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JEE Advanced EXAM

- Cracking the

Bhavesh Dhingra

JEE Advanced 2016 Topper
(AIR 2) Interview:

How Bhavesh Dhingra
scored 312 out of 372?

havesh Dhingra, AIR 2 from Yamuna Nagar, Haryana believes that in
order to achieve success, you need not follow a fixed routine or long term

plans. His passion for computers shaped his dream to be a Computer Science
Engineer. He is aiming to take admission in IIT Bombay at his preferred

branch.

Bhavesh, who is also the topper from IIT Roorkee zone, had scored 92.4%
in Class XII. He focused on clarifying concepts first before taking practice
tests and advices the same for the aspirants preparing to crack JEE Main and
Advanced. He credits his faculty members and family for his success as he
feels that without their support and motivation, he wouldn't have been in the
top 3 among the 2,00,000 candidates across India.

Congratulations for your
achievement in JEE Advanced
2016! How did you celebrate?
Bhavesh Dhingra: Thank you. |
celebrated with my parents and family
members. Later | joined my friends and
mentors at my coaching institute for
sharing my success with them.

Were you confident about
bagging the top 2 position?
Bhavesh Dhingra: Initially | was not
confident about beingamong the top 3.
Later when | analyzed my performance
and tallied my chosen answer options
with the answer keys, my confidence
started building up about getting a
high score and rank.

Please share your subject wise
and overall score in JEE Advanced
2016. How was your performance
in JEE Main?

Bhavesh Dhingra: | have scored 312
out of 372 in JEE Advanced. In Physics
my score is 118, 100 in Chemistry and
94 in Mathematics. | have scored 285
in JEE Main.

Who all are there in your family?
How supportive were they during
your preparation phase?
Bhavesh Dhingra: My parents and
two elder sisters comprise my family.
My father is a retired bank manager
and my mother is a homemaker. My
elder sisters are also engineers. The
support and motivation they have
provided me is beyond my expression.
They have provided me best possible
facilities in terms of education and
taken care of my comfort throughout.
They also motivated me and boosted
my confidence whenever | felt low.

Why did you decide to pursue
higher education in engineering?
How did you start with the
preparation?

Bhavesh Dhingra: | was fascinated
about computers since my childhood
and | had decided to be a Computer
Science Engineer. | started preparing
seriously from Class XI. | had joined
coaching and started preparation by
gaining conceptual clarity on the subjects.
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What was your preparation strategy for JEE?

Bhavesh Dhingra: My strategy included clarifying concepts
and then practicing. | focused more on learning the concepts
first before taking up practice or solving test papers as it would
not have been fruitful. I did not follow any fixed routine and my
day to day study timings and pattern was quite flexible. On an
average | studied for 6 hours in a day. On other days, when | felt
the need to stretch, | studied for around 8 hours.

Tell us about your areas of strength and weaknesses.

Bhavesh Dhingra: Physics is my favourite subject. | find
Maths and Chemistry tough. There were areas of strengths and
weaknesses in each subject but | worked hard on the weak areas
and practiced every possible question types from the strong
areas to make them even stronger.

What was your coaching institute’s role
in your success? Do you think it would
be possible for a meritorious student to
crack a competitive test like JEE without
coaching?

Bhavesh Dhingra: My coaching institute,
Allen is a major factor behind my success.

They have provided me the right support in
terms of study and practice materials, constant
performance analysis and motivation throughout. | think the
guidance and exposure the coaching institute mentors provide
is very crucial for one's improvement.

So what next? Where do you plan to see yourself in the
coming 4 years?

Bhavesh Dhingra: | plan to take admission in the Computer
Science Engineering in my dream institute, lIT Bombay.

You have had quite a hectic preparation phase so far.
Did you get much time to be in touch with your friends

BUY ONLINE

Now you can buy

MTG Books & Magazines
Log on to : www.MMTJ.IN
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“Aspirants do not stress
yourselves by studying

for long hours. Even if you
are studying for a short
duration, ensure that you
give your 100%. Prioritize
on clarifying your concepts
first before practicing

as unless you know the
theory well, practice won't
be of much help.”

or participate in social media activities?

Bhavesh Dhingra: Yes indeed, | could manage to spare some
time to spend with my friends. | love sports and played table
tennis, cricket and badminton with my friends reqularly, apart
from discussing about studies in school and coaching classes.

| was less active in Facebook and more on WhatsApp. | used
to interact with my classmates in WhatsApp groups on JEE
preparation.

What are your hobbies? How often could you pursue
them?

Bhavesh Dhingra: Apart from sports, my hobbies include
listening to music. | listened to music every day to relax my mind.
There is no fixed genre and it depends on my mood. | also enjoy
watching movies. The latest movie | watched
was Captain America: Civil War.

What is your message for the JEE
aspirants appearing for the exam next
year?

Bhavesh Dhingra: My message for the
aspirants would be to not stress themselves
by studying for long hours. Even if you are
studying for a short duration, ensure that you
give your 100%. Prioritize on clarifying your
concepts first before practicing as unless you know the theory
well, practice won't be of much help.

Courtesy : careers360.com

JEE Advanced 2016
Zone wise List

Number of Candidates
Zone within the TOt.a.I
Qualified
Top 10 Top 100
[IT Bombay 3 37 8,810
[IT Delhi 1 18 5,941
IIT Guwahati 0 2,468
[IT Kanpur 0 4 4,443
IIT Kharagpur 0 4,560
[IT Madras 5 30 6,702
[IT Roorkee 1 7 3,642
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Maximize your chance of success, and high rank in NEET, JEE (Main and Advanced) by reading this column.
This specially designed column is updated year after year by a panel of highly qualified teaching experts well-tuned
to the requirements of these Entrance Tests.

< PHYSICAL QUANTITIES Type of | Physical System
o All the quantities in terms of which laws of physics | Physical | Quantity CGS MKS EPS
can be described and which can be measured are | quantity (Originated | (Originated | (Originated
known as physical quantities. in France) | in France) | in Britain)
o Types of Physical Quantities Funda- | Length cm m m
mental
There are two types of physical quantities : Mass g kg b
> Fundamental quantities : Those physical Time s s s
quantities which do not depend upon any other
quantity are known as fundamental quantitiesor | Derived Force dyne newton(N) | poundal
base quantities. There are seven fundamental or Work ers joule (J) | ft-poundal
base quantities in SI system. They are Length, Power erg/s watt (W) | ft-poundal/s

Unit

Mass, Time, Electric current, Thermodynamic
temperature, Amount of substance and
Luminous intensity.

> Derived quantities : Those physical quantities
which are derived from the fundamental
quantities are known as derived quantities.

UNITS AND MEASUREMENTS

> International system (SI) of units : This system
is modification over the MKS system and so
it is also known as Rationalised MKS system.
Besides the three base units of MKS system,
four fundamental and two supplementary units
are also included in this system.

eg Speed = dlsjtance Classification of Units
time > Fundamental or base units Units  of
< UNITS fundamental quantities. -

e The chosen reference standard of measurement in Base quantity SI Units
multiples of which, physical quantity is expressed is Name | Symbol
called the unit of that quantity. Length metre m

o System of Units Mass kilogram kg
> The given table shows different system of units: Time second s

PHYSICS FOR YOU | JULY 16
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Electric current ampere A
Thermodynamic kelvin K
temperature
Amount of substance mole mol
Luminous intensity | candela cd

> Derived units : Units of derived quantities or
the units that can be expressed in terms of the
base units.

> Supplementary units : radian (rad) for plane
angle and steradian (sr) for solid angle.

> Practical units : Units defined for practical
purposes. e.g. light year (ly) is a practical unit
of distance.

< REPRESENTATION OF ERRORS

Let a physical quantity a be measured n times.
Let the measured values be a;, a,, as ... a,.
To eliminate random error, their arithmetic mean is
taken as the true value.

Propagation of errors in mathematical operations

Z_ a +a,+..a, :liai
n iz

Absolute error : The magnitude of the difference
between the true value and the measured value is
called absolute error. Such errors are given by
Aa,=a-a,;Aay=a-a,;Aay=a-ay; ...Aa,=a—a,
Mean absolute error : The arithmetic mean of the
positive magnitudes of all the absolute errors is
called mean absolute error.

Aﬁ=|Aal |[+]|Aay |+ ...+ |Aa, | =l§n:|Aai |

n n i=1

Relative error : It is the ratio of the mean absolute
error to the mean value.

Percentage error : The relative error expressed in
percent is called the percentage error.

Aa
Percentage error = — X100%
a

Operation Formula Z | Absolute error AZ | Relative error AZ/Z |Percentage error AZ/Z x 100%
AA+AB
Sum A+B AA + AB = MXIOO%
A+B
Difference A-B AA + AB Lrnel s AA+AB 9
X100 %
A-B A-B
Multiplication AxB AAB + BAA AA AB A4 B 100%
A B A B
BAA + AAB AA AB
Division é - e & 1F ﬁ x100%
B B A B B
AA
Power A" nA"AA n—r n——x100%
Root Al 1 = 124 ———x100%
;A" AA n A n

< DIMENSIONAL ANALYSIS

12)

Dimensions of a physical quantity are the powers or
exponents to which the base quantities are raised to
represent that quantity.
Derivation of dimensional formula The
dimensional formulae of various physical quantities
can be obtained by defining them in terms of simple
quantities whose dimensions we already know.
e.g. Volume = Length x Breadth x Height

=[L] % [L] x [L] = [L]’

PHYSICS FOR YOU | JULY 16

Applications of Dimensional Analysis

> To check the dimensional consistency
of equations : It is based on principle of
homogeneity of dimensions which states that
the equation is dimensionally correct if the
dimensions of the various terms on either side
of the equation are the same.

> Todeducerelationamongthephysical quantities:
If we know the dependence of the physical
quantity on the other physical quantities, we can



derive a relation among the physical quantities
by using the principle of homogeneity of
dimensions.
For example, let viscosity (1) of a gas depends
upon the mass (m), the effective diameter (d)
and the mean speed (v) of the molecules. We
have to find 1 as a function of these given
variables.
Then, N < m*d®© or n = km®d** (D)
where k, a, b and c are dimensionless constants.
Writing the dimensional formulae of the
quantities on both sides of eqn.(i)
[ML—IT—l] — [M]a[L]b[LT—l]c= [MaLb+cT—C]
Comparing the dimensions on both sides
a=1Lb+c=-1,-c=-1
= a=1,c=1,b=-1
n=km'd ! = k2
42

> To convert one system of units into another
system of units : For this, we use the relation

o ()

m=n|l—| = |=

M, L) \T,

where M;, L, T| are fundamental units on
one system; M,, L,, T, are fundamental units
on the other system, a, b, ¢ are the dimensions
of the quantity in mass, length and time, n,
is numerical value in one system and n, is its
numerical value in the other system.

Note : This formula is valid only for absolute units
and not for gravitational units.

SIGNIFICANT FIGURES

The number of digits in the measured value which

include certain digits plus one uncertain (doubtful)

digit are called significant figures.

Rules for Counting the Significant Figures

> RuleI- All non-zero digits are significant.

> Rule II - All zeros occurring between the non-
zero digits are significant, i.e. 230089 contains
six significant figures.

> Rule III - All zeros to the left of non-zero digit
in a number with or without decimal point
are not significant, i.e. 0.0023 contains two
significant figures.

> Rule IV - All zeros to the right of non-zero
digits in a number without decimal point
are not significant, e.g. 23000 contains two
significant figures.

> RuleV - The zeros to the right of non-zero digits
(trailing zeros) in a number with a decimal
point are significant. e.g. 0.2300 contains four
significant figures.

> Remember : Forget zeros on left but do not
forget zeros on the right. Also please note that
in scientific notation 23000 should be written
as 23.000 x 10°. Thus 23 thousands is written as
23 x 10” and it contains two significant figures.
Similarly, 230 hundreds is written as 230 x 10°
and it contains three significant digits. Thus
power (or exponent) of 10isirrelevant in finding
the significant figures in scientific notation.
However, all the trailing zeros appearing in the
base number in it are significant. The change
of units only changes the order of exponent
but not the number of significant figures. e.g.
140 m = 1.40 x 10° cm, both have three
significant figures.

Rules for Rounding off

> RuleI - If the digit to be dropped is less than 5,
then the preceding digit is left unchanged.
e.g. 8.22 is rounded off to 8.2

> RuleII - If the digit to be dropped is more than
5, then the preceding digit is raised by one.
e.g. 6.87 is rounded off to 6.9

> RuleIII- If the digit to be dropped is 5 followed
by digit other than zero, then the preceding
digit is raised by one.
e.g. 7.851 is rounded off to 7.9

> Rule IV - If the digit to be dropped is 5 or 5
followed by zero, then preceding digit is left
unchanged, if it is even.
e.g. 5.250 rounded off to 5.2

> Rule V - If the digit to be dropped is 5 or 5
followed by zero, then the preceding digit is
raised by one, if it is odd.
e.g. 3.750 is rounded off to 3.8

In addition or subtraction, the final result should
retain as many decimal places as are there in the
number with the least decimal places.
eg.1.2+1.74+1.348 = 4.288

The final result should be rounded off to 4.3.

In multiplication or division, the final result should
retain as many significant figures as are there in the
original number with the least significant figures.
eg 1.2x1.74 x 1.348 = 2.814624

The final result should be 2.8.
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< MEASURING INSTRUMENTS

Vernier Callipers
> It is a device used to measure accurately upto

1 \th
(Bj of a millimetre. The vernier callipers

is as shown in the figure.

Main scale

E
78 9 10—

> 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 VSD= (n_} MSD

n
Vernier constant, VC =1 MSD -1 VSD
n—1 1
=1MSD - (—j MSD =7 MSD
n

Value of one main scale division

Total number of divisions on vernier scale

> Reading of Vernier callipers : Place the body
between the jaws and the zero of vernier scale
lies ahead of N division of main scale. Then
Main scale reading (MSR) = N
If n'™ division of vernier scale coincides with
any division of main scale, then
Vernier scale reading (VSR) = n x (VC)
Total reading = MSR + VSR = N + n x (VC)

> Zero error : When the jaws A and B touch each
other and if the zero of the vernier scale does
not coincide with the zero of the main scale,

then the instrument has error called zero error.
Zero error is always algebraically subtracted
from the observed reading.

(i) Positive zero error : Zero error is said to be
positive if the zero of the vernier scale lies on
the right of the zero of the main scale as shown
in figure (i).
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@)
Here, zero error = 0.00 cm + 5 x VC
(ii) Negative zero error : Zero error is said to be
negative if the zero of the vernier scale lies on
the left of the main scale as shown in figure (ii).

1
lo 5 v g
(i)
Here, zero error = 0.00 cm - (10 - 5) x VC
Screw Gauge
> It works on the principle of micrometer screw.
A screw gauge is as shown in figure.

Circular (Head)
scale

N H
A B S 05 E5
0 E K
95
Linear (Pitch) R
scale
M

> Pitch: It is defined as the linear distance moved
by the screw forward or backward when one
complete rotation is given to the circular cap.
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 the circular scale
> Reading of a Screw Gauge : Place a wire

between A and B, the edge of the cap lies ahead

of N™ division of linear scale. Then

Linear scale reading (LSR) = N

1f n'™ division of circular scale lies over reference

line, then

Circular scale reading (CSR) = n x (LC)

Total reading = LSR + CSR = N + n x (LC)

» Zero error : When the two studs A and B of the
screw gauge are brought in contact and if the
zero of the circular scale does not coincide with
the reference line then the screw gauge has an
error. This error is called zero error.



(i) Positive zero error Circular scale

Zero error is said to be
positive if the zero of

the circular scale lies

‘/g'“u\f

below the reference line Reference line
as shown in figure (i). @

Here, zero error=+2 x LC

SPEED

A train goes from station A to D via stations B
and C. The measured distances between various
stations are : A to B = 648 km, B to C = 64.8 km,
C to D = 6.48 km. Total distance covered by the
train in proper significant figures is

(a) 719.2km (b) 719.3 km

(c) 719km (d) 719.28 km

The power of a motor is 200 W. If the unit of length
is halved, that of mass is doubled and that of time
is also doubled, the power of the motor in the new

system is
(a) 3200W (b) 125W
(c) 12.5newunits (d) 3200 new units

Which one of the following statements is false ?
(a)
(b)

SI unit of all types of energy is joule.

If error in calculating volume of a sphere is
9%, error in measuring its radius is 3%.

Two quantities can be divided only when they
have same dimensions.

(c)
(d) Two quantities can be subtracted only when
they have same dimensions.

The
represented by : T = P* DY §¢ where P is pressure,
D is density and S is surface tension, then values of
a, band c are

time period of a body under SH.M. is

@ ->1 b) -1,-2,3
22
1 3 1 1
2.2 _2 d 2
(C) 2) 2’ 2 ( ) 1’2’3

In a vernier callipers, N divisions of vernier scale
coincide with (N-1) divisions of main scale in which

10.

(ii)Negative zero error : Crizalbre aelle

Zero error is said to be

negative if the zero of =0
the circular scale lies %

above the reference line  Reference line
as shown in figure (ii). (id)

Here, zero error = (98 - 100) x LC=-2 x LC

PRACTICE

one division represents 1 mm. The least count of the
instrument in cm should be
(a) N (b) N-1
1 1
© v R
The respective number of significant figures for the
numbers 23.023, 0.0003 and 2.1 x 107> are
(@ 51,5 (b) 5,5,2
(c) 4,4,2 d) 5,1,2

The dimensions of mobility are

@@ [MT'LOT* Al (b) [M'L°T?A']

(© ML'T?A™] (@) MOL'T?A™]

If electronic charge e, electron mass m, speed of
light in vacuum ¢ and PlancK’s constant / are taken

as fundamental quantities, the permeability of
vacuum [ can be expressed in units of

hc h
e b
@ (mezj ( )(mezj
h mc? .
(c) (—zj (d) (—2) [JEE Main 2015]
ce

he
The least count of a stop watch is 1/5 second. The
time of 20 oscillations of a pendulum is measured
to be 25 seconds. The minimum percentage error in
the measurement of time period will be
(a) 0.1% (b) 8%
() 1.8% (d) 0.8%

In the expression for torque T=a x L + b x I/®

L represents angular momentum, I is moment of
inertia and ® is angular velocity. The dimensions
ofaxbare:
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11.

12.

13.

14.

®

(@ [MLTT () MLT

(0 [ML'TT] (&) M'LOT™]

A student measures the time period of 100
oscillations of a simple pendulum four times. The
data setis 90 s, 91 s, 95 s and 92 s. If the minimum
division in the measuring clock is 1 s, then the
reported mean time should be

(a) 92%2s (b) 92£5.0s
(c) 92%+1.38s (d) 92£3s
[JEE Main 2016]

If the capacitance of a nanocapacitor is measured in
terms of a unit ¥ made by combining the electronic
charge e, Bohr radius a,, Planck’s constant 4 and
speed of light ¢ then

2 2
e’c h
(@) u= % (b) u= cay
2
© u=Zl @ u=ts
hc e“a,
[JEE Main 2015]

A beaker contains a fluid of density p kg m~,
specific heat SJkg ™' °C™" and viscosity 1. The beaker
is filled up to height h. To estimate the rate of heat
transfer per unit area (Q/A) by convection when
beaker is put on a hot plate, a student proposes that

it should depend on 1, (Sie) and (L) when AB
Pg

(in °C) is the difference in the temperature between
the bottom and top of the fluid. In that situation the

correct option for (Q/ 4) is

SAO

SAO 1
(a) n—- (b) H(T)(&)
0 i o)

© T @ (nh Pg

[JEE Main 2015]

A student measured the length of a rod and wrote it
as 3.50 cm. Which instrument did he use to measure
it?

(a) A screw gauge having 50 divisions in the
circular scale and pitch as 1 mm.

A meter scale.

A vernier calliper where the 10 divisions in
vernier scale matches with 9 division in main
scale and main scale has 10 divisions in 1 cm.

(b)
(c)
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15.

16.

17.

18.

19.

20.

(d) A screw gauge having 100 divisions in the
circular scale and pitch as 1 mm.

[JEE Main 2014]
Let [gy] denote the dimensional formula of the
permittivity of vacuum. If M = mass, L = length,
T = time and A = electric current, then
(@ [go]=[M"'L*T" A]
(b) [go] =M™ L7 T A
(© [gg]=[M" L >T A%
(d) [go] =M 'LET ' A [JEE Main 2013]

Which of the following will not have the dimensions
of potential energy ?

(a) Torque x angular displacement

(b) Rotational inertia x (angular frequency)2
(c) Position vector x rate of change of

momentum
Displacement x momentum

(d)
In a tangent galvanometer, current i is proportional
to tan 6, where 0 is angular deflection. The relative
error in i will be least when 0 is equal to

(a) 30° (b) 45°

(c) 60° (d) 90°

If dimensions of critical velocity v, of a liquid
flowing through a tube are expressed as [n*p’r’]
where 1, p and r are the coeflicient of viscosity
of liquid, density of liquid and radius of the tube
respectively, then the values of x, y and z are given

by
(a) -1,-1,-1 (b) 1,1,1
(c) 1,-1,-1 @ -1,-1,1

[AIPMT 2015]

If force (F), velocity (V) and time (T) are taken as
fundamental units, then the dimensions of mass

are
() [EVT™] (b) [FVT™
(o) [FV7IT™] (d) [FV'T]
[AIPMT 2014]

In an experiment four quantities a, b, ¢ and d are
measured with percentage error 1%, 2%, 3% and
4% respectively. Quantity P is calculated as follows

3,2
% error in P is P:a b
C
(a) 7% (b) 4%
(c) 14% (d) 10% [NEET 2013]



SOLUTIONS

1.

(c) : Here, AB = 648 km, BC = 64.8 km, CD = 6.48 km
Total distance = 719.28 km
Rounding off to no decimal place,
*. total distance = 719 km.
(d): + Power = [ML*T™]
a=1,b=2,c=-3

a b c
M L T
wonlie] 2] 7
1 2 -3 1 -3
ool (12 () -3 (3

= 3200 new units.

(c) : Two quantities can be divided even when they
do not have the same dimensions.
(a): T=P"Db &
[MO LO Tl] — [ML—I T—Z]a [ML—3]b[MT—2]C
_ [Ma+b+c L—a—3b T—Za—ZC]
Applying principle of homogeneity of dimensions,
a+b+c=0;-a-3b=0;-2a-2c=1
On solving, we geta=-3/2,b=1/2,c=1
(c): NVS.D. = (N-1) M.S.D.
1V.SD.= (Ej M.S.D.
N

V.C. = Least count =1 M.S.D. - 1 V.S.D.

N-1
V.C.=|1-—— | M.S.D.
)
1 0.1 1
—NM.S.D.—WCI’H—WCITI

(d)
. Drift velocity(v) % qv
(a): - YW _ -1
Mobility = g1 tric field (B) - Flg  F
-1
_[AT]ILT 7] _ MIOT2 Al
[MLT 2]
() : le] = [AT], [m] = [M], [c] = [LT™]
[h] = IML*T ], [1o] = [MLA™*T ]
If yy = ke®mPch?
[MLA™T %] = [AT]*IM]® [LT']¢ [ML?T )¢
By equating powers, we get
a=-2, b+d=1
c+2d=1, a-c-d=-2
Solving these eqns, we get
a=-2,b=0,c=-1,d=1

=]
1] Lez}

9.

10.

11.

12.

13.

(d): Error in measuring 25 s = 1 s=0.2s

0.2
Percentage error = ExlOO =0.8%

(a): Given,T=aXxXL+bxI/o

(] [Io] [T72] .
== =-" [T
= 0 el ™ )
[t [al _rr21p7=17 _ p7-3
[b]_—[I/o)] = e =[ow]= (T[T ]=[T""]

[ax b] = [T7'] [T7] = [MOLT™]
(a): Here,t; =90s,t, =91s,t3=95s,1,=92s

LC.=1s
N7
Mean of the measurements, f = -2

90+91+95+92

=92s

t—t
zi" d _ 2414340 _
4

Since the least count of the instrument is 1 s, so
reported mean time = (92 £ 2) s.

T

Mean deviation = 155

(c) : Here, capacitance C = ke*ay’h°c”
[C] = [MT'L2A%TY]

[e] = (AT}, [ag] = [L]

(el = [L'T 7], [A) = [M'L2T 7]

[MIL—2A2T4] — [AT]x[L]y[MlLZT—I]z [LIT—I]a
Comparing both sides
x=2%z=-Liy+2z+a=-2;x-z-a=4
On solving these eqns, we get

x=2,y=1, z=-1, a=-1
Also, [C]l=u

2
Sou= %

hc

(a): Let [g} is derived quantity which is
A

derived from three fundamental

(52) g L}
L 0g

By using principle of homogeneity of dimensions

Q| . [sae0)[1T
_z}‘“ﬂ [T} [@}

quantities

%L[MIT‘3]; ] = [M'L'T ]

:SAG _ 1 —1y 22
2ot . | — | = T
_h} T ],[pg} M)
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14.

15.

16.

17.

18.

19.

®

[M'LOT3] = ML T P MOLI T 2P M L2 T2

On comparing both sides
Xx+0-z=1,-x+y+2z=0and -x -2y +2z=-3
On solving these eqns, we get, x=1,y=12z=0

Q SAB
QTN T
(c) : Measured value of the length of rod = 3.50 cm
So, least count of the measuring instrument must
be 0.01 cm = 0.1 mm
For, vernier scale, 10 MSD = 1 cm = 10 mm
= 1MSD=1mm
Also, 9 MSD = 10 VSD
LC.=1MSD-1VSD=(1-0.9 mm =0.1 mm

(c) : According to Coulomb’s law

1 499
4me, 12

j= L i TATIATL oy a3
4 pr? [MLTA[L]

(d): Displacement x momentum
= [L] x [MLT™'] = [ML*T™'], which are not the
dimensions of potential energy.

(b): In a tangent galvanometer,

joc tan O

di o< sec*0 do
di_sec’0d0 _ dO 240
i tan®  sinBcosO sin20

(é) =2d0, for sin20 = 1= sin 90°
min

_90°
S 2
(©): [v] = [M*P’r] (given) o (1)
Writing the dimensions of various quantities in
eqn. (i), we get
M°LT™!] = ML T ML 3T IMOLTY)?
— [Mx YL -3y+z T—x]

Applying the principle of homogeneity of
dimensions, we get

x+y=0-x-3y+z=1; —x=-1
On solving, we get, x=1,y=-1,z=-1
(d): Let mass m o< F* VP T¢
or m=kF*VbT® (1)
where k is a dimensionless constant and a, b and ¢
are the exponents.
Writing dimensions on both sides, we get
[ML°T?] = [MLT ) [LT']° [T]
[MLOTO] — [MaLa +b T—Za -b+ c]

0 =45°
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Applying the principle of homogeneity of
dimensions, we get
a=1 ... (ii)
a+b=0 ... (iii)
2a-b+c=0 ... (iv)
Solving eqns. (ii), (iii) and (iv), we get
a=1,b=-1,c=1
From eqn. (i), [m] = [FVIT]
312
20. (c): As p= 22
cd
% error in P is
AP A Ab) Ac Ad
2 %100% = 3| 22 |+2| 22 |+ 25+ 22 | 100%
p a b c d
=[B3%x1%+2x2%+3% +4%] = 14%
..................................................................... X
SOLUTION OF JUNE 2016 CROSSWORD
'plafofrfofc]o[NPo]ulc]r]i]v]i]T]Y
A 0o °G 'G
Rl Fr ‘gl Is[x[y[wla[Vv[E]’s R
S E I E L | [a
E R L AlpD|Vv[E[c|T|1][O[N
C R B "Ll Ul x T I E
i E Y Hl [N U
[ [Rv R v [0 G T
el L{Aa|s|T[A|[N]|C|E I S B R
T C C ul [o
"°F e[ F|F|U[s|1]O[N R ol [*p|lo|U|N|[D
U R 0 P Y
Ll el Psloflrfalr[E[c|L]1i|r|s|E] [LlalG] P&
L 0 P H N L
Ml 1[c[r]o|clH]|I]P “alclo|uls|T|1]|C|S E
ol [u| [u N Y C
ol L] [T T Pml APGIN[E[T] 1] T E T
Nl [E R R P R
A E I DIR[A[T[N [§)
el E[R[M[ T N[A|L T N
°'p p L A v
Gl L[ 1| D[ E FPrTET VI E|R X 0
T N Pl rR{Y[s]|T]A[L
"l A|R|D[N|E]S]S T
Winners (June 2016)
1. Debasrija Mondal (West Bengal)
2. Saket Jain (New Delhi)
Solution Senders (May 2016)
1. Charit Ghosh (West Bengal)
2. Divyanshu Makhija (Punjab)
3. Nikhil Paradkar (Gwalior)
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Now-a-days almost every kid knows about the basic
of gravity, earth pulls every object towards itself. Ask
them why? They would not be able to answer. Ask them,
whether they knew that every other object which is
being pulled by earth is also pulling earth with same
magnitude of force.

In this section ahead we will see in details about how

much force of gravitation exists between two objects
in consideration.

Newton's law of gravitation states that for two point
masses m, and m, the gravitational force of attraction
between them is proportional to

(i) product of masses

(ii) inverse of the square of the distance between
them.

E, and B, indicate the yA
force acting on m, due to m1
m, and on m, due to
m, respectively. 7 AN
These are central forces T m,
which means that it > X
always acts along the
line joining the two particles under consideration.
Magnitude wise F,, and F,, are identical but just
opposite to each other.

Let F,,=F, =F

Fee 2 - F= G(—mlmz )
7‘2 r2
where G = 6.67 x 107! N m?kg~2

= ? x10711 N mzkg_2

is universal gravitation constant.

(A constant is said to be universal if its value does not
change with location, hence gravitational force between
two objects does not get affected by the medium present
between them).

AL p
NCEPT €

GRAVITATION

F r F
A A A
e A A

This equation of force only gives us the magnitude of
the force.
In vector form,

- Ao [ Gmymy \(F -1
Hy=Hyr= 2
"1 h1

Bo_p o _[(Gmm\(f-h
1= 12= 2
n2 N2

where r\, =1, =71

The law of gravitation even though is given for point
masses but it is found to be equally applicable for
radially symmetric spherical mass distribution where
we can assume the entire mass to be concentrated at
the centre of mass of the sphere. But other than sphere,
no other mass can be assumed to be concentrated at
its centre of mass (COM).

For calculation of gravitational force

< L >:
Gmym
Fy=F =—2%:-2
12 F,, 12 =21 2
RIC sphere
r 5
my < 2
= ———— e,
i 21 point mass
rod Gmm
— 17772
Fy=F#
If Gm—IZmZ isn't the force between the rod and point

’
mass, then how much is it?

We will see this later, as we progress through the
chapter. First we see few applications of what we
already learnt.

El. Two uniform solid spheres of radius R and mass m
each are kept in contact and are found to exert force
F on each other. If the radius of sphere is doubled,
find the force of attraction between them.

Contributed By: Bishwajit Barnwal, Aakash Institute, Kolkata
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E2.

E3.

D

2
Sol.: F= Gm 3
(2R)
Now, if R is changed, m also
<>
changes. 2R

. 4
Applying, m=pV = p.gnR3

2 6
F o< m— oc R— oc R4
R* R’
or FocR% .. welearn that Fec Lz is applicable

only if masses are fixed.

, 4
B2 -
F R
F' =16F
Six point masses m, 2m, 3m, ..., 6m are placed fixed
at the vertices of a regular hexagon of side length
a. Another point mass m,, is placed at the centroid.
Find the net force experienced by it.
5m

4m

Let us assume,
Gmmy _

a2

F

The force exerted by the masses m, 2m, ..., 6m
are F, 2F, ..., 6F as shown.

The vector sum of the forces can be seen as below.

3F+ 3F = 6F= 6Gmmy towards 5m
2

a
,

o

3F

[oN

S

o
o
NS
[=]

[oN
S w
=g

I}

3F

Three identical point masses m each are located at

the vertices of an equilateral triangle of side length

a. They are found to perform uniform circular

motion (UCM) under their mutual gravitational

attraction. Find the speed of each.

Sol.: In such question of UCM under mutual

attractive force remember these -

(i) linear momentum of the system is zero

(i) COM doesn't shift (. F, ., = 0 and up, = 0)

(ili) Angular momentum remains conserved
(. T = 0 due to central force)
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(iv) The net force on any mass should be directed
towards the centre of mass, since it would be
the centripetal force.

(v) The distance of the individual masses from the
COM would be the radius of revolution of the
masses.

2

m
F et =2F cos30° = .
r

N Z[G_szx/gz mv* o = /G_m
at )2 (a/\/g) a

These were some examples involving point or spherical
masses.

What if the masses were not spherical? For example
force between uniform rod and point mass? In such
case we choose a small element on the rod and calculate
force between chosen element and point mass and
then integrate.

dx X .
— € >,
[¢ /18 ) smeesemeese- <+«—¢m
M, L 8 : dF
%
GmdM Gm(M)dx
dF =———= Ii
X X
poGmM “+Ld_x_ GmM[ ITJrL _ GmM
L % L x 1y a(@+L)

Till here we saw few examples of how much force has
been acting.
Now, wait ... did we think, how the force acted?

Let me answer.
Whenever two objects exerts force on each other without

physical contact, we say that the objects fall (lie) in the
field of each other. For example charges interact through
electrostatic field, masses through gravitational field,
bar magnets through magnetic field.

So, gravitational field can be seen as the region
surrounding a particular mass in which its influence
can be felt by others. So basically if a mass experiences
a gravitational force, it has to lie in the gravitational
field of other masses.



Mathematically, gravitational field at any point is defined
as the gravitational force experienced per unit test mass
kept at that point.
Let us denote it by &

E

. _ " gravitational

o
where Pgravitational is the gravitational force experienced
by mass m,, kept at the point.
So, if the gravitational field at any point is known, say
& if we keep any mass m there, the force experienced
by it will be mg. Simple!
Let us try to calculate gravitational field of some
standard configuration.

Field due to a point mass

- P
g=— 2l
Mo
GmyM 1 _GM 1
g: —_— = goc_
rromy r?

In vector form,
. GM GM .
g=(f;}—h=——;@>
r r

Note that, g is opposite to 7,

hence for positive r, g has been
plotted as negative.

If only magnitude is plotted then, g
' ) _GM )
If you notice the expression, g = r_2 gty
this expression is same as if a mass of r

1 kg was kept and force on this 1 kg
was being calculated as below:

GM-1_GM

7‘2 7‘2

To calculate g, next time we imagine a mass of
1 kg kept at the point and the calculated gravitational

F=

force is the magnitude of the &.

Field due to two identical point masses at its bisector
line

)

= sl B sis
$
jav]

At point P, distant x from the line joining the masses,
if g, is the magnitude of field strength due to one of
them then,

8net =28m €050

Gm ' X _ G@2m)x

@+3%) a2 +x? P+
Now, let us try to plot the variation of magnitude of
8¢ With respect to x.

= Znet =2

For x << a For x >> a
(2 + a)32 = a3 (2 + a2)32 = &3
G2em)x G(2m)x
Snet = 3 - Snet ¥ 3
a X
_ G(2m)
G2 -2
=( ( 3”1))’6 o
a

. It appears as if both the
masses are placed at one point.

1

+ Ehet <X (linear) - &net ch_Z

gnet T

| » X | » X

(1) )

Merging the two graphs, (1) and (2), we understand
that the graph, i.e., gravitational field strength attained
maximum some where in between x = 0 and x = oo,
which can easily be found out from maxima/minima
concept.

dgnet d X
=0 = —|———%5 (=0
dx dx \ (x? +a%)*?

. At maxima,

(on solving)

» X

Note that for small x, i.e., x << a, 8het <X which indicates
that if a mass m is kept there, it will experience a
restoring force proportional to x, the displacement
from mean position which indicates that m will start
executing SHM.
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F = B GQ2m)
g =Mo&net =My a3 X

G 2mmy "
= mya= 3 X I
a a
2Gm < n.10
= a=|——|x = SHM F, ¢
3 5 S5
a a 0
a’ m 5
T=2m <>
2Gm

The expression of the field for two identical point
masses can be extended to find field due to a thin ring

using symmetry. y
For the pair of masses m, W
and m, field is in the same a“ <—x—>'P -~
direction at point P, hence the "y la
field can be added like scalar. g ™
et =81 T &
GQ2my)x G(@2m,)x

(x2+a2)3/2 (x2 +a2)3/2
_GQm+my))x  Gmygx
- 2)3/2 2)3/2

(x2 +a (x2 +a
For a ring if we consider two point mass elements
dm each on diametric ends, the field strength due to
it would be
_ GQdm)x
2312 h

Gx
gnet = Idg = (xz +a2)3/2 fzdm
where _[de = sum of all such dm elemental masses
= m = mass of ring
Gmx
(x2 +a2)3/2
where a would be the radius of ring now.

dg =
(x2 +a

“ &net =

Field due to a thin uniform spherical shell

Shell theorem:

1. For points external to the sphere, the entire mass
can be assumed to be concentrated at centre.

M A P M P
cog—e = eeeeeeeaes <+«

g : x 8¢

: <X °

. : : :

b —
. _GM
- &net xz
2. For point internal to the shell, there
is no gravitational field. Let us try to
prove this. Consider a point P, non-

symmetrically considered inside the
shell.
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If O is small, m, and m, will behave as point masses
and where m, and m, will be proportional to
respective areas A, and A,.
. Gmy Gm,
C&pTaITET T T T
i )

2l
amr* )\ 2 7}

But A—21 = A—22 = solid angle subtended by two small
n n

elemental curved surfaces A| and A, at point P.
8=0
If the strength of g is plotted for thin spherical

shell for radial distance, r, it would look as below:
14

Field due to a uniform solid sphere

For external points, again the entire sphere can be
assumed to be concentrated at centre.

But to find field at internal point, we can use what we
learnt just above.

Field at P is due to two parts

marked (1) and (2).

For parts (1), the point P is just

above the surface of the sphere, \p, -
hence mass of part (1) can be
assumed to be concentrated at

centre.

For part (2), its an internal point of large number of thin
layered concentric shells, hence field due to it is zero.

M 3
B _Gml_GR3r_ GM
8p=8p t8&, = 2 2 T\ /S

4 2 N\R &8s R
where &= G—]ZI = field strength at the surface
R

Field at internal point is a fraction of the field at
surface and the fraction is radius ratio.

w )=
—7 |r ==7nGpr
3 3

M
Also, g:G(F)r =G %nR3



= go< pr
For internal points (r < R),

—(G—M)r— (r)—énGr
g ' & R 3 (Y

Hence the plot of g looks as below:

The gravitational field strength when calculated for
earth is said to be acceleration due to gravity of earth.
Earth itself is almost a solid sphere. Hence the field
expressions will be same as above.

For external points, we say g above the surface of earth,
whereas for internal points we say at a depth below
the surface of earth.

At a height h above earth's surface
__GM @( R )
(R+h)? R* \R+h

2
= &h=&s (L)
R+h
where g is the acceleration due
to gravity near the surface of
earth, i.e.,

GM
=

Special case
If h << R, ie h < 5% of R =6400 km, i.e,, h < 320 km, then

h -2
8h zgs(l"'i)

8h

7

=~ gs(l—%);since 1+x)" =1+nx, if |x|<<1

2h
Y 8h=&s (I_E) ; this result can be used only as an

approximate result, that too if 4 < 320 km.
At a depth d below the surface of earth

. r
. gdzgs(i)
g (R—d)
‘U R
d
gd=gs(1_i)

This result has no approximations, hence can be used
in all cases.

Effect of rotation of earth on g experienced by objects
kept on surface

Let a person be standing at a
place where the latitude angle is
known to be A. Due to rotation
of earth, he is also revolving in a
circle of radius RcosA with same

angular velocity.

With respect to earth, a
non-inertial frame, a
centrifugal force (pseudo force) needs to be shown
apart from other visible forces as shown in the free
body diagram.

equator

N ¥ mw?(Rcosh)cosh

N ,g mm2(Rcos\)
"‘4 mw?(RcosA)sin)

Along the normal,

N + mw?Rcos?). = mg
= N = m(g - w?Rcos?\)

Zoi = & — W*Rcos?h
where g g can be seen as the effective acceleration due
to gravity experienced by the person. The equation
clearly shows that the effect of rotation will be felt
maximum at equator and no rotational effect at all at
the poles.
Suppose a hypothetical situation is given where they
say that a person standing on equator starts feeling
weightless. What could have been possible?
If the angular speed of earth is increased the component
®’R will also increase and if it equals g then g 4 = 0.

gg=0 = 0R=yg

= (;oz\/g T=2—n=2n\/E
R a g

Putting the values, R = 6400 km, g = 9.8 m s, we get
T = 84 minutes = 1.4 hrs
The length of the entire day will be shrinked to
1.4 hrs instead of 24 hrs.

It has to spin at a rate 24 17 times faster than
1.4

its present rate. PO
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Medical Council of India (MCI) in2010.

We conceptualised a single national
eligibility exam that addressed the pain
of lakhs of aspiring medical students who
criss-cross India to write over 100 entrance
tests. We proposed a fair and simple test,
modelled on examination systems like SAT,
GRE, TOEFL. Our proposal was eventually
adopted as NEET but sadly, there was no
political will to implement it then.
In April this year, Judges of the Supreme
Court earned the blessings of lakhs of
underprivileged students when they
asked the CBSE to implement NEET in
2016, despite opposition from states and
individualsacross partylines. Tounderstand
this opposition, you have to understand
that as many as 80 parliamentarians are
reported to have stakes in medical colleges.
Let’s try to understand facts behind NEET
and dispel some myths.
The total number of MBBS seats, according
to the MCI website, is 49,990. Out of
this 25,330 are in government medical
colleges and 24,660 are in private colleges.
Historically, government medical colleges
admission happens through AIPMT
or CET conducted by various state
governments in a transparent manner.
Now CET will be replaced by NEET with
no major controversy. The controversy over
NEET relates to the 24,660 medical seats in
private colleges.
Will private collegeslose their “management
quota” seats under NEET? No, private
medical colleges and minority institutions
will continue to have the same number of
medical seats as before NEET. However,
admission to those seats will be based on
NEET ranking, maintaining the objectives
of minority institutions and spirit of private
enterprise.
Neither will NEET in English adversely
affect children from rural India. Most
state governments, including states like
Karnataka, always conducted CET in
English. Fifteen per cent of medical seats
across the country are now allotted by
the central government through AIPMT
conducted by CBSE, which is primarily

24)

Iwas on the Board of Governors of the

PHYSICS FOR YOU | JuLY 16

The NEET Solution

By endorsing NEET, Supreme Court comes to the aid of
aspiring medical students

in English. This year roughly 12 states,
including Delhi, MP, Haryana and Odisha,
have decided to admit all their students to
government medical colleges from AIPMT
only.

Historically, for 24,660 MBBS seats in
private colleges more than 100 entrance
tests are conducted only in English.
So there is no change in the language of
entrance tests to all the private medical
colleges.

Neither are students from government
schools handicapped from excelling in
NEET. For the 25,330 medical seats in
government colleges admission through
CET across the country is conducted to
assess knowledge of physics, chemistry and
biology. Irrespective of the syllabus, the
human heart can be taught in only one way.
For 24,660 private medical seats, over
100 entrance tests are done not based on
any specific syllabus. Prestigious colleges
like CMC Vellore and St John’s Medical
College have their own style of conducting
entrance tests with integrity, not based on
any syllabus.

To understand the opposition to
NEET, you have to understand that
as many as 80 parliamentarians
are reported to have stakes in
medical colleges

Historically, children from English medium
schools always had greater chances of
getting admission to medical colleges, IIT
and TAS. NEET cannot change that reality.
In 2013, when a vernacular NEET was
conducted not a single vernacular language
candidate could get admission.

A vital piece of information is concealed
from the general public in the whole NEET
debate: MBBS is taught only in English.
According to MCI regulations, only
students who have passed the 12th standard
English paper are eligible to join medical
college irrespective of their medium of
education. Historically, students could
not join medical college in India without

Devi Shetty

proficiency in English.

As a student from a Kannada medium
school, I really struggled in PUC and first
year of MBBS. When English medium
students learnt the constitution of the
human body, I was struggling to learn
English to learn about the human body.
But that did not prevent me from getting
trained in some of England’s best hospitals.
Neither will bright students from
progressive states take away seats from
the state quota of weaker states. Each state
government will create a separate merit list
for their students based on NEET ranking.
NEET is just a tool to grade students and
make the selection fair, without taking
away from a state’s privilege to protect the
interest of its students.

The same applies to minority institutions.
They retain the privilege of offering seats
to the students of their community, NEET
will only provide a rank based on which
minority institutions can create their merit
list in a fair manner.

The time given by the Supreme Court to
students to prepare for NEET is not too
short either. Most students aspiring to join
medical colleges prepare for CET or AIPMT.
NEET is not different from existing exams
conducted by the government. Time given
for preparing for the exam is the same for
everyone, standardising conditions for
everybody.

I would like to request MCI to convert
medical education into an apprenticeship
programme like in the West, emphasising
skill ~building rather than physical
infrastructure. This will allow conversion
of 500 district hospitals in backward parts
of the country into medical colleges, with
modest investment. In my experience
doctors with fire in the belly and magic
in their fingers, who have changed the
face of medicine, come from deprived
backgrounds. NEET is our last chance to
give those underprivileged students a fair
chance at a medical education, and build a
corps of dedicated doctors that will ensure
a healthy future for our country.

The writer is a cardiac surgeon and Chairman
and Founder, Narayana Health.

Courtesy : The Times of India
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Units and Measurements
Motion in a Straight Line

GENERAL INSTRUCTIONS

(M)
(if)

(iif) Q. no. 6 to 10 are short answer questions and carry 2 marks each.

All questions are compulsory.

Q. no. 1 to 5 are very short answer questions and carry 1 mark each.

Time Allowed : 3 hours
Maximum Marks : 70

(iv) Q.no. 11 to 22 are also short answer questions and carry 3 marks each.

™)

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

Q. no. 23 is a value based question and carries 4 marks.

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

SECTION-A

1.

Does a quantity have different dimensions in
different systems of units?

If the size of a nucleus (= 10™°m) is scaled up to the
tip of a sharp pin (= 10~°m), what roughly is the size
of an atom?

In the expression, surface area = 4mr?, the factor 4 is
an exact number. How many number of significant
figures are there in the factor 4?

A body covered a distance of | metre along a
semicircular path. Calculate the magnitude of
displacement of the body and the ratio of distance
to displacement.

Can earth be regarded as a point object when it is
describing its yearly journey around the sun?

SECTION-B

6. Two railway tracks are parallel to west-east

direction. Along one track, A moves with a speed of
54 km h™! from west to east while along the second
track, train B moves with a speed of 90 km h™! from

east to west. Find (in m s_l) the (i) relative velocity
of B with respect to A and (ii) relative velocity of
earth with respect to B.
Find the value of 60 joule per minute on a system
which has 100 g, 100 cm and 1 minute as the
fundamental units.

OR
The equation of a wave is given by :

y=rsinm(£—qn)
v

where the symbols have their usual meanings. What
are the dimensions of p and g?

The position of a particle moving along a straight
line is given by x = 2 - 5¢ + 6t~

Find the acceleration of the particle at t =2 s.

Show dimensionally that the relation : ¢ = 21-5(LJ
g

is incorrect, where [ is length, ¢ is time period of a

simple pendulum and gis acceleration due to gravity.

Find correct form of the relation, dimensionally.
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10.

The displacement x of the body in motion is given
by x = A sin(wt + 0). Determine the time at which
the displacement is maximum.

SECTION-C

11.

12.

13.

14.

15.

16.

17.

26)

(a) Explain the principle of homogeneity of
dimensions.
(b) Pressure is defined as momentum per unit
volume. Is it true?
(a) Give two drawbacks of dimensional analysis.
(b) What is the importance of dimensional analysis
inspite of its drawbacks?
If a, b, c be the distances moved by a particle moving
with a constant acceleration during the lth, m™ and
n'™ second of its motion respectively, show that
am-n)+bm-0)+c(l-m)=0.
OR
The driver of a car travelling at a velocity v suddenly
sees a broad wall in front of him at a distance r. Is it
better to brake or to turn sharply? Explain.

The velocity of a train increases at a constant rate
o from 0 to v and then remains constant for some
time interval and then finally decreases to zero at a
constant rate 3. If the total distance covered by the
particle be x, then show that the total time taken
will be

x v|1l 1
t=Z4—| —+—|.
v 2o B

(a) State the rules for rounding off a measurement.
(b) Add 7.21, 12.141 and 0.0028 and express
the result to an appropriate number of significant
figures.

Which of the following is the most precise device

for measuring length and why?

(a) A vernier calliper with 20 divisions on the
sliding scale, coinciding with 19 main scale
divisions where smallest division on the main
scale is 1 mm.

(b) A screw gauge of pitch 1 mm and 100 division
on the circular scale.

(c) An optical instrument that can measure length
to within a wavelength of visible light.

An object has uniformly accelerated motion. The
object always slows down before the time, when
its velocity becomes zero. Prove this statement
graphically, when (a) both u and a are positive (b) u
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18.

19.

20.

21.

22.

is negative and a is positive (c)u is positive and a is
negative and (d) both u and a are negative.

(a) What is the necessity of selecting some units as
fundamental units ?

(b) For the estimation of Young's modulus of a
4Mg L

nd® 1

For the specimen of a wire, following observation
were recorded : L = 2.890, M = 3.00, d = 0.082,
I = 0.087. Calculate the maximum percentage
error in the value of Y and mention which physical
quantity causes maximum error.

wire,y =

A balloon is ascending at the rate of 14 m s™' at a
height of 98 m above the ground when a packet is
dropped from the balloon. After how much time
and with what velocity does it reach the ground?

A raindrop starts falling from clouds at a
considerable height above the surface of the Earth.
During the fall, the raindrop experiences retardation
due to air resistance. The retardation is directly
proportional to the instantaneous speed of the drop.
Obtain an expression for (a) the distance travelled
by the drop in time t and (b) the terminal speed.

(a) What are positive and negative accelerations ?
Give examples.

(b) The position of an object moving along
x-axis is given by x = a + bt’, where a = 8.5 m,
b=2.5m s and t is measured in seconds. What is
its velocity at t = 0 sand t = 2 s 2 What is the average
velocity between t =2sand t=4s?

(a) How can one determine (i) the distance (ii) the
displacement covered by a uniformly accelerated
body from its velocity-time graph?

(b) Draw position-time graphs for two objects
having zero relative velocity.

SECTION-D

23.

Read the given paragraph and answer the following
questions :

As is known, the result of an experiment is
calculated by performing mathematical operations
(like addition, subtraction, multiplication, division,
etc.) on several measurements, which have different
degrees of accuracy. It has been established that

(a) Whenx=a+b;Ax==%(Aa+ Ab)

(b) Whenx=a-b;Ax=1 (Aa + Ab)

Ax (Aa Abj

— =t — 4+ —

(c) Whenx=axb;
x a b



(d) When x=—;—=+
b x a b

(i) Why is absolute error in x = (a - b), sum of the
absolute errors inaand b ?

a Ax (Aa Ab)
_+_

a
(i) Why is fractional error in x=-—; sum of
fractional errorsinaand b ?

(iii) What do you learn from this?

SECTION-E

24,

25.

26.

Figure shows v - t graph for various situations.
What does each graph indicate?

A
Al B
/D
G
C
HE
I
>
(0} F
OR

The motion of a particle along a straight line is
described by the equation : x = 6 + 4£* — £*
where x is in metres and ¢ is the positive time in
seconds.
(i) Find the position, velocity and acceleration at
t=2s.
(ii) During what time interval is the velocity
positive ?
(iii) During what time interval is x positive?
(iv) What is the maximum possible velocity attained
by the particle?
How is random error eliminated? What do you
mean by (i) absolute error (ii) mean absolute error
(iii) relative error and (iv) percentage error ?
OR
State the rules for counting the number of significant
figures in a measured quantity.
A ball is dropped from a height of 90 m on a floor.
At each collision with the floor, the ball loses one
tenth of its speed. Plot the speed-time graph of its
motion between t=0to 12 s.
OR
A man is standing on top of a building
100 m high. He throws two balls vertically, one at
t = 0 and other after a time interval (less than
2 seconds). The later ball is thrown at a velocity
of half the first. The vertical gap between first and
second ball is +15 m at t = 2 s. The gap is found to

remain constant. Calculate the velocity with which
the balls were thrown and the exact time interval
between their throw.

SOLUTIONS

1.

No. A quantity has same dimensions in different
systems of units.

size of tip of pin 3 107>
size of nucleus 19715
As actual size of atom = 107" m and it is magnified
10" times,
Apparent size of atom = 10°%10°=10"=1m

Magnification = =10'°

In the expression, surface area = 47r%, the factor 4
is an exact number which has infinite number of
significant figures. It can be written as 4 or 4.0 or
4.00 and so on.

Let r be the radius of semicircular path. Here,

I=Q2mnr/2) orr=1I/m.

Magnitude of displacement = diameter = 2r =2 I/n
Distance l i

Displacement 2im 2
Yes, because the diameter of the earth is very small
as compared to the radius of the orbital path of
earth around the sun.

Considering the positive direction of x-axis from

west to east, we have

v4g = Relative velocity of A with respect to earth =

+54kmh™ = +15m s

vpg = Relative velocity of B with respect to earth =

-90kmh'=-25ms™

(i) Relative velocity of B with respect to A is

VA = VBE+ VEA = VB~ Vap = (= 25) - (+15)
=-40ms"

(ii) Relative velocity of earth with respect to B is

Vgp=Vgg+ VEg=Vgr— Ve = 0 - (- 25) =25ms!

60 Jmin!=1Js' =1 watt

Now watt is the SI unit of power.

SI units Units of new system
ny = n,=72
M;=1kg M,=100g
Li=1m L,=100cm
Ty=1s T, =1 min

[Power] = [ML’T™®] . a=1; b=2; c=-3
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10.

28)

M, L I
Now, my=m| — | | — | | =
M, | |L] [T
_ lkg T im [ 1s
~|100g | | 100cm | | 1min
1 2 -3 3
1000g [ [100em [ 1s
=1 § — =1[10]l[1]2[iJ
100g 100cm | | 60s 60
=10 x 60 x 60 x 60 = 2.16 x 10° new units
OR

Since, m(ﬁ - qn) is an angle, it is a dimensionless
%
quantity. It means that wp/v as well as wgmn is

dimensionless. .
. IM12T%1=1 or [pl= M: LT ] =[L]
v (o] [T
i.e., p has the dimensions of distance.
Also, wgm = IMLOTO) =1 -, lq]= l}: [T]
0

i.e., q has the dimensions of time.

Given, x=2 -5t + 6 *

v= d_xzi(z—5t+6t2)=—5+12t
dt dt
a=@=i(—5+12t)=12
dt dt

Acceleration of the particle is constant and
independent of time.

[RHS] = {zn(ij} M (1) (1) = (Lms)
g [LT™]

Formula is incorrect.
Let t=kFg’
[MOLOTI] _ Lu[LT—Z]b _ [La+h T—Zb]
Using principle of homogeneity of dimensions,

a+b=0,-2b=1=b= —%

t:kll/Zg—l/ZZ k\/z
g

The value of displacement x will be maximum,
when the value of sin (0t + 0) is maximum. It will
be so if sin (ot + 0) = 1 = sin ©/2

1
a=-b=—
2

From (i),

T T
or wt+0=— or wt=—-0
2 2
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11. (a) According to this principle, a physical relation

is dimensionally correct if the dimensions of
fundamental quantities (mass, length and time etc.)
are the same in each and every term on either side of
the equation. This principle is based on the fact that
only quantities of the same kind (or dimensions)
can be added or subtracted. For example, consider
the equation, A = B + C. Here the quantities A, B
and C must have the same dimensions.

(b) No, because this is not dimensionally true.

Momentum _Massx Velocity [MLT'I]

=[ML 2T
Volume Volume 15
F MLT 2 e
Pressure = - C =[ ]=[ML It 2]
Area (12]

. (a) Two salient drawbacks of dimensional analysis

are:
(i) Themethod doesnottell us where the equation
is wrong.

(ii) If the dimensions had been the same on each
side of the equation, we would know only that it
might be correct, for the method does not provide a
check on numerical factors.

(b) In many physical situations, it is very difficult
to obtain the formula of a physical quantity. It is
because the mathematical analysis involved is to
difficult. In such situations, dimensional analysis
can be a powerful tool.

. Let u be the initial velocity of the particle and A be

its uniform acceleration. Using the relation

A
D,=u+ 5(211—1), we have

a=u+§(21—1) ..(1)
b=u+§(2m—1) .(ii)
and c=u+%(2n—1) ...(iii)

Subtracting (iii) from (ii)
A
b—c=z (2m -2n) = A(m - n)
a(m-n)=a(b-c)/A=(ab-ac)lA ..(iv)
Subtracting (i) from (iii)
c—azg(Zn—Zl)zA(n—l)
b(n-1)=b(c-a)lA=(bc-ab)/A (V)



14.

Subtracting (ii) from (i)
a—bz%(zl—Zm)zA(l—m)

or c(l-m)=c(a-"b)/A=(ac-bc)lA ..(vi)

Adding (iv), (v) and (vi), we get
am-n)+bn-0+c(l-m)
ab—ac bc—ab ac—bc

= + + =0

A A A

OR

It is better to apply brake than to turn sharply for
the reason discussed here.
Let m be the mass of the car. When the driver

applies the brakes, let the car stop at distance x.
Then retardation, a = v*/2x

2 2
. my my
Retarding force, F =ma= 2—
X
There will be no collision if x < r

2 2

mv mv .

or —<r or F>—— (1)
F 2r

If the driver takes a sharp turn of radius x, then
centripetal force on car is,

, v mv?

F=—— o x=—

x F

mv?
To avoid collision, x<r so ——<r
my* F
or F'>—— ..(ii)
r

From (i) and (ii) we note that, to avoid collision
braking force required is half the centripetal force.
Therefore, braking is better.

The given motion can be represented by the
velocity-time graph OABC as shown in figure. The
portion OA represents the motion with constant
accleration o, the straight line AB parallel to time-
axis represents the motion with uniform velocity v
and the line BC represents the motion with constant
deceleration f.

A
v A B
1
I
ks)
2
=
= D Time— E c
AD v

o =slopeof OA=——=—
OD OD

15.

op="
o
BE v
=slopeof BC=—=—
p=slop EC EC
v
EC=—
B

Now, total distance covered
= Area under the graph OABC

or x=%[AB+OC] X AD

1
=~ [DE+ 0D+ DE + EC]x AD [+ AB = DE]

Lo+ Y4 %y
2 o P

Now, total time taken is given by
t=0D+ DE+ EC

(a) Rules for rounding off a measurement :
(i) If the digit to be dropped is smaller than 5,
then the preceding digit is left unchanged.
(ii) If the digit to be dropped is greater than 5,
then the preceding digit is increased by 1.
(iii) If the digit to be dropped is 5, followed by
non-zero digit , then the preceding digit is increased
by 1.
(iv) If the digit to be dropped is 5, then the
preceding digit is left unchanged if it is even.
(v) If the digit to be dropped is 5, then the
preceding digit is increased by 1 if it is odd.
(b) 7.21
+12.141
+ 0.0028
Sum = 19.3538
Corrected sum = 19.35
[Rounded off upto 3" decimal place]

29)
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16.

17.

D

Here 7.21 has minimum number of decimal places
(two), so result is rounded off upto second place of
decimal point.

The device that has minimum least count will be
more precise for measuring length.
(a) Least count of vernier callipers

=1MSD-1VSD =1MSD - 2MSDziMSD
20 20

= i><1mm = Lcm =0.005cm.

20 200

(b) Least count of screw gauge
Pitch

No. of division on circular scale

1.0mm 1
= =——cm=0.001 cm
100 1000

(c) Least count of optical instrument

= Wavelength of visible light

= 5000 A = 5000 x 10~ cm

=0.00005 cm

Hence the most precise device for measuring length
is the given optical instrument.

(@) When both u and a are
positive : In such a case,
the v-t graph will be as
shown in figure. At the time
corresponding to point A, the
velocity becomes zero. It can
be seen that before this time,
the velocity is negative but its magnitude decreases
with time till it becomes zero at A.

(b) When u is negative and
a is positive : In this case,
graph will be as shown
in figure. At the time A /
corresponding to point A,
the velocity becomes zero.
It can be seen that before this time the velocity is
negative but its magnitude decreases with time till
it becomes zero at A.

v

(¢c) When u is positive and
a is negative : In such a case,
graph between v and ¢ will be
as shown in figure. Again at A,
velocity is zero. The velocity
decreases before the time
corresponding to point A.
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18.

19.

(d) When both u and a are
negative: In this case, v - ¢
graph will be as shown in
figure. If we produce graph
backwards, it meets the
time-axis at point A. Before
this time velocity is positive
and decreases till it becomes
zero at point A.

(a) The number of physical units required to be
measured is very large. If a separate unit is defined
for each of them, then it will become very difficult to
remember all of them as they will be quite unrelated
to each other.
(b) Given, Y =%£
nd* 1
As 4, g and T are constants so the percentage error
in Y will be
A—Y><100 % =(%+£+2A—d+ﬂj><100%

Y M L d 1
It is known from the given data that
AM =0.01, AL = 0.001, Ad = 0.001, Al = 0.001
.‘.£x100%=(% 0.001  2x0.001, 0.001

Y 3.00 2.890 0.082 0.087

=(0.0033 + 0.0003 + 0.0244 + 0.0115) x 100%
=0.0395 x 100% = 3.95%
Diameter of the wire causes maximum error in the
value of Y.

jxlOO%

Let a point O, which is 98 m above the ground be
taken as the origin, and the vertically downward
direction as positive as shown in figure.

When the packet is dropped from the balloon, at O,
it has the same velocity (v,) as that of the balloon,
i.e, 14 ms ' in the vertically upward direction. In
order to reach the ground, it must fall through a
height of 98 m. 4

Vo=-14ms"

(0]
[ ¥
98 m
‘ a=+g

1

1
From f =yt +5gt2,

1 2
98 =—14t + E X 9.8t

4.9 - 14t-98=0
49¢% — 140t — 980 = 0
7t~ 20t - 140 = 0 —
roun
t_{zoi\/4oo+39zo} .
14

{20i65.7} S
14

or
or
or

or



20.

20+65.7
Thus, either t = (T)s =6.1s

20—-65.7
or t:(—) s=-3.3s
14

Neglecting negative time, t = 6.1 s

Let v be the velocity with which the packet hits the
ground.

Thus, v=vy+ gt =[- 14 + (9.8)(6.1)] m s

or v=[-14+60]ms'=46ms"
Instantaneous retardation due to air resistance = o

where o is a constant of proportionality
Clearly, net instantaneous acceleration,

a=g-ow
or ﬂz(g—ow)or—zdt
dt (g—av)

. dv t
Integrating, [ =
ntegrating -[Og—av J.odt

4
or In(g —ow) “|tf=t
or [In(g-ow)-Ing]=-oat
or In §=M
g
or ST _ o

g
or y=8@a_e™) (i)

o

ds _g —at
or —=2(1-
5 (1-e™)

or dszg(l—e_w)dt
o
Integrating, [‘ds=&[ (11—
ntegrating J.Ods OLIO(I e )dt
_ 8t &t o
_ajodt afoe dt

t

—ait

t e
or [sf=1tf-EE—
o ol —a g
or s=8pp 8 &
o o o?

ie.,
o

(b) From eqn. (i), it is clear that v increases with
t and attains its highest value, called the terminal
speed, when t = oo or e =0. Clearly,

terminal speed = g/a

s =£(e_0” —1)+£t
o

21.

22,

23.

(a) Positive acceleration: If the velocity of an object
increases with time, its acceleration is positive.
When a bus leaves a bus-stop, its acceleration is
positive.

Negative acceleration: If the velocity of an object
decreases with time, its acceleration is negative.
Negative acceleration is also called retardation
or deceleration. When a bus slows down on
approaching a bus-stop, its acceleration is negative.

(b) Given x=a+ bi?
Instantaneous velocity,

v=d—x=i(a+bt2)=0+bx2t=2bt
dt dt

At t=0,v=0

At t=2sv=2x25x2=10ms""

At t=2s,x=a+4b

At t=4s,x=a+16b

Average velocity

_Xy—x; _(a+16b)—(a+4b)
oty -t 4-2 -
=6x25=15ms"

6b

(a) (i) The distance travelled by a body in a given
interval of time is equal to total area of velocity time
graph, without considering sign. It means, even if
the body is moving with negative velocity, the area
of velocity time graph is to be taken positive for the
measurement of distance travelled by the body.

(ii) Displacement of a body in a given interval of
time is equal to total area of velocity-time graph,
during the given interval of time, which is to be
added with proper sign.

(b) As the relative velocity 4
is zero, the two bodies A B
and B have equal velocities.
Hence their position-time
graph are parallel straight
lines, equally inclined to
the time-axis as shown in
figure.

Position —

v

Time —

(i) We have made errors twice ; in measuring a
and in measuring b. Therefore, absolute error in
x = (a - b) has to be sum of the two errors.

(ii) Same argument as in (i) applies to fractional
error in x = a/b.

(iii) From this, we learn that errors committed
any number of times just add. No mathematical
operation can reduce the net overall error. So
be warned. Multiple errors are going to cost you
dearly.
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24.

25.

32

Acceleration = slope of v - t graph

(i) Straight line AB indicates that the acceleration
of the moving body is zero. Clearly, the body is
moving with constant velocity.

(ii) Straight line CD indicates that the body
has constant positive acceleration with initial
velocity OC. In this case, the velocity of the body is
increasing.

(iii) Straight line OF indicates that the body has
positive constant acceleration with zero initial
velocity.

(iv) Curve OI shows the increasing acceleration.
Here the slope of the graph increases with time.

(v) Curve OH indicates decreasing acceleration.
Here the slope of the graph decreases with time.
(vi) The straight line FG indicates that the body
is moving with constant negative acceleration.
Here the slope of the graph is negative. It means
the velocity of the body is decreasing at a constant
rate.

OR
() x=6+4£-¢

. dx _d 2 .4 3
Velocity, v=—=—(6+4t"—t") =8t — 4t
v dt dt( )

d d
Acceleration, a = & —(8t— 4t3) =8-12t>
dt dt

Att=2s,x=6+4(2)*-(2)*'=6m
v=8x2-4(2)°=-16ms"
a=8-12(2)*=-40ms>

(if) The velocity v is positive if 8¢ — 48 > 0. That is if

4t(2-)>0

ie, 0<t<+2sor0<t<14ls

(iii) The position x is positive if 6 + 4 £ — t*> 0.

1

<2 +3.16s. Since t is positive, t lies between 0
and +/5.16 or 0 and 2.27 s.
(iv) The velocity is maximum for ¢ given by

d
_v:0 or8-12£2=0 or t= g=0.816s
dt 3

Maximum velocity, v, = (8¢ — 48%);_ 8165
=[8x0.816 - 4 x (0.816)’] =4.355m s~

Elimination of error : Normal or Gaussian law
of random errors shows that the probability of
occurrence of positive and negative errors is same,
so random error can be minimised by repeating
measurements a large number of times. Then the
arithmetic mean of all measurements can be taken
as the true value of the measured quantity.
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If a;, a,, as, ..a, be the n measured values of a
physical quantity, then its true value, @ is given by
the arithmetic mean,

_ataytazt..ta,

1 n
aor aye,, = =—Zai.
" Mi=1

(i) Absoluteerror: The magnitude of the difference
between the true value of the quantity measured
and the individual measured value is called absolute
error. If we take arithmetic mean a as the true value,
then the absolute errors in the individual measured
values will be

(ii) Mean or final absolute error : The arithmetic
mean of the positive magnitudes of all the absolute
errors is called mean absolute error. It is given by
Aay |+]Aay | +.4]|Aa, | 1
1| | 2| | n|=_2|Aai|
n ni

Thus the final result of the measurement of a
physical quantity can be expressed as a =a + Aa.
Clearly, any measured value of a will be such that
a-ANa<a<a+Aa
(iii) Relative error : The ratio of the mean absolute
error to the true value of the measured quantity is
called relative error.
Relative error, §g = Aa

a
(iv) Percentage error : The relative error expressed
in percent is called percentage error.

A
Percentage error = T“x100%
a

OR
Rules for determining the number of significant
figures :
(i) All non-zero digits are significant. So 13.75
has four significant figures.
(ii) All zeros between two non-zero digits are
significant. Thus 100.05 km has five significant
figures.
(iii) All zeros to the right of a non-zero digit but
to the left of an understood decimal point are not
significant. For example, 86400 has three significant
figures.
(iv) All zeros to the right of a non-zero digit but
to the left of a decimal point are significant. For
example, 648700. has six significant figures.
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(v) All zeros to the right of a decimal point are
significant. So 161 cm, 161.0 cm and 161.00 cm have
three, four and five significant figures respectively.
(vi) All zeros to the right of a decimal point but
to the left of a non-zero digit are not significant. So
0.161 cm and 0.0161 cm, both have three significant
figures. Moreover, zero conventionally placed to the
left of the decimal point is not significant.

(vii) The number of significant figures does not
depend on the system of units. So 16.4 cm, 0.164 m
and 0.000164 km, all have three significant figures.

Taking vertical downward motion of ball from a
height 90 m, we have
u=0,a=10ms%5=90m,t=?v=1

/25 /2><90
t=,— = =3,2s=424s
a 10 \/7

v =\/ﬁ =/2x10x90 = 30\/Ems_l

Rebound velocity of ball,

U = iv =2 x 3072 =272 m s}
10 10

Time to reach the highest point is,

’

, U 27\/5
t=—="—"—"2-=27,/2 =381
a 10 \/7 s

Total time =t + ' =4.24 + 3.81 =8.05 s
The ball will take further 3.81 s to fall back to
floor, where its velocity before striking the floor

= 27\/5 ms

Velocity of ball after striking the floor
= % x 272 =24.3v2 m 57!

Total time elapsed before upward motion of ball =
8.05+3.81=11.86s

Thus the speed-time graph of this motion will be as
shown in figure.

Speed (m )
A

3042
272
2432
0 424 8.05 11.86 f(s)
OR

Let the speed of the two balls (1 and 2) be ©; and u,,
where u; = 2u, u, = u.

If y; and y, are the distances covered by the balls 1
and 2 respectively, before coming to rest, then

2 2 2 2
28 28 28 28
2 2
Sinceyl—y2=15m,42i—;—=15m
8§ <8
2

or 32L=15m or 1% =\5mx(2x10 m 5°2)
8

or u=10ms!

Clearly, u; =20 m standu,=10ms™

_u _(20ms™)

As
1 2¢ 2x10ms?

=20 m,

Yy=y1-15m=5m
If t, is the time taken by the ball 2 to cover a distance

of 5 m, then from y, =u,t —%gtg,

5=10t, —5t3
or 5-2t,+1=0, ort,=1s
Since t; (time taken by ball 1 to cover a distance of

20 m) is 2 s, time interval between the two throws
=H-th=2s-1s=1s

CENTURY OF PERFECT SCORE IN 1 SUBJECT

. Gurgaon : More than 100 students from the city scored a perfect 100 in at least one subject in the Class XII
: board examinations, results of which were announced on 21° May.
: And once again, girls have outshone boys, according to schools. "Most 100% scorers in any subject are girls,"
© said Shikha Deswal, a teacher in the city. "I think girls are more attentive and have better concentration in
the classroom," she said. :
: Most of the centum scorers said studying NCERT books and solving previous years' question papers was °
. practice enough. :

Courtesy : The Times of India
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Class XI

MPP-1 MONTHLY

his specially designed column enables students to self analyse their

extent of understanding of specified chapters. Give yourself four
marks for correct answer and deduct one mark for wrong answer.
Self check table given at the end will help you to check your
readiness.

Units and Measurements —~— %
Total Marks : 120 Time Taken : 60 min
NEET / AIIMS / PMTs (a) The least count of screw guage is 0.001 mm
Only One Option Correct Type (b) The volume of the wire is 0.117 cm®

(c) The diameter of the wire is 1.63 m

1. Which of the following is the most accurate
Wing (d) The cross-section area of the wire is 0.0209 cm

measurement ¢
(a) 20x 10> m (b) 200 x 10™*m 7. 'There are atomic clocks capable of measuring time

(c) 2x10°m (d) 0.02m with an accuracy of 1 part in 10", If two such clocks
are operated with precision, then after running for
5000 yr, these will record a difference of

3

2. When a current of (2.5%0.5) A flows through a wire,
it developes a potential difference of (20 £ 1)V. The

] o (a) nearly2s (b) 1day

resistance of wire is (©) 10''s (d) 1yr

(a) 8x2)Q (b) (8+1.6) Q

() (8+15)Q (d) (8+3)Q 8. SI unit og inztensity of wave is L

(@) Jm™s" (b) Jm™ s
3. Jd—xza”sin_l(f—lj. The value of n is (©) Wm™ (d) Jm™
V2ax - x* a 9. The equation of stationary wave is y = Asinkx cos wt,
(@ 0 (b) -1 where, y and x are in metre and ¢ in second.
() 1 (d) None of these Choose the correct option.

(a) The dimensions of A and k are same

(b) The dimensions of A, k and m are same
(c) The dimensions of k and m are same

(d) The dimensions of (kx) and (wt) are same

4. Crane is British unit of volume (one crane
=170.4742 L). Convert crane into SI units.
(a) 0.170474 m’ (b) 17.0474 m®
(c) 0.00170474 m* (d) 1704.74 m>

5. The radius of the proton is about 10°m. The
radius of the observable universe is 10*° m. Identify

10. A container contains 35 kg water. 0.2 kg water leaks
from the container. Find the amount of water in

tainer.
the distance which is half-way between, these two E:)n ;;nse 11’( ) 35k
extremes on a logarithmic scale. © 3 4.80 l%g d) 35 ngg

(@) 10*'m (b) 10°m (c) 10°m (d) 10°m o

. . o -
6. The pitch of a screw guage is 1 mm and there are |1 [ the relation p=2e K0 where p is pressure,

100 divisions on the circular scale. While measuring

diameter of a thick wire, the pitch scale reads 1 mm Z is distance, k is Boltzmann constant and 0 is the
and 63" division on the circular scale coincides temperature. The dimensional formula of B will be
with the reference. The length of the wire is 5.6 cm. (a) [M°L*T"] (b) [ML*T]

Then (c) MLOT™] (d) ML*T ]
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12.

A student measures the thickness of a human hair by
looking at it through a microscope of magnification
100. He makes 20 observations and finds that the
average width of the hair in the field of view of the
microscope is 3.5 mm. The thickness of hair is

(a) 0.035 mm (b) 0.04 mm

(c) 0.35 mm (d) 0.40 mm

Assertion & Reason Type

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

()

14.

15.

If both assertion and reason are true and reason is the
correct explanation of assertion

If both assertion and reason are true but reason is not
the correct explanation of assertion

If assertion is true but reason is false

If both assertion and reason are false.

. Assertion : A dimensionally correct equation may

or may not be correct.

Reason : A dimensionally incorrect equation must
be wrong.

Assertion : Iftwoquantitieshavesamedimensions,
then they must represent same physical quantities.

Reason : Work and torque have different dimensions.

Assertion : Power of a engine depends on mass,
angular speed, torque and angular momentum,
then the formula of power is not derived with the
help of dimensional method.

Reason : In mechanics, if a particular quantity
depends on more than three quantities, then we
can not derive the formula of the quantity by the
help of dimensional method.

JEE MAIN / JEE ADVANCED / PETs

16.

17.

3¢/

Only One Option Correct Type

A gas bubble from an explosion under water
oscillates with a period T proportional to P*d’ES,
where P is the static pressure, d is the density and E
is the total energy of the explosion. The values of g,
band c are

(a) a=0,b=1,c=2

1 1 =5
—, cC=— (d) a:—’ b:—)c:
2 3 6 2 3

A system has basic dimensions as density [D],
velocity [V] and area [A]. The dimensional
representation of force in this system is

(2) [AVD] (b) [A’VD]

(c) [AVD?] (d) [A°VD]

(b)a=1,b=2,c=3

5 1 1
=—, b: —
(c) a p

PHYSICS FOR YOU | JULY 16

18.

19.

20.

21.

22.

In an experiment the angles are required to be
measured using an instrument. 29 divisions of the
main scale exactly coincide with the 30 divisions of
the vernier scale. If the smallest division of the main
scale is half-a-degree (= 0.5°), then the least count
of the instrument is
(a) one minute

(c) one degree

(b) half minute
(d) half degree

A student performs an experiment to determine
the Young’s modulus of a wire, exactly 2 m long, by
Searle’s method. In a particular reading, the student
measures the extension in the length of the wire
to be 0.8 mm with an uncertainty of 0.05 mm at
a load of exactly 1.0 kg. The student also measures
the diameter of the wire to be 0.4 mm with an
uncertainty of 0.01 mm. Take g = 9.8 m s~ (exact).
The Young’s modulus obtained from the reading is
(a) (2.0%0.3)10" Nm™

(b) (2.0+0.2) x 10" N m™>

(c) (20£0.1) x 10"' N m™

(d) (2.0£0.05) x 10" N m™

More than One Options Correct Type

If p, p, gand h denote pressure, density, acceleration
due to gravity and height, respectively. In the case

of flow of fluid, L + b= uy where v denotes

velocity. pg 28

Mark the correct options.

(a) The equation is dimensionally correct.

(b) If dimensions of u are [MLTY], the equation is
dimensionally correct. ,

P are same as that of —.

Pg 28

(d) None of the above.

In the given figure, main scale is graduated in
millimeter. Mark the correct options, if least count
is 0.1 mm.

(c¢) Dimensions of

2) 25 3 35

0 5 10

(a) The main scale reading is 2.4 cm.
(b) The vernier scale reading is 0.3 mm.
(c) The total reading is 2.43 cm.

(d) The total reading is 2.4 cm.

A student uses a simple pendulum of exactly
1 m length to determine g, the acceleration due to
gravity. He uses a stopwatch with the least count of



23.

24.

25.

26.

The refractive index u of the
material of glass prism is

given by u=

1 s for this and records 40 s for 20 oscillations. For
the observation, which of the following statement(s)
is/are correct?

(a) Error AT in measuring T, the time period is 0.05 s.
(b) Error AT in measuring 7, the time period is 1 s.

(c) Percentage error in the determination of g is 5%.
(d) Percentage error in the determination of g is 2.5%.

B
If (A+—2j (D-x)=y, then
C

(a) dimensions of A and B must be same
(b) dimensions of A and B may be same
(c) dimensions of D and x must be same
(d) dimensions of AD and y must be same

Integer Answer Type
The time period of oscillation of a body is given by

T=2m, / mgA
K

K : Represents the kinetic energy, m mass, g
acceleration due to gravity and A is unknown.
If[A] =ML T?

Then what is the valueof x + y + 2 ?

IfP—

the percentage error in x, y, z and w
zf

are 1%, 1%, 1% and 4% respectively. Find percentage
error in P.

The plate current in a triod can be written as
Vp 3/2

I=K|Vg+—=| .
u

Here, V,and V, denote potential. In the dimensional
formula of K, find the ratio of dimensions of length
and mass.

Comprehension Type

sin LSHHH
2

sin—

Glass prism

where, A = Angle of prism, §,,;, = Angle of minimum
deviation.

A glass prism of 60° gives angle of minimum
deviation as 36° with the maximum error of 1.05°

when a beam of parallel light passed through

the

prism during experiment. (Given, cot 48° = 0.900404
and sin 48° = 0.743).

27.

28.

29.

30.

Find the percentage error in the measurement of
refractive index of the material of the prism.

(@) 1% (b) 1.65%

(c) 4% (d) 3.3%

Find the range of experimental value of refractive
index W.

(a) 1.46<p<1.51 (b) 2>u>1.51

(c) O<u<oo (d) 146 <u<2.51
Matrix Match Type
Column I Column II
(A) Inductance (P) [K'ML?*T7?
(B) Electric resistivity Q) [M'T™

(R) [A2 ML} T
(S) [A2ML*T ™}

(C) Specific activity
(D) Boltzmann’s constant

A B C D
(a) P Q R S
(b) Q P S R
R S p Q
s R Q P
Column I Column IT

(A) Same dimension in mass (P) electric field
(B) same dimension in time (Q) magnetic field
(C) (1) dimension in current (R) inductive

reactance
(D) zero dimension in length (S) resistivity
A B C D
(a) BPS PQR R,S P
(b) PQR PR R,S Q
(c) PBQR,S PQR PQ Q
(d) PQR,S PR PQ P &®

Keys are published in this issue. Search now! ©
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Current Electricity

GENERAL INSTRUCTIONS

(®

(i)
(iii)
(iv)

V)
(vi)

(vii)

All questions are compulsory.

Q. no. 1 to 5 are very short answer questions and carry 1 mark each.
Q. no. 6 to 10 are short answer questions and carry 2 marks each.

Q. no. 11 to 22 are also short answer questions and carry 3 marks

each.

Q. no. 23 is a value based question and carries 4 marks.

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

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

VAY @D

Time Allowed : 3 hours
Maximum Marks : 70

Previous Years Analysis

2016 2015 2014
Delhi |Al | Delhi |Al |Delhi |Al
VSA - 1 1 1 1 -
SA-I 1 1 1 1 1 2
SA-Il - 1 1 1 1 1
VBQ - - - - - -
LA 1 - - - - -

SECTION-A

1.

A wire of resistivity p is stretched to three times its
length. What will be its new resistivity?

If 3.2 x 107 electrons pass through a wire in 0.5 s,
calculate the current through it.

Distinguish between static electricity and current
electricity.

What is the colour code for a resistor of resistance
3.5 kQ with 5% tolerance ?

State the condition in which terminal voltage across
a cell or battery is equal to its emf.

SECTION-B

6.

38)

Two heater wires of the same dimensions are first
connected in series and then in parallel to a source
of supply. What will be the ratio of heat produced in
the two cases?

Current flows through a constricted conductor, as
shown in figure. The diameter D; = 2.0 mm and
the current density to the left of the constriction is
J1=1.27 % 10° A m~2. (i) What current flows into the

PHYSICS FOR YOU | JuLY 16

constriction? (ii) If the current density is doubled as
it emerges from the right side of the constriction,
what is diameter D,?

T P I

P . N
T R

A 10 C of charge flows through a wire in 5 minutes.
The radius of the wire is 1 mm. It contains 5 x 10**
electrons per centimetre’. Calculate the drift velocity.

In the circuit shown in figure,
the voltmeter reads 1.5 V,
when the key is open. When
the key is closed, the
voltmeter reads 1.35 V and
ammeter reads 1.5 A. Find
the emf and the internal
resistance of the cell.

OR

A battery of emf €, and internal resistance r, gives
a current of 0.5 A with an external resistor of 12 Q



10.

and a current of 0.25 A with an external resistor of
25 Q. Calculate (i) internal resistance of the cell and
(ii) emf of the cell.

What is the equivalent resistance between points A
and B of the circuit shown in figure.

2R 2R R
A |'\/\/V

SECTION-C

11.

12.

13.

14.

15.

(a) At what temperature, would the resistance of a
copper conductor be double of its resistance at 0°C?
Given that o for copper = 6.8 x 107 °C™".

(b) Does this temperature hold for all copper

conductors regardless of shape or size?

Calculate the relaxation time and mean free path
in copper at room temperature of 27°C if the
number density of free electrons per unit volume is
8.5x10” m™ and resistivity of copper is 1.7 x 107° Q m.
[Given that mass of an electron, m = 9.1 x 107" kg;
electronic charge, e=1.60 x 10"*°C and Boltzmann's
constant, kg = 1.38 x 107 JK !

Calculate the current shown by the ammeter A in
the circuit arrangement of figure.
5Q

AW
10 Q

10 Q

10 Q 10Q

A resistance of RQ draws current from a
potentiometer. The potentiometer has a total
resistance R, €. A voltage V is supplied to the
potentiometer. Derive an expression for the voltage
across R when the sliding contact is in the middle of
the potentiometer.

Find the minimum number of cells required
to produce an electric current of 1.5 A through
a resistance of 30 Q. Given that the emf and
internal resistance of each cell are 1.5 V and 1.0 Q
respectively.

16.

17.

18.

19.

20.

21.

OR

A set of 4 cells, each of emf 2 V and internal
resistance 1.5 Q, are connected across an external
load of 10 Q with 2 rows, 2 cells in each branch.
Calculate current in each branch and potential
difference across 10 Q.

A wire of resistance 16 Q is cut into 4 identical
parts. Each part is stretched to twice its original
length. If all the four wires, after stretching, are
connected in parallel, calculate the new resistance
of the combination.

A potential difference V is applied to a conductor
of length L, diameter D. How are the electric field
E, the drift velocity v; and the resistance R affected
when (i) V is doubled (ii) L is doubled (iii) D is
doubled?

(a) Why do we prefer a potentiometer to measure
emf of a cell rather than a voltmeter ?

(b) What do you understand by sensitivity of
a potentiometer and how can you increase the
sensitivity of a potentiometer?

A series battery of 6 cells each of emf2 V and internal
resistance 0.5 Q is charged by a 100 V d.c. supply.
What resistance should be used in the charging
circuit in order to limit the charging current to 8 A?
Using this, obtain (a) the power supplied by the
d.c. source, (b) the power dissipated as heat and
(c) the chemical energy stored in the battery in
15 minutes.

At the temperature 0°C, the electric resistance of
conductor B is n times that of conductor A. Their
temperature coefficients of resistance are equal
to o, and o respectively. Find the resistance and
temperature coefficients of resistance of a circuit
segment consisting of these two conductors when
they are connected in series.

You are given two resistors X and Y whose
resistances are to be determined using an ammeter
of resistance 0.5 €2 and a voltmeter of resistance
20 kQ. It is known that X is in the range of a few
ohms while Y is in the range of several thousand
ohms. In each case, which of the following two
connections figure would you choose for resistance
measurement ? Justify your answer.

® i

)
\Y
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22.

A cylindrical aluminium shell is made of two coaxial
cylinders of inner radius 1.0 cm and outer radius
2.0 cm and length 3.0 m. Estimate the resistance
of conductor between the cylinders, given that
resistivity of aluminium is 2.63 x 10~® Q m at room
temperature.

SECTION-D

23.

On a cold morning while going for office, Mrs.
Siddiqui observed that her car was not starting. She
realised that the parking lights of her car were left
on by mistake and that is why the car battery was
discharged. Shyam who is a neighbour and also a
class XII student observed her problem and came
running and adviced not to apply the self for long
time. In order to solve the problem he took out
another battery from his own car and connected
its terminals to the terminals of the car battery to
get the engine started. Once the engine was on ,
he disconnected his car battery . This is known as
Jump starting. Mrs. Siddiqui appreciated his efforts
and thanked him.

(a) What values did Shyam have?

(b) Why did he advise not to apply the self for
longer duration?

(c) Why did he remove his battery after jump start,
the same problem may have occurred again and
again as the battery was discharged?

(d) A storage battery of emf 8 V and internal
resistance 0.5 € is being charged by a 120 V d.c.
supply using a series resistor of 15.5 Q. What
is the terminal voltage of the battery during
charging? What is the purpose of having a
series resistor in the charging circuit?

SECTION-E

24.

25.

40

Deduce the condition for balance in a Wheatstone
Bridge. Using the principle of Wheatstone Bridge,
describe the method to determine the resistance of
a wire in the laboratory. Draw the circuit diagram
and write the formula used.
OR

State the working principle of a potentiometer.
With the help of the circuit diagram, explain how a
potentiometer is used to compare the emf’s of two
primary cells. Obtain the required expression used
for comparing the emfs.

A cell of unknown emf € and internal resistance r,
two unknown resistances R; and R,(R, > R;) and
a perfect ammeter are given. The current in the

PHYSICS FOR YOU | JULY 16

26.

circuit is measured in five different situations:

(i) Without any external resistance in the circuit,

(ii) With resistance R; only,

(iii) With resistance R, only,

(iv) With both R, and R, used in series combination,
and

(v) With R; and R, used in parallel combination.

The current obtained in the five cases are 0.42 A,

0.6 A, 1.05 A, 1.4 A and 4.2 A, but not necessarily

in that order. Identify the currents in the given five

cases and calculate €, R; and R, in terms of r.

OR
(a) StateKirchhoff’srulesforan electrical network.
Explain their use by drawing a simple circuit diagram.
(b) Find the total current I, R
supplied to an external
resistance R, connected
as shown across a parallel
combination of three cells
of equal emf € and same
internal resistance r.

(i) Define the term drift velocity.

(ii) On the basis of electron drift, derive an
expression for resistivity of a conductor in
terms of number density of free electrons and
relaxation time. On what factors does resistivity
of a conductor depend ?

(iii) Why alloys like constantan and manganin are
used for making standard resistors ?

OR
Define electrical resistivity of a material. Explain
how electrical resistivity vary in conductors, alloys
and semiconductors with temperature. Also plot
the variation graphs.

SOLUTIONS

1.

There will be no change in the resistivity of the wire
as it depends only upon the material of the wire and
not on any other parameter (length, area of cross-
section) of the wire.

Here,n=32x10",t=05s,e= 1.6 x 107°C

17 -19
As 1:Q=E=3'2X10 x1.6x10
t t 0.5
Static electricity deals with the study of charges at
rest and current electricity deals with charges in

motion.

Given, resistance = 3.5 kQ + 5% = 35 x 10°Q + 5%
Colour code of given resistor is orange, green,
red and gold.

=0.1024 A
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5. The terminal potential difference across a cell or
battery or source of emf is equal to its emf when no
current is being drawn from the cell, i.e., the cell is
in an open circuit.

6. As heater wires are of the same dimensions, their
resistances are equal, say R each. In series, their
resultant resistance R, = 2R. Now, if connected
to supply source of voltage V for time ¢, the heat

2 2
produced, H, = vau_Vi
R, 2R R
In parallel, the resultant resistance, Rp = 5
For same supply voltage V and for same time ¢, the
heat produced,
Vi v 2vd  H,
== = —— = 4
PPR, (R/2) R H,
7. Here D; = 2.0 mm, j; = 1.27 x 10° A m™
(i) Current flowing into the constriction,
2
D
I =j AZJP”{#)
=127x10%x 3.14 x (1 x 107)>=3.988 A
(ii) For a steady flow of current, I; = I,
or j1A1=j4A,;
or  jixn 2 2—'><n D i
N 5 2 5
2 2
D D . .
or jxm —L | =2jxm =% [ o =2ji]
2 2
1 1
or D,=—=D;=—x2.0mm=1.414 mm
2
s, 1=1-10C 3335002 A
t 5%60s
N SR |
j=—=
enA en(nr2 )
~ 3.33x1072
1.6x1071 x5x10%%2 x10°x3.14x(107>)?
=1.326x10°ms™",

9. When the key is open, the voltmeter reads almost
the emf of the cell.

VSV ANSWER  KEY

1. (b) 2. (@ 3. (3 4. (@ 5. (b

6. (b 7. @ 8. (0 9. (d) 10. (b)

11. (a) 12. (@) 13. (b) 14. (d) 15. (a)

16. (d) 17. (a) 18. (a) 19. (b) 20. (bo

21. (a,bc) 22. (a,c) 23. (bcd) 24. (3) 25. (9)

26. (2) 27. (b)  28. (a) 29. (d)  30. (0

42
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10.

11.

12.

€=15V
When the key is closed, voltmeter reads the terminal
potential difference V.
V=135V, I=15A,r="?
&=V _15-135

=0.1Q
1 1.5
OR
In first case, €=05(12+71)

in second case, €=02525+7)
0.5(12+7)=0.25 (25 +71)

On solving, we get r =1 Q

Hence, €=05(12+1)=65V

The points A and D R
are equipotential

points.  Also, the m
points B and C are A D\_://\:V_/C B
equipotential points. {

So the given network of resistances reduces to the
equivalent circuit shown in figure.

The three resistances form a parallel combination.

Their equivalent resistance R, is given by
1 1 1 1 1+1+2 2
— =t —t—= ==orR, =R/2
R, 2R 2R R 2R R 1
(a) As per question, Ry = 2R,
and for copper, o = 6.8 107> °C™!
As Ry = Ro[1 + o(T - Ty)]
2Ry = Ry[1 + 6.8 x 107 (T - Tp)]
2-1
T-Ty)=—7
6.8%x10

= =147°C

s T=Ty+147°C= (273 + 147) K =420 K

(b) This temperature holds good for all copper
conductors regardless of shape or size because
resistivity of a substance is independent of its
dimensions.

As per question, n = 8.5 X 1028 m_3; resistivity,
p=1.7x10"Qm; T=27°C=300K;m=9.1x10""kg;
e=1.60x10" Cand k=138 x 1072 J K

As resistivity, p = 3
newt

= Relaxation time, T =

n ezp

9.1x1073!

2
8.5x10% x(1.60x107%) " x(1.7x107%)
=25x10"s
The rms speed of an electron at room temperature,

- [3kgT _ [3x1.38x1072 x300 s
u= = Y] =12x10"ms
m 9.1x10




13.

14.

Mean free path, A =7t = 1.2 X 10°x25x 10714
=3x 107 mor 3 nm

The circuit arrangement may be redrawn as shown
in figure.

Here, resistances of 10 Q and 10 Q are joined in
parallel between points A and B and form an

effective resistance, 5Q
10x10 W
| = = 10Q 10Q
10+10
.. . A B C
Similarly, effective 0o 100 | +
resistance between A s
. 5Q
points Band C, e o
R,=5Q 10V

Thus, net resistance of branch ABC=5+5=10 Q
Now, it is obvious that between points A and C, we
have three resistances of 5 Q, 10 Q and 5 Q joined
in parallel.

Hence, equivalent resistance of network,

1 1 1 1
—=—+—+g:> Ryg=2Q

Rygq 5 10
-~ Current drawn from the cell (or ammeter reading)
€ 10V
R, 2Q

When the slide is in the middle of the potentiometer,
only half of its resistance, i.e., Ry/2 will be between
the points A and B.

Hence, total resistance (say, R;) between points A
and B will be

RO)R

RI:(Z = ROR (1)
(RO R] Ry+2R
2

Ry

.. Total resistance between points A and C = R; + 5

The current flowing through potentiometer,

LV
R+ % 2R, +R,
Voltage across R,
2VR ..
V,=IR, = ek S ...(ii)
(2R, +Ry)
On substituting value of R, from (i) in (ii), we have
R\R
= R iv X{R X 2R:|
+
p] i g Y L
Ry+2R
2V R R 2
_ R, Sy = VR
2RyR+ Ry(Ry +2R) Ry +4R

5. Here,e=15V,r=1.0Q,R=30Q,I=15A

As ris comparable to R, so cells are to be connected
in mixed grouping for maximum current. Let there
be 1 cells in series in each row and m such rows in

parallel. Then, €., = ne¢ and R,; = R+ mw
m

Current in the mixed grouping of cells is

[o_mne s mnx1.5
mR+nr  mx30+nx1
or 45m+15n=15mn ..(1)
For maximum current, R =
m
SO, 30=n_><1
m
or n=30m ...(ii)

Putting this value in (i), we have
45m+15x30m=15mx30m
or 45 m + 45 m = 45 m*
or 90=45morm=2
From (ii), n=30x2 =60

Total number of cells required
=mn=2x60=120

OR

Let €, r be the emf and internal resistance of each
cell respectively.

The cells are connected &1 &1

as shown in figure. 12 12
Here,e=2V,r=1.5Q, er er
R=10Q 1 12 12 1
Effective emf of the two

cells in a row R

=2e=2x2=4V

Effective emf of the 4 cells in two rows

¢’ =emfoftwocellsinarow=4V

The effective internal resistance of two cells in a row

=15+15=3.0Q

Total internal resistance r” of the 4 cells is

r=323_3_ 159
343 2

Total resistance of circuit

=R+7r=10+15=115Q

Current in circuit,

’

€ _ % 03484

"~ R+7 115
As two branches are identical, current in each

branch =£=0'3;£=O.I74 A

Potential difference across the external resistance
=JR=0.348 x10=3.48V

PHYSICS FOR YOU | JULY ‘16 @



16.

17.

18.

19.

44)

As per question, a wire of resistance R = 16 Q is cut
into 4 equal parts, so the resistance of each part,

4

Now, each part of a wire, say having length /is stretched
to twice its length, i.e., I’ = 2 I. Correspondingly, the
cross-section area of wire changes from A to A’

such that A'l'=Al:>A':i/Z:A_l:é
rar 2
New resistance of each part,

R{:p—llzp—ZZ=4p—l :4R1:4X4:16Q
A" (A/2) A

Now, all these four stretched wires, each of resistance

R{ = 16 Q are connected in parallel, hence new

resistance of combination,

g, K16
4 4 v

We know, Electric field, E = I

=4Q

E \%
Drift velocity, v; = L=ty
m  mL

R:pLZﬂ

A qp?
(i) When V is doubled, E becomes double, v,
becomes double and R remains unchanged.
(i)) When Lisdoubled, Ebecomes half, v;becomes
half and R becomes double.
(iii) When D is doubled, E remains unchanged,
vy also remains unchanged and R becomes one-
fourth.

Resistance,

(a) A potentiometer does not draw any current
from the cell whose emf is to be determined,
whereas a voltmeter always draws some little
current. Therefore, emf measured by voltmeter is
slightly less than actual value of emf of the cell.

(b) The sensitivity of a potentiometer means the
smallest potential difference that can be measured
with its help. The sensitivity of a potentiometer can
be increased by decreasing its potential gradient.
This can be achieved by increasing the length of
potentiometer wire. If the potentiometer wire is of
fixed length, the potential gradient can be decreased
by reducing the current in the potentiometer wire
circuit with the help of rheostat.

Given, number of cells n = 6

EMF of eachcell,e=2V

internal resistance of each cell, = 0.5 Q ; charging
voltage V = 100 V. Let R be the resistance used in

PHYSICS FOR YOU | JULY 16

20.

21.

22,

series with the circuit while charging the cells. Then
current in the circuit will be

_V-ne V—ne  100-6x2

I or R= -6x0.5
nr+R
=11-3=8Q
(a) Power supplied by d.c. source
=VxI=100x8=800W
(b) Power dissipated as heat
=P (R+nr)=8(8+6x0.5) =704 W
(c) Rate at which the chemical energy is stored

=800 -704=96 W
Chemical energy stored in 15 min
=96 x 15 x 60 = 86400 ]

Let R, be the resistance of conductor A at 0°C.
Resistance of conductor B at 0°C = nR,,
If Rtl, th are the resistances of conductors A and B

at °C, then
R, =Ry (1+ oyt) and R, =n Ry (1 + 0iyt)
If R is the resistance at °C when they are connected
in series then
R = Rt1+ th =Ry(1 + oyt) + n Ry(1 + 0yt)
=Ry (1 +n) + Ry (01 + noy)t

=R0(1+n){l+wt}
(1+n)

If Ry is the resistance of combination of two
conductors at 0°C and o is the temperature
coefficient of these two conductors in series, then
R,=Ry(1 + aut) ...(ii)
Comparing (i) and (ii), we have

o +no
=Ry (1 +n)and OL=[—1 . 2)

(1)

1+n

(i) Forthe determination of X: Let X = 10 Q. In the
arrangement (a), potential difference determined
is across (10 + 0.5) Q instead of 10 Q. The error
involved is approximately (0.5/10) x 100 = 5%. In
arrangement (b), potential difference is determined
across 10 Q. Thus the arrangement (b) is better.

(ii) For the determination of Y: Let Y=10, 000 Q. In
thearrangement (a) potential difference determined
isacross (10, 000 + 0.5) Q where in the arrangement
(b), potential difference is determined across 10, 000 Q.
Since both the potential difference are almost equal,
the arrangement (a) or the arrangement (b) can be
used. Theoretically speaking, arrangement (b) is
better.

Let I be the length of the cylinder and r;, r, be its
internal and external radii.



23.

24.

Consider a coaxial
cylindrical shell
of radius x and
thickness dx as
shown in figure. :
If the shell is cut ; e
parallel to its axis
and spread out, it forms a rectangular sheet of surface
area 27x] and thickness dx as shown in figure. The
resistance (dR) of this imaginary cylindrical shell
(which is now in the form of a conductor of area
2mxl and length dx is given by

2mxl 2w\ x

If R is the resistance of the entire cylindrical shell
(between the two radii r; and r,),

2mxl

I
as R=p—
pA

r

:—p Zd_x:—p |1nx|r2

-

2nlr x 2ml 1
1

=P 1022230262 102
2nl 2l T

Here;rlzlcm:1x1072m,r2:2cm:2x1072m,
I=3mandp=2.63%x10°Qm

-8
2.63x1 2
Thus, R =2.3026x 23710 _ log= |Q
2x3.14%3 1

-8
or R=2.3026x 25310~ 03010 @=9.7x101°Q

(a) Shyam showed the values of being helpful,
decision making ability, concern for the problems
of others, application of theoretical knowledge and
alertness.
(b) When the self is applied, a very large current
is drawn from the battery of the order of 100 A,
the battery cannot provide such high current for
long duration. Hence self should be applied for
short durations only; otherwise the battery may get
discharged completely.
(c) Once the engine is started, the alternator
connected to engine produce sufficient current and
charges the battery, hence the discharged battery
will again get charged soon.
(d) Current in the circuit
I=(120-8)/(155+0.5)=7 A
Terminal voltage of the battery being charged
V=E+Ir=8+7x05=115V
Refer to point 2.5 (4, 6) page no. 100, 101 (MTG
Excel in Physics)
OR

Refer to point 2.5 (7) page no. 101, 102

(MTG Excel in Physics)

25.

26.

The electric current flowing in the circuit from the
cell is inversely proportional to the resistance in the

circuit for same applied emf, as I =

R+7r
As resistances of circuit are in following order
RR
R;=R|+Ry))>R,>R;>| R, =—12-| >(R=0
( S 1 2) 2 1 [ 4 Rl + Rz) ( )

So, currents in the circuit are in following order
(I in series combination) < (I through R,)

< (I through R;) < (I in parallel combination)

< (I'in absence of R)

So,

(i) I without external resistance = 4.2 A

(ii) Iwith Ry and R, in parallel =1.4 A

(iii) Iwith R, alone =1.05 A

(iv) Iwith R, alone=0.6 A
(v) Iwith Ry and R, in series = 0.42 A
Without any resistance in circuit
I=5-42A.50,e=42r ()
r
With resistance R; in circuit
I=— =105A
R +r
or 42r=105(R;+71), or 4r=R;+r
or R;=3r ...(ii)
With resistance R, in circuit
I=—%  -06A
R, +7
or 42r=0.6(R,+71), or 7r=Ry+r
or R,=6r (il
2 OR (iii)
(a) Refer to point 2.5 (1,2,3) page no. 99, 100
(MTG Excel in Physics)

(b) Three cells are connected in parallel, so
Netemf=¢

Net internal resistance = /3

Net external resistance = R

So, total electric current I supplied to external

resistance R is
€ 3e

I: =
R+r/3 3R+r

(i) Refer to point 2.1(3) page no. 92
(MTG Excel in Physics)

(ii) Refer to points 2.1(4) and 2.2(4, 9(a)) page no. 92-94
(MTG Excel in Physics)
(iii) Refer to point 2.2(9(b)), page no. 94
(MTG Excel in Physics)
OR
Refer to point 2.2 (3,9) page no. 93, 94

(MTG Excel in Physics)
K
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UNITS AND MEASUREMENTS \-/

MEASUREMENT <«
defined by the

Internationall ) ( .
SIunits €<= accepted ¥ «— Units of measurement Magnitude of measurement
that can be related in accurately known digits
which consist of terms of fundamental plus first uncertain digit

in a measurement

|

Significant figures

base quantities

|

Dimension

\ seven Base
SI units

Derived units

Z=A+B

» ERROR F AZ=AA +AB

\ Na A2
Uncertainty in the Combination ,’ bas1c ,_) =L 2%

measured values of errors ‘.operations .’  Z A

Z=A-Bor A/B

AZ AA AB

arising from A " B

v \‘

Systematic error Random error Least count error

// Practical \\
! units in \ Supplementary temperature K .
! ! . . results in caused b caused b
\, different scales ,/ units which can be 3 \l, Y Y
e deduced by electric current A causes
massM <\ scatter of repeated
/ using five base :‘_J‘ measurement
Small scale Dimensional \ quantities
analysis TS ‘(} noise (fluctuation error in
Length Mass i resolution of the
g I length L time T . in values) :
characterized by instrument

\
range of observed

mass of atoms
values

in a.m.u.

N

deviation of mean
from "true value"

which is useful to \‘

\\C
~

—_— =

P N
,~ which can be ™

alculated by/,’l

X —10-10
14 (angstr'om) - 1150 ™ Show the relationship Implicitly Provide a check
1 fermi=10"""m between different tell how to derive on relation T

Large scale system of units a relation between quantities determined by determined by Relative eAtror

[ Rel Ag =—2n

Mass Intersteller \ a,
l distance 1 AU = 1.49 x 10" m Method to measure Precision of Accuracy of
s 11ly=9.46 x 101> m such intersteller —> Parallex Method measurement measurement  Apsolute error PerceXtage error
1 tric t =10 k; i A

metric ton g 1 parsec = 3.08 x 106 m distances from earth Aa=a -a,. 5, = -

1 solar mass = 1030 kg

Electric Dipole : Every dipole is
associated with a dipole moment p

Coulomb's Law Electric Field : Electric field

Basic Properties of Charges
intensity at a point distant r

Electric Flux : Electric flux
over an area in an electric

T - ‘11‘12 , for like ch . -
Fa= or like charges
21 Ins, 8 from a point charge g in whose magnitude 1s' equal to .the Al pepsas e ozl
. R product of the magnitude of either number of electric field
[y =-—1% ;2, for unlike charges airis E = —%r. charge (q) and the distance 2a I -
dng r’ T T between the charges, i.e. b= qx (2a). Hes crossing His atea.
Quantization of charge :
Total charge onabodyis | 1
always an integral multiple s7 Basic N\
of a basic unit of charge \ g
.. 8 . character 1st1c§/ Dipole in an external
denoted by e and is given e - feld )
byq = ne. Field lines start / \ Two field teld expeiences
\ ) from positive lines can
Conservation of charge : charges and end at never cross .
Tokel eirrigs offn negative charges. each other. Lo
isolated system remains T = pxEor 1 = pE sin®.
unchanged with time. Electrostatic field
lines do not form LTS @ i — lel
Lo TS ’ . N i : i
// usin . any closed loops. /" Electric field ™ auss's eorem : Total normal electric
Additivity of charge : Total charge of a / & \ due to dipole / flux over a closed surface S in vacuum is
s e el ; { Superposition | \ duetodpo e/’ : ]
lilystem is the alge ra1}<1: sum (i.e. sum . \ rinciple ; / ______ - 1/¢, times the charge (Q) contained
Lo . . N , T
ta ng 1n'Fo. account wit .proper 51gns) [© ~o /// \ inside/thelsurface. b = q; E.dS = g
all individual charges in the system. == S s 5
/ \ On Equatorial line On Axial line ’
(Broad on position) (End on position) |
The vector sum Force between two po_! ﬁ} E— 2p - Applications
of forces would charges is unaffected by 4ne, 1 4me 1

force.

Gaussian surface

@] R
For uniformly charged solid sphere

give us the total

the presence of the other
charges.

volume charge density, p = %

|

surface charge density, ¢ = %

Electric field due to a uniformly charged thin spherical shell

- 4
4ng, 1
I ¢
On the surface r=R,E=————
r 4me, R

Inside the shell i.e., r <R, E=0

At a point outside the shell i.e., r > R, E=

pR’
3g,r’

infinite thin plane sheet, E = .

Electric field due to a uniformly charged

linear charge density, \ =%

Electric field due to an infinitely
long thin uniformly charged

straight wire, E = .
2€, 2me ¢
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Unit

Electric Charge and its Properties

Charge is a basic property associated with the
elementary particles. It is scalar.

Elementary charge (e) is one of the fundamental
constants with the value, e = -1.602 x 107" C.
There are two kinds of charges, positive and
negative.

Mass, length and time depend on state of rest
or motion while charge is invariant (theory of
relativity).

Electric charge is quantised

q=ne;n=0,=%l1,+2, +3,
The charge of an isolated system is conserved.

Amount of induced charge < inducing charge, sign
of equality holds only for metals.

Coulomb's Law and Factors Affecting it
Coulomb's law,
F= 1 49 . 1

= ;——=9%x10"Nm’ C™
ame, ¢* Ame,

Electric force between two charges does not depend
on neighbouring charges.

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

PHYSICS FOR YOU | JULY 16

&

ELECTROSTATICS

9.9
F=1—22Wherer=d—t+t\/g
4mne,r

If F, = F, for two identical charges, then

i=J41rsOG
m

When two charges q; and g, are placed some
distance apart, neutral point is nearer to smaller
charge and in between g; and g, if charges are
alike.

Electric Field

< Field 7>

First charge sets up an electric field and the second
charge interacts with the electric field of the first
charge.

Charge Charge

. F ~
E=—= 1 5T
9o 471;801’

The direction of Eis the same as the direction of F
because g (test charge) is a positive scalar.
Electric force on a charge in a uniform electric
field (E) is constant hence acceleration is constant
so equation of motion can be used (acceleration
a = qE/m).

Electric field due to linear charge distribution



» Finite wire » Infinite wire » Charged arc
(00 = 180°)

FF+++++
Q
)
+4++++++
o

Charged ring of radius R

NG R/\/_

x>>R = Epzk—(z2

E = kQx x
P_(R2+x2)3/2’1f KOs
X<<R = Ep=—}
R

» As x increases : E due to ring first increases

then decreases and at x = — it is maximum.

V2
Force between two parallel wires having linear
charge density A, and A, is
F(on unit length) = @
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 .
If both Eandg' (gravity) are present, then use
resultant acceleration.

2 2o N qE

> Fpand F,are in same direction : a=g+-—
m

> ﬁE and 13 are in opposite direction :

a=g———

> FE and F are perpendicular to each other :

E
=g {‘1 }
m
e.g. Time period of simple pendulum,T =25 \/Z
a
(a = net acceleration)

If identical charges are placed on each vertix of a

regular polygon, then E at the centre = zero.

& Lines of Electric Force

Lines of force are drawn in such a way that the

tangent to a line of force at a point gives the

direction of the resultant electric field there.

Properties :

» They can never cross each other.

» They can never form a closed loop.

» They end or start normally at the surface of
a conductor.

» Lines of force per unit normal area at a point
represent magnitude of intensity, crowded
lines represent strong field while distant weak

field.

» The number of lines originating or terminating
on a charge is proportional to the magnitude
of charge.

Electric Flux (¢)

¢=E-§=E5cose

Sis always normal to surface and pointed
outwards.

For open surface, ¢, = J.Ed_;
For closed surface, ¢, = CJ.)E -ds

The value of ¢ does not depend upon the

distribution of charges and distance between them

inside the closed surface.

The value of ¢ is zero in the following circumstances :

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

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

» If no charge is enclosed by the closed
surface.

» Incoming flux (-ve) = outgoing flux (+ve)

Electric flux through some known structures

> 0, = -TR’E
and ¢y = TR’E

L = O =0

ds
= _ 2
g R+ E Oin = Ocircular = _T[f E
and (DOllt = q)curved =TR°E
- = Orotal = 0
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— _ 2
> )/| ds & Oin = _Za E
4 — and ¢y =a’E
— = O =0
— —»ds
dse -
=c X
a
% a

Note : Here electric field is radial.

&= Gauss's Theorem and its Applications

D

Gauss's theorem 4}1? ds = 4
€
» This law is suitable for symmetrical charge
distribution and valid for all vector fields
obeying inverse square law.
» Number of electric lines related to 1C (unit
charge) =1/g,,.

Gaussian surface

» It is imaginary surface.

» It is spherical for a point charge, conducting
and non-conducting spheres.

» It is cylindrical for infinite sheet of charges,
conducting charge surfaces, infinite line of
charges, charged cylindrical conductors etc.

Applications of Gauss's Theorem :
» For an imaginary cube

Position Main | Face | Centre |Corner
of charge centre centre| of side
Flux from cube 4 4 4 4

€y 2g, | 4g, 8¢,

» Electric field due to a plane sheet of charge,

o
E=—
2¢,

»  Electric field near a charged conducting surface,

c
E=—
€
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q

hemisphere 2 g,

v
<
N
g
I
B
)

-

: 9 q
0 q) == q) . = —
4 tTotal e . cylinder 2 £,

.q -q
q o 4
=— cube
(DTota.l 80 280
I Edueto non-conducting
Spher: rCylinderj
Shell Solid Solid Hollow
v v v v
2
Ein =0 Em=k—%r—>Emocr<—Em— k?;r Ein =0
R R
kQ kQ 2kA 2kA
PR BTR BER BT
kQ kQ 2kA 2kh
Eout = Eout = Eout - out —
r r r r
IE {E [E IE
x=R r x=R r =R ’ x=R r

& Potential and Potential Difference

Potential is a relative parameter, while potential

difference is absolute i.e. potential depends on

the choosen reference. That's why potential of

same object may have positive or negative or zero

potential.

Only one relation by which work done in moving

a charge is calculated

Wexternal = =~ Welectrical = q[Vf - Vi

V= Potential at final point, V; = Potential at initial

point.

Electric potential at a point is defined as the amount

of work done in bringing a unit positive charge from

infinity to that point. It is denoted by symbol V.
w

V=—
q

Electric potential due to various charge distributions



are given in table below :

Name /Type Formula Note Graph
Point charge kq q is source charge. Y
V=" r is the distance of the point K
from the point charge.
,
Ring (uniform/ V= kTQ  at centre Q is charge on the ring. v

non-uniform

kQ

x is the distance of the point

charge V=——=_ along the on the axis.

distribution) VR4 X
axis

Uniformly charged kQ R is radius of sphere

hollow conducting/ For r2R, V= r r is the distance from centre

hollow non-
conducting/solid
conducting sphere

kQ
For ;< ==
r<R, V R

of sphere to the point
Q is total charge = G4mR*

Uniformly

charged solid non-
conducting sphere

For r>R, V=k—Q
r

kQBR* —r?)

For r <R,V = 5
2R

- P 3p2_,2
_680(3R ro)

R is radius of sphere

r is distance from centre to
the point

3
1%

centre = E

\%

surface

4
Q is total charge = pgnR3
Inside sphere potential varies
parabolically with r.

Outside potential varies
hyperbolically with r.

)4
3kQ/2R|
kQ/Rr--

1
!
R

Infinite line charge

Not defined

Absolute potential is not
defined.
Potential difference between

two points is given by formula
VB - VA =—2kA In (rB/rA)

Infinite non-
conducting thin
sheet

Not defined

Absolute potential is not
defined

Potential difference between
two points is given by formula

V=V, =——

2€, (rg =74)

Infinite charged
conducting thin
sheet

Not defined

Absolute potential is not
defined

Potential difference between
two points is given by formula

c
V=V, = —S—O(rB —1,)
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<&~ Relation between Electric Field and Potential

E=-VV S

where v =(1$+]@+ka—z)

—ve sign shows that the direction of E is the direction

of decreasing potential.

& Electric Potential Energy

o Electric potential energy of a system of charges
is 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.

o Electric potential energy of a system of two charges is

1 q9,

Cdme, 1,
where rq, is the distance between ¢; and g,.
o Electric potential energy of a system of n point

charges
_ 1 9k j<k
4me, all pairs Tk

&= Electric Dipole

o Electric dipole moment, p= q(27)

_q ﬁ +q
l—— 2| —»

p=q(l)

o Electric field at any point on the axial line

fd fd fd A \ﬁ pa P N
axial — E+q + E—q -q O +q E?q 75-*—‘1
K—r—>
= 1 2pr 1 2pa
il = p ~p= —pp (For r>>1)

ame, (r* —17) 4me, 1’
o Electric field at any point on the equatorial line

Eeq =—(E_jcosO+E, cos@)}l\)

=—2E_, cosOp
13
=— % (Forr>>1)
4ame, r
Eaxial 2Eeq
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e Net electric potential at axial point

_qo—9—+oq oP
E— 20 >
oo oo >

kq -kq  kgx2l  kp

V=V, +V, = + = =
LD D) (=P PP
k
If r>>l,V=—f
,
e Net electric potential at equatorial line
kg k
V=V +V, =2 _H_g P
X X
o In general,
kpcos® . p-7 y ~
V=—p 2 =kp—2
r r
o Torque, T=pxE = pEsinOn SRt
) e
2 5,
p 'S R
TR S

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

0 0
W= J. Td0 = f PpEsinBd0 = —pEcosH
90° 90°
This work is stored in the form of potential energy.
So,U=W=-p-E

e Work done in rotating an electric dipole in an

i) 0,
electric field, W = _[ Td0 = f pEsin0d6
6, 0

=pE(cosB; - cosB,) = U, - U;
&~ Basic Electrostatic Properties of a Conductor

o Inside a conductor, electric field is zero.

o At the surface of a charged conductor, electric field
must be normal to the surface at every point.

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

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

o Electric field at the surface of a charged conductor

= O, . .
E= o where o is the surface charge density and
0



7 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.

Capacitors and Capacitance

A capacitor is a device that stores electrical energy.
It consists of conductors of any shape and size
carrying charges of equal magnitude and opposite
sign and separated by an insulating medium.
Capacitance (C) of a capacitor is the ratio of
charge(Q) given and the potential (V) to which it
is raised.

_Q
€= 1
Parallel plate capacitor
o +0 -0
V=Ed=—d I II II1
€
> — | >

Q gA ¢ o606 O©|C O©

V. d 2g 2|2, 2g,|2¢, 2,

[——d—>l
Different structures of parallel plate capacitor
v v i
o T +0
oo

trorzrzr =2 A E E
v Z 7] _
’///// /////// | tt VE = E/KI |E = 0 Conducting slabl
oo 22 ¢

e} —0 e

g,A

Y C=
=— [

t C=
d—t+K] (d—1t)

Capacitors in series

g G G G ¢
—
Vi v, V3

——Pi————Pi————
» Same charge flows through each capacitor.
» Different potential difference exist across each
capacitor if C; # C, # Cs.
V=V, +V,+V;
LS S e S
Cq G G G

Capacitors in parallel

»  Across each capacitor, =—<—> . >

potential difference is .
[ S E—
same. v

» Different charges flow through each capacitor
if C;# C, # Cs.

Q=91 +9+4s
C = Cl + C2 + C3
Energy stored in the capacitor
Q 2
1
Uzwzfidqu—z—CV2
5 C 2C 2
1, o
» Electric energy density u=—¢,E* =—
gy y 550 2¢,

» For a parallel plate capacitor, variation of
electrostatic potential energy stored with
change in Q, V, C etc., has been shown in the
following graphs.

o C = Constant C = Constant
0 —Q 0O —V
Q = Constant V = Constant
IR
0O —»C 0O —»C

»  When a capacitor is charged with the help of
a battery, the potential energy of a capacitor is
obtained at the cost of chemical energy stored
in the battery.

Effect of dielectric on capacitor
when charging battery is

+ |+ + +
Co» Voo Eg» Up
+
-T Air
YON : lOFF
L B0 00N D0 QU
V=1,Q=CY =KGyy, | =R C=KG
: Q_%
vV Vv . y=2=-10
=V % b
U=§cv2=KUO d Kd K
U,
U=lcvi=0
2 K
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» Capacity of spherical systems

Inner is given charge Inner is earthed and outer | Connected Connected spheres
System . —

(outer is earthed) is given charge spheres (far away)

G
G
Diagram
s (9 (¥

C = 4megab/[b - a] | C = 4megb*/[b - a] C = 4megh C=C+G,

Capacity = capacity of spherical C = 4mey(a + b)
capacitor + 4meyb

&

» Capacity of cylindrical capacitor, C = 2meyl/In(b/a)

Van de Graaff generator

A Van de Graaft generator consists of a large spherical conducting shell (a few metres in diameter). By means
of a moving belt and suitable brushes, charge is continuously transferred to the shell, and potential difference
of the order of several million volts is built up, which can be used for accelerating charged particles.

SPEED??DRA CTICE
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Two point charges +3 uC and +8 pC repel each
other with a force of 40 N. If a charge of -5 uC is
added to each of them, then the force between them
will become

(a) -10N (b) +10N

(c) +20N (d) -20N

A charge Q is to be divided on two objects. What
should be the values of the charges on the objects

so that the force between the objects can be
maximum?

Q 20

@ 35 ® 24
Q 7Q 3

© o8 @ 2.4

An electric dipole consists of charges + 2.0 x 10® C
separated by a distance of 2.0 X 107 m. It is placed
near a long line charge of linear charge density
4.0 x 10°*C m™" as shown in the figure, such that
the negative charge is at a distance of 2.0 cm from
the line charge. The force acting on the dipole
will be

PHYSICS FOR YOU | JULY 16
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(a) 7.2 N towards the line charge
(b) 6.6 N away from the line charge
(¢) 0.6 N away from the line charge
(d) 0.6 N towards the line charge

Figure shows two capacitors connected in series and
joined to a battery. The graph shows the variation
in potential as one moves from left to right on the
branch containing the capacitors. Then

1 Vi
Cl CZ
(a) Cl > Cz
(b) G =G () G <G

(d) The information is not sufficient to decide the
relation between C; and C,.



A student originally charges a fixed capacitor to
have a potential energy of 1 J. If the student wishes
to give the capacitor a potential energy of 4 J, then
the student should

(a) quadruple the potential difference across the
capacitor but leave the charge unchanged.

(b) double the potential difference across the
capacitor but leave the charge unchanged.

(c) double both the potential difference across
the capacitor and the charge.

(d) leave the potential difference across the

capacitor unchanged while doubling the
charge.

The electric field in a region is radially outward with
magnitude E= Ar. What will be the charge contained
in a sphere of radius a centred at the origin ? Take
A =100V m~and a =20.0 cm.

(@) 889x107'C  (b) 447x 107" C

(c) 889x107°C (d) 447x107°C

If potential (in volts) in a region is expressed as
V(x, y, z) = 6xy — y + 2yz, then the electric field
(inNC)at point (1, 1, 0) is

() —(2i+3j+k) (b) —(6i+9j+k)

() —-Gi+5j+3k)  (d) —(6i+5j+2k)

A solid conducting sphere of radius a has a net
positive charge +2Q. A conducting spherical shell
of inner radius b and outer radius c is concentric
with the solid sphere and has a net charge - Q.
The surface charge density on the surface of solid
sphere and on the inner and outer surfaces of the
spherical shell will be

(@ 22,722 Q
ana® anb? 4anc® e@
(b) Q , _Q , Q
4ma® 4amb® 4nc®
(© 0,02 @ 22,2 .Q
4mc? ana® anb? 4anc®

An alpha particle (g = +2e) in a nuclear accelerator
moves from one terminal at a potential of
V,= + 6.5 x 10° V to another at a potential of
V, = 0. Assuming that the terminals and their
charges do not move and that no external forces act
on the system, what is the change in kinetic energy
of the particle?

10.

11.

12.

13.

14.

(b) 4.2x 10712
(d) 4.2x 1077

(a) 2.1x 10727
(c) 21x 10777

In the circuit shown in the figure, the potential
difference across the 4.5 UF capacitor is

C,=3uF
C,=45uF
C;=6uF
L2V
() 83V (b)4V (c)6V (d) 8V

Two particles, each having a mass of 5 g and charge
1.0 x 1077 C, stay in limiting equilibrium on a
horizontal table with a separation of 10 cm between
them. The coefficient of friction between each
particle and the table is the same. The value of this
coeflicient is

(a) 0.28 (b) 0.18 (d) 0.31

A, B and C are three points in a uniform electric
field. The electric potential is

(¢) 0.11

B A T
>E
oC >
(a) maximum at C
(b) same at all the three points A, B and C
(c) maximum at A

(d)

A charge Q is uniformly distributed over a long
rod AB of length L as shown in the figure. The
electric potential at the point O lying at a distance

maximum at B [NEET 2013]

L from the end A is
9 AWl B
————>
@ —2 m2 b —2—In2
4me,L 8me, L
3Q Q
©) e L (&) 4re,LIn2

[JEE Main 2013]

A disk of radius R = 4.8 cm carries a total charge
q = +2.5 nC that is uniformly distributed over its
surface and held in fixed location (consider the
surface to behave like an insulator). An electron is
initially at rest at a distance of d = 3.0 cm from the
disk along its axis. When the electron is released,
it is attracted toward the disk. What is the speed of
the electron when it strikes the centre of the disk?

55/
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15.

16.

17.

18.

56/

(a) 121 x 10’ ms™' (b) 2.42%x 10" m s}
(c) 146 x 10°m s™' (d) 2.14x 10’ m s~}

dielectric constants K; and
K, (K; < K,) are inserted
between plates of a parallel
plate capacitor, as shown
in the figure. The variation
of electric field E between the plates with distance d
as measured from plate P is correctly shown by

) - 4 —
(a) il — o = B
0 d— 0 e
1 I 1 _
@ [H L @ [P
0 :d—> 0 :d—>

[AIPMT 2015]

Two identical charged spheres suspended from a
common point by two massless strings of lengths
I, are initially at a distance d (d < < ) apart because
of their mutual repulsion. The charges begin to leak
from both the spheres at a constant rate. As a result,
the spheres approach each other with a velocity v.
Then v varies as a function of the distance x between
the spheres, as
(@) veoex 2
(©) veex!?

(b) voex!
(d) vex
[NEET Phase I 2016]

A parallel plate capacitor is made of two circular
plates separated by a distance of 5 mm and with
a dielectric of dielectric constant 2.2 between
them. When the electric field in the dielectric is
3 x 10* V. m™, the charge density of the positive
plate will be close to
(a) 6x10*Cm™
(c) 3x107Cm™

(b) 6x107 Cm™
(d) 3x10*Cm™
[JEE Main 2014]

Two capacitors C; and C, are charged to 120 V and
200 V respectively. It is found that by connecting
them together the potential on each one can be
made zero. Then
(a) 9C, =4GC,
(¢) 3C,=5GC,

(b) 5C, = 3C,
(d) 3C1 + SCZ = 0
[JEE Main 2013]
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19.

20.

Two charges, each equal to g, are kept at x = — g and
x = a on the x-axis. A particle of mass m and charge

9 = g is placed at the origin. If charge g, is given a

small displacement (y < < a) along the y-axis, the
net force acting on the particle is proportional to
(b) y

1 1
i _ d —
(a) ) © -y (d y

The region between two concentric
spheres of radii a and b, respectively

[JEE Main 2013]
(see figure), has volume charge
r

&
and ris the distance from the centre.

At the centre of the spheres is a point charge Q. The
value of A such that the electric field in the region
between the spheres will be constant, is

A
density p=—, where A is a constant

Q Q
b -~
@ ® e —a)
2Q 2Q
@ - @

[JEE Main 2016]

SOLUTIONS

1.

4me, * Ame, r?
and F = 1 1192
_ 1 1B-5)RCHB-5)uc)
_ 1 (—ZMC)(MC):_E:_@:_ION
4me,, r? 4 4

(b): Suppose one object receives a charge q and the
other (Q - ¢q). The force between the objects is

aQ-q)
4meyd® ,
where d is the separation between them. For F to be
maximum, the quantity
y=qQ-9)=Qq-¢°
should be maximum. This is the case when,

dy Q
—— = , —-2a=0 ,q=—.
or,Q-2g=0or,q 5

F=

Thus, the charge should be divided equally on the
two objects.



3.

(d): The electric field at a distance r from the line
charge of linear density A is given by

A

B 2TEyr

Hence, the field at the negative charge,

o (4.0x10™)(2x9x10%) _ 3.6 10°
0.02
The force on the negative charge,
F, = (3.6 x10%)(2.0x 107%)
= 7.2 N towards the line charge
Similarly, the field at the positive charge, i.e., at
r=0.022 m is
E,=33x108NCL
The force on the positive charge,
F,=(33x10% % (2.0x107%
= 6.6 N away from the line charge.
Hence, the net force on the dipole = 7.2 N - 6.6 N
= 0.6 N towards the line charge

(c) 5. ()
(a) : The electric field at the surface of the sphere is

Aa and being radial it is along the outward normal.
The flux of the electric field is, therefore,

b= <f>EdS cos0°= Aa(4na2 ).

NC!

From Gausss law, the charge contained in the
sphere
Qunsice = &P = 47 A’
=L %100V m™ x(0.20)°
9x10
=8.89x107''C

(d): The electric field E and potential V in a region
are related as

Here, V(x, y,2) = 6xy -y + 2yz
Fee i(6xy—y+2yz);+i(6xy—y+2)’z)}
ox dy

+i(6xy -y+ 2yz)lAc}
0z

=—[(6y)i+(6x—1+22)j+(2y)k]
At point (1, 1, 0),
E=—{(6(1))i +(6(1)—1+2(0)) + (2(1))k]

=—(6i+5]+2k)

10.

11.

12.

13.

14.

(a): The charge distribution,
including the induced charges,
is shown in the figure.

+2Q -2Q
GA = 2 ’GB = 2
47a 4mb Q
and 0, =2Q-Q_ Q
47C 41C

(@): AU=U - U, =q(V} - V)

=(+2)(1.6x 10 C)(0 - 6.5x 10° V) =-2.1x107'2].

If no external force acts on the system, then its

mechanical energy E = U + K must remain constant.

That is, AE = AU + AK = 0, and so
AK=-AU=+21x10""%]

(d): The given arrangement can be redrawn as

Potential difference across —
4.5 UF capacitor 4.5 uF 9 uF
9uF
M av-svy H -
(9 uF + 4.5 uF) 12V

(b): The electric force on one of the particles due
to the other is

F=(9x10° Nm?C?)x(1.0x1077 C)? x

=0.009 N
The frictional force in limiting equilibrium
F=1(5x107°kg) x (9.8 m s~%) = (0.049 u) N
As these two forces balance each other,
0.049 1 = 0.009 or (= 0.18

(d): In the direction of electric field, electric
potential decreases.

V> Ve>Vy
(a): Consider a small length element of charge

situated as shown in the figure.
—L—r—[—>
A B

.
(0.10 m)?

0]
——x——F——] ]
)
dx
d
Then, dV = .
ame, x
(2%)
= 1 . L = Q . d_x
4me X aneg Ll x
T d 2L
aneg L x  4meyl L 4meyL

L
(a): The charge density on the disk,

q _25x10°C
nR*  7(0.048 m)?

c= =3.45x10" Cm™2
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15.
16.

17.

58)

The difference in potential between the locations
withz=dandz=0

AV =V (0)-V(d) = ﬂ—zi(\/R2 +d? —d)
€& 2§

_ 345%107/Cm 2
2(8.85x10 122N m™2)

[0.048 m

—\/(0.048 m)? +(0.030 m)? +0.030 m)] =417 V.

Change in the electron’s potential energy
AU =gAV = (-1.6 x 107 C)(417 V)
=-6.67x107"]
Conservation of energy gives,
AK=-AU=6.67x10""]

2% (6.67%x107"
v= /ZAK= ( - I)=1.21><107ms‘1
m 9.11x107 kg

(©)
(a):
kg
XZ
mg
From figure, T cos 6 = mg ..(1)
2
Tsin 0 = kiz (i)
x o
From eqns. (i) and (ii), tan 6 = zq
x“mg
x
Since 0 is small, . tan 6 =sin 6 = 2_l
2
X _ kq . q2:x3@0rqocx3/2
21 xzmg 21k
o, 44 3 gpdx 3
2 dt 2

dt

Ve ——=

Jx

(b): Here, K=2.2,E=3x10*V m
Electric field between the parallel plate capacitor

. dq
Since, — = constant
dt

with dielectric, E = S
€
= 0=KeggE=22x885x10"?x3x10*
~6x107 Cm™
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18.

19.

20.

(c) : For potential to be made zero, after connection
120C, = 200C, = 3C, = 5C,
(b): The situation is as shown in the figure.

* »x
q 9o q
a a

When a particle of mass m and charge g, (= g)

placed at the origin is given a small displacement
along the y-axis, then the situation is shown in the
figure.

A

. AFcos ',’F
..  AFcos®
RN

Fy,

The net force acting on the particle is
F, et = 2Fcos0

, 1)

_ y 1 4y
4me, (y2+a2) \/(y2+az) 4me,, (y2+a2)3/2
2
Asy<<a soF =$% or Feio<y
0 a

(a): Using Gauss’s theorem for radius r

[E-ds=2(+q)
0

€
= E><4m2=8i(Q+q) ()

q = charge enclosed between
x=aandx=r.

r A r
q= J.;4nx2dx = 47TA_|. xdx

a x2 r
=4TA| —
2 4

Putting the value of g in equation (i), we get

a

= 27'cA(r2 —a? )

1
Ex4mr? = —[Q + 21'5A(r2 - az)]
€o
1 2nAa’
E=—{%+2ﬂ:A— naa }
ameg | r r
E will be constant if it is independent of r
2
Q = 2nda or A= Q
2 2 2Ta

2

@
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Practice Problems / C1ass X!

MPP-

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

readiness.

Electric Charges and Fields

Total Marks : 120

Time Taken : 60 min

NEET / AIIMS / PMTs (a) 208 nC (b) 156 nC
Only One Option Correct Type (¢) 52nC (d) 104 nC

1. Electric field lines in which an electric dipole is A proton orbits with a speed v = 294 km s just
placed are as shown in the figure. Which of the outside a charged sphere of radius r = 1.13 cm.
following statements is correct ? What is the charge on the sphere ?

_ (a) -1.13nC (b) +1.13nC
_ () —2.26 nC (d) +2.26 nC
= > A long string with a charge of A per unit length
-de— 44g R passes through an imaginary cube of edge a. What
e is the maximum flux of the electric field through
g the cube ?
(a) The dipole will not experience any force. ah V2 an 3 an 2a
(b) The dipole will experience a force towards right. (@ — (b (c) (d) —
(c) The dipole will experience a force towards left. %o %o €0 %o
(d) The dipole will experience a force upwards. A charged particle of mass 5 x 10 g is kept

2. Two point charges y over a large horizontal sheet of charge density
g, =-4uCand g, = 8 uC 4 x 10° C m™. How many electrons should be
are lying on the y-axis. e 2m removed to give some charge to the particle so
They are equidistant from - A that if releasegl it does not fall down ? ]
the point P, which lies on p () 1.36 19 (b) 272 lg
the x-axis. A small object 2 m (©) 1.6x10 (d) 32x10
of charge gy = 8 uC and %2 A and B are two identical spherical charged bodies
mass m = 12 g is placed at P When it is released Wthh I‘epel eaCh Other Wlth fOI‘CC F, kept ata ﬁnlte
what is its acceleration in m s~2 ? distance. A third uncharged sphere of the same size

2ol 4 “ is brought in contact with sphere B and removed. It
34349 b) 9i+34/3 s broug p
(@) :/_l Z (b) 91 A\f{ is then kept at midpoint of A and B. The magnitude
(©) 3i+3V3j (d) 3v3i+3] of force on Cis
3. What total charge q must a disk of radius 2.50 cm (a) Fi2 (b) F/8 (c) F (d) zero

carry so that the electric field on the surface of the
disk at its center equals the value at which air breaks
down electrically, producing sparks ?

(Electrical break down of air = 3 x 10° N C™!)

An electric dipole is placed at an angle of 60°
with an electric field of intensity 10° N C™*. It
experiences a torque equal to 843 N m . What is the
charge on the dipole, if dipole length is 2 cm ?
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(a) 16 x 107°C (b) 32x1073C
(c) 4x107°C (d) 8x107°C

9. A charged ball B hangs from a silk

thread S, which makes an angle 6 p I

with a large charged conducting |+(0

sheet P as shown in the figure. The  |T 8
surface charge density of the sheet I - B
is proportional to

(a) cos6 (b) cot® (c) sin® (d) tan®

10. An imaginary, closed, spherical surface S of radius
R is centered on the origin. A positive charge +g
is originally at the origin, and the flux through the
surface is @g. Three additional charges are now
added along the x-axis : - 3q at x = —-R/2, + 5q at
x = R/2, and + 4q at x = 3R/2. The flux through §
is now
(@) 2&;  (b) 3@  (c) 6P (d) 7Dg

11. Three conducting metal spherical shells of radii
R, 2R and 3R are given charges Q;, Q, and Q3
respectively. It is found that the surface charge
densities on the outer surfaces of the shells are
equal. The ratio of the charges given to the shells,

Q:Qy: Qs
(a) 1:2:3 (b) 1:3:5
(c) 1:4:9 (d) 1:8:18

12. A charge Q is placed at a distance a/2 above the
centre of a horizontal, square surface of edge a as
shown in the figure. Find the flux of the electric
field through the square surface.

@ 2 b2 *Q
€ 2¢g,
0 o 0
L 4=

(C) 480 ( ) 680 a a

Assertion & Reason Type

Directions : In the following questions, a statement of

assertion (A) is followed by a statement of reason (R). Mark

the correct choice as :

(@) 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 : In electrostatics, electric lines of force
can never be closed loops, as a line can never start
and end on the same charge.
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Reason : The number of electric lines of force
originating or terminating on a charge is
proportional to the magnitude of charge.

14. Assertion : If a point charge ¢ is placed in front of
an infinite grounded conducting plane surface, the
point charge will experience a force.

Reason : This force is due to the induced charge on
the conducting surface which is at zero potential.

15. Assertion : Charge is quantized.

Reason : Charge which is less than 1 C is not
possible.

JEE MAIN / JEE ADVANCED / PETs

Only One Option Correct Type

16. In a 1911 paper, Ernest Rutherford said : In order
to form some idea of the forces required to deflect
an alpha particle through a large angle, consider an
atom containing a point positive charge Ze at its
center and surrounded by a distribution of negative
electricity, —Ze uniformly distributed within a
sphere of radius R. The electric field E at a distance
r from the center for a point inside the atom is

Z
@ e[%—Lj v —Z
r

4me, R’ 4meyr
Zer Ze (1 r
() 2 (d) (—2 + —3)
4meyR 4mep \r* R

17. Electric field on the axis of a small electric dipole

at a distance ris E; and E, ata distance of 2ron a
line of perpendicular bisector. Then

- —E - —-E

(a) E2 =Tl (b) E2 :1_61

_El
8

- -k
(0) E, i
18. A large sheet carries uniform
surface charge density c. A
rod of length 2I has a linear
charge density A on one half
and -A on the second half. The
rod is hinged at mid point O
and makes an angle 0 with the
normal to the sheet. The torque
experienced by the rod is

F++++++++++

oM?
(a) zero (b) sin®
2¢
2 2
© M gne ) M-
€ 2¢,



19.

20.

21.

22.

One type
electric quadrupole
is formed by four 49 o

charges located e-20-+]

at the vertices of a square of side 2a. Point P lies
a distance x from the center of the quadrupole on
a line parallel to two sides of the square as shown
in the figure. For x >> g, the electric field at P is
approximately equal to

2 2
(a) 3(2qa4) (b) 4(2qa 4)
2meyx 2meyX

2
© 3(2ga”) @ 3(2qal
4TEYX 2meyx

More than One Options Correct Type

Measured values of the electric field E at a distance
z along the axis of a charged plastic disk are given here :
z (cm) E(10’NCH

0 2.043

1 1.732

2 1.442

3 1.187

4 0.972

5 0.797

(a) The radius of the disk is 6.5 cm.
(b) The radius of the disk is 13 cm.
(c) The charge on the disk is 4.8 uC.
(d) The charge on the disk is 9.8 uC.

A solid non-conducting sphere of radius R carries
a non-uniform charge distribution, with charge
density p = p,r/R, where p; is a constant and r is the
distance from the center of the sphere.

(a) The total charge, Q on the sphere is npSR3.

4
(b) The total charge, Q on the sphere is gnp$R3.
2,

4me, p*

(c) The electric field inside the sphere is

(d) The electric field inside the sphere —r.
4me, R3

Five charges, g each are yi

placedat the corners of a regular

pentagon ABCDE of side a

as shown in the figure.

(a) The electric field at the
centre of the pentagon O  »p c
will be zero.

E B

23.

24.

25.

26.

1

4 if the
g a2

charge from one of the corners (say A) is
removed.

(b) The electric field at O will be

(c) The electric field at O will be nls iz if the
charge g at A is replaced by —q. 0a
(d) The electric field at O will be ST,
4ane, 42

pentagon is replaced by n-sided regular polygon
with charge q at each of its corners.

A particle of charge gand mass m moves rectilinearly
under the action of a electric field E = A - Bx where
B is a positive constant with appropriate unit and
x is distance from the point where the particle was
initially at rest.
(a) The distance travelled by the particle till it

comes to rest is 2A/B.
(b) Acceleration of the particle at the instant before

. . —qA
coming to rest is ——.
m

(c) The speed of the particle as a function of x is

2
z_q[Ax_Bi}
m 2
(d) The speed of the particle as a function of x is

,/E(Ax—sz).
m

Integer Answer Type

A point charge 0.140 nC is placed on the apex of
a cone of semi-vertical angle 30°. Find the electric
flux (in SI units) through the base of cone.

Point charges, g, and q,, are placed on the X-axis,
with g;, at x = 0 and g, at x = d. A third point charge
+Q, is placed at x = 3d/4. If the net electrostatic force
experienced by the charge +Q is zero, then find the
ratio q,/q,.

Four point charges, each of +g, are rigidly fixed at
the four corners of a square planar soap film of side
a. The surface tension of the soap film isy. The system
of charges and planar film are in equilibrium, and
a= k(qZ/Y)l/ N where k is a constant. Then find N.

Comprehension Type

A dense collection of equal number of electrons and
positive ions is called neutral plasma. Certain solids
containing fixed positive ions surrounded by free
electrons can be treated as neutral plasma. Let N be

PHYSICS FOR YOU | JULY ‘16
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the

number density of free electrons, each of mass m.

When the electrons are subjected to an electric field,
they are displaced relatively away from the heavy
positive ions. If the electric field becomes zero, the
electrons begin to oscillate about the positive ions
with a natural angular frequency ®;, which is called

the

plasma frequency. To sustain the oscillations, a

time varying electric field needs to be applied that has
an angular frequency , where a part of the energy is
absorbed and a part of it is reflected. As @ approaches

(Dp,

all the free electrons are set to resonance together

and all the energy is reflected. This is the explanation of
high reflectivity of metals.

27.

28.

29.

Taking the electronic charge as e and the permitivity
as €, use dimensional analysis to determine the
correct expression for ,,.

2
@ |25 ©) ("0 N g [
me Ne me, Ne

Estimate the wavelength at which plasma reflection
will occur for a metal having the density of electrons
N = 4 x 10”m™. Take g, = 10! and m = 107",
where these quantities are in proper SI units.

(a) 800 nm (b) 600 nm
(c) 300 nm (d) 200 nm
Matrix Match Type

Column I gives the dependence of electric field (E)
on distance (r) due to certain charged objects and
Column IT lists these objects. Match the entries of
Column I with the entries of Column II.

Column I Column II
(A) 7° (P) Point charge
(B) ! (Q) Thin infinitely long wire of
uniform linear charge density
(C) 3 (R) Infinite uniformly charged
plane sheet
(D) 2 (S) Electric field inside the region

between two  uniformly
charged parallel planes

(T) Electric field on the axial line
of a short electric dipole.

30.

Codes

A B C D
(a) P Q R S, T
®RS Q T P
RS PQ T p
(d BT R Q S

In each situation of column I two electric point
dipoles having dipole moments p; and p, of same
magnitude (that is, p; = p,) are placed on x-axis
symmetrically about origin in different orientations
as shown. In column II certain inferences are
drawn for these two dipoles. Match the different
orientations of dipoles in column I with the
corresponding results in column II.

Column I Column IT
(A) Ay (P) The torque on one
B dipole due to other is
& Zero
(-a, 0) (a, 0)
(B) Ay (Q) The potential energy of
h B one dipole in electric
_i—_$_’x field of other dipole is
(-a, 0) (& 0) negative
(©) Ay (R) There is one straight
n ) line in x-y plane (not
> S at infinity) which is
(-4, 0) &Y equipotential
(D) Ay (S) Electric field at origin
)2 j23 is zero
<4o—T—eop X
(-a, 0) &)
Codes
A B C D
(Q PR PQRS PQS P
(b) QR PR PR QS
(c) PQ,S PBR,S PR QS
(d R,S PR P S PQ X
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PROBLEY |

Set 36

1.

SINGLE OPTION CORRECT TYPE

Two concentric spherical shells of radii r and R
(r < R) have surface charge densities - 6 and + ©
respectively. The variation of electric potential V
with distance x from the centre O of the shells is
plotted. Which of the following graphs best depict
the variation qualitatively?

¥ |

@ —\ (b)
© \ (@

—

Much of the material making up Saturn’s rings is in
the form of tiny dust grains having radii of the
order of 10~ m. These grains are located in a region
containing a dilute ionized gas, and they pick up
excess electrons. As an approximation, suppose
each grain is spherical, with radius R = 1.0 x 107 m.
How many electrons would one grain have to pick
up to have a potential of - 360 V on its surface ?
(Take V = 0 at infinity)

(a) 250000 (b) 2500

(c) 100000 (d) 50000

A solid disk of radius R is suspended
fromaspring oflinear spring constant

k and torsional constant c, as shown

in the figure. In terms of k and ¢, what

value of R will give the same time I
period for the vertical and torsional
oscillations of this system?

»<

5
»<

‘
= F

4.

@ |2 (b) \/Tk (©) z\f (d) —\ﬁ

A battery establishes a steady

current around the circuit > >
shown. A compass needle is N~ Y
placed successively at points
P, Q and R, just above the
wire (slightly out of the plane of the page). The
relative deflection of the needle, in descending
order, is

(a) P, Q, R (b) Q, R, P

() R, QP (d) Q PR

A spherical capacitor is formed by two metallic
and concentric spherical shells. The capacitor
is then charged so that the outer shell carries a
positive charge and the inner shell carries an equal
but negative charge. Even if the capacitor is not
connected to any circuit, the charge will eventually
leak away due to the small conductivity of the
material between the shells. What is the character of
the magnetic field induced by this leakage current?
(a) Radially outwards from the inner shell to the
outer shell.
(b) Radially inwards from the outer shell to the
inner shell.
(c) Circular field lines between the shells and
perpendicular to the radial direction
(d) No magnetic field is induced.

SUBJECTIVE TYPE

6.

A cyclist turns her bicycle upside down to tinker
with it. After she gets it upside down, she notices
the front wheel executing a slow, small-amplitude,
back-and-forth rotational motion with a period of
12 s. Considering the wheel to be a thin ring of mass

By Akhil Tewari, Author Foundation of Physics for JEE Main & Advanced, Senior Professor Physics, RAO [IT ACADEMY, Mumbai.
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600 g and radius 30 cm, whose only irregularity is
the presence of the small tire valve stem, determine
the mass of the valve stem(in gm). Take * = g and
appropriate approximation.

time another man is pushing backward at the
middle, with a force of equal magnitude 4 N (see
figure), the barrel rolls without slipping. Find the
magnitude and direction of the friction force at
the point of contact with the street. The barrel is a

7. A capacitor of capacitance 5 uF i ]
5 WE is connected to a 0o uniform cyhnderr of mass 1 kg.
source of constant emf g, 1S9 ) ¥y
of 200 V for a long time, 2] ép} N T/‘;{\\ T
then the switch was 200 V ; *
shifted to contact 1 from contact 2. Find the 10- A 10 km long underground cable extends east to
amount of heat generated in the 500 Q resistance. west and consists of two parallel wires, each of
8. An electrometer is charged to 3 kV. Then the Whi.Ch has resistance 13 Q km 7. A short develgps
electrometer is touched with an initially neutral A dlstance.x from the west end wh(?n ‘ conductlr}g
i i path of resistance R connects the wires as shown in
metal ball, m(?unted on an insulating rod, and then the figure.
the metal ball is taken away and earthed. The process The resistance of the wires and the short is then
is done for 10 times, and finally the electrometer 100 © when the measurement is made from the
reads 1.5 KV. After this, at least how many times east end, 200 Q when it is made from the west end.
must the above process be repeated in order that What is value of R (in ohm)?
the electrometer reads less than 1 kV? ey, Conducting path
9. A man is trying to roll a barrel along a level street = |/ =
—=x—P

by pushing forward along its top rim. At the same

More Girls Qualify for IITs, But Fail to Make it to Top 100

0f the 36,566 who qualified to join IITs from the 1,47,678 appeared, girls comprised 12.49%, hetter than last year’s 11.54%.

More girls qualified this year to join
the prestigious Indian Institutes of
Technology, but none made it to the
top-100 ranks.

Riya Singh, the topper among the
girls this year, got an all-India rank
of 133, according to the results of the
IIT entrance test, JEE-Advanced
2016, declared on 12t June. That was
worse than last year, when there was
one girl candidate among the first
100, ranked 47. In 2014, there were
five girls in the top 100.

Of the 36,566 who qualified to join
IITs from the 1,47,678 appeared,
girls comprised 12.49%, better
than last year’s 11.54%. Also, their
representation this year had been
better: 23.16% of those who appeared
for the JEE-Advanced were girls,
compared with 17.35% in last year’s
total of 1,17,237 students. The
IIT-Bombay zone had the highest
number of successful candidates for
the third year running. Most number
of top 10 rank holders were from the
IIT - Madras zone.

64
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The top rank went to Jaipur’s Aman
Bansal, with 320 out of the total 372
marks. Yamuna Nagar, Haryana’s
Bhavesh Dhingra came second,
followed by Kunal Goyal of Jaipur.
Bansal and Goyal are from the
IIT-Bombay zone, which had 8,810
of the total candidates who have
qualified.

Tough Competition

While more girls have qualified

in the JEE-Advanced this year,

not being able to make it to the
top ranks means they may find it
difficult to get through to coveted
streams such as computer science
and engineering seats at top IITs

Bansal, whose father is a government
employee and mother housewife,
said he aspires to do something of
his own in the field of education.
While more girls have qualified in
the JEE-Advanced this year, not
being able to make it to the top ranks
means they may find it difficult to

get through to coveted streams such
as computer science and engineering
seats at top IITs such as Bombay,
Madras and Delhi. Historically, the
highest rank holders prefer to opt for
computer science and engineering. At
IIT-Bombay, computer science seats
are usually filled up by rank 50-60.
“I believe that more women must
pursue STEM courses and am glad
that this year, the exam has seen
more women applying,” said Biocon
Chairman Kiran Mazumdar-Shaw. “As
more and more women get accepted
into the job market, their competitive
spirit will also improve and they’ll fare
better in the top ranks as well”
Results difficult to access

The huge volume of traffic took its toll
on the JEE Advanced portal, even as
IIT-Guwahati, the organising institute
for JEE-Advanced this year, did its
best to cope. Even five hours after the
results were declared, a bulk of the
nearly 1.47 lakh students who sat for the
exam were unable to access their
results.



A particle is projected with a velocity u so that
its horizontal range is twice the greatest height
attained. The horizontal range is
2 2
u 2u
(@ — (b) ——
38
uZ

(o) § (d) none of these

A cannon ball has a range R on a horizontal plane,
such that the corresponding possible maximum

heights reached are H; and H,. Then, the correct
expression for R is

@ H) )y

(c) 2(H,Hy"? (d) 4(H,Hy)"?

A spherical shell is uniformly charged with the
surface density o. Using the energy conservation
law, the magnitude of the electric force acting on a
unit area of the shell is

o c o’ o
(a) 26 (b) 26, (©) & (d) ™
A ball rolls of the top of a stair way with a horizontal
velocity u m s™!. If the steps are h metre high and
b metre wide , the time taken by the ball to hit the
edge of nth step, is

hu gy 2hu (g 2hu®
gb gb gb

Which of the following types of electromagnetic
radiation travels at the greatest speed in vacuum?
(a) Radio waves

(b) Visible light

(c) X-rays

(d) All of these travel at the same speed

(d) m
2gb

(a)

10.

BOOST
yvour NEET score

Practice paper for phase |l

A body is projected horizontally from a point above
the ground and motion of the body is described
by the equation x = 2f, y = 5> where x and y are
horizontal and vertical coordinates in metre after
time ¢. The initial velocity of the body will be

(a) \/5 m s~ horizontal
(b) 5 m s~! horizontal

(¢) 2m s vertical (d) 2 ms! horizontal

The velocity of the bullet reduces by 1/20™ of its
initial velocity after passing through a plank. The
minimum number of plank it can cross is

(a) 11 (b) 10 (c) 19 (d) 20

The power and type of lens by which a person can
see clearly the distant objects, if the person cannot
see objects beyond 40 cm, are

(a) -2.5 D and concave lens

(b) -2.5 D and convex lens

(c) -3.5D and concave lens

(d) -3.5D and convex lens

In a series LCR circuit, the voltage across the
resistance, capacitance and inductance is 10 V
each. If the capacitance is short circuited the voltage
across the inductance will be

10
(@ 10V (b) 10V2V(©)—=V (d) 20V
V2
The reactance of a capacitance C is X. If both the
frequency and capacitance be doubled, then new

reactance will be

(a) X (b) 2X (o) 4X (d) %

. Two bulbs consume same power when operated at

200 V and 300 V respectively. When the two bulbs
are connected in series across a DC source of 500V,
then ratio of

(a) potential difference across them is 3 : 2
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12.

13.

14.

15.

16.

17.

@

(b) potential difference across themis2: 3
(c) power consumed by them is4:9
(d) power consumed by themis2:3

Two resistances 3 Q and 6 Q are connected in
parallel and a 4 € resistance is connected in series
with this combination. The current through 3 Q
resistance is 0.8 A. Then the potential drop across
4 Q resistance is

() 96V (b) 26V (c) 48V (d) 12V
Two weights w; and w, are suspended from the
ends of a light string over a smooth fixed pulley.
If the pulley is pulled up with acceleration g, the
tension in the string will be

@ 4wyw, ) 2wyw,
wy+w, wy+w,

() M (d) &
wy +w, 2(w; +w,)

A block has been placed on an inclined plane. The
slope angle 0 of the plane is such that the block slides
down the plane at a constant speed. The coeflicient
of kinetic friction is equal to

(a) sin® (b) cos® (c) cotH (d) tan©

The area of cross-section of one limb of an
U tube is twice that of the other. Both the limbs
contain mercury at the same level. Water is poured
in the wider tube so that mercury level in it goes
down by 1 cm. The height of water column is
(Density of water = 10° kg m™, density of
mercury = 13.6 x 10> kg m~3)

(a) 13.6 cm (b) 40.8 cm

(c) 27.2cm (d) 54.4 cm

A rigid container with thermally insulated walls
contains a coil of resistance 100 €, carrying
current 1 A. Change in internal energy after
5 minute will be

(@) 0k]  (b) 10kJ] (c) 20k]  (d) 30KkJ

Figure below shows a portion of an electric circuit
with the currents in amperes and their directions.
The magnitude and direction of the current in the
portion PQ is

3A
—_—
P )
2A 1A
—’— »
—’_

8A
4A 2A
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19.

20.

21.

(a) 0A (b) 3AfromPtoQ
(c) 4AfromQtoP (d) 6 AfromQtoP

For what value of R the net resistance of the circuit
will be 18 Q2

A AISA
10 Q 10 Q
AvAvAvA JVAVAVA
10 Q
10 Q 0 10 Q
A AVAVAVAV AVAVAVAV AVAVAVAV B
() 8Q2 (b) 10Q (c) 16 (d)24Q

A force F is applied at the top of >
a ring of mass M and radius R

placed on a rough horizontal WQ:
surface as shown in figure.

Friction is sufficient to prevent slipping. The friction
force acting on the ring is

F F
(a) 5 towards right  (b) gtowards left

From a circular disc of

2F

(c) ?towards right (d) zero
radius Rand mass9M,

a small disc of radius

R/3 is removed. The ﬂ DIMB

moment of inertia R
of  the remaining

disc about an axis
perpendicular to the
plane of the disc and

passing through O is
(a) 4MR? (b) %MR2
(c) 10MR? (d) %MRZ

A student uses a simple pendulum of exactly

1 m length to determine g, the acceleration

due to gravity. He uses a stop watch with the

least count of 1 s for this and records 40 s for

20 oscillations. For this observation, which of the

following statements is true?

(a) Error AT in measuring T, the time period, is
0.02 second

(b) Error AT in measuring T, the time period, is
1 second.

(c) Percentage error in the determination of
gis 5%.

(d) Percentage error in the determination of
g1is 2.5%.



22.

23.

24.

25.

26.

27.

Figure shows a square loop of side 0.5 m and
resistance 10 Q. The magnetic field has a magnitude
B =1.0 T. The work done in pulling the loop out of
the field slowly and uniformly in 2.0 s is

X X X X

X X X X
(a) 3.125x 10737 (b) 6.25x 1074]
(c) 1.25x1072] (d) 5.0x1077]

Two concentric coils each of radius equal to 27
cm are placed at right angle to each other. 3 A and
4 A are the currents flowing in each coil
respectively. The magnetic induction (in Wb m~2)
at the centre of the coils will be

(a) 12x 1075 (b) 1075
(c) 5% 10°° (d) 7x 107
A moving coil galvanometer has 150 equal divisions.

Its current sensitivity is 10 divisions mA~! and
voltage sensitivity is 2 divisions mV~1. In order that
each division reads 1 V, the resistance (in ohm)
needed to be connected in series with the coil will be
(a) 103  (b) 10°  (c) 99995 (d) 9995

The mass of the moon is 1/81 of earth’s mass and its
radius 1/4' that of the earth. If the escape velocity
from the earth’s surface is 11.2 km s, its value for
the moon will be

(a) 0.15kms! (b) 5km s!

(c) 25kms! (d) 0.5km s !

The escape velocity of a planet is v,. A particle starts
from rest at a large distance from the planet, reaches
the planet only under gravitational attraction, and
passes through a smooth tunnel through its centre.
Its speed at the centre of the planet will be

@ ve )2y, (o) 15v, (d) V15v,
The intensity of X-rays from a
Coolidge tube is plotted IT

against wavelength as shown

in the figure. The minimum

wavelength found is A, and

the wavelength of the kg A, e
line is Ay. As the accelerating
voltage is increased

(a) (Ag - A, increases (b) (Ax - A,) decreases
(c) Agincreases (d) Ay decreases

28.

29.

30.

31.

32.

33.

A body cools from 80°C to 64°C in 5 min and same
body cools from 80°C to 52°C in 10 min, what is the
temperature of the surrounding?

(a) 24°C (b) 28°C (c) 22°C  (d) 25°C

In an experiment on photoelectric emission from
a metallic surface, wavelength of incident light
is 2 x 1077 m and stopping potential is 2.5 V. The
threshold frequency of the metal is approximately
(Charge of electron e = 1.6 x 10! C, PlancK’s
constant h = 6.6 x 107347 s)

(a) 12 x 101°Hz (b) 9 x 101°Hz

(c) 9x 10 Hz (d) 12 x 1013 Hz

A radioactive element X converts into another
stable element Y. Half-life of X is 2 h. Initially only
X is present. After time ¢, the ratio of atoms of X and
Y is found to be 1 : 4, then t in hour is

(a) 2 (b) 4

(c) 6 (d) between 4 and 6

A ball is projected vertically upward with a certain

initial speed. Another ball of the same mass is

projected at an angle of 60° with the vertical with

the same initial speed. At highest point of their

journeys, the ratio of their potential energies will be

(@) 1:1 (b)2:1 (c) 3:2 (d) 4:1

Unpolarized light is travelling from a medium of

refractive index 2 to a medium of index 3. The angle

of incidence is 60°. Then

(a) reflected light will be partially polarized.

(b) reflected light will be plane polarized in a plane
perpendicular to plane of incidence.

(c) refracted light will be plane polarized in a plane
perpendicular to plane of incidence.

(d) refracted light will be plane polarized in a plane
parallel to plane of incidence.

Li nucleus has three protons and four neutrons.
Mass of Li nucleus is 7.016005 amu, mass of
proton is 1.007277 amu and mass of neutron is
1.008665 amu. Mass defect of lithium nucleus in
amu is

11.
16.
21.
26.

(0 2. (@ 3. (d 4 @ 5 (0
(a) 7. (© 8 (d 9. (d 10. (b
(b) 12. (d 13. (b) 14. (@ 15. (0
(a) 17. (b) 18. (b) 19. (@ 20. (a0
(@, 22. (ab) 23. (abc) 24. (1) 25. (9
(3) 27. (@ 28. (b) 29. (b) 30. (a)
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34.

35.

36.

37.

38.

39.

40.

@

(a) 0.040486 amu (b) 0.040500 amu
(c) 0.040524 amu (d) 0.040555 amu

A transmitting antenna of height h and the
receiving antenna of height 45 m are separated by a
distance of 40 km for satisfactory communication
in line-of-sight mode. Then the value of h is
(Take, radius of the earth = 6400 km)

(@) 15m (b) 20m (c) 30 m (d) 25m
The four curves A;, A, As P

and A, are shown on A A

PV diagram. Which of X %3
the curves represents 3 4
adiabatic process? 14
(@ A4; () Ay (4 (d) Ay

The rms value of the electric field of the light coming
from the sun is 720 N C!. The average total energy
density of the electromagnetic wave is

(a) 3.33x107Jm™ (b) 458x107°] m™

(c) 6.37x10°Tm™3 (d) 81.35x 10712 m=.

Which logic gate is represented by the following
combination of logic gates?

o N
Y
e
() AND (b) NOR () OR  (d) NAND

A man measures the period of a simple pendulum
inside a stationary lift and finds it to be T second. If

g

the lift accelerates upwards with an acceleration
then the period of the pendulum will be

T 2T
@1 o7 ©F @ 25T
A pendulum bob of mass 10~2 kg is raised to a height
5 x 102 m and then released. At the bottom of its
swing, it picks up a mass 1073 kg. To what height
will the combined mass rise?
(a) 41x102m (b) 2.5 x 102 m
(c) 1.3x102%m (d) 0.7x 102 m

Two simple harmonic motions are represented
by the equations y; = 0.1sin(1007ct+£) and
3

y, = 0.1cosmt. The initial phase difference of the
velocity of particle 1 with respect to the velocity of
particle 2 is

s L T i
@3z -3 ©@37 @~
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41.

42,

43.

44.

The following configuration of four NAND gates is
equivalent to

A
Y
B
(a) NAND gate (b) AND gate
(c) OR gate (d) XOR gate

In Youngs double slit experiment, the spacing
between the slits is d and wavelength of light used is
6000 A. If the angular width of a fringe formed on a
distant screen is 1°, then value of d is

(a) 1 mm (b) 0.05 mm

(c) 0.03 mm (d) 0.01 mm

A resistance of 2 Q is connected across the
gap of a metre-bridge (the length of the wire is
100 cm) and an unknown resistance, greater than
2 Q, is connected across the other gap. When these
resistances are interchanged, the balance point shifts
by 20 cm. Neglecting any correction, the unknown
resistance is

(@) 3 (b)4Q (c) 5Q (d) 6Q

Ge and Si diodes conduct at 0.3 V and
0.7 V respectively. In the figure, if Ge diode
connection is reversed, then the value of output
voltage V) changes by

(@) 02V (b) 04V (c) 0.6 V. (d) 0.8

45. A radioactive nucleus of mass M emits a photon
of frequency v and the nucleus recoils. The recoil
energy will be
(a) Mc*-hv (b) h*v?/2 Mc?

(c) zero (d) hv

ANSWER

6. (d 7. (@ 8 (a 9. (0 10. (d)

11. (¢) 12. (¢) 13. (@) 14. (d) 15. (b)

16. (d) 17. (d) 18. (¢) 19. (d)  20. (a)

21. (o) 22. (a) 23. (¢) 24.(d) 25. (o)

26. (d) 27. (a) 28. (a) 29. (c)  30. (d)

31. (d) 32. (a) 33. (a) 34. (b) 35 (a)

36. (b) 37. (a) 38. (c) 39. (a) 40. (d)

41. (d) 42. (¢) 43. (@) 44. (b) 45. (b)
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SECTION 1 (Maximum Marks : 15)

This section contains FIVE 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.

A parallel beam of light is incident from air at an
angle o on the side PQ of a right angled triangular

prism of refractive index n= NGy Light undergoes

total internal reflection in the
prism at the face PR when o has a
minimum value of 45°. The angle 0
of the prism is

(a) 15° (b) 22.5°
(c) 30° (d) 45° Q R

In a historical experiment to determine Planck’s
constant, a metal surface was irradiated with light
of different wavelengths. The emitted photoelectron
energies were measured by applying a stopping
potential. The relevant data for the wavelength (A)
of incident light and the corresponding stopping
potential (V) are given below:

P

(OO

A(um) | Vp(Volt)
0.3 2.0
0.4 1.0
0.5 0.4

Giventhat c=3x10°ms'ande=1.6 x 107"’ C,
PlancK’s constant (in units of J s) found from such
an experiment is
(a) 6.0x107*
(c) 6.6x 107

(b) 6.4 x 107
(d) 6.8 x 1073

PAPER-I

3. A water cooler of storage capacity 120 litres can

cool water at a constant rate of P watts. In a closed
circulation system (as shown schematically in the
figure), the water from the cooler is used to cool
an external device that generates constantly 3 kW
of heat (thermal load). The temperature of water
fed into the device cannot exceed 30°C and the
entire stored 120 litres of water is initially cooled to
10°C. The entire system is thermally insulated. The
minimum value of P (in watts) for which the device
can be operated for 3 hours is

Cooler Device

(Specific heat of water is 4.2 k] kg™' K™' and the
density of water is 1000 kg m™)

(a) 1600 (b) 2067

(c) 2533 (d) 3933

An infinite line charge of uniform electric charge
density A lies along the axis of an electrically
conducting infinite cylindrical shell of radius R.
At time t = 0, the space inside the cylinder is filled
with a material of permittivity € and electrical
conductivity 6. The electrical conduction in the
material follows Ohm’s law. Which one of the
following graphs best describes the subsequent
variation of the magnitude of current density j(t) at
any point in the material?

j@®) j(6)
(a) (b)

©.0) ‘ ©,0)
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i i
(d)

g (0,0) ‘

(c)

(0,0)

A uniform wooden stick of mass 1.6 kg and length
I rests in an inclined manner on a smooth, vertical
wall of height h(< ) such that a small portion of the
stick extends beyond the wall. The reaction force of
the wall on the stick is perpendicular to the stick.
The stick makes an angle of 30° with the wall and the
bottom of the stick is on a rough floor. The reaction
of the wall on the stick is equal in magnitude to the
reaction of the floor on the stick. The ratio h/l and
the frictional force f at the bottom of the stick are

(g=10ms?)
h 3. 1643 h_o3 . 163
R S
h_33 o83 h_33 1603
©) 7:_f_ @ 7=T67"73

SECTION 2 (Maximum Marks : 32)

70)

This section contains EIGHT questions.
Each question has FOUR options (A), (B), (C) and (D). ONE OR
MORE THAN ONE of these four option(s) 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 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.

The position vector 7 of a particle of mass m is given
by the following equation

Ft)=ou® i+ P ],
where a.=10/3ms™>, B=5m s2and m=0.1 kg. At

t =1 s, which of the following statement(s) is (are)
true about the particle?

(a) The velocity ¥ is given by # =(107 + 103) ms™!

(b) The angular momentum [, with respect to the
origin is given by L = — (5/3)I/<\ Nms

(c) The force F is given by F = (? + 2}'\) N
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(d) The torque T with respect to the origin is given
byt=-(20/3)k Nm

A transparent slab of thickness d has a refractive
index n(z) that increases with z. Hence z is the
vertical distance inside the slab, measured from
the top. The slab is placed between two media with
uniform refractive indices n, and n, (> #,), as shown
in the figure. A ray of light is incident with angle
6; from medium 1 and emerges in medium 2 with
refraction angle 6, with a lateral displacement /.

0,
ny = constant & 1
n@)
A | !

n, = constant i : 2
=g

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

(a) lisindependentofn, (b) n;sinb;=n, sinef

(c) lis dependent on n(z)

(d) n;sinG; = (n, - nl)sinef

A plano-convex lens is made of material of refractive

index n. When a small object is placed 30 cm away

in front of the curved surface of the lens, an image

of double the size of the object is produced. Due

to reflection from the convex surface of the lens,

another faint image is observed at a distance of

10 cm away from the lens. Which of the following

statement(s) is(are) true?

(a) The refractive index of the lens is 2.5

(b) The radius of curvature of the convex surface is
45cm

(c) The faint image is erect and real

(d) The focal length of the lens is 20 cm

Highly excited states for hydrogen-like atoms (also

called Rydberg states) with nuclear charge Ze are

defined by their principal quantum number #, where

n > > 1. Which of the following statement(s) is(are)

true?

(a) Relative change in the radii of two consecutive
orbitals does not depend on Z

(b) Relative change in the radii of two consecutive
orbitals varies as 1/n

(c) Relative change in the energy of two consecutive
orbitals varies as 1/n°

(d) Relative change in the angular momenta of two
consecutive orbitals varies as 1/n




10.

11.

12.

A length-scale (I) depends on the permittivity (€)
of a dielectric material, Boltzmann constant (kg),
the absolute temperature (T), the number per unit
volume (n) of certain charged particles, and the
charge (q) carried by each of the particles. Which of
the following expression(s) for /is(are) dimensionally
correct?

2 ekgT
(@) 1= |4 OREN B
ekgT nq
2

(d) I=

© 1= | -2
8n2/3kBT

Two loudspeakers M and N are located 20 m
apart and emit sound at frequencies 118 Hz and
121 Hz, respectively. A car is initially at a point P,
1800 m away from the midpoint Q of the line MN
and moves towards Q constantly at 60 km/hr along
the perpendicular bisector of MN. It crosses Q and
eventually reaches a point R, 1800 m away from Q.
Let v(t) represent the beat frequency measured by
a person sitting in the car at time ¢. Let Vp, Vg and
Ly be the beat frequencies measured at locations B,
Q and R, respectively. The speed of sound in air is
330ms . Which of the following statement(s) is(are)
true regarding the sound heard by the person?

(a) The plot below represents schematically the

variation of beat frequency with time
v(t)

(b) Up+ UR = 2UQ
(c) The plot below represents schematically the
variation of beat frequency with time

v(t)

>t
(d) The rate of change in beat frequency is maximum
when the car passes through Q

A conducting loop in the shape of a right angled
isosceles triangle of height 10 cm is kept such

13.

that the 90° vertex is very close to an infinitely
long conducting wire (see the figure). The wire is
electrically insulated from the loop. The hypotenuse
of the triangle is parallel to the wire. The current in
the triangular loop is in counterclockwise direction
and increased at a constant rate of 10 A s™*. Which
of the following statement(s) is(are) true?

(a) The induced current in the wire is in opposite
direction to the current along the hypotenuse
(b) The magnitude of induced emf in the wire is

(“—Oj volt
T

(c) There is a repulsive force between the wire and
the loop
(d) Iftheloop is rotated at a constant angular speed

about the wire, an additional emf of [M—OJ volt
is induced in the wire n

An incandescent bulb has a thin filament of tungsten

that is heated to high temperature by passing an

electric current. The hot filament emits black-body

radiation. The filament is observed to break up

at random locations after a sufficiently long time

of operation due to non-uniform evaporation of

tungsten from the filament. If the bulb is powered at

constant voltage, which of the following statement(s)

is(are) true?

(a) The temperature distribution over the filament
is uniform

(b) The resistance over small sections of the filament
decreases with time

(c) The filament emits more light at higher band of
frequencies before it breaks up

(d) The filament consumes less electrical power
towards the end of the life of the bulb

SECTION 3 (Maximum Marks : 15)

This section contains FIVE questions.

The answer to each question is a SINGLE DIGIT INTEGER
ranging from O 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.
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14.

15.

16.

Two inductors L; (inductance 1 mH, internal
resistance 3 Q) and L, (inductance 2 mH, internal
resistance 4 Q), and a resistance R (resistance 12 Q)
are all connected in parallel across a 5 V battery.
The circuit is switched on at time ¢ = 0. The ratio of
the maximum to the minimum current (I,,4/Ipnin)
drawn from the battery is

A metal is heated in a furnace where a sensor is kept
above the metal surface to read the power radiated
(P) by the metal. The sensor has a scale that displays
log, (P/Py), where P, is a constant. When the metal
surface is at a temperature of 487 °C, the sensor
shows a value 1. Assume that the emissivity of the
metallic surface remains constant. What is the value
displayed by the sensor when the temperature of the
metal surface is raised to 2767 °C?

A hydrogen atom in its ground state is irradiated
by light of wavelength 970 A. Taking hc/e =

17.

18.

1.237 x 10° V m and the ground state energy of
hydrogen atom as -13.6 eV, the number of lines
present in the emission spectrum is

Consider two solid spheres P and Q each of
density 8 gm cm ™ and diameters 1 cm and 0.5 cm,
respectively. Sphere P is dropped into a liquid of
density 0.8 gm cm™ and viscosity 1) = 3 poiseulles.
Sphere Q is dropped into a liquid of density
1.6 gm cm > and viscosity 1) = 2 poiseulles. The ratio
of the terminal velocities of P and Q is

The isotope ‘2B having a mass 12.014 u undergoes
B-decay to '2C - '2C has an excited state of the
nucleus ('2C*) at 4.041 MeV above its ground state.
If 2B decays to '2C*, the maximum kinetic energy
of the B-particle in units of MeV is

(1 u=931.5 MeV/c?, where c is the speed of light

in vacuum).

PAPER-II
SECTION 1 (Maximum Marks : 18)

72

This section contains SIX 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 : -7 In all other cases.

There are two Vernier calipers both of which have
1 cm divided into 10 equal divisions on the main
scale. The Vernier scale of one of the calipers (C;) has
10 equal divisions that correspond to 9 main scale
divisions. The Vernier scale of the other caliper (C,)
has 10 equal divisions that correspond to 11 main
scale divisions. The readings of the two calipers are
shown in the figure. The measured values (in cm) by
calipers C; and C,, respectively, are

2 ,|% 4
i
@ [T
0 5 10
Lt
bl
G [T
0 5 10

(a) 2.87and 2.86
(c) 2.87and 2.87

(b) 2.85and 2.82
(d) 2.87 and 2.83
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2.

The electrostatic energy of Z protons uniformly
distributed throughout a spherical nucleus of radius
R is given by
2
B 3 Z(Z-1)e
5 4meyR

Themeasured masses of the neutron, iH, 1; N and 1; o)
are 1.008665 u, 1.007825 u, 15.000109 u and
15.003065 u, respectively. Given that the radii of
both the 1§N and Igo nuclei are same, 1 u = 931.5
MeV/c? (cis the speed of light) and e/ (4me,) = 1.44
MeV fm. Assuming that the difference between the
binding energies of 1; Nand lg Ois purely due to the
electrostatic energy, the radius of either of the nuclei
is(1fm=10"m)
(a) 2.85fm (b) 3.03fm
(c) 3.42fm (d) 3.80 fm

The ends Q and R of two thin wires, PQ and RS,
are soldered (joined) together. Initially each of the
wires has a length of 1 m at 10°C. Now the end
P is maintained at 10°C, while the end S is heated
and maintained at 400°C. The system is thermally
insulated from its surroundings. If the thermal
conductivity of wire PQ is twice that of the wire
RS and the coeflicient of linear thermal expansion
of PQis 1.2 x 107> K™, the change in length of the
wire PQ is

(a) 0.78 mm
(¢) 1.56 mm

(b) 0.90 mm
(d) 2.34 mm



4. A small object is placed 50 cm to the left of a thin

convex lens of focal length 30 cm. A convex spherical
mirror of radius of curvature 100 cm is placed to the
right of the lens at a distance of 50 cm. The mirror is
tilted such that the axis of the mirror is at an angle
0 = 30° to the axis of the lens, as shown in the figure.

f=30cm

| g
V (0,0) f‘ -

<>
50 cm

(=50, 0)

(50 +50{3, - 50)
If the origin of the coordinate system is taken to be
at the centre of lens, the coordinates (in cm) of the
point (x, ) at which the image is formed are
(a) (25,253) (b) (0,0)
(©) (125/3,25//3)  (d) (50-25+/3,25)
A gasisenclosed ina cylinder with amovable frictionless
piston. Its initial thermodynamic state at pressure
P; = 10° Pa and volume V; = 10 m> changes to a
final state at Pr= (1/32) x 10° Paand Vi=8x 1072 m?
in an adiabatic quasi-static process, such that
P*V® = constant. Consider another thermodynamic
process that brings the system from the same
initial state to the same final state in two steps : an
isobaric expansion at P; followed by an isochoric
(isovolumetric) process at volume Vi The amount of
heat supplied to the system in the two-step process
is approximately
(a) 1127 (b) 294] (c) 5887 (d) 813]
An accident in a nuclear laboratory resulted in
deposition of a certain amount of radioactive
material of half-life 18 days inside the laboratory.
Tests revealed that the radiation was 64 times more
than the permissible level required for safe operation
of the laboratory. What is the minimum number of
days after which the laboratory can be considered
safe for use?
(a) 64 (b) 90

(c) 108 (d) 120

SECTION 2 (Maximum Marks : 32)

This section contains EIGHT questions.

Each question has FOUR options (A), (B), (C) and (D). ONE OR
MORE THAN ONE of these four option(s) 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 : +7 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.

Two thin circular discs of mass m and 4m, having

radii of a and 2a, respectively, are rigidly fixed by

a massless, rigid rod of length = V244 through
their centers. This assembly is laid on a firm and
flat surface, and set rolling without slipping on the
surface so that the angular speed about the axis of
the rod is . The angular momentum of the entire
assembly about the point O is [ (see the figure).
Which of the following statement(s) is (are) true?

(a) The magnitude of angular momentum of the
assembly about its center of mass is 17ma’w/2

(b) The center of mass of the assembly rotates about
the z-axis with an angular speed of w/5

(c) The magnitude of the z-component of L is
55ma’w

(d) The magnitude of angular momentum of center
of mass of the assembly about the point O is
81ma*w

A rigid wire loop of square shape having side of
length L and resistance R is moving along the x-axis
with a constant velocity v, in the plane of the paper.
At t = 0, the right edge of the loop enters a region of
length 3L where there is a uniform magnetic field B,
into the plane of the paper, as shown in the figure. For
sufficiently large v, the loop eventually crosses the
region. Let x be the location of the right edge of the
loop. Let v(x), I(x) and F(x) represent the velocity of
the loop, current in the loop, and force on the loop,
respectively, as a function of x. Counter-clockwise
current is taken as positive.

PHYSICS FOR YOU | JULY ‘16 @
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Which of the following schematic plot(s) is(are)
correct? (Ignore gravity)

l »
T

> x
4L

I(x)
()
v(x)
Yo
(b)
A T
F(x)
A
0 [ 2L 3L 4L
I(x)
A
(d)
3L 4L
T : g —px
N AY) /

In an experiment to determine the acceleration due
to gravity g, the formula used for the time period of

7(R—-r1)

5g
of R and r are measured to be (60 + 1) mm and
(10 £ 1) mm, respectively. In five successive
measurements, the time period is found to be
0.525,0.568,0.57 s,0.54 s and 0.59 s. The least count
of the watch used for the measurement of time period
is 0.01 s. Which of the following statement(s) is(are)
true?
(a) The error in the measurement of ris 10%
(b) The error in the measurement of T'is 3.57%

a periodic motion is T =27 . The value
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10.

11.

12.

(c) The error in the measurement of T is 2%
(d) The error in the determined value of g is 11%

Light of wavelength A, falls on a cathode plate
inside a vacuum tube as shown in the figure. The
work function of the cathode surface is ¢ and the
anode is a wire mesh of conducting material kept at
a distance d from the cathode. A potential difference
V is maintained between the electrodes. If the
minimum de Broglie wavelength of the electrons
passing through the anode is A,, which of the
following statement(s) is(are) true?

é“ﬁiight
N

14
—> —p —p >
Electrons

7
=
'

+

(a) For large potential difference (V > > ¢/e), A, is
approximately halved if V' is made four times

(b) A, decreases with increase in ¢ and A,

(c) A, increases at the same rate as kph for
}\’ph < I’IC/(I)

(d) A, is approximately halved, if d is doubled

Consider two identical galvanometers and two
identical resistors with resistance R. If the internal
resistance of the galvanometers R < R/2, which of
the following statement(s) about any one of the
galvanometers is(are) true?

(a) The maximum voltage range is obtained when
all the components are connected in series
The maximum voltage range is obtained
when the two resistors and one galvanometer
are connected in series, and the second
galvanometer is connected in parallel to the
first galvanometer

The maximum current range is obtained when
all the components are connected in parallel
The maximum current range is obtained when
the two galvanometers are connected in series
and the combination is connected in parallel
with both the resistors

(b)

(c)
(d)

While conducting the Young’s double slit experiment,
a student replaced the two slits with a large opaque
plate in the x-y plane containing two small holes that
act as two coherent point sources (S, S,) emitting



13.

14.

light of wavelength 600 nm. The student mistakenly
placed the screen parallel to the x-z plane (for z > 0)
at a distance D = 3 m from the mid-point of §;S,,
as shown schematically in the figure. The distance
between the sources d = 0.6003 mm. The origin
O is at the intersection of the screen and the line
joining §;S,. Which of the following is (are) true of
the intensity pattern on the screen?

Screen
z
2 >y
x

A
v

(a) Hyperbolic bright and dark bands with
foci symmetrically placed about O in the
x-direction

(b) Straight bright and dark bands parallel to the
x-axis

(c) Semi circular bright and dark bands centered at
point O

(d) The region very close to the point O will be
dark

A block with mass M is connected by a massless
spring with stiffness constant k to a rigid wall and
moves without friction on a horizontal surface. The
block oscillates with small amplitude A about an
equilibrium position x,. Consider two cases : (i)
when the block is at xj; and (ii) when the block is at
x =xp + A. In both the cases, a particle with mass
m(<M) is softly placed on the block after which
they stick to each other. Which of the following
statement(s) is(are) true about the motion after
the mass m is placed on the mass M?

(a) The amplitude of oscillation in the first case

M
changes by a factor of /m+M’ whereas in

the second case it remains unchanged

(b) The final time period of oscillation in both the
cases is same

(c) The total energy decreases in both the cases

(d) The instantaneous speed at x;, of the combined
masses decreases in both the cases

In the circuit shown below, the key is pressed at
time ¢t = 0. Which of the following statement(s)
is(are) true?

25kQ

40 MF\/
Q
50

N
Key

5V

(a) The voltmeter displays -5 V as soon as the key
is pressed, and displays +5 V after a long time

(b) The voltmeter will display 0 V at time ¢ = In 2
seconds

(c) The current in the ammeter becomes 1/e of the
initial value after 1 second

(d) The current in the ammeter becomes zero after
a long time

SECTION 3 (Maximum Marks : 12)

e This section contains TWO paragraphs.
e Based on each paragraph, there are TWO questions.

e FEach question has FOUR options (A), (B), (C) and (D). ONLY ONE
of these four options is correct.

o For each question, darken the bubble corresponding to the
correct option in the ORS.

e Foreach 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 : O In all other cases.

PARAGRAPH 1

A frame of reference that is accelerated with respect to
an inertial frame of reference is called a non-inertial
frame of reference. A coordinate system fixed on a
circular disc rotating about a fixed axis with a constant
angular velocity  is an example of a non-inertial frame
of reference. The relationship between the force E.,
experienced by a particle of mass m moving on the
rotating disc and the force E experienced by the particle
in an inertial frame of reference is

E

ot = Fin T2m(V, o X ©) +m(0 X 7) X o,

where ¥, is the velocity of the particle in the rotating
frame of reference and 7 is the position vector of the
particle with respect to the centre of the disc.

Now consider a smooth slot along a diameter of a disc
of radius R rotating counter-clockwise with a constant
angular speed ® about its vertical axis through its
center. We assign a coordinate system with the origin
at the center of the disc, the x-axis along the slot, the
y-axis perpendicular to the slot and the z-axis along

75)
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the rotation axis (= (JJIAc). A small block of mass m is
A

gently placed in the slot at #=(R/2)i at t = 0 and is

constrained to move only along the slot.

15. The distance r of the block at time ¢ is
(a) 5(620)1‘ + e—Z(Dt) (b) g(eu)t + e—(Dt)

(c) gcos%)t (d) gcosu)t

16. The net reaction of the disc on the block is
A
(a) —mw’Rcos (Dt]/'\— mgk

(b) %msz(ezmt - e_zmt)f+ mglAc
(c) mw’Rsinwt j—mg k
(d) %msz(emt —e ! )]/'\+ mgllé

PARAGRAPH 2

Consider an evacuated cylindrical chamber of height
h having rigid conducting plates at the ends and an
insulating curved surface as shown in the figure. A
number of spherical balls made of a light weight and
soft material and coated with a conducting material
are placed on the bottom plate. The balls have a radius
r < < h. Now a high voltage source (HV) is connected
across the conducting plates such that the bottom
plate is at +V{, and the top plate at -V;. Due to their
conducting surface, the balls will get charged, will
become equipotential with the plate and are repelled by
it. The balls will eventually collide with the top plate,
where the coeflicient of restitution can be taken to be
zero due to the soft nature of the material of the balls.
The electric field in the chamber can be considered to
be that of a parallel plate capacitor. Assume that there
are no collisions between the balls and the interaction
between them is negligible. (Ignore gravity)

@ PHYSICS FOR YOU | JULY ‘16

17. Which one of the following statements is correct?

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

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

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

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

18. The average current in the steady state registered by
the ammeter in the circuit will be
(a) proportional to V;'2
(b) zero
(c) proportional to Vg
(d) proportional to the potential V,

SOLUTIONS
PAPER-I

1. (a): Using Snell’s law at point A,
1 sinat = nsinr
sin45° = \/5 sinr

1
sinr = — =sin30°
2

r=30°
At point B, minimum
value of i for total internal
reflection to take place,

i=sin"! (l) =sin~! (Lj =45°
n V2
In triangle ABP, (90° + r) + (90° - i) + 6 = 180°
90° + 30° + 90° — 45° + 6 = 180°
0=15°

2. (b): According to Einstein’s photoelectric equation,

For two different values of A, this equation becomes

he i
ev()l Z)\‘_l_q)o (1)

hc .
eVOZ :)\‘—2—(])0 “‘(11)

1 1

- e(Vo1 = Voo ) (AA,)
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Here,c=3x10*ms™, V=2V, V=1V
M=03um=3%x10"mA=04um=4x10" m
e=16x10YC h=1
1.6x107°02-1)(3%x1077 x4x107)
3x10% (4x1077 =3%x1077)
=64x1074]s

(b): Heat generated by device (thermal load) in
3h

=3 x 1000 x 3 X 3600 = 324 x 10°
Heat used to raise temperature of water = msAT
=120 x 4.2 x 10> x (30 - 10) = 100.8 x 10° ]
Required heat absorbed by coollant = P x ¢
= Pt=324x10°-100.8 x 10°
 (324-100.8)x10° 2232
© 3x3600  3x36

(a) : Suppose linear charge density on the wire be A

x10° = 2067 W

at time .
Then electric field at a distance r from line charge
A dv

2mEer dr
A
2TEr

dv =- dr

Current through the elemental shell
A

——dr
_14V]_ oner  _ Aol
dR 1 dr ¢
c 2mrl
This current is radially outwards, )

t
AGZ ﬁz—(g).’.dt
€ A ey

Ao

—(M)—

}\‘ _ )\’0 e—(G/S)t

S I Aol AC
o, = = =
2nrl  2merl  2mer
- (}‘0_0) e (O _y g (ol
2TEr

(d): Given situation is shown
in the figure.

Here m = 1.6 kg, g =10 m s>
Also, N =N

For translation equilibrium,
Horizontal, f= Ncos30° ...(i) N
Vertical, N" + Nsin30° = mg

Nsin30°
N A

Ncos30°

N+ﬂ=1.6x10=16 0) ¥
2
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N6 > n=2N
2 3

From equation (i),

1643

32
f=—Xc0s30°=——N
3 3

Stick is also in rotational equilibrium, so net torque
about point O will be zero.
T,=0

l
= - —c0s60° |+ (N
(mg)[zcos ) ( )(sm60°J
L_2Nh _ h_\3mg
4 I 8N
h \/§><16><10 3[
ke
) 32 16

8§ X —
3
(a, b, d): Position of the particle is
F)=at®i+pt? ]

g7
Velocity, v= d—: =302 7 + 2[31‘]/'\

d
Acceleration, d = d_: =6ati+ 2[3]A

10 _ -
Here, oc=?ms 3, B=5ms 2,m=0.1kg, t=1s

Putting these values to get 7,vVandd att=1s
_ [ 104 A _ A A
r= ?1+5] m; y=(10i+10j)m s

G=(2071+10))ms™2
Required force on the particle F =ma
F=01(0i+10)=27+ )N

Required angular momentum, [ =7 x p=m(F XV)

(EjlgNms
3

- 10
L=o.1(??+5fJx(1o?+1oﬁ
10 10
= —?+5f x(?+}'§=—l/c\—51/€=—
3 3
Required torque, T =7 X F

o< it

(a, b, ¢) : From Snell’s law,
n,sinB; = n(zl)sinez1 = n(zz)sinGZ2 = s
.. = n(d)sinB; = n,sinb



9,
n; = constant 1

zl n(z)

n, = constant

Lateral displacement [ is possible due to refractive
index of the transparent slab and angle of incidence.
Hence / is dependent on #n(z) and independent of #,.
(a,d) :

lens,

Case I : For refraction through plano-convex

v
m=—-2=—
u

ATC
=

v=-2u
As, u=-30cm
y =60 cm

60 cm

S
30 cm K

Using lens formula, — — 1.1

v u f
1 1 1

———=— = f=20cm
60 -30 f

By lens maker’s formula, 1_ =(n- 1)£i - LJ
f R R

Case I1 : For poor reflection from convex surface,

u=-30cm 10 em

[0)

30 cm &i I

Using mirror formula, l + l = 1 =

vu?

y=10cm
f=R/2

1.,1.2.,2
10 -30 R R 30
R=30cm
Faint image is erect and virtual.
From equations (i) and (ii)

n=1+2=2.5
20

(a, b, d): For hydrogen-like atoms,
2
Radius of orbit, r o< %

(n+1* 2
" Z Z _

Crn>>1)

10.

2
Energy of the electron in the orbit, E, o< %
-z¢ 72 "
PR
En+1_En_(1’l+1) no 2n+1)
E, -z* (n+1)7°
2
n 2 "
=— —2 =—— (ﬂ >> 1)
n n

n
Angular momentum, L= 2—
T

Ln+1_Ln _(n+1)—n_1

L, n n

(b, d): Dimensions of various
quantities :

[n]=[L7], [q] =

given physical

[AT]
3

2
{q—} =[Fr?]=[Uxr]=[ML’T?]

[ksT] = [U] = [ML*T?]

e(kgT) (kgT) [U]
(b) RHS.= |[—2~== b=
nq n(g”/e) \[nllUxr]
1 1
J[n][r] J [L73][L] )
| r 1
(c) RHS.= \/( . j(kBT) 0
B (1321=P32 2 LHS
/ U =T H.S.
q 1
(d) RH.S.= \/(?) 7117

1 1
J““” mXWJ“”WJ[”ﬁ

~J?1=1=LHs.
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11. (a, b, d): Here v=330ms "
_ 50 _
Vo =60kmh 1=?rns 1

As, 1800 m > > 10 m
Apparent frequency of M and N at P are,

R/I\ (1800 m)

v, =118 Hz : v, =121 Hz
[ 2 [
i 2 N
N 10 m =T 10m T
(1800m
V+V 330_'_7
v, = X118
990+50
X118
990
(v 330+—
v = v, = x121
v
(990+50)
= x1
990
Beat frequency, vp = V), - U},

990 + 50 1040
=~ (121-118) =——Hz
330

Apparent frequency of M and N at R are

_ 330—@
v _| Y™ 3
v =( j“m: X118
v 330

990 -50
=| ——— [X118Hz
990

., [ v=7 990 —-50
v,/ = v, = x121Hz
4 990

(990-50)
990

Beat frequency, vp = v, —v;, =

_ 940 4
X3 =
990 330

1040 + 940
DP+DR=T=6HZ

Beat frequency at Q, vy =121 -118 =3 Hz
Vp + Vg = 2V

In real world, at point S between P and Q, apparent

frequency of M and N,

@ PHYSICS FOR YOU | JULY ‘16

R
, (v+vo cos(%))
Vy, =V | — o
v T
+ 0 Q
W =, (ﬂ] T N
1% x
Beat frequency, vg = V), - U, vod
olo
v+v,cosO 8
ve=(v, -V, )| ——
s =(0n m)I v j P
dvog 0 do i
—==(v,, -V sin®— (1)
10 do 10 d
Also, tan0=—=>sec> 0 — __0.ax
x dt 2 dt
- - 2 .o
@ = 10v = vian 6 = —lsu‘lz 6 ...(11)
dt  x?sec’®  10sec’ 0
From eqns. (i) and (ii) we get, d;S oc sin> 0
t

Hence, will be maximum when sin 0 is
dt

maximum i.e., 0 = 90° i.e., at point Q.
12. (b, ¢ 13. (c,d) 14. (8)
15. (9) 16. (6) 17. (3)
18. (9)

PAPER-II

1. (d) 2. (9 3. (a
4. (a) 5. (o) 6. (0
7. (a,b) 8. (b,d) 9. (a,b,d)
10. (a) 11. (a,¢) 12. (¢, d)

13. (a, b, d) 14. (a,b,c,d) 15. (b)

16. (d) 17. (a)

18. (¢

For detail solutions refer to :
MTG JEE Advanced Explorer,

MTG 39 years JEE Advanced Chapterwise Solutions.
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YU ASK
WE ANSWER

Do you have a question that you just can't get
answered?

Use the vast expertise of our mtg team to get to the
bottom of the question. From the serious to the silly,
the controversial to the trivial, the team will tackle the
questions, easy and tough.

The best questions and their solutions will be printed in
this column each month.

Q1.

Ans.

Can you briefly explain the working of the detector
that LIGO used for detection of gravitational
waves?

-Wrichik Basu, Kolkata (W.B.)
Black holes orbiting around each other lose energy
through the emission of gravitational waves, causing
them to gradually approach each other over billions
of years, and then much more quickly in the final
minutes. During the final fraction of a second, the
two black holes collide into each other at nearly
one-half the speed of light and form a single more
massive black hole, converting a portion of the
combined black holes, mass to energy, according to
Einstein’s formula E = mc?. This energy is emitted as
a final strong burst of gravitational waves. It is these
gravitational waves that LIGO has observed.
The new LIGO discovery is the first observation of
gravitational waves themselves, made by measuring
the tiny disturbances the waves make to space and
time as they pass through the earth.
Here is the basic set-up: Two mirrors (M; and M,), a
receiver (D) (or light detector), a light source (S) and
a beamsplitter (B).

M, M,

S D

This setup, by the way, is called a Michelson
interferometer. It is a good setup for gravitational
wave detectors.

At each observatory, the two-and-a-half-mile (4-km)
long L-shaped LIGO interferometer uses laser light

Q2.

Ans.

Q3.

Ans.

split into two beams that travel back and forth down
the arms (four-foot diameter tubes kept under a
near-perfect vacuum). The beams are used to monitor
the distance between mirros precisely positioned at
the ends of the arms. According to Einstein’s theory,
the distance between the mirrors will change by
an infinitesimal amount when a gravitational wave
passes by the detector. A change in the lengths of the
arms smaller than one-ten-thousandth the diameter
of a proton (107" meter) can be detected.

] =

.
* Mirror M,and M, are mixed

o and Pink and Black pulses
) . ®  arein regular mixed pattern.
Mirror M; and M, are moving
and Pink and Black pulses are

: . not evenly spaced ) .
s S 2
m / M, mH: :/: 8 M,
o <> )
D D
A B

Observe at the way the pulses arrive at our light
detector; sometimes Pink and black are almost
evenly spaced, sometimes they close together (A).
That is caused by the gravitational wave. Without the
wave, we had strict regularity (B).

Two particles execute SHM of the same amplitude
and frequency along the same straight line. They pass
one another when going in opposite directions each
time their displacement is half their amplitude. What
is phase difference between them?

-Soham Das, Kolkata (W.B.)

Let y; = a sinwt, y, = a sin(ot + ¢)

Letatt=ty, y, =al2 or y, = -a/2 (Given)
Now, a/2 = a sin Wt}

= ot =7/6=30° (1)
Also, ot} + o =1 + /6 = 210° ...(ii)

from (i) and (ii), the phase difference ¢ = 7 or 180°
i.e. going in opposite directions the phase difference
is +180°.

What is ripple factor? Explain it

-Kishan Mani, (U.P.)
If the DC part is filtered out from an AC signal whose
mean value is zero. Now find the rms of this resulting
signal. This is called the ripple voltage and expressing
this as a fraction of the DC component gives the
ripple factor.
A perfect rectified signal has a ripple factor zero.
Mathematically it can be defined as, the ratio of rms
value of the ripple voltage to the absolute value of
the DC component of the output voltage, usually
expressed as a percentage.

@

@
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b 61 IMUSING

SOLUTION SET-35

In the centre of mass frame

2 2my+m,y
3x6

200x° =(—)(2+1)2
3+6

= x=—=03m=30cm
10

(#hy — )

2. Velocity of the system just after the collision

mv,
(m+ M)

mvy=(m+My = v=

Using work energy theorem,
AK = Wg+ Wy + W (1)

1 1
0—5(m+M)v2 =0+0—Eer2rlax

m* vé

mzvg
(m+ M)

Velocity ofend A at the moment B
it strikes ground = \[2gh A )
If velocity of COM of rod just ©
after collision v and angular A
velocity acquired by the rod 4
is @ clockwise, then using equation for coeflicient
of restitution (applied at point A)
velocity of approach = velocity of separation

2
kxmax = Xmax

B k(M +m)

2gh=v’+§wcosﬁ (1)

Angular momentum can be conserved about A just
before collision and after collision as only impulsive
force will be acting at A only.

\2gh M%cose = Icmm—Mv’écose ..(ii)

2
LcosO

Putting value of ® = (y2gh —v")

2

L ML
2ghM-—cosO=——
2 12

2 L
NJ2gh—v’ — Mv"—cos9
(V28 )Lcose 2

’ Ly2gh 2gh
L v,+Lcosev = &7 _ 48 LcosH

6cosH 2 6cosO 2

(from (i))

6c0s0

_ 2
- 1 3c0326 2gh
1+3cos” O
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COM will be at maximum height when its velocity
becomes zero during upward motion.

0=v2-2¢H
2
H:v’2: 1-3cos> 0 h:i
2¢ |1+3cos’0 49

4. Let distance of the particle from the Sun be r and its

radius 7).
P
Intensity of light at particle, I = 2
4mr
Force due to radiation = Force due to gravitational
attraction
2
I (7”0 ) GMm
)
c T 4 ;
GM| —mry |p
P (1), , 3
P SR e —
4mr- \¢ r
3P
fy=——""—
l6TcGMp
3x4x10%

16x 22 % 3x10° ><2—30><10‘11 x2x10%0 x1x10°
=6x107 m=0.6 um
5. From the figure it is clear that ZABC =71 - 2(i - 1)

ZAOC (external) =21 — {m - 2r} =7 + 2r
From the property of circle, 2ZABC = ZAOC
2{m-2(i-r)}=m+2r
= di-r=tor=|2i-L
2 2
sini

p="0 2 3 (given) = V3 =—F——
smnr sin{Zi—}

Solution Senders of Physics Musing
1. Anisha Srihari (Kerala) 2. Harsh Jauhari (Rajasthan)

1. Kabir Khanna (Hyderabad) 2. Shivam Kumar (Odisha)
3. A.M. Anirudhan (Kerala) 4. Preetam Punj (Punjab)




sini sini

orfz

or 3= _
—cos2i 2sin?i-1
24/3sin i —/3 =sini

Solving the equation, we get sini = 73 =i=60°
6. Path difference,

Ax={(S,P - t,) + w,t,} - {(§;P - t)) + ut;}

= (SZP_ SIP) + {(Mz - 1)t2 - (Ml - l)tl}

| wpt 2 W f) p

5

. (U t— 1, tz)\
~ D 7z

Case (i)

Y= 3{1’(“1 -1)- t(Mz - 1)} = g{t(ul - MZ)}

t_5><10‘3><1><10‘3

or =2.5%10"m
1x(1.6—1.4)
Case (ii)
L+t
= -5 co g 1772 :
t,+t,=5x10 m(. t= 5 ) ..(1)
When both sheets have same refractive index
1.6+1.4
= =15

2

D D
b2 :g{tl(u_l)_tz(u_l)}:E{(M_l)(tl -t}
_8x107°x1x10° _8x107°

1x(1.5-1) 0.5
=1.6%x10"m
On solving eqns. (i) and (ii), we get
f, =33 um, t, = 17 um

th—t

. (ii)

7. Conserving angular momentum
% .
m(vy cos60°).4R=mv,R= 2=) ()
"1
Conserving energy of the system

GMm 1 2
————t—_-my; =— +—mv,

€6 Concentrate all your thoughts
upon the work at hand. The
sun's rays do not burn until
brought to a focus 99

—Alexander Graham Bell

10.

1 3G 1GM . .
22T TR Ty (Vi)
1 8000  _
> v=—F 64x10° =—\/, ms
2 2

As d=(u-1)A
L . ..

1°15 = 1.25°)

Also, — =
sin6.5°

For small 0, sin = 0

T
2AL=6.5X—
H 180

For eqns. (i) and (ii),
Mol 125 65(u-1)=25u = u=13/8
2 6.5
A= 6.5 _ 6.5
2u 2x13
Let n moles of gas follows the cycle ABCDA.

nR
Qisochoric =nCy AT = _(TB - TC)

vy-1
vvisobaric =nRAT = i’lR(YA - TD )= l’lR(TB - TC)
Qisochoric - 1

vy-1

= |

..(ii)

8§=2°

Required ratio =

isobaric

Let v, and v, be the horizontal and vertical
component of velocity of block C.
The component of relative velocity of B and C
normal to the surface of contact is zero.
10+5¢c0837°-v, =0 = v, =14ms!

From the figure, [, + , + I, = constant

dt dt dt
(-10)+ (-5-10cos 37°) + (- 5sin 37° + vy) =0

_ -1
vy—26ms .

& &

83/
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HAWKING: BLACK HOLES MAY LEAD TO ANOTHER UNIVERSE

Things might fall through black holes into alternate
universe, says a newly-published paper by Stephen
Hawking. The professor has laid out a theory that
suggests that the holes aren’t quite as black as
previously thought.

If the work is correct--and the theory , only
suggested, has received approval from other experts
-then it could solve a central paradox of black holes.
Professor Hawking’s paper addresses a fundamental
assumption about black holes - that they have “no
hair”.

It has previously been assumed that anything
that falls into black hole would be destroyed and lost
forever.

That caused problems because the “information”
about the object has to be preserved, even if the object
itself is entirely swallowed up -and it has remained
unclear how those two things could both happen. Hawking has since last year been implying that anything that falls
into a black hole shouldn’t give up hope of coming back out -somewhere. They would re-appear but somewhere else
-perhaps in an alternative universe, he said.

PLANET 9 MAY HAVE BEEN STOLEN’ BY OUR SUN: STUDY

The mysterious Planet 9 may have been stolen from its original star by our
sun some 4.5 billion years ago, possibly making it the first exoplanet to be
discovered inside the solar system, astronomers have claimed.

An extrasolar planet, or exoplanet, is by definition a planet located outside
our solar system. Now it appears that this definition is no longer viable.

According to astronomers at Lund University in Sweden, there is a lot to
indicate that Planet 9 was captured by the young sun and has been a part of oul
solar system completely undetected ever since. =

Stars are born in clusters and often pass by one another. It is during t!
close encounters that a star can “steal” one or more planets in orbit arou
another star.This is probably what happened when our own Sun captured
Planet 9, the researchers behind the study said, when it came in close contact
while orbiting another star.

SPACE PROBE FINDS BUILDING BLOCKS OF LIFE ON COMET

ESA’s (European Space Agency) Rosetta comet hunting spacecraft
has attained a major breakthrough by discovering that Comet 67P
Churyumov-Gerasimenko contains ingredients regarded as crucial for the
origin of life, the space agency said on Friday .

According to ESA, the ingredients include amino acid glycine which is
commonly found in protein, a key component of DNA and cell membranes.
“This is the first unambiguous detection of glycine at a comet,” said Kathrin
Alwegg, principal investigator of the ROSINA instrument on Rosetta which
made the measurements and lead author of the paper published in “Science
Advances'. Rosina was designed and developed at the University of Bern in
Switzerland.

Hints of the simplest amino acid glycine were found in samples returned
to earth in 2006 from Comet Wild-2 by Nasa’s Stardust mission. However,
possible terrestrial contamination of the dust samples made the analysis
extremely difficult, says ESA.

“Now, Rosetta has made direct repeated detections of glycine in the
fuzzy atmosphere or ‘coma’ of its comet,” according to the announcement.

Courtesy : The Times of India
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ACROSS s CUTHERE o CC__._
1. A defect in any apparatus that it 2 3 4!
interferes with or prevents normal | 5 6 7 !
operation. [5] ! 3 9 :
2. Method to coat the lenses to : m i
reduce back reflection from their = - i
surfaces. [8] i i
9. A prefix denoting 101°. [4] I '
11. An electrically controlled switch ! N !
used for switching an electrical ! 14 :
power circuit. [9] : 5|
13. A primary electric cell in which two i i i
electrolytes are kept apart by their i = [
different densities. [7, 4] I I
-8 g 2o
16. The removal of one or more electrons ! !
from an atom. [10] ! :
19. A single force capable of balancing a : 2 i
given system of forces. [11] i & P4 |
22. The another name for eye-piece.[6] | I
23. The branch of physics dealing with ! :
dynamic properties of gases. [10] : %5 i
25. A unit of intensity of sound. [3] i >0 i
26. The ratio of luminous flux emitted = ————————— - - —————————. i
to the power. [8,8]
DOWN 12. A low pressure gauge in which electrically heated wire
3. 'The path with minimum or maximum length between loses heat by conduction through gas. [6,5]
two points in a mathematically defined space. [8] 14. Dying away of amplitude with time of free oscillations
4. The slow permanent deformation of specimen under due to resistive forces. [7]
sustained stress. [5] 15. An instrument that produces a graph of an alternating
5. Degree of exactness in measurement. [9] voltage. [9]
A device which can accelerate protons to very high  17. The brightest objects in the universe. [7]
energies.[8] 18. A constant pressure device that compensates for the
7. Building block of the universe, massive system of changes of atmospheric pressure. [8]
stars. [6] 20. An early form of motion picture projector. [7]
8. Two or more sounds that, when heard together, sound 1. An electrical conductor. [6]
pleasant. [10] 23. The point-like particles, conceived to be subcomponents
9. Perceived sound characteristic equivalent to of quarks and leptons. [5]
frequency. [5] 24. One thousandth of an inch. [3]
10. The SI unit of length. [5] ®®
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