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•	 MTG	:	Why	did	you	appear	for	Engineering	Entrance?

Akshat	: I was always interested in studying Science and 

Mathematics. I wanted to study in the best institutes and it’s 

a dream come true to be able to do so.

•	 MTG	 :	 What	 exams	 have	 you	 appeared	 for	 and	

what	are	your	ranks	in	these	exams?

Akshat	:		JEE Advanced - AIR 2

  JEE Main - AIR 7

  BITSAT - cleared

•	 MTG	:	How	many	hours	in	a	day	did	you	study	to	

prepare	for	the	examination?

Akshat	:	I studied for 6-7 hours per day.

•	 MTG	 :	 On	 which	 topics	 and	

chapters	you	laid	more	stress	

in	each	subject?

Akshat	 :	 I have always given equal 

importance to all the chapters.

•	 MTG	:	How	much	time	does	one	require	for	serious	

preparation	for	this	exam?

Akshat	 :	 I started studying in class 9 and 10 itself but it 

was only when I was in class 11 then I decided to seriously 

Advanced	EXAM	

Cracking the

Akshat Chug
2
AIR

pursue engineering as a career therefore it was important 

that I crack the JEE exam. As far as preparation is concerned, 

after school hours, I used to attend the classes at my 

coaching institute for three hours. Once, I returned from the 

coaching institute, I used to do self-study and every night I 

would study for at least one hour.

•	 MTG	:	How	was	the	preparation	for	JEE	Advanced	

different	from	JEE	Main?

Akshat	 :	 As far as JEE Main preparation is concerned 

it is more about memorizing the formulae and speed 

accompanied with accuracy. While one is 

preparing for JEE Advanced, there has to 

be clarity of concepts. If you have studied 

properly, then you need to relax before  

JEE Advanced.

•		MTG	:	Any	extra	coaching?

Akshat	:	I joined Bakliwal Tutorials and it was of great help 

to me.

•	 MTG	:	Which	Books/Magazines	you	read?

Akshat	 :	 I studied from all the standard books for JEE 

Advanced. There are no special text books otherwise. The 

Clarity	of	mind,	a	clear	

strategy	and	then	follow	

it	strictly.	This	has	been	

the	secret	of	my	success.
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syllabus is the same; just a slight difference in the approach 

is needed I love to read mystery novels and I am a big fan of 

Sherlock Holmes.

•	 MTG	:	In	your	words	what	are	the	components	of	

an	ideal	preparation	plan?

Akshat	 :	 Regular study is a must. Time Management is 

required, you should utilise your time properly. After studying 

for long hours, the mind gets exhausted so some recreational 

activities are also required.

•	 MTG	 :	 What	 role	 did	 the	 following	 play	 in	 your	

success:	

(a)		Parents	 	

(b)		Teachers

(c)		School

Akshat	:	Parents - They have been very supportive and they 

have never pressurised me for anything.

 Teachers - At my coaching institute, Bakliwal Tutorials 

teacher’s were very supportive. Whenever, I approached them 

with any kind of problem, they helped me a lot.

 School - I did my class 12th from DPS, Pune and all my 

teachers in school were very supportive and were always 

ready to help me out.

•	 MTG	:	Your	family	background?

Akshat	:	I belong to Jaipur. My family shifted to Pune when 

my father got transferred here 6 years back. My father  

Mr. Vikas Chugh is Vice President, Western Reigon in  

Tata Sky and my mother is a home maker. My sister is in 

class 8th.

•	 MTG	:	What	mistake	you	think	you	shouldn’t	have	

made?	

Akshat	:	I think I should have studied more in the beginning.

•	 MTG	:	Was	this	your	first	attempt?

Akshat	:	Yes, it was my first attempt.

•	 MTG	:	What	do	you	think	is	the	secret	of	your	success?

Akshat	:	Clarity of mind, a clear strategy and then follow it 

strictly. This has been the secret of my success.

•	 MTG	:	How	did	you	de-stress	yourself	during	the	

preparation?	What	are	your	hobbies?	How	often	

could	you	pursue	them?

	Akshat	:	Yes, it is important to take break but you should 

not loose your focus in doing so. My hobbies were reading 

and watching TV shows such as ‘Arrow’ and ‘Flash’ but was 

not able to do so during my JEE Advanced preparation.

•	 MTG	:	What	do	you	feel	is	lacking	in	our	education/

examination	 system?	 Is	 the	 examination	 system	

fair	to	the	student?

	Akshat	 :	 Too much of mugging up is there in our 

educational/examination system.

•	 MTG	:	Had	you	not	been	selected	then	what	would	

have	been	your	future	plan?

	Akshat	:	I would love to join BITS.

•	 MTG	 :	 What	 advice	 would	 you	 like	 to	 give	 our	

readers	who	are	JEE	aspirants?

	Akshat	:	Plan out your strategy. Work more on your weak 

points. Practice and remain focussed. Try to strike a balance 

between your hobbies and studies.
All	the	Best!
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1 Mathematical Tools and Measurements

ESSENTIALS IN 2-D COORDINATE GEOMETRY

Straight Line
 • Slope-intercept form : y = mx + c 

Cases of Slope-Intercept Form

m = tan is positive
= -intercept is negativec y

cx x

y

y

m = tan is negative
-intercept is negativec = y

cx x

y

y

Conic Section

Circle with centre (–g, –f) Circle with centre at origin

c

y�

y

x� x
( , )–g –f

r
x2 + y2 = a2

y

x� x

y�

(0, )a

( , 0)a

(0, )–a

(0, 0)(–a, 0)

 • Circle     General Equation: x2 + y2 + 2gx +2fy + c = 0

radius r

= g f c
2 2+ −

 • Parabola
y = ± kx2 Passing through origin x = ± ky2 Passing through origin

y = kx2

y = –kx2

x = ky2
x = –ky2
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 • Ellipse
Horizontal Ellipse Vertical Ellipse

y

(0, )b

( , 0)a(0,0)(– , 0)a

(0, )–b

y�

x� x

x

a

y

b
a b

2

2

2

2

2 21+ = >( )
x

a

y

b
a b

2

2

2

2

2 21+ = <( )

Centre: (0, 0)
Foci: (± ae, 0)
Vertices: (± a, 0)
Length of major axis = 2a
Length of minor axis = 2b

Eccentricity, e
b

a
= − <1 1

2

2

Centre: (0, 0)
Foci: (0, ± be)
Vertices: (0, ± b)
Length of major axis = 2b
Length of minor axis = 2a

Eccentricity, e
a

b
= − <1 1

2

2

 • Hyperbola
Transverse Hyperbola Conjugate Hyperbola

y = b
a x

(0, )b

y = b
a x–

y

(0, 0)

(0, )–b

xx′

y′

x

a

y

b
a b

2

2

2

2
1 0− = >( , )

x

a

y

b
a b

2

2

2

2
1 0− = − >( , )

Centre: (0, 0)
Foci: (± ae, 0)
Vertices: (± a, 0)

Eccentricity, e
b

a
= + >1 1

2

2

Centre: (0, 0)
Foci: (0, ± be)
Vertices: (0, ± b)
Eccentricity,

e
a

b
= + >1 1

2

2

 • Logarithmic and Exponential Functions
Logarithmic Graphs Exponential Graphs

x� x

y�

y

(1, 0)

y = x, alog > 1a

x = ay (a > 0) a ≠ 1 (a > 1)

x� x

y�

y

(1, 0)

y = x, <alog 0 < 1a

x = ay (a > 0) a ≠ 1 (0 < a < 1)

∀ ∈x R

dy

dx
ex= > 0

y = ex

Exponentially increasing

y = A(1 – e–kx)

∀ ∈x R

dy

dx
kAe kx= >− 0

A

Exponentially increasing

 • Trigonometric Functions
f(x) = sin x f(x) = cos x f(x) = tan x

y

–1

– 23
2 2

0

2
3
2

5
2

x–2
5
2

1 1

20

y

x
3
2

5
2

–2

2 2
3
2

5
2

– 0 x3
2 2 2

3
2

y
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ESSENTIALS IN TRIGONOMETRY

Basic Trigonometric Results

 f sin2q + cos2q = 1
 f 1 + tan2q = sec2q 
 f 1 + cot2q = cosec2q
 f cos2q = 2cos2q – 1 = 1 – 2sin2q = cos2q – sin2q
 f sin2q = 2sinqcosq
 f cos(A + B) = cosAcosB – sinAsinB 
 f cos(A – B) = cosAcosB + sinAsinB
 f sin(A + B) = sinAcosB + cosAsinB
 f sin(A – B) = sinAcosB – cosAsinB

 f sin sin sin cosC D
C D C D

+ =
+ −

2
2 2

 f sin sin cos sinC D
C D C D

− =
+ −

2
2 2

 f cos cos cos cosC D C D C D+ = + −2
2 2

 f cos cos sin sinC D C D C D− = − + −2
2 2

 f tan( )
tan tan

tan tan
A B

A B
A B

+ =
+

−1

 f tan( )
tan tan

tan tan
A B

A B
A B

− =
−

+1

 f tan
tan

tan
2

2

1 2θ
θ

θ
=

−

ESSENTIALS IN CALCULUS

Differentiation

 f
d

dx
x nxn n= −1

 f
d

dx
x

xelog = 1

 f
d

dx
x xsin cos=  f

d
dx

x xcos sin= −

 f
d

dx
x xtan sec= 2

 f
d

dx
x xcot co= − sec2

 f
d

dx
x x xsec sec tan=  f

d
dx

x x xcosec ec= − cos cot

 f
d

dx
e ex x=  f

d
dx

a a ax x
e= log

 f
d

dx
e aeax ax=  f

d
dx

a ba abx bx
e= log

 f
d

dx
f x
f x

f x d
dx

f x f x d
dx

f x

f x
1

2

2 1 1 2

2
2

( )
( )

( ) ( ) ( ) ( )

( ( ))
=

−

 f
d

dx
f x f x f x

d
dx

f x f x
d

dx
f x( ( ) ( )) ( ) ( ) ( ) ( )1 2 1 2 2 1= +

 f
d

dx
ax b a( )+ =  f

d
dx

ax b an ax bn n( ) ( )+ = + −1

Maxima and Minima
 Let y = f(x) be a function. Then first draw the graph 

of f(x) as shown.
 From the graph we see 

that at maxima or minima, 
slope dy/dx of the graph 
at P and Q respectively is 
zero.

 \ dy
dx

= 0  at maximum or minimum values of y.

 Put dy
dx

= 0  and solve for x. (We may get different 

values of x.)

 At all those values of x for which d y
dx

2

2
 is negative, 

we have maximum value of y.

 Similarly, at all those values of x for which d y
dx

2

2
 is 

positive, we have minimum value of y.

Illustration 1. Find maximum or minimum values of 
the functions y = 25x2 + 5 – 10x
Sol.: For maximum and minimum value, we can put 

dy
dx

= 0

or 
dy
dx

x= − − =50 10 0 0  ∴ =x 1
5

Further 
d y

dx

2

2 50 0= >  at x = 1
5

. Therefore, y has 

minimum value at x = 1
5

. Substituting x = 1
5

in given 
equation, we get

ymin = 



 + − 



 =25 1

5
5 10 1

5
4

2

Integration

 f x dx
x
n

c nn
n

=
+

+ ≠ −1)
+

∫
1

1
(

 f
dx
x

x ce= +∫ log | |

 f sin cosx dx x c= − +∫
 f cos sinx dx x c= +∫
 f sec tan secx x dx x c= +∫

y

P

Q

x
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 f cosec cot cox xdx x c= − +∫ sec

 f sec log | sec tan |x dx x x ce= + +∫
 f cosec log | cosec cot |x dx x x ce= − +∫

 f
( )ax b dx

ax
bx c+ = + +∫

2

2
 • Area bounded by a 

region in the graph 
can be done as

 
Area = ∫ ydx

x

x

1

2

Illustration 2. Integrate the following functions

(a) ( )5 3 22x x dx+ −∫  (b) 4 2sin x
x

dx−



∫

Sol.:

(a) ( )5 3 2 5 3 22 2x x dx x dx x dx dx+ − = + −∫ ∫∫∫
                          = + − +5

3
3

2
2

3 2x x x c

(b) 4 2 4 2sin sinx
x

dx x dx dx
x

−



 = −∫ ∫ ∫

 =–4 cos x – 2 logex + c

ESSENTIALS IN VECTOR ALGEBRA
 • Triangle Law of Vector Addition 

  If two vectors are represented in both magnitude 
and direction by the two sides of a triangle in same 
order, the resultant 



R  is represented by the third 
side of a triangle both in magnitude and direction 
but in opposite order.

 • Parallelogram Law of Vector Addition 
  For two coinitial vectors acting on a particle 

represented in magnitude and direction by the two 
adjacent sides of a parallelogram, the diagonal of 
the parallelogram so formed will be the resultant.

 • Resolution of a Vector
 Consider a vector a  in x-y plane 

making an angle q with x-axis
 x component of a  = ax = a cos q
 y component of a  = ay = a sin q

 and 
� � �a a i a jx y= +

  Magnitude of a  is

  | |a a ax y= +2 2 = a

y

x

dx

x2x1

y 
= 

f(x
)

�
a

y

x
�

^
j

î

ay

ax

 Here tan q = 
ay
xa

 ⇒ q = tan− 





1 a
a
y

x
 • Dot or Scalar Product

 Consider two vectors � � � �a a i a j a kx y z= + +  and � � � �b b i b j b kx y z= + +  and angle between a  and 


b  is q,
  Their scalar product is given by 







a b a b⋅ =| | | | cos ,θ

where | |a a a ax y z= + +2 2 2 , | |


b b b bx y z= + +2 2 2

 

�
a

�
b

�

 
 Angle q can be determined as 

 
cos

| | | |
θ = ⋅







a b
a b  

 For three unit vectors i j ,  and k  along three axes,
 i i ⋅ = × ° =1 1 0 1cos  (Q | | | | | |i j k  = = =1 ) 
 \ j j k k i i     ⋅ = ⋅ = ⋅ = 1

 and i j ⋅ = × × ° =1 1 90 0cos

 \ i j j k k i     ⋅ = ⋅ = ⋅ = 0
 In component form,
 � � � � � � � �a b a i a j a k b i b j b kx y z x y z⋅ = + + ⋅ + +( ) ( )
 ⇒ 



a b a b a b a bx x y y z z⋅ = + +( )
 • Cross or Vector Product

 Consider two vectors � � � �a a i a j a kx y z= + +  and � � � �b b i b j b kx y z= + +  and angle between a  and 


b  is q.
 So vector product of two vectors is 
 ( ) | | | | sin� � �a b a b n× = θ

 f ( )



a b×  is a vector quantity 
and n  is the perpendicular to 
the plane carrying vectors a  
and 



b  
 f For three unit vectors i j k  , ,  along three axes.

  i j k k   × = × × ° =1 1 90sin ;
  Where | | | | | |i j k  = = = 1

  j k i i   × = × × ° =1 1 90sin

  k i j j   × = × × ° =1 1 90sin
 and i i j j k k     × = × = × = 0
 In short, for cyclic order, i j k  × = , j k i k i j     × = × =,
 For anti cyclic order, i k j  × = − , j i k k j i     × = − × = −, ,

 f Calculation of ( )



a b×  in component form

 
� � � � � � � �a b a i a j a k b i b j b kx y z x y z× = + + × + +( ) ( )

  = 
i j k
a a a

b b b

a b a b i a b a b jx y z

x y z

y z z y x z z x

  

 = − − −( ) ( )

 = − − − + −( ) ( ) ( )a b a b i a b a b j a b a b ky z z y x z z x x y y x
  

�k

�j
i�

�
b

�
a

�

�k

i�

�j
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Illustration 3. A person moves 30 m north and then 
20 m towards east and finally 30 2 m in south-west 
direction. The displacement of the person from the 
origin will be
(a) 10 m along north (b) 10 m along south
(c) 10 m along west (d) Zero
Sol.: (c) From figure, OA i j AB i j

� ��� � ���
= + = +0 30 20 0ˆ ,̂ ˆ ˆ

BC i j i j
� ���

= − ° − ° = − −30 2 45 30 2 45 30 30cos sinˆ ˆ ˆ ˆ

        i j i j° − ° = − −5 30 2 45 30 30s sinˆ ˆ ˆ ˆ

\ Net displacement,

OC OA OB BC i j
� ��� � ��� � ��� � ���

= + + = − +10 0ˆ ˆ

 OC OA OB BC i j
� ��� � ��� � ��� � ���

= + + = − +10 0ˆ  ̂
OC
� ���

= 10 m along west 
Illustration 4. If a particle of mass m is moving with 
constant velocity v parallel 
to x-axis in x-y plane as 
shown in figure. Its angular 
momentum 






L r p= × with 
respect to origin at any time 
t will be
(a) mvb k̂    (b) −mvb k̂
(c) mvb î    (d) mv î
Sol.: (b) We know that angular momentum





L r p= × in terms of component becomes



L
i j k
x y z
p p px y z

=

ˆ ˆ ˆ

As motion is in x-y plane (z = 0 and pz = 0), 
so 


L k xp ypy x= −(̂ )

\ 


L k vt b mv mvb k= × − = −[̂ ] ˆ0

MEASUREMENT OF PHYSICAL QUANTITIES
 • Fundamental Quantities : Quantities which 

are independent of all other quantities and do 
not require any other physical quantity for their 
definition are called fundamental or base quantities 
and the units in which base quantities are measured 
are called fundamental units.

 • Derived Quantities : The quantities that can be 
expressed as combinations of the base quantities 
are called derived quantities and the units for 
measuring them is also the combinations of 
fundamental units are called derived units.

A

C O

30 m

20 m 45° B

30 2 m

y
m

O

b

x

v

 • Different Systems of Units
 f CGS system
 f FPS system
 f MKS system

 • Measurement of Length
 f Large scale measurements

 1 astronomical units (AU) = 1.496 × 1011 m
 1 light year (ly) = 9.46 × 1015 m
 1 parsec (pc) = 3.08 × 1016 m

 f Small scale measurements
  1 fermi (fm) = 10–15 m (≈ size of nucleus)
  1 X-ray unit (xm) = 10–13 m (≈ size of an atom)
 1 angstrom (Å) = 10–10 m
 1 micron (m) = 10–6 m 

 f  Parallax Method : To 
measure the distance of 
far away planet,

 \ q = 
b
D  or D b=

θ
 • Measurement of Mass 

Planet

Earth

 f Large scale units
 1 Quintal = 100 kg
 1 Metric tonne = 1000 kg
 1 Chandrasekhar unit =  1.4 times solar mass
          = 2.8 × 1030 kg

 f Small scale units 
  1 a.m.u. = 1.67 × 10–27 kg = 

1
12

 of mass of  

carbon 12 (in kg)
 Nuclear mass = 10–27 kg

 • Measurement of Time
 1 second = time interval for 9192631770 vibrations 

of the radiation corresponding to the transition 
between the two hyper fine levels of Cs133 (g).

 1 year = 3.156 × 107; 1 solar year = 365.25 day

ESSENTIALS IN ERRORS IN MEASUREMENT
 • Errors : The difference in the true value and 

measured value of a quantity is called error of the 
measurement.

 • Absolute, Relative and Percentage Error
 f Mean absolute error,

 ∆
∆ ∆ ∆a a a a

n
n

mean =
+ +…+| | | | | |1 2

 f Relative error : The ratio of mean absolute 
error to the mean value of observations is 
called relative error.

   Relative error = 
∆a
a
mean

mean
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 f Percentage error : Percent representation of 
relative error is called percentage error.

 da = 
∆a
a
mean

mean
×100%

 • Combination of Errors
 f Error of a sum or a difference

 If Z = A ± B
 Maximum possible error can be
 DZ = DA + DB

 f Error of a product or a quotient
 If Z = AB or A/B
 Maximum relative error, ∆ ∆ ∆Z

Z
A
A

B
B

= +

 f Error of a measured quantity raised to a power 
 If Z = An

 then ∆ ∆Z
Z

n A
A

=

Illustration 5. The length and breadth of a rectangle 
sheet are 16.2 cm and 10.1 cm, respectively. The area of 
the sheet in appropriate significant figures and error is
(a) 164 ± 3 cm2  (b) 163.62 ± 2.6 cm2

(c) 163.6 ± 2.6 cm2 (d) 163.62 ± 3 cm2

Sol.: (a) If Dx is error in a physical quantity, then relative 

error is calculated as ∆x
x

Given, length l = (16.2 ± 0.10) cm
Breadth b = (10.1 ± 0.1) cm
Area A = l × b = (16.2 cm) × (10.1 cm) = 163.62 cm2

Rounding off to three significant digits, area 
A = 164 cm2

∆ ∆ ∆A
A

l
l

b
b

= + = +0 1
16 2

0 1
10 1

.
.

.
.

 = +
×

=1 01 1 62
16 2 10 1

2 63
163 62

. .
. .

.
.

⇒ ∆A A= × 2 63
163 62

.
.

 = × =163 62 2 63
163 62

2 63 2. .
.

. cm

DA = 3 cm2  (By rounding off to one significant figure)
Area, A = A ± DA = (164 ± 3) cm2

Illustration 6. A physical parameter a can be 
determined by measuring the parameters b, c, d and 

e using the relation a b c
d e

=
α β

γ δ .  If the maximum errors 

in the measurement of b, c, d and e are b1 %, c1 %,  
d1 % and e1 %, then the maximum error in the value of 
a determined by the experiment is
(a) (b1 + c1 + d1 + e1)% (b) (b1 + c1 – d1 – e1)%
(c) (ab1 + bc1 – γd1 – de1)%
(d) (ab1 + bc1 + γd1 + de1)%

Sol.: (d) a b c
d e

=
α β

γ δ

So maximum error in a is given by
∆ ∆ ∆a
a

b
b

c
c

×



 = ⋅ × + ⋅ ×100 100 100

max
α β

 + ⋅ × + ⋅ ×γ δ∆ ∆d
d

e
e

100 100

                            = (ab1 + bc1 + γd1 + de1)%

SIGNIFICANT FIGURES
Rules for counting significant figures

 f All non-zero digits are significant.
 f A zero between two non zero digits is 

significant.
 f Leading zeros to the left of non zero number 

are not significant.
 f Trailing zeros to right of the number without 

decimal point are not significant.
 f The powers of 10 are not taken as significant 

figure.
 f All zeros to the right of the decimal point are 

significant.

ESSENTIALS IN DIMENSIONAL ANALYSIS
 • The derived quantities can be expressed in terms 

of fundamental quantities as a product of different 
powers of the letters M,L,T etc. where M = Mass;  
L = Length; T = Time.

 • Uses of Dimensional Analysis
 f To check the correctness of a given relation  

According to principle of homogeneity, 
dimensions of each term on both sides of an 
equation must be same.

 f To convert a physical quantity from one to 
another system of units

  Q1n1 = Q2n2 ; where   Q1 = unit in 1st system,   
Q2 = unit in 2nd system n1 and n2 be constant 
values in 1st and 2nd system.

 \ n2 = 
Q n
Q
1 1

2
, n n

Q
Q2 1
1

2
=











 f To derive a relation among the physical 
quantities :

  If we know the dependency of a physical 
quantity on the other quantities then using 
dimension analysis relation between them can 
be derived.

 • Limitations of Dimensional analysis
 f Dimensional method cannot be used to 

derive relations other than multiplication and 
division. Also, it can not be used to derive 
trigonometric relations.
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 f We cannot determine the value of constants in 
a relation.

 f The physical quantities depending on more 
than three quantities cannot be derived by 
dimensional method.

Illustration 7. Density of a liquid in CGS system is  
0.625 g cm–3. What is its magnitude in SI system?
(a) 0.625   (b)   0.0625
(c) 0.000625  (d)   625
Sol.: (b) Since n1Q1 = n2Q2
⇒ n1[M1L1

–3] = n2[M2L2
–3]

n n2 1
1

2

1

2

3
0 625

1
1

1
1

= 







 × 







 =









 ×











− −M
M

L
L

g
kg

cm
m

.
33

 = 0.625 × 10–3 × 106 = 625

Illustration 8. If the speed v of a particle of mass m as 

function of time t is given by v = wA sin ,k
m

t














  

where A had dimension of length.
Which of the following statements is correct?
(a)  The argument of trigonometric function must be a 

dimensionless quantity.
(b) Dimensional formula of w is [LT–1].
(c)  Dimensional formula of k is [MLT–2].

(d) Dimensional formula of k
m

is [T].

Sol.: (a) Plane angle is dimensionless.

[wA] = [v] = LT–1   ⇒   [w] = T–1

k
m t









 = = −1 1

[ ]
[ ]T

VERNIER CALLIPERS AND SCREW GUAGE
 • Vernier constant  : It is the difference between 

values of one main scale division and one 
vernier scale division of vernier callipers. Let 
n vernier scale divisions (VSD) coincide with  
(n – 1) main scale divisions (MSD)

 \ n VSD = (n – 1) MSD

 
1

1
VSD MSD=

−





n
n

 Vernier constant, VC = 1 MSD – 1 VSD

  
= −

−



1

1
MSD MSD

n
n  

= 1
n

MSD
 

 
VC

Value of one main scale division
Total number of divisions on vern

=
iier scale

 • Reading of Vernier callipers : Place the body 
between the jaws and the zero of vernier scale lies 
ahead of Nth division of main scale. Then

 Main scale reading (MSR) = N
 If nth division of vernier scale coincides with any 

division of main scale, then 
 Vernier scale reading (VSR) = n × (VC)  
 Total reading = MSR + VSR = N + n × (VC)

 • Pitch of the screw  =
Distance moved on linear scale

Number of rotations
 • Least count of the screw gauge 

=
Pitch of the screw

Total number of divisions on thecircular scale

 • Reading of a Screw Gauge : Place a wire between A 
and B, the edge of the cap lies ahead of Nth division 
of linear scale. Then

 Linear scale reading (LSR) = N
 If nth division of circular scale lies over reference 

line, then
 Circular scale reading (CSR) = n × (LC)
 Total reading = LSR + CSR = N + n × (LC)

Illustration 9. The pitch of a screw gauge is 1 mm and 
there are 100 divisions on circular scale. When faces 
A and B are just touching each other without putting 
anything between the studs 32nd division of the circular 
scale coincides with the reference line. When a glass 
plate is placed between the studs, the linear scale reads 
4 divisions and the circular scale reads 16 divisions. 
Find the thickness of the glass plate. Zero, of linear scale 
is not hidden from circular scale when A and B touches 
each other.

Sol.: Least count L.C.

= Pitch
Number of divisions on circular scale

mm mm= =1
100

0 01.

As zero is not hidden from circular scale when 
A and B touches each other. Hence, the screw gauge has 
positive error.
e = + n (L.C.) = 32 × 0.01 = 0.32 mm
Linear scale reading = 4 × (1 mm) = 4 mm
Circular scale reading = 16 × (0.01 mm) = 0.16 mm
\ Measured reading = (4 + 0.16) mm = 4.16 mm
\ Absolute reading = Measured reading – e
                                = (4.16 – 0.32) mm = 3.84 mm
Therefore, thickness of the glass plate is 3.84 mm.
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SECTION - A
1. A famous relation in physics  relates moving  

mass (m) to the rest mass (mo)of a particle in terms 
of its speed v and the speed of light, c. (This relation 
first arose as a consequence of special theory of 
relativity due to Albert Einstein). A boy recalls the 
relation almost correctly but forgets where to put 

the constant c. He writes : m
m
v

o=
−( )

./1 2 1 2

Guess where to put the missing c.
2. Distinguish between accuracy and precision.
3. If in case of a motion, displacement is directly 

proportional to the square of the time elapsed, what 
do you think about its acceleration i.e., constant or 
variable? Explain why.

4. Which of the two-velocity or acceleration, gives the 
direction of motion of the body. Justify your answer 
by an example.

5. When an observer is standing on earth, the trees 
and houses appear stationary to him. However, 
when he is sitting in a moving train, all these objects 
appear to move in backward direction. Why?

SECTION - B

6. Give reasons why is platinum iridium alloy used in 
making prototype metre and kilogram.

7. A ball is dropped from a building of height  
45 m. Simultaneously another ball is thrown up 
with a speed 40 m s–1. Calculate the relative speed 
of the balls as a function of time.

8. Distinguish between distance and displacement.
9. Suggest an indirect method for measuring the 

height of a tree on a sunny day.
OR

 The nearest star to our solar system is 4.29 light 
years away. How much is this distance in terms 
of parsecs? How much parallax would this star 
(named Alpha Centauri) show when viewed from 
two locations of the Earth six months apart in its 
orbit around the Sun?

10. The unit of length convenient on the atomic 
scale is known as an angstrom and is denoted by  
Å : 1 Å = 10–10 m. The size of a hydrogen atom is 
about 0.5 Å. What is the total atomic volume in m3 
of one mole of hydrogen atoms?

GENERAL INSTRUCTIONS

(i) All questions are compulsory.
(ii) Q. no. 1 to 5 are very short answer questions and carry 1 mark each.
(iii) Q. no. 6 to 10 are short answer questions and carry 2 marks each.
(iv)  Q. no. 11 to 22 are also short answer questions and carry 3 marks each.
(v)  Q. no. 23 is a value based question and carries 4 marks.
(vi)  Q. no. 24 to 26 are long answer questions and carry 5 marks each.
(vii) Use log tables if necessary, use of calculators is not allowed.

Time Allowed : 3 hours Maximum Marks : 70

CHAPTERWISE PRACTICE PAPER
UNITS AND MEASUREMENTS    MOTION IN A STRAIGHT LINE

Series 1
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SECTION - C
11. Define relative velocity. Deduce an expression for 

relative velocity of one object with respect to another 
in terms of their velocities relative to the earth.

12. What is meant by dimensional formula and 
dimensional equation? Give examples.

13. A car accelerates from rest at a constant rate a for 
sometime  after which it decelerates at constant 
rate b to come to rest. If the total time elapsed is 
t second, evaluate : (a) the maximum velocity 
reached and (b) the total distance travelled.

14. Which of the following is the most precise device 
for measuring length :
(a) a vernier callipers with 20 divisions on the 

sliding scale
(b) a screw gauge of pitch 1 mm and 100 divisions 

on the circular scale
(c) an optical instrument that can measure length 

to within a wavelength of light?
15. Suggest a suitable physical situation for each of the 

following graphs shown in figure.

OR
Look at the graphs (a) to (d) carefully and state, 
with reasons, which of these cannot possibly 
represent one-dimensional motion of a particle.

16. Einstein’s mass - energy relation emerging out of 
his famous theory of relativity relates mass (m) 
to energy (E) as E = mc2, where c is speed of light 
in vacuum. At the nuclear level, the magnitudes 
of energy are very small. The energy at nuclear 
level is usually measured in MeV, where 
1 MeV = 1.6012 × 10–13 J; the masses are measured 
in unified atomic mass unit (u) where

 1 u = 1.6605 × 10–27 kg.
(a) Show that the energy equivalent of 1 u is 931.5 MeV.
(b) A student writes the relation as 1 u = 931.5 MeV. 

The teacher points out that the relation is 
dimensionally incorrect. Write the correct 
relation.

17. Two trains, each of length 100 m, are running on 
parallel tracks. One overtakes the other in 20 s 
and one crosses the other in 10 s. Calculate the 
speed of each of the trains.  

18 A new system of units is proposed in which unit 
of mass is a kg, unit of length b m and unit of 
time g s. How much will 5 J measure in this new 
system?

19 The displacement of a particle is zero at t = 0 
and x at t = t. It starts moving in the positive 
x-direction with a velocity which varies as 
v k x= ,  where k is a constant. Show that the 
velocity is proportional to time.

20 A point  moves from rest with a uniform 
acceleration and v v v1 2 3, and  denote the average 
velocities in the three successive intervals of time 

t1, t2 and t3. Find the ratio 
v v
v v

1 2

2 3

−( )
−( ) .

21. A car starts from rest and accelerates uniformly 
for 10 s to a velocity of 8 m s–1. It then runs with 
constant velocity and is finally brought to rest 
in 64 m with a constant retardation. The total 
distance covered by the car is 584 m. Find the 
value of acceleration, retardation and total time 
taken.

22. Time for 20 oscillations of a pendulum is 
measured as t1= 39.6 s; t2= 39.9 s; t3= 39.5 s. What 
is the precision in the measurement? What is the 
accuracy of the measurement?
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SECTION - D

23. Ramesh was travelling along with his father in a 
train. When the train was moving fast, Ramesh 
looked out of the window of the train. To his 
surprise, he found that the nearby trees, houses, 
lamp-posts, etc. seem to move rapidly in a direction 
opposite to the train's motion while the distant 
objects such as hill tops, the Moon, the stars, etc. 
seem to be stationary. Out of shear enthusiasm, 
he asked his father, who was a science teacher, to 
explain him the reason behind this observation. He 
gave the explanation of the phenomenon in detail.
(a) What are the values being displayed by Ramesh 
here?
(b) Name the phenomenon involved in the above 
observation.
(c) Explain the above observation clearly. 

SECTION - E

24. A point moving with constant acceleration from A 
to B in the straight line AB has velocities v0 and v at 
A and B respectively. Find its velocity at C, the mid-
point of AB. Also show that if the time from A to C 
is twice that from C to B, then v = 7v0.

OR
 The velocity-displacement graph of a particle is 

shown in figure.

(a) Write the relation between v and x.
(b) Obtain the relation between acceleration and 
displacement and plot it.

25. Define the principle of homogeneity of dimensions. 
An artificial satellite is revolving around a planet 
of mass M and radius R, in a circular orbit of radius r. 
From Kepler’s third law about the period of a 
satellite around a common central body, square 
of the period of revolution T is proportional to 
the cube of the radius of the orbit r. Show using 

dimensional analysis, that T k
R

r
g

=
3

,  where k is a 

dimensionless constant and g is acceleration due to 
gravity.

OR
(a) Deduce the general rule for evaluating the error 

in combind calculation.
(b) The specific resistance s of a thin wire of radius 

r cm, resistance R W and length L cm is given by

 s = πr R
L

2

 If  r = 0.26 ± 0.02 cm, R = 32 ± 1 W
 and  L = 78 ± 0.01 cm, find the percentage 

error in s.
26. Derive the following equations of motion for 

uniformly accelerated motion from velocity - time 
graph :

(a) v = u + at (b) s = ut + 1
2

 at2

(c) v2 – u2 = 2as.
OR

 If velocity of light c, Planck’s constant h and 
gravitational constant G are taken as fundamental 
quantities then express mass, length and time in 
terms of dimensions of these quantities.

SOLUTIONS

1. From principle of homogeneity of dimensions both 
sides of given formula must have same dimensions. 
For this, (1 – v2)1/2 must be dimensionless.
Therefore, instead of (1 – v2)1/2, it will be  
(1 – v2/c2)1/2.

Hence relation should be m = m

v c
o

( / )
./1 2 2 1 2−

2. By accuracy of a measurement we mean that the 
measured value of a physical quantity is as close 
to the true value as possible. On the other hand, 
a measurement is said to be precise, if same value 
of that quantity is obtained in each of the various 
measurements carried out with the given apparatus.

3. Given x ∝ t2

or x = ct2 where c is a constant

Velocity, v dx
dt

c t= = × 2

Acceleration, a dv
dt

c= = 2  = a constant

Hence the object is moving with a uniform acceleration.
4. It is the velocity and not the acceleration, which 

gives the direction of motion of a body. When a 
body is  projected upward, both its direction of 
motion and velocity are in upward direction but the 
acceleration is in the downward direction.



PHYSICS FOR YOU | JULY ‘17 35

5. For the stationary observer, the relative velocity of 
trees and houses is zero. For the observer sitting in 
the moving train, the relative velocity of houses and 
trees is negative. So these objects appear to move in 
backward direction.

6. The reasons for making standard kilogram and 
metre from platinum-iridium alloy are as follows:
(i) The alloy is least affected by temperature 

variations.
(ii) It is non-corrosive and so does not wear out 

easily.
(iii) It is quite hard.
(iv) It does not change with time.

7. Velocity of dropped ball after time, t
vd = gt (downward)
Velocity of thrown ball after time, t
vt = 40 – gt (upward)
\ Relative speed of balls = vdt = vtd
 = vd + vt   (As they are in opposite direction)
 = gt + (40 – gt) = 40 m s–1

8. Distance Displacement
(i) Distance is the 

length of the actual 
path traversed by a 
body, irrespective of 
its motion.

Displacement is the 
shortest distance 
between the initial 
and final positions 
of a body in a given 
direction.

(ii) Distance between 
two points may be 
same or different 
for different paths 
chosen.

Displacement 
between two given 
points is always 
same.

(iii) It is a scalar quantity. It is a vector quantity.
(iv) Distance covered 

may be positive or 
zero.

Displacement 
covered may be 
positive, negative or 
zero.

9. Let AB be the height of a tree, as shown in figure 
and BC be its shadow cast by the sun.

 

 Let ∠ ACB = q

Clearly, tan q = AB
BC

Take a rod A′ B′ and fix it at such a point that the 
tip of its shadow coincides with the point C. Then 

tan .θ = ′ ′
′

A B
B C

Hence AB
BC

A B
B C

= ′ ′
′

.

\ Height of tree, AB = ′ ′
′

A B
B C

 × BC.

OR
Distance = 4.29 light years = 4.29 × 9.46 × 1015 m 
  (Q 1 light year = 9.46 × 1015 m)

 = × ×
×

4 29 9 46 10
3 08 10

15

16
. .

.
parsec

 (Q l parsec = 3.08 × 1016 m)
 = 1.318 parsec = 1.32 parsec
Parallax of the star,

θ = = = = ′′
Arc

Radius
2 AU

1.32 parsec
b
s

1 515.

1
1

1
′′ =







AU

parsec

10.  Here, r  = 0.5 Å = 0.5 × 10–10 m
V1 = Volume of each hydrogen atom

 
= = × × × −4

3
4
3

3 14 0 5 103 10 3πr . ( . )

 = 5.233 × 10–31 m3

According to Avogadro’s hypothesis, one mole of 
hydrogen contains :
N = 6.023 × 1023 atoms
\ Atomic volume of 1 mole of hydrogen atoms,
 V = NV1
or V = 6.023 × 1023 × 5.233 × 10–31

     = 3.152 × 10–7 m3 @ 3 × 10–7 m3

11.  The relative velocity of an object 2 with respect to 
object 1, when both are in motion, is the time rate 
of change of position of object 2 with respect to that 
of object 1.

 As shown in figure, consider the objects 1 and 2 
moving along the same direction with constant 
velocities v1 and v2 (relative to the earth) respectively.

2 v2
1 v1
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Suppose the position coordinates of the two objects 
are x1 (0) and x2 (0) at time t = 0. At time t = t, their 
position coordinates will be 
x1 (t) = x1 (0) + v1t ...(i)
x2 (t) = x2 (0) + v2t ...(ii)
Subtracting (i) from (ii), we find that

 x2 (t) – x1 (t) = x2 (0) – x1 (0) + (v2 – v1)t
or [x2 (t) – x2 (0)] – [x1 (t) – x1 (0)] = (v2 – v1)t
or Displacement of object 2 in time t
 – Displacement of object 1 in time t = (v2 – v1)t
or Relative displacement of object 2 w.r.t. object 1
 in time t = (v2 – v1)t

or  Relative displacement of object 2 w.r.t.object 1 
Time t

 = v2 – v1
or Relative velocity of object 2 w.r.t. object 1,
 v21 = v2 – v1
 Similarly, relative velocity of object 1 w.r.t. object 2,
 v12 = v1 – v2

12. The expression which shows how and which of the 
fundamental quantities represent the dimensions 
of a physical quantity is called the dimensional 
formula of the given physical quantity.
The dimensional formula of the volume is [M0L3T0] 
and that of momentum is [MLT –1].
The equation obtained by equating a physical 
quantity with its dimensional formula is called the 
dimensional equation of the given physical quantity.
The dimensional equation for force is
[Force] = [MLT–2]
The dimensional equation for pressure is 
[Pressure] = [ML–1 T –2]
Dimensional formulae for force is [MLT –2] and for 
pressure is [ML–1T–2].

13. Let t1 be the time during which the car accelerates 
and t2 be the time for its deceleration.
(a) Let vm be the maximum velocity reached.
 As v = v0 + at,

 For time t1, vm =  0 + at1, or t1 =
vm
α

 ...(i)

 For time t2, 0 = vm – bt2, or t2 =
vm
β  ...(ii)

 As t1 + t2 = t,

 

v v
t v tm m

mα β
α β
αβ

+ = +





=or

 or v t
m =

+
αβ
α β( )

 ...(iii)

(b) As s v t at= +0
21

2
,  

 for time t1, s t1 1
21

2
= α   (as v0 = 0, a = a, t = t1)

 and for time t2, s2 = vmt2 + 1
2

2
2( )−β t

 (as v0 = vm, a = –b, t = t2)
 Total distance covered, s = s1 + s2

or s t v t tm= + −





1
2

1
2

2
1 2

2
2α β

or s
v

v
v vm

m
m m= 





+ × −






1
2

1
2

2 2

α
α β

β
β

(Using (i) and (ii))

s
v v v v v

vm m m m m
m= + − = + = +







2 2 2 2 2
2

2 2 2 2
1
2

1 1
α β β α β α β

or s t t=
+







+





=
+

1
2 2

2 2αβ
α β

α β
αβ

αβ
α β( )

 (Using (iii))

14. The most precise device is that whose least count is 
minimum.
Now,
(a) Least count of vernier callipers

 = 1 MSD – 1 VSD = − =1 19
20

1
20

MSD MSD MSD

 = =1
20

1
200

mm cm  = 0.005 cm

(b) Least count of screw gauge 

 
=

pitch
number of divisions on circular scale

 
= 1

100
1

1000
mm = cm = 0.001 cm

(c) Wavelength of light, l ≈ 10–5 cm = 0.00001 cm
\ Least count of optical instrument = 0.00001 cm
Thus, clearly the optical instrument is the most 
precise instrument. 

15. Figure (a) : The (x-t) graph shows that initially x 
is equal to 0, attains a certain value of x, again x 
becomes zero and then x increases in opposite 
direction till it again attains a constant x (i.e. comes 
to rest).  Therefore, it may represent a physical 
situation such as a ball (initially at rest) on being 
kicked, rebounds from the wall with reduced speed 
and then moves to the opposite wall and then stops.
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 Figure (b) : From the (v-t) graph, it follows that 
the velocity changes sign again and again with the 
passage of time and every time losing some speed. 
Therefore, it may represent a physical situation such 
as a ball falling freely (after being thrown up), on 
striking the ground rebounds with reduced speed 
after each hit against the ground.

 Figure (c) : The (a-t) graph shows that the body gets 
accelerated for a short duration only.  Therefore, 
it may represent a physical situation such as a ball 
moving with uniform speed is hit with a bat for a 
very small time interval.
  OR
(a) A line drawn for a given time parallel to position 
axis will cut the graph at two points which means 
that at a given instant of time, the particle will 
have two positions which is not possible. Hence 
graph (a) is not possible i.e., does not represent one 
dimensional motion. 
(b) This graph does not represent one dimensional 
motion because at a given instant of time, the 
particle will have two values of velocity in positive, 
as well as in negative direction which is not possible 
in one dimensional motion.
(c) This is a graph between speed and time and 
does not represent one dimensional motion as this 
graph tells that the particle can have the negative 
speed but the speed can never be negative.
(d) This does not represent one dimensional 
motion, as this graph tells that the total path length 
decreases after certain time but total path length of 
a moving particle can never decrease with time.

16. Here, 1 u = 1.6605 × 10–27 kg, c = 2.998 × 108 m s–1

(a) As we know, E = mc2 = 1 u (c2)
 = (1.6605 × 10–27 kg) × (2.998 × 108 m s–1)2

⇒ E = 1.4924 × 10–10 J 

 = ×
×

≈ ×
−

−
1 4924 10
1 6012 10

9 315 10
10

19
8.

.
.  eV  = 931.5 MeV

(b) As E = mc2, m = E/c2

 According to this, 1 u = 931.5 MeV/c2

or 1 u c2 = 931.5 MeV
 Hence, 1 u = 931.5 MeV is incorrect relation.

17. Let |vA| and |vB| be the speeds of the two trains  
(say A and B).
Total distance to be covered in each case = sum of 
the lengths of the two trains = 200 m

While one train overtakes the other, relative 
speed between the two trains moving in the same 
direction, i.e., |vsame| = |vA| – |vB| 
And while crossing each other, relative speed 
between the two trains moving in the opposite 
directions, i.e., |vopp| = |vA| + |vB|
According to the given condition,

200 20
| |

,
vsame

=    or |vsame| = |vA| – |vB| = 10

and 200 10
| |vopp

=  or |vopp| = |vA| + |vB| = 20

Clearly, |vA| = 15 m s–1 and |vB| = 5 m s–1

18. In SI unit, M1 = 1 kg, L1 = 1 m, T1 = 1 s
 In other proposed unit, M2 = a kg, L2 = b m, 
 T2 = g s, n1 = 5 J, n2 = ?
 Also, [U] = [M1L2 T –2]
 We know, n1u1 = n2u2

 
⇒ =









 =





























n n

u
u

n
M
M

L
L

T
T2 1

1

2
1

1

2

1
1

2

2
1

2


−2

 
⇒ = 

















=
−

n n
n

2 1

1 2 2
1

2

2
1 1 1
α β γ

γ
αβ

 ⇒ =n2

2

2
5γ
αβ

J which is the required value of energy.

19.  As v k x dx
dt

kx dx
x

k dt= = =, /
/

1 2
1 2or

Integrating both sides within the given limits, we get

 
dx
x

k dt
tx

1 2 00 / = ∫∫

or x k t x kt
x

t
1 2

0
01 2

2
/

/
| |= =or  or x kt=

2

Thus, v k x k kt k t= = 





=








2 2

2

or v ∝ t
20.  If v1, v2, v3 are the velocities at t1, t2 and t3 

respectively, then v1 = at1, v2 = a(t1 + t2) and 
v3 = a(t1 + t2 + t3)

Clearly, v
v

at1
1

1
0

2
1
2

=
+

=

v
v v at a t t

at at2
1 2 1 1 2

1 22 2
1
2

=
+

=
+ +

= +
( )

v
v v a t t a t t t

3
2 3 1 2 1 2 3

2 2
=

+
=

+ + + +( ) ( )
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v3  = a(t1 + t2) + 1
2

at3

Clearly, v v a t t1 2 1 2
1
2

− = − +( )  

and v v a t t2 3 2 3
1
2

− = − +( )

Obviously, 
v v
v v

t t
t t

1 2

2 3

1 2

2 3

−
−

=
+
+

21.  A

584 m
64 m

v1 v = 0
B s2 s3s1 C D

v0 = 0 v1 = 8 m s–1

For the part AB of the journey.
From v1 = v0 + at1,

a
v v

t
=

−
= − = −1 0

1

28 0
10

0 8. m s

s at1
2
1

21
2

1
2

0 8 10 40= = =( . )( ) m

For the part CD of the journey.
From v2 – v1

2 = 2as3, 0 – (8)2 = 2a(64),
  a = – 0.5 m s–2

Also, from v = v1 + at3, 0 = 8 + (–0.5)t3
or t3 = 16 s
For the part BC of the journey.
 s2 = 584 – (s1+ s3) = 584 – (40 + 64) = 480 m

From   s2 = v1t2; t2 = 
s
v
2

1

480
8

60= = s

Total time taken = t1 + t2 + t3 = 10 s + 60 s + 16 s = 86 s
The acceleration of car in first part of journey is 
0.8 m s–2, retardation in last part of journey is 0.5 m s–2 
and total time taken to complete the journey is 86 s.

22.  Time for 20 oscillations of a pendulum, t1 = 39.6 s, 
t2 = 39.9 s, t3 = 39.5 s
According to the given data, least count of stop 
watch = 0.1 s
Precision for 20 oscillations is the least count of 
watch i.e., 0.1 s

\ Precision for 1 oscillation is 
0 1
20

0 005. .=  s

Average time for 20 oscillations of the pendulum is 
given by 

t
t t t

=
+ +

= + +1 2 3
3

39 6 39 9 39 5
3

. . .
 = 39.66 s = 39.7 s  

Average time period, ′ = =t 39 7
20

1 98. .  s

Maximum value of time period observed

 = 39 9
20

. s = 1.995 s

Accuracy of measurement is the maximum 
observed error, and is given by 

 Accuracy = |1.995 – 1.980| = 0.015 s
23.  (a) Keen observer, inquisitive and a good learner.

(b) The phenomenon involved is parallax.
(c) The line joining the object and the eye is 
called the line of sight. The direction of the line of 
sight of the nearby objects like trees changes very 
rapidly due to the fast motion of the train and so 
they appear to move in a direction opposite to the 
train's motion. But the direction of line of sight of a 
distant object like stars does not change due to large 
distance from the eye, so the distant objects appear 
stationary.

24. The journey of the particle is shown in figure, where 
AB = s.

s

s/2 s/2

v0

A C B

v1 v

For the path AB, v2 – v0
2 = 2as ...(i)

If v1 is the velocity at C,
v2

1 – v2
0 = 2a(s/2) = as ...(ii)

From eqns. (i) and (ii),
2v1

2 – 2v0
2 = v2 – v0

2

or v1
2 = 

v v2
0
2

2
+

 or v1 = 
v v2

0
2

2
+

 ...(iii)

If t is the time for the journey of the particle from C 
to B, then as per condition of the problem, time for 
the journey from A to C is 2t. Clearly, time for the 
journey from A to B = 3t.

For the path CB, 
s v v

t
2 2

1=
+



  ...(iv)

and for the path AB,  s = 
v v

t0
2

3
+



  ...(v)

From eqns. (iv) and (v), we get

(v1 + v) = 
3
2

(v0 + v)

or 3v0 + v = 2v1 = 2
v v2

0
2

2
+

 (using eqn. (iii))



PHYSICS FOR YOU | JULY ‘17 39

or 9v0
2 + v2 + 6vv0 = 2v2 + 2v0

2

or v2 – 6vv0 – 7v0
2 = 0 or (v + v0)(v – 7v0) = 0

Since (v + v0) ≠ 0, v – 7v0 = 0 or v = 7v0
  OR

 (a) Clearly slope of the graph,

m
v
x

= − 0

0   
Also, at x = 0, v = v0

∴ = −






+v
v
x

x v0

0
0

which is required relation

 (b) As, v
v
x

x v= −






+0

0
0

⇒ = = −






+a dv
dt

v
x

dx
dt

0

0
0

 
⇒ = −







a
v
x

v0

0

⇒ = −






−






+








a

v
x

v
x

x v0

0

0

0
0

⇒ =








 −a

v

x
x

v
x

0
2

0
2

0
2

0

which is required relation between acceleration and 
displacement.
Compare it with, y = mx + c

Here, ,m
v

x
c

v
x

= = −0
2

0
2

0
2

0

Slope is positive and intercept is negative.

25. According to this principle, when a physical 
equation consists of a number of terms, each of 
these terms must be of the same dimensions in each 
of the fundamental units.
Given that, according to Kepler’s third law, 
 T2 ∝ r3   ⇒   T ∝ r3/2

Also, T depends on g and R as given below,
 T ∝ r3/2 gx Ry

where x and y are exponents of g and R respectively.

⇒ T = kr3/2 gx Ry

where k is dimensionless constant of proportionality.
Writing dimensions of the physical quantities, both 
sides
[M0L0T1] = [L]3/2 [LT –2]x [L]y

⇒ [M0 L0 T1] = [M0L(3/2 + x + y)T –2x] 
Using the principle of homogeneity of dimensions

x y+ + =3
2

0   ... (i) –2x = 1 ... (ii)

From eqn. (i) and (ii), x y= − = −1
2

1,

\ T kr g R T k
R

r
g

= ⇒ =− −3 2 1 2 1
3

/ /

which is required quantity.
OR

 (a) We have, Z = A B
C

p q

r

Taking logarithms, we get
 log Z = p log A + q log B – r log C
On differentiating both sides, we get

 
dZ
Z

p dA
A

q dB
B

r dC
C

= + −

Writing the above equation in terms of fractional 
errors,

 
± = ± ± ±∆ ∆ ∆ ∆Z

Z
p A

A
q B

B
r C

C
The maximum permissible error in Z is given by

 
∆ ∆ ∆ ∆Z
Z

p A
A

q B
B

r C
C

= + +

 (b) The percentage error in specific resistance s is 
given by

∆σ
σ

 × 100 = 2 ∆ ∆ ∆r
r

R
R

L
L

+ +





 × 100

= 2 0 02
0 26

1
32

0 01
78

× + +





.
.

.  × 100

= [0.15 +0.03 + 0.0001] × 100
= 0.1801 × 100 = 0.18 × 100 = 18%

26. Consider an object moving 
Cv B

A D
E

u

tO Time

Ve
lo

ci
ty

along a straight line path with 
initial velocity u and uniform 
acceleration a. Suppose it 
travels distance s in time t. As 
shown in figure, its velocity-
time graph is straight line.
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Here OA = ED = u, OC = EB = v and OE = t = AD.
(a) We know that, 
Acceleration = Slope of velocity-time graph AB 

or a DB
AD

EB ED
OE

v u
t

= = − = −
 ...(i)

or v – u = at or v = u + at
This proves the first equation of motion.
(b) From eqn. (i), we have

a DB
AD

DB
t

= =     or    DB = at

Distance travelled by the object in time t is
s = Area of the trapezium OABE 
 = Area of rectangle OADE + Area of triangle ADB

 = OA × OE + 1
2

 × DB × AD = ut + 
1
2

at × t

 or s ut at= + 1
2

2

This proves the second equation of motion.
(c) Distance travelled by object in time t is
s = Area of trapezium OABE.

= + × = + ×1
2

1
2

( ) ( )EB OA OE EB ED OE

Acceleration,
a = Slope of velocity - time graph AB 

or a DB
AD

EB ED
OE

OE EB ED
a

= = − = −or

\ s EB ED EB ED
a

= + × −1
2

( ) ( )

= − = −1
2

1
2

2 2 2 2
a

EB ED
a

v u( ) ( )  or v2 – u2 = 2as

This proves the third equation of motion.
OR

 Velocity of light, [c] = [LT –1]
Planck’s constant, [h] = [ML2T –1]
Gravitational constant, [G] = [M–1L3T –2]
For mass, let m = k1 cx hy Gz

where x, y and z are exponents of c, h and G 
respectively and k1 is dimensionless constant.
⇒ [ML0T0] = [LT –1]x [ML2 T –1]y [M–1L3 T –2]z

Using the principle of homogeneity of dimensions,
y – z = 1  ... (i)
x + 2y + 3z = 0  ... (ii)
–x – y – 2z = 0 ... (iii)
Adding eqns. (i), (ii) and (iii),
2y = 1   ⇒   y = 1/2

From eqn. (i), z y= − = − = −1 1
2

1 1
2

From eqn. (iii), x y z= − + = − −





 =( )2 1

2
1 1

2

Hence, m = k1 c1/2 h1/2 G–1/2 ⇒ =m k ch
G1

Similarly, for length, L k hG
c

= 2 3

and for time, T k hG
c

= 3 5


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5. P, Q and R are three coplanar forces acting at a 
point and are in equilibrium. (Given P = 1.9318 kg wt, 
sinq1 = 0.9659), the value of R (in kg wt) is
(a) 0.9659
(b) 2
(c) 1
(d) 0.5 

6. A car of mass m is moving on a level circular track of 
radius R. If ms represents the static friction between 
the road and tyres of the car, the maximum speed of 
the car in circular motion is given by

(a) msmRg  (b) 
Rg

sm

(c) mRg

sm
 (d) msRg

7. A car is racing on a circular track of 180 m radius 
with a speed of 32 m s–1. What should be the 
banking angle of the road to avoid skidding of 
the vehicle at this speed without taking into 
consideration the friction between the tyre and 
the road ?
(a) 45° (b) 60°
(c) 30° (d) 15°

8. Sand is being dropped on a conveyer belt at the rate 
of M kg s–1. The force necessary to keep the belt 
moving with a constant velocity of v m s–1 will be

(a) 
Mv
2

N (b) zero

(c) Mv N (d) 2Mv N

NEET / AiiMs

Only One Option Correct Type

1. A rocket of mass 120 kg is moving vertically up 
at 600 m s–1 such that gas is escaping at the rate of 
1 kg s–1. Find out acceleration of the rocket.
(a) 2 m s–2 (b) 5 m s–2

(c) 6 m s–2 (d) 10 m s–2

2. With increase of temperature, the frictional force 
acting between two surfaces 
(a) increases (b) remains the same
(c) decreases (d) becomes zero

3. Three forces acting on a body are shown in the 
figure. To have the resultant force only along the 
Y-axis, the magnitude of the minimum additional 
force needed along OX is

Y

X

(a) 
3

4
N  (b) 3 N

(c) 0.5 N (d) 1.5 N
4. A block is released from an inclined plane of 

inclination 45°. Find out the acceleration of the 
block down the incline, if coefficient of friction 
between block and the incline is 0.5.
(a) 3 2  m s–2 (b) 2  m s–2

(c) 10
2

 m s–2 (d) 5
2

 m s–2

Total Marks : 120 Time Taken : 60 min

This specially designed column enables students to self analyse their 
extent of understanding of specified chapters. Give yourself four 

marks for correct answer and deduct one mark for wrong answer.

Self check table given at the end will help you to check your 
readiness.

-3 Practice paper Class XI

Laws of Motion
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9. A weight W rests on a rough horizontal plane. If the 
angle of friction be q, the least force that will move 
the body along the plane will be
(a) W cos q (b) W cot q
(c) W tan q (d) W sin q

10. A dynamometer D is attached to two blocks of 
masses 6 kg and 4 kg. Forces of 20 N and 10 N 
are applied on the blocks as shown in figure. The 
dynamometer reads

D

F = 20 N F = 10 N
4 kg6 kg

(a) 10 N (b) 20 N
(c) 6 N (d) 14 N

11. A particle is moving in the x – y plane. At certain 
instant of time, the components of its velocity and 
acceleration are as follows : vx = 3 m s–1, vy = 4 m s–1, 
ax = 2 m s–2 and ay = 1 m s–2. The rate of change of 
speed at this moment is 
(a) 10  m s–2 (b) 4 m s–2

(c) 5  m s–2 (d) 2 m s–2

12. A particle of mass 2 kg moves with an initial 
velocity of ( )4 2i j +  m s–1 on the x-y plane. A force 


 F i j= −( )2 8 N acts on the particle. The initial 
position of the particle is (2 m, 3 m). Then for y = 3 m,
(a) Possible value of x is only x = 2 m,
(b) Possible value of x is not only x = 2 m, but there 

exists some other value of x also.
(c) Time taken is 2 s
(d) All of these

Assertion & Reason Type

Directions : In the following questions, a statement of 
assertion is followed by a statement of reason. Mark the 
correct choice as :
(a) If both assertion and reason are true and reason is the 

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

correct explanation of assertion.
(c) If assertion is true but reason is false.
(d) If both assertion and reason are false.

13. Assertion : The driver of a moving car sees a wall 
in front of him. To avoid collision, he should apply 
brakes rather than taking a turn away from the wall.

 Reason : Frictional force is needed to stop the car 
or taking a turn on a horizontal road.

14. Assertion : A concept of pseudo force is valid both 
for inertial as well as non-inertial frame of reference.

 Reason : Pseudo force acts along the direction of 
inertial frame.

15. Assertion : A reference frame attached to the earth 
is a non-inertial frame of reference.

 Reason : Newton’s laws can be applied in this frame 
of reference.

JEE MAiN / JEE AdvANcEd
Only One Option Correct Type

16. A man slides down a light rope whose breaking 
strength is h times his weight (h < 1). The maximum 
acceleration of the man so that the rope just breaks is
(a) g(1 – h) (b) g(1 + h)

(c) gh (d) 
g
h

17. A body placed on the surface of a smooth inclined 
plane reaches the bottom of the plane in time t. 
When it is identically placed on a rough inclined 
plane, it reaches the bottom in time nt where n > 1. 
In both the cases, the angle of inclination q is same. 
The coefficient of friction m is equal to

(a) 1 1
2−



n

 sin q (b) 1 1
2−



n

 cos q

(c) 1 1
2−



n

 tan q (d) tan q

18. Two particles A and B, each of mass m are kept 
stationary by applying horizontal force F = 2mg on 
the particle B as shown in figure, then (T1 and T2 
are tension in the strings as shown in figure).

T1

A B

F mg= 2

α
α

T2
β

(a) tan b = 2 (b) T mg1 2=

(c) T mg2 3=  (d) tanb = 2 2

19. In the figure shown, find out the value of q (assume 
string to be tight)

A
30°3.25 m s–1q

B

1 m s–1

   m s–13
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(a) tan–1 3
4





  (b) tan–1 4

3






(c) tan–1 3
8





  (d) None of these

More than One Options Correct Type

20.  A car of mass M is moving on a horizontal circular 
path fo radius R. At an instant its speed is v and is 
increasing at constant rate b.
(a) The net acceleration of the car is towards the 

centre of its path.
(b) The magnitude of the frictional force on the 

car is greater than Mv
R

2
.

(c) The friction coefficient between the ground and 

the car is not less than b
g

.

(d) The friction coefficient between the ground and 

the car is not less than v
Rg

2
.

21. A particle of mass m starts moving at t = 0 due to 
a force F = F0 cos wt where F0 and w are constant. 
Which of the following statements are correct ?

(a) It will stop first time at t = π
w

(b) It will travel distance S =
2 0

2
F

mw
 during time  

t = 0 to t = π
w

.

(c) Maximum velocity of particle is v
F

mmax = 0
w

(d) None of these
22. When a bicycle is in motion, the force of friction 

exerted by the ground on the two wheels is such 
that it acts
(a) In the backward direction on the front wheel 

and in the forward direction on the rear wheel.
(b) In the forward direction on the front wheel and 

in the backward direction on the rear wheel.
(c) In the backward direction on both front and 

the rear wheels.
(d) In the forward direction on both front and the 

rear wheels.
23. A force of 100 N is applied on a stationary block of 

mass 3 kg as shown in figure. If the coefficient of 
friction between the surface and the block is 0.25 
then

(a) The frictional force acting on 
the block is 20 N downwards

(b) The normal reaction on the 
block is 50 3 N

(c) The friction force (kinetic) 
acting on the block is 
25 3

2
N

(d) If coefficient of friction is changed to 0.35 then 
the friction force acting on the block is again 
20 N downwards.

Integer Answer Type

24. A block is moving on an inclined plane making an 
angle 45° with the horizontal and the coefficient of 
friction is m. The force required to just push it up 
the inclined plane is three times the force required 
to just prevent it from sliding down. If we define  
N = 10m, then N is 

25. The elevator shown in 
figure is descending with 
an acceleration of 2 m s–2. 
The mass of the block  
A = 0.5 kg. Find the force 
(in N) exerted by block A 
on block B.

26. Two blocks m1 = 4 kg and m2 = 2 kg connected 
by a weightless rod slide down a plane having an 
inclination of 37°. The coefficient of dynamic 
friction of m1 and m2 with the inclined plane are  

Surface F = 100 N

30°

2 m s–2A

B
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m1 = 0.75 and m2 = 0.25 respectively. The tension 
(in N) in the rod is approximately (Take sin 37° = 0.6 
and cos 37° = 0.8)

Comprehension Type

A small block of mass m is placed over a long plank of 
mass M. The coefficient of friction between them is m. 
Ground is smooth. At t = 0, m and M are given 
velocities v1 and v2 (> v1) respectively as shown in figure. 
After this M is maintained at constant acceleration 
a (< mg).

m

M

Smooth

a
v1

v2

m

Initially there will be some relative motion between the 
block and the plank, but after some time relative motion 
will cease and velocities of both will become same.

27. Find the time t0 when the velocities of both block 
and plank become same.

(a) 
v v

g a
2 1−

+m
 (b) 

v v
g a

2 1+
−m

(c) 
v v

g a
2 1−

−m
 (d) 

v v
g a

2 1+
+m

28. Find the forward force acting on the plank before 
and after t0, respectively.
(a) Ma and (M + m) a
(b) mmg + Ma and (M + m) a
(c) mMg + ma and Ma
(d) (M + m) a and mmg + Ma

Matrix Match Type

29. A horizontal force F pulls a ring  m1 F

m2
θ

 of mass m1 such that q remains 
constant with time. The ring is 

 constrained to move along a smooth rigid horizontal 
wire. A bob of mass m2 hangs from m1 by an 

inextensible light string. Then match the entries of 
column I with that of column II.

Column I Column II
(A) F (P) (m1 + m2)g
(B) Force acting on m2 (Q) m2 g sec q

(C) Tension in the string (R) m F
m m2

1 2+

(D) Force acting on m1 
by the wire

(S) (m1 + m2) g tan q

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

30. When the system shown in figure is released, A 
accelerates downwards.

C
B

A

 Match the entries of column I with column II.
Column I Column II

(A) Acceleration of B  (P) Towards left
(B) Acceleration of C 

w.r.t B
 (Q) Towards right

(C) Acceleration of A 
w.r.t. C

 (R) At some angle q with 
horizontal (0 < q < 90°)

(D) Acceleration of B 
w.r.t A

 (S) At some angle q with 
vertical (0 < q < 90°)

 A B C D
(a) Q P R,S R,S
(b) P Q R,S R,S
(c) Q R P P,S
(d) S R P Q
 
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Necessity of Modulation

� To reduce the size of antenna, need a high

frequency carrier wave.

� e need high power transmission asW P (1/ )� � 2

� To avoid the mixing up of signals a band of

frequency is allotted to each user for different

radio channels.

BRAIN

MAP
Class

IX I

COMMUNICATION

SYSTEMS

POINT TO POINT COMMUNICATION

Communication takes place over a link

between a single transmitter and a receiver.

BROADCAST MODE COMMUNICATION

Large number of receivers corresponding to a

single transmitter.

Amplitude Modulation

Amplitude of the high frequency

carrier wave changes in accordance

with modu ating signall .

Frequency
Modulation

Modulation

P r o c e s s o f v a r i a t i o n o f s o m e

characteristic of a high frequency wave

in accordance with the message signal.

Phase
Modulation

Square

law

devicem t Am mt( ) = sin�
(message si nal)g

+

AM

wave
Power

Amplifier
Transmitting

antenna

c Ac ct( ) = sint �
(Carrier wave)

x t( )

y t Bx t Cx t( ) = ( ) + ( )2

Bandpass
filter

centered at c�
Rectifier Envelope

detector

AM
wave

m t( )
User

Information

Tuneable
Amplifier

Amplified
output

IF Stage

Amplifier

Receiving
antenna

SPACE
COMMUNICATION

Space ave ropagationW P

A radio wave transmitted from an

antenna, directly reaches the receiving

antenna by LOS propagation.

• Maximum distanceLOS

hR
hT

dm
dT

LOS Ground wave

Sky wave

LOS

Ionosphere Space wave

Communication

satellite

Earth

Time TimeTime

AM input wave Rectified wave Output (without
RF component)

Transmitter

Converts the message signal suitable

for transmission.

Receiver

Retrieves the message signal into

original form.

Communication Channel

A medium that connects a

transmitter to a receiver.

Demodulation

Process of recovering the audio signal

from the modulated wave is called

demodulation or detection.

Sky ave ropagationW P

The radio wave directed towards the

sky and reflected by the ionosphere

towards the desired location theon

earth.

• Critical frequency = 9( )�c Nmax
½

Range and Application:
• VHF : 30 MHz - 300 MHz

TV, FM radio, metrology devices
• UHF : 300 MHz - 3 GHz

TV, aircraft landing systems

2 2m T Rd h R h R� �

MODES OF COMMUNICATION

Range and Application:
• LF : 30 kHz - 300 kHz

Long wave radio communication
• MF : 300 kHz - 3 MHz

AM radio broadcast for local areas

Range and Application:
• HF : 3 MHz - 30 MHz

Short wave radio  communication,
CB radio

Ground ave ropagationW P

H EMere wave glides over the earth surface

along its curvature from transmitter to

receiver placed close the surface of earth.to

Rectified
wave

Output
(without

RF component)

Source of
Information

BRAIN

MAP
Class

XIWAVES

Electromagnetic Waves

Waves propagating in form of oscillating

electric and magnetic fields.

Do not require medium for propagation.

WAVE MOTION

Transverse Waves

The individual particles of the

medium oscillate perpendicular to the

direction of wave propagation.

Longitudinal Waves

The individual particles of medium

oscillate along the direction of

wave propagation.

Matter Waves

Waves associative with microscopic

particles such as electrons, protons etc. in

motion are called matter waves.

Mechanical Waves

Waves which require a material medium

for t he i r prop agat ion are c a l l e d

mechanical waves.

Velocity of Transverse

Wave in Solids and Strings

v
��
�

T
v

m
�

• In solids,

where is modulus of rigidity and is� �
density of solids.

• In stretched string,

here, is tension in string and is massT m

per unit length of string.

Velocity of Longitudinal Waves

• In a solid of bulk modulus , modulus of�
rigidity and density is� �

• In a fluid of bulk modulus and density is� �

• Newton's formula for the velocity of sound
in a gas is

( = pressure of the gas)P

4

3v
� � �

�
�

v
��
�

iso P
v

�� �
� �

Crest

Direction of Energy

Propagation
Amplitude

Trough
Wavelength

Wavelength

CompressionRarefaction Direction of
propogation

Movement of
air molecules

Beats Formation

• = Number of beats secBeat frequency –1

= Difference in frequencies of two sources.

beat = ( – ) or ( – )� � � � �1 2 2 1

= +� � � �2 1 beat

• If prongs of tuning fork is filed increases.�
• If prongs is loaded with a wax decreases.�
• Uses :

– For tuning musical instruments

– For detection of marsh gas in mines

– For using as a low frequency oscillator.

Superposition
of Waves

Doppler's Effect in Sound

• If , , and are the velocities of sound,v v v v0 s m
observer, source and medium respectively,
then the apparent frequency,

• If the medium is at rest, ( = 0) thenvm

0m

m s

v v v

v v v

� �� � � ��
� �

0–

s

v v

v v
� � � ��

�

Identical waves

of same speed

superposes

in opposite

direction

Waves with same

speed and

different frequency

superposes in

same direction

Progressive Waves

• = sin ( – + )Displacement, y A t kx� �0

• Phase,

where is the initial phase.�0

• Phase change :

(a) with time (b) with position
2

t
T

��� � � 2
.x

��� � �
�

2
sin2 sin ( )

t x
y A A vt x

T

�� �� � � � �� �� �� �

02
t x

T

� �� � � � � �� �� ��

• Open organ pipe :

Fundamental mode,

� �1
st= /2 = (1 harmonic)v L

mode, = /2 ( harmonic andn nv L nth th�n

( – 1) overtone)n th

• Closed organ pipe :

Fundamental mode,

� �1
st= /4 = (1 harmonic)v L

mode, = (2 –1)n nth � �n

[(2 –1) harmonicor ( –1) overtone]n nth th

Stationary Waves

• Wave formed by the superposition of
incident wave and reflected wave is

given by

• Position of antinodes :

• Position of nodes :

• Frequency of vibration of a string fixed

at both ends,

= length of string, = mode of vibrationL n

2 2
2 sin cos

x t
y a

T

� �� �
�

3
0, , ,

2 2
x

� �� �

3 5
, , ...

4 4 4
x

� � ��

2 2

nv n T

L L m
� � �

D
is

p
la

ce
m

en
t
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Unit

1

NEET JEE
ESSENTIALS

ELECTROSTATICS

Class

XII

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

Electrostatics is the branch of science which deals with 
the study of electric charges at rest. Here we study 
the forces, fields and potentials associated with static 
charges.

ELECTRIC CHARGES AND COULOMB’S LAW

Electric Charges
Charges are of two types, positive charge and negative 
charge. The charge developed on a glass rod when rubbed 
with silk is positive charge. The charge developed on a 
plastic rod when rubbed with wool is negative charge.
Basic Properties of Charge

 • Charge is always associated with mass, i.e., charge 
can not exist without mass though mass can exist 
without charge.

 • Electric charge is quantised in nature
q = ne; n = 0, ±1, ±2, ±3, ......

 • The basic unit of charge is the charge that an electron 
or proton carries . By convention the charge on 
electron is –e (–1.6 × 10–19 C) and charge on proton is  
+e (1.6 × 10–19 C).

 • Charge of a system is additive in nature.
 • Total charge of an isolated system remains conserved.

Continuous Charge Distribution
 • Linear charge density : Charge per unit length is 

known as linear charge density. It is denoted by 
symbol l.

 λ = =Charge
Length

q
l

 Its SI unit is C m–1.
 • Surface charge density : Charge per unit area is 

known as surface charge density. It is denoted by 
symbol s.

  σ = =Charge
Area

q
A

 Its SI unit is C m–2.
 • Volume charge density : Charge per unit volume 

is known as volume charge density. It is denoted by 
symbol r.

  ρ = =Charge
Volume

q
V

 Its SI unit is C m–3.
Coulomb’s Law 

 • The electrostatic force between two stationary 
charges is proportional to the product of 
magnitude of charges and inversely proportional 
to the square of the distance between them.  

i e F q q
r

. ., ∝ 1 2
2

F
q q
r

= 1
4 0

1 2
2πε .

(Here
1

4 9 10
0

9 2
πε = = × −k N m C2 )

e0 = 8.854 × 10–12 C2 N–1 m–2 is permittivity of free space.



PHYSICS FOR YOU | JULY ‘17 49

 • Coulomb’s law in vector form can be written as

 F q q

r r
r r

��
� �

� �
12

0

1 2

1 2
3 1 2

1
4

=
−

−( )
πε

where the position vectors of charges q1 and q2 are
r r
 

1 2and .
 • The Coulomb’s force between two charged particles 

in a medium is 

F q q
r

q q
rr

medium = =1
4

1
4

1 2
2

0

1 2
2πε πε ε

(Here er = relative permittivity of the medium)

F F
r

medium
vacuum=
ε

 • If a dielectric slab (er) of thickness t is placed between 
two charges kept at a distance d then the electric 
force decreases. This reduced force is given by

F
q q

r
r d t t r= = − +1 2

0
24πε

εwhere

 • If Fg = Fe for two identical charges, then
q
m

G= 4 0πε

 • Superposition principle : 
The net force on any one 
charge is the vector sum of 
all the forces exerted on it 
due to each of the other 
charges interacting with it 
independently i.e, 

 Total force on charge q,
 

   

F F F F= + + +1 2 3 .......
Illustration 1. Two identical balls, each having a 
density r, are suspended from a common point by two 
insulating strings of equal length. Both the balls have 
equal mass and charge. In equilibrium, each string 
makes an angle q with the vertical. Now, both the balls 
are immersed in a liquid. As a result, the angle q does 
not change. The density of the liquid is s. The dielectric 
constant of the liquid is

(a) ρ
ρ σ−

 (b) ρ σ
σ
−   (c)  ρ

σ
 (d) σ

ρ σ−

Sol. (a) : Let V be the volume of each ball, then the mass 
of each ball is m = rV. When the balls are in air,
 T cosq = rVg
 T sinq = F

F = mg tan q = rVg tan q ...(i)

L
T

rVg rVg
(a)

T

FF x=2L sin q

q q

     

T

(rVg – sVg)(rVg – sVg)
(b)

T

F′F′ x=2L sin q

q q

When the balls are suspended in liquid, the Coulombic 
force is reduced to F′ = F/K and
apparent weight = weight – upthrust
 W′ = rVg – sVg
According to the question, angle q is unchanged. 
Therefore, 
 F′ = W′ tan q = (rVg – sVg) tan q ...(ii)
From eqs. (i) and (ii), we get

 
F
F

Vg
Vg Vg′

=
−

=
−

ρ
ρ σ

ρ
ρ σ

	 \ K = 
ρ

ρ σ−

ELECTRIC FIELD

 • An electric field is a region where an electric charge 
experiences a force. The magnitude of E

��
 is the 

force per unit charge and its direction is that of F
��

. 

E F
q

q
r

r
�� ��

= = ∧

0 0
24πε

 Thus, electric field is a vector quantity. 
 The unit of E is newton per coulomb (N C–1).

 • Electric Field Lines : The field lines at a point, (or 
the tangent to it if it is curved) gives the direction of 
E
��

 at that point, i.e., the direction in which positive 
charge would move and the number of lines per 
unit cross-sectional area is proportional to E.

+q –q

(i) (ii)

 • Crowded lines represent strong field while distant 
lines represent weak field.

 • A small metal ball is suspended in a uniform
�
E with 

the help of insulated thread. If X-ray beam falls on 
it, the ball will be deflected in the direction of 

�
E .
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 • Electric field intensity due to various types of charge distribution :

Name /Type Formula Note Graph

Point charge

q

E kq

r
r

��
�= ⋅2

^  f q is a source charge.

 f r


 is vector drawn from source 
charge to the test point.

 f outwards due to +ve charges and 
inwards due to –ve charges

Infinitely long 
line charge

E E

+

+

+

+

+

+

+



E r r k r
r= =λ

πε
λ

2
2

0

^
^

 f l is linear charge density (assumed 
uniform).

 f r is perpendicular distance of point 
from line charge.

 f r^ is radial unit vector drawn from 
the charge to test point.

E

r

Infinitely non-
conducting this sheet

+ +
+ +
+ +

E n
��

= σ
ε2 0

^
 f s is surface charge density 

(assumed uniform).

 f  n^  is normal unit vector

E
� �/2 0

r

Uniformly charged ring

+
+

+
++

+
+
+
+
+

++
+

E kQx
R x

=
+( ) /2 2 3 2

Ecentre = 0

 f Q is total charge on the ring
 f x = distance of point on the axis 

from centre of the ring.
 f Electric field is always along the 

axis.

Infinitely large charged 
conducting sheet

++

++

++

++

++

E n
��

= σ
ε0

^  f s is the surface charge density 
(assumed uniform).

 f  n^ is the unit vector perpendicular 
to the surface.

E

r

� �/ 0

Uniformly charged
hollow shell or solid 
conducting sphere

R r

P

(i) For

(ii) For

(iii) For

r R

E kQ

r
r

r R
E

r R

E kQ
R

r

≥

=

<
=

=

=

,

,

,

˘

^��
�

�

2

2

0

 f R is radius of the sphere.

 f r


 is vector drawn from centre of 
sphere to the point.

 f Sphere acts like a point charge 
placed at the centre for points 
outside the sphere.

 f E
��

 is always along radial direction.
 f Q is the total charge (= s4pR2)

        (s = surface charge density)

E

kQ/R2

R
r
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+ + +
++

+
+

+
+ +

+ R r

P

Uniformly charged 
solid non-conducting 

sphere (insultating 
material)

(i) For

(ii) For

(iii) For

r R

E kQ

r
r

r R

E kQ
R

r

r R

E

≥

=

<

=

=

=

,

,

,

^��
�

�� �

��

2

3

kkQ
R

r2
^

 f r


 is vector drawn from centre of 
sphere to the point.

 f Sphere acts like a point charge 
placed at the centre for points 
outside the sphere.

 f E
��

 is always along radial direction.

 f Q is total charge 4
3

3π ρR





,

        (r = volume charge density).

 f Inside the sphere, E ∝ r

 f Outside the sphere, E
r

∝ 1
2

E

kQ/R2

R r

Illustration 2. Two semicircular wires ABC and 
ADC, each of radius R, are lying on xy and xz planes, 
respectively, as shown in figure.

y

B
O x

N

∞

A

D

M
∞

C

z

If the linear charge density of the semicircular parts and 
straight parts is l. The electric field intensity E

��
 at the 

origin is

(a) 
λ

ε0R
i j( ) +   (b) − +λ

πε2 0R
j k( ) 

(c) 
λ

πε4 0R
k( )−   (d) 

λ
πε2 0R

j( )− 

Sol. (b) : Electric field due to MA; 
� � �E

R
i k1

04
= −λ

πε
( )

 Electric field due to ADC; 
� �E

R
k2

04
= −λ

πε
( )

 Electric field due to ABC; 
� �E

R
j3

04
= −λ

πε
( )

 Electric field due to NC; 
� � �E

R
i j4

04
= − −λ

πε
( )

 Net electric field is 

 
� � � � � � �E E E E E

R
j k0 1 2 3 4

02
= + + + = − +λ

πε
( )

Illustration 3. A thin glass rod is bent into a semicircle 
of radius r. A charge +Q is uniformly distributed along 
the upper half, a charge –Q is uniformly distributed 
along the lower half, as shown in figure. The electric 
field at P, the center of the semicircle, is

(a) 
Q

rπ ε2
0

2    (b) 
Q

r2 2
0

2π ε
 
+ P

A

B

––––––––––

+
+

+++ +

(c) 2 2
2

0
2

Q
rπ ε

   (d) 
2

2
0

2
Q
rπ ε

Sol. (a) : The PO as 
the x-axis and PA as 
the y-axis. Consider 
two elements EF 
and E′F′ of width dq
at angular distance q	
above and below PO, respectively.
The magnitude of the field at P due to either element is

 dE = 1
4

2

20
2 2

0
2π ε

θ π

π ε
θ

rd Q r

r
Q

r
d

×
=

/ ( / )

Resolving the fields, we find that the components along 
PO sum up to zero, and hence the resultant field is 
along PB.
Therefore, field at P due to pair of elements is 2dE sin q.

∴ = ∫E dE2
0

2
sin

/π
θ  = 2

2 2
0

20

2
2

0
2

Q
r

d Q
rπ ε

θ θ
π ε

π/
sin∫ =

ELECTRIC FLUX AND GAUSS’S LAW

Electric Flux
If the lines of force pass through a surface then the 
surface is said to have flux linked with it. It is given by
d E dSφ = ⋅
�� �

( dS


 is the area vector of the small area element)

+ OdE cos q dE cos qq
q

E F

F′
E′

P

A

B

–––––– –––

++
++

2dE sin q
dE

dE
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 • The total flux linked with whole of the body 
  φ = ⋅∫

� �
� E dS

where φ = ⋅∫
� �
� E dS represents closed integral done for a 

closed surface.
 • The SI unit of electric flux is N m2 C–1 and its 

dimensional formula is [ML3T–3A–1]. 
 • The value of f is zero in the following circumstances :

 f If a dipole is (or many dipoles are) enclosed by 
a closed surface.

 f Magnitude of positive and negative charges 
are equal inside a closed surface.

 f If no charge is enclosed by a closed surface.
 f Incoming flux (–ve) = outgoing flux (+ve)

Gauss’s Law 
It states that the total electric flux through a closed 
surface S is 1/e0 times the total charge enclosed by S.

� �
� E dS q⋅ =∫ ε0

where q is charge enclosed by the closed surface S.
Applications of Gauss’s Law

 • For an imaginary cube
Position 
of charge

Main 
centre

Face 
centre

Centre 
of side

Corner

Flux from cube q
ε0

q
2 0ε

q
4 0ε

q
8 0ε

 •  φ
εTotal = ⇒
q

0
  φ εhemisphere =

q
2 0

 •  φ
εTotal = ⇒
q

0
 φ

εcylinder =
q

2 0

 •          

     φ
εTotal =
q

0
 	 	 							 φ εcube =

q
2 0

Illustration 4. 
One-fourth of a 
sphere of radius R is 
removed as shown 
in figure. An electric 
field E exists parallel 
to the xy plane. Find 
the flux through the 
remaining curved part.

(a) pR2E  (b) − 2 2π R E

(c) −πR E2 2/  (d) none of these
Sol. (c) : fplane + fcurve = 0 or fplane = – fcurve

45° x

y
E
��

A1

A2

 � � � �A
R

i A R j1

2

2

2

2 2
=

−
= −

π π,

 
� � �E E i E j= ° + °cos sin45 45  = E i E j

2 2
 +

 f =  E A A
E R E R R E�� �� ��

⋅ + =
−

− = −( )1 2

2 2 2

2 2 2 2 2
π π π

 This is the flux entering. So required flux is 
−πR E2

2
 

ELECTRIC POTENTIAL AND ELECTRIC POTENTIAL ENERGY
 • Electric potential at a point is defined as amount of 

work done in bringing a unit positive charge from 
infinity to that point. It is denoted by symbol V.

 V W
q=

  Electric potential is a scalar quantity. The SI unit 
and its dimensional formula is [ML2T –3A–1].

45°
x

y

 • Electric potential due to various charge distributions :

Name /Type Formula Note Graph

Point charge
V kq

r=
 f q is source charge.
 f r is the distance of the point 

from the point charge.
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Ring (uniform/
non-uniform 
charge distribution)

V kQ
R= ,  at centre

V kQ

R x
=

+2 2
, along the axis

 f Q is charge on the ring.
 f x is the distance of the point 

on the axis.

Uniformly charged 
hollow conducting/
non-conducting or 
solid conducting sphere

For r R V kQ
r≥ =,

For r R V kQ
R≤ =,

 f R is radius of sphere 
 f r is the distance from centre 

of sphere to the point
 f Q is total charge = s4pR2

Uniformly charged 
solid non-conducting 
sphere

For r R V kQ
R≥ =,

For r R V kQ R r
R

≤ = −, ( )3
2

2 2

3

                      
= −ρ

ε6 3
0

2 2( )R r

 f R is radius of sphere 
 f r is distance from centre to 

the point

 f V Vcentre surface= 3
2

 f Q is total charge = ρ π4
3

3R
 f Inside sphere potential varies 

parabolically
 f Outside potential varies 

hyperbolically.
Infinite line charge  f Potential difference 

between two points is 
given by formula  
VB – VA =– 2kl ln (rB/rA)

 f Absolute potential is not 
defined.

Infinite non-
conducting thin 
sheet

 f Potential difference 
between two points 
is given by formula

V V r rB A B A− = − −σ
ε2 0

( )

 f Absolute potential is not 
defined.

Infinite charged 
conducting thin 
sheet

 f Potential difference 
between two points 
is given by formula 

V V r rB A B A− = − −σ
ε0

( )

 f Absolute potential is not 
defined.

Equipotential Surface
An equipotential surface is a surface with a constant 
value of potential at all points on the surface.
Properties of an equipotential surface 

 • Electric field lines are always perpendicular to an 
equipotential surface. 

 • Work done in moving an electric charge from one 
point to another on an equipotential surface is zero.

 • Two equipotential surfaces can never intersect one 
another.

Relationship between E V
��

and

E V
�� ��

= −∇

where ∇ = ∂
∂

+ ∂
∂

+ ∂
∂











��
i

x
j

y
k

z
^ ^ ^

Negative sign shows that the direction of E
��

 is the 
direction of decreasing potential.

Electric Potential Energy
Electric potential energy of a system of charges is 
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 • The total amount of work done in bringing the 
various charges to their respective positions from 
infinitely large mutual separations. The SI unit of 
electrical potential energy is joule.

 • Electric potential energy of a system of two charges 

is U
q q
r

= 1
4 0

1 2

12πε

 where r12 is the distance between q1 and q2.
 • Electric potential energy of a system of n point 

charges

  U
q q

r
j k

jk
= ∑1

4 0πε all pairs

 • Note : In this summation, we should include only 
one term for each pair of charges.

Illustration 4. Three equal charges 
q are placed at the corners of an 
equilateral triangle of side a.
 (i) The potential energy of charge  q

q qB

A

C

  system is 3
4 0

2

πε
q
a

 (ii)  The work required to decrease 
the side of triangle to a/2 is 

3
4 0

2

πε
q
a

.

 (iii)  If the charges are released from the shown 
position and each of them has same mass m, 
then the speed of each particle when they lie on 

triangle of side 2a is 1
2

2

0

q
amπε

.

 The correct statement(s) from the above is/are
(a) (i) and (ii)  (b) (ii) and (iii) 
(c) (ii) only   (d) (i), (ii) and (iii)

Sol. (d) : Net potential energy, U = UAB + UBC + UCA

        = 3UAB = 3k q
a

2

        = 3
4 0

2

πε
q
a

  Work required to decrease the sides is

 W = Uf – Ui = 
3

2
3 3 3

4

2 2 2

0

2kq
a

kq
a

kq
a

q
a/

− = =
πε

  By conservation of mechanical energy
       DU + DK = 0
or               Ui – Uf = Kf – Ki

or   3 3
2

3 1
2

0
2 2

2kq
a

kq
a

mv− = 





−

 or      v kq
am

q
am

= =
2 2

0

1
2 πε

ELECTRIC DIPOLE

 • Electric dipole moment,

� �
p q l= ( )2  

 • Electric field at any point on
the axial line

�
E

pr
r l

p
p

r
p r laxial For=

−
≈ >>1

4
2 1

4
2

0
2 2 2

0
3πε πε( )

( )^ ^

 • Electric field at any point on the equatorial line

Eeq = 1
4 0

3πε
p

r
p r l^ ( )For >>

 • Net electric potential at axial point 

V V V kp
r l

= + =
−1 2 2 2

 If r l V
kp
r

>> =, 2

 • Net electric potential at equatorial line 

V =V V
kq
x

kq
x1 2 0+ = − =

 • In general, V kp
r

k p r
r

= = ⋅cos ^θ
2 2

�

 • Torque, � � �
τ θ= × =p E pE nsin ^

 • Potential energy of a dipole is work done in rotating 
a dipole from a direction perpendicular to the field 
to the given direction

 
W d pE d pE= = = −

° °
∫ ∫τ θ θ θ θ
θ θ

90 90

sin cos

This work is stored in the form of potential energy.
So,U W p E= = − ⋅

� �
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Illustration 5. In figure shown, an electric dipole lies at 
a distance x from the centre of the axis of a charged ring 
of radius R with charge Q uniformly distributed over it.

R
Q

C m
mx

–q

2a

+q

The dipole is slightly rotated about its equilibrium 
position by a very small angle. What is the time period of 
oscillation? (Assume that dipole is linearly restrained)
Sol.: Field at a distance x on the axis of a ring is given by

E Qx
R x

=
+

1
4 0

2 2 3 2πε ( ) /  ...(i)

Restoring torque, t = –pE sin q ≈	–pEq (for small q)
 ...(ii)

 t = I d
dt

ma d
dt

2

2
2

2

22θ θ= ( )  ...(iii)

From eqn. (ii) and (iii) 

 or d
dt

pE
ma

2

2 22
θ θ= −  (using a = –w2q)

  T ma
pE

= 2 2 2
π =

+
2 2

2
42 2 2 3 2

0π
πεma

aq
R x

Qx
( ) /

	 	  	
= +

16 3
0 2 2 3 4π ε ma

qQx
R x( ) /

 • Basic electrostatics properties of a conductor
 f Inside a conductor, electric field is zero.
 f At the surface of a charged conductor, electric 

field must be normal to the surface at every 
point.

 f The interior of a conductor can have no excess 
charge in the static situation.

 f Electric potential is constant throughout the 
volume of the conductor and has the same 
value (as inside) on its surface.

 f Electric field at the surface of a charged 

conductor 


E n= σ
ε0

^

where s is the surface charge density and n̂  is a 
unit vector normal to the surface in the outward 
direction.

 • Electrostatic shielding : It is the phenomenon of 
protecting a certain region of space from external 
electric field.

CAPACITOR AND CAPACITANCES

Capacitor
A capacitor is a device that stores electrical energy.
Capacity of capacitor (Capacitance)
Capacitance (C) of a capacitor is the ratio of charge(Q) 
given and the potential (V) to which it is raised.

C Q
V=

The SI unit of capacitance is farad (F).
Capacitance is a scalar quantity.
The dimensional formula of capacitance is [M–1L–2T4A2].

 • Capacitance of a spherical conductor of radius R is
C = 4pe0R

Capacity of capacitor depends upon
 • Total outer surface area
 • Dielectric constant of the medium inside the 

capacitor.
 • Separation of two conductors.

Types of Capacitors

 • Parallel plate capacitor : C A
d= ε0

(when air is between the plates)

 • Spherical capacitor : C ab
b a= −4 0πε

(a and b are the radii of inner and outer coatings 
spherical shells).

 • Cylindrical capacitor :

C l
b
a

l
b
ae

= =2 2
2 303

0 0

10

πε πε
log . log

(a and b are  the radii of the inner and outer coatings 
of cylindrical shells)

Combination of Capacitors
Capacitors in series 

V1 V2 V3

C3
C2C1 qq

 • Same charge flows through each capacitor.
 • Different potential difference exists across each 

capacitor.
   V = V1 + V2 + V3 

                1 1 1 1
1 2 3C C C C= + +   
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Capacitors in parallel 

 • Across each capacitor, potential difference is same.
 • Different charges flow through each capacitor.

q  = q1 + q2 + q3
  C = C1 + C2 + C3 

Thus the ultimate effect is to enhance the capacitance 
in a circuit.
Energy Stored in a Capacitor
Work done in charging a capacitor gets stored in the 
capacitor in the form of its electrostatic potential energy.

U CV QV Q
C= = =1

2
1
2

1
2

2
2

Electric Energy Density (uE)
The energy stored per unit volume in the electric field 
between the plates is called energy density. 

u EE = =1
2 20

2
2

0
ε σ

ε
.

Sharing of Charges 
When two capacitors charged to different potentials are 
connected by a conducting wire. Common potential (V), 

V Q Q
C C

C V C V
C C= = +

+ = +
+

Total charge
Total capacity

1 2

1 2

1 1 2 2

1 2

Energy lost in the process which is given by  

U U C C V V
C C1 2

1 2 1 2
2

1 22− = −
+

( )
( )

Effect of Dielectric

 • When a dielectric slab of dielectric constant K is 
introduced between the plates of a charged parallel 
plate capacitor and if charging battery remains 
connected, then,  V = V0 (remains constant)

 f Capacitance C increases i.e., C = KC0
 f Charge on a capacitor increases  i.e., Q = KQ0
 f Electric field between the plates remains 

unchanged i.e., E = E0
 f Energy stored in a capacitor increases i.e., 

U = KU0
 • If in this case the charging battery is disconnected 

then, charge remains unchanged i.e., Q = Q0
 f Capacitance increases i.e., C = KC0
 f Potential difference between the plates 

decreases i.e., V V
K= 0

 f Electric field between the plates decreases i.e., 

E E
K= 0

 f Energy stored in the capacitor decreases  

i.e., U U
K= 0

Polarisation : The dipole moment per unit volume 
is called polarisation and is denoted by 



P. For linear 
isotropic dielectrics 

 

P Ee= χ ,
where ce is called the electric susceptibility of the 
dielectric medium.
Illustration 6. Three conducting 
spheres A, B and C are as shown in 
figure. The radii of the spheres are 
a, b and c respectively. A and B are 
connected by a conducting wire. The
capacity of the system is :

(a) 4pe0 (a + b + c) (b) 4 0πε bc
c b−







(c) 4 1 1 1
0πε

a b c
+ +





 (d) 4 0πε abc
ab bc ca+ +







Sol. (b) : When A, B are connected 
then the capacitor formed in between 
shells A and B is short-circuited i.e., all 
the charges is transferred to shell B.

Now capacitance = 
4 0πε bc
c b−

Illustration 7. Figure shows 
two capacitors in series.  
The rigid center section of 
length b is movable. The area 
of each plate is S. If the voltage 
difference between the plates is
maintained constant at V0. If the center section is 
removed the change in stored energy will be

C
B

A

ab

c

B

b c

ba V0
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(a) S V a
b a b
ε0 0

2

2 ( )−
  (b) S V b

a a b
ε0 0

2

2 ( )−

(c) S V b
a a b

ε0 0
2

( )−
  (d) S V a

b a b
ε0 0

2

( )−

Sol. (b) : Let d1 be the distance between the two upper 
plates and d2 be the distance between the two lower 
plates. 

d1
V0

d2

 
\  d1 + d2 = a – b

\  C1 = 
ε ε0

1
2

0

2

S
d

C
S

d
, =

⇒   Cnet =  
C C

C C
S

d d
S

a b
1 2

1 2

0

1 2

0

+
=

+
=

−
ε ε

 As Cnet is independent of d1 and d2
⇒	 energy stored is independent of position of centre 

section

 
U CV

S V
a b

= =
−

1
2 20

2 0 0
2ε

( )
 If centre section is removed energy stored

      = U’ = 1
2 20

2 0 0
2

CV
S V

a
=

ε

      DU = U – U’ = 
S V b
a b a
ε0 0

2

2( )−

1. Initially, sphere A has charge of –50e and sphere B 
has a charge of +20e. The spheres are made of 
conducting material and are identical in size.  
If the spheres touch each other, what is the resulting 
charge on sphere A?
(a) –15e (b) –30e (c) +30e (d) +15e

2. Two small spheres of masses M1 and M2 are 
suspended by weightless insulating threads of 
lengths L1 and L2. The spheres carry charges Q1 and 
Q2 respectively. The spheres are suspended such that 
they are in level with one another and the threads 
are inclined to the vertical at angles of q1 and q2 
as shown. Which one of the following conditions is 
essential, if q1 = q2?

(a) M1 ≠ M2, but Q1 = Q2
(b) M1 = M2
(c) Q1 = Q2 (d) L1 = L2

3. Four charges, +q, +q, –q, –q are  
 placed on the circumference of 

a circle of radius r. What is the 
force on the charge +Q placed 
at the centre of the circle as 
shown in the figure?

(a) 
1

4 0
2πε

Qq
r

 (b) 1
4

8

0
2πε
Qq

r

(c) 
1

4
8

0
2πε

Qq
r

 (d) 
1

4
2

0
2πε

Qq
r

4. A charge Q is distributed 
uniformly on a ring of radius r. 
A sphere of equal radius r is 
constructed with its centre at

 the periphery of the ring. The flux of electric field 
through the sphere is

(a) Q
3 0ε

 (b) 2
3 0

Q
ε

 (c) Q
2 0ε

 (d) 3
4 0

Q
ε

5. The adjacent diagram shows a charge +Q held on 
an insulating support S and enclosed by a hollow 
spherical conductor. O represents the centre of 
the spherical conductor and P is a point such that  
OP = x and SP = r. The electric field at point P will be

(a) Q
x4 0

2πε
 (b) 

Q
r4 0

2πε
(c) 0 (d) none of the above.
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6. If  an electron enters into space between the plates 
of an parallel plate capacitor at an angle a with the 
plates and leaves at an angle b to the plates, the ratio 
of its kinetic energy while entering the capacitor to 
that while leaving will be

(a) sin
sin

β
α







2

 
(b) cos

cos
β
α







2

(c) cos
cos

α
β







2

 
(d) sin

sin
α
β







2

7. A rigid insulated wire frame in the form of a right 
angled triangle ABC, is set in a vertical plane as 
shown in figure. Two beads of equal masses m each 
and carrying charges q1 and q2 are connected by a 
cord of length l and can slide without friction on 
the wires. If the beads are stationary, then

(a) The angle a is 30°
(b) The tension in the cord is q1q2/l2

(c) The normal reaction on the bead with charge 
q1 is 3 mg

(d) The normal reaction on bead with  q2 is 2 mg

8. Two square metal plates of side 1 m are kept  
0.01 m apart like a parallel plate capacitor in air in 
such a way that one of their edges is perpendicular 
to oil surface in tank filled with an insulating oil. 
The plates are connected to a battery of emf 500 V. 
The plates are then lowered vertically into the oil at 
a speed of 0.001 m s–1. Calculate the current drawn 
from the battery during the process. (Dielectric 
constant of oil =11, e0 = 8.85 × 10–12 C2 N–1 m–1)
(a) 4.425 nA (b) 5.625 nA
(c) 4.125 mA (d) 3.896 mA

9. Charges +q and –q are located at      
 the corners of a cube of side 

a as shown in the figure. Find 
the work done to separate the 
charges to infinite distance.               

(a)   
  

1 154
4

2

0
.

q
aπε






  
(b) 5 824

4

2

0
.

q
aπε








(c)
 

2 309
4

2

0
.

q
aπε






  
(d) 3 535

4

2

0
.

q
aπε








10. In the given network, the value of C, so that an 
equivalent capacitance between A and B is 3 mF, is

(a) 
1
5

µF  

(b) 
31
5

µF   

(c) 48 mF                             

(d) 36 mF

11.  In figure, a particle having mass m = 5 g and charge  
q′ = 2 × 10–9 C starts from rest at point a and moves 
in a straight line to point b. What is its speed v at 
point b?

(a) 2.65 cm s–1 (b) 3.65 cm s–1

(c) 4.65 cm s–1 (d) 5.65 cm s–1

12. A parallel plate capacitor of capacity C0 is charged 
to a potential V0. (i) The energy stored in the 
capacitor when the battery is disconnected and the 
plate separation is doubled is U1. (ii) The energy 
stored in the capacitor when the charging battery 
is kept connected and the separation between the 

capacitor plates is doubled is U2. Then U
U

1

2
 is

(a) 4 (b) 3
2

 (c) 2 (d) 
1
2

13. A capacitor is charged by a battery. The battery is 
removed and another identical uncharged capacitor 
is connected in parallel. The total electrostatic 
energy of resulting system
(a) decreases by a factor of 2
(b) remains the same
(c) increases by a factor of 2
(d) increases by a factor of 4  [NEET 2017]

14. Suppose the charge of a proton and an electron 
differ slightly. One of them is –e, the other is (e + De).  
If the net of electrostatic force and gravitational force 
between two hydrogen atoms placed at a distance d 
(much greater than atomic size) apart is zero, then 
De is of the order of [Given : mass of hydrogen  
mh = 1.67 × 10–27 kg] 
(a) 10–23 C (b) 10–37 C 
(c) 10–47 C (d) 10–20 C [NEET 2017]
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15. The diagrams below show regions of equipotentials.

 

20 V 40 V 20 V 40 V 10 V 30 V
40 V

20 V

10 V

30 V10 V 30 V 10 V 30 V 20 V 40 V

A BBABABA

I II III IV

 A positive charge is moved from A to B in each 
diagram.
(a) In all the four cases the work done is the same.
(b) Minimum work is required to move q in figure 

(I).
(c) Maximum work is required to move q in 

figure (II).
(d) Maximum work is required to move q in 

figure (III).  [NEET 2017]

16. An electric dipole has a fixed dipole moment 


p , 
which makes angle q with respect to x-axis.  When 
subjected to an electric field 

� �E Ei1 = ,  it experiences 
a torque 

� �T k1 = τ . When subjected to another 
electric field 

� �E E j2 13=  it experiences a torque 


T2  = –


T1 . The angle q is 
(a) 30° (b) 45° (c) 60° (d) 90° 
 [JEE Main Offline 2017]

17. A capacitance of 2 mF is required in an electrical 
circuit across a potential difference of 1.0 kV.  
A large number of 1 mF capacitors are available 
which can withstand a potential difference of 
not more than 300 V. The minimum number of 
capacitors required to achieve this is 
(a)  2 (b) 16 (c) 24 (d) 32 
 [JEE Main Offline 2017]

18. The energy stored in the electric field produced 
by a metal sphere is 4.5 J. If the sphere contains  
4 mC charge, its radius will be
(a) 32 mm (b) 20 mm
(c) 16 mm (d) 28 mm 
 [JEE Main Online 2017]

19. A combination of parallel plate capacitors is 
maintained at a certain potential difference.

  When a 3 mm thick slab is introduced between all 
the plates, in order to maintain the same potential 

difference, the distance between the plates is 
increased by 2.4 mm. Find the dielectric constant 
of the slab.
(a) 6 (b) 5 (c) 4 (d) 3 
 [JEE Main Online 2017]

20. Four closed surfaces and corresponding charge 
distributions are shown below.

  Let the respective electric fluxes through the 
surfaces be f1, f2, f3 and f4. Then
(a) f1 = f2 = f3 = f4 (b) f1 > f3; f2 < f4
(c) f1 > f2 > f3 > f4 (d) f1 < f2 = f3 > f4
 [JEE Main Online 2017]

SOLUTIONS
1. (a) : Since, the spheres are identical in size, so when 

they touch each other,
Charge lost by one = charge gained by other
Let a charge q flows from sphere B to A, then
 –50e + q = 20e – q   or   2q = 20e + 50e = 70e
or    q = 35e
\ Resulting charge on sphere A = –50e + 35e 
                                                     = –15e

2. (b) : The three forces acting on each sphere are:
(i) Tension (ii)   Weight
(iii) Electrostatic force of repulsion.

For sphere 1, in equilibrium, from figure
T1cosq1 = M1g and T1sinq1 = F1 ∴ =tanθ1

1

1

F
M g

For sphere 2, in equilibrium, from figure

T2cosq2 = M2g and T2sinq2 = F2  ∴ =tanθ2
2

2

F
M g

 q1 = q2 only if 
F

M g
F

M g
1

1

2

2
=  

But F1 = F2, then M1 = M2



60 PHYSICS FOR YOU | JULY ‘17

3. (b) : Force on charge 
Q due to charge q at A, 

F
Qq
r1

0
2

1
4

=
πε

 along AO 

Force on charge Q 
due to charge q at B, 

F
Qq
r2

0
2

1
4

=
πε

along BO 

Force on charge Q due to charge –q at C, 

F
Qq
r3

0
2

1
4

=
πε  

along OC

Force on charge Q due to charge –q at D, 

F
Qq
r4

0
2

1
4

=
πε

along OD

...  |F1| = |F2| = |F3| = |F4| = F
The resultant force on charge Q is

 F F F F Fnet = + + °( ) ( ) ( ) ( )cos2 2 2 2 2 902 2  

              = =F
Qq

r
8 1

4
8

0
2πε

4. (a)
5. (a) : According to Gauss’s theorem,

� �
� E dS Q⋅ =∫

1

0ε enclosed

E x Q⋅ =4 2

0
π

ε
E Q

x
=

4 0
2πε  

6. (b) : Suppose
u = velocity of electron while entering the field 
v = velocity of electron while leaving the field
As electric field is perpendicular to the plates, 
component of velocity parallel to plates will remain 
unchanged.
\ ucosa = vcosb 

 u
v

= cos
cos

β
α

K.E. while entering
K.E.while leaving

= = 





1
2
1
2

2

2

mu

mv

cos
cos

β
α 

2

7. (c) : Consider first the equilibrium of bead at P, 
having charge q1. Different forces acting on it 
are shown in the figure. If the charges q1 and q2 
are similar in nature, then electric force F will be 
repulsive and is given by

 F
q q

l
= 1 2

2  

Resolving the forces mg and (T – F) parallel 
and perpendicular to AB, we get following two 
equations for equilibrium

mg mg

30° 60°

R1

R2q1 q2
α 90–α

( – )T F
(

–
)

T
F

60°

A

CB

30°

P Q

60°

mgcos60° = (T – F) cosa …(i)
R1 = mgcos30° + (T – F) sina …(ii)
Similarly, for the equilibrium of bead at Q
mgsin60° = (T – F) sina …(iii)
R2 = mgcos60° + (T – F) cosa …(iv)
where T = Tension in the string
Dividing equation (iii) by (i), we get
tan60° = tana 
i.e. a = 60°
From equation (iii) T – F = mg 
or  T = F + mg = (q1q2/l2) + mg
From equation (ii) R1 = mgcos30° + (T – F) sin60° 
R1= mgcos30° + mgsin60°
\  R1 = 3 mg
From equation (iv) R2 = mgcos60° + mgcos60° = mg 

8. (a) : As here battery remains attached to the circuit 
V = constant. Now as due to lowering of plates 
in the oil, capacity will increase gradually and as  
q = CV the charge on capacitor will increase. 

This gradual increase in q results in current drawn 
from the battery.
If at any instant, y length of plate is dipped in oil, 
the system will be equivalent to two capacitors 
in parallel, one with air and the other with oil as 
dielectric so that
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C C C
y K y

= + =
× × −

+
× × ×

Air oil
ε ε0 01 1

0 01
1

0 01
( )

. .

                    
= + −

ε0
0 01

1 1
.

[ ( ) ]K y

So, q CV
V

y K= = + −
ε0
0 01

1 1
.

[ ( )]

And hence, I
dq
dt

V
K

dy
dt

= = −
ε0
0 01

1
.

[ ]

So,  I =
× ×

− ×
−8 85 10 500

0 01
11 1 0 001

12.
.

[ ] .

    = 4.425 × 10–9 A = 4.425 nA

9. (b) : Potential energy between two charges =
Q Q

r
1 2

04πε  
In the present case, the charge-pairs are 8C2.

8
2

8 7
1 2

28C = ×
×

=  
Of these 28 pairs, we have 
(i) 12 pairs of dissimilar charges placed at a 
mutual separation of a.
(ii) 12 pairs of similar charges placed at a mutual 
separation of 2a.
(iii) 4 pairs of dissimilar charges placed at a mutual 
separation of 3a.

For (i) above, P.E. = − = −12
4

12
40

2

0

( )( )q q
a

q
aπε πε

For (ii) above, P.E. = = ×
12

4 2
12
4

0 707
0

2

0

( )( )
.

q q
a

q
aπε πε

For (iii) above, P.E. =
−

= − ×
4
4 3

4
4

0 577
0

2

0

( )( )
.

q q
a

q
aπε πε

Total Potential energy of system = U

∴ = −






U

q
a

5 824
4

2

0
.

πε
\ Binding energy of system =







5 824

4

2

0
.

q
aπε

Hence work done to separate the charge is

W q
a

=






5 824

4

2

0
. .

πε

10. (c)

11. (c) :
 

According to conservation of energy, we get 
 Ka + Ua = Kb + Ub
Here, Ka = 0 and the potential energies are 
 Ua = q′Va and Ub = q′Vb

∴ + ′ = + ′0 1
2

2q V mv q Va b or v
q V V

m
a b=

′ −2 ( )

Va = (9.0 × 109) 3 10
0 01

3 10
0 02

1350
9 9× + − ×







 =

− −C
m

C
m

V
. .     

Vb = ×
×

+
− ×







 = −

− −
( . )

. .
9 0 10

3 10
0 02

3 10
0 01

13509
9 9C
m

C
m

V

∴ =
×

×
= ×

−

−
− −v

2 2 10 2700

5 10
4 65 10

9

3
2 1( ) ( )

.
C V

kg
m s

     = 4.65 cm s–1

12. (a)
13. (a) : When the capacitor is charged by a battery of 

potential V, then energy stored in the capacitor,

 Ui = 1
2

2CV   
…(i)

When the battery is removed and  another identical 
uncharged capacitor is connected in parallel
Common potential,  

 
V′ = CV

C C
V

+
=

2
\  Then the energy stored in the capacitor,

 Uf = 1
2

2
2

1
4

2
2( )C V CV





=  …(ii)

\  From eqns. (i) and (ii)
 Uf = Ui/2
that means the total electrostatic energy of resulting 
system will decreases by a factor of 2.

14. (b) : According to questions (for two hydrogen 
atoms) electrostatic force = Gravitational force
\  Charge on one hydrogen atom 
 = qe + qp = –e + (e + De) = De
Since a hydrogen atom carry a net charge De,
\  Electrostatic force, 

 
Fe = 1

4

2

2πεo

e
d

( )∆
  

…(i)

will act between two hydrogen atoms.

 

–e –e

e+De e+De

d

The gravitational force between two hydrogen 
atoms is given as
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Fg = 

G m m

d
h h
2   

…(ii)

Since, the net force on the system is zero, Fe = Fg
Using eqns. (i) and (ii), we get

 
( )∆e

do

2

24πε
= Gm

d
h
2

2  

(De)2= 4 2πεo hGm  
 = 6.67 × 10–11 × (1.67 × 10–27)2/(9 × 109)
De ≈ 10–37 C

15. (a) : Work done is given as W = qDV
In all the four cases the potential difference from A 
to B is same.
\ In all the four cases the work done is same.

16. (c) : Dipole moment of fixed dipole can be written as 

 


p p i p j= +cos sin
^ ^

θ θ

For electric field, 


E E i1 =
^

Torque on the dipole; 






T p E pE k1 1= × = −( ) sin ( )
^

θ
… (i)

Now for 


E E j E j2 13 3= =
^ ^

In this case, torque on the dipole

 


T p i p j E j2 3= + ×( cos sin ) ( )
^ ^ ^

θ θ

 


T pE k2 3= cos ( )
^

θ  … (ii)

Now given, 


T2  = –


T1

 3pE k pE kcos ( ) sin ( )
^ ^

θ θ= − −

 3 cos sinθ θ=  or ;sin
cos

tanθ
θ

θ= =3 3  
⇒	 	q = 60°

17. (d) : We have to get equivalent capacitance of 2 mF 
across 1000 V using 1 mF capacitor.
To obtain the desired capacitance, 8 capacitors of  
1 mF should be connected in parallel with four such 
branches in series as shown in the figure.

 
1 1

8
1
8

1
8

1
8Ceq

= + + + = =4
8

1
2

; \ Ceq = 2 mF

\ Total number of capacitor used = 8 × 4 = 32
18. (c) : The energy stored in the electric field produced 

by a metal sphere = 4.5 J

⇒ 
Q

C
C Q2 2

2
4 5

2 4 5
= =

×
.

.
or  

…(i)

Capacitance of spherical conductor = 4pe0R

 C = 4pe0R = Q2

2 4 5× .  
[from eqn. (i)]

 
R = × ×

×

−1
4

4 10
2 4 50

6 2

πε
( )

.   

           = × × × = ×− −9 10 16
9

10 16 109 12 3  m = 16 mm

19. (b) :

 

C

C2C1D E

C3
BA

A B

C1

C2

C3

As the capacitors are in parallel combination so 
they have equal potential differences.

 
C

A
before =

ε0
3  

…(i)

 

C

k A A

k A Aafter =
+

ε ε

ε ε

0 0

0 0

3 2 4

3 2 4

.
.

.  

…(ii)

From (i) and (ii),

 

ε
ε ε

ε ε
0

0 0

0 03
3 2 4

3 2 4

A
k A A

k
A A

=
+

.
.

.
or 3 k = 2.4 k + 3  or 0.6 k = 3 

⇒  k = 3
0 6.  or k = 5

20. (a) :
 
φ

ε
=

qenclosed

0

For S
q

1 1
0

2
, φ

ε
= ; For S

q q q
2 2

0 0

3 2
, φ

ε ε
=

−
=

For S
q q q

3 3
0 0

2
, φ

ε ε
=

+
= ;

 
For S

q q q
4 4

0 0

8 6 2
, φ

ε ε
=

−
=

Hence, f1 = f2 = f3 = f4 = 2

0

q
ε

 

ANSWER KEYMPP-3 CLASS XI

1. (b) 2. (b) 3. (c)  4. (d) 5. (c)
6. (d)  7. (c) 8. (c) 9. (c) 10. (d)
11. (d) 12. (b) 13. (b) 14. (d) 15. (c)
16. (a) 17. (c) 18. (a) 19. (a) 20. (b, c, d)
21. (a, b, c)  22. (a, c)  23. (a, b, d)  24. (5 ) 25. (4)
26. (5) 27. (c) 28. (b) 29. (b) 30. (a)
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Section  1 (Maximum Marks : 28)
•	 This	section	contains	SEVEN	questions.
•	 Each	question	has	FOUR	options	(a),	(b),	(c)	and	(d).	ONE	OR	

MORE	THAN	ONE	of	these	four	options	is(are)	correct.
•	 For	each	question,	darken	the	bubble(s)	corresponding	to	all	

the	correct	option(s)	in	the	ORS.
•	 For	each	question,	marks	will	be	awarded	in	one	of	the	following	

categories	:
Full Marks :	 +4	 	If	only	the	bubble(s)	corresponding	to	all	

the	correct	option(s)	is(are)	darkened.
Partial Marks :	+1	 For	darkening	a	bubble	corresponding
	 	 	 to	each	correct	option,	provided	NO
	 	 	 incorrect	option	is	darkened.
Zero Marks : 0	 If	none	of	the	bubbles	is	darkened.
Negative Marks :	 –2	 In	all	other	cases.

•	 For	example,	if	(a),	(c)	and	(d)	are	all	the	correct	options	for	a	
question,	darkening	all	these	three	will	get	+4	marks;	darkening	
only	(a)	and	(d)	will	get	+2	marks;	and	darkening	(a)	and	(b)	will	
get	–2	marks,	as	a	wrong	option	is	also	darkened.

1.  In the circuit shown,      L = 1 Hµ
C = 1 Fµ R = 1 kΩ

V0 sin ωt

 L = 1 mH, C = 1 mF 
and R = 1 kW. They 
are connected in 
series with an a.c. 
source V = V0 sin wt 
as shown. 

 Which of the following options is/are correct?
(a) At w ~ 0 the current flowing through the circuit 

becomes nearly zero 
(b) The frequency at which the current will be in 

phase with the voltage is independent of R
(c) The current will be in phase with the voltage if 

w = 104 rad s–1.
(d) At w > > 106 rad s–1, the circuit behaves like a 

capacitor.

2. For an isosceles prism of angle A and refractive index m, 
it is found that the angle of minimum deviation  
dm = A. Which of the following options is/are correct?
(a) For the angle of incidence i1 = A, the ray inside 

the prism is parallel to the base of the prism
(b) At minimum deviation, the incident angle i1 

and the refracting angle r1 at the first refracting 
surface are related by r1 = (i1/2)

(c) For this prism, the emergent ray at the second 
surface will be tangential to the surface when the 
angle of incidence at the first surface is

 i1 = sin sin cos cos− − −












1 24
2

1A A A

(d) For this prism, the refractive index m and the 

angle of prism A are related as A = 





−1
2 2

1cos µ

3. A circular insulated copper wire 
loop is twisted to form two loops 
of area A and 2A as shown in the 
figure. At the point of crossing 
the wires remain electrically 
insulated from each other. The 
entire loop lies in the plane (of 
the paper). A uniform magnetic 
field 



B  points into the plane 
of the paper. At t = 0, the loop 
starts rotating about the 
common diameter as axis with

 a constant angular velocity w in the magnetic field. 
Which of the following options is/are correct?
(a) The emf induced in the loop is proportional to 

the sum of the areas of the two loops
(b) The rate of change of the flux is maximum when 

the plane of the loops is perpendicular to plane 
of the paper

(c) The net emf induced due to both the loops is 
proportional to cos wt

(d) The amplitude of the maximum net emf induced 
due to both the loops is equal to the amplitude 
of maximum emf induced in the smaller loop 
alone

4. A flat plate is moving normal to its plane through a gas 
under the action of a constant force F. The gas is kept 
at a very low pressure. The speed of the plate v is much 
less than the average speed u of the gas molecules. 
Which of the following options is/are true?

area A

B

area 2A

× × × ×

× × × ×

× × × ×

× × × ×

× × × ×

× × × ×

ω

ADVANCED

SOLVED

PAPER

2016

PAPER-I

2017
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(a) At a later time the external force F balances the 
resistive force

(b) The plate will continue to move with constant 
non-zero acceleration, at all times

(c) The resistive force experienced by the plate is 
proportional to v

(d) The pressure difference between the leading and 
trailing faces of the plate is proportional to uv.

5. A block of mass M          
y

x

R

R
m

M

x = 0

 has a circular cut 
with a frictionless 
surface as shown. 
The block rests on

 the horizontal on frictionless surface of a fixed table.
 Initially the right edge of the block is at x = 0, in 

a co-ordinate system fixed to the table. A point  
mass m is released from rest at the topmost point of 
the path as shown and it slides down. When the mass 
loses contact with the block, its position is x and the 
velocity is v. At that instant, which of the following 
options is/are correct?

(a) The velocity of the point mass m is: v gR
m
M

=
+

2

1

(b) The x component of displacement of the center 

of mass of the block M is : −
+

mR
M m

(c) T h e  p o s i t i o n  o f  t h e  p o i n t  m a s s  i s  :  

x = −
+

2 mR
M m

(d) The velocity of the block M is : V = − m
M

gR2

6. A block M hangs vertically at the 
bottom end of a uniform rope of 
constant mass per unit length. The 
top end of the rope is attached to a 
fixed rigid support at O. A transverse 
wave pulse (Pulse 1) of wavelength 
l0 is produced at point O on the 
rope. The pulse takes time TOA to

 reach point A. If the wave pulse of wavelength l0 is 
produced at point A (Pulse 2) without disturbing 
the position of M it takes time TAO to reach point O. 
Which of the following options is/are correct?
(a) The time TAO = TOA
(b) The wavelength of Pulse 1 becomes longer when 

it reaches point A
(c) The velocity of any pulse along the rope is 

independent of its frequency and wavelength
(d) The velocities of the two pulses (Pulse 1 and Pulse 2) 

are the same at the midpoint of rope. 

MA

Pulse 2

Pulse 1O

7. A human body has a surface area of approximately 
1 m2. The normal body temperature is 10 K above the 
surrounding room temperature T0. Take the room 
temperature to be T0 = 300 K. For T0 = 300 K, the 
value of sT0

4 = 460 W m–2 (where s is the Stefan 
Boltzmann constant). Which of the following options 
is/are correct?
(a) If the body temperature rises significantly then 

the peak in the spectrum of electromagnetic 
radiation emitted by the body would shift to 
longer wavelengths

(b) If the surrounding temperature reduces by a 
small amount DT0 < < T0, then to maintain the 
same body temperature the same (living) human 
being needs to radiate DW = 4sT0

3DT0 more 
energy per unit time

(c) The amount of energy radiated by the body in 
1 second is close to 60 Joules

(d) Reducing the exposed surface area of the body 
(e.g. by curling up) allows humans to maintain 
the same body temperature while reducing the 
energy lost by radiation.

Section 2 (Maximum Marks : 15)
•	 This	section	contains	FIVE	questions.
•	 The	answer	to	each	question	 is	a	SINGLE	DIGIT	INTEGER	

ranging	from	0	to	9,	both	inclusive.
•	 For	each	question,	darken	the	bubble	corresponding	to	the	

correct	integer	in	the	ORS.
•	 For	each	question,	marks	will	be	awarded	in	one	of	the	following	

categories	:
Full Marks :	 +3	 	If	only	the	bubble	corresponding	to	the	

correct	answer	is	darkened.

Zero Marks :	 	0	 In	all	other	cases.

8. An electron in a hydrogen atom undergoes a transition 
from an orbit with quantum number ni to another 
with quantum number nf . Vi and Vf are respectively 

the initial and final potential energies of the electron. 

If 
V
V

i

f
= 6 25. ,  then the smallest possible nf is

9. A drop of liquid of radius R = 10–2 m having surface   

tension S = 0 1
4
.
π

N m–1 divides itself into K identical 

drops. In this process the total change in the surface 
energy DU = 10–3 J. If K = 10a, then the value of a is

10. A stationary source emits sound of frequency u0 = 492 Hz. 
The sound is reflected by a large car approaching 
the source with a speed of 2 m s–1. The reflected 
signal is received by the source and superposed with 
the original. What will be the beat frequency of the 
resulting signal in Hz? (Given that the speed of sound 
in air is 330 m s–1 and the car reflects the sound at the 
frequency it has received).
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11. 131I is an isotope of Iodine that b decays to an isotope 
of Xenon with a half-life of 8 days. A small amount of a 
serum labelled with 131I is injected into the blood of a 
person. The activity of the amount of 131I injected was 
2.4 × 105 Becquerel (Bq.) It is known that the injected 
serum will get distributed uniformly in the blood 
stream in less than half an hour. After 11.5 hours, 
2.5 ml of blood is drawn from the person’s body, and 
gives an activity of 115 Bq. The total volume of blood 
in the person’s body, in litres is approximately (you 
may use ex ≈ 1 + x for |x| << 1 and ln 2 ≈ 0.7).

12. A m o n o c h r o m a t i c 
light is travelling in a 
medium of refractive 
index n = 1.6. It enters 
a stack of glass layers 
from the bottom side 
at an angle q = 30°. 
The interfaces of the

 glass layers are parallel to each other. The refractive 
indices of different glass layers are monotonically 
decreasing as nm = n – mDn, where nm is the refractive 
index of the mth slab and Dn = 0.1 (see the figure). The 
ray is refracted out parallel to the interface between 
the (m – 1)th and mth slabs from the right side of the 
stack. What is the value of m?

Section 3 (Maximum Marks : 18)
•	 This	section	contains	SIX	questions	of	matching	type.
•	 This	section	contains	TWO	tables	(each	having	3	columns	and	

4	rows).
•	 Based	on	each	table,	there	are	THREE	questions.
•	 Each	question	has	FOUR	options	(a),	(b),	(c),	and	(d).	ONLY	ONE	

of	these	four	options	is	correct.
•	 For	each	question,	darken	the	bubble	corresponding	to	the	

correct	option	in	the	ORS.
•	 For	each	question,	marks	will	be	awarded	in	one	of	the	following	

categories	:
Full Marks :	 +3	 	If	only	the	bubble	corresponding	to	the	

correct	option	is	darkened.
Zero Marks :	 	0	 If	none	of	the	bubbles	is	darkened
Negative Marks :	–1	 In	all	other	cases

 Answer Q.13, Q.14 and Q.15 by appropriately 
matching the information given in the three 
columns of the following table.

A charged particle (electron or proton) is introduced at the 
origin (x = 0, y = 0, z = 0) with a given initial velocity 

v . 
A uniform electric field 



E  and a uniform magnetic 
field 



B  exist everywhere. The velocity 
v , electric field 



E  and magnetic field 


B  are given in columns 1, 2 
and 3, respectively. The quantities E0, B0 are positive 
in magnitude.

m n – mDn
n –(m–1)Dn

n – 3 Dn
n – 2 Dn
n –Dn
n

m – 1

1

q

2
3

≈≈

Column I Column II Column III

(I)   Electron with 

      
v E

B
x= 2 0

0
ˆ (i)   



E E z= 0 ˆ (P) 


B B x= − 0 ˆ

(II)  Electron with 

      v E
B

y= 0

0
ˆ (ii)  



E E y= − 0 ˆ (Q) 


B B x= 0 ˆ

(III) Proton with 
v = 0 (iii) 



E E x= − 0 ˆ (R) 


B B y= 0 ˆ

(IV) Proton with 
v E

B
x= 2 0

0
ˆ (iv) 



E E x= 0 ˆ (S) 


B B z= 0 ˆ

13. In which case would the particle move in a straight 
line along the negative direction of y-axis (i.e., move 
along – ŷ )?
(a) (IV) (ii) (S) (b) (II) (iii) (Q)
(c) (III) (ii) (R) (d) (III) (ii) (P)

14. In which case will the particle move in a straight line 
with constant velocity?
(a) (II) (iii) (S) (b) (III) (iii) (P)
(c) (IV) (i) (S) (d) (III) (ii) (R)

15. In which case will the particle describe a helical path 
with axis along the positive z direction?
(a) (II) (ii) (R) (b) (III) (iii) (P)
(c) (IV) (i) (S) (d) (IV) (ii) (R)

 Answer Q. 16, Q.17 and Q. 18 by appropriately matching 
the information given in the three columns of the 
following table.

An ideal gas is undergoing a cyclic thermodynamic 
process in different ways as shown in the corresponding 
P – V diagrams in column 3 of the table. Consider 
only the path from state 1 to state 2. W denotes the 
corresponding work done on the system. The equations 
and plots in the table have standard notations as used 
in thermodynamic processes. Here g is the ratio of heat 
capacities at constant pressure and constant volume. 
The number of moles in the gas is n.

Column I Column II Column III

(I)  W

P V P V

1 2

2 2 1 1
1

1

→ =

−
−

( )
γ

(i)  Isothermal (P)  

(II) W1→ 2 =

   – PV2 + PV1

(ii) Isochoric (Q)  
1

2

P

V
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PAPER-II

(III) W1 →2 = 0 (iii) Isobaric (R)  
1

2

P

V

(IV)

 

W

nRT
V
V

1 2

2

1

→ =

−






ln
(iv) Adiabatic (S)  

1

2

P

V

 

16. Which one of the following options correctly 
represents a thermodynamic process that is used as a 
correction in the determination of the speed of sound 

in an ideal gas?
(a) (IV) (ii) (R) (b) (I) (ii) (Q)
(c) (I) (iv) (Q) (d) (III) (iv) (R)

17. Which of the following options is the only correct 
representation of a process in which DU = DQ – PDV?
(a) (II) (iii) (S) (b) (II) (iii) (P)
(c) (III) (iii) (P) (d) (II) (iv) (R)

18. Which one of the following options is the correct 
combination?
(a) (II) (iv) (P) (b) (III) (ii) (S)
(c) (II) (iv) (R) (d) (IV) (ii) (S)

Section 1 (Maximum Marks : 21)
•	 This	section	contains	SEVEN	questions.
•	 Each	question	has	FOUR	options	(a),	(b),	(c)	and	(d).	ONLY	ONE	

of	these	four	options	is	correct.
•	 For	each	question,	darken	the	bubble	corresponding		to	the	

correct	option	in	the	ORS.
•	 For	each	question,	marks	will	be	awarded	in	one	of	the	following	

categories	:
Full Marks :	 +3	 	If	only	the	bubble	corresponding	to	the	

correct	option	is	darkened.
Zero Marks :	 0	 If	none	of	the	bubbles	is	darkened.
Negative Marks :	 –1	 In	all	other	cases.

1. A rocket is launched normal to the surface of the 
Earth, away from the Sun, along the line joining the 
Sun and the Earth. The Sun is 3 × 105 times heavier 
than the Earth and is at a distance 2.5 × 104 times 
larger than the radius of the Earth. The escape velocity 
from Earth’s gravitational field is ve = 11.2 km s–1. The 
minimum initial velocity (vs) required for the rocket 
to be able to leave the Sun-Earth system is closest to 
(Ignore the rotation and revolution of the Earth and 
the presence of any other planet)
(a) vs = 62 km s–1 (b) vs = 22 km s–1

(c) vs = 72 km s–1 (d) vs = 42 km s–1

2. A person measures the depth of a well by measuring 
the time interval between dropping a stone and 
receiving the sound of impact with the bottom of 
the well. The error in his measurement of time is 
dT = 0.01 s and he measures the depth of the 
well to be L = 20 m. Take the acceleration due to 
gravity g = 10 m s–2 and the velocity of sound is 
300 m s–1. Then the fractional error in the measurement, 
dL/L, is closest to
(a) 5% (b) 1% (c) 3% (d) 0.2%

3. Consider an expanding sphere of instantaneous radius 
R whose total mass remains constant. The expansion 
is such that the instantaneous density r remains 
uniform throughout the volume. The rate of fractional 

change in density 1
ρ

ρd
dt







 is constant. The velocity v 

of any point on the surface of the expanding sphere 
is proportional to

(a) R (b) 
1
R

 (c) R2/3 (d) R3

4. A symmetric star shaped  
I

4a

 conducting wire loop 
is carrying a steady 
state current I as shown 
in the figure. The 
distance between the 
diametrically opposite 
vertices of the star is 
4a. The magnitude of 
the magnetic field at the 
center of the loop is

(a) 
µ
π
0

4
3 2 3

I
a

[ ]−  (b) 
µ
π
0

4
6 3 1

I
a

[ ]−

(c) 
µ
π
0

4
3 3 1

I
a

[ ]−  (d) 
µ
π
0

4
6 3 1

I
a

[ ]+

5. Consider regular polygons with number of sides 
n = 3, 4, 5 ...... as shown in the figure. The centre of 
mass of all the polygons is at height h from the ground. 
They roll on a horizontal surface about the leading 
vertex without slipping and sliding as depicted. The 
maximum increase in height of the locus of the center 
of mass for each polygon is D. Then D depends on n 
and h as

h h h

(a) ∆ = 



h

n
sin2 π

 (b) ∆ = 



h

n
tan2

2
π

(c) ∆ =






−











h

n

1 1
cos π  (d) ∆ = 



h

n
sin 2π
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6. Three     vectors  
 

P Q,   and                y
P

S
Q

xO



Q



P 

S

b R


  

R Q P= −

 


R are shown in the 
figure. Let S be any 
point on the vector 



R.
The distance between 
the points P and S 
is b R



. The general 
relation among vectors 
  

P Q S, and  is

(a) 
  

S b P bQ= − +( )1  

(b) 
  

S b P bQ= − +( )1

(c) 
  

S b P b Q= − +( )1 2  

(d) 
  

S b P bQ= − +( )1 2

7. A photoelectric material having work-function f0 is 

illuminated with light of wavelength l λ
φ

<





hc

0
. The 

fastest photoelectron has a de Broglie wavelength ld. 
A change in wavelength of the incident light by Dl 
results in a change Dld in ld. Then the ratio Dld/Dl 
is proportional to
(a) l3

d/l (b) l3
d/l2 (c) l2

d/l2 (d) ld/l

Section 2 (Maximum Marks : 28)
•	 This	section	contains	SEVEN	questions.

•	 Each	question	has	FOUR	options	(a),	(b),	(c)	and	(d).	ONE	OR	
MORE	THAN	ONE	of	these	four	options	is(are)	correct.

•	 For	each	question,	darken	the	bubble(s)	corresponding		to	all	
the	correct	option(s)	in	the	ORS.

•	 For	each	question,	marks	will	be	awarded	in	one	of	the	following	
categories	:

Full Marks : +4	 	If	only	the	bubble(s)	corresponding	to	all	
the	correct	option(s)	is(are)	darkened.

Partial Marks : +1	 	For	darkening	a	bubble	corresponding	
to	each	correct	option,	provided	NO	
incorrect	option	is	darkened.

Zero Marks :   0	 	If	none	of	the	bubbles	is	darkened.

Negative Marks : –2	 In	all	other	cases.
•	 For	example,	 if	 (a),	 (c)	and	(d)	are	all	the	correct	options	for	

a	question,	darkening	all	these	three	will	result	 in	+4	marks;	
darkening	only	(a)	and	(d)	will	result	in	+2	marks;	and	darkening	(a)	
and	(b)	will	result	in	–2	marks,	as	a	wrong	option	is	also	darkened.

8. A wheel of radius R            S

P
R

X

Q and mass M is placed 
at the bottom of a 
fixed step of height R 
as shown in the figure. 

 A constant force is continuously applied on the surface 
of the wheel so that it just climbs the step without 
slipping. Consider the torque t about an axis normal 

to the plane of the paper passing through the point Q. 
Which of the following options is/are correct?
(a) If the force is applied at point P tangentially then 

t decreases continuously as the wheel climbs.
(b) If the force is applied tangentially at point S then 

t ≠ 0 but the wheel never climbs the step.
(c) If the force is applied normal to the circumference 

at point P then t is zero.
(d) If the force is applied normal to the circumference 

at point X then t is constant.
9. A rigid uniform bar AB of        

L

A

B

q

O

 
 length L is slipping from 

its vertical position on a 
frictionless floor (as shown 
in the figure). At some 
instant of time, 

 the angle made by the bar with the vertical is q. Which 
of the following statements about its motion is/are 
correct?
(a) When the bar makes an angle q with the vertical, 

the displacement of its midpoint from the initial 
position is proportional to (1 – cos q).

(b) The midpoint of the bar will fall vertically 
downward.

(c) Instantaneous torque about the point in contact 
with the floor is proportional to sin q.

(d) The trajectory of the point A is a parabola.
10. The instantaneous voltages at three terminals marked 

X, Y and Z are given by VX = V0 sin wt,

VY = V0 sin ω πt +





2
3

 and VZ = V0 sin ω πt +





4
3

 An ideal voltmeter is configured to read rms value 
of the potential difference between its terminals. It is 
connected between points X and Y and then between 
Y and Z. The reading(s) of the voltmeter will be
(a) independent of the choice of the two terminals

(b) V VXY
rms = 0  

(c) V VYZ
rms = 0

1
2

 

(d) V VXY
rms = 0

3
2

ANSWER KEYMPP-3 CLASS XII

1. (b) 2. (d) 3. (c)  4. (c) 5. (c) 
6. (a)  7. (a) 8. (c) 9. (c) 10. (c) 
11. (a) 12. (b) 13. (c) 14. (d) 15. (a) 
16. (d) 17. (d) 18. (b) 19. (a) 20. (b,c,d) 
21. (a, d)  22. (b, c)  23. (b,c,d)  24. (5 ) 25. (9) 
26. (2) 27. (a) 28. (d) 29. (c) 30. (a)
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11. A uniform magnetic field B exists in the region between 

x = 0 and x R= 3
2

 (region 2 in the figure) pointing 

normally into the plane of the paper. A particle with 
charge +Q and momentum p directed along x-axis 
enters region 2 from region 1 at point P1(y = –R). 
Which of the following option(s) is/are correct?

×
×
×
×
×

×
×
×
×
×

×
×
×
×
×

×
×
×
×

×
×
×
×

×
×
×
×

Region 1

B

P2
P1

O

Region 2

(y = –R)

3R/2

+Q

y

x

Region 3

(a) For B
p

QR
> 2

3
,  the particle will re-enter region 1.

(b) For B
p

QR
= 8

13
,  the particle will enter region 3 

through the point P2 on x-axis.
(c) For a fixed B, particles of same charge Q and same 

velocity v, the distance between the point P1 and 
the point of re-entry into region 1 is inversely 
proportional to the mass of the particle.

(d) When the particle re-enters region 1 through the 
longest possible path in region 2, the magnitude 
of the change in its linear momentum between 
point P1 and the farthest point from y-axis is 
p / 2 .

12. Two coherent monochromatic 
point sources S1 and S2 of 
wavelength l = 600 nm are 
placed symmetrically on 
either side of the center of the 
circle as shown. The sources 
are separated by a distance  
d = 1.8 mm. This arrangement

 produces interference fringes visible as alternate bright 
and dark spots on the circumference of the circle. The 
angular separation between two consecutive bright 
spots on the circumference of the circle. The angular 
separation between two consecutive bright spots is 
Dq. Which of the following options is/are correct?
(a) The angular separation between two consecutive 

bright spots decreases as we move from P1 to P2 
along the first quadrant.

(b) At P2 the order of the fringe will be maximum.
(c) A dark spot will be formed at the point P2.
(d) The total number of fringes produced between 

P1 and P2 in the first quadrant is close to 3000.

P1

d

S1

Dq

S2
P2

13. A point charge +Q is placed 
just outside an imaginary 
hemispherical surface of radius 
R as shown in the figure. Which 
of the following statements  
is/are correct?
(a) The circumference of the flat surface is an 

equipotential.
(b) The component of the electric field normal to the 

flat surface is constant over the surface.
(c) Total flux through the curved and the flat surfaces 

is Q
ε0

.

(d) The electric flux passing through the curved 

surface of the hemisphere is − −





Q
2

1 1
20ε

.

14. A source of constant voltage V is connected to a 
resistance R and two ideal inductors L1 and L2 through 
a switch S as shown. There is no mutual inductance 
between the two inductors. The switch S is initially 
open. At t = 0, the switch is closed and current begins 
to flow. Which of the following options is/are correct?

+

S
R

V L1 L2–

(a) At t = 0, the current through the resistance R is 
V
R

.

(b) The ratio of the currents through L1 and L2 is 
fixed at all times (t > 0).

(c) After a long time, the current through L2 will be 
V
R

L
L L

1

1 2+
.

(d) After a long time, the current through L1 will be 
V
R

L
L L

2

1 2+
.

Section 3 (Maximum Marks : 12)
•	 This	section	contains	TWO	paragraphs.
•	 Based	on	each	paragraph,	there	are	TWO	questions.
•	 Each	question	has	FOUR	options	(a),	(b),	(c)	and	(d).	ONLY	ONE	

of	these	four	options	is	correct.
•	 For	each	question,	darken	the	bubble	corresponding	to	the	

correct	option	in	the	ORS.
•	 For	each	question,	marks	will	be	awarded	in	one	of	the	following	

categories	:

Full Marks : +3	 	If	only	the	bubble	corresponding	to	the	
correct	option	is	darkened.

Zero Marks : 0	 In	all	other	cases.

R

+Q
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PARAGRAPH 1
Consider a simple RC circuit as shown in figure 1.
Process 1 : In the circuit the switch S is closed at t = 0 
and the capacitor is fully charged to voltage V0 (i.e., 
charging continues for time T >> RC). In the process some 
dissipation (ED) occurs across the resistance R. The amount 
of energy finally stored in the fully charged capacitor is EC.
Process 2 : In a different process the voltage is first set to 
V0
3

 and maintained for a charging time T >> RC. Then 

the voltage is raised to 
2

3
0V

 without discharging the 

capacitor and again maintained for a time T > > RC. The 
process is repeated one more time by raising the voltage to 
V0 and the capacitor is charged to the same final voltage 
V0 as in Process 1.
These two processes are depicted in figure 2.

figure 1

S

R
V C+

–

figure 2

T >> RC

T 2T t

Process 1

2V0/3

V0/3

V0

V

Process 2

15. In Process 2, total energy dissipated across the 
resistance ED is

(a) E CVD = 



3 1

2 0
2  (b) E CVD = 





1
3

1
2 0

2

(c) ED = 3CV2
0 (d) E CVD = 1

2 0
2

16. In Process 1, the energy stored in the capacitor EC and 
heat dissipated across resistance ED are related by

(a) EC = ED (b) EC = ED ln 2

(c) EC = 2ED (d) EC = 
1
2

ED

PARAGRAPH 22
One twirls a circular ring (of mass M and radius R) near 
the tip of one’s finger as shown in figure 1. In the process 
the finger never loses contact with the inner rim of the 
ring. The finger traces out the surface of a cone, shown 
by the dotted line. The radius of the path traced out by 
the point where the ring and the finger is in contact is 
r. The finger rotates with an angular velocity w0. The 
rotating ring rolls without slipping on the outside of a 
smaller circle described by the point where the ring and 
the finger is in contact (figure 2). The coefficient of friction 
between the ring and the finger is m and the acceleration 
due to gravity is g.

r
R

figure 2

R

figure 1

17. The minimum value of w0 below which the ring will 
drop down is

(a) 
3

2
g

R rµ( )−
 (b) 

g
R rµ( )−

(c) 
g
R r2µ( )−

 (d) 
2g
R rµ( )−

18. The total kinetic energy of the ring is

(a) Mw2
0(R – r)2 (b) 

1
2

Mw2
0(R – r)2

(c) 
3
2

Mw2
0(R – r)2 (d) Mw2

0R2

ANSWER KEYS
PAPER-I

1. (a,b) 2. (a,b,c) 3. (b,d) 4. (a,c,d) 5. (a,b)
6. (a,c) 7. (d) 8. (5) 9. (6) 10. (6)
11. (5) 12. (8) 13. (c) 14. (a) 15. (c)
16. (c) 17. (b) 18. (b)

PAPER-II
1. (d) 2. (b) 3. (a) 4. (b) 5. (c)
6. (a) 7. (b) 8. (b or b,c) 
9. (a,b,c) 10. (a,d) 11. (a,b) 12. (b,d) 13. (a,d) 
14. (b,c,d) 15. (b) 16. (a) 17. (b) 
18. (bonus) 

For detail solutions refer to :
MTG JEE Advanced Explorer,

MTG 40 years JEE Advanced Chapterwise Solutions.
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