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1 SI unit of surface tension is

()N (2) Nm' () Nm (4) Nm? (5) Nm?

Surface Tension
Many can be tempted to think surface tension as a tension. If so, you will get the first question
wrong unnecessarily. The definition of surface tension is the force acting on a unit length,

Therefore, the unit is Nm™,

2 Dimensions of a certain physical quantity when multiplied by [L]’ yield the dimensions of
work. The physical quantity would be

(1) force. (2) momentum.  (3) pressure. (4) mass. (5) velocity.
Unitand Dimensions . .

Even though this is the second question, you may spend more time unnecessarily. If you could
sense that [L]’ represents a volume, then spontaneously you will remember the multiple of
PV, It is a foolish act to find the respective quantity by writing the dimensions of work and
divide it by[L]’. Or else, each choice in every answer can be multiplied by [L]? from the mind
and you can get the correct answer. If you want to get work from the force, then it should be
multiplied by a distance or [L]. You can directly see that the given choices of momentum, |
mass and velocity are not matching. The easiest method is to identify [L]* as a volume. Then

the answer can be obtained quickly.

3 If the absolute temperature of a body is doubled, the rate at which the energy is radiated will
(1) remain the same. (2) increase two times. |

(3) increase four times. (4) increase eight times.
(5) increases sixteen times.

T O RO
This is a very easy question. If you recall Stefan’s law you will remember T*. You can get 2!
even in your dreams.

4 An e.m.f:is induced across the length of a wire when it is moving in a uniform magnetic field.
This e.m.f. does not depend on
(1) velocity of the wire. (2) radius of the wire. (3) length of the wire.

(4) flux density of the magnetic field.

(5) the angle that the wire makes with the magnetic field. J
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( This is also ba:sed on theqry. If you can recall Blv, then instantly you get the answer. The )
radius of the wire (width) is not affecting on the e. m. f but it contributes to the resistance.

Consider the following statements made regarding the photoelectric effect.

(A) This effect can be explained by assuming light as energy packets.

(B) For a given inciden? monochromatic light, the energy of emitted electrons does not
depend on the material.

(C) Rate of emission of electrons depends on the intensity of the incident light.

Of the above statements,
(1) only (A) and (B) are true. (2) only (B) and (C) are true.
(3) only (A) and (C) are true. (4) all (A), (B) and (C) are true.

(5) all (A), (B) and (C) are false.

This is also a theory question. The basics of photoelectric effect is checked from this question.
It is described from the concept of photons (energy packets). Therefore, (A) is correct. For
a given frequency, the energy of emitting electrons is dependent upon the work function.
Therefore, (B) is wrong. You should see the bold letters that are shown here. Statement (C)
is correct. According to the photon theory, intensity is the number of incident photons in a
unit time. If you throw more stones (with an aim) you can pluck more mangoes (if there are

mangoes in the tree).

There is a question that many ask based on the photoelectric effect. That is, if you change the
frequency, then there is a change in the energy of a photon (hf) and due to that, does not the
intensity of the ray change? At a glance, the conclusion is correct. But the above conclusion
is not true. Because due to photon theory, the intensity of the photon ray is not changed even
though the energy of a photon is changed. The intensity due to number of particles can be
changed from the number of photons that goes behind each other in a unit time and across a

unit area.

Think of number of balls that are hitting on the wall. The intensity here is defined as the
number of balls hitting on the wall in a unit time. The kinetic energy of the balls is irrelevant to
the definition of intensity. For waves, intensity is connected with energy for definition. When

talking about a wave, there is no meaning in the number of waves hitting in a second.

Therefore, when describing photoelectric effect, we should be only stable in considering on
the photon (particle) theory of light (radiation). Here, we need to omit the concepts of waves.
You cannot change parties like politicians whenever you want.

Look at the following I-V curves for an observational set up of photoelectric effect.

—V // > AV
(A) ®)

Curve (A) is corresponding to an instance of changed frequency without a change of an
ergy is increased due to the increased
d current. When all electrons emitted j

intensity. The intensity is not changed even the en
qequency. Therefore, there is no change in the saturate
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anode, the photo current gets constant (saturated), When mo)
and more electrons come to the anode, then the saturated current gets increased. To ex
more and more electrons from the cathode, more and more photons should be incident on t;,
cathode. That means the intensity of the ray should be increased. There is no increment ¢,
decrement in the current of the exteral circuit (photo current) even if the kinetic energy of

emitting electrons gets increased.

( from the cathode come t0 the

The curve (B) is corresponding to an instance where both frequency and intensity are being
changed.

6 A sound emitted by a source of intensity I reaches a certain point. The change in the sound
intensity level at the same point when the sound intensity is increased to 21 is (log 2= 0.3)

(1)0.3dB (2) 3dB (3) 6dB 4) 9dB (5) 15dB

You can just do this question as you have done many such questions. Most of the time, the
intensity of these questions is changed in the multiples of 10. Then you can easily get log. If
the value of log 2 is not given, then you cannot solve. When I becomes 2I, the change in the

intensity level is 10 log 2.

7 Consider the following statements made regarding a monochromatic light ray refracting
through a glass prism placed in air.

(A) The speed of the light ray inside the prism is lower than that outside the prism.
(B) The frequency of the light ray inside the prism is lower than that outside the prism.
(C) The wavelength of the light ray inside the prism is lower than that outside the prism.

Of the above statements,
(1) only (A) is true. (2) only (C) is true.
(3) only (A) and (B) are true. (4) only (A) and (C) are true.

(5) all (A), (B) and (C) are true.

This is also very simple theory question. You know that, the speed is reduced inside the prism
but not the frequency. If the speed is reduced without changing the frequency, then definitely
the wavelength should be reduced. The correct answer is (4).

8. F ig_ur es A, B, C and D show four ways in which alight spring balance can be loaded with a
weight of 100 N using frictionless pulleys.

=

v .

liON 100N 100N 100N 100N
s (A) (B) (©) (D)
; y,
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( The scale readings of the spring balances in the four cases would be T

(1 100 N 100N 100N 100N
@ 100N 0 200N 100N
€) 100N 100 N 100N 200N
@) 100N 0 200 N 200N
©) 100 N 100N 200 N 200 N
T Eguitibrium of Forces || 2D

You do not need a calculation. The readings are of the same value in each scale. The readings
of the balances are the string tensions that are attached to the spring. The tension of each string
is 100 N. It is the same string in whichever way it is being rotated. Some children may do a
resolution of forces at (C) and write T sin 30° = 100. This equation is wrong. Which object’ s

equilibrium doesyou consider here?
T
é :

T

100N

The tension of the string is T everywhere. If you consider the forces on the pulley, there are
two forces of T as shown in the figure. You can find the resultant of those two forces.

There is an opposite and equal force from the hinge’s centre of the pulley which is stationary.
Therefore, for whom are you writing T sin 30°=100? T = 100 (considering the equilibrium of

the weight)
9 Consider the following statements made about the linear expansivity of a material.

(A) Its SI unit is K

(B) Its value changes when the temperature is measured in Celsius instead of Kelvin

(C) Its value changes when the temperature is measured in Fahrenheit instead of Kelvin

Of the above statements,

(1) only (A) is true. (2) only (A) and (C) are true.

(3) only (A) and (B) are true. (4) only (B) and (C) are true.

(5) all (A), (B) and (C) are true.

____ Expansion of Solids
You can directly decide that statement (A) is correct. As there is a difference 0f 273 in between
Kelvin and Celsius (T K = 6°C + 273), a difference of one Kelvin and a difference of one
Celsius is equal. But Fahrenheit is not like that. 100 parts of Celsius is equivalent to 180 parts
of Fahrenheit. Therefore, a temperature difference of one Celsius is not corresponding tOJ
\w—___temperature difference of one Fahrenheit. So, statement (B) is wrong whereas (C) is true.
S RD ROSA | SciTech.LK
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10

N

Simple Harmonic Motion

Even it is not relevant here, I feel that it is better to put a notfa on Kelvin temperature, Zep)
of Kelvin is the real zero (relevant to temperature)..So, Kelvin temperature is called as th,
absolute temperature. Zero of Celsius is a zero that is put from the hand. Any genius canng
take the temperature below (negative values) than Kelvin zero. In addition, according to the
third law of thermodynamics, absolute zero cannot be obtained. This is equivalent to the fag
that any particle or system cannot get the speed of light. You can try with all your mighty
powers. But you cannot get these absolute values. They are called as absolute due to tha
reason. If there is a belief that there is an almighty god, then that god is absolute. So, it isa
meaningless question to ask who created such a god. We can try to reach such almighty god
but we cannot be a one. If you can, then the absolute concept converts into a useless thing.

The variation of the speed u with time t of a simple harmonic v
oscillator is shown in the figure. The variation of its velocity v with
time t is best represented by

uW u“ 0 g l lr T
\ /\ V\/\ g
> 0

0

PEar T
1) &)
uT u, u,
0 /=t 0\ /\‘ OI\/\/\ﬁ‘l
PR/ AZ e
) @ )

o

Speed is a scalar quantity. But velocity is a vector quantity. In a simple harmonic pendulum,
the direction of the speed should be opposite at any instance. You can just remove (4) and
(5). They are dumb answers, Only the direction should be changed in speed and velocity. The
numerical value should not be changed any time. Left is (1) and (3). As the u-t graph has not
started with zero,the respective v-t curve cannot start with zero. Therefore, the correct answer
is (1). The speed-time graph has started from the centre of the pendulum (when the speed is
maximum). That means, the following motion is represented as shown below.

e
\_e_/

Do

Therefore, a.ﬁ'er T/4 the direction of the speed changes. So, if the velocity from 0 to T/4 is
taken as positive, then from T/4 to 3T/4 the velocity should be negative. This is being satisfied
in only (1). The graph of v-t is below.

If it was dr.awn.like this below, it is also correct. It is up to us to decide about the positive and
negative direction of v. We can take any direction as positive. If the u-t curve is given like

this, (3) can be taken as the correct v-t curve. In any v-t curve of an oscillation, v should be
in one direction during the half of the oscillation whereas on the other half, it should be in the

opposite direction.
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1.  Anormal eye ball has a diameter of 2 cm as shown in the figure. The magnitude 7
of the minimum power of the eye lens is @

(1o (2) 10D (3) 25D  (4) 50D (5) 100D e
Cbetects o visien| | KD

You can do it from the memory. The power of the eye lens (without being tired) is minimum
when a far object is being focused on the retina. That means, parallel light rays are focused on

the retina. Then the focal length of the lens is 2 cm. To find the power, 2 cm should be changed

into m and get the reciprocal. (z T ﬂ) Luckily, there are no answers such as 0.5, 5 or 500.

The correct answer is 50. What else?

The size of the image of an object placed at a distance of 10 cm from a convex lens is twice

12
that of the object. If the image is erect, the focal length of the lens is

(1)7cm (2) 10cm (3) 20cm (4) 30cm (5) 40cm
/ 7 i ¥ o3 ,f'zf" Ll’l’{TL ‘ir‘;dr»”( f“'l
According to my decision, you need a paper to write a calculation initially to this question.

As the image is not inverted, it should be produced on the same side of the object. The image
distance should be 20 cm as the magnification is 2. You can do these from your memory. Now

using the lens equation, 2—10- YL g

There is no doubt that you might have done many questions using these values. Therefore, ata
glance you need to identify that f=20 cm. Do not take 10 by subtracting 20 from 10! A child
who has done past papers can do everything from the memory. No doubt that some children

might remember the answer.

13 The focal length of the lens of a simple microscope is 10 cm. If the near point of an eye is
25 cm, the approximate value of the object distance required to obtain the maximum angular

magnification is

(1)5cm (2) 6cm 3) 7cm (4) 8cm (5) 9cm
(" optical Instruments
You need a small calculation for this question. To get a maximum angular magnification, the

image should be produced at the near point of the eye. Directly apply the lens formula.
o ASAREL PRl |

i 0 =35
u 25 10 250

The answer is nearly equal to 7. Even the question it is asking a near value. Therefore, you
should decide that the answer does not simplify completely.

The other method is that applying the equation of magnification which you know (M =
D/f). According to that you get 3.5 as the magnification directly. Now the object distance can
be found from the magnification ratio of (image distance/ object distance).

3.5=25/ u=250/35=50/7
e ¥
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(14 An object weight 100 N on the earth surface. When it is carried to a height equal to the radip)

of the earth, from the earth’s surface, its weight becomes
(1) 10N @) 25N (3) 50N @4) 75N (5) 100N
Gravitational Force Fields

It is a sin to do calculation to this questioln. When the distance is doubled, gravitational froc,
should be reduced by a factor of . F « = When 100 is divided by 4, you will get 25. Do n

write equations, expressions for such questions.

15 A cylindrical capacitor is formed by inserting two sheets
of paper of dielectric constant 4 and thickness 104 m, My
alternately between two rectangular sheets of metal foils, each @ %
of length 1 m and breadth 107 m, and rolling them as shown in e

the figure. ( &,=9x10"’F m™')

The capacitance of the capacitor is

(1)3600pF  (2) 360 pF (3) 36 pF (4) 18 pF (5) 3.6 pF

If you think of a cylindrical capacitor, you will get the feeling that it is not in the syllabus. But
if it was clicked as a parallel plate capacitor which has been rolled, then you are in the safe
side. By rolling there is convenience in usage by saving the space. Actually there are such
capacitors in the market. The capacitance that you get from the parallel plate capacitor can
also be obtained by rolling. Such capacitors are easy and economical when considering about
the space. So, use the equation of parallel plate here.

4X9x10™12x1x 102
1074
As all the parameters are given in meters, the task is easy. But the answers are given in pF

(picoFarads). Therefore, you should know the prefix of pico as 1 pF = 10"?F. The correct
answer is 3600 pF. If it is nanoFarads, then the answer is 3.6.

=36x 10"10F

What is the importance of the paper at the below that is drawn in the figure? It is not affecting
the calculation. When the dielectric paper is put in between the metal plates, the parallel plate

capacitor is being created.

Two capacitors are
made from the

paper.

[

<

Metal Plates

If there is no paper below, then the lower plate and the upper plate will be touched with each
other when they are being rolled. Think a bit. If so, then the capacitor process will be stopped.
Once the plates are touched, they become a single conductor that are connected with each
other. The paper is there to prohibit that. But it does not affect the capacitance. There exists
\___only one parallel plate capacitor with a dielectric paper in the middle. i)
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(16 The figure shows a spherical conducting shell. A point charge +Q is placed
at the centre of the shell and a charge —q is given to the shell.

Finally the shell will have
(1) zero charge on the inner surface, -q on the outer surface.

(2) —Q charge on the inner surface, -q on the outer surface.
(3) -Q charge on the inner surface, -q +Q on the outer surface.
(4) +Q charge on the inner surface, -q -Q on the outer surface.

(5) -Q-q/2 on the inner surface, +Q-q/2 on the outer surface.

» e L :
g LOMIOMU'S Law.

First think of +Q charge. From that, there will be an induced charge of -Q in the internal
surface and +Q charge in the outer surface of the shell. This is a known fact by everybody. If
the +Q charge is kept in the middle of the shell or kept in any place of the hollow space, then
the total amount of induced charge that is mentioned above will be the same. As the spherical
shell covers the total flux of charge +Q, the charge does not need to be kept at the centre. Even
the shell does not need to be in spherical shape. As long as the charge +Q is being covered
completely, then there is no effect from the shape of the shell to the answer.

Next, -q charge is being given as an extra charge to the conductor. Then it should be situated at
the outer surface. Under static condition, there cannot be an extra charge inside the conductor
material. It should move to the outer surface. If an extra charge is retained in the conducting
material, then the electric field intensity inside of it will not be zero.

The correct answer is (3). Even if you consider -Q in the internal surface and +Q in the outer
surface, then only (3) will be correct. The generation of induced charge of -Q on the internal

surface is not a problem.

If you consider the Gaussian surface of the conducting material in a dashed line, then the
charge inside of it is zero (+Q - Q =0). Hence, there is no electric field inside the conductor.
But there cannot be the extra charge or part of it inside the Gaussian surface. If so, then E

cannot be zero.

So, under a static condition, the excess charge should lie on the outer surface of the conductor.

CE iy
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i s used nther wire of len : _
17 Ifawire of resistance R and length I is l}SC("l to form a gth 2 withoure m
its volume, the resistance of the new wire 18

(1)4R (2) 3R (3) 2R (4) R (5) R2

You can do it from the memory. Truly, you should do from the memory. Otherwise it is an
unfair act that is done by yourself to you. The length has been doubled. As the volume is
unchanged, once the length is doubled, the cross sectional area should be half of the initial
value. Therefore, the resistance should be increased four times from the initial value. (R a VA)

18 Four identical electric bulbs are connected to a battery as shown in
the figure. If all the bulbs are lit, and the intensities of the bulbs A,B

F__{ ; and Care I, I and I respectively then
ﬁB A (DL >1.>1 @) L.>L=1,
l () > L>1, @ L>L>1
C ()1, =L=L
As the bulbs are identical, their resistances are the same. Therefore,

if you compare the currents across them, then the answer is in your hand. The whole current
from the battery is flowing across A. Next, a child in year 9 can tell that more current is flown

from B compared to C. So what else? Is not the answer (4)?

19 A potentiometer is balanced by connecting a cell of e.m.f 2V
acrossA and B, as shown in the figure. The same balanced length can
be obtained if another cell E of suitable e.m.f. is connected in series

J) with the 2V cell as
L jieg

A%

M) —f—{— ® ——f—
A g v B E v B

® ———= @ ;——l}-jr—« 6 i —
A v g B E 2v B E 2V

If you put the logic simply, by adding or subtracting something to 2, then you can get only 2
from 4-2. This is correct. Is not it? (without a mathematical application). If you think like that,
then you will understand that the correct answer is (2). But if you are not tempted to think
like that, then what you have to do is to check each answer by the eye and process from the

mind. As soon as you see (1), you can see that the equivalent is greater than 2 directly. (2) is
correct. Actually, E =4V. In (3), all are in the other way around. Having the equivalent on the

other way is useless anyway. Can you get 2 from the reduction of something from 2? It is in
(4). If E = 4V, the net in between A and B is -4 + 2 =-2.If E is less than 4 (E =1 V), then the
net s -1 +2 = +1. (5) has the same thing of (4). There is a resistance in between the cells for
nothing. There is no harm from it. However, at the equillibrium there is no current across the
cells. Instead of the correct answer of (2), is this correct? Can you change the politicians even

L. if they go to the party of the government from the opposition? )
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An archeolqgist Eaxtracted 100 mg ofcarbon from an ancient wooden tool and found that it
is 1/4 as radioactive as 100 mg of carbon retracted from a live tree. Half-life of carbon-14 is
5730 years. How old is the wooden tool?

(1) 1 432.5 years (2) 5 730 years (3) 10162.5 years

(4) 11460 years (5) 22920 years

You do not have to do calculations. After one half life, the activity drops to a %. If it is dropped
to %, then there should have been two half-lives. Is not it? Multiply 5730 by 2. How hard is
it? Even can you have the answers with decimal places? The value of the mass is given to
emphasize the fact that the same mass has been used for comparison.

Consider the following statements made regarding the logic gate shown in the figure.

(A) When P=1,R=Q (B) When Q=0,R=P
(C) When P=0,R=0 "'_D_R
QU=

Of the above statements,

21

(1) only (C) is true. (2) only (A) and (B) are
true.
(3)only (A) and (C) are true. (4) only (B) and (C) are true.

(5) all (A), (B) and (C) are true.

1
faust et 3 ".'j."' f“?/’ﬂ "’7'
i A TR o Logic Gates

I will solve such questions by writing simple logical expressions. This is a gate of AND.
Therefore, R = PQ. As soon as you write this, you can just decide the correct and incorrect

expressions. When P =1, R =Q. When P or Q or both gets zero, R should be zero.

22 Anball B is projected horizontally with speed v and a ball A is dropped vertically from rest
at the same instant as shown in the figure. Which of the following

(?5_1, statements is true? (Neglect air resistance)

: (1) A reaches the ground first with a higher speed than B.
: (2) B reaches the ground first with a higher speed than A.
L7 —— (3) A reaches the ground first with a lower speed than B.

(4) Both A and B reach the ground at the same instant with the same
speed.

(5) Both A and B reach the ground at the same instant but B with higher speed than A.

. Linear Motion

There is no surprise to see children who had done calculations for this qustion. Do you
really need to do a calculation? Is not that a waste of time? The initial horizontal velocities
are zero in both of the balls. The same vertical distance is being travelled when the balls ID

\—__the pround.
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The vertical downward ~ccoleration (g) is also the same. Therefore, the time taken for the f

journey should be the same.

m the side of energy to decide about the speeds, then it will be easy. The
ential energy change is same for both of the balls. But ball B has an initia
kinetic energy. The initial kinetic energy of A is zero. Therefore, the speed of B should be
higher than A when reaching the ground. If you try to calculate the speeds without thinking

from the point of conservation of energy, then you are wasting your time.

If you think fro
gravitational pot

As shown in the figure a ball of mass 6 kg released from rest
at point A on a smooth track ABCD slips without rolling

23
7t * The portion DE of the track is rough. If the ball climbs upto
- ™ w  a vertical height of 3 m along the rough surface, the energy
. v lost due to friction is
B D

(2) 180J (3) 120J 4) 60J 5)0

(1) 240]

If you argue correctly, then there is no need to do calculations. If all are smooth, then the ball
should reach to a height of 4 m in the part of DE. As the ball was released from rest at A, the
total energy of it is only the potential energy mg X 4. If there is no energy lost and the part of
DE is to the same height, then the ball should merely go to the height of 4 m. But as the part
of DE is rough, the ball goes only up to 3 m. It only goes to 3 m to a place that it should go 4
m. Therefore, the lost energy to stop the friction should be equal to 6 X 10 X 1. A height of 1
m was not gone due to this friction. Otherwise, the ball will nicely go towards a height of 4 m.

24  The two uniform disks A and B shown in the figure are made of the
same material and have equal masses. The radius of the disk A is A
greater than that of B.The disks are kept in isolation at outer space. B

Consider the following statements. _@_}

(A) The disk A takes a longer time than B to gain a given speed
under an external force acting through the centres of the

disks.

(B) The disk B takes a longer time than A to gain a given angular speed under an external
torque about the axis of the disks.

(C) The disk B has a higher rotational inertia about the axis of the disk than disk A.

Of the above statements,
(1) only (A) is true. (2) only (A) and (B) are true.
(3) only (B) and (C) are true, (4) all (A), (B) and (C) are true.
(5) all(A), (B) and (C) are false.

Rotational Motion.

This is a simple theory question. Mass of an object is associated with the translational motion.
In the rotational motion, this factor is changed into moment of inertia or rotational inertia-
As the mass of the disks are equal, their acquired accelerations are in the same value under
an egual force. Therefore, time taken to attain a given speed should be in the same value. So,
(1 (A) is false. Even though the mass of A and B are equal, the radius of A is greater than B;Sy
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(" the moment of inertia (rotational inertia) is greater in A. From this you can understand that )
statement (C) is false. An object with a higher moment of inertia does not like to rotate very
much. Therefore, at a given torque B is rotating very quickly. So, the time taken for B should
be lesser than A. That means statement (B) is wrong.

Why it is mentioned that the disks are isolated and kept in space? Practically disks cannot be
kept like that. They should be kept on the table or ground. If so, then the asked statements
cannot be universally fair. Because there are extra force acting on them. If they are isolated in
the space, then these disks can be just kept as the way they are drawn. There is no weight on
the disks too. In addition, there are no gravitational forces from the extra objects. So, the asked
statements can be asked as it is because there is no wrong in it. If it was not like that, you have
the space to ask the cross questions such as how can this be happened?

Figures A and B show two ways in which a painter could use a system consisting of a platform
P, a pulley and a rope in painting tall buildings. The total weight of the painter and the platform
is 400 N. If the rope is light then the tensions of the rope in the two cases are

25

A B ) ®
(1) 400N 400N
(2) 400N 200 N
(3) 200N 400N
(4) 200N 200 N
(5) 100N 200N . :

This is a sweet question. At instance (A), the stage and the man are held by both sides of
rope. It is not so in (B). At (B), the tension of the rope is 400 N. At (A) it is reduced to half of

it. (2 T =400 then T =200)

If you consider the convenience of up and down transport, then set up of (A) is more practxcal.
The left rope that has been tied up to the stage can be released and pulled. So that the man
also can go upwards with the stage. Likewise, by carefully loosening the rope, you can come
downwards. Can you go up and down like that in (B)?

26 A trolley is moving with a constant velocity v. Three men, A,B and C, are pulling three strings
in such a way that their tensions are T,, T, and T, respectively, as shown in the figure. When

the trolley moves a distance L, the work done by the men are

A B C

() - TL ToE - L

1 2

@ -T,L i 0

-3 R 8 PRRSLEE ¥ SN

B LE Bk D

1

(%) 0 0 0

]| D

\ This is a question that you can get wrong. Many chlldren have a p0551b111ty in going f0r Ch

'si Tech LK
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(2). But the correct choice is (5). Three persons are not doing an external work what so -
r— They are just pulling the string like fools. I wonder for whnﬁt rcason.do they keep pulling?
There is no motion in them relative to the trolley. As the tension that is acting on the man iy
(C) s vertically upwards, the horizontal component is zero. So, it is tempted to take the work
as zero. But one can argure that it is not so in the case of A and B. When we consider the
horizontal forces of the man in B, we forget the force from the floor of the trolley to the man,

The forces that are acting upon B are shown below.

v w
The string is being pulled to the right by B. Therefore, the force on B (tension) from the
string is towards the left. The surface of the trolley is pulled to the left by the legs of B.
Then the surface of the trolley creates a force (frictional force) to the right. As the man is not
accelerating F =T,. That means there is no net force on the man. So, he is not doing an external
force. The story is same for A. Draw the forces that are acting on A.

27 A toy in the form of a child-figure holding a section of a thin ring, which
carries two identical heavy metal balls, is made from a thin metal sheet as
shown in the figure. If the toy can be balanced in stable equilibriumfrom
the toe of the child-figure, most probably the centre of gravity of the
system can be found close to a point

()P @Q BR @S OT

This was a question which was subjected to controversy. The answer can
be obtained directly. Once you see the word of stable equilibrium, you should conclude that
the centre of gravity of the system should be below the point of suspension.There is only one
point that is below the point of suspension. That is T. It is common for any system. Look at
the following figure.

w

Centre of gravity is above the point of suspension

If t.he object is tilted to the right, no doubt it will fall. The torque due to the weight from the
point of suspension is towards the tilted side. @

Wh;n it is tilted to the right, as the torque from the weight is to the left, @ it tends to
straighten up. If it is tilted to the left, then as the point of gravity is displaced to the right, the

object again tends to straighten up. %

1

L

L Centre of gravity is below the point of suspension /
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( Some argue that it should be given as an ALL question as the point T is not drawn verlical]ﬂ
downwards to the point of suspension (the finger tips). There is no validity in this. The child

figure is drawn slightly bent towards left. Therefore, the point where the centre of gravity should

lie must be towards to the right (relative to the vertical axis across the point of suspension).

When the figure is swinging from side to side, the point where the centre of gravity lies does
not remain still. Think for a while. If the figure is only vertical, then point T is definitely be at
the vertical axis across the point of suspension. Therefore, this is not a question that should be

treated as ALL.

The centre of gravity could not be placed at S. S is even drawn little bit above the point of
suspension. If the centre of gravity is above the point of suspension, then definitely the figure

will fall down irrespective of the tilted side.

What will happen if the centre of gravity is on the point of suspension? If so, then there
should be an equilibrium at anywhere of the figure (neutral equilibrium). Even though it is not
practical to take the centre of gravity to the finger tips, if it was done, then the beauty of the
toy will be lost. Such a toy does not need to stay straight when swinging to from side to side.
It needs to be in vertical equilibrium again without falling when swinging to from side to side.

This is the secret of the stable equilibrium.

The bangle with heavy metal balls has used to keep the centre of gravity downwards. It gives
a beautiful quality to the toy as well. From the view point of Physics, it is essential. As Physics
is beautiful there is no problem with it. Is not it beautiful when it is swinging?

28  Starting from rest, a sphere takes a time t to roll down a rough inclined plane. If the plane is
made frictiorless the time taken by the sphere to down will be

(DOt (2) higher than t. (3) lower than t.

(4) determined by the mass of the sphere. (5) determined by the radius of the sphere.

& “Rotational Motion | 2D

If you are tempted to do a calculation, then may Lord Buddha bless you! God bless you! This
is the logic of it. If the surface is rough, then the sphere will fall down and come downwards
(as there is friction). If the surface is smooth, then the sphere will just slide down. If you think
further in Physics, then in the rough surface the sphere gets the translational kinetic energy
as well as the rotational kinetic energy. If the surface is smooth, then the sphere gets only

translational kinetic energy only.

As the sphere starts from the rest, it has the gravitational potential energy. If the surface
is rough, then this initial energy is given to both translational kinetic energy and rotational

kinetic energy. Both should share the initial potential energy. But in the smooth inclined plane,
the initial potential energy is absorbed only by the translational kinetic energy. Therefore,
the acquired speed of the sphere when it is coming by sliding below must be greater than the
speed when it is coming by rolling. When love is divided between two, one is getting less

love. The work done under less love get delayed.

Therefore, the ball that is in the smooth inclined plane comes quickly. You can go quickly by
sliding instead of rolling. Just think without mathematics. Even we tend to slide when we gU

\ a problem.
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" Evenitis not directly relevant to the question, it is beFter t(,) describe a question that has been)
asked by many people from me. Consider a freely falling disk/ sphere on a rough surface. We

will draw the acting forces on it.

If we use F =ma for the translational motion, then -F =m a

That means, the disk will decelerate and its speed will be less. There is no problem. But a big
confusion occurs when we write equations for the disk when it is rotating around its centre

0.
@O Fa=la

Here a is the radius of the disk. The angular acceleration of the disk is a. According to this,
the disk is subjected to an angular acceleration. That means the angular velocity should be
gradually increased. Very good!

If the angular velocity is increased, then the linear velocity also should be increased. If it is
correct, then there will not be an energy crisis. How can we solve this contradictory? This
issue has been mentioned below. Do not look at it directly and do concentrate on this crisis.

When the wheel is rolling freely, the diagram which I have drawn earlier with the acting forces
was wrong. Following is the correct diagram.

y

Even though we cannot see the wheel and the floor surface it is deformed even at a microscopic
level. As the wheel does not have a driving force, the surface is deformed as shown. Due to
the surface of the floor, the net force acting on the wheel is from a point that is in front of the

vertical line across the centre of the wheel. Its net action line is towards the back (relative to
the motion of the wheel).

Tl.1e ‘vertical component of that force is the reactive force (R) and the horizontal force is the
frictional force (F). Consider that R is not going across the centre of the wheel. The angular

speed is increased by the torque due to F but the torque due to R is acting opposite to that
motion.

Now if weapplyt=Ia,Fy-Rx=1Ia

E: Here y and x are the distances to the active lines of the forces from the centre. The distance of
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30.

L

y is nearly cqual to the radius r of the wheel. Fr-R x = ¢ w

If we apply F = ma to the lincar motion, then -F = ma
If the wheel is not sliding, then a =ra
When I is taken as 2 mr?, you can show thatR x =-3/2F r

That means Rx > Fr. It indicates that you will get a negative value for «. That means an
angular retardation. Now the problem is solved.

If the wheel has a driving torque, then the force diagram is shown below.

An organ pipe filled with O, has a fundamental frequency f, If the pipe is filled with H, at
the same temperature and pressure, the new fundamental frequency of the pipe is (relative
molecular masses of H, and O, are 2 and 32 respectively),

M 3fo @ 3fo @ fo @ 2, (5) 4fo
(il _Longltudinal Waves

The length of the tube has not been changed. Therefore, the wavelength of the generated

standing wave is not changed. But as the gas was changed, the sound velocity has been
changed. As the temperature is not changed while both gases are being di-atomic, the sound

velocity

v al/NM . M is the molecular weight. Di-atomic story has been mentioned to prove that y of
both gases are equal. 2 and 32 have been taken as 16 is obtained by the division of 32 by 2.
Then the square root of 16 becomes 4. Therefore, clearly the sound velocity of H, is four times

the amount of O, (as H, is lighter).

When V is increased by four times, f is also increased by four times (v = f A). Therefore, the
answer is (5). If our throat is filled by inserting different gases into the mouth, then there will

be strange sounds coming out of it due to different frequencies (pitches).

Rays from a monochromatic source of light are deviated by an 2———
optical element as shown in the figure. This optical element is
likely to be

(1) a convex lens. (2) a concave lens.

(3) a single prism. (4) a combination of two prisms.

(5) a combination of a prism and convex lens.
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Dopp
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fer Effect RN,

As soon as you saw the ray diagram, you can remove lenses. Parallel raysarebem
by a convex lens whereas a concave lens diverge the rays. Therefore, the answer Shoi] q
clearly be a prism.

n
T slo e

There is a little confusion here. This can be obtained separately from two rectangular prisp,
or from one prism. Even you can consider the shown two prisms as a single prism.

Figures A,B and C show wave fronts emitted from three
sources of sound. @

These figures respectively represent sources % B =
(1) moving to the right, moving to the left, and stationary.
(2) moving to the left, moving to the right, and stationary.

(3) stationary, stationary, and moving to the right.
(4) moving to the left, moving to the right, and moving to the left with the speed of sound.

(5) moving to the left, moving to the right, and moving to the right with the speed of sound.

A gt

What is expected from this question is very clear. You can decide the answer when you
read the question. Everybody knows the fact that the wavelength is getting shorter towards
the travelling direction whereas it gets longer when moving away. The examiners might be
expecting (5) as the answer but there is a little mess in the figures A and B. Except the outer
circle in A and B, the centres of all the other three inner circles are drawn in the same place.
If the sources are moving, then the centres should be displaced towards the moving side with
time. Actually, the sources are represented by the centres. The wave patterns emanating from

the source (centre) have been drawn. ,

As there is no such movement in the centres of the inner circles, it is correct if one argues asA
represents an instance where the source isinitially moved to the left a little and then remains at
rest afterwards. Same logic can be applied to B also. As soon as you see C you can decide that
it is a source that moves to the right with the speed of sound. Both the sound and the source
are moving together. Wherever there is the source, there is the sound. Different instances ofa
source with different speeds that moves to the right have been shown below. If you look at the
first figure very well, then you can observe that the centres of the circles are gradually shifted

to the right.
a b @ . R

vlessthanv,  vequalsv,  vexceedsv, v greatly exceeds v,

A
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ROSA | SciTech.LK 733 Physics | - 2007 A

4

Scanned with CamScanner


https://v3.camscanner.com/user/download

L

12 A student vibrates a tuning fork and listened to its sound. while keeping it in air. Then he )

vibrated this tuning fork again with the same amplitude and listened to the sound while holding
its handle against a large wooden board.

(1) Sound intensity heard by him in both cases is the same.

(2)  Sound intensity heard when the tuning fork is in air is larger than when it is held against
the wooden board.

(3) The time during which the tuning fork goes on vibrating is the same in both cases.

(4)  The time during which the tuning fork goes on vibrating is higher when it is kept on the
board than an air.

(5) The time during which the tuning fork goes on vibrating is higher when it is kept in air
than on the board.

fave Proper

Even though this is not a hard question, you need to read each choice one by one to find the
aim of the question and the correct answer. The choices are given about sound intensity and
the vibrational time. When a tuning fork is vibrated, the sound intensity (loudness) we hear is
not strong. It is weak. But if we vibrate and its handle is kept on a wooden board, we hear the
sound louder. The reason is that, the bigger area of the wooden board allows the air to vibrate
more. When the tuning fork is vibrating alone, the number of air molecules vibrating from
it is relatively small. But when the handle of the vibrating tuning fork is kept on the wooden
board, we forcefully allow the wooden board to vibrate as well. This is known as the forced
vibration in Physics. You get the things done forcefully.

When the wooden board is vibrated, the air molecules that contain in its area is bigger. So,
due to a combination of many molecules the sound intensity is relatively higher. Therefore,
statements (1) and (2) are wrong.The other three sentences are about the time that the tuning
fork is vibrated. The vibrating energy of the tuning fork is given to the wooden board and
when the wooden board is vibrating, the air is vibrated again. When the tuning fork is kept in
the air alone, the energy transfer is happening relatively to a smaller number of gas molecules.
When the fork is kept on the wooden board, the energy should be given to that also. Therefore,
the tuning fork is vibrating more time in the air. If the sound intensity is increased with a more
vibrational time, then it is against the law of conservation of energy. Therefore, the correct

answer is (5).

Actually, the air is not a good conductor of sound. Especially, as the molecules of solids are
closer to each other, the vibration of a molecule is picked up by the other very quickly. But the
distance of air molecules is larger on average. Therefore, the vibrational energy is damaged
quickly. Sound energy is transformed into the heat. But sound energy generation is lessinside
a solid. So, the sound travels a long distance. You can clearly hear the sound of an incoming
train which is coming from a far away by keeping the ear to the rail track. But please do not try
this as you can lose your neck by keeping the ear. Put a watch that sounds ‘tik tik’ on a table
and keep the ear on the table. Then you can hear the sound of *tik tik’ clearly.

Fortunately, our ear is a very sensitive detector. The pressure changes of 10! from the normal
atmospheric pressure can be detected from our ear. Musical instruments like guitars have
sound boxes due to this reason, If not, the produced musical notes will be heard very weakly.
But electric guitars do not need sound boxes. You can think of the reason for that.
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(A)
(B)
©

1)
@

@)
©
©)

(33 A tuning fork is at resonance with a sono

Of the above statements,

(1) only (C) is true.

(3) only (A) and (C) are true.
(5) all(A), (B)and (C) are true.

This is a very simple theory question. As soon as you see (A), you can decide that it is correct,
Hope you have done many questions of this nature. If the tension of the wire is increased, then
the speed of transverse waves of the wire increases. As the tuning fork is not changed, it should
resonate with that particular frequency. If v is increased and f is constant, then A should be }
increased. To increase A, the resonant length should be increased. You can just feel that (C) is

correct.

34 Which of the following statements is true for a mixture of ideal gases at a given
temperature?

You do not have to think a lot for questions like these. Ifthe temperature is same, then the average
(mean) kinetic energy of the molecules is in the same value. Temperature is a measurement of
the kinetic energy. (1) is wrong. Even it is a mixture or a single gas, the gas molecules have
a speed distribution. As (2) is wrong, (3) and (4) are useless. Even if you have many gas
components in a given temperature, it should be 2m, (2, = 2m,€?, = 2m,€?; = - Therefore,
the root mean square velocity of the lighter gas cémponentzin the mixture should be greater.

35 Avolume V, air at 100% relative humidity is mixed with volume V, of completely dry air
at thf’« same temperature and pressure so that the final volume becomes V| +V,. The relative
humidity of the mixture is

meter wire. Consider the following statements —\

A standing wave is set up in the wire.
If the tension of the wire is increased its resonance length will decrease.

The amplitude of vibrations would be maximum if it resonates in the fundamental mog,
of vibration

(2) only (A) and (B) are true.
(4) only (B) and (C) are true.

All the gas molecules in the mixture have the same speed.

b

Molecules of each component of the gas mixture have the same average kinetic
energy.

Lighter gas molecules have a lower average kinetic energy.

Heavier gas molecules have a lower average kinetic energy.

Root mean square velocities of gas molecules of each component of the gas mixture are
the same.
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vapour needed to saturate volume V| is m. If m is needed t
mass needed to saturate a volume ot1 VvV, + qm Pl v-" -ﬂ-]en thgwater ARpOu
1+ Va)is 5 (Vi + V). As V, initially did

; m 2 Initially did not contain
WAlELVapont; once it was added to V, there was a'mass of water vapour m (the amount that
initially had). Now (V| + V) also has m. But to saturate, it needs = (V1 + 13). So, the new
relative hl_lmldlty Is “_*v_va,w,yThat means the answer is (3). If the pr'oblem is caught, then all
you need is to write this expression on the rough paper. Even if you look at the expressions,
we do not know. whether V, is greater or equal or less than V.. So, there cannot be a ratio like
V,/V,orV,/V in tl.le answers. If V, =V, then the relative humidity becomes 100% again. If
V,<V,, then the ratio of V /V, becomes more than 1.V,>V, but always the ratio

v, .
N or—2—is less than 1.

Vi +V, Vi +V,

36  Consider asituation where a layer of ice is being formed on Arctic sea water due to a constant
temperature difference between sea water and the atmosphere. The variation of the rate (R)
at which the heat is extracted from a unit area of ice-atmosphere interface by the atmosphere
with time (t) is best represented by

R R Ry R Ra

) ) 3 (O] (5)

MR IRES I SR TR D
B e S O L VERY)

It has been mentioned that the temperature difference between the two sides of the ice sheet is
kept constant. Therefore, the heat drawing rate per a unit area (R) is inversely proportional to
thickness of the ice sheet. R oc 1/d

As the time lapses, d is gradually getting increased. Therefore, when d is increased, R should
be gradually decreased. So, the answer should be (1). You can directly remove (3), (4) and (5).
Due to the nature of inverse proportionality, the reduction cannot be linear.

The other point is that, when time passes by, R should reach a certain value. The thickness of
ice sheet cannot be increased continuously. These facts are being satisfied only in curve (1). If
(2) is correct, then at a certain time, R=0. If so, then d should be increased continuously. No
need to write any equation. You can even decide from general knowledge that R should be

reduced with time. Such questions are given in many occasions.

37 Aparticle with charge q and mass m travels perpendicular to a uniform magnetic field along a
circular path of radius R with frequency f. The magnitude of the magnetic flux density is given
by

Opat @2 oo @ g ©) 5

q 2w fq

You need to write equations for this question. In such an oggasion, write mv¥/R = qvB equation
that you always write and get the expression forv v = "T

2
aBR B nfm

v

Nowf=m.Thenf=m2nR

You need to spend some time for this. That is to write equations. But no need to argue. Ay
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38

39

R,
When the value of R, in the figure shown is varied from 0 Lk —o
to infinity, the corresponding variation of V with R, is best ‘L R
represented by Vo v
[k
: —0
\ \% v \
V ..... VOV. VOV"NOV VOI/
0 20 5 %, 0 R, 0 »
v 4 ©)

O’ Law Combination of Resistances.

ite down some expressions that you are al.ready familiar with, The speci)
fact is that f is not dependent on R. Even if the charged particle goes around in any radius, {
does not change. This frequency is known as the cyclotron frequency. A particle accelerator
known as cyclotron is used to accelerate charged particles like protons. It is important that f

independent from R for its functionality.

you need is to W

You do not need to write any equations for this question. If you still write equations and
expressions, then you are not a child who has mastered MCQ. What is implied from R, =0 is
that putting a thick wire into the place of R,. Then there is a current across the circuit (across
R, R, R,).That means V gets a certain value. You do not have to find that. It is enough to
know that it is a particular value (less than V). V will not be zero even if R, =0. Even from

that you can remove (2), (3) and (5).

R, is getting an infinite value means breaking the connection of R,. The road is closed. Then
there is no current across the circuit. So, V = V,. If the connection of R, is broken then there
is no current across R,. Therefore, when R, is reaching infinity, it is enough to see that V is
nearing towards V. Except for (1), this characteristic is not found in any variation.

If the currents passing through networks shown in figure (a)
and (b) are I, and I, respectively then the ratio, L/I, is equal to
(Neglect the internal resistance of the cell)

VT

m? @3 32 -
CF (5)2

You need to find the equivalent resistance on both situations. As V is same,

you can take the ratio of currents. In the network of (a), first two R resistors g R
are parallel. Second two R resistors and likewise the third two R resistors are
also in parallel to each other. If you cannot see at a glance, then look at this
figure. R g
Both ends of the two wires without the resistors are at the same potential.
Now can you get the equivalent resistance using the memory? R and R are . ;
Parallel. The equivalent is R/2. Such three of R/2 are in series. 3 times of R/2
is ?R/Z. YOL'I need to write 3R/2 in the paper only. Writing any other thing is
i a time-wasting activity. J
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The only difference in the network (b) is, there are 4 resistors instead of 2 resistors. But can
you see that these 4 are parallel to cach other? Again, the top ends of each four are from the
same point. The bottom ends are also like the same.

The equivalent of four R is R/4. This R/4 is in series with R/2 on the top and R/2 on the

bottom. Do you need to write to add them? %, ¥, 1. A quarter added to 1 is 1 %. That means

5R/4. Now the currents are proportional to the reciprocal of the resistors.
32_ 3 4_ 6

I
Therefore, L s/4a_ 25 5
The value for L, for bottom (denominator) and I, for the top (numerator). However, there is

no 5/6 in the answers. But unfortunately, in the paper of Tamil medium, it was printed as I /1,

instead of L/I,.
40 The cells E, and E, shown in the figure have zero internal resistance. R i
The voltage V across the terminals A and B is 3 .
() E — E, (2) E; + B, @)= 1
(4 B3 (5) 22 e ot

B e o' nf el
e Jrennormr  OF COiIS)

You need to do some work. When you have such answers, you need to write expression/s most
of the time. If you need to find V, then you must find the current across the cells. If the current
across the cells (circuit current) is i, then you can write 2i R = E, — E, quickly. Here I have
taken as E >E,. Ifneeded, take as E>E,. It eventually does not create a problem.

R%O%R R%"h%k
E,'[ IEZ E|I IEz

When E, > E, When E,>E,

Now V=E -iRorE,+iR (ifE>E,)
V=E, -(E-E)2=(E+E,)?2

The above final result can be obtained however even by taking any side. If E, = E, = E, then
V = E. This is a known fact by yourself. If the cells with same e. m .f of E are connected
parallely, then the equivalent e. m. f is also E. When E, = E, = E and V=E can be obtained
only by the expression of (5). I am sure that this fact is not falling into your head. I also saw
once I did the problem. Such a simple answer cannot obtained if R values are not equal. Then

ualso will be dependent on R values. Do it and see (by taking as R, and R)).
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r’ When the cells with e. m. f of E are connected in Qa@llel, their equivalent ¢. m. fis E ithe)
esistances are negligible or their internal resistors are equal to each Othey

due to their internal 1 .
If the internal resistors are not equal, then you cannot take the equivalent e.m.f as E.

It has been mentioned here that the cells have zero internal resistances. If needed, you can tak,
R as their internal resistor.

light dependent resistor (LDR) and a 1 kQ resistor.

41  The figure shows an operational amplifier circuit with a l""‘V
|

1.5V
The supply voltage to the operational amplifier is £16.5 V l Lor! @
and its saturation voltage is + 15 V. The resistance of the
LDR is 1 MQ at complete darkness and 100 € at bright

light.

The approximate value of the output voltage of the circuit V. at complete darkness and bright
light will be respectively

(H15Vand 15V (2) 1.5Vand 165V
(3) -1.5mVand-15V (4)-1.5Vand-16.5V

(5) 1.5mVand 15V

Such questions can be seen in essay questions too. This is a non-inverting operational amplifier

circuit. If the resistance of LDR is R (k2), then you know that,
Yo BT G4l
1.5 R R

Either you should know these equations by heart or else you should be able to derive them

very quickly. 15 ¥

R R+1

(considering the current that is flowing into the operational amplifier as zero and V,=V.)

In the dark, R = 1 MQ. The value you get when 1 kQ is divided by 1 M, is very small
(0.001). Therefore, V =1.5 V
1. 10

c=12=10 Vo=11x15=165V

In the bright light, R = 100 Q. Then
Here there is apit for the children to fall. Even though V. = 16.5 V the saturated voltage is 15V.
So, it cannot exceed this value. Therefore, the correct answer is (2) not (1). Exactly 16.5 v
is given to put into the pit if you like. If there is no such information about saturated voltage,

then there is no problem in taking 16.5 V. Here both values of 16.5 V and 15 V are given t0

put you in trouble.
42 In the circuit shown, the transistor operates in the active mode 3 A
with V;=0.6 V. The collector-emitter voltage V,,, in the circuit 33kQ
is approximately -
(1)0 ) 2V (3) 4V ') Vee
46V (5) 10V
T A e s e 49
_ -0V J
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4 You need to work a little. There is no wrong if you see the circuit as abnormal, As v —
negative value even though V,, =0, V. is positive. No issue is there. As V._ = 0,V =- 0.6 V.
Now I, can be found. a= U Vg 6 V.

_ =06-(-10)
4,7 5,
Asle = Iy 10-Ve=2X33 Ve=34V  Vg=34-(06)=4V

Ig 2mA

There is a time-consuming calculation but everything simplifies easily.

a force by applying it to a uniform metal rod of length 1 and area of
cross-section A, and measuring the resultant compression (Al). E is the
Young’s modulus of the material of the rod

43 As shown in the figure, a device is made to measure the magnitude of
F—> ‘_‘:‘%’

The smallest value of the compression that can be measured with a measuring instrument
attached to the rod is A/ . If the smallest value of F that can be measured with the device is F,

then the length 1 of the rod should be such that

EA F, F A
(11274 @ 1228, (B)s- (4)125% (5),5%%

= EAAl,
) o

It is simple even it seems difficult. It is enough to write the related equation of Young modulus.
EAAl
l — 0

When F = F,, Al = Al,. Therefore, E = L TCE LR P :
To measure the smallest Al related to F, the Yafie bt from thE above expression at least

should be equal. If it is smaller than that, the work will get confusing as the compression you
get is lesser than A/ (/ a Al). There is no problem if 1 gets greater than this value. It is better.

Therefore, the correct answer is (1).

The competition is between (1) and (5). You do not need to look at other expressions. You can
remove (5) directly at least if you felt that | should take the above value.

44  Asshown in figure A, a child sitting on a rotating chair, rotates

with an angular speed ®. The moment of inertia of the system

with the child around the axis of rotation is 2 kg m?. As shown OR
in figure B, while rotating, the child catches a thin ring R of : :
mass 4 kg and diameter 1 m, which id falling vertically with %; %

its plane horizontal, and with no angular momentum. The final
angular momentum of the whole system would be

S 5
2
Mo 4) [zw
(A) B
(2)§w ®)
(3)0) (5) '§w o IR MR e o e s otational Motic B

This is a question that you are familiar with. Allyou need is conservation of angular momentum.
Fortunately, or unfortunately instead of finding final angular velocity, it has been given to find
the final angular momentum. There is nothing new to find in final angular momentum. It is the
initial value (2). If the final angular velocity is ®’, then 20 = 2+4X(12)]0" o=230

You should know the moment of inertia of a thin ring as mR*. No need to know the momey

N
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~Finortia of a disk or a rod. But a thin ring is equivalent to a mass m from a distance R fro\wm
the centre. Therefore, if you do not know mR?, then what else should you know?

A boat made of metal floats in water with one fifth of its volume submerged. If a second bog
is made with a volume five times bigger than the first using the same mass of the same meta|

that has been used to construct the first boat, then the ratio,

45

the maximum load that can be carried by the second boat‘.s equal to
A
the maximum load tha can be carried by the first boat
() 10

13 @) 5 (3) 6 “ 8

ey
You should not waste time by writing equations for this question. You can build everything
from logic. Take the initial volume of the boat as V. When there is no load, the sunk volume of
the boat is 1/5 V. Then the maximum load (m,) that could be put into should be proportional
to 4/5V. 4
mq x=V

When the maximum load is put, totally the boat should float slightly. Therefore, the load must
be put to sink the rest of 4/5. Now the mass of the boat is unchanged and the volume is made
to 5V. Even the volume was 5V, as the weight of the boat is same as before, when floating it
sinks to its initial volume of 1/5 V without a load. If the weight of the boat is in the same value,
then the upthrust should also take the initial value (as water was not changed). As the second
boat is also sunk to 1/5 V, the residual volume above the water is 24/5 V (5 V- 1/5V). Now if
m, is the maximum load that can be put to this boat, then it is proportional to 24/5 V.

x—V
m, 5

mz/m| =6

Actually, there is no need to write the symbol V also. First load is proportional to 4/5. The
second load is proportional to 24/5. Therefore, the ratio'is 6.

46 Two point charges +q, and -q, are placed as shown in the
figure. Resultant electric field intensity could be zero at a

B}

point

(A, ifq=q, (2)A, ifq>q, e b sia Lt 4
: *q, : <

(3) A’ ifq|<qz (4) B: lfq|=q2

(5)B,ifq,>q,
Electric Field intensity : mb’s Le
You do not nged to write equations for this too. You can get just the answer by logic. All five
answers mention about points A and B. Null points are occurred near to the weaker one and far
t}c: the stronger one. There are positive and negative charges here. When their values are equal,
:here cannot be nul'l points anywhere. Only (2) stays near to the weaker and stays away from
b.e sttronger. Ev'en 1{ the.re can be any value, there cannot be a null point in the perpendicular
p;:zzdo(r) of th'e line joining the two charges. The field intensity of any point in it is not even
T pposing to each other. Then how can you get the null point? If your father is strict ily
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— - - O —
r_r-n;tﬁer is kind, then stay away from father and stay close to mother. By this way you can be )
in a neutral way.

If q, and q, are alike charges (both are positive or negative), then the null point of intensity
is placed on the line joining the two charges and in between them. Here also stronger-weaker
personal law is correct. If q, = q, then the null point is in the middle. If q, and q, are unlike
charges and they have differences in the magnitude, the null point will be situated on the line
joining the two charges but outside to the charges on the straight line. If the charges are unlike
but same in magnitide, there is no such a null point. If your father and mother both are equally
kind, then why do you need a null point?

47  Aradioactive source is placed at the bottom of a hole in a lead block. The beam of radiation

emanating through the hole is allowed to pass through a magnetic field as shown in the figure.
Three separated beams A,B and C could be, respectively

(1)o,f andy () B yanda
(3)y,0and B 4)a,yandp~

(5)7, and a

This very easy. B which goes without a deflection should be 7y rays. There is no charge for y
rays. Only (2) and (4) are left out. If we consider that the magnetic field is going inside the
paper (from N to S), positive charges should deflect to the left (qvB). The deflection of right
is from negative charges. v

The other point to consider is that as a particles are heavier in mass compared to p particles,
greater deflection should be possessed by B particles than a particles. Therefore, definitely C

should be .

48 A metal block is hung from a support by a string P as shown in the figure. An identical piece
of string Q is attached underneath the block.

Consider the following statements, "

(A) IfQis taut the tension in P is greater than that of Q.

(B) If Q is pulled with slowly increasing tension, then P has a tendency to 0
break before Q.

(C) IfQis pulled with a jerk, then Q has a tendency to break before P.

Of the above statements,
(1) only (A) is true. (2) only (A) and (B) are true.
(3) only (A) and (C) are true. (4) only (B) and (C) are true.
(5) all (A), (B) and (C) are true.

Ao
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( Statement (A) is straight forward. There i§ no problem in it, The weight of the metal bjog)
is held by the string P. Therefore, the tension of P should be greater than tension of Q, Lay
the other two sentences. If Q is pulled with an instant impug,

of inertia is being checked by
it is not gone to P due to the metal block. The mass of the metal block (inertia) is bean'ng ‘

that impulse. But once Q is pulled slowly the opportunity is given to go towards P (by time) |
Therefore, all the sentences are correct.

More examples for the above phenomenon.

The coin is kept above the cardboard piece and suddenly when the cardboard is pulled, the

(1)
coin will not come with the cardboard piece. It falls into the glass. If it was pulled slowly, thep
the coin will come with it.

(i)  If you need to take a cloth from the bottom of a clothes stack, then you can do this without

allowing the top clothes to fall as you pull it instantly. If you do it by pulling slowly, the whole
stack of clothes will fall down.

L

(iii)  If the bottom part of a mammoty is needed to tightened, what is the best method from above?
What is the best? Should the mammoty blade be hit with a rough floor (in a concrete floor)?
Or else should the handle of the mamoty be hit on the rough floor?

Even to tightened the handle of the hammer, you need to do the same thing.

(iv) © If a heavy metal block is kept on the stomach of a lying person and then hit with a bedge-
hammer, that person does not feel it.

49 A decoration consists of four independently rotating
sets of small lanterns P,Q,R and S which are fixed to a
rotating central pole as shown in the figure(A). All the
rotating take place around vertical axes. Which of the
following modes of rotations provides the best stability
to the entire decoration?

T

, Figure (A)
N k ‘__J

. 2007 Ab
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This question was the victorious question of the year. It was a question that was spoken by
the children and the teachers. Still, some are presenting numerous arguments. Some others are

scolding.

The simple logic inside is that if the angular momentum is high in a rotating system, then
its rotating stability is increased. Angular momentum checks the ‘strength’ of the rotation of
an object around an axis. Therefore, as long as the angular momentum is increased, such a
rotating object cannot be toppled. That means the rotational motion is relatively stable. You
can give many examples such as rotating drum, rotating wheel etc. for this. It is a known
fact by us that someone can be balanced in a moving bicycle (driving) than a still bicycle.
Therefore, I cannot understand why this question is under so much conversation. Everybody

is rotating to the same side in (4).

Many are arguing that such Vesak lanterns are practically not rotating according to the method
of (4). I feel that there is truth about it. Many say that relative to the main rotation, the rest
of the lanterns are rotating to the other side. Even though it is true the logic that is brought
to explain it is wrong. You need to think for a while before saying the statement that, if
the angular momentums are in opposite directions, then they can be cancel off. This I will
describe it. I think that the accompanying lanterns are made to rotate to the opposite direction
to increase the beauty and the attractiveness of the lantern. I feel that saving energy or any
other scientific factor cannot be obtained by this. If somebody thinks that I am not correct, this
question is open to him/her. Send me the logic. Such conversational arguments are good for

the progress of Physics.

Before providing the note of mine about the angular momenmrq, you shoulfi be able to figure
out why the examiners have hidden the word of Vesak lantems in the question.

We know that angular momentum is a vector quantity. As a convention, its direction is. towa-rds
the direction of the angular velocity whereas it is directed towards the rotational axis. Think

that L1 as the angular momentum of the system which rotates about the middle pole. It is
directed upwards towards the middle pole.

&
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consider L, as the angular momentum if a single lantery is)

( ok at this figure here.) Now 10 ‘ :
g;t(;ting towards the opposite direction. The action line of the lantern is towards its rotations|

axis which is directed downwards.

L
T . B

~
' L
It is important to clarify that the action lines of these two angular momentums are not situated
in the same axis. Here to find the resultant of L, and L, is a c?mplex task. If the magnitude of
L, and L, are equal, then it is wrong to say that the resultant is zero.

Although they are two forces, the resultant is not zero even if their action lines are different
but are equal in magnitude (parallel and unlike forces). Actually, there is a simple equivalent
torque in it. It makes a force couple from it. Keep in mind that L, and L, are not forces. L, and
L, are associated with tied up torques (moments). To find the resultant of L, and'L,, L, that is
acting downwards towards B cannot be carried and kept under A. When bringing a thing in
another place to a place we want, we have to be careful always.

The total angular momentum cannot be zero as the accompanying lanterns rotated to the
opposite direction. Therefore, I need to emphasize that the concept of easily rotatable is not

correct.

However, when such lanterns are built, the middle pole is kept still and stable to the ground
or it is being connected to something, But the correct answer is (4) for what is being asked in
the question. If there is a good and strong angular momentum, then the rotation is a lot stable.
If the angular momentum is weak, then it can fall even at a small issue.

Even it is more than the level of A/L, I will mention the theorem of vectors (forces) here. If
you feel like this is unnecessary, then forget about it.
I F
[ ]

A B
If force F that is acting in B is needed to be taken to A, you need to do a little trick. Put upward

and downward two acting extra forces of equal F (in magnitude) in the point A. We can do that
as it does not do any damage.

This figure is balanced to the previous figure. (F and -F are being negated with each other.)
But now instead of the force F acting in B, there is an acting force in A which acts to the
same direction. Even there is a generated force couple from the force F in B and -F in A. This
indicates that the force F acting in B just cannot be taken to A. Following is a universally fair
theorem of these forces. Remember this is unnecessary.

b e
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( Force system that is acting on a solid subject can be replaced by a single force that is acting in )
a required point and from a suitable moment.

I

Now think that there was another force F upwards in A initially. Then are you clear with the
balanced diagram?

A system of coplanar forces OA,0B,0C,0E and OF acts on an object as shown in the figure.

50
Magnitude of OA=2 OD and OE = 2 OB. The resultant force on the object is most likely to
be F
(1) along the direction of OC. (2) along the direction of OE. ¢ %
(3) along the direction of OF. (4) along the direction of OA.  p v
0
(5) zero.
E

You need a good eye than Physics for this question. If you like Physics, then your two eyes
should also be good. Then only you can have a nice experience on this beautiful world. As the
question has mentioned about the magnitude, you can start from there. When OD is cut off
by OD, the resultant of those two forces comes to the middle of OA. The story of OE and OB
are the same. Next, when the parallelogram is completed to find the resultant of half of OA
and half of OE, you can see that it is equal and opposite to OC. Then what is left will be OF
only. There is no problem if you can draw a rough sketch on the paper as shown in (1) to get

the answer.

There is no wrong in arguing according to the figure (2). The resultant of OD and OB is
exactly equal to OC. With the existing OC, the total will be double (2 OC). Nowas you can
see, the diagonal of the parallelogram drawn with OA and OE is also equal and opposite to 2

OC. Therefore, all cancel and OF is left alone.

ortant. The two initial starts that are easy have

decision. For example, the problem
le? That man is

The start of solving such a question is very imp

been shown above. There is no such a good start is my .
cannot be solved if you start from OF. With whom are you going to coup

alone.

LK
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-

an opening of area A, 1n a container o1 Cross-sectional P
the figure. If the motion of the water surface in the
d the speed v at which the water drains is given by

Water drain through
area A, as shown In
container is not ignore

0 o= [ @ =l

A
15

L X
AR

l

~

A

2 v
@ o= |-B— @ o= |- © v= -
A—‘H A{ -1 -—2!-1
Azz A, A,
Iyn: B e R i S

You need to write one or two equations for this question. There is no doubt that you might
have done this question under Bernoulli theorem by considering A, is relatively bigger than A
and assuming the motion of the water surface is very slow (that means assuming the speed of
the water surface as zero). Sometimes you may know the answer as v=\/2gh by your memory,

This is also known as Torricelli’s theorem.

In this question it has been mentioned that not to neglect the speed (motion) of the water
surface. Some have blamed for this statement. There are two negatives in ‘not to neglect’

phrase. Such statements are normally not in use.

But normally how this problem is solved by neglecting the motion of the water surface. So,
by saying not to neglect, it gives a command to go away from the normal solving method. It
is true that not to neglect means to consider. My feeling is that it is more suitable to say not
to neglect the motion of the water surface instead of saying consider the motion of the water
surface. It gives more weight and power to the meaning of the sentence by saying like that.
Instead of saying stay in love, does not it sound more serious to the heart by saying do not
stay in lack of love? Even the word not to neglect is being bold. So, anybody with eyes should
directly see it. |

;% + 2gh = v?

The pressure of the water surface is the atmospheric pressure. As the hole is open to the air,
its pressure is also the atmospheric pressure. Therefore, the pressure terms are not written on
both sides. The horizontal level across the hole is considered as the zero potential energy level.
Now to find v, you need another equation. It can be obtained from the continuity equation.
A,V,=A v What is pulled from the above should flow from the bottom.

When v, is substituted to equation 1, 4;°v?
7 t2gh= v?
2

From this you can get the answer, y = [-29"_

st
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2
mz is relatively larger than A, (A,>A), then the term % gets less than 1. If you ne lecT
that term you will get the familiar relationship of 1 = J2gh. This requireme;n is satisﬁfd in
the relationship of (1). If you cannot get the problem solved by writing equations, by using
mathen:qatzics you can go for the correct answer. Luckily, the denominator has not been given
as (1+ ﬁ)_ When A,> A, by the expression of (3), you get v = J/gh .Number 2 is not inside
the square root. In (4) and (5), the square root is taking a negative value. It is not real.

 feel it is important that I should review more about this question.

Think that the water injection point is closed from a cork. Then the water is still. Now what
is the pressure at point A (inside the water)? No doubt that you will say that it is (x+hpg). Yes
you are correct. If you want, you can apply Bernoulli theorem to the water surface and point
A. As the water is still, the kinetic energy term gets zero. You will get as m+pgh= P,. Here
pgh is there to indicate the potential energy of a point in the water surface relative to point
A. Actually, you get pressure in a still liquid due to the weight of the liquid above (potential
energy). In a place where g=0, there is no weight in the liquid (no gravitational potential
energy). Therefore, there is no pressure in the liquid (from the liquid).

The term pgh of the Bemnoulli theorem is wrong to take as the pressure. It is the potential
energy of a unit volume of the liquid. If the water is still, the inherent pressure in the liquid is
given by pgh. Therefore, we say the pressure is obtained by pgh (hpg). But once the liquid is
flown, the pressure changes inside the liquid.

Now think that the cork was removed in the above set up. When the water is flowing, now the
pressure in point A is getting less than the previous value. It is wrong to take as m+hpg=P,.
Now the water is not static. It flows. It means there is kinetic energy. So, the pressure of point
A definitely reduces. It is the atmospheric pressure. Water is exposed into the atmosphere.

Another place which can get wrong is when writing pgh to the right side of the equation (1).
That

means %pvlz = pgh + %pv2

This confusion is there if pgh is being considered as a pressure. If taken as pressure, one can
argue as the pressure below needs to be higher. But as I mentioned early, pgh is a potential
energy term. Do not mix it up with pressure. If we consider the bottom level potential energy
as zero, then the potential energy on the water surface is higher. It is pgh. If the water surface
is taken as zero potential level, then the bottom level potential energy is -pgh. There is no

problem in it. Even naturally we know that v>v,.

G | _
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A uniform electric field of magnitude 400 V m!' is acting in the \

direction as shown in the figure. If V, and V, are the electric
potential at points A and B respectively, then V-V, is equal to

(1) -6V ) -3V (3)0 «
(4)3V (5) 6V it

There is a simple calculation here. If there is a point charge in B, the force on it towards x
direction is E cos 60° =400 X %2 =200.

Now when the charge is taken from B to A, the work that should be done against the electric
field is 200 X 0.03 = 6. There is no use from E sin 60° component. It is acting perpendicular
to the X axis. A point charge should be taken from B to A. For that we need to do work.
Therefore, the potential of A should be higher than the potential of B. So, VB- VA should be
a negative. What can go wrong is the selection of one answer from either -6 or 6. You can get

the value instantly. 400 X %2 X 0.03

The internal resistance of the battery shown in the circuit is zero. :
The value of R is adjusted until the voltage across it becomes R X
5 V. The equivalent resistance of the part of the network to the SR TR
. ‘ R,

right of XY is lover R [ "

(1) Ro 2) Ro+ Ry Y

ROR1 4) RoR4 5 R
(3) R]._ RO ( R1+ RO ( ) 1

You will be lost if you jumble the question. You will be in a big confusion if you try to find
the equivalent resistance of the network on the right side of XY. Some have gone on that path
and got trapped. They might have scolded that this question is not in the syllabus. Some have
argued that you need A, Y transformation for this question. (transformations of resistance

networks are not in the syllabus).

If you look at the answers, you will not go in the wrong track. Even there are only R, andR, in
the answers. Therefore, the logic to get the equivalent resistance is different. The needed parts
are given in the question. As the internal resistance is zero in the battery, there is no voltage
drop across it. So, if the voltage drop is 5V across R , then the voltage drop across R, and the
rest should also be 5V. Therefore, if the equivalent resistance of the network to the right of
XY is R’, then the parallel equivalent resistor of R, and R’should be equal to R . IfR, and that
equivalent resistor equally divideeach by 5, then R, and that equivalent resistance should be
equal to each other.

1 1 | 1
SO,—+—:——)—=i_i_R‘R "
- Re "R Ry R Ry R ,;OR1° The answer is (3).
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This is actually a practical method to be used in an equipment if we do not know the equivalent
resistance/ cannot calculate the resistance or to find the balanced resistance of a resistor

network. There you do not even need R,. By using a variable resistor (R)) if we can find
the value of R that both are sharing equally, then the equivalent resistance of the unknown
network is R . If R, is not in the question, then R, is the answer. There is no need of the drawn
part that is right of XY. If it is not drawn, then the task gets easy.

s4  Three identical circular wire loops are placed iy
perpendicularly to uniform magnetic fields of flux density .
B. The extent of the magnetic field are different from one s
P Q

another in situations P,Q and R as shown in figures. The
extent of the magnetics field in Q is equal to the area of the
loop. When the flux density B varies with time at the same
constant rate, the induced e.m.f. s of the respective wire loops are E_E,and E,. Which of the
following is true regarding the magnitude of E.E,and E;?

R

(1) E=0, E,=E, () E,=0,E.>E,  (3) E,~E,~0,E#0

(4) E,<E,, E,=E, (5) E,<E,<E,

sl S Bl i el g T N R SRR
El/ectromagnetc Inauc

Before reviewing this question, look at the note below. According to Faraday’s law, the
induced e. m. f (E) is E= - Ag/ At (the rate of change of magnetic flux)

on

Let us take ¢ = BA. That means there is a2 magnetic flux density of B perpendicularly for an
area of A. If you need the magnitude of E, then it can be written as E =A(BA)/ At

If both A and B are changing, the above expression can be written like this by dividing them

into two.
AA AB
E= B.E + A.'A—t siawiss (1)
Such expressions are very familiarto the students of mathematics. If not, you should be able
to understand the division of these two. You will understand it is fair to keep one as constant
and take the change of the other whereas in the next term the second is kept constant and take

the change of the first oneif a change of a multiple is taken.

X X XX X X X
X X X[X X X X
X X X[X X X X
X[x xx x|/
X X X X

X
XIX XX X
X

X X
X X
X X

According to the relation (1), it can be seen that there are two methods that an e. m. f can
be induced. According to the first term, keep B as constant and make a change in the area
somehow. We are much more familiar with this. Method. For example, think of an instance
where a wire with | length is taken across a constant magnetic field. A =Ix

AA/At= A(Ix)/At=1 (Ax/At) =1 v

Here | is a constant. Ax/At is the speed of the rod. Now the first term in Blv. This is our familiar
equation. This first term is called as the motional induced e. m. f. J

i

|
g -
|
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In most of the cases that we consider, B is constant. Therefore, the second tenm

r an e. m. f'can be induced by varying the magnetic field with time. This term' is known as an ¢,
m. f generated from the time dependent magnetic field or an induced electric field. When the
magnetic field is varying with time, there will be an induced electric field from it.

According to the two terms, the generation of an e. m. f can be explained from the figures

below. TR XXX XX X X s
X X X K X XX X X X XX X X
X X XK X XX X X X XX X X
X X XK X XX X X X XX X X
X X XK X XXX X X XX X X
X XK X XXX © XX X X

(a) (b)

a) B is constant. The rod is crossing the force lines. An e. m. fis generated

b) B is constant. The rod is not going across the field. An e. m. fis not generated

XXX XX X XX X X
X X X X[|X XX X X X X X X X
X X X X|X XX X X X XX X X
X X X X|X XX X X X XX X X
K X X X[X XX X X X XX X X
X X XIX XX X X XX XX

©) ©)
¢) B is changing with time. The rod is still in the field.An e. m. fis generated

d) B is changing with time. The rod is kept away from the field. But an €. m. f is generated

The result from the two terms can be simply explained like this.

When B is constant: To get an induced e. m. f there should be an area change in the field.
If a rod is moved outside the field, then there will be no generated e. m. f. B is static. It is not

moving. So, what to do if shaken from far away?

When B is changing with time: At this instance, as B is not static (there is an induced electric
field in the space) even the rod is outside the field,there will be a generated e. m. f.

In simple terms, if the magnetic field is kept still (static), the rod should be shaken or rotated
inside the field. There is no use if the rods are shaken outside the field. But if the magnetic
field is shaking (dynamic), then if the rods are shaken from far away it can be felt even a bit.

We will build up this story matching to younger time. Think that you need to win the love of
another one. If s/he does not react (shake), there is no point in your dancing far away. But if s/
he has a reaction, even from a distance you two will build up a relation (interaction).

The answer to the question is (4). The area related to the change in the magnetic field is greater
in loop of Q. In R, the induced e. m. f. on the loop is zero due to the change of field outside
the loop. All you need is the area surrounded by the loop. This fact is mentioned by me in the
review of 2006.

Here, you need to understand very clearly that A represents the area related to the magnetic
field f:hange which is surrounded by the loop from equation (1) and not the area of the loop.
Conmdc_:r the radius of the loop as R. Consider r as the radius of the circular part that the
magnetic field is acting on the instance of P,

i -
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(There is no motion happening from the outside)

Look at the following problem

1)
AB
Ep =nqr2——_
p=nr =
ForQitis
AB
Ep) =nR?—
¢ At
For R also
AB
E, = v e
RERE

The first part of equation 1 is zero for these instances. There is no

X X X X X
5 o< X XXX
l><.><><x><

I X XXX

KX X XX
> 457D @4

XX XX
XX XX
XX XX
XX XX

XX XX
X X X X

55 Arectangular wire frame made from a smooth resistive :R; i ciXiii 1 A
wire is connected to a battery of e.m.f. E with negligible //// e 4
internal resistance as shown in the figure. XYis a piece  :] % it T- &
cut from the same wire, which can slide along the wire ; S ;Y: .

Scm

A 5 cm length metal rod is moving to the right in a reel in 2 cms™. At an instance when the
rod is at 5 cm distance the magentic field intensity is 0.2 T and it is acting into the paper. The
strength is increasing by 0.1 Ts"' at that moment. Find the induced e. m. f of the rod. [ Hint:
You need to consider the two terms of equation (1) here. Be careful about the direction of the
induced e. m. f also.]

frame. A non conducting liquid film of surface tension T
is formed in the region CDXY, and the entire structure
is placed in a uniform magnetic field of flux density B acting in the direction shown. If
XY=XD=CD=CY, and the current through AX is I, then the wire XY will tent to move to the
right when,

8T AT
B> ®) B<3

4T 8T 4T
@)B>— () B<7 @B>

TR TN S LT GO ke B i
~ Forces on current conductors

Even though there is lot written in this question, such questions are not new. Therefore, you
can very quickly put what is being asked in the question to the head.

L

There is a force due to the surface tension on the left side of XY wire. Therefore, if XY needs
to be moved to the right slightly then the force due to the magnetic field of the current across
XY, should be slightly biggerthan the force of surface tension.

By mistake you can decide that I current is also flowing across XY. This is the mistake that can
occur here. As the frame and XY wire is made from the same wire and the respective lengths

are equal, current I is divided in X as 3:1 ratio. XY is one way. In the path of XDCY, there arJ

\ three such XY. Therefore, the current across XY is 31/4.
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r More current should flow across the less resistor. Now the rest is casy. If the length of Xy iy
l

3
- l
B411>T2

B 8T
31
When taking surface tension force, you should not forget to take the two sides of the film. If2
is forgotten, then there is an answer for that as (4) to fall in the trap. There is no such answer

if you take I instead of 31/4. Therefore, that trap was not set.

These are known questions. So, it is useless to spend time on these.
; . Py
An ideal gas is taken through a thermodynamic cycle as shown in e

the figure.
2

56

Process 1—2 is isothermal and during the process 60 J of heat
enters the system. Process 2—3 takes place at constant volume and
during this process 40 J of heat leaves the system. >V

The change in internal energy (AU) of the system during process 3—1J is
(1)—40] (2) -20] (3) 0 (4) +207J (5)+40J

Thermodynamics:
Where ever you go around and come back finally to the starting point, the algebraic sum of
the internal energy change is zero. As the process of 1—2 is isothermal, for an ideal gas Au
is zero. Actually, there is no use to the question from 60 J. Even if you consider it, for 1— 2
you cannot find Au, because you cannot find AW for that process. You cannot find the area in

between the curve and V axis. Even the values of pressure and volume are not given.

"

Every time for an ideal gas in an isothermal process Au is zero. The reason for that is the
internal energy of an ideal gas is dependent on the temperature only. Even if you find AW for

1-2 process, you will get AW as 60 J. AQ — AW = Au, 60-60 =0

As the volume is constant in 2—3 process, there is no work from the gas or has been done
from the gas. AW =0. As heat is going out from the system AQ = -40. Therefore, Au, = -40

Now Au, +Au,+Au, = 0 and Au, should be 40.

If we }ook under physical conditions, for the process of 2—3 Au should take a negative value.
That is because point 3 is below point 2. Following figure shows if isothermal curves are
drawn in PV diagram.

P
Temperature

increase

\'%

The temperature can be reduced without changing the volume by removing heat from the

system only. For the process 3—1, you can get from the logic that Au should get a positive

value. 1 and 2 belong to an isothermal curve. The isothermal curve that goes across the point

Sh asll]u:ll:ld be blow (:be curve 1, 2. Therefore, the temperature of point 1 is definitely higher
e corresponding temperature of point 3, So, when goi i

bt n going from 3 tol, the internal energy

e
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The rmometer mﬁ'st. p'os_sess good sensiti
57 which of the following is true regarding

K‘i’l‘o increase accuracy

e . Gy o
(1) Reduce the radius of the capillary,

vi
3 ty as W?ll as good accuracy. In this connection
mercury-in-glass thermometer?

To increase sensitivity

Increase the volume of mercury in

PR the glass bulb,
creases the volume of 4
( Igl;ass bulb. mereury in the Reduce the radius of the capillary.
(R

@) Reduce the volume of the glass bulp, Reduce the radius of the capillary.

e .
@) Increase the radius of the capillary. Reduce the volume of the glass bulb.
(5) Reduce the volume of the glass bulb. Increase the volume of mercury in
the glass bulb.

_ Thermometry
What is implied as the accuracy is that the temperature that needs to be measured should
take the same value as far as it can. If that can be done, then the thermometer is accurate.
The accuracy for a glass-liquid thermometer is to show an expanded length for a particular
temperature difference. Then even a small temperature difference can be measured easily.

As asked in the question, these two facts should be achieved separately. To increase the
accuracy, less heat should be drawn from the system that measures the temperature. Otherwise,
it will measure a low temperature. To make this happen you need to use a small volume of
mercury. Same thing is indicated as the used volume of mercury and the volume of the bulb.
If we consider only about increasing the accuracy, it is better to reduce the volume of the bulb.
But it is badly affecting the sensitivity. If there is less mercury, then the expansion at a certain
temperature difference is less. If there is less expansion, then it reduces the sensitivity.

The increased length is more for a certain expansion if the radius of the capillary tube is
reduced. It is good for sensitivity. The calibrated divisions can be moved further for some

distance.

In such instances, the characteristics of accuracy and sensitivity are not independent to each
other. Once the volume of the bulb is reduced, the volume of the used mercury gets reducec!.
Even though it increases the accuracy, it reduces the sensitivity. If the bulb is made bigger, it
is good for the sensitivity but reduces the accuracy. Therefore, practically there is no use in
increasing or decreasing the volume of the bulb very much. The volume of the bulb shguld be
kept at a medium level which is not higher or lower. The capillary radius is not affecting the

accuracy.

Sometimes finding the answer for this question we get bit uncomfortable because we are
hesitant to think from our intelligence for an instance where both accuracy and sensitivity can

be achieved separately instead of not thinking both of the facts separately.

If we take (1), then there is no connection between the reduction of capillary radius and

i itivity. Only one is correct.
accuracy. But increasing the volume of mercury 18 good for sensitivity. Only
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\

. P g o (o T
Heating Effect of Electric Current

If we take (2), then increment of the mercury volume decreases the accuracy. Reduction p)

capillary radius increases the sensitivity. One is correct.

If the two points in (3) are true separately then both are correct.

Argue (4) and (5) like that.

Most of them might have tried to satisfy these two points at the same time to find the correct
answer. For example, as the correct choice is (3) they ask how can you increase the sensitivity
by reducing the volume of the bulb? If you tend to think like that, then there is no correct
answer. You need to understand the question. There are some squares for accuracy as well zs
for sensitivity. You need to pick the correct square/s under accuracy (eg: 3 and 5). Like wise
find the square/s under sensitivity (eg: 1, 2, 3, 5). Both sides of the squares are matched in
(3) and (5) only. The two sentences in both sides of (5) are contradictory to each other. Even
though both are separately correct for each square, by reducing the volume of the bulb you
cannot increase the volume of mercury. These two sentences are not tallying with each other.

Therefore, the correct answer is only (3).

This question is not asking a correlation as if this is correct, then does the other is correct? or
if the other is correct then does this is correct?

If both are tried to connect with each other, then solving gets harder. Do accurate persons are
always sensitive? Do sensitive persons are always accurate? We can argue till we die. But

cannot get a clear answer.

Two bulbs, A (110 V, 40 W) and B (110 V, 100 W) are connected in series with an electric
supply of 220 V. Which of the following statements is false?

(1) The current through A is the same as the current through B.

(2) The potential drop across A is greater than the potential drop across B.
(3) The current through B is less than its rated current.

(4) The power dissipation of A is greater than the power dissipation of B.

(5) There is a higher probability of burning the bulb B.

To find the correct answer, you need to go across each statement. There is no alternative. As
the correct answer is (5), you need to work hard on it.

Once you read it, you can understand that (1) is correct. As the bulbs are being connected in
series the same current goes across two bulbs. There is no problem.

Th? Falage.al 200 V is not divided equally among the two bulbs. Why? Because the filament
res;§tance of bulbs is not equal. The resistance is higher in the bulb with lower Watts. You can
g by 1 =YW, Even have not you seen the thicker filament of a bulb with larger Watts?
Once there is more thickness by being fat, the resistance reduces. Then more current is flown
%llgg {g;tbhfgteg:h Wh:n thz: temperature is high, the radiation energy is high. Take 40 W and
ulbs. Therefore, (2) is correct. As the same current flo ioher

voltage drop occurs with a higher resistance. ws across the two bulbs, highe
o
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m as a greater voiiage arop OCCUTs across A, there is a voltage drop more than half of 220 )
V, 110 V. Two gets equal 110 V by each only if the resistors are equal. There is a voltage drop
of more than 110 V across A and less than 110 V of voltage drop across B. You do not need
to find the exact values. As the needed 110 V is not getting by B, the current that is flowing
across it is lesser than the quantitative current. Therefore, (3) is also correct.

The rest of the two statements can be argued around this. No need to think differently. As the
voltage drop across A is greater than 110V, the current that is flowing across is greater than the
quantitative current. So, A can be quickly burnt not B. V>V,

As the same current goes across the two bulbs, the generated power in A is higher than B.
Even you can find the values and solve the problem but it is not needed. You can decide
everything from logic. It might take a long time if you try with the numbers. Using the same
logic, (3), (4) and (5) can be solved.

If the current across B is lesser than the quantitative current, B cannot be burnt out quickly.
Even the power generation of B should be less.

59 Figure shows the cooling curve of liquid wax m, specific heat o
capacity S, and latent heat of fusion L.The heat capacity of the

container can be neglected.

Consider the following statements.

(A) Gradient of the curve AA’ at A is equal to the gradient A
of the curve BB’ at B. ——

(B) The rate of that released to the surrounding during the time T
is mL/T

(C) Gradient of the curve AA’ at A=1/S .L/T

Of the above statements,

(1) only (A) is true. (2) only (A) and (B) are true.
(3) only (B) and (C) are true. (4) all (A), (B) and (C) are true.

(5) all (A), (B) and (C) are false.
S —

Here there is a small mistake has occurred. In specific latent heat of fusion word, the specific
term is missing. Due to this there could have been a confusion among the students. As the
symbol of L has been used, there will be no problem if it is considered as specific latent heat
of fusion. If it was a latent heat, then symbol of Q should have been used. Other than that, this

question is a familiar question to you.

You can directly see that (A) is wrong. There is a liquid in A. A solid is there in B. There is
same temperature. As there is same temperature, the excess temperature also become same
and the rate heat loss of A is same as B. But the rate of temperature reductionsis not equal.

From the gradient of 6-t curves give the rate temperature reduction.

(B) is correct. The heat that is released when the liquid completely .becomfas the solid is mL.
L Therefore, the rate of heat release is mL/T. The rate of heat release in (A) is also the same as

. H ’ wl
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ount. As point A is common to AA’ curve and AB horizontal line, the rate of@ ‘

the above am r
release should be equal from any side.
ms; 2= m
TR

Therefore, (C) is correct.

A tiny sphere with a static charge +q starts to fall through air under gravity at t=0.After the
sphere has reached terminal velocity, a vertically upward electric field E of constant magnitude
is applied. A short time after the sphere changes direction of its motion, the electric field iy

removed.

The variation of the velocity (v) of the sphere with time (t) is best represented by

UAT V4 0}
0 =%t 0 V‘ =¥ 0" j —>
O @) o)

V4 D‘P
T \v/
@ ®)

This is casy even though it is the 60® question. In the question it has been mentioned that
t}Te direction of the sphere is changed. There are three graphs that show the variation of the
direction of v.They are (2), (3) and (5). You can remove (1) and (4) directly.

The first part of the graph is known to everybody. As it has been mentioned as very small, we
can qeglect thej upthrust.'But we need to consider the viscous force. If not, it cannot attain the
terminal velocity. Once it attains the terminal velocity, the weight of the sphere (W) is equal

to the viscous force (F).

Now if an electric field is applied upwards, there will be an upward force on the positive
charge. When there is an upward force to the sphere which is travelling at adownwards uniform
speed (with balanced forces) it should decelerate. That means the downwards velocity should
gradually reduce. When the velocity is reducing the viscous force (F) will get reduced. E and

W are constant.
F

Boch

%‘:t asf F is dependent upon v (F= 67mav), the resultant force is not constant with the time-
crelore, dece}eranpn also cannot take a constant value. So, the relevant part of v-t curve
cannot be a straight line. If you can decide this, the correct variation can be obtained easily.

e

e
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)

F = 0 when the velocity gets zero after deceleration. Now what is indicated is gE> W from
saying the direction of motion of the sphere is changed. You really do not have to know about
this. Now the sphere is going upwards whereas the viscous force is acting downwards.

|

Next, after sometime the electric field is removed. That means qE is gone. Now all the forces
on the sphere are downwards.

W

A

Therefore, now the sphere is decelerated upwards and the velocity gets zero again. When
the velocity is zero, F= 0. At this moment there is only the weight of the sphere. So, it falls
downwards and get the previous terminal velocity. Only (2) gets the previous terminal
velocity.

If qE<W then draw the relevant v-t graph. It has been mentioned that the sphere is changing its
direction of the motion. It should be given. Otherwise, we cannot decide whether the applied
electric field is strong or weak.

From the following three points you can come to the correct answer.

(1)  Asthe direction is changed, we can remove (1) and (4).

(i)  As the viscous force is dependent upon velocity, there cannot be changes in the uniform
velocity. That means there cannot be straight lines in v-t curve. From this, you can
remove (5).

(iii)  As everything is getting back to normal, it should come back to the previous terminal
velocity. You can remove (3) from this.

e : &
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