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Unit of pressure of;,

-
(1) kgms (2) kgm?s2 ) kgmls?  (4) kgm?s3

Does pressure is a vector or a scalar? This is a question that most of the students ask. I B ¢
— . P . l
Pressure P =F/A; F = force and A = arca. F force is a vector. If we consider the area \ F

1
as a scalar quantity, then there is a fair argument that questions how can pressure §0;1

be a scalar quantity? As I mentioned in the review of 2017, it is wrong to consider
the area as a scalar quantity. Even the division of two vectors is not interpreted by

mathematicians. I think that pressure should be interpreted as the division of force that perpendicularly acts

on a certain area by that area. However, a force that acts along an area cannot create a pressure on an area.

If there is an inclined force F that acts on the area of A, then the pressure is only felt by the area from the
perpendicular component of F to the area. That means P = F cos 6/A

From the component of F sin 8 there is no pressure on the area. F sin 0 acts along the surface. If we interpret
as below, then we can get over from this question.

Pressure = The force that acts perpendicularly to a certain surface/ the area of that surface

The figure has shown a perpendicular force F that acts on a particular surface A. Now P = F/A; As we need
to consider the area as a vector . is vector -4 = Afi . 4 iis the numerical value of the area. is the unit vector
that acts along the direction that F acts perpendicularly to the area. The children who do Mathematics know
these things very well. As there is no interpretation of division of two vectors, I will transform P = F/A into
a multiplication. Then PA =F

Now A and F vector are acting to one side. They are acting along the same direction. They are two vectors
that act towards the same direction. If so, then definitely P cannot be a vector. P should be a scalar. If we

write the expression considering the vectors, then p (A i) = (F i)

From this you can see that pressure P should be a scalar. When a vector is multiplied by a scalar, the

direction of the vector does not change.
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1not be numerically added each other. wm

he net pressure is P+ P,. If pressure is a vector, then
t of pressure is Nm'? (Pa). When N is €Xpandeq

Even if pressure becomes a vector, then pressure car

i . : t
is in P, pressure is added to a gas in P, pressurc, then

Dolton’s partial pressure will also not be valid. The uni

kgms?m? = kgm''s? |
X, F and Z represent three physical quantities with different dimensions. They can be combined to form

another physical quantity P of the form,
P--AX+BY+CZ

Which of the following expressions has different dimensions from the rest?
Wen g B 5 aryey
() Ax @ A& -¢cz () — gy P

Consider a physical equation which is given by P=X+Y +Z. To be a valid equation, then the dimensions

of X, Y, Z and P should be same. Consider that three lengths [L] are being added. When the lengths are

added, you will get another length. The dimensions of (X-Y) or (X-Z) also have the dimensions of length,

When a length is subtracted by another, you will get another length. The dimensions of XZ/Y or Y%/X also
have the dimensions of length. [LJ[L}/[L] = [L] and [L]%[L] = [L]. But the dimensions of the multiples of
YZ or XY do not have the dimensions of length. [L][L] =[L]%. Therefore, the dimensions of the multiple of
two quantities will not be equal to the dimension of each quantity. All you have consider is this point.

When X, Y and Z are multiplied by constants with dimension, the argument is valid as before. The dimensions
of X, Y and Z are different from each other and they are being multiplied by three quantities of a, b and
c respectively. If aX, bY and cZ can be added together, then the dimensions of aX, bY and cZ quantities
should be same. Otherwise, they cannot be added together. The above fair argument can be applied even
it is like this way. The addition, subtraction of two quantities, multiply two and dividé from one, square a
quantity and divide by one, all have the same dimension. But when two quantities are multiplied, you will

get the square of the dimension. Look at this question.

P =X +Y + Z represents a valid physical equation. Out of the following, which one has the different
dimensions?

X 2)X-Z 3) XZry 4) YY/P 5YZ

The answer is YZ.

‘Which of the following statements is not true?

(1) LASER light consists of transverse waves.

(2) Gamma rays are transverse waves.

(3) Primary waves (P-waves) travelling through the crust of the Earth are longitudinal waves.
(4) Ultrasound waves are longitudinal waves,

(5) FM waves are longitudinal waves.

We know that electromagnetic waves are transverse Wwaves. From radio waves to Gamma waves, the

electromganetci spectrum as shown below is made totally from transverse wave
aves.
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If our ear gets sensitive to transverse waves, then the structure of it should be changed more than this way.
The ear drum is vibrated due to the pressure variations from the transverse waves.

FM waves are type of a radio wave. What are FM waves (Frequency Modulated waves)? Even this is not
in the syllabus, I will present it in a simple way for general understanding. Audible waves (voice), music
cannot be just broadcast. The audible waves should be mixed with a radio wave with a higher frequency. If
we need to go a journey that is far away, then we will get into the vehicle. The vehicle takes us. Later, once

we arrived the destination, we get off from the vehicle. Wave broadcasting is also like this way.

/—\/\ —Signal
Carrier wave

(a)
AL Wt -
VARVARY

Audio signal )
(b)

=
§

Frequency modulated
(<)
d video information with low frequency (this is called the base wave)
vi

(this is kno
y from this carrier wave. There are two commonly

The wave consisting the audio an
and the radio wave with higher frequency
The necessary information is mixed and taken far awa e
used methods to superposition these tWO wa?/es. One mThis .
according to the variation of the audio and video wave.

The other method is varying the frequency © )
as frequency modulation (FM)- How the carric

wn as the carrier wave) are shown in the figure.

thod is, varying the amplitude of the carrier wave
ethod is called amplitude modulation (AM).

ithout varying the amplitude. This is known

i ew

e carrier wav ;

i ves are displayed is shown in the last figure. It has the
rwa

information of the base wave. s to its maximum positive
will see that, when the base wave e i the b ape .
i i . ; 3 ase wav
If the carrier wave frequency 1 f, you higher (>f)) whereas when the g

lated wave is
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freQuenm;mOd”med wave is lower (<f). When the
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L

ek e
to its maximum negative displacement, then o

hen the frequency of the modulated wave s exactly equal tg g,
then the

he base wave is not & beautiful sinusoi.dal v«fave as showy,
the corresponding carrier wave varies. Like we gy ou
¢ receiving end, itis de-modulated and the mixed by, d
d video signals are not attached this way to

displacement of the base wave is zero,
frequency of the carrier frequency (<f). Even t
in the figure, due to its variations, the frequency of
from the vehicle, when the FM wave is captured at th .
wave can be separated from the carrier wave. If the aud-m an e edof gt
radio wave and broadcast, then we will not get information at the sp

p-wave
patterns

Epl-centre

S-wave shadow zone

You have learnt back in 2015 that P waves created in an earthquake are longitudinal. There is an explanatory
discussion in the review of 2015. P waves are longitudinal whereas S waves are transverse. P waves can
propagate across both solids and liquids but S waves cannot propagate through liquids.

Even transverse waves can propagate across a liquid surface, they cannot propagate through a liquid. Many
said that I have explained beautifully about how this is happened. Even if you forget about P waves, you
clearly know as a fact that FM waves are electromagnetic waves and electromagnetic waves are transverse.

It can be seen quickly that FM waves cannot be longitudinal. How many FM channels are there in Sri
Lanka?

Consider the following stage regarding the speed of sound o in an ideal gas.
(A) v is directly prosportional to the absolute temperature of the gas.

(B) v is inversely prosportional onal to the molar mass of the gas.

(C) v depends on the ratio of the molar heat capacities y for the gas,

Of the above statements,

(1) only A is true. (2)  only Cis trye,

()  only A and B are true,
(4) only B and C are trye. (5) allA,BandC are true. ey :

cannot say that v is inversely proportional to M. We ca
T,Mandy,v changes. It is true,

need to consider the parameters o

But when we (alk " 52 that v is dependen upon T, M and y. Based on
alk of Proportionality op inverse proportionality you really

S RD ROSA | SciTech.Lk
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(1) Ina simple microscope, the image of the objec

When readi ; g
@ ; 08 small letters using a simple microscg hort-sj
long-sighted person, Pe, a short-sighted person has an advantage over a

tis virtual,

(3) Inacompound microscope,

the eyepiece acts ;
as a simple mj
(4) Inacompound microscope, pPle microscope.

the final image is inverted.
(5) Inanastronomical telescope, the obiect i i
- Ject distance and the Image distance are both consi

There were many statements r ine si .
st e panens. Mhes egla.rdmg simple microscope, combined microscope and astronomical telescope
. c 5
. _ _ hal image of a combined telescope is unreal and inverted. The final image of a
simple microscope is unreal and non-inverted. In a microsco

e, the object is placed in between the optical
centre of the lens and the focus, 3 ject is placed in between the op

A
B" 0 Fo B’ Fe %

v

The image of the objective in the combined telescope is placed in between the focus of the eyepiece and
its optical centre. Therefore, the lens of the eyepiece is working as a simple microscope. Nearsightedness
(myopia) means that you cannot see long distances. A simple microscope is used to enlarge something
small nearby. Therefore, inability to see the long distances does not impact on to see nearby small objects

by enlarging.
Farsightedness (hyperopia) means that you cannot see near distances. In such a person the least distance of

distinct vision is greater than 25 cm. Therefore, when such a person is using a simple microscope, if s/he

wants to view the enlarged non-inverted created image, then s/he has to make the image in his/her relevant

least distance of distinct vision. The magnification of a simple microscope is given by (1 + D/f). As D is

greater than 25 cm in a farsighted person, greater magnification can be obtained when such a person is

; . ; i icroscope, farsighted person has a certain advant:
using the simple microscope. In the usage of simple microscop ghted p age

than a person of nearsightedness. But the reciprocal of this situation is not true. The objects that are viewed

from the astronomical telescope are however at far away distances. Astronomical objects are viewed from

it. When the astronomical telescope is only in normal adjustment, the image distance is very far way (at

infinity).

- y,
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gas is equal to the heat supplied to the gas. This process 18

(2) an adiabatic process. (3) aconstant pressure process,

(1) acyclic process.

hanging heat amount (AQ). Under whic},

ide inte e (AU) is equal to the exc
In an ideal gas, the internal energy change (AU) B T o

process does this happen? To be like this, the work done by the gas

be zero.
AU = 4Q — AW; If AU = 4Q, then AW = 0. So, this should be 2
volume is constant, then 4V = 0. There is no work from PV.

n isochoric (constant volume) process, If the

If the process is adiabatic, then 4Q = 0. If it is a cyclic process, then AU = 0. The internal energy of an idea|
gas is dependent upon its temperature only. Therefore, in an isothermal process also AU = 0. If the process

is isobaric (constant pressure), 4W can be calculated by P4V.

7. When the temperature of a metal rod is increased by 100 °C, its fractional change in length js

24 x 1075, The linear expansivity of the material of the rod is
(1) 2.4%1073°C! @) 2.4x10-4°C! (3) 24x105°C1

(4) 2.4x10-6°C1 (5) 2.4x1077 °C!

Linear expansivity = fractional change of length/ temperature difference. [ = l3(1 + a8) —

o« = (I—=1p)
1,0

(Look at the 10" question of paper 1998) If the fractional change is 2.5 X 10~ and the temperature difference

is 100°C, then the linear expansivity is 2.5 X 107°C"'. Do it from your memory. Do not try to do rough work.
Cannot you divide a number by 100? Only the power of 10 is changed.

08. A certain transformer has 900 turns in the primary coil and 30 turns in the secondary coil. When 240 V
alternating voltage is applied across the primary coil, the voltage across the secondary coil is

1 ov 2 8v G) 12v

@ 2V (5) 7.2kv

4>

1,

X3

X

: cess
(4) aconstant volume process. (5) an isothermal pro “ m

SRDROSA | SciTech.Lk
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th Ivity of a certain d
in the secondary shou.ld be 30 times reduced compared o the py; device, then the number of turns
L need rough work to divide 240 by 307 primary. Do these by your memory. Do you
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m—ofthe follovt'ing is not a source of e.m.£9 )
(1) Electrochemical cell  (2) Photodiode

Thermocoupl (3)  Rezoelectric crystal
Q) upie (5)  Charged capacitor =

A certain device is needed to provi
is called an e. m. f source Ex")m] ;dc ;ln ¢.m. 10 a closed circuit with a continuous current. Such a device
. . . e
4mples for e. m. f sources are batteries (cells), dynamos, solar cells, thermo-

tric couple etc. All the i "
elec p hese devices use a particular energy (mechanical, chemical, thermal, optical) where

it is converted into electri i ;
RS tric potential energy and provide it to the circuit where the device is connected.

@ T

. 9 LH L
copper copper -0 s ¥ o o>
<9 o> °
. 0710 oo %4
i Se @ ¥
Piype Niype
Daplation or intrinsic °
° reglon L
{
al
hot 7 ‘\“m =
junctien Junction
Usedtomeasurethe  Kept ata constant PIN photodiada

unknown temperature temperature, say 0°C

A water fountain allows water to go up and allows the same water to fall down again. Same water is again
risen. If the water is not spilled to the outside, then the water flow is conserved. As such a water fountain
needs a water pump, an e. m. f source is needed to have a continuous current flow in an electric circuit. An
e. m. f can be obtained from a charged capacitor. It is true. But it can be done for a smaller period of time.
When the charge is discharged, it should be recharged. Again, the charges have to be pumped. Therefore,
a charged capacitor is not considered as an e. m. f source. Here the word ‘source’ is very important. Ane.
m. f can be obtained from a capacitor but it is not an e. m. f source. It cannot continuously retain an electric

potential across the circuit.
A well with a good water spring is a water source. It can keep water continuously to a certain extent. But
a water storing tank cannot be considered as a water source. Once water is taken from it, you need to refill

water from another source here.
In a chemical cell, chemical energy is turned into electrical energy. In a photo diode, the light energy is
converted into electricity whereas in a thermo-electric couple, the thermal energy is converted into electrical

energy and a piezoelectric crystal converts a pressure variation into electrical energy. But a charged capacitor

cannot be expressed like this way. A charged capacitor has stored electric energy too. It is true that this

energy should be taken from another source. But we tend to get electricity from the stored electric energy of

the capacitor.
Even students may have heard about the other devices, you may not have heard about piezoelectric crystals.

But all these devices are given as €. m. f sources in the teachers’ guide. If you have not heard about

then you will be tempted to pick that choice.

piezoelectric crystals, i
plied with a mechanical stress, then the generation of an

When a piezoelectric crystal is pressed or ap W . -
electrical potential across its ends where the stress was applied is known as the piezoelectric effect. If it is

then it means that one surface of the crystal is charged as positive whereas the
tive and acts as a small cell. Quartz crystals behave in this manner. Even it
in a simpler way it can be explained like this way. There is no

expressed in a simple way,
other surface is charged as nega
is not needed to know how does it happen,
net charge normally in a piezoelectric crystal as there i
there is no net charge remained in the crystal surfaces.

s no such symmetrical charge distribution. Therefore,
But when the crystal is pressed (subjected to a stress)J

SRD ROSA | SciTech.LK
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gen (0) atoms in quartz crystal lattice gets deformeq

sitive whereas the opposite surface is charged a5 net

plied to it, the Silicon (Si*) and OXy

( or a tension is ap
net po

Then one surface of the crystal is charged as

A s 1 ell.
negative. Now the crystal is like a small ¢ Plezoslectric Effect In Ouertz

¢ sound energy 1n

Such crystals are being used to convert th py -
: . . )

microphones into electric energy. Even in olden days, the nee ‘c No Stress G

i is iezoelectric 2 ‘
which travelled in the gramophone disks had a p1c7o'c h ff‘\ ? %&‘9

i i i i iven ()
crystal piece. The corresponding electrical .snglnals arf: g n:; ’,’ g’
the crystal when a mechanical pressure variation (going up @ A A
down) occurs while the tip of the needle is gone through the @gxmn @ oy
Zrooves. . |
ovement is needed to convert into an electrica|

Likewise, when a mechanical energy, pressure variation ora m ) _ 1
energy, such crystals are being used. Even in some cigarette lighters have piezoelectric crystals. When the

switch is pressed, the crystal is pressed and the generated voltage creates a spark across the small hole,
Such crystals can be used in the inverse way t00. When electric pulses are given across the crystal, the
crystal lattice is subjected to rapid mechanical vibrations. Ultra sound waves are generated like this way,
As the vibrational frequency of the crystals are high, we do not hear the generated sound waves from them.
Even the time measurement of the watches that has quartz crystals are done from such vibrations of the
crystal.

Some children have chosen photo diode as the photo diode can be used in two ways, I guess. Normally, a
phot diode is acting as an e. m. f source when it is acting as a photovoltaic cell (solar cell).

A figure of an electric eel is shown here. Using a biological cell group called electro plaques, it generates an
e. m. f. There are 5000 electro plaques each with the e. m. f of 0.15 V along with 140 such rows of electric

boards.
For the reverse biased photo diode, some voltage has to

be given from the outside. In such an occasion, the photo

‘ q diode cannot be considered as an e. m. f source is my

opinion. I can be wrong. Instead of the charged capacitor,

if you consider a capacitor (without the word “charged’),

| V0o then the selection of the answer is easy. Then it can turn
Ry into a dumb question also. When it is mentioned as a
| charged capacitor, it can be considered as an e. m. f source

as a current can be obtained even for a small time as it has
been already charged. There are some hints in some books
for this.

But it is considered as a source, when something can be generated from it. The sun is a light source.
A glowing light is a light source. We do not supply light to the bulb. Radioactive nuclei are radioactive
sources. Hearts are sources of love, kindness and affection, If the spring of the well is dried, then there is n0

water. But as long as there is a supply, the well is a water source. We do not fill water into the well and use
that water for our usage.

- ),
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@ The logie circuit shown in figure (@)is €quivalent

only when both are 0 (both are absent) and when both are 1 (both are
present). : : D—a) a

On other occasions, the output is low (0). If we say in another way, then the output of Ex-NOR (XNOR) gate
is high when the logic levels are equal (0,0 or 1,1). Write the Boolean expression on the logic circuit. Even
if we look at the circuit, then we can say that it cannot be an equivalent to AND, OR or NAND gate. Once
you see , it is understood that it is a XNOR gate. It is good if both are bad. Even it is good if both are good.
The family life cannot be existent when one is good and the other is bad.

 Exclusive - OR gate Exclusive-NOR gate
—L > 2>
tput
Input, § lnpul.j Ovput
A|B| Output

A| B| Output olol 1

olo] O o|1] ©

ol1 1 1j0] ©

110 7 (1| 1

111 0 Equivalent gate circuit

Input,

lﬂx:". jD—DC" Ovepst

11. The accelerations due to gravity on the surfaces of a uniform spherical planet A of radius RA and a uniform
spherical planet B of radius RB are equal. If the mass of A I tivioa fhie mgs 6.0,

@ R.F%B; G) Ry =Ry

P Ry
() R,=v2R, (@ Ry=28 O B=F
g ;:iz [mg =GMm/R’]

The gravitational acceleration

2M/ RZA =l\/|/R2[;| - Ra =\/—2—RB

L - '

S RD ROSA | SciTech.LK
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An equivalent circuit of Ex-NOR gate is shown here. Ex-OR gate is AND Gate
completely devoted for OR gate. The output is high (1), when there : AB
is one only. In a normal OR gate, the output is high when both are Q=(ABHAB)
there. Ex-NOR should be the inverse of Ex-OR gate. The outputis 1  noTGse v D ORGATE
AND gate

09
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12. AB, C, D and E are five cop PO
shown in figure (3). Which of the following diagrams best represents the direction
of the resultant of these forces? | ‘
0 Figure (a) *
y ’ Y l y [ y y
0 X 0 X 0 X 0 .y 0 iy
n . 2 3) @) ®)

Ef (% 7 ',L Tk :
- Egquilibrium of Forces

force system which is not parallel can be easily found by drawing

The direction of the resultant of a coplanar
hether the forces meet or not at one point. The

the polygon of forces. This method can be applied even W

two parallel forces that are equal in magnitude but act in opp
rce couple, there is no resultant force. The

e middle of the action line parallel to those

resultant of osite direction is zero. But it creates

a force couple. Even there is a net moment of force in the fo

resultant of two forces that act on the same direction acts in th
forces.

From A and E there is no resultant force. So, forget about these forces.
7
‘/3
The resultant of C and D (R,) is acting on the direction that is shown in the figure. The magnitude is double
the amount of one force. Now the resultant of R, and B is acting to the direction that is shown in the figure.
The method of force polygon can be used if needed. Now the complete resultant is acting on the line that is
shown in three arrows. Even if you do not apply force polygon method, as the resultant of D and C is acting

on the place where force B is applied, the final resultant can be decided from the parallelogram of forces
method.

However, if someone has drawn the relevant direction to downwards \\ as one direction. then there is
irecti : : ion, then
no other direction than this one. There is no use from other mango trees than this mangovtree Give merits

Janar forces of equal magnitudes acting on a body as }ﬂ yx: e
N1

02

o

SRDROSA | SciTe
ch.LK

Physics | - 2018 AL



13. An ant of mass 2 x 106 kg (2 milligramg w
of a horizontal smooth strip is removed )i‘nw(;l;_: t Ls Stat‘m}al'}' at the edge
The direction of blowing is horizontal ag shown : 31,, blowing with mouth, Ant
If the ant is thrown out in the direction of the g. ¢ arrows in the figure
velocity of 0.5 ms!, the average force exertoq OWIng with a horizontal
(1) 5%10° N @) 1x105 N 3 2 on the ant by the blow is
XI°N @) 1x10°N  (5) 5x103 N
02
that was applied on the piece by the wind?

Force = rate of change of momentum

_2x107% 1 _mp—o )

P=—a X3 =5x10%N

*Here 0.5 ms™ is written as % for the convenience of simplification.

14. A s.mall object of mass m placed on the horizontal surface of a frozen pond is given a kick imparting an
initial speed v, along the horizontal direction. The object moves on the surface in a horizontal straight
line without rotation. The coefficient of kinetic friction between the object and the suJace is 4. If the air
resistance can be neglected, the distance that the object moves before coming to rest is,

2 2 2 2 2
M 2o @ Y 3) v @ Y 6)
2ug K18 rg 2g g
on 02

Velocity v was given in the horizontal direction to an object of mass m which is kept on a horizontal surface |
with a static coefficient of friction p. If the air resistance is negligible, then what is the distance that the
object travels before it comes to a rest?
The kinetic energy loss = the work done against the friction
Y2mv? = pmgs > s =v?/2ug
This is only the part of Physics. There is ice and others to make
the question beautiful.

15. A coplanar structure is made by connecting eleven identical
spheres each of mass m using ten identical light rods as shown
in the figure. The centre of gravity of the structure is most likely
to be at the point
M o
@ A
3 B
@ c

[ w T

J
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¢ O in the middle of five identical m

It is general knowledge to find the centr

¢ of gravity as the poin

Wl structure will h
If such a structure is rotated to any direction, then 1t 18 clear that, cach extra sttt ave the centre of

gravity

The centre of gravity
That is at point P. The centre of gravi

at O. Now look at the following a

of shown two masscs mis i

rrangcmcnt.

ty of all the ot
should lic on 0Q line

n the middle of the |

her points are 1

ine joining those the two masseg
ocated at point O. Therefore, the centre
¢ O. There are many masses that are

near to poin
tre of gravity of the combined structyre

N

16.

of gravity of the total structure
2m in point P. Therefore, the cen

concentrated at point O. There is
should be closer to point O. There is one point that is closer toP

oint O. Select that point by giving merits,

A block of mass 2 kg is pushed along a horizontal surface.

The variation of the displacement z, of the block with time i, is
shown in the figure. The values of the resultant force F acting on u
the block along the direction of motion during each of the time 4

interva]s0<i<2,2<t<4and4<t<5donotchange.Which _:—-

x(m)4

of the following correctly represents the magnitude of F in each
of the time intervals? 2 1 A
N | FM | AN -
0<1<2) | @<t<9d) | (4<1<5) .
m 0 0 £
0 2 1(s)

@ 0 15 0 :

3) 0 2 0

@ 1 0 0

o) 2 1.5 1

If the displacement — ti : . .. .
- inp ) uniforzn i‘;;iigtfyaptiels ihSlmple inclined line, then it indicates a uniform velocity. If an object
periods of 0<t<2 and 4<t<5 i; th-n e resultant force that acts on it is zero. Therefore, during the time
object accelerates. The displacem;sntgrap-h’ i resu.l tant force on the object is zero. In th:; middle part, the
o vl hite e slting o od - tlfne graph is a curve. If you need to find the acceleration, th ,ﬁn d
eration and you can apply x =ut + % at2 for the ) :cira ion, then

A
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isplacement- ti : g -
(——1'_11'; displace ime graph for an object which travels with a non- uniform velocity )

The initial velocity means the gradient of the first straight line. It can be obtained from your memory. Y% =
0.5 ms-1. The distance travelled in2s (45 -25) =2 G-1). /2

_— 1 =
p=Ddxl + /24X 4 —a=1/2 ms-2. Force (F =ma) F =2 X % = 1 N. This answer is not there. Maybe it
was taken using v = u +at.

The final velocity of the object = the gradient of the last straight line = (5-3)/ (5-4) = 2 ms"

2=0.5+a X 2—a =1.5/2. When we apply F =ma, F = 2 X 1.5/2 =1.5 N. This answer is there. But the
answers are different from the equations of x =ut + ! at?and v = u +at. Therefore, it has been given as an all
answer. It is easy to use x =ut + ' at’ as you do not need to find the final velocity. From the graph directly s
and t can be taken. Even the third part of the motion could not have been given. The measured Physics from
it is already evaluted from the first part. But if a has to be found by applying v = u +at is on your mind, then
the third part is needed. Then the next section of uniform velocity should be drawn matching the curve.

Final velocity =v=u+at=0.5+% X 2= 1.5 ms-1 (by applying v = u + at for the second part). If the final
velocity has to be 1.5 ms-1, then x =4.5 m at t = 5 5. Such mistakes happen from every one of us.

17. Figure shows a displacement (x) — time (t) curve for an *(10%m)
object executing simpl? harmonic motion. For this motion, 2 /\ /\
magnitudes of the period T, the frequency / the angular 0 3\/ M 23\ — 1(3)
speed m, the maximum speedrgp  and the maximum  _)] % v
acceleration app are given by,
T(s) f(Hz) o) | Vg X102 (m s | g x102(ms?
| 0.5 2 4n 4 16
@) 1 1 2% 4 8n2
@ 1 25 2 4w 8
5) 1 1 4z 8 16 ,
The displacement — time graph of an object which undergoes  Seddoeszcs (m)
simple harmonic motion is shown here. Period =1 sand : Sedinadcs {A)
frequency f= 1/T = 1 Hz. Then, ® = 2nf = 2m rads™, V., = [ \magte:
Ao=2 X 2ums’, a_ = @A =4n2X 2 =8 ms? 0 \/1 \/méca (sl
The equation for the velocity of the simple harmonic motion,
whichis p = wm is not in the syllabus as I know. When x =0, v gets maximum. Therefore, Vmax
can be taken as v, = A®.
18. An elephant at rest is observed by a person 1 km away from his location. The sound intensity of trumpet
09W m2. Assume that the sound comes from a point source. If the

-

of the elephant heard by the person is 1

threshold of hearing of the person is 102 W m?, what is the maximum distance from which he can hear this

Phy/cime |

trumpet?
() 1km (2) 2km (3) 4.5km (4) 10km (5) 20km
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m a sound source by 1 kmm

ing i fro
sity of hea?,r;i:: z;z:nce that he can hear this sound? A poip,
dto ::e:a:ircction. [n such an instance, the Slound intensity of
fthe distance. (Look at the 41* question of paper 2 06),
are o so obeys the inverse sqaure law,

4 When a man with 102 Wm? threhold inten.

intensity that he hears is 10-'° Wm2. What is t

sound sourcce will equally distribute soun
certain point is inversely proportional to the sq

: o i loss, t
That means! & =. If there is no energy 1055, . _
i 0-2. The amount that should be reduced will be 10 or 1/100. If 50, then

=1/100. You can do this from your memory. If you write
g are divided from each other, thep

u
hen the sound energy al

10 has to be reduced till 1

the relevant distance should be 10 km. 1/10?

i = 1 1072 x> th relation
equations, then10 1"ocl—z-,lo o = When bo

1019/10"2 = 12, r* =10% r =10 km. e
You do not have to solve like this. You can do it from your memory a5 I told before. To make 10into 10-12,

you need to reduce by 100. As I is related with 1/r%, then to get a change of 100, r should be 10 km. Even

1 is changed by a power of ten. Then the distance should be a power of ten. In the answers, there is 10 as 3

power of ten (apart from 1). Most of the time, such questions give the changes of T only in the powers of ten.
19. Two mercury-in-glass thermometers P and Q are to be constructed with P having a larger bulb of mercury
than that of Q, and both calibrated in the range 0 °C — 100°C. Assume that walls of both bulbs have the

same thickness. Consider the following statements.
Using capillary tubes with appropriate uniform bore radii, the two thermometers can be constructed to have

(A) the same capillary length between 0°C and 100 °C markings.
(B) the same respbnse time for rapid changes in the measuring temperature.
(C) ahigher sensitivity in thermometer P than the sensitivity of Q thermometer. Of the above statements,
(1) only A is true. (2) onlyBistrue (3) only B and C are true.
(4) onlyAandCaretrue. (5) all A, B andC are true.

If the bulb of the thermometer is greater than the other, then the thermometer with the larger bulb has more
mercury in it. Therefore, the volume expansion of mercury is greater for a certain temperature increment.
This is general knowledge [AV =V yA®]. If the initial volumeis high, then the volume difference is also high
(AV). Therefore, if the capillary radii of the two thermometers are same, then the mercury expansion is greater
along the capillary in the thermometer with the bigger bulb. That means the sensitivity of the thermometer
is higher. It shows a greater expansion to a particular temperature difference. Then the temperature readings
can be done very easily by callibrating the marks with the required distance. Increased sensitivity means

iving mor i : N .
glving more reaction to a certain change. As written in previous reviews, these points are relevant to humans
too. People who react more to tiny issues are Vvery sensitive, [

in fthere is no reacti
. . 0 . . 0n fOr re
sensitive to that change. My wife is sensitive to a small ¢ a change, then they a

hange of mine, She can feel even a small change

If the capillary diameters are equal, then the thermom,

i eter wi . . N .
statement is true. Even if the capillary diameter with the bigger bulb is more sensitive. This

1S Increased, then the increment of

_
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gut if there is more mercury in the bulb, ey, More

heat g]
m tu : Shoul
measure the temperature. If there is small amouynt of Iercy .d be absorbed from the required material tow
1

- re is mor Ty in the
4uxckl)’- If the | ¢ mercury, then the heat thgy should be vl tin -
ime. Therefore, these thermometers cannof pe desigened (o get sa SEWRLS Nt pot
Same reaction time, Even if th sured
annot howe . . Even 1f the measure
absorb from th li e Do i Wha ey 1o uare
. c $
1quid and reach the continuous state of temeprature. If

here is less mercury, then it quickly absorbes heat and get settled
ed.

» cannot be any effect on the tan ,
L - the bulz hodld he reaction time by the increase or the decrease of the capillary hole. First
mercury in th should absorb heat to rise in the capillary. What will give an accurate tem tur’
?21ti i : e temeprature
value? It is the thermometer with the small bulb, The mercury in it has a less heat capacity. Therefore, it does

not absorl:f m‘ore from the material on which it absorbs. So, it measures the temperature of the material which
is much similar to the actual temeprature. If there is more mercury

absorbed g more

emperature is rapidly changed, then yoy ¢
mercury, it consumes some time to

then more heat is absorbed. Then the

~asured temeprature will be
measu p a lesset value than the actual valye (Look at the 57" question of paper 2007,

the 37" question of paper 1996). If there is no equal thickness to the walls of the bulbs, then that point also
can affect the reaction time. If the walls of the bulb is thicker, then the heat will not transfer quickly towards
mercury.

20. Water at 0°C is continuously fed into a fully insulated boiler fixed with an immersion heater at a constant
rate of 1 x 1£i=2 kg s 1.The specific heat capacity and the specific latent heat of vaporization of water are
4.2 x IW J kg' °C* and 2.25 x 106 I kg ' respectively. If the steam at 100 °C is to be produced at the same
rate as that of supply of water, the power of the immersion heater should be

1) 42kW () 225kW (3 267kW () 420kW () 267.0kW
AP ST

e

How much heat is needed to convert 10 g of 0°C water into 100°C of vapour?( the specific heat capacity of

water = 4.2 X 103 Jkg'°C, The latent heat of evaporation in water =2.25 X 106Jkg™)

The required heat=(10 X 10° X 42X 10°X 100)+ (10X 102X 225X 10=42X10°+225X 10*=(4.2

+225)X10°=26.7kJ
that same flow if you need to produce 10 g of vapour,

2 0 flows per second and with
EUDHE aElE e o d. Here the heat loss to the environment has been

then the above heat amount should be given per secon

the container with water has been neglected. Otherwise, it has been assumed

neglected. The heat capacity of

that the container is in 100°C. %
21. In the circuit shown, value of each capacitor is 1 pF. W:tfn R R R 1
the capacitors are fully charged, the total charge storec if i i 10V ==
capacitors is |
C R
C

R
(1) 2pC @) 4uC @) 5K ¢

R 3
4 8pC (5) 104C rE

o TIRE—
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If you know the capacity of the capacm

Q, you need to know the potential differnece between the two plates. Cf;m;l:i:f th‘: r"-ts.lsltorf I:\etwork here,
: : e potential o

For convenience, we will earth the negative end. Think that we need lf0 :f o r:SiStorS - ) Bl, C,D, E

and F points. These values can be obtained from the memory. The value qual. To fipg

the potential, these values are not needed (as they are equal).

( The charge of a capacitor can be obtained by Q =CV.

we 7Y en

O 0L
“Ib Ofc @

on N

1] ] Iem
L 44]

en 1N

!

© 00

There are two resistor from the right side. Therefore, the potential of A is 5 V (10 V is divided equally).
Mark 5V near to point A.

Next two branches have equal resistors of five in each. Therefore, 10 V should be divided equally by 5. The
potential difference across each resistor is 2 V. The potential of point B is 8 V whereas it is 6 V in point C,
6 V in point D, 4 V in point E and 2 V in point F. Mark these values quickly near to the respective points.
Now if 1pF capacitor is connected across point A and B, then the potential differnece across its plates will
be 3 V (8-5). Therefore, accroding to Q = CV, then the stored charge is 3 pC.

There is no potential difference between the points of C and D as both have 6 V. Therefore, there will not
be any stored charge if a capacitor is connected across C and D. The potential difference between E and F is
2V. Therefore, if a capacitance of 1pF is connected across point E and F, the stored charge willbe 1 X2 =
2 pC. Therefore, the total charge that is stored on the capacitors is 5 pF (3 + 2).

In such questions, always earth the negative end of the cell. Then you can quickly find the potentials of the
needed points. If you mark them at the relevant points, then the work will be very convenient.

22. Figures show five clusters of soap bubbles in air, as drawn by a student. F centres of the bubbles in each
cluster are coplanar, which of the following shows the cluster with physically possible correct shape?

ey (2) (3) @ ( ; 6)

b a0
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(HO

ature of the
i c,fcommon surface for the boundary of both bubbles should
suria »
Ce cannot be a flat one. The radius of curvature is infinte in

When these are merged, the cury
definitely change. The common b

points, the following shapes can be removed

> > P

get?n\;lt];; :vlllllatt)ie left ((:Jut?.You can qu1c.k1y find the answer. Even there is no need, this can be shown by

quations. Consider that the bigger bubble radius as R, the smaller bubble radius as R, and m as
the atmosphere pressure. Take the pressure inside the bigger bubble as P, and the pressure inside the smaller
bubble as P,. Now think for a moment that they will be like this way whlen the bubbles are merged.

P-n=4T/R, ....(1) P-n=4T/R,....(2) As R> R, then P> P,. Now if the intermediate
boundary surface radius is R, then P,-P, =4T/R .... (3)

R
>

&

As P, is greater than m, by considering (1) and (3), we can directly decide that R> R,. That means the

common surface should be bit biased towards to the smaller bubble. Look at the figure.

ged, it should be like this way. The pressure is equal on

ius are mer
y surface should be flat.

When two equal bubbles with same rad
both bubbles. P- P = 4T/, The boundar

L J
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f the bigger and D
é The above arguments are not needed. Look only at the boundary surfzcc (:‘ il j]ger i Fif::ltlsr
0 .
bubble. Those boundary surface should be little smashed towards the side .

‘o e radius of curvature of the boung,
figure that has a difference in the boundary surfaces (It is not ﬂat)l.[ Tl:;ubb le. From this knowledge also Y(::
surface cannot be equal to the radius of curvature of bigger or smalier )

y i 5 i l’itS.

23. A Gaussian surface S is drawn enclosing a charge distributioTI of net p(::.l;w:
charge as shown in the figure. If the electric flux through the portlotll of the sl : s
marked as A is —9 (9 > 0), which of the following is true regarding the electric @
flux 9p through the rest of the Gaussian surface?

() Yr= -¥ (2) Yp= +¥Y (3) yYr< -y
(@) yYr< +y (5) Yp> +y

If the net charge is positive in an area that is marked by a Gaussian surface, then the flux is going outward
of the surface across the Gaussian surface. That means the net flux is positive.

The electric flux is going outwards from the positive charges inside the Gaussian surface whereas the
the electric flux is flown inside by the negative charges. But the net flux is positive. Consider the charge
distribution as shown below.

-

Near to the left side of the Gaussian surface, there are two +q cahrges and near to the right side there is a -q
charge. We will consider a small S, area which is near to -q cahrge on the Gaussian surface.

The flux lines flow towards -q charge. As S, surface near to -q than +q charges, the flux lines that flow

into 8, can be greater than the flux lines that flow outside from S,. The reason is that positive charges are

far awa y from S, and the negative charge is closer to S,. Therefore, the electric flux across S, can take a

negative value. Let us think that as -. But across the complete Gaussian surface the net electric flux should

be positive. Why? Because the net charge inside the Gaussian surface is positive (+q+q-q =+q). Therefore,

if the net flux has to be positive, then the electric flux across the rest of the section other than S should be
. 1

greater than +¢. If the electric flux across the rest of the area is 9,, then to have a positve net flux across the

Gaussian surface (¢ - )> 0. ©,> ¢. However, the value of ¢, cannot be a zero. Then the total net flux will
be negative. It cannot be less than ¢ also. Even ©,= @ cannot be happened

Then the net flux will be zero, Consider the

» 10 a person who is closer to a sinker, may feel

kers and when a cloth is spread to

cover the sinkers and sprayers, then d it
Y Injection?

0€s not the cloth get more water b

\

——— ),
Physics| - 2018AL

SR D ROSA | SciTech.LK



three identical voltage s g .
W tage sources in the circuitg (A), (B) and — ' "
circut (B), represents a voltmeter having internal (C), have a nee}%tmble intema resistance. In
al resistance r, If R, = —'I"_ whi i
Ry R+ ,which of the following

is true regarding /,, I, and /, shown in the circuits?

R,

P
e—.
=
o<
i
1
o
o
I
|
o

A\ ®) 7
N il i s B
R, A, .
f-:—h " ,E_E'_ ’ A ,t_;: i
() (2) (1]} |

In all of the three circuits, the resistance of R, has not been changed. The e. m. f of the cell is also same.
Therefore, the current in the circuits are being controlled by the rest of resistors/ or the values of the resistor
arrangements. If R, has been given as R /R +r, then it is clear that R,I/R +1 is the equivalent resistance
of R, and r. R, and V are parallel to each other. R, is the resistance of the parallel arrangement of R, and
r. Therefore, I, = I,. You can decide this by without writing any equations. When R, and r is parallel, the

equivalent resistance is less than R,. Through out the history, it has been checked that when the resistors are

parallel, the equivalent resistance is lesser than the value of each individual resistances. Therefore, R ;> R,.

That means the current in circuit (1) is lesser than the other two. L=1>1
20 mA

25. Inthe figure shown, Z represents a network consisting of resistors of unknown
values. If the internal resistance of the voltage source is negligible, the power
dissipated by the network is 0V o

(1) 60mW 2) 90 mW (3) 120mW
4) 150 mW (5) 180 mW

ircuit by R? As there is no internal resistance in the cell, it does

What is the generated power in the shown € .
the energy (power). If P is the generated power across R,

not generate heat. A shorter method is conserve

then 10 X 20 X 10° = P + 50 X (20 X 10°)* [Vi=P+iR]
02=P+50X4X10%;02=P+0.02
P=0.18 W =180 mW
10 mA
-
1oV
r=0 ) ah

_
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across 50 €. Itis 20 X107 X50=1y.

X

26.

tential difference
" pON w the power generation across R = (9% 20) mW = 1g
X ou can find I’R.

eded, find R and then'y
ﬁs 4
ﬁs 6

se, another shorter method is to find tl
Ris 9V (10-1).
asiest method. If ne
entical electric

Otherwi
Therefore, the voltage drop across

mW. I feel that this method is the €

In the figure sho \
bulbs. Consider the operation of the circuit

1
and (C) given below.
(A) When bulb 2 is burnt. g ?2

oid
wn 1,2 3,4 5and6 represent Six 1
under conditions (A), (B)

(B) When bulbs 2 and 5 are burnt.

(C) When none of the bulbs are burnt. ' .
Unbumt bulbs in the circuit can be seen glowing at the same brightnes:

in,
(1) Bonly. (2) Conly.
(3) AandConly. (4) BandConly
(5) allA,BandC.

Consider the following circuit with identical bulbs.
) ) A4

2

-~

|
|
If the first or the second bulb gets burnt (by burning the filament), then the unburnt bulb is glowed with more
brightness compared to the other four. The current across the unburnt first or second bulb, then divides into
two (equally). Therefore, all the bulbs will not be glowed with the same brightness. When fifth bulb is burnt,
then the sixth will not just be glowed. Bulb 5 and 6 are connected in series. Then the 6™ bulb will not be
glowed as its current flow is blocked but not because it is burnt. Same current will be flown across the bulbs
1, 3 and 4 by that time. Second bulb has been burnt. As 5* bulb is burnt, 6* bulb is not glowed. Even 1, 3
and 4 bulbs are glowed with same brightness, bulb 6 is not glowed even it is not burnt.

Therefore, the statement that ‘All the unburnt bulbs are glowed with same brightness’ is not proved. There
can be a mistake in the judgement. As 1, 3 and 4 bulbs are lit in same brightness, it can be taken as true/
relevant as a decision for that situation. This is not a Physics decision but it is adapting to the phrase of
‘unburnt bulbs of the circuit’. The filament of the 6™ bulb is not burnt but it is not glowed. It has become a
victim of the sin of the burnt filament of bulb 5. .

pven 1.2 z‘md 4 bulbs are glowed with same brightness, the unburnt 6 is not glowed. When one is out from
the last pair, the other has to leave the ground even he is not out When none of th. bulb burnt, then
' ¢ bulbs are burnt,

all are glowed with the same brightness. The
e . current that divides i i
divided in between the two bulb pairs of 3, 4, 5 and 6 vides in between bulb 1 and 2 is also equally

/ A on " m
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me first branch has R and R, Tpe second b

b ranch h
equally. There is no change in that Wha as 2R and 2R But t

tever the difficy :

) . . ulties are

if the difficulties are same? But, due to the valyeg of the difficy] inb
ihculties,

he current in both occasions is divided

oth roads, how can you treat differently
the total current flow is changed.

27. In the given circuit, the three 741

operati ' ;
st vt B AL
and +8 V, respectively. The approXimate valyes of th:a Outpu: R% b o ¥,
voltages V, , Y2 and V3 are respectively given by, . -15V

(1) +2V, -4V, —4vy +8V R Q)

@) +15V, -10V, _gy ”

(3) +2V, +4V, —4gv 3 s R

@) -15V, +10V, +8V b o,

(5) +15V, +10V, +8V - R o

According to the capacitor problem in 21, divide the potential across each resistor

while marking the relevant values, Between 8 Vand 6 V, as 8 V is connected to the

10!
non-

inverting end and 6 V is connected to the inverting end, the operational ampliﬁer@'

: ; 10!
is V,> V.. So, the output is saturated for +15 V. The other ones can also be decidedgy
like this way. @10

10
There is no need of calculation. Mark the potentials quickly. Then look at the
voltages for the + and — inputs. If V>V, then the output is positively saturated. If V>V, then the output is
negatively saturated. The difference between the input ends is in Volts. They are not in mV. Therefore, the
outputs are saturated positively or negatively.

The outputis +15 Vas V,> V. o :[:Fi
0

The output is -10 Vas V>V, :,v
6V =

The output is -8 Vas V>V, ":E%V—

28. A uniform straight heavy plank of length 5i and mass P 21 :

5m is kept horizontal on two supports separated by a |«— »]< _— ;
distance 2/ as shown in the figure. A painter of mass é é
m needs to walk along the entire length of the plank

s Y . .
carrying his bucket of paint. What is the maxim . . -
mass of the bucket of paint that can be carried by the painter without toppling the plank?

5m 5 =
o e 0T @m0

Th illb ter moment across the support when the man with the bucket comes to the right-hand
ere will be a greater

y ight-hand corner is 2L. Even the least distance to
@r- The distance from the right-hand support to 1 J
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-

. Three tanks A, B, and C open at the top are initially filled with

t. Therefore, the highest tendency to rojj is

i a support is from the right-hand suppor _
the centre of gravity from a suppc g 1 mat g0 10118 ightsand somer, g,

: and o hen
there when the man comes towards the right-hand corner. wi

: : s maximui,
clockwise moment across the right-hand support gets maximu

L | SL SL M
72 I < l

Smg (m+Me

o ali i he left
If the man takes a maximum mass when he goes, then the rod is slightly risen from the leit support. If we

take the moments across the right-hand support, then

(m+M)X2=5mX0.52M=2.5m-2m= 0.5m;M=05m2= 1, m where M = the mass of the bucket,

water to levels as shown in figure. They provide water at very
slow speed to an outlet where static conditions could be applied.
The two valves V, and V, allow water to flow only downwards
when the pressure above the valve is greater than the pressure
below the valve. When the system is put into operation withthe :
initial conditions shown in the figure, which of the following L N*, .+
statements best describes subsequent operation of the system? \Hf i3
(1) Only C will contribute to the flow at the outlet.

(2) Initially, C starts to contribute to the flow at the outlet followed by B and then A in succession.
(3) Initially, A starts to contribute to the flow at the outlet followed by B and then C in succession.
(4) The three tanks will never contribute to the flow at the outlet simultaneously.

(5) Initially. all three tanks contribute to the flow at the outlet with maior contribution from C.

| Hydosta
When the vertical arm of a L shaped tube is filled with water, even a small child also

can tell that the water is flowing from the outlet of the horizontal section. It is general
knowledge. Therefore, definitely water should emit from C. There are no two words about

it. According to simple intelligence, you can remove (3) and (4). Now let us consider the
tube of B with the valve.

The valve of P is opened, only when the pressure above the valve is greater than the pre @ S ’
the valve. The pressure of X which is above the valve is (the atmospheric pressure + the |

upper water level). As there is atmospheric pressure above any arm, it is common to every = [
it should not be considered. So, the pressure of X = h1dg. How to find the pressure below t PAD
Y? Draw a horizontal straight line across the point Y. :

If we can apply static state, then the pressure of the points on the same horizontal line of the same and freely
existing liquid should be equal. If so, then the pressure of point Y = h,dg (once you forget the atmospheric
pressure). This logic cannot be applied to a horizontal straight line across X. The valve that is below the

point X has blocked the water. But point Y and corresponding liquid points in the tube are at the same
condition.

As h,>hl, the pressure of point Y is greater than the pressure of point X. Therefore initially the valve is
closed. It will not open. But when water is removed from the arm with no valve )
level is gradually decreasing. is leg
! gradually c(,redsm[,' When h, is less than h,, the pressure of point X ge
of point Y. Then the valve will be opened and the downward water flow occu
CCurs,

automatically, its water
ts greater than the pressure

S RD ROSA | Scilech,LK
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When the arm which has the valve starts to i
. OW water can be depicted from thi
this situation, the pressure in point Y gets \ T o e e

lesser than the pressure of point X. If there is another tube with a

valve, then this same logic can be applied there,

1D Epp'y; P8 0B, B RN flow. When the water flows, the static pressure of a certain point

in water is not equal to hdg. You need to consider the dynamic pressure term of % dv? also (Bernoulli’s

principle). But if the speed of water flow is very slow, then this can be ignored and static state can be applied
to it. To solve the problem, you need to assume this situation essentially.

30. In an experiment to find Young’s modulus, three different wires
Wy, W, and W, of the same material have been used and obtained G
three curves G,, G, and G; respectively for the graph of applied
tensile force F with extension AL as shown in the figure. Which of G
the following statements, made for the reason of obtaining different

graphs, is true?

(1) The wire W, may have a larger length and a smaller area of

AL
cross-section than W,. , 0
(2) The wire W, may have the same length as W, but a smaller area
of cross-section than W,. .
(3) The wire W, may bave the same area of cross-section as W, but a length larger than W,.
(4) The wire W, may have a smaller arca of cross-section, but a larger length than W,.

. Area of cross-section
(5) The wire W, may have a larger value for the ratio, — than that of W,

Till you find the correct one, you need to g0 across each statement. The graphs of the extension (Al) for three

wires of W . W_. and W. that are made from the same material and tensile force (F) are shown here. Out of
1? 2° 3

- .F=EA/L. Al
the following statements, which are true? E = F/A. L/ Al; F=EA/L

F w

w

0 al

A . ¢, all you have to consider the factor of A/L. Consider only the gradients of
i moéulus il ’h ve a longer length and less cross- sectional area. Even if L is increased
e e Sl ced. Then the gradient should be reduced but the relevant

and A is decreased, the value of A/L will be redu y
@t for W is greater.

—
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ot | Therefore, it is also wro
If there is same length with reduced A, then the gradient 18 er“_CCd' Ther : ’ hng- .“.’, hag
if A gets equal and length gets increased, then you can get the minigy

atements. Once you find the correct one, why do you haye to

ratio should be highest in W, and least in W,

the minimum gradient. Therefore,
gradient. Now do not look at the other two st

check on other things of others? However, A/L

A thin flat plate Z is placed midway between two large
horizontal plates X and F, and the space is filled with
a viscous oil as shown in the figure. Now, consider a
situation that the plate Z is pulled horizontally to the right
with constant speed v and plate F is pulled horizontally
to the left with constant speed '—2"- while keeping X '
stationary. The velocity vectors of thin oil layers between plates X and Y are best represented in,

X >
= 5 =,
— =
z Z e e
= = =
= Y Y = Y
(0 ()] (3)
= =,
F = z
< F*
< - Y
@ ®)
When plate Y is kept at rest with X and the middle plate is taken towards X
the right side, the velocity vectors of the oil layers are represented ==222 e ; : ; :: : : “:
like this way. It is general knowledge. From this you can remove the 222 ARG S v
first three figures. As plate Y is moving to the left side with a certain =—————————"--2"= Y

velocity, the oil layer just above that plate cannot be at rest. From that,
(4) is removed. Only (5) is left out. Give merits.

To get it logically, fist you need to assume that plate Y is at rest and
think of the velocity vectors. Then you will get the above shown .
variation. Now keep the middle plate at rest and take plate Y to the left =

side. Then the velocity vectors of the oil layers in between the middle plate and plate Y is obtained like this
way.

Next, superposition these two motions with each other. There is not impact to the middle
velocity vectors of plate X and the middle plate. But the velocity vectors between the middle

plate and plate Y gets modified (changed) due to the motion of the lower
the oil layer that is nearest to plate Y is v/2.

plate, The velocity of

Due to the left side motion of plate Y, the magnitude of right-side velocities of the oil |

; ; i en the
middle plate and plate Y will be reduced by a cert ayers in betwo

| . ain amount. The middle |
the oil layers to the right. Plate Y pulls the oil layers to (he left. Therefore

of the velocity vectors which was around when there was only the pull

ayer is pulling
the symmetry
of the middle
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platc. 15 broken in the region between the midd]e

3 plat
the velocity of the lower oj] layer that o € and plate y. 7oy

PhYSiCS |

3.

- Ches ;
he velocities of the layers below are lower thap befothe middle plage ; v,
; i 550 re ;
certain place will be at rest. The velocitieg of the lowe, I and at 5 layer in 5
. : : e
Left side. Think that plate Y is moveq ¢, the It vy YErs are towards e i 3
Jocity vectors are looked like th; @ velocity of v, FeET
the velo - e this way. If so, the I OFV. Then . ]
situated in the very middle of the plate Y ang h Yer that is at regt is

vt 2 . € middle p)
y, the layer which is at rest is situated below the very m'nge. Butas the plate v i moving to left in v/2 not
’ iddle.

If you just think that, as plate Y s going to left, tp,
with the plate cannot be at rest, That layer shoy]
There is only one answer which is drawn like tha
towards left, the place where the modified profile
in (a) and (b) shows the line in which where the
if plate Y is not moved (It is symmetric with (he

en the flyjd layer that touches
d be pulleq towards left- side.
t way. As the plate Y is moved
of velocity vectors lie is shown
velocity vector profiles will lie

upper section).
As these plates are rectangular or square, the velocity

then the vector profiles get parabolic.

profile is located like this way. If it is a circular tube,

Vyop
L
e ————n Moving late veloty
1T
0 — 4 - f/tatnonary plate
[ ]

Lo tow

Radioactive element pX transforms to stable 2§ Pb after emitting eight o particles and six particles in
successive decays. The numbers of protons and neutrons in the element X respectively are

1 92,130 (2) 92,146 (3) 92,238
@) 104,148 (5) 146,92 %ﬂ

When an o particle is emitted, the value of Z will be reduced by 2. If 8.(1 particles are. emitted, tlhen Z is va.lue
is reduced by 16 (8 x 2). When a p particle is emitted, what happe.ns is .the neutron in the nucleus is tur:u;g
into a proton. 1 = P + B! + ;. Therefore, when a B particle is emitted, the numb:lr tc::' i:::::; ;v:) 6e
increased by one. If so, when 6 p particles are emitted, then the nun?ber.of prf):zst‘:; number of neutr}c,ms.
According to this, it should be Z -16 +6 =82. Z =92. Whenan @ oot Zm:e;t; 1. According to this, it
will be reduced by 2. But in a f* emission, the number of neutro?s will :e :1 :an ﬁnZN r oy
should be N-16-6 =124 (206-82 =124), N =146. If not, when Zis fom;u:;d O oo .o berises il
When an q particle is emitted, the value of A is reduced by 4 Th;2r1206 A=238. As Z=92, N =238-92
32.In a B emission, the value of A is unchanged. Therefore Al ’

this.
=146. X is Uranium 238. But you do not have to know

”

\ I »,
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33. Consider a non-viscous and incompressible fluid moving

with steady strcamline flow through a tube of non-uniform
cross-sectional arca in a vertical plane. Figure shows the
vertical cross-section of the tube. X, Y and Z represent
three positions of a strcamline. Area of cross-section of
the tube at X is same as that at Z. Consider the following ™ .
inequalities for the relative magnitudes of the kinctic energies per unit volume (KE,, KE, .KE ,
potential energies per unit volume (PE,, PE;, PE,) and the fluid pressures (Py, Py, Py) at the positjp,
X, Y and Z respectively.

(A) KE, < KE, < KE, (B) PE, < PE; < PE, © Py<pP,< A,
Of the above inequalities,
(1) only A is true. (2) only B is true.

(3) only A and B are true. (4) only B and C are true, —
(5) all A, B and C are true. Qf'\ﬁ

A fluid with characteristics where Bernoulli’s equation can be applied flows according to the figure in a tube
which is positioned in a vertical plane. The inlet (X) and the outlet (Z) of the tube has equal cross-sectional
areas. If the kinetic energies per a unit volume in the fluid at the places of X, Y and Z are (K,, K, K)),

potential energies (V,, V., V,) and the fluid pressure (P,, P, P,) respectively, then what is true out of the
following?
(A) K,<K<K, (B) V,<V,<V, (©) P<P<Py
/\#f\
/‘ - - = m T -
[ 4 L
* “
’,/; '///'\——-\z‘
-\

As the cross-sectional area of the tube which the fluid enters and departs is same, K, =K. According to the
equation of continuity A v, = A v,, the real true statement is K, >K,=K,. From this, the inequality of (A) is
just removed. Point Y is situated above the points of X and Z. Point Z is placed above the point X. Therefore,
at a glance we can say that the potential energy of Y is greater and the potential energy of Z is greater than
of X but it can be seen that it should be less than the potential energy of Y. Therefore, VX<VZ<VY is true. As
the tube is in a vertical plane, this is true. If it was in a horizontal plane, then V= V= V..

According to Bernoulli’s equation, for the liquid K + V + P = constant, At point Y, K_ is greater as the tube

is narrow and it is with less cross-sectional area on that place. Therefore, the speed of the fluid is greater. At
point Y, V_is also high as it is the highest place. Therefore, P,

AsKy+ Vi +Py =K, +V,+P,=K, +V,+P,,ifK and V, are greater and the total of each three quantities

should be equal, then P, should be a minimum. K, and K, are equal but as V<V, then P,<P,. Therefore,
inequality of (C) is also true.

should be a minimum.

You can decide the true or false nature of inequalities (A) and (B) at once. You need to think a bit for (C).
At 'Y, the kinetic energy as well as the potential energy is also high. Therefore, the pressure should be a
minimum. If needed, then you can take the horizontal position across X as zero potential energy level. So,
the potential energy of point X is zero. At X and Z, even the kinetic energies are equal, the potential energy

of point Z is relatively higher than point X, Therefore, definitely P,>P,. When the potential energy and the
kinetic energy are greater, the pressure energy gets a minimum,
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 disc freely rotates ithout friction at Certain ap,
" yerical X5 mm?l to the planc of the digg gqq piﬂ,“’ *Peed, about g fixeq Y\
pptme i = 0> & spider vertically lowers jugyq., " 18 1OUgh i e, s
i of the rotating disc as shown in figure, CBligible speed oo gy i
agnitudes of the angular momentym wL) rest, v
gisc only with time (i) is best representeqd b

and beg
and th: ‘:n‘:u] ariation of the
Y, A Speed (m) of the

h

a - t 0 .
2
2 3)
o,L oL
J— L
» L '
_w
"~
> f —s
9 @ 0 ©)
o
A disk is being freely rotated around an axis that is shown in the figure. When time t
=0, a small clay ball is fallen with a negligible velocity to the edge of the disk and get
attached. How the angular momentum (L) of the disk and the angular velocity of the
system (@) are varied with time?

When the clay ball is fallen and stuck, the moment of inertia of the system around the
rotational axis gets increased by little. Before t =0, only the disk was rotated. Now at t=0, a visitor material

has fallen into the disk. Even the clay is fallen away from the rotational axis.

Therefore, when the lay ball fell down, the moment of inertia around the rotational axis gets increased.

According to the law of conservation of angular momentum, when the moment of inertia is increased, then

the angular velocity should be decreased. If you need to write an equation, then I o = (I+mr’) @” where @’<

.
angular velocity of the disk; m =mass of the clay ball;
ty of the system

m only of the disk. The total angular momentum of

I~ the moment of inertia of the disk; @ =the pfe‘“o“s_
r'=the radius of the disk; w’ = the new angular velocl

You should not be confused with the angular mo.l;enmconsidcr only the disk, then its angular momentum
the system is no is reduced, 11 YU

t changed. But as © . 5 hereas the later
. diskL, =low
IS reduced, The previous angular momentum of the disk L, )

| xL
angular momentum of the disk L, = Lo’

is this one. Both get reduced. »

2 jation
Aso< o,L,< L, Therefore, the correct variatl

¢ other one th .
\is variation !

hown below. If the angular

at is 8
‘ owever, when ‘

From 4 mistake, you may choose th
Momentum of the system was asked, then t

i
. 1d be dcc(cuse( »
the clay ball fell, as the anW . o
. SRDROSA | SciTech.LK
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s correct. H
you need to0 choose




iati tal angular momentum i _
o cither one of these (WO variations. As the to gd o ‘ls alwayg in
¢ o the head and it should be conserved, you may ten tf) pick the \Tarlatnon which
.} aste. It happens not just due to ignorance, Iti

mo =P pecause you did not consider the bold letters. Always pay your attentiop ¢,
@ the words that are bold.
em is (the disk + clay ball). Therefore, the angular momentup,
ball) system. As the clay ball is falling o
jally did not have an angular momentyp,
f the angular momentum from tha i

l has a constant L. Ifso,itisaw
Sanmant by

d i

Here the syst
is conserved in (the disk + clay

a negligible velocity, you can consider that the clay ball init
Even the clay ball has a considerable vertical velocity, the direction 0

perpendicular to the rotational axis of the disk.
d the rotational axis is acting into the paper, It

the right-hand rule to find the direction of the

angular momentum around the rotational axis by the linear momentum of the clay ball. Keep the right thump
perpendicularly to the other fingers and when the fingers should be rotated from the direction of r vector to
the direction of p vector, then the thumb is directed towards the paper. As the angle between r and p is 90°,

the magnitude of the angular momentum around the rotational axis of the clay ball is rmv

35. Figure shows vertical cross-sections of three uniform A

bodies A, B and C of identical masses.fi is a solid
sphere of radius r. C is a hollow sphere of radius r and
having thin walls. The spheres can be rotated about 4
vertical axes passing through respective centres. B is
a disc of radius r which can be rotated about an axis
normal to the plane of the disc passing through its centre. All figures are drawn to same scale. IfKE,, KE;
and KE_ respectively are the rotational kinetic energies to be provided for the bodies A, B and C to attain
equal angular speeds, which of the following expressions is true?

By the linear momentum mv, the angular momentum arount

direction is perpendicular to o direction. You need to use

(N

(1) KE, < KE; < KE,, (2) KE < KE, < KEy (3) KE, < KE, < KE,
@) KE, < KE < KE, (5) KE, = KEj = KE_

A is a solid sphere with a radius r. B is a disk with a radius r. C is a hollow sphere with thin walls and radius

r. The masses of them are equal. If the inertia of these three across an axis of the centre are L, I and I as
shown, then what is true amongst the following inequalities?

r—>

Itisakn t ‘o P
e tow:’r‘:;‘ssﬂ:::t;:a;tll\;: highest m.crtla is there for the hollow sphere. This has been checked beforé to0-
ollow sphere is concentrated at the wall. There is nothing in the middle. Thereforé

the mass distributi i o
k on from the rotational axis is far away in C. In other two, the mass is distributed fro™ the
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| biest + 2048%




me there nearby and far away. Byt

all of C i o

. . . f
highest. [ <I< I.. If the biggest Inequality jg there j ar away, Therefore, definitely I should be th
Gi\'e mentS,

~

(4

T one angy p
> then quickly select that, What else to do?

To have such intelligence and investigation 1S not a p

- - a
choosing the correct thing quickly is a life skill?
which one has the highest inertia?

[ —»

Consider a thin disk with radius r and a thick disk with radius r. If the
then the moment of inertia of both disks across the shown axis is

depending upon the mass distribution away from the rotational axis

masses of these disks are equal,
the same. The moment of inertia is
(far away from the axis). If we look

radius r across the perpendicular axis
Mr’. Here it does not have the thickness of the disk. Even we can consider the
disk as a tall, thick cylinder too. Now if the middle of the cylinder is dug and then think that the solid sphere

from mathematics, then the moment of inertia of a disk of mass M and
towards the disk surface is %4

of radius r is put in.

When you consider the solid sphere and the solid cylinder, apart from the common volume
for both, there is a coloured material part which belongs to the solid cylinder as shown in
the figure. They are being concentrated on the four comners. What can we decide from this
is that the moment of inertia of solid cylinder with radius r should be little bit higher than
the moment of inertia of the solid sphere with radius r. The flesh of the solid cylinder has

come out of the solid sphere a bit.

The equations of the moment of inertia are unknown by the students. Therefore, this can be solved from the
logic than from mathematics. If you need mathematical equations, then I = 0.4 mr* in the solid sphere; 1=

0.5 me? in the solid disk and I = 0.67 mr? in the hollow sphere.

If the rotational kinetic energies are asked to give equal angular velocities for these objects, then it indirectly

. P = ¥ Iw?, if ® is constant, then the
asks about the moment of inertias. As the rotational kinetic energy 2

) . ment of inertia.
Totational kinetic energy is directly proportional to the mo

hich is more than the thereshold
36. A whistl i i roduces a frequency of 22 KHz W
e that is used to train a dog P histle is working. While the
of hearing of the human. The trainer of the dog Wa » makfi " ﬂl]:t thih?s wm:e from a car moiing
trainer stands b d falongsu.aightmad,heasksaﬁ'lendto ow- .
al y the side o f the car and the direction of motion of the car for the trainer to
ong the same road. The required speed

g f sound in airis 340 m s )
i ) .o of 20 kHz is (Speed ©
bear the whistle at his threshold of hearing © @ 32ms’, away from the trainer.

(1) 31 m s, away from the trainer. (4) 32 ms’, towards the trainer.

0 omr v e - B

) 34m s, towards the trainer.

" g
i
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F A vehicle is travelling in a straight road by using a

37.

e
horn of 22 kHz of frequency. What should be ‘@

f an observer who stays at rest near the road heard as ¢

and its direction of the vehicle that it should have i
kHz? (The sound speed of the air is 340 ms™)

are added to the question, it gets more beautify]

elephants
the exam. The attractive

This is a very simple question. When the dogs and oty
But unfortunately, the many students who write the exam do no'.[ see B Tt e i s
nature of the question is seen by the people who study the questions a :rb ducec.l P 0 do
the exam see such questions as questions with more words. 22 kHz should be re - 11’50, the

vehicle should travel away from the observer. This is general knowledge. Thi obs'e?r’\‘;(:)r :-s:t:e;: ;hlels.Peed
of the observer v, =0; According to Doppler’s effect, 20 = (340 X 22)/ (340 +V); b sA 2 ¥, =
374 -340 = 34 ms". The vehicle should travel at a speed of 34 ms! away from the observer. As 22 should be

reduced to 20, the denominator should have (v + V)

Number 23 is written on a piece of paper placed on the flat horizontal surface .of a tab.le. A thm.convex lens
is held just above the number and then it is slowly taken vertically upward while looking at the image f)f Fhe
number through it, and keeping its optical ads vertical. Which of the following best represents the variation

of the size and shape of the image as the lens is gradually moved up from the number 237

o 2523....98¢. o 2.5 Q&.88..
» 23.03..98.85.. @ 3232 ... 58.38.

5 633G S53.88..

According to the given figure, a white paper is kept perpendicularly to the optical axis of a convex lens. To

the middle of the paper, a number is written and the image of it observed from the lens.

%ﬂ-w Cu qid emicn

How will the image be seen when the paper is taken away from the lens along the optical axis?

When deciding the images from a lens, we most of the time draw a thin spike where the thickness of it is
not considered. To find an answer to this question, we need to think of a broader object. A number is not a

single line. It has a shape and a width. To find the exact image pattern I suggest the following method.

i
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Think of three objects which are placed on the optic

al axi " r
axis, One jg kept vertically and perpendicularly to th\

opn'cal axis (A) and the other two are (Band C) Perpendicular tg (he optical axis b c
Ical axis but in

a horizontal plane.
First, keep these objects in the middle of the Optical centre and the focus of the | Look at the fi
€ lens. Look at the figure.

: th i _
The images of the three objects A, B and C are shown in the figure, All the objects are seen in a non-inverted

the image that is on the right side is viewed from the right-
sides arc not changed in the object as well as in the image
inversion of the image.

hand side. If simply said, then the right and left
Cfit s technically said, then there is no lateral

Next, according to the given figure consider a thick object which is placed in between the optical centre and

the focus. The image of the object is seen in a non-inverted and magnified way. But compared to the object

the sides of the image are not changed. The left (L) of the object is the left of the image. Likewise, the right
(R) of the object is the right of the image. An unreal, bigger and a non-inverted image is created.

When you design the image of a thick object, we can consider two thinner objects that are perpendicular
(horizontal and vertical) to each other.

Now let us keep the thick object in between the focal length (F) and 2F. We know that a bigger inverted
image will be created. Apart from that, another change has occurred. That is the change of sides. Com'pare-d
to the object, the left image of the object is changed to the right whereas the right image of the object is

changed to the left. The object is subj ected to lateral inversion if it is said more technically. When the object

is kept in between the optical centre and the focus, there is no lateral inversion occurring in the image.

i the optical axis, this lateral inversion can
i i d 2F symmetrically to
When the object is placed in between F an

be visible more clearly.

L J
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If the left of the object is taken as 2 and the right of the object is taken as 3, then 2and 3 will be seen in 4
magnified way. Both numbers are inverted and the sides of 2 and 3 are chang?d here along the way, The
lateral inversion can be clearly understood even by the figures which were obtained from Internet.

Keep the thumb, index finger and the middle finger of a hand perpendicularly to each other and look at the
way that their images are seen when these fingers are kept away from the focus of a convex lens (look at the

figure). From this also this effect is more clearly understood.

Complete the following table for a convex lens:

Object Position Image Positiou Nature of image
<F Same side as the object Virtual, erect , magnified
F Aiinfinity No image is formed
>F and 2F >»2F Real , inverted, magnified
2F 2F Real , inverted, same size
>2F >F and 2F Real , inverted, diminished
At infinity on focal plane Real , inverted, dimisished

If you find a difficulty in finding the answer, then follow the removal of choices by looking each of them.
Actually, you should do this. First, when the number is in between the optic centre and the focus, we know
without a doubt that the number should be seen in a magnified way without being inverted. According to
this, (4) and (5) choices can be removed. When the number is kept in between the optical centre and the

focus and go away from the optic centre, the magnification should be increased. According to that, only (1),
(2) or (3) are correct. 23 cannot be visible as 32.

Next, when the number is in between F and 2F, the image should be seen in a magnified way. When it
is away from 2F, the image should be seen smaller. It cannot be visible in the same size continuously:
According to that, (3) is removed. So, only (1) and (2) is left out, In (2), there is no upward inversion (to the
vertical direction) in 2 and 3. Therefore, only (1) is left. Even if you do not think of lateral inversion, only

in (1) the numbers of 2 and 3 are being inverted. When the number is gone away from the focus (F), only in
(1) the numbers are drawn in an inverted way (the lower pieces of 2 and 3 h

ave gone up and the upper parts
have come down). Therefore, definitely the answer should be (1) ’ ; P

_
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If mejudgement of the answer is hard, then remo
A\

Then the correct answer can be found without diff;
1cu

u . .
Y using small logic for such questions.

Ity most of the time

The hollow glass prism with thick walls as shoyy, ;
n

. ; feia § fi ;
of8 material of refractive index yg, A ray of monochrg ni“;e, llsglrlnade
1c light PQ

gravelling in air is incident on the glass surface as shoun
order to make the emergent ray travel along X, Y anv:rjn;n fgm In
§ irections

respectively, the cavity of the hollow prism should be separatej
with transparent fluids of refractive index y, where parately ﬁlledP

(1) # < Py 8= P and g > gt respectively
@) B> Ky B < Py, and p = 1 respectively.
@) p=1 4= p, and u < p, respectively
4) =1, < d E i .
@ p 1 < kg and p > p, respectively.
(5) 4=t it = 1, and u = H, Tespectively.

A monochromatic PQ light is incident o i ive i
n a glass plate with the refractive index of n, which has parallel sides.

Which inequality sh'ould be satisfied by the emitted medium refractive index of n when the emitted ray is
need to be travelled in X, Y and Z directions respectively?

X
Y

Z

F n

perpendicular which is drawn to second parallel surface. Therefore,
without a deflection. So, n =n. The ray of Z is n towards
in the second surface. Therefore, n>n,. It is a very simple
drawn parallel to PQ ray. Therefore, to emit like that way,

one can argue that the emitted medium should be the air. If you think like that, then you can take n=1 (air).
like that, then it is also correct.

n=n_ andn>1. If there was a choice
g

The ray of X is going away from the
n<n,. The ray of Y is not refracted and it goes
the drawn perpendicular line after the refraction

question. n< n, n=n, and n> n,. The ray of X is

But there is no choice as n =1,

39. Biscuits ofa freshly opened packet of biscuits were placed inside a container, and it was tjghtly closed with a
lid, so that air cannot enter or leave the container. The initial relative humidity inside the container was also
dity inside the container, had decreased

found p , it was found that the relative humi
s B0 . Al 2 St 5 d by m. If the temperature inside the container remained

t0 309a and the mass of the biscuits had increase 810 .
constant throughout, the mass of water yapour initially present inside the container Was,

g @ 2 5) &
11m 3
(1 Sm @ 4 @ s Y

de a container with the initial relative humidity is 80% and the
si N
n days, the relative humidity of the container was reduced up to
ays,

nereased by the amount of m. If there was no temperature
1D

{ the water va

Some of dry cream crackers were put i
lid of the container was closed. After some .
30% and the mass of the cream crackers were !

initial mass ©
change inside the container, then what Wi the initial

, ity 1S,
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pour? Itis a simple question. The




i |
: T

in volume % 100 %
ater vapour in a certa
e : d to saturate that volume

the mass of water vapour that is neede

mass that is needed to satyr
As there is no change in temperature, the amount of water vapour : . ate the
ass of water vapour in the container, then g( « M

iner i g . Therefore, if M is the initial m e : '
container is unchanged. 1 s kers are put inside, their mass inctemeng

. o crac
There is no need to write the percentage. As initially dry cream f water vapour in the contain
has happened due to the absorption of water vapour. Now the mass 0 T=M

¢ ¢ i ther.
=m. Therefore 3() oc M — m.Now divide the two relations with each 0

M -/ M = 30/80; 1- m/M = 3/8 > m/M = 1- 3/8 =5/8 > M = 8m/5

40. Figure shows how four thermally insulated heat conducting rods of equal lengths and eq:lal & (_’SS' sectional
areas are connected between two heat reservoirs maintained at temperatures 100 °C and 0°C. A 1s. a.thermauy
insulated heat reservoir which always remains at constant temperature 0. The thermal conductivitieg k, k,
and k, of the rods are 10, 30 and 50 W m™ K respectively. At the steady state, the temperature 8 of the

reservoir A is
é - A ? Insulation
| wocc 6°C 1 0°c /| B Ross
% %
% T 7
% .
7 7, %)

(1) 90°C (2) 85°C (3) 80°C

A group of properly insulated rods with thermal conductivityk ,k, k., ... withequal lengths and cross-sectional
areas are kept parallelly. If the ends of the rods are kept at constant temperature (in the continuous state), the
group ofrods canbe displaced by asingle rod with anetthermal conductivity ofk1+]9+ k,+... Thiscanbe shown
very easily. If the rate of heat flow across the rods are Q, Q, Qs... then Q; o ki [Q = k.4 (92~91)]_
You do not have to write? A, L and (8, — 6,). Likewise, 9, k2; Q3 o k. g

That means the total heat flow rate Q= Q1+Q2+Q3+. - k1+ k+ k+ ...

There is no doubt that you have learnt this. Now consider this instance,

X X X X X X X x x x
100°C k +k ¥k, ¢ k, 0°C
X X X X Xx

The heat flow rate of the net heat conductivity of k+k+ k, should flow from the rod of k (as they are in
series). So, it should be (k+k,+ k) (100-9) = k.0 :

-0). When the val : -9)=10
0;9 X 100 =100 - 0 = 90°C 154 &rs subatinited, 904100~ 6)

g _ _

SRD ROSA | SciTech,.LK
Physics| - 2018A-




1 A glass bottle of special Shape, a

. Vertical ¢roge o
4 in figure consists of a large cavity, 5 Al s;;:; Section of
narrow tapered tube of length J, 1y, total vojyy, cavi
palf of the volume of the smaj) cavity are initiaue Of the |
shown. If the expansion of the boyje is negligibl: 2‘“ .
of the water surface measured frop the leve] xp o Variat
water (0) is best represented by » With the temperatyre of the
ha N
2r+l 2r+l hy
2r+l
2r 2
r , 2r
r
0 —0(°C) ST
i 0 @) 6¢C) L~ S [
hy I
2r+l 2r+l
2r 2r
r r
0 > 0 (°C) 0 — @ (DC)
@ (5)

Here you need to consider the anomalous expansion of water. From 0°C to 4°C when ( )
the temperature of water is increased, the volume of the water is decreased. T herefore, I'
from 0°C-4°C, the height of the water level should be subjected to a decrement. At 0°C, ¥
the height of water from XY (h) is r. Therefore, from 0°C-4°C, when the temperature

is increased, h should be reduced. From this (1) and (2) can be removed. Next, when the temperature is
increased, the water is expanded.

Y

/—\ Again, when the water rises till 1, even if h is increased, the rate of increment of h should be reduced.
Why? Even th; volume expansion of water that happens ata certain temperature difference is at a same value,

' i XY to the diameter of
the water filling cross-sectional area is not a constant. When the water is filled from

the hole (that till h=r), the water is filled to a cross-sectional area that is gradually increasing. When
at means till h=r),

ame volume c ecti ven if h is gradually increased, the rate of h
® ! d over a greater cross- § ctional area, even if h is gra
s are spread C

s en like this way.
increment is reduced. Therefore, the variation of h should happ
a gradually reducing area. Therefore, the rate of

of h should be like this way.

which gradually reduces the radius. Inside of it,
_sectional area of the tube is continuously

; dto
When h=r is passed, the water 15 gr adually ﬁl'l:tion

; _ i

Increment of h should gradually increase. So, the v

When h oy js passed, the water is filled t0 .a na "

the height of the water level should rapidly incre

Ve i tube should be a
¢duced, the height that a certain constant TR radius (cross-section) of the

nn internal i If so, the

i inear, then the 1 increment of h is same. If so,
°fh cannot be linear. If it has to be l:h“:n tor cach change of volume, the J
Constant. If the tube is like this Way,

Variation of h s like this way. /;_-—-—-/
Phyc: | :: )
sics) 2018 AL

rrow tube
e. As the cross

R . o xi
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- o thls WaY. g Y
e / But as the tube is getting narrower, the variation of h should be like

=, §

you remember the anomalous expansion of water, then yg,

= traight lines. F
will quickly remove (1) and (2). The final parts of (3) and (5) (after b A} Are FURIEILL U6, TL0m fos,

they can be removed. Only (4) is left. Actually, you do not have to look at the mldd.le ;.)arts. If you forget
ill pick (2). The last part of (1) is linear. Therefore, jt

These facts are satisfied by the graph of (4). If

about the anomalous expansion of water, then you w.
can definitely be removed. ‘
Once you look at the graphs, at a glance you may think that, “my God! How can the value of helgh't (b) be
reduced with the increasing temperature?”. It can happen. You may think that (3), (4) and (3) choices are

false ones. But initially if 0°C water is clicked for you, then remove (1) and (2) quickly. After h =2r, the

variation of h cannot be linear. It should be a curve. Instantly you can get the correct variation.

42. In the circuit shown in figure (a), the box with broken 1ipes contains a ’__.f:' ————————— 'l:
resistor network. The 2V battery has a negligible internal resistance. | i :
An ideal voltmeter connected across ab gives a reading of IV. When 2V ! f
the voltmeter is replaced by an ideal ammeter it indicates 2 mA. The l : H
resistor network inside the box with broken lines is g gsmEas 'Lb.

oo o ) Figure (a) 2

T F T

L Eke : :

Ty | el |

{1 i —— B
) 3)

S1kQ 31kQ |
~ I
1kQ!

The easiest way to get the answer is by considering each resistor network in the answers and check which

one satisfies the given data. According to the given facts, do not try find the matching resistor network by
calculation. Find which data are fitting to the given networks.

First, connect the voltmeter. Even separate circuits are drawn for explanatio
n,

: . w. i tied
think that there are voltmeters in each network across ab. The voltmeter j G
j i ris

ideal. Therefore, when a resistor

Physics| - 2018A-
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1 is connected, there is_
( - 8¢ from that Tesistor, Ag h
cross . So, there is no current across | g () the voltmeter i ideal, there i fAow )
o " s 1s no current flow
rherefore; 2 V is divided equally amongst the reg
sider that the rest of two 1 kQ are i ger:
con o eries. If you think in anoth
way- Therefore, the reading of the voltmeter jg 1V, 2v; Other way, then the above circuit is like this

is correct according to the voltmeter reading

=

tmeter is ideal, there i
As tl.le V;’]] i1 le a1 in;“f 1S n(.J current acrosg any resistor which connects to it i ies. Th "
v . 1 3
infinity 1 s nity (bigger resistor), Apply this logic int n series. The net is
there is no use in adding other people’s love. 1€ Into every network. For an infinite love,

Here the voltmeter reading is 2 V. As there is a negligi ,
m. f of the battery. This circuit can be remove gligible resistor for the battery, the voltmeter reads the e.

(T

Now, let us go for the third circuit. Here the voltmeter reading' J- 1
is 1V. Therefore, for the time being it can be considered as_L - = L.y ﬂ
correct. .I_ =

Let us loot at the fourth circuit.

:IE 1kQ § 1kQ %11; J—zv 1kQ 1kQ ¢

Here the voltmeter reading is 2 V. Remove it. The voltmeter is directly connected to the battery.

Let us look at the fifth circuit.
| kel l 1n
| Yy [ 2V i

Here also the voltmeter is directly connected across the battery. The reading is 2V. Remove it. According to
the voltmeter reading you can remove three out of five. What are left will be only (1) and (3). Now connect

the ideal ammeter.
P
— [ T=
v jno@
L I jrao
)2 )R
] U,

is i i i rCSlStOI'. Theref()l‘e, N CI' . ;

kQ which is parallel with the ammeter. Which fool goesona

N0 resj 9 .
sistance? he ammeter and goes only across the below resistor of 1 kQ.
ross

y=2/(1X 10*) =2 mA. The correct network is (3).
o8 clearly seen that it is not 2 mA.

So, the current of the 3+ circuit goes ac p
Therefore, the current of the circuit (ammeter rea 1
Even it js unnecessary to find the ammeter reading 0

At&imp, the current is equally divided info tWO aprts. g

——————

- 2018 AL @

f first circuit, it can be
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L —
ion in such problcms you need to take one data and takm
s beginning, first consider that fact. Ag

ata is given at the : . .
ata 1s g ccted in series. From this logic, ¥

he resistors that conn '
three networks, the voltmeter reading should be 2 v

with the voltmeter. Next, when the ideal ammeter jg
ubtedly decide that, 3" network should pe
hould flow across only one of | kg

8 Even this much was written for explana
the choices and clear them. As the voltmeter d
voltmeter is ideal, there is no current flow across t
can remove (2), (4) and (5) choices directly. In lho.sc
when the resistor of 1 kQ is removed that is in series
connected, to have the ammeter reading as 2 mA, you can undo
definitely correct. If the current is needed as 2 mA, then the current S

resistor. According to that also you can remove (1).
1 kQ

43. In the circuit shown, X and F represent the terminals of
a variable voltage source situated in the box with broken
lines. P is a variable resistor. D is an ideal diode. As the
value of the voltage Vg at point X is gradually increased
from 0 to 15 V, which of the following graphs correctly
represents the variation of the overall resistance R of the
section of the circuit to the right of

=

VI

RSkQ) RKD) R(IJC.Q)

2-—_| 2..L —

', 'S S 1| 1-

-
-

o 5 10 15 vwo 5 1o 15 vwno0 5 10 15 VW

1 2 3

RKQ) i RO @ 3)
2- et 2
— 14

A

Even it is seen as a complex question, there is a simple logic. In the ¥>sv A ksl
shown figure, R is a resistor. D is an ideal diode. When the voltage of +
point P is increased from 0 V to 15 V, how does the net resistance (R) \|

is changed on the circuit section that is right side of AB? The only thing $ Ve

that can happen to the right side is the current flow/block across the
diode.

Therefore, you need to decide whether the diode is forward biased or

reverse biased only. Even if the voltage of point P is kept at any value ¢
by changing the value of the variable resistor, then the anode voltage o;

the diode is +5 V. The I-V curve of an ideal diode is shown here. Whe

k the diode is in forward biased, its resistance is zero. R | y

=AV/AL Even if 0

SRDROSA | SciTech.LK 294 AL
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diode is forward biased, there is g current floy

;ieth; sl 1-esisumc'c of the diode is zerg, Thcrc;:)c;“sfht:c d'iodc, L

et across the resistor OF LKA that s connecteq pory ::-:13 " h

siode. Therefore, there is no .usc from that resistor, S, the olth] thco N sV
only contributes 'to the entire resistance of thjg circuit part, A er | 1 kn

diode is ideal, there is no voltage drop of 0.7 v, So, when the ;ﬁ;:: 0\7- 5V

forwafd biased (in conducting mode), there is ng Potential differ,
ence ac;

v,=5V When V, > 5 V, the diode is reverse biageq, There i

s Snoc "
salue, the voltage values of each point are as follows, Hrrent across the diode. For a V,=6V

Now, the current is flown across the resistors only. Top +6 V: Bottorn +
. ’ m

consider the diode, the voltage of the anode is +5 V whereas the cathode

piased now. The current flows across the two resistors of | ko which a

10ss it. This situation prevails until

5 V; in the middle 5.5 V. If we
$+5.5 V. So, the diode is reverse

- _ re connected in series. The current
flows downwards. It is not an issue for the total resistance. The correct variation is like this
way,

RMD 4V
1 1
21 —— SSV
I 1 k0

0 }; VrM SV

If the diode is not ideal, then its resistance is in £ range at the conduction state (1Q -25 Q). When it is in
reverse biased state, the resistance of the diode is in MQ range. If the diode is Silicon, then at the forward
biased state, the cathode is + 4.3 V if the anode is +5 V. There is a voltage drop of 0.7 V across the diode.

If such problems are judged as complex/hard problems, then you will be mentally down. The right side of

AB has two resistors and a diode. If you understand that the net resistance of that part is dependent upon the
ariation. There is a simple logic. For whatever the value of
whatever the change should occur in
d 1 kQ resistor. The equivalent

action of the diode, then it is easy to obtain the v
V,, as the anode voltage of the diode is in 45 V, it is indirectly felt that
+5 V. When the diode is conducting, there is no current across the conne.cte : The t
resistance of the circuit part is 1 kQ (the rest of the resistor). When the diode is not conducting, the curren

flows across the resistor only. The equivalent resistance is 2 k(2.

J
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44. When a long capillary tube of uniform bore radius

is dipped vertically in a beaker of water of density
dp, the water column in the capillary tube rises to
a height fiq as shown in figure (a). Now, an oil of
density d0 (< d p) is poured onto the surface of the
water in the beaker slowly without disturbing the
water as shown in figure (b). Assume that the oil
and water are immiscible liquids. The variation of
heightfi of the water column inside the capillary
tube, measured from the water surface, with the
height h of the oil layer is best represented in

H H H
h,| h, h
0 *h o *h
6y} 2) 3

As shown in the figure, a uniform capillary tube is sunk in a water container. If an oil layer that is not mixed

with water is put on the water, how will H change with h?

If the contact angle between water and glass is zero, then we know that the upward surface tension force is
2nry in the water meniscus inside the capillary tube. This will not change once there is oil insertion. What
happens from oil insertion is that there is an excess created pressure on the water meniscus. Initially, it had
the atmospheric pressure on top of the water surface. But when oil is applied, it creates an extra pressure/
pull. Therefore, it can be said even from general knowledge that when h is increased H also should be
increased. When it is pulled from the outside, then it will rise from the middle.

1

(1R} 2)

acw

oil

As the excess pressure from oil is hd g (d, = the density of oil), we Wate Ijust think that the variation of
h and H should be linear. There cannot be squared terms or square root terms in it. You quickly
can get a relation too. P, = m (atmospheric pressure).

”_PB=%----(1) PB"I'Hdw.g:P(;=PD=11'+hdog....(2)

(1) +(2) Hdyg = hd,g +2

~ —
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A
v %
B

NI

C Do
_aoh of h versus H should be a strajgh 1:-. - .
go, the ;,rapl i - Straight line with 5 Positive inter :
hen (there is no oil) . dywg = - ceptand a positive gradient. If h =0,
This 15 the equation that we are familiar witp, -

(fthe fiquid that is newly put is mixed with Water, then that mixty

qurface tension of the mixture will be changed. The et act re will go into the capillary tube and the

on is this one.

HY

e

45, Charges in an isolated distribution of three +q point charges are located at distances 2cm, 3 cm and 6 cm
from a point 0. Another charge can be brought from infinity to the point 0 without doing any work once
point charge of — q is placed at a distance r from the point O. The value of r is

(1) Ilem (2) 2cm (3) 3em 4 4cm (5) 5cm

o ] D)

According to the given figure, three point-charges (each of +q) are kept from the point O.

+q 1q *q
e e D O g
PP >
Q om 2cm 3em

nould be kept, if another charge from the infinity

i : i rgeof -q8 ¥
What is the distance (r) from O that a point charg  againstthe electrc force s2 It is simple even it

: . : ; :
sk g -l 0 witto! domg'a . ] at the infinity as zero and there is no work
s question number 45. If we consider that the electre potential @

i i 1d be zero. Then there is no
done when moving a charge 0 0O, then the electric potentlal of point O shou

00b o infinity an s also zero, If the potential difference is zero, then
otential difference between the infint

the net work that should be done against the elec

d point O. Iti
tric forces is zero.

6-q/r=0; 1/r=(3+2 +1)/6 2 r=lem (You
Electric potential is proportional t0 q/r. Therefore, a/2 * q/3 +a/6-4

do not haye to write q if needed)

i
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hard flat horizontal syrf;
, uniform strength on 8 m
66. Two teams start to play tug-of-war using a rope OF Wil int 0 on the rope does not mqy,

the po
shown in the figure. Both teams apply equal forces t.md as a result,
Consider the following statements made about this situation

th "
(A) If each of the members of the two groups applies the same force on the rope, the magnitude of the

tension throughout the rope is the same.

: ; i ill break .
(B) If the magnitude of tension on the rope exceeds its breaking tension, the rope will break only at a point

between P and @.

(C) The magnitude of the maximum force that can be applied by an individual on the rope depends on the

coefficient of static friction between feet of the individual and the surface.
Of the above statements,
(1) only A is true. (2) onlyBistrue. et S
(4) onlyBandCaretrue. (5) all A, BandC aretrue. A P

It is just clear that if each one of the participants applies same force on the rope, the tension throughout the
rope will not be same in a competition of tug of war. For convenience, think that there is ring in the middle.
Let us think that three people on the left apply 10 N each on the rope.

Then is not the net force acting to the left- side on the ring 30 N? If a same force is applied on the right-side,
then the resultant force on the ring becomes zero.

OH—
— — <« Y o oS =®» 0O
JON ION ION 1ON 10N |1ON 30N  JON

From this even you can understand from general knowledge that the tension of the rope cannot be taken as
one value and the tension is maximum in the middle of the rope (near the ring). This is equivalent to 8 string

which ha?s .weights at different places. According to the figure, if the tension parts of the string is Tj, T and
T,, then it is easy to understand that T,=10N, T,=20Nand T,=30 N B
3 ;

As the string is vertical, if there is a wej i
' ) ght, then it should a] i i
weight of the string. If a part of the string is cut and cons P

L T,=10+T,but T, = 10N, therefore, T, =20 N, ider its equilibrium, then /J

AL
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st person by the end of the rope,

the ‘

if you onty consider the man, then (p, forces Rope to map
acting On

Rope to
Man

t

e floor 10 the feet of h-c man has beep resolyed o

16 porizontally and vertically,

I

R= pcrpcndicular reaction

himself is shown here, The force from

£qual and opps;
foot by canphp Ite for

Pusheg the ground with fee

p = frictional force
As | have always mentioned, the force of F, onl
of the man. When it is resolved, the vertjca) force is called g th

p rpendicular reaction and the horizopty force is called g th:
frictional force. If the forces are in equilibrium " e
(this is most of the time true) and T =F.

Y acts on the feet

hem and pull the rope.
ased. But it is against the rules of the competition.

Ifit is mentioned that the party who can strongly apply thrust on the floor can win from tug of war, then I
do not see anything wrong in that statement. Even the friction of the rope is also important. If the rope is
smooth, then the hands slid away. In addition, if the moment from the weight around the point O is greater
than the moment created from T, then the person falls down. Most of the time, this happens when you win.

Then the magnitude of F, can be incre

41. Figure shows three objects (A), (B) and (C) which are
made using three uniform wooden cubes of identical
dimensions made out of the same material, and three
identical uniform metal cubes. In (A) and (B) the metal
cubes are glued onto the top and the bottom of the wooden ; &
cubes respectively. In (C), the metal cube is (A) embedded A )

in the wooden cube, as shown in the figure. B g
s . : d made to
The three objects (A (B) and (C) are now slowly lowered without changing their onentzftlon and made
jects (A, (B) ( ooden cubes are immersed in water are Mfg,

float vertically in a pool of water. If the depths to whf'ch the w o
B ang fip respectively, which of the following relationsNps 1s true:

(2) HA=HB>HC

) HA>HB>HC ¥ & —
4) H, > g A
(3) HA=HB=HC “) Be

. 1o 4ia] wooden
As shown form the figure, three uniform and jdentica

, Y bes are there Dt
“Ylinders g floating in water, Three identical lro.n cu(o the figure.
o the top, at the bottom and inside of it according

h, Wood Cylinder
the gypk depths of the wooden cylinders 10

an . ’ ation betwee
dh, TeSpectively, then what is the relatio
quaﬂlilies?

water are h;,
n these three

d second cylinder are equal. But in the

ce that act on

» YOU can wear

s the first an
l ght of the !

; : el : iron cube is not inside the cylinder.
! can b just understood that the combined ¥ In the first cylinder, the ~/
Secong eylinder, the iron cube is inside the WA

P S RD ROSA | SciTech.Lk
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48.

A\l

ru »
Th tra upth i So, the second cylinder is not
is gi in the second cylinder. S0, . .
erefore, an extra upthrust 1s given by the :::::l h,>h,. From this relation, other relations of h=h> h,
| 2 . ’
tis left will be only h;> h,> h, and h>h> h,. Even if yoy pick s

fthese. If you think of the first and third cylinders, then

. : rtai
the difference between them is that the cube is inside the third cylinder. For tha:;;nc :h: :::;c:de: e
has to be removed. Therefore, the weight of the first cylinder should be ﬁ:::tterThe - tgs n(l)( -the third
cylinder by a certain amount. Due to both cubes, there is no created upthrust. y Unx in water,

Therefore, it should be h > h,. o (han (3). But by consideri
Now we need consider cylinder (2) and (3). The weight of (2) 18 _hlghef S s ey eﬂng. only
weight we cannot take as h,> h,. Why? Due to the iron cube, there 15 an uptl‘frust in (2). The iron m.(3) i8 not

be decided by comparing the upthrust on the iron cybe

creating an upthrust. Therefore, the sunken depth can ' AR I—
by (2) and the weight of the wood in (3). IfV is the volume of the iron cube, fm the up - .St = V(.ilg @d,
= the density of water). The wooden volume that should be removed when the iron cube is inserted is also

V. But the weight of the removed wood = Vd,g (d, = the density of wood)
If we think that if the density of water is greater than the density of wood, then d,>d,. So, Vd,g> Vd,g

That means the upthrust on the iron cube is greater than the weight of the removed wood. Therefore, h>h,.
Now h> h,, h,> h, and h,> h,. So, the correct inequality is h,> h,> h,. You need to consider that the density
of wood is less than the density of water. This is normally true. If you do not consider as d,> d,, you cannot

get the answer.

Do not try to go and write equations. Always try to get the an
needed, you can write the below equations for (2) and 3). W=
mass of the iron cube and A = the cross-sectional area of the cylinder.

For (2),(W+m)g=Vdg+Ahdg

For (3),(W-Vd,+m)g=Ahdg

When the second equation is subtracted from the first, Vd,= Vd + Ad, (h,- h,)

V (d,- d)) = Ad,(h,- h,) > If d > d,, then it should be h,> h,. If d > d,, then h> h.. If so, the correct one is
h>h>h,.

An infinitely long thin straight wire held perpendicular to the plane of the paper at point 0 carries a current
I into the paper as shown in the figure. Nine other similar infinitely long wires, parallel to the above wire,
and held on the circumference of a circle of radius r with centre at point 0, each carries a current I into the
paper. Except for wires A and B, the angular separation between any two consecutive wires is 30° as shown.
The magnitude and the direction of the magnetic force per unit length on the wire held at the centre d due to
other wires are, (Take cos 30° = _T3 )

very much compared to the first cylinder. T
h,=h,=h, and hy>h,> h, are removed. Wha
blind choice, then all you have to choose either on¢ 0

swer by logical arguments. Even it is not
the mass of the wooden cylinder, m= the

ol
(1) Z=-(t+B)in the direction of Y0,

2
@ 2 (1++B)in the direction of O,

s :
@) B(1++B)in the direction of oY,

12 . .
@ f%r—z(lﬂﬁ)m the direction of OX, S X
wr. =
) el the direction of YO,

L]
Y e I~

°
B

-0

S R

S _

018A
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nine Wires, what i

girection of the magnetic force per ypj length in ¢he Wire g

$ the magnitude and the
Cross Q?

across O. Because these forces are acting on eqy

7 The Force from BtoO

al and opposite
directions- ‘. r—.——.. °
" . 0O F 3
erefore, you can remove the wires which, CaITy oppos; g
Th .. L ¥ Opposite e Force from A to O
el et Currents to each other. What
w e ‘“\.\ 18 left will be the upper three wires that are not in the
v’ e

Opposite direction,

Due to the horizontal components of the inclineq forces, the
Therefore, the resultant force on the wire at O = F+ 2F co
force per unit length of the wire at O = |

2
Therefore, net force = % (1+2c0s30%) == Kl (1+ V)

ol?
2nr

Y are being cancelled off.
$30°T OY direction; The
(IIB, 1=1)

49. A toy car shown in figure (a) havipg
an isolated metal axle PQ, travels with
a constant speed v along a sinus_oidfal
path whose vertical cross-section is in
zx plane as shown in figure (b). At time
t=0, the axle PQ coincides with the y axis.
If a uniform magnetic field of. ﬂqx
density B exists throughout the region in
the +z direction and normal to the xy plane,
the variation of the induced e.mf.(e) at
end P of the axle with respect to end 0,
with time (7) is best represented by, (Neglect
the effect of the Barth magnetic field.)

€

NN\,
NV

@)

_/
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According to the figure (1), a thin metal rod of PQ is travelling in a uniform v speed in a wﬂm
with a sinusoidal shape. Figure (2) shows a vertical cross- section of the system.

" o) )

If there is a uniform magnetic field with flux density of B vertically upwards throughout the region and when
t =0, the rod starts its motion from point O, then which graph shows the variation of the induced e. fofp
end relative to Q end with time (t)? . . |

If cars or rotating swings are connected, then the question becomes more beautiful. But Physics part is there
to find the variation of induced e. m. f on a metal rod that moves in a sinusoidal path when a vertical unifory,

e~

First, consider the moment where v and B are perpendicular to each other (at position O). The generated e.
m. fis vIB (I = length of the rod). Keep the right-hand thumb perpendicular to the other fingers and rotate

the fingers from the direction of v to B. The direction that the right-hand thumb indicates the direction of the
induced e. m. f.

magnetic field is applied.

As you know, I use right-hand rule to decide all the directions according to magnetic fields. You can use
the right-hand rule of Fleming for this. According to this the induced e. m fis acting from Q to P side. As1

mentioned in the reviews, think of a cell instead of a rod. Then the sign of the induced e. m. f can be easily
found on one point with respect to another point.

Q Q
Accordingly, Pend s positive relative to Q end. So, remove the variation which has drawn / - f e
as negative. P

When the rod is at point O, the induced e. m. f should take a maximum valuye, Why? ©

Because v and B are perpendicular to each other (vIB). At point 0O, e cannot be zero.
From this, these two variations are removed.

€

X
| \JK\T‘ ° X

e takes a minimum value here. Remove this also. Then

Initially, i
this will only be left.

SciTech.L gAL
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Consider 2 fair moment where the rod is kept i,
Jo you find the induced e. m_ f on the rod? We
vertical (v sin 0) direction. As v gip 0is
from it. Therefore,

~1B v cos 0. If you study the Variation of ¢ (co
f s 0) whe i i
i .y N the rod g Moving along the path

Can you see that the value of ¢ increases v
pottom to the middle in the sinusojda] path an
when you go from the middle to the peak of
of 0 =0 at the bottom and at the peak. From z
increased and then it should be gradually dec

hen yoy move from the
d the valye of 0 decreages
the mountain? The vajye

€10, 0 should be gradually™
reased,

the top of the path as 6 =0, then cos 0 =] (maximum )

The minimum value of ¢ is in the middle of the path
(8 maximum -> cos & minimum). Now the work js don

e. Look at the following figure.

»
' o

. minim irection of e also
The value of e will never be zero. It varies between the maximum andd : umf . dlerj: not changed
: irection of v cos .
imbs the mountain or descends, the direc
cannot be changed. Even the rod climbs ' ot pet scared
The direction gets reversed in v sin 0. But there is no induced e. m. f from that component. ]f)iz : hgth
€ directio i ) X whether one
on such questions. First, find the direction of the induced e. m. f. Then you cants A "o
Ce you see - 3 i e moments where yo
end 0};‘ the rod is positive or negative relative to the other end. Next, consider th

i Then without redesigning the whole
ini i of the induced e. m. f.
have the maximum and minimum instances

2afs a zero at the bottom of
hape of the variati can judge the correct variation. The value of 6 may not be
shape of the variation, you

the path in a rod of a vehicle. vcos0

vcos0

- y
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- o1 narallel rectangular metal plates p)

GO- A, B, C and D represent vertical cross sections of four ldentlc;l :ns  analt hole g 5 Sectre, Th: aceq

normal to the plane of the paper. Each of the plates B, C, and three

i a). Plate A is gro
plates are arranged 5o tha their holes are conxially placed 2 5h°wn.meﬁflf; (az the Positiong(r) :: Zle: "y
the entire system is in a vacuum. A stationary electron ed at im J axis

is creat
lied to the plateg N
through the holes as shown. Which of the voltages VB, Vpand VD should be app P to obtain
the velocity (0) — time (i) curve shown in figure (b) for

the electron? (Assume that the given voltages gy,
suitable for practical use and that the edge effects and gravi

tational effects can be neglected.)

L’ H ) —

(7
1 |

Figure @) '» '¢

(1) -3kV| +26kV ov
2| +25kV| -26kV +3kV
3| +25kv| +24kV| +200V
4) +3kV| +26kv| —-28kV
5)| +3kV| +32kV| -22kV

As shown in figure (1), four metal plates of P, Q, R and S have been kept in a vacuum. »
The middle of Q, R and S have small holes and they are placed in the same axis. The
plate of P is earthed and at time t =0, a stationary electron is generated from point O.
If the motion of the electron afterwards is shown in the velocity (v)- time (t) graph in @
figure (2), then what VQ, VR and VS voltages should be applied to the plates?

0 ]

: olx ‘ 4 RS
First, look at the v-t curve. Initially, the electron is accelerated and then it is subjected to lg |
a certain deceleration. Next, it undergoes a rapid deceleration and the velocity quickly © l
becomes a zero where it turns back again (the velocity gets negative). Also, v-t curve is v, v, ¥
2 L] L L

also symmetric around the time axis. w

As there is a negative charge to the electron, if it has to be subjected to acceleration, then it should move

from 2 lower potential to a higher potential. If you think in another way, then the electron should go along

the direction which is opposite to the direction of the electric field. Ifitisa positive charge, then to accelerate
it should go towards the direction of the electric field. Likewise, if an electron has ’
it should move from a higher potential to a lower potential, If we
summarize, then for acceleration it should go from a lower potential
to a higher potential and for a deceleration it

to be decelerated, then

E

should go from a hi ~——&— |Higher
: ; 1gher
potential to a lower potential. Keep these facts in mind and go acrog -C Potential
each answer sets. Some answers can be removed S

1) Vo=-3kV,V, =+2.6kV and V

\

=0V, VQ takes 3 _ lower Potential  Force on Electro?
; n
value. V<0 - from a higher pote egative
80¢ Physics | - 20184

ntial to a lower potential->
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It does not accelerate. Do
. ot |
00k at Viand v

: potential
travelling from P to Q, thep YOu can just L, if the electron iy accelerated
st decide thab v § crated when the eletron is

=42, =. i

i ://Q (it : :olt(:il, v? 26kV and Vi=+43kv.y >0 o Potental should be positive,
iti ecelerated), R | : (aceelerate

s ). Remove the answer (g). Ferated), Vo> Ve (decelerated) and V<

3) Vo= +2.5KV, Vo =+2.4 kV and v
=+20
V> Vg (decelerated). The angwer Sseems co v Vo0 (accelerated), V. > v (decelerated) and
- : orrect, s & M il
be selected. As it is the 50t qQuestion, let us ook atTt:cre }lls o gt ok i e
€ other

e will look at that later.

orrect, there is a i g
C ’ N upset issue here, W answers. Eventhough it is seen as

28KkV.V >0
V, (decelerated). The answer also s o~ (accelerated), Vo>V, (decelerated) and V>

€ems correct,

5y V., =+3kV,V_ =43, _

) Yo o Ve =T32kVand Vi=22kv. v >0 .
Remove it. (from a lower potential bod accelerated), Vo < Vg (it is not decelerated).
arguments, seems that both (3 to a higher potential It should accelerate) From these
) and (4) are correct. When we look into these answers, there is not

much difference i : -

V,in (4) is -2.8 k?r.the values that are given for V,and V, but V, in (3) is +200 V (not kV). But
::’t:;:::dta;:n? ::;::Z i:_ﬂ:h:;;ive\’,lt_{j Ci:;h(at the elec.tron is subjected to a rapid deceleration as it

» Vp~Vs voltage difference) should be a *

greater value. o) R
In(3), V-V =(2.4-02) kV=22kV (200 V=0.2kV)
In (4), V-V =[+2.6 - (-2.8)] kV=5.4kV
The difference of V-V value in (4) is greater than (3). Therefore, the most suitable choice is (4) not (3).
You may not be tempted to think like this way. Both (1) and (2) are wrong. As (3) seems ok, you may not
look at the choices of (4) and (5). However, 98% of our children blindly pick the answer for such questions.

This question can be analyzed more. When looking at v-t curve, the electron should turn back before it tries
) or near to the S plate. If it goes away from plate S,

t graph, the electron has turned back again. If so,

I4 1

to come to plate S (in any place in between R and S plates
then there is no chance for a turn back. But according to v-
—>any place of R and S, the electron has quickly come to a rest and turn back.

g the conservation of energy. The electron gets the energy only in
the kinetic energy is lost. Now let us go to the

then in between
Here you can do an investigation regardin

between the plates of P and Q. As it decelerates afterwards, :
choice (3). V,, = 2.5 kV, the increment of the kiretic energy of the electron when it goes from plate P to Q
V=2 "

=2.5q kJ (q = the charge of the electron numerically) p—
ineti it oesfromQtoR=q(2.5- 4)=0.1q |
;l;h;: i;:;cc tiniii‘j kiss t‘:(:l: 1ilslgfing near to p he kinetic energy loss when it goes fromRto S =
at the elec

late S, then't
q(24-0.2)=2.2qkJ

Therefore, the total kinetic encrgy loss Lt
This is less than the gained kinetic energy of 2.59 ; el
g a certain kinetic energy for the €

n the electron cannot tu

when the electron g0€S from Q to S=(0.1q +2.2q) kI =2.3q kJ

n when it comes near to the hole of plate

It indicates that, there i m back. It goes away from the hole of S.

S (2.5q kJ -2.3q kJ = 0.2q KJ). If 50, the

Afterwards, it goes in a uniform specd-

Lk B8 f the electron when it goes from plate P to Q=3qkJ
o

@fme’ the gained kinetic encrey from Qto R = (3 2.6)qki =044k )

The kinetic energy IOM
S RDROSA | SciTech.LK
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i otic energy loss when it goes f;
If we think that the electron is going to the near to plate S, then the kinetic CRErEy : m

to S =2.6q(-2.8q) kJ=5.4qkJ

Therefore, the total kinetic energy loss when the electr
This is less than the gained kinetic energy of 3q kJ. According to the conse _
happen. What can we decide from this? The electron gets its kinetic energy zero, before it comes to plate g,
As the kinetic energy loss from Q to R is 0.4 g, then the kinetic energy W
the hole of R = (3q -0.4q) kJ = 2.6q kJ.

This kinetic energy is lost when the electron comes in between R
there is a loss of 5.4q kJ. But when the electron goes away from the ho '
is 2.6q is less than the half of 5.4q. Therefore, definitely the electron 18

Therefore, the correct answer is (4) not (3). I I I
The path of the electron can be shown like this way. o

; ) . : e
However, this argument in conservation of energy 18 not remembered when doing t I I I

question as that logic is long. Therefore, this is the short argument that I suggest.

(1) As mentioned initially, the electron is accelerated from P to Q. From Q to R as
well as from R to S, the electron is decelerated. If so, then it should be V, >0; Vy> Vyand V>
V. Then what is left after the argument are +2.5 kV, 2.4 kV, +200 V and +3 kV, +2.6 kV, -2.8
kV.

(2) To find the correct value out of the two choices, you can use this simple logic. The deceleration
after R is greater than the deceleration from Q to R. The velocity is quickly reduced and gets zero.
Therefore, the difference of V-V should be with a greater value.

For (3), V-V, =2.2kV and for (4), V-V =54 kV.

If we look at the v-t curve, then you can clearly see that the electron tumns back. It can be also seen
that the turning back happens when the electron passes the plate R. According to the conservation
of energy as mentioned before, the gained kinetic energy of the electron should be completely
lost.

The kinetic energy is increased when the electron travels from the earthed plate to the plate Q.
This kinetic energy value is proportional to 2.5 according to (3).

on goes from Q to 8= (0.4q +5.49) kJ = 5.8q kJ
rvation of energy, this cannoy

hen the electron is departing from

and S plate. If it goes from R to S, then
le of R, the kinetic energy it has which
turning back in between R and §,

When it is going from Q to R, the kinetic energy is reduced. The reduced amount is proportional
to (2.5- 2.4) 0.1. Even the electron travels from R to S, the kinetic energy loss from R to S is
proportional to (2.4 -0.2) 2.2.

As 2.5>0.142.2, the electron is not stopped. It goes out from the hole of plate S. If so, then
the electron does not obey the given v-t curve. In (4), 3< 0.4+ 5.4. The electron is stopped in
between R and S. It happens due to the deceleration due to the electric force created opposite
to the direction of motion. The velocity quickly gets zero and get accelerated backwards. When
coming backwards, the electron is accelerated from the middle of R and S to R and then from
R to Q (to the negative direction of velocity). From Q to P the electron is decelerated and the

velocity gets zero when it reaches the plate P. If there is no energy loss, then this process happens
continuously.

Always you need to use the removal of answers by looking each of them when solving such questions. You

cannot get the correct answer by doing calculations separately. You need to understand the logic and pick
the correct answer by going across each of the given choices.

-
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