) CaCl. (D) SrCl

Which of the following order is correct of the
given property.
(A) LiCl >NaCl > KCI > RbClI > CsClI
: Thermal stability order
(B) BeF, < MgF; < CaF; < SrF; < BaF;
: solubility order
(C) NOZ > NO— > NO = NO? > NO*
- bond length order
(D) BaO > SrO > CaO > BeO > MgO
: basic character order

Which of the
INCORRECT:
(A) NaF < MgF; < AlF; (Lattice energy)

(B) NaF < MgF; < AlF; (Melting point)

(C) NaF < MgF; < AlF; (Polarizing power of
cation)

(D) NaF < MgF; < AlF3 (% ionic character)

following order is/are

The correct solubility order is/are:
() CaCO;3 > SrC0O3 > BaCOs

(“) Li,CO3; < Na,CO; < K»,CO3
(|||) K>CO3 < Rh,CO3 < Cs,CO3
(|V) Na,CO3 > K,CO3 > Rh,CO;3
(A) 11, IV @)1, 1v

© ), v D) 1, 11, 1l

Molecular Orbital Theory

12.

13.

Which of the following species have more
number of electrons in bonding MO's as
compared to antibonding MO's

(A) Oz (B) N2

() Cy (D) All of these

Which of the following statement is
INCORRECT:

(A) KO3 is paramagnetic in nature

(B) All halogens are coloured gases at room
temperature

(C) O is paramagnetic gas

(D) Bond order of OF is 1.5
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14.  Assuming that if Hund's rule is violated, then
the paramagnetic specie is:
(A)B2  (B) O (C) NO® (D) O

15.  The molecular orbital with highest energy in a
nitrogen molecule is
(A) o2 (B) mzp

16. Ny and O, are converted to monocations N,*
and O2" respectively, which is wrong
statement:

(A) In N2*, the N—N bond weakens

(B) In Oz, the O—O bond order increases
(C) In Oy*, the paramagnetism decrease
(D) N2* becomes diamagnetic

(C)o*p (D) n*2p

Hydrolysis
17.  Which of the following is an uncommon
hydrolysis product of XeF; and XeF,?

18.

19.

20.

reactions is
its products

In which of the following
INCORRECT according to
formed.

(A) PCI3 + 3H,0 — H3PO3 + 3HCI
(B) NClI; + 3H,O — NH; + 3HOCI
(C) ICI + H2.0 — HCIO + HI

(D) N2O4 + H,O — HNO3 + HNO;

Which of the following compound produce
only oxyacid on hydrolysis:-

(A) IF; (B) XeFs

(C) P4Os (D) CrO:Cl;

The correct increasing order of extent of
hydrolysis is:

(A) CCls < MgCl, < AICI; < SiCls < PCls

(B) CCls < AICI;3 < MgCl, < PCIs < SiCly

(C) CCl4 < SiCl4 < PCls < AlCIs < MgC'Z

(A) Xe (B) XeOs (D) CCl4 < PCls < SiCls < AICI3 < MgCl,
(C) HF (D) Oz
CHEMISTRY
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OBJECTIVE EXERCISE-II

Multiple Correct Type Question

1.

Which of the following statement(s) is/are

CORRECT

(A) [B3O6] 2 ion is non-planar but BsNsHs is
planar

(B) (SiH3)sN is planar but (SiH3)sP is
pyramidal

(C) H3C-NCS is bent but SiHs - NCS is linear

(D) (CH3)3N is pyramidal but (GeHs)sN is
planar

Which of the following statements is/are

INCORRECT

(A) CHF3 is less acidic than CHCI3

(B) RsC—O-H is more acidic than R3Si—-O-H

(C) In BF3 back bonding is possible but in CO
back bonding is not possible

(D) PHs is more basic than NH3

No X-X bond exists in which of the following
compounds having general form of X;Hg?
(A) BzHs (B) C2Hs (C) AlHg (D) SizHs

Which of the following molecules have
CORRECT indicated overlapping.

Molecule Overlapping in the bridge bond
(if any)

(A) Si,Cls sp*-p-sp®

(B) BezHs sp*s—sp?

(C) SiHe sp®-s—sp®

(D) BaHs  sp®-s—sp?®

Which of the following have (18 + 2) electron
configuration ?
(A) Pb?*  (B) Cd?®*

(C)Bi* (D)S?

Which of following stability order is/are
correct due to inert pair effect.

(A) Hg > Hg** (B) Bi** < Bi**

(C) Pb** > Pb** (D) Fe** < Fe**

Which of the
CORRECT:-
(A) MgCOs3 < BaCOs3 (Thermal stability)
(B) LiF < CsF (Solubility)

(C) LisN > K3sN (Thermal stability)

(D) MgSO;3 > BaSOs; (Solubility)

following order is/are

10.

11.

12.

Select the CORRECT order against the

mentioned property:-

(A) NaNOs < KNOz < RbNO3z (Thermal
stability)

(B) NaF> KF > RbF (Covalent nature)

(C)Si-O0<P-0<S-0<CIl-0(m-bond

strength)
(D) F2 < Cl; < Br2 < I, (Bond length)
Which of the following order is/are
CORRECT:

(A) NaCl < LiCl (melting point)

(B) CaF, > CaO (lattice energy)

(C) LiNO3 < NaNQs (thermal stability)
(D) BesN: > BasN; (thermal stability)

Which of the following have identical bond
order?
(A) 02t (B) NO*

(C)CN- (D) CN*

Assuming that if Hund's rule is violated, then
the diamagnetic specie(s) is/are:

(A)B2  (B)O: (C) N2 (D) O

Which of the following compounds do not give
free halogen acid (Hydra acid) on hydrolysis
with excess water as a final product ?
(A)NCI: (B)PCl; (C)SiCls (D) BFs

Comprehension Type Question

Paragraph for Question 13 to 14

Qualitatively, the formation of molecular orbitals can
be understood in terms of the constructive or
destructive interference of the electron waves of the
combining atoms. In the formation of bonding
molecular orbital, the two electron waves of the
bonding atoms reinforce each other due to
constructive interference while in the formation of
antibonding molecular orbital, the electron waves
cancel each other due to destructive interference.

13.
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Which of the following combinations give(s)
antibonding sigma molecular orbital if z-axis is
the internuclear axis ?

(A) Jo " we —
2p, 2p,
| - .
A+ - —
(B) = 3
2p, 2p,
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(C) PV @& —
2p, 2p,
o@ - @ =
ls Is

14.  Which of the following specie does not exist:
(A) HeH" (B)Be, (C)C* (D) NO*

Paragraph for Question 15 to 16

When a substance undergoes nucleopilic substitution
reaction and the nucleophile is solvent itself, then the
reaction is known as solvolysis, if the solvent used is
water then the reaction is called as hydrolysis.

15.  The product(s) of hydrolysis of NCl; is/are:-
(A) HNO; (B) HCI  (C) NHs; (D) HOCI

16.  Which of the following compounds on
hydrolysis produce oxyacid having basicity
three in water:

(A)PCls (B) AsClz (C) PCl; (D) BCls

Paragraph for Question 17 to 18

Molecular orbital theory is based on linear
combination of atomic orbitals (LCAO). According
to LCAO when respective atomic orbitals of the
atoms interact, they undergoes constructive and
destructive interference giving two types of
molecular orbital i.e. bonding and antibonding
molecular orbitals respectively.

17.  Which of the following overlapping result
ungerade molecular orbital.

(A)8+8
OX Ry

18.  Which of the following property does not
change when O; is converted to Oy :-
(A) Magnetic behaviour
(B) Magnetic moment
(C) Bond order
(D) Number of bonding electron

(B)%+%

D) C- + -

Matrix Match Type Question

19.  Match column-1 with column-II:-
Column—I Column-II
(P) BFs (1) Exist in dimeric form
(Q) AICIs (2) Effective back bond is present
(R) SiO2 (3) Acts as Lewis acid
(S) CO  (4) Exist in polymeric form
Select correct code of your answer:

Code: (P) Q) Ry (S
(A) 3 2 4 1
(B) 1 2 4 3
© 3 1 4 2
(D) 1 2 3 4
20. Column-I Column-II
(A) BF; (P) Intra molecular Lewis acid-

base interaction

(B) BCl3 (Q) 2p= — 3p- back bond

(C) HsBOs  (R) Lewis acid

(D) B(OCHs)s (S) Incomplete octet of central
atom boron
(T) sp? hybridisation of boron

CHEMISTRY
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SUBJECTIVE EXERCISE-I

Find the total number of 2C — 2e~ bond in
AlCle -

Fill your answer as sum of digits till you get
the single digit answer.

6XeFs + 12H,0 — 4X + 2Y + 24HF + 30,
In above reaction find the difference of
oxidation state in central atom of X and Y.

Total number of molecules in which bridge
bond formed by sp®-s—sp® type overlap
BzHe, A|2(CH3)6, |2C|5, A|2H6, Si2C|6

For the given compounds, number of
compounds  which  undergo  complete
hydrolysis in presence of excess amount of
water in ordinary condition:

SF4, XeF,, BiCls, NFs, NCls, POCls, BF3

Find out the number (s) of molecule in which
bond angle around under line atom is 120°:

10.

H,BO, , P(SiH,), , N(SiH,), . CH, ,
N(CH,),. SnCl;

Find the number of chemical species which
undergoes hydrolysis through redox reaction.
Xer, XeF4, Xer, SF4, PC|3, PCls

Number of species having bond order 2 will
be?
022, N2, N2 2, O2*, Na*, Cy, B2 2

Find the total number of 2C — 2e bond in
Alz(CHs)s (excluding = bond)

Fill your answer as sum of digits till you get the
single digit answer.

Maximum number of atoms in one plane in
N(SiH3)3 is:

No. of boron atoms in anionic part of borax,
which participate in back bonding.

JEE (Mains & Advance) # CHEMISTRY
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SUBJECTIVE EXERCISE-II

If AB molecule is isoelectronic with NO* then
find the difference between total number of
antibonding electron and bonding electrons in
AB molecule.

Maximum number of identical bond length in
B2He.

Find the total number of properties which are
changed due to backbonding in boric acid

(i) B-O bond length

(i) O- B -O bond angle

(i) B-O -H bond angle

(iv) Hybridisation of boron

(v) Hybridisation of oxygen

Maximum number of atoms present in one
plane in C(CHs)4

Find the sum of oxidation states of central atom
in BiOCl and Tlls

Total number of moles of water molecules
required for complete hydrolysis of 1 mole
P4O10

Sum of the most stable oxidation states of Al,
Ga, Bi, TI, Pb, Sn

If XO, is an odd electron molecule then total
number of valence electron of XO, molecule
will be (X belongs to second period of periodic
table)

The difference between total number of
electrons of pseudo inert gas configuration
cation and non inert gas configuration cation of
last element of carbon family is?

CHEMISTRY & JEE (Mains & Advance)
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JEE-MAIN (PREVIOUS YEAR QUESTIONS)

Which of the alkaline earth metal halides given

below is essentially covalent in nature:-
[JEE(Main)-2015]

(2) CaCl;

(4) MgCl,

(1) SrCl,
(3) BeCl,

Which one of the following alkaline earth
metal sulphates has its hydration enthalpy
greater than its lattice enthalpy?
[JEE-MAIN-2015]
(1) BaSO4 (2) SrSO4 (3) CaSO4 (4) BeSO4

Which intermolecular force is most responsible

in allowing xenon gas to liquefy?
[JEE(Main)-2016]

(1) lonic

(2) Instantaneous dipole- induced dipole

(3) Dipole - dipole

(4) lon - dipole

The increasing order of the boiling point for the
following compounds is:
[JEE(Main)-2017]
(I) C2HsOH (I1) C2HsClI
(1) CoHsCHs (IV) C2HsOCHG3
@ mn<an<m<@av)
@ ap <y <(1v) <
@) (V) <y <)< (1)
@ (< (V)< 1n <

Which of following is a Lewis acid?
[JEE(Main)-2018]

(1) PHs (2) B(CH3)s3
(3) NaH (4) NFs
Q) (11

H—N---N---N
In hydrogen azide (above) the bond orders of
bonds (1) and (I1) are: JEE(Main)-2018]

M (1
(1) <2 >2
(2) >2 <2
(3) >2 >2
(4) <2 <2

Xenon hexafluoride on partial hydrolysis
produces compounds ‘X’ and ‘Y’. Compounds
’X’ and ‘Y’ and the oxidation state of Xe are
respectively:

10.

11.

12.

13.

14.

15.
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[JEE(Main)-2018]
(1) XeO2(+4) and XeOs(+6)
(2) XeOF4(+6) and XeO3(+6)
(3) XeO2F2(+6) and XeOx(+4)
(4) XeOF4(+6) and XeOzF,(+6)

Among the oxides of nitrogen: N2Os3, N2O4 and
N2Os ; the molecule(s) having nitrogen-
nitrogen bond is/are: [JEE(Main)-2018]
(1) Only Nzos (2) N203 and Nzos
(3) N2Os and N2Os  (4) N2Os and N2O4

A group 13 element ‘X’ reacts with chlorine
gas to produce a compound XCls is electron
deficient and easily reacts with NH; to form
ClsX«NHs adduct; however, XCls does not
dimerize. X is: [JEE(Main)-2018]
1) B (2) Al (3) Ga (4) In

The number of P — O bonds in P4Os is:
[JEE(Main)-2018]
(1) 6 29 (3) 12 (4) 18

The chloride that cannot get hydrolysed is:
[JEE(Main)-2019]

(2) CCls

(4) SnCl,4

(1) SiCls
(3) PbCl;

The number of bonds between sulphur and
oxygen atoms in S,0; and the number of

bonds between sulphur and sulphur atoms in

rhombic sulphur, respectively, are:
[JEE(Main)-2020]

(1)4and 6(2) 8and 8(3) 4and 8(4) 8 and 6

The number of sp? hybrid orbitals in a molecule
of benzene is: [JEE(Main)-2020]
1)6 (2) 24
(3) 18 (4) 12

Amongst BeF», BF3, H-0, NH3, CCl; and HCI,
the number of molecules with non-zero net
dipole moment is . [JEE(Main)-2022]

The total number of acidic oxides from the
following list is: [JEE(Main)-2022]
NO, N;O, B,0s, N2Os, CO, SOs, P4019
1) 3 (2 4 (3)5 (4)6
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16.  Amongst the following the number of oxide(s)
which are paramagnetic in nature is
NazO, KOz, NOz, Nzo, C|Oz, NO, SOz, C|2O
[JEE(Main)-2022]

17.  The number of molecule(s) or ion(s) from the
following having non-planar structure is

NO;, H.0,, BF3;, PCls, XeF4, SF4, XeOs,
PH;, SOs, [AI(OH)]  [JEE(Main)-2022]

18.  Order of Covalent bond;
[JEE(Main)-2023]
A. KF > KI; LiF > KF
B. KF <KI; LiF > KF
C. SnCls > SnCly; CuCl > NaCl

19.

20.

D. LiF > KF; CuCl < NaCl

E. KF < KI; CuCl > NaCl

(1) C, Eonly (2) B, Conly
(3) B, C, Eonly (4) A, B only

What is the number of unpaired electron(s) in
the highest occupied molecular orbital of the
following species : N2 : N2*; Oz; O2* ?
[JEE(Main)-2023]
10,121 221,21
(30,101 42,101

The ratio of sigma and = bonds present in
pyrophosphoric acid is .
[JEE(Main)-2023]
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JEE-ADVANCED (PREVIOUS YEAR QUESTIONS)

Which of the following is soluble in water?

[11T-98]
(A) CS (B) C2HsOH
(C) CCl4 (D) CHCI;
Among the following, the paramagnetic
compound is [JEE-2007]
(A) Na202 (B) Os
(C) N.O (D) KO,
Statement-1: In water, orthoboric acid

behaves as a weak monobasic acid.

Statement-2: In water, orthoboric, acid acts as

a proton donor. [JEE-2007]

(A) Statement-1 is True, Statement-2 is True;
Statement-2 is a correct explanation for
Statement-1.

(B) Statement-1 is True, Statement-2 is True;
Statement-2 is NOT a correct explanation
for Statement-1.

(C) Statement-1 is True, Statement-2 is False.

(D) Statement-1 is False, Statement-2 is True.

Match each of the diatomic molecules/ions in

Column | with its property/properties in
Column II. [JEE-2009]
Column i Column 1l

(A) B2  (P) Paramagnetic

(B) N2 (Q) undergoes oxidation

(C) Oy (R) Undergoes reduction

(D) O,  (S) Bond order > 2

(T) Mixing of 's"and "p' orbitals

In the reaction [JEE-2009]
2X + BHe— [BHQ(X)z]Jr [BH4]7

the amine(s) X is (are)
(A) NH3;

(C) (CHs).NH

(B) CH3NH,
(D) (CH3):N

The value of n in the molecular formula
BenA|2Si6013 is [JEE—ZO].O]

The total number of diprotic acids among the
following is [JEE-2010]
H3PO4 H.SO4 HsPO3 H,COs H2S.0;
H3803 H3POz H,CrO4 HzSOs

10.

Code:

11.

12.

Among the following, the number of elements
showing only one non-zero oxidation state is
O,CI, F, N, P, Sn, Tl, Na, Ti [JEE-2010]
Assuming 2s-2p mixing is NOT operative, the
paramagnetic species among the following is:
[JEE(Advanced)-2014]
(B) B2

(D) N2

(A) Be;
(©) C,

Match the orbital overlap figures shown in
List-1 with the description given in List-11 and
select the correct answer using the code given
below the lists. [JEE(Advanced)-2014]

List-1 List-11
(P) % (1) p - d = antibonding
Q) % (2) d — d & bonding
(R) % (3) p—d = bonding

(4) d - d & antibonding

P Q R S
(A) 2 1 3 4
(B) 4 3 1 2
(©) 2 3 1 4
(D) 4 1 3 2

Three moles of B;Hg are completely reacted

with methanol. The number of moles of boron

containing product formed is —
[JEE(Advanced)-2015]

The colour of the X, molecules of group 17
elements changes gradually from yellow to
violet down the group. The is due to

[JEE(Advanced)-2017]
(A) the physical state of X, at room
temperature

JEE (Mains & Advance) # CHEMISTRY
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13.

14.

15.

16.

17.

changes from gas to solid down the group

(B) Decrease in HOMO-LUMO gap down the
group

(C) decrease in n* -* gap down the group
(D) decrease in ionization energy down the

group

Among the following, the correct statement(s)

is (are) [JEE(Advanced)-2017]

(A) Al(CHs)s has the three-centre two- electron
bonds in its dimeric structure

(B) AICI; has the three-centre two-electron
bonds in its dimeric structure

(C) BH; has the three-centre two-electron
bonds in its dimeric structure

(D) The Lewis acidity of BCls is greater than
that of AICl;

The option(s) with only amphoteric oxides is
(are) [JEE(Advanced)-2017]
(A) Cr,03 BeO, SnO, SnO,

(B) ZnO, Al;0s3, PbO, PbO;

(C) NO, B203, PbO, SnO-

(D) Cr203, CrO, SnO, PbO

The sum of the number of lone pairs of

electrons on each central atom in the following

species is

[TeBrG]Z*, [BFF2]+ , SNFs and [XEF3]7

(Atomic number: N=7,F=9,S =16, Br

=35, Te =52, Xe = 54)
[JEE(Advanced)-2017]

Each of the following options contains a set of

four molecules. Identify the option(s) where all

four molecules possess permanent dipole

moment at room temperature.
[JEE(Advanced)-2019]

(A) NO2, NH3, POCI3, CH3CI

(B) BeC|2, COz, BC|3, CHCI;s

(C) SOz, C6H5C|, HQSE, BI’Fs

(D) BF;3, Os, SFg, XeFs

Among Bsz, BstHs, Nzo, N204, H,S,03 and
H,S,0g, the total number of molecules
containing covalent bond between two atoms
of the same kind is

[JEE(Advanced)-2019]

CHEMISTRY

18.

19.

20.

Consider the following ompounds in the
liquid form: [JEE(Advanced)-2020]
Oz, HF, H20, NH3, H20,, CCls, CHCl3, CsHs,
CsHsCl.

When a charged comb is brought near their
flowing stream, how many of them show
deflection as per the following figure?

|

«

L—— =

For diatomic molecules, the correct
statement(s) about the molecular orbitals
formed by the overlap of two 2p, orbitals
is(are) [JEE(Advanced)-2022]

(A) c-orbital has a total of two nodal planes.

(B) o* orbital has one node in the xz-plane
containing the molecular axis.

(C) = orbital has one node in the plane which
is perpendicular to the molecular axis and
goes through the center of the molecule.

(D) n* orbital has one node in the xy-plane
containing the molecular axis.

The correct molecular orbital diagram for F»
molecule in the ground state is
[JEE(Advanced)-2023]

2p 2

.

e

T
+

Energy

"
.
Sy
’
f

(A) ST
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ANSWER KEY

OBJECTIVE EXERCISE - |

1. (B) 2 D) 3. (D) 4 (D) 5. (C) & D) 7. (D)
8. (A 9. () 10. () 1. (@O 12. (O) 13 (B 14 (D)
15. () 1. (D) 17. (B) 18 (C) 19. (C) 20. (A

OBJECTIVE EXERCISE - 11
1. (BCD) 2. (BCD) 3. (AC) 4. (BD) 5. (AC) 6. (AC)
7. (ABCD) 8. (ABCD) 9. (CD) 10. (ABC) 11.  (ABC) 12.  (AD)
13. (A 14. (B) 15, (CD) 16. (AB) 17. (AD) 18. (AD)
19. (C) 20.  (A)P,RST;(B)P,QRS:T; (C)P,RST:(D)PRST

SUBJECTIVE EXERCISE - |
1. (04.00) 2. (06.00) 3. (02.00) 4. (04.00) 5, (02.00)
6.  (02.00) 7. (04.00) 8. (04.00) 9. (07.00) 10.  (02.00)

SUBJECTIVE EXERCISE - II
1. (06.00) 2. (04.00) 3. (03.00) 4, (05.00) 5, (04.00)
6.  (06.00) 7. (16.00) 8. (17.00) 9. (02.00)

JEE-MAIN (PREVIOUS YEAR QUESTIONS)
1. (3) 2 @) 3 2 4 4) & 2 & Q7 )
8. @) o 1) 100 (3 1. (@ 12 (2 13 (@) 14  (03.00)
15,  (2)  16. (04.00) 17. (06.00)18. (3) 19. (1) 20  (06.00)
JEE-ADVANCED (PREVIOUS YEAR QUESTIONS)

1. (B) 2 (D) 3. C) 4 A—P.QR,T; B5Q,R,S,T; C»P,Q,R; D»P,Q,R,S
5, (BC) 6. @) 7. 6) 8. @ o () 10. (©) 11. (6
12.  (BC) 13. (ACD) 14. (AB) 15. () 16. (ABD) 17.  (4.00) 18.  (6)

19.  (AD) 20. (C)
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\'Questpix »

INDEFINITE INTEGRATION

INDEFINITE INTEGRATION

If f and F are function of x such that F'(x) = f(X) then
the function F is called a primitive or antiderivative
or integral of f(x) w.r.t. x and is written symbolically
as

jf(x) dx=F(Xx)+C < diX{F(x) + C} = f(x), where

C is called the constant of integration.

Geometrical Interpretation of Indefinite Integral

.[f(x) dx = F(x) + C = y(say), represents a family of

curves. The different values of ¢ will correspond to
different members of this family and these members
can be obtained by shifting any one of the curves
parallel to itself. This is the geometrical interpretation
of indefinite integral.

Y
N

y= X+3
/ y= x+2

i

\ 4
%

Let f(x) = 2x. Then If(x)dx=x2+ C. For different

values of C, we get different integrals. But these
integrals are very similar geometrically. Thus, y =x?+
C, where C is arbitrary constant represents a family of
integrals. By assigning different values of C, we get
different members of the family. These together
constitute the indefinite integral. In this case, each
integral represents a parabola with its axis along y-
axis. If the line x = a intersects the parabolas y = x?, y

=x*+1,y=x*+2,y=x-1y=x*>2atPo, Py, P,
P_1, P_ etc., respectively, theng—i
equals 2a. This indicates that the tangents to the
curves at these points are parallel. Thus,

IZxdx =x*+C=Ff(x)+C(say), implies that the

at these points

tangents to all the curves f(x) + C, C € R, at the points

of intersection of the curves by the linex=a, (a €
R), are parallel.

Standard Formulae

(aX + b) n+l

[ +b)"dx = +Cinz-1
(i) J'(ax )" dx A +1) n#

.. dx 1

ii ==(nlax+b|+C
()Iax+b a | |

(i) [ dx = Ze* +C
a

px+q
) [asc =12
p (na

+C(a>0)
(v) j sin(ax+ b) dx = —%cos(ax+ b)+C

(vi) [ cos(a+ b)dx = isin(ax+ b)+C

(vii)  [tan(ax+b)dx = éfn |sec(ax+b) | +C
(viii) [ cot(ax+ b)dx = %fn |sin(ax+ b) | +C
(ix) [sec? (ax+ b)dx = %tan(ax+ b)+C

() [cosec @+ b)dx = —%cot(ax+ b)+C

(xi)

J'cosec(ax+ b). cot(ax+ b)dx = —lcosec (ax+b)+C
a

(xii) I sec(ax+ b).tan(ax+ b)dx = lsec(ax+ b)+C
a

(xiii)

T X
_fsecxdx:@n|secx+tanx|+C=€n tan(z+zj +C
(xiv)
jcosecxdx:fn | cosecx —cotx|+C=/n tan% +C

JEE (Mains & Advance) # MATHEMATICS n
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=—€n|cosecx+ cotx|+C

(xv) f =sin" —+C
\/a -x°
. dx 1. X
XVi =—tan " —+C
O Iaz +x° a a
(xvii) —lsec —+C

J.X\/X
(xviii) jﬁ — in[x+x? +a%]+C

(xix) I%:En[x+ Jx?-a’]+C

dx 1 a+x
XX =—1/n +Ct
09 Iaz—x2 2a |a—X
. dx 1 X—a
XXI ——=—/(n|——/+C
0xi) Ixz—a2 2a  |x+a

(xxu)'[\/a -X dx——«/a —x° +a?sm §+C

(xxiii)

2
J\/x2 +a’dx =§x/x2 +a’ +%€n(x+ Ix2+a?)+C

(xxiv)

2
J\/x2 —a’dx =§’\/X2 —a’ —%6n(x+ Vx?—a?)+C

ax

* o e
(xxv) je .smbxdx_alZerz

c=_° sin[bx—tan-19j+c

Ja? +b? a

(xxvi) J.eax .cosbxdx =

ax

a’+b

+C=—2 cos(bx—tan19j+c

Ja® +b? a

Techniques of Integration

(asin bx —b cosbx) +

> (a cosbx + b sin bx)

(a) Substitution or Change of Independent

Variable

f ¢(x) is a continuous differentiable function,

then to evaluate integrals of

If(¢(x))¢'(x)dx,we substitute ¢(x) =t and ¢

'(X)dx = dt.

Hence | = [f($())¢'(x)dx reduces to [f (t)dt.

(i) Fundamental Deductions of Method of
Substitution

[EFCOT (9 dx OR [ 22 P04 put f(x) = t and

[FOOT
proceed.
Example :
Evaluate I&dx
sin“ X +sinx
Solution:

cosx dx

I_I(l—sinzx)cosxdx _Il—sinx
sin X(L+sinx) sinx

Put sinx =t = cosx dx = dt

1— : i
:>|:J'Ttdt:gn|t|_t+C=£n|smx|—5|nx+C

Example :
2
-1
Evaluate (x*-1)dx 1
(x* +3x2+1)tan‘1(x + j
X
Solution:

The given integral can be written as

I
[T (e

Let (x + lj =t. Differentiating we get
X

(1—%jdx=dt
X

Hence | =.|‘

dt
(t*+1)tan"t
Now make one more substitution tan™'t = u. Then

Zdt =duand|:fd—u:€n|u|+c
t°+1 u

Returning to t, and then to x, we have

tanl(x +1]
X

I=/n|tantt|+C=/n +C

# JEE (Mains & Advance)
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FUNDAMENTAL UNLOCKED- (FU#1) :

2
Q.1 Evaluate: j

9+16x°

Q.2 Evaluate: J‘cos3 X dx

(i) Standard Substitutions
fd—xor\/a2 + X2 dx; put x
Ja? +x?

=atanb or X = a coto
J' orj'\/a — x2dx; put x

=asind or X = a cosO

I orj'«/x —a?dx; put X

=a sech or x = a cosecO

f /ﬂdx;putxzacos%
a+Xx

J :Z dx orf (X—a) (B—X) dx; put x

= o c0s%0 + Bsin0

I g dx or J. (x—oa) (x —B) dx; put x

= secze - B tan?0

| = Jx= Ot)(X

putx a=t?orx—pB =t

Example :

Evaluate .[d—x
J(x—2a) (b—X)

Solution:

Put x = acos?0 + bsin?0, the given integral becomes
2(b—a)sinbcos6do

| = j -
{(acos® 0 + bsin? 6 —a) (b—acos’® 6 — bsin?0)}?
IZ(b a)sin0.cos0do (b aj

(b—a)sinBcoso b-a

[2d0=20+C=2sin’ (X—_a]m
b-a

Ans.

JEE (Mains & Advance) # MATHEMATICS

Example :
Evaluatej 1- ﬁ 14

X X
Solution:

Put X = c0s%0 = dx = — 2sinBcosO do

= I—j /1 cos9, ——— (—2sinBcos0)do
1+cose cos’ 9

=— IZtan —tan0do

4J-sm (6/2) _ 211 cose
cosO
=—2£n|sece+tane|+29+c

1+\/1—_x
Jx

FUNDAMENTAL UNLOCKED- (FU#2) :

Q.1 Evaluate:j /;—_idx

dx
Q.2 Evaluate: j.—
X\x% +4

(b) Integration by Part

=_2/n +2cost/x +C

juvdx ufvdx J.{ jvdx}dx where u and v

are differentiable functions and are commonly
designated as first and second function respectively

Note: While using integration by parts, choose u

and v such that
(i) j{ J‘de}dxare
simple to integrate.

This is generally obtained by choosing first function
as the function which comes first in the word ILATE,
where; I-Inverse function, L-Logarithmic function,
A-Algebraic function, T-Trigonometric function and
E-Exponential function.

(i) j vdx and

Example :
Evaluate: J cos~/x dx

Solution:
Consider I = fcos\/;dx




INDEFINITE INTEGRATION

\ 7

o~ @'Qu estpix

Let \/x =t then 1 x=dt

24x

ie. dx=2xdt ordx=2tdt

so | ='[cost.2tdt
Taking t as first function, integrate it by part

dt
= |=2]|t|costdt— |<— | costdt ;dt
e f{G oo
=2 [tsint—_[l.sintdt]:2[tsint+cost]+C
I = 2[\/x sin/X +cos+/x]+C

Example :

Evaluate: j dx

+sinx
Solution:

z.[ X(1—sinx)
1+sinx 1+ sinx) (1—sinx)

Letl:j

_J-x(l—sinx) J~x(1 smx)
1-sin?x cos? x
= J'xsecz xdx —J'xsecxtan xdx

{xj sec” xdx —| { [sec xdx}dx}—
{xj‘secxtanxdx & oo tan xdx}dx}

= [x tanx — _[tan xdx} —[xsecx - J'secxdx}

= [xtan x —/n|sec X|] — [x sex X — £n|secx + tan x[]+C

X+ tan X
= X(tanx —sec x) + /n (secx+ tanx) +C
Secx
= M+1}n|l+sinx|+c Ans.
COS X

FUNDAMENTAL UNLOCKED- (FU#3) :

Q.1 Evaluate: J'xexdx

Q.2 Evaluate: Ixs sin(x?) dx

Example :
1-x Y
Evaluate jex( Zj dx
1+X
Solution:

Jex(l XZJ dx=J'eX—(1 2x42->2< )dx
1+X @1+x)

« 1 2X e
= .[e o~ > |dx = >+C
1+x7) (1+x9) 1+Xx
Example :

The value of J'eX [XTJF)ZSIZJ dx is equal to-
+

e* (x+1) e*(1-x+x?)
A) —— B)—/———=—+C
( ) (1+X2)3/2 ( ) (1+X2)3/2 +
(© %+ C (D) None of these
Solution:
Let

J o xt+2 . 1 1-2x?
! :J.e (deX :,fe £(1+X2)1/2 + 1+ x2)*"? j'dx

J-ex 1 L X il X N 1-2x
(1+ X2)1/2 (1+ X2)3/2 (1+ X2)3/2 (1+ X2)5/2
dx
e N xe* e+ x*+x}
(1+ X2)1/2 (1+ X2)3/2 (1+ X2)3/2

Ans.(D)

FUNDAMENTAL UNLOCKED- (FU#4) :

1
Q.1 Evaluate:_[ex(tanlx+ 5 de
1+X

+C

Q.2 Evaluate: _[xex2 (sinx?+ cosx?) dx

Q3 Prove that: [[f(x) +xf '(x)]dx = xf(x) + C

Example :
X +Sinx
1+cosx

dx

Evaluate _f

Solution:

X +5Sin X
dx = dx =

2c0s? X
2

I_Ix+ﬂnx
1+ cosx

_|' xlsec2§+tan5 dx = Xtan > +C
2 2 2 2

# JEE (Mains & Advance)
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Q.1 Evaluate: _[ (tan(e*) + xe*sec?(e*)) dx

f%(l— c0os2x)(cos? 2 X+ 2¢0s 2x+1)dx

Q.2 Evaluate: J'(ﬂ nx+1) dx 1
5.[ (cos? 2 X+ 2€0S 2 X+1—C0S° 2X— 2€0s* 2 X— €0S 2 X)dx

(c) Integration of Trigonometric Functions 1 s )
() ,[ m " =§I(—cos 2X—C0S” 2X+ €0S 2 X+1)dx
i) |sin™ xcos" xdx

Case-1 :_lj(cos6x+3c032x+1+cos4x_ 052x—1jdx

When m and n e natural numbers. 4

If one of them is odd, then substitute for the term __1|sin6x i 3sin 2x —ix _ sin4x N sin2x Xic

of even power. 32| 6 2 16 64 16 8

If both are odd, substitute either of the term. _ sinbx  sindx 1 o X

If both are even, use trigonometric identities to TT 2 61 e tie”

convert integrand into

cosines of multiple angles. Example :

\/sm X 4

Case-I1 Evaluate _[ x

m + n is a negative even integer. Solution:

In this case the best substitution is tanx =t. T

Let!= ,[ smg/zx dx :I 172 & 9/2
Cos sin™'“ xcos
Example : 1 9 _
Evaluate .[sin3 X c0s® X dx Henelm + i > i (negative even
Solution: integer) _
PUt cOS X =t — sin x dx = dt Divide Numerator and Denominator by cos*x.
1 . I
- _ 2 5
so that | = -[(1 t).ta = J\/tan x sec* x dx = I\/tan X (1+ tan®x) sec? xdx
6 8 6
I(t7_t )dt ___% +C= COZ L +C =I\/f(1+t2)dt (using tan x = 1)

Alternate _2pe Zon o2y, Zagiey e
Put sin X = t; cos x dx = dt 3

sothat | = [(1—t")’dt = [ (°—2t°+t")dt

FUNDAMENTAL UNLOCKED- (FU#6) :

'} +n6 -
_sin X 2sin x+sm X+C Q.1 Evaluate: J-sm x
4 6 8 cos” x
Note: This problem can also be handled b «/smxdx
. P . . s Y Q.2 Evaluatej
successive reduction or by trigonometric identities. 2x

Q.3 Evaluate: Ism X €0s° X dx

Example :
Evaluate J'sin2 xcos” xdx dx
. (i) [———— OR [— - OR
Solution: a+bsin“x a+bcos” x
-, d 1—cos2x \( cos2x +1 Zd J‘ dx
.[sm XCOS X X:I 5 5 X asin®x + bsin xcosx + ¢ cos? x

Divide N"and D" by cos? x and put tan x =t.
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Example : Example :
Evaluate: _[ Evaluate: jd—x

2+sin’x 3sinx +4cosx
Solution: Solution:
Divide numerator and denominator by cos? x B J- dx
= [ sec? xdx o sec’ xdx I 3sinx +4cosx

2sec’ X +tan’x 7 2+3tan’x =

Let V3tanx=t .. /3sec? xdx =dt
So
I dt 1 1. .t

1
WTT 7

dx
(2sinx+3cos x)?

= —tan

Example :

Evaluate: j

Solution:
Divide numerator and denominator by cos?x
_ I sec” xdx
(2tanx+3)°

Let 2tanx + 3 =t, .. 2sec’xdx = dt

VLN S e
29t 2t 2(2tanx+3)

FUNDAMENTAL UNLOCKED- (FU#7) :

Q.1 Evaluate: J'xexdx

dx
3sin? x +sinxcosx +1

Q.2 Evaluate:f

(i)

dx dx dx
| — OR | OR | :
a+bsinx a+bcosx a+bsinx +ccosx
Convert sines and cosines into their respective

tangents of half the angles and put tan gzt In this

case sin

2
- 2
—, _—tz,x=2tan‘1t;dx= dt2
+1 1+t 1+t

» X
dx B sec de
2tan > 1-tan? X 4+6tan5—4tan2)2(
3 72)( +4 7)2(
1+tan2E 1+tan’* =
X 1 .X
let tan—=t, —sec® —dx =dt
2 2 2
so |
I 2dt B 1 dt B 1 J- dt
25

—2__I =
4+6t—4t° 2 l—(tz—StJ 2

4—2tan5
2

FUNDAMENTAL UNLOCKED- (FU#8) :

Q.1 Evaluate: j

3+sinx
dx
1+ 4sinx +3cos X

Q.2 Evaluate:j

dx

. acosx+bsinx+c
(i) | _
pCcosSX +qsinX +r

Express Numerator (N") = ¢(D")+ m di (D" +nand
X

proceed.

Example :

Evaluate: f - 2+3c0s0
sinO+2cosO +3
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Solution:

Write the Numerator = ¢(denominator) + m(d.c. of
denominator) + n

= 2 +3¢0s0 = £(sind + 2cosO + 3) + m(cos6 — 2sinO)
+n.

Comparing the coefficients of sin, cosd and constant
terms,

Weget3/+n=2, 20+m=3,/-2m=0=/=6/5,
m=3/5andn=-8/5

Hence I:I §d9+§f -COSG—Zsme
S 59 sin@+2cosH+3
‘§f do
57sin0+2c0s6+3

= §e+§ﬂn|sine+2cose+3|—§l3
5 5 5

do
sin®+2cosH+3

where |, :f

In I3, put tangz t= seczgde = 2dt

dt
I3=2 =2
? It2+2t+5 J(t+1)2+22

_2 Ltant(111)_ g 1200/ 242
2 2 5
Hﬂwel=%?+§gmsme+2ane+m

—%tan‘1 [—tan 6; 2 +1} +C Ans.

FUNDAMENTAL UNLOCKED- (FU#9) :

sin X

Q.1 Evaluate: _[_—dx
Sin X + CoS X
3sin X + 2c0s X

Q.2 Evaluate: I—_dx
3C0S X + 2sin X

(d) Integration of Rational Function

(i) Rational function is defined as the ratio of two

polynomials in the form m where P(x) and
Q(x)

Q(x) are polynomials in x and Q(x) = 0. If the

degree of P(x) is less than the degree of Q(x), then

the rational function is called proper, otherwise,

it is called improper. The improper rational
function can be reduced to the proper rational

functions by long division process. Thus, if —= POJ
Q(x)

is improper, then (( )) =T(X)+ E ; where T(x)

A .

is a polynomial in x and ) ——=is proper rational
X

function. It is always possible to write the
integrand as a sum of simpler rational functions
by a method «called partial fraction
decomposition. After this, the integration can be
carried out easily using the already known
methods.

S.N | Form of the | Form of the partial

0 rational function | fraction
PX? + QX +T A B C
1 + +
(x—a)(x—b)(x-¢) | x—a x-b x-c
PX® + X +T A B C
2 2 + 7t
(x—a) (x—b) x—a (x—a)° x-b
PX® + X +T
X—a)(X?+ bx+c
3 ( X ; ) A N Bx+C
where x* +bx+c | T T e
cannot be
factorised further
Example :
Evaluate: I—
(x—=2)(x+5)
Solution:
X A B

= +
(X=2)(x+5) x—-2 x+5

or X = A(x+ 5) + B(x — 2).

by comparing the coefficients, we get
A =2/7 and B = 5/7 so that

[ X
(Xx=2)(x+5)

:—8nx2+€n X+5)|+C
IX27X57|( )| += | (x+5)]

JEE (Mains & Advance) # MATHEMATICS n
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Example : Solution:
x* dx 1 dx
Evaluate | —————dx I = =—
Vel J.(x+2)(x2+1) Jaexi2 o X 1
Solution: ] 2
1 X
x* 3x*+4 ==
— —(X=) 29 ., x 1 1 1
2 2 XT+—t+—=———=-=
(xX+2)(x“+1) X+2)(x“+1) >T16 16 2
1 2
_Tx4 S 1 dx 1 dx
2 X+ [ _ =
L4 16 5 5 2j(x+1/4)2—9/16 2I(x+1/4)2—(3/4)2
X+ 2)(x°+1) 5(x+2) X“+1
3 =11 |x+1/4-3/4]
4 6 —=X*s 22318) O|x+1/a+3/4] "
O e X T exan > 15 d 1
(X+2)(x2+1) (x+2) x*+ {using,J' 2 X L2 X—a +C}
1 2 X°—a® 2a X+a
| 16 5 s 1 1/2 1. |2x-1
Now, (x-2)+ + dx =Z10glXZ T Ea il Q!
5(x+2)  x*+1 309 %1 3 gz(x+1)
_2 Example :
X——2x+gtan’1x+E€n|x+2|—i€n(x2+1)+c 3x+2
2 5 5 10 Evaluate: J-4d
+4x+5
Solution:

FUNDAMENTAL UNLOCKED- (FU#10) :

Express3x + 2 = /(d.c. of 4x2 + 4x + 5)+ m

Q.1 Evaluate: I& X
(x+1) (x+3) or, 3x+2=/((8x+4)+m
2 o ..
Q.2 Evaluate: j —1 Comparing the coefficients, we get
(x+1)(x+2)* 8/=3and4/+m=2=/(=3/8andm=2—4/=1/2
8x+4
.- = X+—|— =
(i1 j4x Tax 15" 2-[4x2+4x+5
j j L/ax +bx+c dx 3 1 dx
Zlog|4x? +4X +5|+— | ————
ax? +bx+c «/ax Fbx+cC g0l | 81x2+x+5
Express ax?+bx + ¢ in the form of perfect square and 4

then apply the standard results.
(|||)f pX+q PX*9 __ gx

a0 e \/aX2+bX+C FUNDAMENTAL UNLOCKED- (FU#11) :

Express px + q = ¢ (differential coefficient of Q.1 Evaluate: J‘

:glog |4X*+4X+5] +%tan1£x+%J+C Ans.

denominator) + m. x4l
5X+4
Q.2 Evaluate:
Example : IVX +4x+1
2
Evaluate Id—x (iv) Integrals ~ of  form IX—H dx OR
2x% +x -1 x* + Kx? +1

2
I%dx,whereK is any constant. Divide N’
X" +Kx®+1

and D" by x?and proceed.
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Note: Sometimes it is useful to write the integral as
a sum of two related integrals, which can be evaluated
by making suitable substitutions e.g.

J‘ 2x? dXZIXj+1dX+IX2 —ldX

x*+1 x*+1 x*+1
2 X% +1 x> =1

dx = dx — | ——=dx
Ix4+1 J.x“+1 J.x“+1

These integrals can be called as Algebric Twins.

Example :
4
Evaluate: j—dx
sin® X 4+ cos” x
Solution:

sec” x
l=4|————  dx=4|——"dx
J.sin“ X +c0s* X -[1+tan4 X

2 2
=4j (tan“x+1)sec” x dx

(tan* x +1)

Now, put tanx =t = sec?x dx = dt

I_4J-1+t2 B '[ 1/t1-/i-;|.

Now, putt—l/t-z:>(1+t jdt-dz

j—
t—1/t
=4 +C=22tan? +C
B& 55 e
tanx —1/tan x
=2J2tan™ (—j +C
2
Example :
Evaluate: I ;dx
x* +5x? +1
Solution:
2
==|————dXx
-[x“ +5x% +1
_ J' 1+X J'
x* +5x2 +1 x* +5x2 +1
J' 1+1/ x? _lJ‘ 1-1/x?
X2 +5+1/x 29 x? +5+41/ x?
{leldlng N"and D" by x?}
J~ (L+1/x%) __I(l 1/ x%)dx
27 (x=1/x)* +7 27 (x+1/x)*+3

JEE (Mains & Advance) # MATHEMATICS

:lj‘ dt _EJ‘ du
272+ (7P 27w+ (V3)?

Wheretzx—l andu=x+1
X X

11 t u
|=——=|tan™ J (ta - ]+C

Zﬁ[ Vi) 23l B

111 af X=1/X 1 _1(X+1/Xj
=—| —tan"| ——— |——=tan"| ———— | |+C
Z{ﬁ ( J7 J NE] NE]

FUNDAMENTAL UNLOCKED- (FU#12) :
X2 +1
.1 Evaluate; | ———————dx
Q J.x“ -x*+1

1
Q.2 Evaluate:.[1 v d
+

(e) Integration of Irrational Functions

dx dx
& ; put
) J‘(ax+b)\/px+q f(ax2+bx+c)\/px+q P
px+q=t

(i) | ox
(@x+b)y/px? +ax+r
_1
J.(ax +b)\/px7’pmx

Example :

,putax+b=%;

X+2

(X*+3X+3)Xx +1

Evaluate _f

Solution:
X+2

(2+3 3)\/ 1-deutx+1=t2:>dx=
X+ 3X+ )X +

Let,lz_[

2tdt

E

J' t°-D+2

{(2-1)% +3(2-1) + 3W®

_J‘ 1+1/t°
t2+1+1/t2

t2+1
t* +t°+1

-(2t)dt=2j

{Where u=t —%}
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Example :
Evaluate .[ dx
(x=DVX2 +x +1

Solution:
Let,l:j dx putx—lzlzdxz—

(X=DVX2 +x +1 t
1/t%dt
=] -1/ t*dt | dt

2 \3t2 +3t+1
1/t\/(i+1) +G+1)+1

:_LJ- dt
¥ \/(t+;j2+1/12

_— L og] (t+1/2) +(t+1/2)? +1/12|+C

N

2
12 i+1 +1
_ 1 1 1 x-1 2
=— —log|| —+= |+ +C
Y3 olx-1 2 12
Example :
dx
Evaluate: | ——— 8
'[(1+x2)\/1—x2
Solution:
dx 1
Let, = | ——— Put x=-, So that
J(1+ XxH)W1-x? t
dx=;—21dt
|- I —1/t?dt o j tdt
A+1/t°)1-1/t2 C+ )Vt -1

Again let, t? = u. So that 2t dt = du.

\ 7
o~ © Questpix
—lljd—uwhich reduces to the form
27 (u+DyJu-1
Id—x where both P and Q are linearso that we put
PJQ
u—1=27%sothatdu=2zdz
. |——1J‘ 2zdz __J~ dz
2 21140V Z*+2)
1 Z
|=——tan™| —= |+C
7 (%)
u-1 1 t2 -1
l=——tan?!| —= |+C=——<tan* +C
NN ] 2 [ 2 J
w1 W J1-x2
=— —tan" | —=— [+C Ans
2 J2x
FUNDAMENTAL UNLOCKED- (FU#13) :
X
.1 Evaluate; | ————=dXx
Q J‘(x—3)\/x +1
dx
Q.2 Evaluate: | ———
'[xleler2

(f) Manipulating Integrands
. dx
M [

,n e N, take X" common and put 1 + x
X(x"+1)

"=t
- dx N take x q
(i) Im,ne , take X" common and put
1+x"=t"
dx -
(iii) I—n —» take X" common and put 1 + x" =
xX"(1+x")

t".

Example :
Evaluate: J'd—xl,
x"(L+x")""
Solution:
dx dx
1/n :_[

Let | =
-[x”(1+x”)
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Put 1+i
X"

|=jt"t1dt=—jt“‘2dt=—

=t (1+i) e
n-1 X"

FUNDAMENTAL UNLOCKED- (FU#14) :

()  Evaluate: j

INDEFINITE INTEGRATION

n-1

+C

Ans.

x(x +1)
(i)  Evaluate: J.W
(iii) Evaluate: IW

Miscellaneous Examples

Example 27:

cos* xdx

Evaluate: j
sin® x{sin°x+

Solution:

I=I cos* x

3
cos°x}®

dx

3

sin® x{sin°x+ cos’x}®

cos* x

:j dx =

3
sin® x{1+ cot®x}®
Put 1+ cot® =t
5cot*x cosecxdx = — dt

_ ljﬂ :_1t2/5 + C —
5

t3/5 2
Example :

Icos6 X +5sin® x
(A) ¢njtanx — cotx| + C
(C) tan"}(tanx — cotx) + C

J- cot* x cosec®xdx
(1+cot®x)*®

—%(1+ cot’x)?° +C

is equal to-

(B) /n|cotx —tanx| + C
(D) tan™*(—2cot2x) + C

Solution:
dx sec® x
Letl = =
J.cose X +5sin® x j1+ tan® x
B J- (1+ tan®x)* sec® xdx
1+tan®x

If tan x = p, then sec? x dx = dp

oo [@red
B 1+p

) gy

=j dk =tan"*(k) + C
k? +1

(Where p 1 e k,(1+i2)dp = dk]
p p

=tan™ (p - %] +C =tan(tan x — cot x) + C = tan}(—

2cot2x) + C
Example :

Ans. (C, D)

Evaluate: I 2GI02X — CoSX dx

6 —cos? X —4sin x

Solution:
I:j 25|n22x—cos_x dx:J'
6 —c0s° X —4sin X

(4sinx—1) cosx
6 — (1—sin®x) — 4sinx

dx = J~ _(425inx—1_) COSX dx
Sin“X—4sinx+5
Put sinx = t, so that cos x dx = dt.
I (4t-1)dt
(t*—4t+5)
Now, let (4t —1) =A(2t—4) + u
Comparing coefficients of like powers of t, we get
2h=4, -4 +nu=-1 (i)
IZ(Zt 4)+ 7
t? -4t + 5

(i)

A=2,u=7

{using (i) and (ii)}
ZJ‘ 2t—4

dt
+7| 5———=2log|t*~4t+5|+7
t? —4t+5 jt2—4t+5 gl |

J- dt
t? —4t+4-4+5
dt
(t-2)" + (1)’
=2log|t? — 4t + 5|+ 7 tan"(t—2) + C
= 2log|sin®x — 4sinx + 5| + 7 tan"}(sinx — 2) + C.

= 2log|t? — 4t + 5+ 7|
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ANSWER KEY

FUNDAMENTAL UNLOCKED- (FU#1) :

Q.1 —tan‘l(—}rc Q.2 sinx-— %sin3x+C
FUNDAMENTAL UNLOCKED- (FU#2) :
, 2
Ql J(x-2)(3-x)-sin?y3-x+C Q.2 %fn{x+—H]+C
X

FUNDAMENTAL UNLOCKED- (FU#3) :
Q1 (i) xeX—e*+ C Q.2 %[—xzcosx2+sinx2]+c

FUNDAMENTAL UNLOCKED- (FU#4) :
Q.1 etanlx+C Q.2 %exz sin(x?)+C

FUNDAMENTAL UNLOCKED- (FU#5) :
Q1 xtan(e)+C Q2 xinx+C
FUNDAMENTAL UNLOCKED- (FU#6) :
Q.1 %tan3x+C Q.2 %tan3’2x+C Q.3 %sinsx—gsin5x+%sin7x+c

FUNDAMENTAL UNLOCKED- (FU#7) :

1 _ 2 8tanx +1
Q1 ——tan'(JBtanx)+C Q.2 tan‘l( J+C
J5 J15 J15

FUNDAMENTAL UNLOCKED- (FU#8) :

itan‘l(stanX/2+1]+C 02 |\/_+tanx/2 2|
2 22 zJ_ "6 - tanx/2+2|
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FUNDAMENTAL UNLOCKED- (FU#9) :

Q.1 lx—£€n|sinx+cosx|+C Q.2 Ex—iﬁn|3cosx+25inx|+c
2 2 13 13

FUNDAMENTAL UNLOCKED- (FU#10) :

Q1 —lfn|x+1|+1£n|x+3|+c Q.2 En|x+2|+i+c
2 2 X+2

FUNDAMENTAL UNLOCKED- (FU#11) :

Q.1 it(';1n1£2x+1j+c Q.2  5Vx®+4x +1—6€n[(x+2)+\/x2+4x+1}+C

FUNDAMENTAL UNLOCKED- (FU#12) :

2 2 2
Q1 tan™ X1 +C Q.2 1 | X211, X J2x+1
X 22 2x ) 2 P +2x+1

FUNDAMENTAL UNLOCKED- (FU#13) :

3 |Wx+1-2 1
1 2JX+1+=/n|~=—=——"|+C 2 —=J1+x% +C
Q 2 |JUx+1+2 Q X

FUNDAMENTAL UNLOCKED- (FU#14) :

2 13 213
Q.1 —%fn[x—jlj+c Q.2 —[1+i3j +C Q.3 —1(1+i3j +C

X X
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OBJECTIVE EXERCISE - |

Single Correct Type Questions
1. Integrate with respect to x : vx +1

3/2 3/2
A) (x+1) +C (B 3(X—;1) +C
3/2 3/2
©) (“1) +c (D) XD ;1) iC
2 Integrate with respect to x : !
' g P " 2x+1
(A) V2x+1+C (B) (2x+1)"* +C

(C) —2xi1+C (D) —* __ +C
(2x+1)

3. If ~[1+sinx dx-tan(2+aj + C, then

(A)a=-2 CeR (B)a-g CeR
(C)azf,ceR (D)a-g,CeR

4, If I(sin2x—cost) dx:% sin (2x—a) + C,
then
(A)a—— CeR (B)a-—%ﬁ CeR
(C)a=2 CeR (D)azg,CeR

2 .
5. The value of j% dx is equal to

(A)2sinx—/n|secx +tan x|+ C
(B) 2sinx—/n|sec x—tan x| + C
(C)2sinx+ /nijsecx +tan x|+ C

(D) sinx—/n |sec x —tan x| + C

If _[ cosax +1 dx = A cos 4x + B; where A

cotx — tanx
& B are constants, then
(A) A =-1/4 & B may have any value
(B) A =—1/8 & B may have any value
(C)A=-12&B=-1/4
(D)A=B=1/2

7.

10.

11.

12.

Let g(x) be an antiderivative for

f(x).Then ﬂn(1+(g(x))2)is an
antiderivative for

) 2f(x)g(x) ®) 2f(x)g(x2)

1+(f(x)) 1+(g(x))
© 2f(x) . (D) none
(f(x))
The value of -[?/J;
a Za&
(A) \/;+C ®) — *C

€) 2a% . ma+C (D)2a" +C

The value of [5% . 57. 5° dx is equal to

5%
(A) ——= +C

o (B) 5% (tn5)7*+C(C)

X

555x 5°

_— . D
(/n 5)° S ©®) (tn 5)?

The value of j _Vtanx

SINX COSX

(B) 24cotx +C

dx isequal to

(A) 2Jtanx +C

© tanx C (D) Vtanx +C
If i dx = K sin?t (2¥) + C, then the
| — (29

value of K is equal to

(D)i

(A) n 2 (B)%zn 2(C) % "

Ify= f—a,zandy 0 when x =0, then

L+x)

value of y when x =1, is:

(A) J% (B) V2
1
(C) 32 (D) 5
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13.

14.

15.

16.

€ Questpix »
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The value of j tan® 2x sec 2 x dx is equal to:

(A) Loectox— Lsecox+cC
3 2
(B) - Lecrox— L secox+C
6 2
©) ésec32x—%sec2x+c

(D) %SECSZX +% sec2x+C

If J'X13/2 ) (1+ X5/2 )1/2 dx = P (1 + X5/2)7/2 + Q

(1 +x%%)%2 + R (1 + x*2)32 + C, then P,Q and
R are

In(1+x7

The value of | " =
X

o dx is equal to
X"+

@ (1] v ®ecrneec

(©) (1—)(—14]1/4 +C (D)- (1+ %)1/4 +C

17.

18.

19.

20.

21.

22.

dx
712

I (x+1)
A) _(XTHJ iC ®) 6("7”] e

X 5/6 X 5/6

X+

IX—33dx isequalto—
(2 +1)

1 1Y? 1 1Y
(A) Z(2+7j +C (B) _Z(2+7j +C

(., 1Y° 1 1Y
C)=|2+=| +C (D) =| 2+ | +C
©3(2+%] vc @ 3(2+%]
(where ‘C” is integration constant)

x? -
T g(t)_jf(t)dt.

If g (1) = 0 then g(x) equals

1 2 1, (1+x°
(A) 55n(1+x) (B) gfn{ > j

1 (1+x° 1 [(1+X°
© Efn{ 3 j (D) gfn( 3 J

Consider f(x)=

The value of I(X -1) e dxisequal to

(A) —xe*+C (B) xe*+C
(C)—xe*+C (D) xe*+C
2
The value of [e®" (1+ x> X ] dx is equal
1+x
to
(A) Xetan’lx +C (B) XZ etan’lx +C
(C) l etan’lx +C (D) XeCOFIX +C
X

The value of  [If()g"() - f"(x)g(x)] dx is
equal to

f(x)
(A) 900 +C
(B) F(¥) 9(x) —f(x) g'(x) + C
C) ) g’ () -f(x) g(x) + C
D) fx) g(x) +F(x) g'(x) +C

JEE (Mains & Advance) # MATHEMATICS n
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23.

24.

25.

26.

27.

X [nx
| —— & dxequals
(-1
(A) arcsecx-— nx +C
VX2 -1
(B) sec ' x+ X .c
Vx% -1
(C) cos™x - X . c
VX2 -1
(D) secx— X . c

Jx? -1

The value of j' (x eMsn"x _ cos X) dx is equal

to:

(A)xcosx+C (B)sinx—xcosx+C
(C)—em™cosx+C (D)sinx+xcosx+C
TN Y

—=(X++/X)dx

%

(A) 2e&[x—&+1]+c
(B) eﬁ[x—z&ﬂ}c

(C) e (x+/x)+C
(D) e‘/;(x+\/;+l)+c

_2sin’x-1 cosx(2sinx +1)
COSX 1+sinx

Then Iex (F(x)+F'(x))dx

(whereC is the constant of integration)

(A)e*tanx +C (B) e*cotx+C

(C) e*cosec?’x + C (D) eXsec’x + C

Letf(x)

2

J'eX x_—32 dxisequal to—
(x-1)

(A) e* (i—ij +C  (B) €* (X—_i] +C

©) & (z—j}c (D) ¢* (XL_J e

(where ‘C” is integration constant)

C0S2X

m dx is equal to

The value of I

(A) _—1 +C
SinX 4+ Ccos x

(B) /n (sinx +cosx) +C
(C)fn(sinx—cosx) +C

(D) ¢n (sin x + cos x)? + C

The value of [[l+tanx . tan(x+a)]dx is

equal to
sinx

(A)cosa.n m

sinx

(B) tana.ﬁnm

sec(X +a)

(C)cota. ¢n oo x

+C

cos(X +a)

(D) cota . ¢n osx

+C

The value of [/secx-1 dx is equal to

(A) 2 ¢n cosX+ JeoszX 1] 1
2 2 2
X / X 1
(B)fn(cosz+ cos® 2 2] +C
(C)—2£n(cos§+ /coszg—%J +C
(D)—2£n(sin§+@} +C

dx
The value of | ——=——= isequal to
I cos® x+/sin2x a
(A) 2 (\/cm+%tan5’2 xj +C
(B) 2 (\/tanx +%tan5’2 x] +C
(C) V2 (\/tanx —%tanS’2 xj +C

(D) \2 [\/cosx —étans’2 xj +C

# JEE (Mains & Advance)
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32.

33.

34.

35.

36.

INDEFINITE INTEGRATION

28

sin®x

Antiderivative of —
1+ sin”x

(A) x—g arctan (JE tanx) +C

(B) x— jf arctan(t?/_ j +C

(C) x— /2 arctan (/2 tan x)

(V2
(D) x — /2 arctan (t?/% j

Integrate
1-cotx
1 . 1
(A) =log|sinx—cosx|+=x+C
2 2
1 . 1
(B) Elog | sinx +cosx | +§x+C

© %Iog|sinx+cosx | —%X+C

(D) %Iog | sinx —cosx | —%X-FC

is equal to

The value of [ dx n
X2+ X+

(A) g tan [ZXHJ +C

NE)
2X+1
B tant +C
® 5 ( e j
2X+1
C — | +C
© Z5 ( Ne ]
2x-1
D tant +C
© % [ g j
4_
Primitive of 3x 1 > W.I.L.Xis—
(x4+x+1)

X X
A)———+C B)-———M—
( )x4+x+1+ ®) Xt +x+1

X+1 X+1
©)———+C (D)-
X" +Xx+1 X +Xx+1
Integral

\/1+ 2cot x(cot X +cosecx ) w.r.t.xis

W.r.t. Xis:

of

(A) 2/n cos§+C
(B) 2€nsin§+ C

© 1En oS>+ C
2 2

(D) /nsinx - /n(cosecx —cotx ) + C

where

37 I (2x+3) ~ 1
CIX(x+)(x+2)(x+3)+1  f(x)
£(x) is of the form of ax? + bx + c then (a + b + ¢)
equals
(A) 4 (B)5 (C)6 (D) none
38. Thevalue ofj X s equal to
xy1-x3
1 1-x% -1
A - /M|l ———|+C
®) 3 V1-x +1
2
(B) 1y (=X 410 6
3 1-x* -1
1 1
© 3 n — +C
1
(D) gfn 1-x3|+C
e -1 :
39. The value ofj - dx is equal to
e"+1

(A) ¢n (e* +ye* —1) —sect(e)+C
(B) /n (e* +e* —1) +sect(eq)+C
(C) /n (ex —\e* —1) —sect (e +C

(D) /n (eX +ye* —1) —sint(e)+C

0. 1f [ =4 48 | X
X +X X X
_1 _ _ _ 1
(WA=Z B=1 (B)A=1B=-2
C)A=-1 B=1 (D)A——% B:%

| + C, then

JEE (Mains & Advance) # MATHEMATICS n
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OBJECTIVE EXERCISE - 11

Single Correct Type Questions
If Icos>x<—5|_nx+1—x
e* +sinX +X

(f(x))+g(x)+Cwhere C is the constant of

1. dx=1In

integration and f(x) is positive, then f(x) + g (x)
has the value equal to

(A)e*+sinx+2x  (B)e*+sinXx

(C) e*-sinx (D) e+ sin x +x

In(x +41+ X3 )
1+ %2

(A) V1+x° In(x+\/1+ x? )—x+C
X\ > X
(B) E.In (x+\/1+x )_\/1+7
(C) g.lnz(x+\/1+x2)+\/1j:7+c
(D) V1+x® In(x+\/1+ x? )+X+C

3. A function y = f(x) satisfies

2. Ix. dxequals —

+C

f"(X)Z—%—ﬂjz Sin(TEX);f'(Z):T[+% and
f(1) = 0. The value of f [%j is
(A) /n2 (B) 1

(C) g—ﬂn 2 (D) 1-/n2

. Ixz(l—fnx)

T dxequals

(A) L ]——fn (n*x-x*)+C

5. j(sin(lle).singg x ) dx equals

00

sin (100x)(sinx)1

A C
(A) 100 "
. 100
®) cos (100;(3(()sm X) C
100
© cos (100)1(3(()(:05)() LC
. . 101
D) sin (100>1<())(15|n X) ic

p+2q -1 q-1

X .

6. The evaluation of j pz 5 —9 dx is
Pred 4 2xPra 41

Xq
) _xp+‘4+1+c ®) 1 tC
x4 xP
C) —+C D) ——+C
© XM 41 () xP 41

7. Theintegral J\/cotx e ™ [cos x dx equals

a) YEXE (@) 267 4C

COS X
. ,jsinx
(€ -1efic (D) YAXE ¢
2 24Jcosx

One or More than One Correct Type Questions
8. Which one of the following is FALSE?

(A) x.Id—X:x In|x|+C
X
(B) x._[d—xzx In|x|+Cx
X
© L.jcosxdx=tanx+c
COS X

(D) L.J.cosx dx=x+C
COS X

9. Ifl,= [(sinx)"dxne N, then 5L -6l is equal
to -
(A) sin x.(cosx)5 +C
(B) cosx.(sin x)5 +C
©

sin 2x

[cos2 2x +1—20052x]+C

sin 2x

(D)

[cos2 2X +1+ 20032x}+C
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10.

11.

12.

13.

INDEFINITE INTEGRATION

28

Let f(x) = sin®x + sin®
(x + 2—;) +sin’ (x + 4—5} then the primitive of

f(X) w.rt. xis

@) -FN o @) Teost[ 2 4c
2 2
©) sm43x LC (D) coz3x LC
Where C is an arbitrary constant.
Suppose J =
. 9 . 2
J- sm_x+smx dx and K:J- cos_x+cosx
1+sinX+cosX 1+sinX+cosX

If C is an arbitrary constant of integration then
which of the following is/are correct ?

(A) J=%(x—sinx+cosx)+c
(B) J=K—(sinx +cosx)+C
(C)J=x-K+C

(D) K:%(x—sinx+cosx)+C

cot ' (e*)

je—xdx equals to

L, o, ()
(A) Efn(ez +1)—e—x+x+c

L, ooy, SO0 ()
@ infers)s 1 v

1, o qy O ()
© Em(ez +1)_e—x—x+c

1 ) Cotfl(eix) T _x
(D) Zen(e™ +1)+——= - —x+
[sec? 0(seco + tan0)” do
(A)
W[Zﬂane@ecﬁﬂane)}rc
(B)
M[2+4tan6(sece+tan9)]+c
©
(S“Lfo)t"’me)[zﬂane(secwtan@)]*(:
(D)
(S%Lsm[lmec@(seceﬂane)}rc

dx.

14.

15.

16.

17.

I f'(xz):i?—zxandf(l):—%,then -

(A) f(e)=0 (B) f'(e)zzie
(C) f"(e)=f(e) (D) f"(e)=f'(e)
sin 2x .
- d lto—
'[(sinx+cosx)2 poequao

(A) x+1cot(x +EJ+C
2 4

(B) x+%tan[§—xj+c

Sec2X
2

tan 2x

(C) x-— +C

(D) x+ +C

1+tanx
(where C is constant of integration)
12
I =_[2X;):dxisequalto—
2
(1+x )

—tan*x

1
) OL_1+

XZ

_ 1
(B) cot 1X_1+x2 +B

X2

1+ x?
2x% +1
D

©) 1+ %2

(wherea, B, v, dare arbitrary constants)

—tan x+vy

(©)

—tantx+8

I;Tidxequal to—

1 2
(A) x2—-x2+C
3 1
2 _ 2
® X" ,c
X
3
x2+\/;(\/;—1)
© +C
X
x? -1
(D) ﬁ+c
X2 + X2

(where C is constant of integration)

JEE (Mains & Advance) # MATHEMATICS n




- INDEFINITE INTEGRATION P ‘@"Questpix

18, [ SM2XF2 4= f(x) + C, Where C is _ ,
Sin 2x 4+ cox2x +1 Match the List Type Questions
integration constant and f(0) = 0, then - 20. I, = J'tanxtan (ax + b)dx and
) ® 3
(A) f[zj:§+§€n2 |2=J'cotxcot(ax+b)dx
o\ 1 3 List—1
(B) f(zj=§+zfn2 (P) Value of I, fora=1 s
) . (Q) Value of I, fora=1is
©) XILr?lf (x) doesnotexist (R) Value of I fora=-1 is
) (S) Value of I, fora=-1 s
(D) lim f(x):%n+€n3 List-11
e cos(x—h)
(1) x—cotb /n +C
x COSX
19.  Iff(x) =——, then which of the following sin x
x° -1 (2) cotb/in————-x+C
is/are correct - sin(x+b)
1 le-1 COSX
A) |f(e*)dx==/ C 3) cotb/ -x+C
A I (e) =Ml (3) co n(cos(x+b)] Al
B) |f(sinx)dx=secx+C i
( )j ( ) (4 x+cotb€n{&}+c
(@) Jf(sece)dez—coseceJrC sin(b—x)
(D) [F(x*)dx :%fn i—: —%tanlx +C (A) (P)>(3); (Q—(2): (R1=>(1): (S)>(4)
(B) (P)>(2); (Q)—(3); (R)—(1); (S)—>(4)
(C) (P)=(3); (Q)—(2); (R)—>(4); (S)—(1)
(D) (P)—>(3); (Q)—(1); (R)—>(2); (S)—>(4)
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1. Integrate with respect to x: ——In(x 1)
(i) 2x + 3)° (i) sin 2x (ii) J‘ dx
(iii) sec? (4x +5)  (iv) sec (3x +2) X('n(x +1))
(v) tan (2x + 1) (vi) 23x+4
L1 TR 7 L : 2[5_ j
= e . sinasin(x —a.)+sin o | [dx
(vii) il (viii) J{ ( ) >
2. Integrate with respect to x: 8.  Integrate with respect to x:
(i) sin’ (if) cos’x (i) X £ n x (ii) x sin®
. . . X
(iii) sin 2x cos 3x (iv) 4 sin x cos > oS (iii) X tant x (iv) fn X
3x 1 3 i) 2x3 e
== e V) sec°x Vi) 2X
> ¥ e vkez 2 e
_ _ N (vii) sin"tx (viii) X tan”’x
3. A function g defined for all positive real
numbers, satisfies g'(x?) = x3 for all x > 0 and (ix) e*sin x (x) e (sec?x
g(1) =1. Compute g(4). + tan x)
4. Integrate with respect to x: 9. Find the antiderivative of f(x) = In (In X) + (In
(i) x sin 2 X)~2 whose graph passes through (e, e).
1+x
+1 In(ln( D
iii) sec? x tan x iv -
(i ( )e+x 10. j—lzx dx
1-sinx e =X
V) X +COSX (vi) e> -2 Y (e)
.., COS2Xx+Xx+1 11. I [Ej J{;j {nxdx
(Vil) 5————(viii)
X +sin2x + 2x
secx 12. Integrate with respect to x :
/n (secx+tanx) 3 1
(i) (i)
X 1) X2 +4 X°+5
iX X) | e +—
(0 2= 0 e+ 3] " 2
1 x* +2x+5 x* +3x+4
(xi) (¥ + 1)2e*  (Xii) ——
X(x +1) () XL (vi) ——=
X® +X I _4
1 o x*-8
(xiii) G (xiv) N (vii) Vx* +4 (viii) VX* +2x+5
5
X (LX) (ix) (x— 1) V1-x-x? (X) x®
2
5. Find the value of | d(X2 D Va® +x°
V(X* +2) .
13.  Integrate with respect to x:
6. Evaluate the following: . 1 .. 1
) o (i) ————
0 J‘[xcosx smx] y (X+1)(x+2) (x> +1)(x+3)
xsinx 3x+2 : 1
) vy ™ 23
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14.

15.

16.

17.

18.

19.

Integrate with respect to x:

. 1 o 14X
i) —— i
()x4+x2+1 ()1+X4
e 1-X2
i) ———
( )1—x2+x4

Integrate with respect to x:

i) —— (i)
X+ VX +2 (% —A)x+1

(i) — ) —
(X+ DX +2 (2 +INX +2

x%+3
J‘mdx
J-x5 +3* —x®+8x*—x +8

x? +1 s

Evaluate the following:

(i) J.\/(H?dex (ii) j@dx
(i) I{XJ%(Xde
i 5X* +4X°

- 5 dx
(x +x+1)

20. Integrate with respect to x:

(i) —

2 +C0SX

(ii)

2-CcosXx
2sinX +2cos X
3cosx +2sinx
1
1+sinx +cosx

1
2 +sin*x

(iii)
(iv)

(v)

.. cosec’x.sinx
(vi)y ——— 777
(sinx — cosx)

sin*x

cos? X

(vii)

21.  Evaluate the following
sinx +cosx
M J(9+165m2x}

(i) | [—C"égi‘;sg]dx

-9 —5
22. Ifj cos® x dx——Z{Atan X +Btan ? x] +

C, then find A and B.

23. j (sinx) ™3 (cos x) 3 dx
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SUBJECTIVE EXERCISE - 11

3x% +1 X . where a, b € | and C is integration constant,
1. J—S X= C-———=,theniis :
(Xz _1) (X2 =2) then a + b is equal to
2 9. If | 11”‘2’032)() dx =k /n
2x° —1) dx 2 x“e
2. j ( ) - =sin1(ax—+b]+k,
2 _ 2 CX 2 ,2sinx
XX (2X +1) Xe +C thenkisequal to:
1_X2e25lnx
thena+b+c
e (xsin’ X +cosx : 10. |If 008" X + Gos° de =psinx - -3 ¢
3. I ( sin?x )dX= C — e™X(f(x)) if I sin®x +sin x P sinx
tan* (sinx) + C then p + 2q + ris equal to :
f[ﬁjzzﬂ then f(zj—%
Comprehension # 1 (Q.No. 11 to 13)
5 =4 3 92 B [einn m.,
" .[4)( 7X" +8x 2): +4x 7dx=alnx+E Let I,,, =Jsin" xcos™ x -dx . Then we can relate In, m
x*(x* +1) X with each of the following
i | — (”) In+2 m
o CcX ) () lh-2m ,
+6tan (x)+1+XZ+K, thena+ b + cis equal (§i) I m 2 (V) o2
to (V) In_2,m+2 (Vl) Ins2,m-2
\ . Suppose we want to establish a relation between I
f (X)g( )—9 (X)f(X) i
5. Let I — dx. and In, m_2, then we set
\/ —g°(x) P(x) =sin"*xcos™ x ... 1)
xX)—a(x In Inm and I, m_2 the exponent of cosx ismand m — 2
=Jmtan M+C - ) .
ng(x) respectively, the minimum of the two is m — 2, adding

1 to the minimum we get m — 2 + 1 = m — 1. Now
choose the exponent m — 1 of cosx in P(x). Similarly
choose the exponent of sin x for P (x)

Where m, n eN and ‘C’ is constant of
integration (g(x) > 0). Find the value of (m?+

n2).
) Now differentiating both sides of (1), we get
6. Ifthe value P'(x) = (n + 1) sin"x cos™ — (m — 1) sin"*2x
cos™2x
1—(cotx)™ . = n + 1) sin"™ cos™ — (m — 1) sin"x (1 — cos?X
f (cotx) 2009dx=lln|smkx+cos"x|+c, ( mf)z (m-1) ( )
tanx +(cotx) k cos™" X
. = n+ 1) sin™ cos™x — (m — 1) sin"x cos ™2 x +
Then find k. ( ) . ( )
(m—1) sin"x cos™x
X inn m: 1NN m-—
7 SupposeJ' 1-7cos’x dx = 9(7 ) +C, where = (n+m)sin" cos™ — (m — 1) sin"x cos™~2x
sin” xcos” X sin- X Now integrating both sides, we get

C is arbitrary constant of integration. Then find sin"*1x cos™ X = (N + M) In.m — (M — 1) In m 2.

the value of g' (0) + g" [%) Similarly we can establish the other relations.
11.  The relation between 14 2 and Iz, 2 is
8 IfJ' 9245 47— (22 +az+36) A) 1, =1 ( sinx cosx + 31, 2)
z? -4z - c 6
1.
NZ?—4z-7 +bin|z-2+z* -4z - 7‘+ C, B) 1., = 5 (sin®x cos® + 31z,2)
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©) 1, :% (sin®x cos®x — 315, 2)

(D) 1,, :% (—sin®x cos®x + 215, 2)

12.  The relation between 14 > and I, 2 is
A 1,, :% (sincx cosix + 85, 2)
1 in5 3
(B) 1,, :g (—sin>x cos®x + 8l¢, 2)
1, .: 3
©) 1, =z (sin®x cosx — 8l¢, 2)
1, .. 3
(D) 1,, =z (sin°x cos®x + 81, 2)
13.  The relation between 14 2 and 14, 4 is

(A) 1,, :% (sin°x cosx + 8 14,4)
(B) |4,2 =5
(©) |4,2 =5

(D) 1,, :% (Sin°x cosx + 6 14,4)

Comprehension # 2 (Q. No. 14 to 16)
It is known that

Jtanx ++/cot X

=

(—sin®x cos®x + 8 14, 4)

w

(sin®x cos®x — 8 14, 4)

[CO RN

VX NOSX e gax<X

| WJeosx  fsinx 2
J-sinx J—c9sx it n<X<3—n
J—-cosx  <J-sinx 2

di(\/tan x —Jcotx) = %
X
(\/tan x ++/cot x)(tan X +cot x) ,

eeloa)+3)

and £ (fianx +eox) =
(WJtanx —cotx) (tanx+cotx),
VXE(O,EJU(R,B—RJ.
2 2
Value of integral I=][(:/tanx ++/cotx) dx,

where X 0,E ] n,s—n is
2 2

(A) V2 tanl(—\/tanx\/_z yeotx ]+c

(B) VZtan” (—Jtanﬂ Voot x j+c

14.

2

(C) —/2tan™ [—% “COtX] +C

D) 2 tan_l(\/tan X ji Jeotx J C

15. Value of the integral |=J(Jtanx ++/cotx)

dx, where X e (Ogj is

(A) /2 sin (cos X —sin x) + C
(B) /2 sint (sin X — cos x) + C
(C) /2 sin (sin X + cos X) + C
(D) —/2 sint (sin x + cos ) + C

16.  Value of the integral |=/(v/tanx ++/cotx),

[ 3nj .
where X € n,? ,is

(A) /2 sint (cos x —sinx) + C
(B) V2 sint (sin X — cos X) + C
(C) V2 sint (sin x + cos x) + C
(D) —/2 sin"t (sin X + cos x) + C
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JEE-MAIN (PREVIOUS YEAR QUESTIONS)

1
1. Theintegral j (1+X—%jex+x dx is equal to (3) (%,oj (4) (%,-1}

[JEE(Main)-2014]

. ] 5. The integral
1) (x-1)¢ *+c (2 xe *+c sin? x cos’ X d
L b (sin5x+003‘°’xsin2x+sin3x0032x+cossx)2
(3) (x+1)e *+c (4 —xe *+c _
is equal to:
2. The integral J-d—x3 equals: 1) 1_—13+C 2) %JFC
X (x* +1)" +cot® X 3(1+tan’x)
[JEE(Main)-2015] @)L _iCc ) —r _sc
. 3(1+tan’x) 1+cot®x
1 41V
(1) —(x“ +1)4 +c (2 —(X jlj +c (Where C is an constant of integration)
X [JEE(Main)-2018]
3) [X“jlj“ﬂ: (4) (x“+1)%+c 6. For x>2 nt + 1, n € N (the set of natural
X numbers), the integral [JEE(Main)-2019]
H 2 H 2
. 2x'2 4+ 5x° jx Zs!n(xz —1)—s!n2(x2 D s equal to:
3. The integral Ide equals to 2sin(x? —1) +sin2(x? —1)
x®+x%+
(where c is a constant of integration)
[JEE(Main)-2016] ;
x -1
_x0 (1) log, sec{ j +C
Q) ——+C 2
2(x° +x° +1) .
i (2) log, |=sec®(x* —1)|+c
. 2
@ v'C
(X +X +1) 1 x2 -1
(3) =log, [sec’ +c
510 2 2
@ et )
2(X +X +1) 4) Eloge|sec(x2—l)|+c
4 X ;+C 7. I f(x)=] SXCHTX (x> 0), and £(0)
5 3 . = —d ) = 5
2(X X +1) (x2+1+2x7)2

(Where C is an arbitrary constant) — 0, then the value of f(1) is:

4. Let [JEE(Main)-2019]
I, =‘|.tann xdx,(n>1). 1, + l;=atan® x+bx® +C, 1) 1 @) - 1 3) - 1 4) 1
4 4 2 2
where C is a constant of integration, then the
ordered pair (a, b) is equal to: 8. Let n > 2 be a natural number and 0 <6<m/2.
[JEE(Main)-2017] 1

Then J- (sin" © —.S|nr216) cos0O
sin"™ 0
(where C is a constant of integration)

1 1
SACURCIE
[JEE(Main)-2019]
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10.

11.

12.

n+l

n 1 N
1 1+ +C
@) n-1 sin”‘lej
LJrl
n 1
2 1 +C
@) 21 sin"”ej
n 1 n%
3 1- +C
®) 21 sin“ej
n+l
n 1 n
4 1- +C
@ n2+1£ sin“lej

If J'xsewadx :4i8e’“3 f(x) + C, where C is a

constant of integration, then f(x) is equal to:
[JEE(Main)-2019]

(1) 4x3 - (2)-2x3-1
(3) -2x3+1 (4) 4x3 + 1
X+1

dx =f(X)v2x—-1+C,where Cisa

IfJ'

constant of mtegration, then f(x) is equal to:
[JEE(Main)-2019]

1 2
1) 304 ) 3 *%+2)

2

1
3) 3 (x+1) (4) 3 (x—4)

The integral jcos(loge x)dx is equal to:
(where C is a constant of integration)
[JEE(Main)-2019]

(1) %[cos(loge +sin(log, x }+C

)
(2) x| cos(log, ) +sin(log, X) ] +
(3) %[sin(logex) cos(log, x) ]+C
X)-

() x[cos(loge sin(log, x) [+C

x4+ 2xM
2x*+3x*+1)*

(where C is a constant of integration)
[JEE(Main)-2019]

The integral j dx is equal to:

X4

1)——————+C
@) (2x*+3x*+1)°

13.

14.

157

16.

X12

2) ————+C
@) (2x*+3x%*+1)°

X4

+C
6(2x*+3x*+1)°

X12

+C
6(2x* +3x°+1)°

©)

(4)

dx 1
If IW = Xf(X)(l + X6)3 +C Where C
is a constant of integration, then the function
[JEE(Main)-2019]
1 3 1
4) -~
4 ™~

2 &7

f(x) is equal to:
1
1) g ) -

If
J'ese” (secx tanx f (x) + (secx tanx +sec’x)) dx

= e%**f(x) + C, then a possible choice of f(X) is
[JEE(Main)-2019]

(1)secx—tanx—% (2)xsecx+tanx+%

(3)secx+xtanx—% (4)secx+tanx+%

If [ -
(x°—-2x+10)
A tan‘(X1J+ - ) +C, where C
3 x°—2x+10

is constant of integration, then:
[JEE(Main)-2019]

-1 -
(1)A—5—4andf(x)—3(x—1)

_ 1 -
(2)A—a and f(x) =3(x - 1)

_ 1 - 2
3 A= 2 and f(x) =9 (x-1)

_ 1 _
4 A= > and f(x) =9 (x-1)

The integral _[

dx is equal to: (Here C is

constant of mtegratlon) [JEE(Main)-2019]
(x*+1)?

X

3
X +1 LC

(1) log, +C (2) —|09e
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17.

18.

19.

20.

21.
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x3+1 1 x3+1
3 Ioge| I+C 4 §|09e| v |+C
" xdx = f(x)(1+sin® x)"*

sin® x(1+sin® x)
where ¢ is a constant of integration, then A f (%)

is equal to:

9 9
Dg @-5 ©2

[JEE(Main)-2020]
(4)-2
dx
(X + 4)8/7 . (X _3)6/7

[JEE(Main)-2020]
(where C is a constant of integration)

1(x-3 %B X—-3 %1

X-3 x—3%
()—(ﬂj +C (4) (mJ +C

L B =Man®  +
cos” O(tan 26 + sec 260)

2logef(6)] + C where C is constant of
integration, then the ordered pair (A, f(0)) is
equal to:

The integral I is equal to:

[JEE(Main)-2020]
(2) (1,1 +tano)
(4) (1, 1 -tano)

(1) (-1, 1 + tanb)
(3) (-1, 1 —tanb)

If J'sinl( }ﬁjdsz(x) tan*l(\/;) +B(X)

+ C, where C is a constant of integration, then
the ordered pair (A(x), B(x)) can be:
[JEE(Main)-2020]

@ (x+1%) @ (x+1x)
3) (x-1%) (@) (x-1—x)

2
The integral J'( j dx is equal to

XSin X + C0oS X
[JEE(Main)-2020]
(where C is a constant of integration):
XSecx

Q) tanx + — % 4 ¢
XSIN X 4+ COS X

22.

23.

24.

25.

(2) tanx — _Xs&+c
XSin X + cos X
(3) secx + _Xt&+c
XSin X +C0S X
@) tanx — — XX, ¢
XSin X + cos X
cos0
If do = A loge |B(0)| + C,
I5+7sin9—2c0329 9 [BO)

()

where C is a constant of integration, then ——=

can be: [JEE(Main)-ZOZO]
2sin0+1 5(2sin9+1

(1) 2sin6+1 (2) 2(25n0+1)
sin0+3 sin0+3
2sin0+1 5(sin0+3

(3) omO+l (g SN0+
5(sin 6 + 3) 2sin0+1

COSX — smx
If j

\/8 sin 2x

. [ sinx+cosx .
asin “mE +C, where ¢ is a

constant of integration, then the ordered pair (a,
b) is equal to : [JEE(Main)-2021]
M@-3) @@3 (L3 @G

_ _1\2
The integral J'(ZX DCOZS“(ZX D745 s
4X° —4Xx+6

equal to (where c is a constant of integration) :
[JEE(Main)-2021]

1) %sinM+c
@) Seos\f(2x+17 +5 +c
3) %Cosm+c
@) lsinM+c

|fj /1 X dx =g (x) +c g(l) =0, then g

(Ej isequal to:
J3-1 T

(1) log, («/§+1]+

[JEE(Main)-2022]

3

28
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@) log J3+1 n 28.  IfI(x)= .[eS‘"ZX(cosxsin2x—sinx)dx and 1(0)
‘\V3-11) 3 -
=1, then I[—J is equal to [JEE(Main)-2023]
\/§+1 T 3
(3) Ioge 5
J3-11) 3 12 3
(1) ——e* (2) e
1 B-1) = 2
4) E|09e NI 13 3
" 3) e (4) —e*
sec’ x — 2022 () oon
26. For I(X)=|———s——dx, if I| = |=2"", .
or 1(x) I sin2022 X | (4} 29. For,o,B,7,0 € N, if
then : [JEE(Main)-2022]
T T 2X 2% Bx ox
1) 3“”"!(5 —l[g}o j([ij {Ej Jlogexdx=£(ij _E[Ej +C,
e X ale v\ x
2 3101"|(E —|[Ej=0 o
@) 6 3 where ezziI and C is constant of
n=0 '!-
T T
3) 31011'(5 - I[EJ =0 integration then o + 2 + 3y — 43 is equal to:
i (n [JEE(Main)-2023]
(4) 3 l(g —l(§j=0 (11 204 (3-8 (44
27.If [\sec2x—1 dx=alog, 30. Letl(x) =] /XT” dx and 19) = 12 + 7 loge7.
1
C0S 2X +B+\/COSZX(1+ COSEXJ + If 1(1) = o + 7 loge (1+2+/2), then o is equal
to . [JEE(Main)-2023]

constant, then  — a is equal to
[JEE(Main)-2023]
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JEE-ADVANCED (PREVIOUS YEAR QUESTIONS)

x2 -1 . (B) Statement — 1 is True, Statement-2 is True;
1. I dxis equalsto — . .
¥32x4 —2x2 +1 Statement-2 is NOT a correct explanation for
Statement-1.
[JEE-2006]
(C) Statement —1 is True, Statement-2 is False.
NV2xt —2x® +1 . )
(A) ———+¢ (D) Statement —1 is False, Statement-2 is True.
X
N2xt =2x% +1 Let
(B) ———+¢c o o
X IZJ.—ZdX’ J:J.—de
/2 4_oy? 11 e™ +e™ +1 e +e ™41
(C) NEX —X *2 ¢ Then, for an arbitrary constant c, the value of
X
J—lequals: [JEE-2008]
V2x*t —2x% +1 X _ g2x
D) —— 7 +¢ A) Lm[& = ).
2X B SN e
X 2x x
2. Let f(x):ﬁforn >2andg(x) (B) 1le 4+l
(1+ X 2 |e™—e*+1
=(fofof...of )(x). X _eX
L,_E( ) © lfn €‘2—€‘+1 +C
f occursn times 2 e* +e* +1
Then [ x"g(x)dxequals. 1 (™ 4o 41
(D) —fn W +C
[JEE-2007] 2 (e”—e"+1
1 1,1 2
A) ————(1+nx") "+K ; Sec” X
(A) n(n—l)( ) The integral '[(secx+tanx)9'2 dx equals (for
(B) 1 (1 +nx" )1’% K some arbitrary constant K):
n-1 [JEE(Advanced)-2012]
©) ;(H nx" )l% +K A)
n(n+1) 1 11 2
X 5 ﬁ—7(secx+tanx) +K
D) 1 ( Li )1+H LK (secx+ tanx)
n+1 (B)
3. Let F(x) be an indefinite integral of sin?x. 1 _ {i—l(secx T tan X)Z}Jr K
[JEE-2007] (secx+tanx) (11 7
Statement-1: The function F(x) satisfies F (x (€)
+ 1) = F(x) for all real x. 1 1 1 ,
_ _ (secx+ tanx)
Statement-2: sin? (x + «t) = sin?x for all real x.
(A) Statement — 1 is True, Statement-2 is True; (D)
Statement-2 is a correct explanation for 1 — {i+£(secx+tan x)2}+K
Statement-1. (secx+tanx) - (11 7
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ANSWER KEY

OBJECTIVE EXERCISE - |

Que.| 1 | 2 | 3] 4 5] 6] 7| 8] 9 |10]12]12]13] 14] 15
Ans. D | A|A | B|A|B|B|B|]C|A|D|D|C|A]|C
Que.| 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
Ans. D | B|A|B|C|A|C|A|]C|A|A|lC|B|C]|C
Que.| 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40
Ans.] B | A|A | B|B|B|B|A]|A]|C
OBJECTIVE EXERCISE - 11
Que.] 1 | 2 | 8] 4 ] 5] 6] 7] 8] 9 [10]11] 12 ] 13 ] 14 | 15 |
Ans.] B| A | D | B|A]| C| B |ACD| BC|BD| BC|CD]|CD|ABCABCD
Que.| 16 | 17 | 18 | 19 | 20
Ans. JABCDABCD BC | AC | A
SUBJECTIVE EXERCISE - |
. (2x +3)° e CoS2X
1. Q) BETY +C (i) ¥ +C
Giiy  BnEx+S) L ¢ (iv) % fnsec (3x +2) + tan (3x +2) |+ C
l i 23)<+4
= /nlsec(2x+1)|+C +C
() 2 inlsec(ax+1) v
4x+ 5
(vi) % mpx+1+C (i) S — +C
0. @) X _lsimx+c G) S, 3gnxsc
2 4 12 4
(iii) — % cosbx+= cosx +C (iv) cosx—% cost—% cos 3x+ C
(V) % ((x+3)3’2 +(x+2)3’2) +C 3. 6?7
4. () L cose+c (ii) % M +1]+C
2
(iii) % (tanx)? + Cor ¢ X 4 ¢ (iv) (njer+x+C
(V) /n|x +cosx| + C (vi) % /nje*>-2|+C
(vii) % /n X2+ sin2x + 2x| + C (viii)  /n|/n(secx + tanx) | + C
(%) % (X +2)¥2_ 4(x + 212+ C (x) % (€ — e 2)+2x+C
(xi) % 6% + @2+ g%+ C (i) —é /n 1+X—15 +C
3/2
1 l 4/5 ) (X2 _ 8)
I v )
(xiii) 2 ( +x5] +C (xiv) TR +C

5. 2J(x*+2)+C
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6.

11.

12.

13.

14.

15.
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28

@M I [—S'”Xj iC (ii) |n(—'”(X +1)j iC
X X
= (x—sinx) +
~(x-sinx) +C
. x? x? .. x> X . 1
- -+ - _Z - = +
(1) > n X 2 C (i) i Sin2x 5 cos2x + C
2
iy % tan*lx—g +% tanx + C (V) x(fx—-1)+C
V) w + % (njsecx +tanx |+ C (vi) (E-1) e +C
.. . V1= 1 . 1 x)?
(vii)  xsin?t Jx + %_E sint Jx +C (viii) xtanx-— %én (1+x?3)— M+C
(ix) % (sinx —cosx) + C x) e*tanx + C
1
yzx{m(an)——} +2e 10. 1 In X In In1+x —In 1+x +C
£nx 2 1-x 1-x 1-x
OREE:
e X
. 1 X .. 1 X
i —tantZ +C i —tan! = +C
(1) 5 5 (i) % NG
1, (x+1)J . 4  2x+3
iii “tant|——| +C iv /Mmx?+3x+ 4 - —=tan? +C
i) Lt M - 22
\ﬂ 2 .
(v) X — arctan X + /n ;X +C (vi) Inx+x*-4 |+C
(vii) g X4 +2nx+XC+a[+C (viii) XT”\/XZ+ZX+5+2£n \x+1 +‘/7X2+2X+5‘ +C
. (1-x-x3)¥* 3 > 15 . .(2x+1
= +1) V1-x— - = 1 +
(ix) : 5 (2x+1) X=X T sin & C
2 3 3\5/2 233 3 3)3/2
— + - = (a+ +
(0 oz @ @)
. x+1 .. 1 1 3
— |+ — +3- — 2+ 1|+ — tan'x +
(1) /n ") C (i) 0 /n |x+3| 20 n |x*+ 1] 0 tan*x +C
... 1 .
(iii)  4/nx+ 1+ x+ D) —4/x+2|+C (iv) % nx+1 —/n |x+2|+% nx+3l+C
1
' 1 2 Xx+—-1
(i) —= tan! [X 1] ~ Lo ’1( +C
243 3x ) 4 |y, 1.
X
1
i) = tanl("z‘l] +C (i) P e S
2 V2 x 23 x+%+\/§
. Xx+2-1
i m|———1[+C
0 ‘ Ix+2+1
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.. 1 -
(i) Ve /n : ﬁ —% tan"'(t) + C, where t = /x +1
+

. 1 1 1y 2 1

iii ——=/M||lt-= t—=| += | +C, wheret= —

- -z ( 3}( 3j+9 x+1

2
(iv) —tan? Xxﬁz +C
4
16. C—g+i3—is—2tan’lx 17. X 133 %2 +5x +1In(x2+1)+3tan*1x+c
X 3x° b5x 4 2
|

18. (i) %In (x+%j+\/x2+x + Jx2 +x +C (i) VX2 -1 —In‘x+ xz—l‘ +C

(iii) %sin‘lx—gxll—xz —J1-x2 +C

5
19. C- 5X+1 orC+—; X
X7 +x+1 X*+x+1

. 2 tanx/2 . 2 X
20. i —tanl( j +C i —tanl(ﬁ tan —j +C

0 5 i 2

10 2 . . X

(iii) Ex—ﬁzn |3cosx + 2sinx| + C (iv)  /n 1+tanE +C

t .
(V) %tanl(\/g\/;m(} +C (vi) /n|l-cotx| +C
(i) tanx+ Ssin2x— X +C
4 2
21 0 i(n 4(sinx —cosx) +5 e (i) Sin1[sinx+cosxj ‘C
' 40 | 4(sinx+cosx)-5 3
2
29 A=L B= 1 2 _3(1+4tan8/3x)
5 8(tan x)

SUBJECTIVE EXERCISE - Il

1. 1 2. 4 3. 2 4, 17 & 8 6. 2010 7. 5
8. 117 9. 1 0. 11 1.  (A) 12 (A) 13. (B) 14 (A

JEE MAIN (PREVIOUS YEAR QUESTIONS)

Que| 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
Ans.| 2 2 3 3 3 1 1 3 1 1 1 4 2 4 1 1 4 4 3 1
Quef 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
Ans.| 2 2 2 1 1 1 1 3 4 64

JEE ADVANCED (PREVIOUS YEAR QUESTIONS)
1. (D) 2. (A) 3. (D) 4. C) 5. (€)
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