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o, Which of the following is not a fundamental ynjt?

B o e @ X ) mol

e
Out of the following, which one does not represent a basic unit of SI1? (20 r2) | #
" = Ll 3) ke 4) s 5 K

you very well know the basic quantities and their units of international unit systém.
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| Basic Quantity
Length
| Mass

Time

| Symbol

Kilogram

second

| Electric Current Ampere

Temperature Kelvin

Amount of matter mole mol

cd

Light Intensity candela

Other than candela, the other units are familiar to us. The shortened form SI was made from the French word

of ‘Systéme International d’unités’ which means International System of Units in English.

On 20 May 2019, the international committee of weights and measurements has interpreted the above
units again. According to the newest interpretations, even though the values of the units are not changed, all
the basic units are being interpreted only using the numerical values of the basic constants of the universe
| such as the speed of light (c), the charge of an electron (¢), Planck’s constant (h), Boltzmann’s constant (k),

Avogadro constant (N, ) and the transferring frequency of two certain energy levels of 1** Cs (Cesium) atom.

Second (s)- The time taken for the radiation amount of 9.192631770 X
10? emission in the transfer of shown two energy levels of '** Cs atom is

interpreted as 1 s. These radiations belong to the microwave region. Why

do we use '** Cs for this purpose?

Phys; |
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* Cs is being used in atomic clocks most of the time. The only stable isotope of Cesium atoms 1s '** Cs. If
we have taken another atom, then there can be difficulties in measuring the frequency correctly and precisely
of the emitted radiation due to the transfers from other isotopes. The transfer that is happening in ™ Cs is
shown in the above figure. |

How do we measure time? Actually, what is time? From the ancient times, people have measured time using
different methods. The time was interpreted by using many methods such as the distance of the shadow
created from a specific object by the sun, the oscillations of different pendulums, the revolution by the earth
around 1ts axis etc.

After some time, scientists got to know that time can be very precisely calculated by the transfers between
two energy levels of an atom. They chose '** Cs atom as the best atom. The main reason for the selection
was the time taken to do 9.192631770 X 10° transfers was very similar to the familiar solar second value.
But the time interpretation based on the earth rotation of its own axis or around the sun is not correct.
Because their travelling locus are not very certain. But by using atomic clocks like'** Cs, the time can be
measured correctly and precisely.

9.192631770 X 10°is the frequency of the emitted microwave radiation. That means its unit 1s Hz
automatically (the amount of radiation emitter per second). From this, the second can be just interpreted.

Meter (m)- The newest interpretation is the oldest one. That means a meter is the distance that the light
travels during a period of 1/2.99792458 X 10® from a second in a vacuum. 2.99792458 X 108 is the speed
of light at a vacuum. The speed of light can be very accurately measured by the scientists.

Kilogram (kg)- The previous interpretation is the international prototype of the kilogram which is the mass
ot the cylinder made from Platinum and Iridium. The new interpretation is based on the measured value
of the Plank’s constant which is 6.62607015 X 10. The unit of h is Js. That means kgms~ms = kgm?s™!.

Therefore, by using the above interpretation of m and s for the usage of the h value, kg can be interpreted. If

a mass at rest has a similar photon of energy with a frequency 1.356392489652 X 105 Hz, then that means
the object has a mass equal to 1 kg.

mOCZ — hf,

_nf

My =—7 = (662607015 x 107°* x 1356392489652 x 105°)/ (2.99792458 x 108)

m0=1kg

Ampere (A) — The previous interpretation; When two straight parallel wires of an infinite length with

negligible cross-sectional area are kept at 1m away at a distance in a vacuum and there are equal current

flows in them, 1f the force per unit length of a conductor is 2 X 10 - Nm, then the current which Alows is

There is no need for the valyes of force, distance
and p . According to the interpretation of 2019, Ampere is interpreted from the basic charge of electric

charge. The charge of an electron 1s 1.602176634 X 10° C (C = As). That

equal to on Ampere. The new interpretation is very simple.

means if 1.602176634 X 1019
charges are flown in 1.602176634 X 10" time, then the current is one Ampere.

Kelvin (K)- The interpretation of Kelvin was subjected to a fundamental change. Previous Interpretation;

One Kelvin 1s 1/273.16 times of the thermometric temperature of the water’s triple point.

The new interpretation; The value of Boltzmann constant k is 1.380649 X 102 JK-! — kem?

s“K'. The units
of kg, m and s have been interpreted above. Therefore, using them we can

interpret Kelvin. By equaling hf
value to kT, T can be interpreted. Both hf and kT are relations that gives energy.

Mole (mol)- The mole is interpreted from Avogadro’s number which is 6.02214076 X 102, In a mole there
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are 6.02214076 X 1070f elementary enpir

electrons or any other particle

Candela (cd) — The interpretation of this has

emits monochromatic light ged.

with frequency 54 X 107
then the luminous intensity of that source is

If the radiation Intensity of a source which
Hz to a certaip direction is 1/683 W per steradian,
a. The word candela may have been based from the

€ candles. The frequency of 540 X 10'? Hz has been
assoclated wi

nm) gives @ maximum reaction to our eyes. 1/683 W ha

for a solid angle with a steradian is 1/683 Js, then the total power emitted from the surface is 1/683 X 4.
This 1s about 18.4 mW.

One cande]

candle. When there are no electric bulbs, we used to us

selected because the light (yellowish green)

Ildle and Cand]e power have been One ndan s the measure of the centsal

o _ gle whose arc length ls the same 35 the
interpreted. One candle power has been Interpreted as the tota] light emitting from o

a candle that is burning with 7.8 g per hour where the candle has been made from A ATE length = radis
spermacet wax (taken from the head of g whale) with a mass of 1/6 pounds (76 g). ::El:-

!

obtained using this.

There can be a certain doubt of taking cd as a basic unit. To measure radiation intensity, we can however

use Wm™ or Wsterad'. Why then candela has been interpreted? Candela measures the luminous intensity.

That means the sensation we feel in our eyes. The visual sensation is not solely dependent upon the radiation

intensity. The sensation is dependent upon the frequency of the light. That is why a certain frequency has
been selected which gives the maximum sensation to the eye.

; RADIANS r CEGREES
You know that from radians are being used to measure plane angles (2D). The /j.mu%t
C - . - . s -_— 9 1 radian
quantities of i1n rotation motion that are angular displacement, angular velocity, 9 fondh

014153 _rpciang |

3.14159... radians = 180#
JT radians = 180*°

angular acceleration are measured in rad, rads"! and rads> respectively.

As shown in the figure one radian can be interpreted like this way. If the arc is being selected as

rin a circle with a radius r, then the angle subtended on the centre is one radian. The reason for calling this
unit as a radian may be because all the lengths are equal to the radius. This is what I feel. If the angle from
an arc length of r is one radian, then the radian amount from the total circumference length of 2zr should be
21t (1/r X 2nr). Therefore, 2 radian should be equal to 360°. By this, if the angle is 6 from any arc length of
S, then you can write as S = rf. The solid angle is an angle that 1s made in three dimensions. It is measured
In steradians (square radians). In Greek, the meaning of ‘steros’ is equal to solid in meaning. Steradian can

be Interpreted like the radian. The subtended solid angle on the centre by an area of 12 of the surface of a
sphere of radius r is one steradian. Look at the figure. The total surface area of a sphere is 4nr2.

= 1/ X 4nr* = 4n
Therefore, the solid angle subtended from an area of 4nr”

If the solid angle Q is subtended by an area of A, then Q =1/r* X A = A/r". Likewise, S =rf), A can be written
1d angle ¢

ed using basic units.
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2. The dimensions of the gravitational constant G are given by
) 'MITT - 2) L2m2 @) M2 (@) MIT2 (5) IPM2T2

The dimensions of the constants have been asked in previous past papers many times. If you need the

dimensions of G, then according to the equation F = Gm m,/r*, the dimensions of G = (force X square of the
distance)/square of the mass = MLT?2 LYM2 = L’M-'T?

3. When a bipolar junction transistor operates in saturation mode, a further increase in base curren

(1) turn on the transistor. - (2) turn off the transistor.
(3) increase the collector current. (4) decrease the collector current.

When a npn transistor is working on its saturated mode, both the base - emitter and the base -collector
Junctions are in forward biased mode. Then the transistor is working as a closed switch and the value of I,
and I values are at their maximum. According to the meaning of the word ‘saturated’, you can understand
that the current (I.) attains to a maximum value. However, once something is saturated, 1t cannot increase
anymore. Therefore, when I 1s saturated to a maximum value, it will not get increased when [ 1s Increased.
When the transistor is in the saturated state, it is in the closed situation. Therefore, 1t remains as it 1s. If you
think of relations, then Ve = IR, +V . (look at the circuit). When the transistor is saturated, its V. value

gets very small (0.2 V for a Silicon transistor). Therefore, [.=V./ R.. This i1s the maximum value that I
can take.

Day 2: Collector Crirvent v Bass Current

F’o_lt:ge relations | NPN Mode -

. NPN PP o g . . ? —
l Ve<Vg<Vc | Active f B 7 wom o Sz I
\ ¥ %ow ‘ E N - . T
l Ve < Vg> Ve I Saturation g « o 2 ;
‘ o -

l VE}.VE“:VC , Cutoff | Em“j: h‘_:

Base Current

s i;._lr IE:D

12 Vee (V)

When lc=0
Ve =V

4. According to the evidences found in Particle Physics, matter s composed of
(1) 6 quarks. (2) 6 leptons.

(3) 4 quarks and 4 leptons. (4) 6 quarks and 4 leptons.

(5) 6 quarks and 6 leptons.

From ancient times, the philosophers have thought about the basijc elements of different components that
the world/universe have been made. According to Aristotle’s analysis, earth, air, water and fire have been
considered as the basic elements. We need the earth to set foot on the ground. We need air to breathe. We
need water to drink. We need fire to cook foods but not to give sorrow to others. Even Lord Buddha has
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According to science, everything in the universe is made fro

made from atoms. In early days the scientists had a view that

The word “atom’ is broken from the Greek word’

anymore. In Sinhala, the word ‘s ga), 0|

the atom cannot be undivided anymore.

atomon’, Its meaning is undividable 52" &

like the office or 100‘
, there is eternal sadness to stay at home. -

1
But we know that the atom is made from nucleus and electrons. The interna] 'o°°%0%

composition of electrons has not been found yet. Therefore, the electron is considered as a fundamental

these two families are shown here. The meaning of lepton is light weight. But in g/
lepton family t (tau lepton) is greater in mass. Before the knowledge about quark, =%
the particles found by the particle physicists belong to three families. According to
that, there are lepton, meson (with middle mass) and baryons (with high mass). It

was found that meson is made from the combination of a quark and anti-quark whereas the baryon is made

from three quarks. So, the scientists identified that three families can be reduced to two. But it was agreed
to keep the family of lepton as it is.

There are six members in each of lepton and quark family. Electron has an elder ‘ e
sister which is with higher mass as muon (p) and another elder sister with more i e |
mass as tau lepton (1). The letter p i1s in Greek alphabet to the middle whereas 1 is

to the end. The charge of ¢, - and T is -1.6 X 10" C (that means the electronic

charge). All these three have ncutrino companicns without charge as Vo Vi V. —
(neu e, neu mu, new tau). The meaning of neutrino 1s invisible. As there is no charge in neutrino, they could

not be directly discovered by experiments. The name was given to these fundamental particles due to that
reason.

The scientists have given the names of u(up), d (down), ¢ (charm), s (strange), ¢ (top), b (bottom) for quarks,
There is a reason to name like this way. Do not turn these names into Sinhala. It is better to be called as
they are. For each quarks it is called as their flavors. Commonly a quark is represented by the symbol of g.
Normally we say that a quark is with six flavors.

The first column of ¢ v and u, d quark strips are known as the first generation where as the second
colum of fundamental particles are known as the second generation. Finally, the last column of particles
are considered to be belong to the third generation. The charge of quarks are taking fractional valyes. Even

though the charge of e, p and T is -¢, the charge of quarks u, ¢ and ¢ are +2/3 e while the charges of d, &

thsics| . 2019 AL 21% S RD ROSA | SciTech.LK
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and b quarks are -1/3 e. Do not forget when writing quarks u, ¢ and _-_-
f, they should be written in the first row whereas when writing d, s
and b quarks, they should be written in the second row. If you want
to remember about u, ¢ and f then remember the phrase ‘university _
of Colombo teacher’. As quarks can be added to make other known
particles (except leptons) and each charge of a particle is taking an
integer value of an electronic charge such as 0, , the charge of quark

() ) ()

strange bottom
% %

The artistic representations of quarks are shown here. An up quark is shown as a Helium balloon. That
s because the balloon of Helium goes upwards. Down quark is like a parachute as parachutes always go
downwards. Quark c is like a charming daughter who always look at her reflection in a plane mirror. Quark
s 1s like a strange figure with many heads and legs. Quark t is like a gentleman with a hat on his head. Quark
b 1s like a small boy who goes to school by bending forward with a bag. When I see this figure, I remember
the bomber of Katuapitiya church. How much can you change the mind of a child by using an influencer?

The six leptons and six quarks that we considered have ant;

-particles belonging to each other The complete
set of the diagram is shown here.

The first anti-particle that the scientists found was positron (positive electron — 'e‘*). Afterwards for each

y € = e+; H - }J.+; T - T+; Ve Vi
As a neutrino does not have a charge, its anti-particles are represented by apply; o

v. They are called as neu e bar (V,),, neu mu bar(V,,),, and neu tay bar (

. . . ) Vz). If you consider
mathematically, then by applying a bar sign, an inverse variable is represented (x-

X).
Likewise, the anti-quark of u is represented as and for every other anti-

above each of them. So, we can decide that the universe has tota] 24 funda

- _ | mental elements like up bar quark
- u; down bar quark -d It consists of 6 leptons, 6 quarks, 6 anti-leptons and 6 anti-quarks

. . [ consider this
table as the periodic table of particle physicists. ———

SRD ROSA | SciTech.LK (31'@
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PhYSics |

¢ are the laws of making particles by using quarks

) From any three quarks you can make all the othe

( : :
ransformed 1nto anti-quarks, you will get ani

) The addition of any quark and antj

2, 2 1 —_—
p-lﬂld 3+3 B +1 P = uu =--—§+§=-—1
2 1 . ——————
n::Udd:;—_'—;:O n=u d=—§+-+§=0
y S |
p=sss=-3-3-5;=-1 nm=ad=-2_-1=_4

4 _t,2,4 - _ 1 1 1_
A -uuu—3+3+3— +2 AT =ddd = ——— -1

Putting names to quarks can be understood by this way. The scientists consider p and » as two family
members in a family. There is a net charge for proton where the net charge is zero for neutron. Therefore,
p, proton is considered as the elder brother and » is considered as the younger sister. As there 1s a charge,
proton is considered to be in a higher place. According to that in the family of p and », p 1s considered as
the up companion whereas n, is called as the down companion. So as two up quarks are needed to make a
proton, that is called as an up quark. As two down quarks are needed to make n, it is called as a down quark.
During the middle of 20" century, particle physcists have discovered many particles (apart from p,n). It has
become a challenge to explain that why there are there. Therefore, such particles that cannot be explained
were called as strange particles. To build them, they need another quark other than « and d. That quark is

known as strange.

The name ‘charm’ came like this way. When scientists who study about quarks gathered at an instance, the
sentence of “What a charmimg thoery is this™ was said. Accordingly, the next qurak was named as charm.
The last two quarks of top and bottom were name for the conveninece in the vocabulary usage. How much

do they match if we use up and down or top and bottom? Initially, they were named as truth and beauty.

These two characteristics are essential to human beings. But later on, that was abandoned and everyone

liked to use as top and bottom.

ard model of the universe’. By using this model today, not only
things related astronomy, cosmology subjects

This model has been named as the ‘stand

d 6 quarks. The question asked about how the

Matter has been made.
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05. The variation of the gravitational potential V(r) due to a point mass, with distance r is best represented by

V(r) L V(r) V(r) V(r) V(r)
0}——— r 0% r 0!_3_‘ r 0 r o0 r
(1) ) 3) @) ()

= -GM'r.

The gravitational potential (V) of a point mass of m with a distance of r can be given by V

Therefore, the variation of V with r can be represented simply as shown below.

T

The negative sign in the expression is ver); important. As we know, gravitational force is an attractive force.
Therefore, two objects with masses are bonded with each other due to gravity. When the force 1s attractive,
the potential takes a negative value. The potential at a distancer, V. = - GM/r,, at a distance r, (let us take as
,>1,), V2=-GM/r,. Asr>r, V>V . This indicates that we need to do some work if we need to take away
and separate one mass from another mass. If it is a repulsive force, then we do not have to do work for the
separation. We need to do bad activities if we need to break the relation between two people. You need to
defame each other as much as possible. When r — oo, then V = 0. However, at infinity (when they are
separate as much as possible), it is the normal tradition to take the gravitational potential as zero. But when
r =2 0, then . This seems bit non-physical. This happens as we consider a point mass here. If we consider a
solid sphere with radius R, then the gravitational potential inside the sphere with a distance r from the centre

is V (r) = — = (3R%-r?) [ this is not in the syllabus]

When r =R, we get the expression we know which is V(r) = - GM/r.
When r =0, V(r) =-3/2. GM/R. This will not get infinite.

06. Which of the following statements is incorrect regarding thermometry?

(1) ' There must be a measurable physical quantity that varies with temperature.
(2) Mercury-glass thermometers consist of thin-walled glass bulbs.
~ (3) By using a mercury-glass thermometer with a large mercury fyulb, the range of measuremeiits can be
increased. .
(4) Two different types of thermometers may give slightly different readings at the same temperature as
all thermometric properties are not eqnally sensitive.

(5) Having a large contact angle between mercury and glass is an advantage for accurate readings in
mercury-glass thermometer.

| SciTech.LK
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 should be a measurable cha

ractenstic fq
Ther ra thermometric :

| ne | Which varjeg With temperatyre.
cthe measuring characteristic (quantity) ¢ have a i

ked :
edin Many past Papers. Therefore it ;

ary linearly-

cannot be changed by enlarging the bylb. Normally,
percury is from -38°C (melting point of mercury) to 356

The surface tension of mercury is higher. Therefore, the contact angle it makes with glass is greater

Actually, the special characteristic that is relevant to this is that mercury does not wet the glass. Therefore

the readings can be done accurately. As the surface tension of it is higher, it does not go and stick with
others.

The first mercury- glass thermometer is made in 1714 by Daniel Gabriel Fahrenheit.
Why does the Fahrenheit scale start from 32? Fahrenheit thought the body temperature
as 96°F. If so, then the melting point of water was taken as 32°F because the difference
between 96 and 32 is 64 and 64 simply divides from2. Then calibration is easy. Next,
according to this scale, the boiling point of water was obtained as 212. The difference
between 32 and 212 is obtained as 180. Fahrenheit loved this difference. The temperature difference between
the melting point and the boiling point is 180. That means there is a sort of opposite characteristic in it.

. Consider the following statements regarding the physical properties of ultraviolet and ultrasound waves.

(A) Energy of both waves depends on thelr frequenciés.
(B) Both waves have the ability of ionizing materials.
(©) Both waves can be polarized.
Which of the above statements is/are incorrect?
1) Only A (2) OnlyAandB (3) OnlyAandC
“) Only B and (5) AllA,B,andC v

al wave depend upon their frequency? To me,

. | , B
this js 5 bit debatabe question. Once you read this and if you do not agrec with me, then please let me knoy

aves are high frequency sound waves (> 20 kHz)
f a sound wave is not in the syllabus. But I
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will try to get the related expressions to this in a simpler way for your understanding. How can you find the
energy of a sound wave? It can be simply interpreted as the energy or the intensity (Wm) across a unit area

In a unit time.

Intensity =energy/ (time X area) = (energy/time) X (distance/ volume) = (energy/volume) X (distance/time)

= (energy/volume) X the wave speed

The energy of the wave is obtained from the simple harmonic motion of the particles. Therefore, the total

energy 1s equal to the maximum kinetic energy.

Energy = 2mv? =1, m (Aw)? where A — the amplitude of the wave, ®- angular frequency of the wave

(energy/volume) = % (m/volume) (Aw)? = % p(Aw)? where p- the density of the medium
Therefore, intensity = %2 p Aw?v =1/2 pvA’w? where v- the speed of the wave

According to this, the intensity of the wave is dependent upon w*(2nf). Likewise, it 1s proportional to the
square of the displacement amplitude (A?). But a sound wave is felt by us as a pressure wave. The sensation

that the ear feels is known as loudness. The above expression can be modified like this way.
Therefore, intensity = 2 (pvAw)?* pv. We will consider the units of pvA®.
pvA® =kg/m3. ms'. m s = kgms?/m? = Nm™

There are dimensions of pressure for this. Therefore, the term pvAw can be identified as the pressure
amplitude (P,). Accordingly, the sound intensity can be expressed as P? / pv. Our ear detects pressure
variations not displacement variations. The ear is a pressure sensor. According to this, the ear has sensations
of pressure amplitudes not displacement amplitudes. Therefore, the loudness is proportional to the square of

the pressure amplitude of the sound wave where loudness does not depend on the frequency. It is true.

The ultrasonic waves are not heard by our ear. Therefore, when talking about ultrasonic waves we cannot
talk about loudness. The detectors (piezo-electric crystals) which identify ultrasonic waves detect them
as pressure waves. If you consider like this way, then you can say that the intensity of ultrasonic waves 1s
not dependent upon frequency. But there is @/2nf in P . If you look from that point, then the intensity 1s

dependent upon the frequency. This is a very complex problem to me as I cannot give a straight forward

answer. Even, children do not know any of these equations.

According to the syllabus, the children know that the loudness of a sound wave is proportional to the square
of the pressure amplitude only. They do not know about the energy (intensity) of an ultrasonic wave. If

somebody can clarify this matter, then please let me know.

When an electromagnetic wave is considered as a wave, the children do not know the expression for its

intensity as it is not in the syllabus. But I will try to derive an expression for the intensity in a simple way.

Consider a parallel plate capacitor with plate area A and the distance between plates d. If the potential
difference between the plates is V, then the stored electrical energy of the capacitor is ¥4 CV2 where C is the
capacitance of the capacitor. This energy can be considered to be stored in the area where the electric field
is applied between the plates. Therefore, the stored electrical energy (energy density) in a unit volume 1n
that region can be interpreted as 72 CV?/Ad. C= Ag/d and V = Ed. According to that the energy density =
v, (Ae /d) (E*d*/Ad) =72 g, B’

Even we have derived this expression for a parallel plate capacitor, for the energy of an electric field at a
vacuum per a unit volume generally can also be deduced with the same expression.

Now for an electromagnetic wave also we can use this expression. As the electric field of an electromagnetic

wave is varying with the time, there will also be a magnetic field corresponding to that variation. Therefore,

S RD ROSA | SciTech.LK 318 Physics | - 2019 AL
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qual partners of the wave. Therefore, the energy

especi :
pecially as more potion for one field and Jess portion for the other field. If
you are equal partners, then you need to haye equal rights,

is not divided in a biased way,

Now We will consider a sinusoidal electromagnetic wave. If E_ is
. _ :
maximum of the electric field-

£./v2. Therefore, the stored ene

1' its maximum electric field intensity (the
amp 1tudﬁe), then the mean square value of the electric field intensity is
rgy density of the electromagnetic wave is 2X 1 e,E./2="2€E}

Actually, when we add the stored energy of the magnetic field and express in B and E

, you will get the above
expression.

Now when energy density is is multiplied by the the speed of electromagnetic wave (c), you will get the

intensity. [ = (energy/ volume) X speed = 1 e CE,2

According to this, the intensity of an electromagnetic wave does not depend upon the frequency due to
wave model clearly. Therefore, according to the wave model, the energy of ultraviolet waves does not
depend upon the frequency. Even if ultrasonic waves are treated as pressure waves, then we can consider
that they are not dependent upon frequency as well. If we consider that ultrasonic waves are dependent upon
frequency [I = 2 pvA*(2nf)7], then the statement that mentions the energy of both waves are dependent
upon their frequencies is false. But there is another story here. According to photon theory, the energy
of electromagnetic waves is dependent upon its frequency. The photoelectric effect cannot be explained
from the wave model of electromagnetic waves. This confusion was solved by Einstein by quantizing the
electromagnetic waves and taking the energy of a photon as hf. Likewise, sound waves can be quantized.
Sound waves as well as ultrasonic waves are produced by the vibrations of a medium or molecules. When
the energy of sound waves is divided into energy packets, they are called as phonons. Their energy is also
given by hf. According to this, the energy of ultraviolet waves as well as ultrasonic waves are dependent
upon their frequency.

Especially, the ability of ionization for a wave 1s decided by the frequency of their waves. The incident
photons or phonons should have an ability to remove electrons. When there is such a collision, that means
When an interaction happens, the electron removal ability cannot be obtained from the wave model. When

there is a collision, it can be explained from the collision of an energy packet. There is a common recognition

that the energy of an incident photon should be greater than 10 eV to ionize the atoms/ molecules of a

medium. To remove the electron in the Hydrogen atom (to ionize) 13.6 eV is needed. To ionize a water

Molecule, about 33 eV is needed.

As shown in the figure, all waves (photons) in Uv w

divided ; B and UV-C. The photon energy W
nio three as UV-A, UV-B an ELECTROMAGNETIC SPECTRUM

e | weses | srvmae | i

aves range cannot ionize a medium. UV waves are

the Waves of shorter wavelength which belong to

UV-C range, i L wares |
The Phonons of ultrasonic waves cannot jonize
Materjy| any way. If we consider the frequency _
20 kHz, then the energy of a phonon of an o ':::'“""f:'r o
Uhrasonic wave is hf = 4.14 X 10"* (eVs) X 20 X
PhYS]cu | SRD ROSA | SciTech.lK
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10°=28.3 X 10" eV. This value is no longer near to 10 eV relatively.

In air (speed =330 ms™), the wavelength of a 20 kHz wave is 1.65 cm. In medical imaging and scanning work
ultrasonics are being used due to this characteristic of inability of ionize. The statement of “both ultraviolet
and ultrasonic waves can ionize materials’ is false. UV can ionize for a certain range but ultrasonics never
contribute for jonization. So, the statement of both can ionize is a false statement. But the problem occurs
for the first statement. To find the truth of the second statement, you must use frequency. The energy of both
UV photon and phonon of an ultrasonic wave relies on the frequency.

Therefore, to check the accuracy of the first statement you need to use the wave model whereas to check the
accuracy of the second statement you need to use the particle model. Therefore, there can be a conflict as
think.

[n the third statement, there is no problem. UV waves are transverse waves (as they are electromagnetic
waves). Ultrasonic waves are sound waves with high frequency. Sound waves are longitudinal. Only
transverse waves can be polarized. So, both waves cannot be polarized. All this time, the word ‘polarized’
have been used. Now there is ‘polarization’ in the dictionary.

As 1t has not been used before, it can be an unfamiliar term. Polarization is not liquefaction.

According to the shown figures, UV-C rays that belong to shorter wavelength range are more dangerous.
The rays of UV-C range are being absorbed by ozone in the upper atmosphere. As mentioned earlier, UV
ray photon of this range has a greater energy. They break O, molecule into two atoms, and make ozone

molecule, O, with three oxygen molecules like this way.

| UL 95 wb m-..c;mf

: "-'-: Drbﬁd nbsrerd !f: LT RES

021-!1'#—-— O+ 0 ).< 240 nm
0+02—- 03

Qj-'rhv—"' 02 + O A<A20nm
O + 03—- 202

This can be done by UV photons with shorter wavelengths that are less than 240 nm. The reason is that the

ONASA

incident photon should have a higher energy than the binding energy of two oxygen atoms in O, molecule.

When UV photons that are less than 320 nm wavelength are hit with O, molecule, O, molecules are made.

This process is a cyclic process. Again, O, 1s broken and O, is created.

08. An object is moving in a circular path at a constant speed as shown in the figure. The change in velocity of
the object, when moving from A to B is

-
r ! I
= "y 3 e ¥ i - i . -
. i, e ] =, i "'...-\I.. ) l_u“ B
; " - - _..p- 4 .- i
- o 3 r
i . I
- i ol I'1
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When considering the triangle of

U P ---------- —_ —t —_— _—
. P R,-i'l' =Av (R P = RP
| UIND ]v, QR, -vi+ vi= Av (RQ + Q )

Av = Vr — V. As vy and v; are equal in magnitude, the magnitude of Avis V2 v. The direction is
towards RP direction.

However, the acceleration of the object is directed towards the direction of Av as a = Av/ At; We know

| that the acceleration of an object which moves in a circular locus at a uniform speed 1s directed towards its

centre. Therefore, Av should be directed towards a direction like this. \

As the acceleration is directed towards the centre, the net force also should be directed towards the centre. If

we do not have an affection or a love towards a person in the middle, then we cannot go around the person

‘ In the middle. _
09. A weightlifter lifts a weight vertically up (positi*e direction) with his hands.
The signs of the work done by |
| (a) his hands on the welght, (b) g['ﬂ.Vlty on the welght, and

()
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Think of a person who is lifting an object. To lift the weight, he needs to apply an equal and opposite force
(F) to mg upwards. If we consider the displacement upwards as positive, then the work done from his hands

will be positive (+). 1 F 1 displacement

The gravitational force is acting downwards. The displacement occurs upwards. Theretore, the work done
from the gravity is negative (-). t mg 1 displacement. However, the man is doing work against the gravitational
forces. The force that acts on the object by the hands (F) is acting upwards. According to Newton’s third law,
the force on the hands by the object is downwards |F. Therefore, the work from that force 1s negative (-).

-~ Work done in lifting an object

e m:&.ﬁmumﬁm F F (to object by hand)

T_heq!pliedhtthﬂiedimimdme
_ dusplacement ix:

F = mg (no scoclerstion) |
The work done by the force Fis: F (to hand by object)
|

But the kioctic energy has oot chenged -~ the gravity force mg
has done sn equal smount of megative work so that the met work
done on the mass is zevo

10. Consider the following statements regarding a three-level LASER system having energies E, E,, and E, (E,
<E, <E,) as shown in the figure.

(A) The LASER action occurs between energy levels 2 and 1.
(B) The frequency of pumping radiation is
(C) Level 3 is known as the metastable energy level. Which of the above statements is/are correct?

(1) Only A (2) OnlyB (3) OnlyC
(4) Only AandC (5) OnlyBandC
The meaning of laser is Light Amplification by Stimulated Emission and Radiation. The figure has shown the

absorption, spontaneous emission and stimulated emission processes. An electron that is in a lower level of
an atom can be sent to a higher energy level by a photon with a certain frequency (with the energy difference
of two levels). This process is known as the absorption. When the electrons are transferred to higher energy
levels, the atoms get unstable. When there is higher energy, it tries to release the energy. This 1s common to
nature. Such excited electrons are normally fallen to the lower level in a very short time (107 s-10 s). This

random process is known as the spontaneous emission.

Spoutaneous Stmulated
emission emission

In 1917, Einstein mentioned that there can be an occurrence of another process here. That is when the
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ithout an energy difference in the excited ph
qitially arrived photon together. Even humans

25 well as the product of excitation,

| fbrukvd Laser

Therefore, 1t 1s a kind of amplification. The emitted photons excite many other electrons in the atoms and

get an army of (monochromatic) same energy.

Now we will consider a three-level laser. First, the electron is kept at the third level from the ground level.
This is known as pumping. This word itself has the real meaning of it. The selected electrons that go to
third level should be transferred quickly to the second level. That means from spontaneous emission, the

electrons should be transferred (decay) from the third level to the second level in a very short period (s).
(~1077s).

A metastable energy level should be taken as the second level. A metastable energy level means a level where
the electrons stay for a while without falling quickly. As mentioned early, the life time of electrons which
undergo spontaneous emission is about in the range 107s-10"s. But the electrons that live in metastable level
has a life time of nearly 107s. You may wonder that even 10 ~’s is a small time. But 107 is bigger by 10*
times when compared to 1077s. For the process of laser, compulsorily there should be a metastable energy
level. The reason is that for the occurrence of stimulated emission, the electrons should be kept at an energy

level like this for some time. If there are nobody to excite, then who are going to be excited? The persons
Who quickly fall cannot be excited.

A mechanical state that represents a metastable energy level has been shown in the 'prevfous figures. The
Stable state ball is in the ground. The metastable level ball is at a shallow ho?e. It 1s neither too deep or
hallow. Due to corona, do our children are in the metastable lev'els? But ther‘e s hole nearby to f.a“ once
Itis filled When waves like UV are fallen into fluorescent matenals,. they em-lt ¥1g}.1t. But when the incident
“Nergy is stopped, the fluorescence stops. But even w?wn en.efgy like UV 1s mfldetm 0;1 :)h(f‘-:fhorescent
Malerials and the source get deactivated, the emitted light will not spontaneously stop but will gradually

levels to phosphorescent materials. Zinc sulfide,
redyce The ' e metastable energy
: reason is that, there ar .
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Now when the pumped electrons are fallen into third level, they will quickly fall into second level and fi]
it. The third level is like a bucket which has a big hole at the bottom. When water is filled into the bucket, it
falls quickly into the bucket at the second level. That bucket has a small hole at the bottom. Therefore, water

falls in drop wise to the first level. It will not fall quickly.

There is another special fact to the laser process effectively. That is, compared to the lower energy level (first
energy level) there should be more electrons in the metastable level. The lower-level population should be
less by allowing the upper-level electrons to fall. This is called as population inversion. Normally, electrons
are situated in the lower energy levels of the atom. But to achieve the laser process, the metastable level

should have more population compared to the lower energy level. This is not the normal situation. It is an

inverse situation. That is why we called this phenomenon as the population inversion.
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The figure shows the systems of level two, three and four. The laser process cannot be done only from two

levels. From that, the previously mentioned population inversion cannot be achieved. It is like the water

fallen from a waterfall to a lower level is put back to into the upper level. Putting and taking or in other

words taking what 1s put. Therefore, to produce laser, you need at least three levels as shown in the second

figure. From 1 to 3, the pumping is done. From 3, the electrons fall to 2 quickly and fill 2. The laser process

(stimulate emission) is happened from 2 to 1. From this you will get the answer. Only statement (A) is
correct. The frequency of the pumped radiation is (E,- E )/h not (E;- E,)/h. The metastable level is 2 not 3.
A system with four levels can do the laser process conveniently and more efficiently. Why is that? From 1
pumping is done to 4. From 4, the electrons fall quickly to 3. 3 is the metastable level. It protects the received
ones. It will contribute to the stimulated emission and falls 2™ level. Now whoever came to 2 quickly falls
to 1. Therefore, the population inversion condition is very well satisfied in level 3 and 2 (the laser process
occurs from 3 to 2). Level 4 1s a bucket with a bigger hole at the bottom. Level three has a smaller hole and
again level 2 is like a bucket with a bigger hole. When water is filled, it pushes the water to level 1. There
is no hole in the bucket of level 1. There is no usage even if there is a hole as it i the ground state. There

is nobody to fall below it. What can happen is the lifting to the level 4. This energy 1s given by an external

Sourcc.

There is another fact that you should know. The energy level difference between 4

and 3 as well as 2 and |

should be smaller. If light 1s emitted from the lase transfers from 3 t02, then from other transfers light should

not be emitted. If so, then the process is not effective.

S R D ROSA
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It does not matter if heat is generated in those transfers.
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_ Cts should be sat; :
. s from one material. Some material satisfied. Sometimes, you may not get all the

S are mixed w .
bit complex and beyond the A/L syllabys. When necessary (He- Ne Laser). Study of them is

Usage of laser 1s common 1n every field. The laser technology is be:
. - 0gy 1s bein d in al
to reading b _ g used 1n almost every field from a
iaser pointer (:) reading bar c.odc of a goods, >canning the information in a CD, laser printing machines, 3D
Pﬁ”ling machines, from cutting of metal plates of machines very delicately an’ j : |
o

|ac In laser eye clinics/ Cye surgery.
I there arc unwanted hair in our daughters’ bodijes then

curately to medical procedures

| | they can be removec
or permancntly stop growing with the usage of laser technology. Einstein ma

of the hair can be closed and seal from laser here. As mentioned earlier, Einstei

first introduced the stimulated emission concept and told that it can be done i

1917. Charles H. Townes was the person who studied many theoretical thingS
| and develop laser further.

In 1964, he was awarded the Nobel Prize for Physics with some other scientists. When he

| was resting in a park, he noticed how small water droplets that had fallen to a leaf combined
| together and flow along the main stem. He was convinced that likewise, photons can be

combined together to make a single laser beam. The first laser was made by Theodore
l Maiman on 16" May 1960.

His laser medium was Ruby crystal material. Ruby is sapphire crystals that

we know (It has crystalized aluminium oxide and a small 0.05% percentage of

chromium). This emits laser light in red
WORKING OF RUBY LLASER ) &

" Euby laser s bosed cn thiee wnes g7 lavels, The upper eneiygy COIOUF. TO plln]p electronS! d ﬂaSh light is
| detel E3 ] abhert Lived, El vs ground stote, 1.2 is metasiable
state with Lfetime of 0601 vec used. The three energy levels of the crystal
S\ s e have been shown in the figure. Ruby laser
et T .« considered as a three-level laser. But the [T
| W metastable level is fed from two higher &
% energy levels. Even the flash light emuts
poe=l 1y o . . '
| blue light from one pumping and green ey

light from the other pumping.

1. Consider the following statements made regarding the velocity of sound in earth atmosphere.

(A) Tt does not change with altitude at constant temperature.

(B) It always increases.with decreasing pressure.
(C) 1t decreases with increasing altitude as a T¢S

statements is/are correct? Al
(I) Only A (2) OnlyB (3)_ :

(4) Only A and C (5) AllA,B,andC

ult of decreasing temperature. Which of the above

: _ [YRT : .
the equation V= [T for a given gas v o VT. This has been

|titude can be an unfamiliar word for children (¢s¥mmoc@cs).
not been used in previous papers. This can be

As the sound speed of the air given by
Checked many times. The Sinhalese word for a
This word may be unfamiliar to children as this word has

given as the height measured from the ground.
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If the temperature is considered constant as we go upwards, then the sound of speed cannot be changed. But

some children questioned that when going upwards from ground cannot v be changed as the net value of M
can be changed due to the change the composition of the atmosphere? When finding more about this matter,
it was noted that the scientists have found the composition of the atmosphere is unchanged till 10 km from

the ground. The composition of the atmosphere (M) with the altitude variation is shown by this figure.

Until 10 km height, there are mainly molecular Nitrogen (N,) and molecular Oxygen (O,). Once it goes
beyond 10 km, the percentages of N, and O, get reduced and atomic oxygen (O) and triatomic oxygen (O,)
get prominent. Therefore, as 10 km is a considerable height, I feel that it is fair to consider that y and M
values remain unchanged. That means if temperature is constant, the statement of sound speed does not
change with the altitude can be considered as true. But it is not true when it passes 10 km. However, once
we go upward with the altitude, clearly the temperature will not remain constant. The constant temperature
is an assumption only. (The figure that is taken from the Internet has mentioned the altitude axis as 100 km,
200 km, 300 km.. I have shown the same figure in the video show too. But it should be corrected as 10 km,
20 km, 30 km..)

Some intelligent children think a lot of these issues. It is not a bad practice. It is fair if someone argues as

there is no mention about the altitude limit from the ground and this statement is wrong. I feel it is better to

consider about this issue.

E : . : :
to V= 2’;, when P 1s changing p 1s also _changing. However, v =
substitution of P/p in the equation of v = 1'5’.’.,

In the third statement, 1t has been mentioned that the temperature decreases with the altitude. If so, then the

However, the speed of sound is not varying with the pressure. This has b Iven many times. According
? RT . :
—_ €quation is obtained by the

speed of sound should be reduced. In the first statement, the temperature is constant. In the third statement,
the temperature is reduced. First and third statements have been considered as correct. The atmospheric
pressure and temperature variations with the altitude has been shown in these graphs.

oy L %

I feel that the assumption of temperature remains constant is unfair. But can we assume anything in Physics?

In troposphere, the temperature reduces when it is away from the ground. The reason is that the gases in

this region (N,, O,, CO,) absorb the long wavelengths of radiation from earth heating instead of absorbing

solar radiation very much. The other fact is that when the air goes upwards due to convection, the volume

is increased as the pressure is decreased. This is considered as an adiabatic (quickly happening) expansion.
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I have wnitten a detailed explanation about X
There should not be air in the X-ray tube.

losing the energy in them. There

“Tay tubes and the production of X -rays, in the review of 2017.

If there is air, then the electrons will scatter here and there while

should be two voltage supplies to heat the filament of the tube (cathode)
as well as to keep a potential difference between the anode and the cathode.

that

That means you can consider
there are two circuits. To heat the filament, a considerable amount of current should flow in it. The

filament consists of a coiled wire (normally tungsten) and it gets incandescent by increasing its temperature.
The filament emits electrons by thermionic emission. A low voltage is enough to heat the filament. All you

need 1s to allow a high current (3-7A) flow across the filament. This can be obtained by using a step
transformer.

-down

Rcilﬂf'e Ihlcnslty

X-ray produce when

high speed electrons
hit tha metal tarnat

There should be a high voltage (in kV rahge) in between the cathode and the anode. Otherwise, the kinetic
energy of the electrons cannot be increased into keV range. The electrons are hit to the targeted material.
The anode can be considered as the targeted material. Most of the time, the targeted material (tungsten) is
embedded on the surface of a copper rod. Actually, the damage can be happened to the target. The target can
be damaged due to the higher heat energy due to electron collision.

When the filament current is increased, more electrons are emitted from the filament. But the kinetic energy

of the hitting electrons on the target does not change. The kinetic energy of the electrons can be increased by

'increasing the voltage in between the cathode and the anode. But when more electrons are hit on the target,
voltag

the amount emitted X-ray photons are . creased. But the emitted X-ray photon energy is unchanged.

t that flows in the filament. The penetrating
Actuall the ; .. X-rays is dependent upon the curren |
— 3’; ) e mte(:::llty C'efrgy ot}",a photon) is dependent upon the voltage in between the anode and cathode
-rays (the en

- SRDROSA | SciTech,Lk
- 2019 AL -



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

upon the filament current’ is clearly false. When the filament current 1 increased, even though the energy of

X-ray photon remains unchanged, the number of X-ray photons get increased. That means the intensity of

the X-ray beam is increased.

If you increase the filament current by keeping the acceleration voltage constant, then more and more X-ray

photons are emitted. If the acceleration voltage is increased by keeping the filament current constant, then

the energy of the emitted X-ray photons is increased.

When both filament current and the acceleration voltage are increased, the number of photons that are
emitted as well as the energy of each one is increased. It is better to write the energy of X-ray photons
instead of the energy of X-rays. Look at the following figures. The left figure shows Rontgen and his wife
Anna.

When Rontgen was working with the cathode ray tubes, he observed that unknown rays are emitted with
a penetrative power from the place where the electrons are hit. He noticed that a crystal which was on the
table near the tube, suddenly showed fluorescent glow. He was in the laboratory for 6 weeks and had studied
these unknown rafs. Sometimes his wife might have come in searching for him. The first X-ray of the world
has shown from the right side. Sometimes the wife voluntarily might have participated in it. Otherwise,
Rontgen might have begged. However, men do not allow wives to poke into unknown things. When she

saw the shape of her bones, she had said that “I have seen my death” to a newspaper in 22" December 1895.

Normally, we see the skeleton after
the death. Rontgen won the first ; A
Physics Nobel Prize in 1901 for ol
this new discovery. The foundation
for Nobel Prizes was established -
by Alfred Nobel. That was from .-

the money he obtained by selling dynamite.

The study and use of ionizing radiation in medicine started with three important

discoveries
v' Xrays by Wilhelm Roentgen in 1895.

v Natural radicactivity by Henri Becquerel in 1856.
v Radium-226 by Picrre and Marie Curie in 1898.
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13. Consider the following statements regarding the dew point of air having water vapour in a closed container.
(A) Atdew point, unsaturated water vapour becomes saturated water vapour,
(B) If the temperature is reduced below the dew point, some of the vapour will condense.
(C) Atdew point, if the volume of the container is reduced, the absolute humidity of the air will decrease.
Which of the above statements is/are correct?
(1) OnlyA (2) OnlyB (3) Only A and B
(4) OnlyAandC (5) AllA,B,andC

] j.' ": () " s #
Fye Y l—_"‘ f Tii 2]
o £y 5
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, the unsaty | ’
e jew point. If the temperature is redyceg than the dratec1 o pou ums ino saturate _
al " “W poi
condense. ThIS 18 also correct, POl lemperature, part of the water vapour tends
{0

| humidity is at a constant value, When the temperature is equal to the
dew point temperature, then the relative humidity gets

| | 100%. If we reduce the temperature lower than the
dew point temperature, then the relative humidity remains in 100%. But as the water vapour gradually get
condensed, the absolute humidity gets reduced.

Another fact that you can see is that when the space of the container Is saturated with water vapour, the

saturated water vapour pressure is not changed depending upon the volume. Normally, when the volume
is reduced the pressure should increase (for a constant mass). But when the volume is reduced, the water
vapour 1s turned into liquid state from the vapour state. Therefore, the increment of pressure 1s cancelled off.

According to PV = nRT, if T is constant and while reducing V if P is constant, then n/V ratio should be a

constant. V 1s reduced and simultaneously n (m) is also reduced. Then the absolute humidity [n/V(m/V)] is
constant. |

When the tension of a wire is slowly increased from T,, to T, within the proportional limit, its length changes
from /,, to /, . The energy stored in the wire during this process is

) (G+T)(L-4) (2) -%(Q-Tl)(zzu,)
&) 3% -T)(, -4) @ (% +%)(5+4)

A wire being stretched by a force F , has a length of 1. If the force 1s increased gradually from F toF,

causing the the length to increase from 1 to 1,, what is the elastic energy stored in the wire during this
pProcess?

(@ (Fz"FI)(lz'll) (b) /2 (F z"F 1)(1.?.'11) () % (F2+ Fl) (l-’--ll)
@) Y%E+F)0-1) @  EFF)1TL)

As asked in the question, when the applied force is increased from F to F, (in the proportionality limit), the

applied average force is % (F, + F)). The extension is (1, -1). Therefore, the work done or the energy stored

. BOAO AL SRD ROSA | SciTech.LK
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in the wire (rod) is Y4 (F ,+F,)(1,-1 ) [mean force X extension]. The applied force should be slowly increased
as 1t has to be done without the change of temperature (isothermally). If heat 1s generated, then part of the
work done will be transformed into heat. When the force is increased from zero to a value of F, then the

average force is F/2 [1/2 (0+F)]. The average force when the force is increased from (F, + F,) is V5 (F, +F).

Force Foeea

1
grient On ¢ extension

[ "rgmf 1ia} l FIQUTI 1(b) I

15. Hydrogen gas in a container is maintained at standard temperature (300 K) and pressure (1 x IN N m 2).

If the root mean square speed of hydrogen molecules is 2 km s ', what is the density of hydrogen in the
container? o

(I) 0.038kgm® (2) 0.075kgm®  (3) 0.150 kg m? (4) 1.225kgm?® (5) 2.450 kg m?

f;_Expan;sfimx of Gases | j

e i il — ol . EE T B e i =

If . . \/= 3p . . .
you substitute to the equation v C? = ?,you will get the answer easily. When talking about the

pressure and the density, you need to use 31is equation. Actually, you do not need the temperature. The

temperature 1s needed when P/p is substituted in T and M.
PV =m/M. RT; P=m/V. RT/M; P = pRT/M; P/p = RT/M

There are many questions that have been asked from this equation. Even the temperature

1s not needed, 300 K means the room temperature that we normally consider. The standard

. o~y 72 3P, 3x10° 3 1 _ —3
temperature is 273 K (0°C). €4 = P = o =2 X 107 = 0.075 kgm.

Normally, such questions are given to find C? when P and p are given.

16. A composite rod is formed by connecting two rods A and B as shown in the figure. Longitudinal wave
velocities in rods A and B are 3210 m s 1 and 6420 m s ', respectively. A longitudinal pulse applied at the
free end of the rod A propagates with a wavelength of 2 m. What is the wavelength of this wave when it

propagates th:ough rod B?
R S ST,
A B
1) 1m @ 2m 3) 3m (4) 4m (5) Sm
Longitudianal Waves  ~ |

When a wave is going from one medium to another medium, its frequency does not change. According
to the speed of the wave, the wavelengths are adjusted. Therefore, it should

be 3210/2 = 6420/h as v /L, = v,/A,. As the speed is getting double, then the s= kh

f i Lol
Velocay ‘._'.‘f},‘ .
L ‘,".

wavelength should also be doubled. That means A = 4m. These questionsies. pazs N

are very easy. I feel that it is better if I could put some questions with many..=. | = AN

sentences that are there before the question 13, to later questions. Even if we g : EL | -
 think that they are easy, the students spend more time on questions with many }?V\N._ gW\/\/W_

sentences. — I_—__w
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’ 3g1'1itude and the direction of the e]ectn'c field at point A due to th
€

(1 :;t -harge distribution shown in the figure are N
i o o .
(1) 2;25_?;2_ - (2) E‘f-o? T g+ +qI
3) ﬁ; - 4) ﬁg? 1 A e
6
5 I;f;j‘f l L i

"{’ﬁ 5 ir"’jh AN I I
"% O = rf-:r'-_ .-i..._.‘_-' -

- . - L

Consider the given eight point-charges in th

+§q

\l. the electric field at the centre? The centre is in the
3q middle of the square. The electric field intensity
| from the charge couples (+ or -) that are equal 1n

| magﬂimde but are kept in the opposite direction equidistant to the centre is zero. To find the electric field

4 Even the +3q charge at the right comer also creates a repulsive force which is equal but
tge = - opposite in direction. So, they are being cancelled off with each other. Therefore, you can
7 neglect all the charges of same sign that are equidistant but in opposite direction. Do not care

about them. Finally, you will be left with +q and -2q. Think that we kept a -q charge instead of -2q.

Now by +q, the unit positive charge is being repelled. By -q, it is being attracted. Both are acting to the same

side. Therefore, E at the centre = 2. P qu- The direction is towards —. If this is the only answer to this
0

| direction, then the selection is very easy.

Males and males, as well as females and females are repelled by each other. Therefore, a net field 1s not

created in the middle. Normally, this is what happens. There can be people who are abnormal.

Males repel with each other and get attracted by a female. Therefore, neglect all males and females that are

equidistant. Just only consider the equidistant male and female.

18. Three capacitors with equal capacitance and two batterie |
construct a circuit to store energy. Which of the following circuits stores the maximum energy?

EHH Hg E::j . E; %—'
(1) 2) (3) ) 5)

(4 (

>, BT

|
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How do you find the magnitude and the direction of

tensity, keep a unit positive charge at the centre. The +3q charge at the left corner repels the unit charge.

s with equal electromotive force (emf) are given to

R Y e ANV, et AR v T A ety
O N N R e v 7 - R RIS e Dhs L
 Capacitace and Capasitors || T

aaaaaaaaaa


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

Equivalent capacitance is maximum when the capacitors are connected ctCc+C | x
. - . Cﬂ il
in parallel. The maximum e. m. f of the cells can be obtained when they 2 -

C

are connected in series. Therefore, to get maximum capacitance as well
as maximum e. m. f, definitely you need to connect the three capacitors
in parallel and the two cells in series. If the capacitance of a capacitor
1s C, then the equivalent resistance is 3C. From any other arrangement
you cannot get 3C. If the e. m. f of a cell is E, then when the cells are

connected in series the net e. m. f is 2E. The stored energy of the shown

correct arrangement 1s %2 X 3C X(2E)*.

19. When a current of 6A is flowing through the primary coil of an ideai transformer having power of 60 W,
output voltage is 12 V. Select the correct answer which gives the type of the transformer and the current ratio

(Primary current : Secondary current). |
(1) Step downand6: 5 (2) Stepdownand5:6 (3) Stepupandl: 2
(4) StepupandS5:6 (5) Stepupand6:5
Mutual Induction

' L3
-—--.—_-i.Ln._.-'_.. e M iy . N AT e e i

A step-up transformer has been shown in the figure.

Magnetic

Core \
/\/ Tz I Ty ' /\/
E, Primary gmmdw E

Input Windings I Windings Output
Voltage Voltage
swp‘up Tf:ﬁﬂfﬂfmﬂr Cucuil Glote

If the power is 60 W and the current through the primary coil is 6 A, then the primary voltage 1s 60/6 =
10 V (W = Vi). The secondary voltage (output) is 12 V. This is a step-up transtormer (12>10). Normally,

we consider such transformers as ideal. That means power of 60 W does not change. Therefore, secondary

current = 60/12 =5 A. In the step-up transformer, primary current/ secondary current = 6/5.

20. A coil is made by winding N number of tums around a plastic ring of
mean radius R and cross sectional area A as shown in the figure. This

coil is placed coaxially with a long straight wire carrying a current /.
If the rate of change of current through the straight wire is # cos wt,
which of the following expressions gives the electromotive force (emf)

induced in the coil? _ .
(1) Uy AN, cos wt (2) HpAN“lysin wt
Uy AN
2R

- AN | ()

(3) —%U—— iy sin wt i, COs wt

--——io coS w!

Magnéric” Efféct” of “Electric

- A rigid circular loop of wire of radius R and N turns is placed inside a long solenoid having N turns per

metre and carrying current I(t) =1 _sin ot. The centre of the loop lies on the axis of the solenoid and the plane

of the loop is normal to the axis. The induced electrical field E at any point on the loop 1s given by,

SR D ROSA | SciTech.LK (332) Physics| - 2019 AL



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

Et:o - COs — _HolpN N, rw
a) ST oS wt ) e bl

Stronger field
(Unes closer)
r'n-l:-‘di::;._hﬂrth:;dk thwhthb:l‘q-t:irhﬁmh U Srgrle
- PeY U rig it b
e Weaker field

We know that the magnetic flux density B of a straight long wire with current in a dji

Now this wire is kept perpendicularly according to the figure along the axis of a coil with a soft Iron core

S. If we consider the magnetic flux density inside

: the coil is uniform, then the magnetic flux across the coil = BAN = n ANI/2nR [magnetic flux density X

Pe;pendicular area X number of turns]. Now if the current in the wire is varying in a rate of i' then the rate
of magnetic flux change is 1L ANI'/2nR. According to Faraday’s law, this is the
magnitude of the induced e. m. f of the coil.

fi' =i, coswt, then the induced e. m. f js (uDAN/ZnR) [, coswt. [f the

to write
as. The rate in which this current varies with time di/dt =low COS wt. [The students

who are in the biology stream do not look at this matter.] Therefore, the current

which is given in the paper is not the peak current. To tally with dimensions, it
should be i,w. But one can argue that what is givenin |,

current is considered as an altemating current, then the normal tradition 1S

1S [, w.

2. Consider the points A, B, and C on two equipotential surtaces as shown in the figure. When a proton
moves from A to B, the electric field does a work of 3-2x10-'°J on 1t. Charge of an electron is
-16x 10" C. The electric potential differences V,,, Vj ., and V-4, respectively, are

(1) 2V, 2V, and 0V | \

Vg
(3) 2V, 2V, and 0V - e /cs%t:lsz::nnal
(4) 05V, -05V, and OV 1y
() =0:5V, 05V, and 0V N B A
TN e

T . " L T R e Ty
f‘;:#-lr e t: e gL 7 L B Ca e P 3‘: --‘i-f':...:".:.--1..L""'"-"";“'--:-'-'.3-‘Lr T
=TT A i Sy o -'*f n Pnt, P g g S
ot s LN / eclrostatic Pote, naql -
Sy PRLT N g e TR, Tl e i R 3 o el i, ] g T T
.'I-I'_:; .‘* = :.-:__-._‘i_l:-':_.;.l-‘.' r.: ; ! i - IJ:-:E'-"-* T.".‘_i:‘ I!;;..1.:';.._--' -?!L.I , .- ,;. :'t_' I-“._I“I-‘I---‘-- - ':'.'

o
-
A
|

*
A

A l.-'ll'.:'u.,.__ " £ R

| The electric filed Jines and the equipotential surfaces from a point positive charge is shown here. When
laking a positive charge from the equipotential surface A to a point in B, the electric field is doing work on
It. Positive and positive repel each other. It is clear that the potential of the equipotential surface in point
A'is greater than the potential of equipotential surface in point B. The potential difference between two
CqQuipotentia] surfaces is equal to the work done by the electric field when moving a unit positive charge. Ifa
Froton T moving, then the charge of a pfoton is +1.6 X 107" C. If the work done by the field when a proton
1S Moving is 3.9 X 10'° J, then when a unit charge (+1 C) is moved, the work done it will be 2 V.

Phys
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22. A celestial object is located at the mid point of the

3.2 X 10/1.6 X 10¥=2 V]. So, V,, = +2 V. V,, means V,- V. As points A and C are in the same
equipotential surface, V, .=V_, =0.1fV, , =+2 V, then V,, and V. should be 2V.V, =+2V;V, =-2
V; V., =0

line joining the centres of the earth and the
mass of the earth. Assume

60 times the radius of the
h and the moon in terms

moon at a certain time. The mass of the moon is 0-0123 times the
that the distance between the certres of the moon and the earth 1s
earth. The acceleration of the object due to the gravity of both the eart

of g is approximately, _ |
@ 111 x10% @) I'1 x10°%g (3) 33 x 102g (4) 05¢ (5) 1-0g

Earth | |
/) O

30R 30R

Consider an object which is placed in between the line joining the centres of the earth and the moon. If

the mass of the moon is 0.0123 times of the mass of earth, then find the acceleration of the object in g (the

gravitational acceleration on earth’s surface).

The acceleration on the object due to earth = GM,/ 30°R’

The acceleration on the object due to moon = GM, / 30°R’

Net acceleration = GM /R 1/30? -0.0123/307]
Write this expression directly in your rough worksheet. GM /R is the acceleration of an object which 1s kept

on the earth’s surface which we consider as g.

So, the answer = g (0.9877/900) = 1.1 X 10 “g (if it is estimated to the first decimal point)

There is a simplification. It takes some time. As 10 1s in one answer, you can say that the correct answer
value cannot be cared. But when answering, the children does not think of this issue. They try to simplify
till the last end.

Another fact is that if we do not consider the moon, then the acceleration only from the earth is near to the
first decimal point is taking this value. g/30%= 1.1 X 10 g. Therefore, if we did not consider the moon and
<k the acceleration at a point that is in 30R distance from the earth, the children could have saved some
time. Even the before and after zeros of the decimal in the value 0.0123 are not successful numbers. Here
the second decimal (which is 1) is not 5 or higher than 5. Therefore, this value does not affect for the firs!
decimal place of the answer. I feel that the question could have been simpler if it was asked considering only
about the earth. When 1/1000, you will get 1 X 10, When 1/900, then the answer must be little more than

1 X 10°. The only answer which has greater than 1 with 107 1s 1.1 X 107,

SR D ROSA | SciTech.LK Physics | - 2019 AL
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bet :
5 T e ot of sty D3 o 5 50 i e i 0
| ;ﬂaw while keeping the lower plate at rest o onzontal force of SN is applied to the uppe

if the velocities of the oil layers vary lim‘;"hal Is the velocity of the middle layer of the oi

across the gap between the plates?
1 -1 plates
(D) 25ms. (2) Sms (3) 10ms! 4) 25ms-t (5) 50ms
v — The questions with oil layers among the plates can be see in many
| - \'('j oIl ¥ o past papers
\l

| ; . -—*— > =0.2 X 500 X 10+ . .

. | 0% X [(v-0)/2 X 10?] where v is the velocity of
| STATIONARY

STATIONAA the oil layer which touches with the upper plate. There are numbers

Which can be easily simplified. 5 and 5 are cut off, 0.2/2 =0.1.
v=10%102=10 ms™.

As the velocity change 1s uniform, the velocity of the middle layer is 5 ms'.

4. A diode and a resistor are connected in such a way that only two terminals are available for external
| connections. When a voltage of 1 V is applied across the external terminals, the current through the circuit

is 50 mA. When the applied voltage is reversed, the current doubles. What are tire forward bias resistance
of the diode, and the value of the resistor?

Resistance (£2)

| \D‘_"m— > According to the figures, there are two ways that a diode can
. R . .
be connected with a resistor.

R

That is by in series and in parallel. First you need to decide that whether the resistor is connected in series
Orparallel. Once you read the question, you can decide that it has been connected in parallel. Why? If it was
connected in series. then the current that is flowing across the resistor, as well as the diode that means across

the circuit should be zero as the diode gets reverse biased each occasion. There 1s no such a mentioned fact

mode of the diode.

Initially when 1 V is applied, the current across the circuit is 50 mA whereas when the direction of the
Voltage was changed, it has been mentioned that the current gets double value of 100 mA. When the diode is

forward biaged th rent flows across the diode as well as the resistor. When the diode is reverse biased
, the cur

y

the current 14 the resistor only. We know that when two resistors are in parallel, the equivalent
WS across '

Phye: :
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: . : : rrent 1s flown wh
resistance of them is lesser than the lowest resistor of the two. Therefore, more cu en the

resistors are in parallel. That means the first instance 1s relevant to the reverse biased mode of the diode.

Then there is no current across the diode. 50 mA 1s flown across R only. Therefore, according to V = |R_ |

=50 X 10° R.R =20 Q.

Next, when the diode is forward biased, there is a current flow across the diode as well as from the resistor.

If the current is getting doubled, then the resistance should be halved (from 20). S.O, the fon‘vard biased
resistance of the diode should be 20 Q. When 20  and 20 €2 are parallel, the equivalent resistance gets
10 Q. When the equivalent resistance is halved, then the total current flow will be doubled (for a constant

voltage). If you understand it properly, then you can solve this question without any rough worksheet.

Initially you need to realize that the instance where the current is not flowing has been given. The current is

increased when it flows across the parallel arrangement.

: —iv—}
SO0mA _ 1V + 100 mA + : - ] V—™
| h - — AN —
X 0wa Vv 100mA™ |9 Q i
v | |
20 Q | 20Q v

25. An air mass in a cyclone moves around its eye in a spiral path as shown in the figure.
The velocity of the air mass at a radial distance of 80 km from the centre of the eye 1S
150 km h'. What could be the velocity of the same air mass at a radial distance of 40

km from the centre of the eye?
eye
(1) 7Skmh! (2) 150kmh!
3) 150V2 kmh (4) 300kmh™!
(5) 450kmh!

Work Power and Energy 23

You need to decide that application of conservation of angular momentum as soon as you see the question.
There is no other principle which can be applied. When the conservation of angular momentum 1is
applied for a certain gas mass, then v,r, = v.r, (for m). When r is reduced the speed is increased. As r is
reduced by half, the speed should be doubled. There 1s no need of rough work for this question. You can do
it from your memory. When the distance 1s reduced from 80 km to 40 km, the speed should increase from
150 kmh™ to 300 kmh™'. The speed of the hurricane should be increased when it goes to the middle. We
know that from the general knowledge. The middle of the hurricane is known as the eye.

When a hurricane is blown, gradually the speed of the air is increased. When it is passing the eye region,
it gets calm down and again the wind 1s blown to the other side. Actually, the eye is not a single point.
According to the figure, it 1s normally a circular area with a diameter of (30 — 65) km. This place is a very
calm place. The boundary that it 1s covered 1s known as the eye wall. A higher wind speed is there at this
boundary.
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~ An analogue multimeter connected to a circyit i shown in the fi

. 0 across the eve reoy : -
When we & y Teglt?n, we think that the hurricane i over. But it is not like that. Next, it tends
10 blow winds to the other direction with a high speed Even

. If we fecl the calmness, then the next moment
it gets violent.

. Th i
the multimeter is gure. The reading of

(1) 812 2) 7TmA
4 7V 5) 14V

The figure has shown an analog multimeter. A multimeter is a meter that can measure direct voltages and
currents (DCV-A) as well as alternative voltages and currents (ACV-A) along with resistor values (£2). By
rotating the lower knob to the required place of the multimeter, you can select the type of measurement you

want and the limit. There is an arrow or a small dug hole in the adjusting knob which we rotate. In some
multimeters the adjusting corner has made into a triangle.

The multimeter that is shown here has set the knob to 2 V DC-V. It indicates that it
measures a simple voltage and the lim it has set up for 2V range. Now look at the DC-V
scale. The numbers that are marked there are 0-10 V or 0- 50 V. According to 10 V

reading, the indicator is at 7 V whereas according to 50 V reading the indicator is at

35 V reading. The true reading is not any of the above. Why? The lower knob is set to

the complete scale of 2V. Therefore, if the reading is 7 V, then the real measurement is
2/10)X7=14V.

You need to consider here that if 10 V is equivalent to 2 V, then what should be the reading for 7 V? You
can check for the scale of 50 V too. (2/50) X35 =14V,

Most of the time, children might have thought that 7 V as the correct answer. 35 V is not in the answers. If
YOu just think that the total scale is adjusted to 2V, then the only answer that 1s lesser than 2V is 1.4 V.

As the real volta oe measurement is 1.4 V, 2 good reading with a greater deflection can be obtained when the
scale is set to 2V, If we take the range of 10V, then the indicator which shows the deflection stops at 1 4.
Look at the figure. Then you will get a smaller deflection and the percentage error in the reading will get
greater, If it was set to 0.02 V range, then 1.4 V cannot be read. 1.4> 0.02. If so, the indicator goes to the

Maximum to dance. _ .
Such my ltiifllst:;daiall:jown as AVO meters. This 18 2 technical word (A — Ampere, V -Volt and O- Ohm).
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27. A large number of point charges are uniformly spread out over a non-conducting
ring of radius r. If the total charge on the ring is Q, what is the electrostatic
potential at point P on the axis of the ring, as shown in the figure?

\»

4y —
e 471:50\#2 + d*

This has been given as the 26" question in paper 2006. Finding the potential is easy. The potential is not a

vector. We will consider a small dq charge in the ring. The potential that it creates at point

1 d
P, dv = —_—
4mey (R2+x2)1/2

There is same distance from every point charge (small section) to point P. Therefore, the potential created

: : ; dq 1 Q
In point P fl'OlTl the char e at the Whole rl — — 1 —E——- — —
P S ng V=), dv 4Hﬁ0 (R2+x2)1/2 4me, (R%2+x2)1/2

* A thin circular ring which has a uniformly distributed
charge Q, the electric potential at point P on the axis of

the nng Is:
I rdg 1 I l @,

g N dg =—
SxC, Y r dr, (T:+R:)= IH}' 4rz, (.‘r'1 +Hl)‘1

. 1 0]

I" =

Q

—

1
When x = 0, the potential (at the centre of the ring) should be P—

¢ 2, R2) ~ 2
4H€Dx.Asx>>>R,then (x“+ R?) = x

That means when point P is departed relative to R, it is like the total charge of the ring 1s concentrated to its

It happeﬁs only in the upper expression. When x>>> R, then V =

centre.

28. The human blood circulatory system consists of about one billion (10%) capillary vessels each with
an average diameter of 8 pm. If the blood is pumped from the heart at a rate of 5 litres per minute,
what 1s the average speed of blood flowing through the capillary vessels in cm per minute?

l 25 25 125 |
(1) 327 (2) 167 (3) a (4) 167 (5) -la%f—-

Py iy Wy d L o e A T ST b b R o
A | | Hydrodynamics

.,"'-'l L FOLE 4 5 - ¢ ; Al l. i J‘,- "-.;__;_ :i:‘_. ‘ _-.1; ._-‘ i r

o . el i . N q. “... : ,.: A - I--‘-:-.-a '1-‘:- 5 _..-._..g-_'-'r o .

As shown according to the figure, the blood that is flown from aorta are divided into arteries and then goes
to arterioles. Then they go across lot of capillaries in the body which then goes to venules, veins and then

comes back to heart across vena cava. If 5 1 of blood is pumped by the heart per minute, then its rate is 5000

cm’ per minute (1 1=10° ml =10° cm?). In such problems, it is important that you need to keep in mind that

SR D ROSA | SciTech.LK (338) Physics | - 2019 AL



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

| represented by
|k
i
0 r
(1)
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Gauge pressure mm Hg

29. Two thin spherical metallic shells are placed concentrically as éhown in the

| figure. Inner shell is kept at a potential U while the outer shell is grounded.
The variation of the electric field fi with distance x from the centre is best

‘1 - e BN W mm W W e

(2)

ﬂ - e N T B S = =

(5)

capillan - -
Pillaries each with a cross sectional area of nr2. If.

Here 1, um, cm should not be confused with each other. Liters should be converted into cm®. As the radius is
| givenin pum, it should be converted to cm (1 pm = 104 m= 10+ cm). Then v

is obtained in cm min™. Look at the 09* question of paper 2010.

.‘ - O T O s R e

m - E A an W &

(3)
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Look at the 58" question of paper 1999. This is the same

| question.

Keeping the inner shell at +V potential means that there is

Gonducloreanhed louch twith | Conducto rthedb t hing It with e 8 '
i by touching ft wi e a + charge (+Q) in its surface. If so, then the inner surface
»
Closed path for electrong ;;%# » Closed path mrmm otiow | eihe outer shell gets -Q whereas the outer surface gets +Q
| eatQ : . s :
L — P ~'by induction. We know that E Is zero inside the inner shell.

there is no net charge inside that surface. Therefore,

[t we consider a Gaussian surface in the inner shell, then
E = 0. E in between the shells varies according to 1/r%. The net charge inside the Gaussian surface outside

the shells = +Q -Q +Q = +Q. Therefore, if we consider that there is no thickness in the outer shell, then the

variation of E for the above arrangement is like this.

E

Now if the outer shell is earthed, then negative charges will flow from the earth and cancel off the +Q
charge which is outside the shell. Even we say that the positive charge goes to earth, what really happens

is that the electrons come from the earth and cancel off the positive charge. The earth is considered as a

source with more electrons or as a sink which can remove extra electrons. Practically its electric potential
does not change by taking electrons or giving electrons to earth. Does it due to this reason why the earth 1s

known as ‘Mother Earth’? Are not our mothers like this? Our mothers can cope anything as well as love us

unconditionally.

On the other hand, the shells are at positive potential (before earthing). The earth 1s at zero potential.

Therefore, the electrons should flow from zero potential to positive potential.

Now when the outer shell is earthed, the outside electric field intensity gets suddenly zero. Now the net

charge inside the Gaussian surface which is drawn outside gets zero (+Q-Q = 0). Therefore, the variation of
E like this way.

At x =R, suddenly it drops to zero. It 1s not a journey which was intended to drop to zero. It is felt that E

should be zero when it comes to the outer shell. In such an occasion, how can the electric potential V vary?

N

w——
~
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| A to
wo different paths, ABC and 4pc State C‘along

p.y diagram. The heat absorbed b th .
proceSSﬁS AB and BC are 200 ] an(); c gas dlInllg the

. e 700 J, respects
What 1S the changc N Intemal energy w;;:specuyely
expands along the path ADCY » HeN the gas
(1) 380 J (2) 520 J

(3) 720 J (4) 880 J

(5) 1080 J

Different kinds of P-V curves can be seep in the past p

I apers. The internal - dent
upon the initial and the final al energy change (AU) is dependen

on the path from the initial to
the final state. There has been given an absorbed heat for the

then even 1t goes across ADC you get the same AU

state. It does not depend

path of ABC. From that, if AU can be found,

P(Nm3)

?
' V(m‘-
3Ix10°  6x10°

- From A to B, AW =0 (as the volume is constant). From B to C, AW =P AV (the pressure is constant, it is an
1sobaric process). If we apply AU = AQ — AW for ABC, then

AU =200 + 700 — [6 X 10* (6-3) 10] =900 - 180 = 720 J. The heat is being absorbed in both occasions.

Therefore, AQ is positive whereas AW is also positive. As the volume 1s increased, AW is positive.

31. Aballis dropped freely to a floor from a height of 1 m. If its speed is reduced by 259a at each bounce, what
would be the height the ball reaches after three bounces?

vin  wlfe o b of

Do not try to solve this in a lengthy way. If v is the speed before it hits the ground, then mgh =%, mv2, So,

his proportional to v2. h o 12
In a bounce back if th speed is reduced by 25%, then what is left will be 75%. That means ¥%. All the
nce back, if the

r three times of bounce back, the speed 1s (3/4)’. Butas h o« p2

e Y4, Afte
AMswers are given in the powers of 74 e ball rises will be (3/4)'m.

h goes with (3/4)6. Initially as h = 1m, the height that t
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32. Part of an orbiting satellite is coated with a metal that has a work function of 5 eV. The Planck constant is 4 |
X IW 5 eV s and the speed of light is 3 x 10' m s ', What could be the longest wavelength of incident sunlight
that can eject an electron from the metal coating?

(1) 123 nm (2) 246nm (3) 683 nm

(4) 800 nm (5) 1230 nm

il Fr;._f'r f--'.!'f: 'i __."r’ } _ h,
It 1s very easy. Even there was such a question in the model paper. The longest wave length means the

threshold wavelength. Then ¢ =hc/A_ > A = (4.1 X 10" X 3 X 10%)/5=2.46 X 107 m =246 nm (2.46 X 107
X 10° nm)

33. A standard photographic slide has a picture size of 30 mm x 40 mm. An enlarged image of the slide is
projected onto a screen 4.0 m away from the projection lens of a ’single-lens slide projector’. If the size of
the image on the screen is 1.2m x 1.6 m, what should be the focal length of the projection lens?

(2) 9.8cm 3) 10.2cm
(5) 98cm

These two dimensions have been magnified by 40 (1.2 X 10*/30 =40 and 1.6 X 10°/40 = 40) times. Therefore,
think only about the linear magnification. According to v/f =1+m, 4/f = 41; f = (4/41) X 100 = 9.76 cm

~ 9. 8 cm
|
el g |

Scroen
w = projection sperture width
I = projection distance (from last lens surface to scresn
W= Image width

f = focal leangth of lans

When you see 400/41, it is clear the answer should be near to 10 but less than 10. The only answer which

satisfies this 1s 9.8 cm.
[If we apply les formula 1/V -1/U = 1/f and sgin convention, then -1/V-1/U = -1/f 21/V +1/U = 1/f 2> 1+

V/U=V/f-> 1 +m= V/{]

If you think of the area of the figure, then the area has become increased by 40 X 40 = 1600 times. We do
not do calculations using area magnification. However when the same object is kept at a distance, the height
also should be magnified along the magnification of the width in a rectangular shape. There cannot two types

of magnifications.

Another important fact is that, when the object 1s projected on the screen, the object and the image are on
placed beside the lens. Therefore, V is negative. You cannot use m = 1 +d/f as in a simple microscope. In a
simple microscope you will get a magnified unreal image. Therefore, V is positive. But in a slide projector,
you need a magnified real image. If it is not real, then it cannot be projected to a screen. Therefore, if you
use m = 1 +V/f by mistake, then yu will get f =10.2 cm.
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This figure has shown the ray diagram of a slide projector that is being normally used. The slide should be
inserted into the projector by upside down. Then you will get a non- inverted upright image of the object. By
using concave mirror and condensing lenses the light is allowed to be incident on the slide with a possible
intensity. The bulb is kept at the centre of curvature of the concave mirror as well as in the focus of the first

plane convex lens. You will understand that why it has been kept like that way.

34. A test tube is made to float upright in a fluid by placing a metal ball at the bottom of the tube as shown in the

figure. Total mass of the tube and the ball is m, density of the fluid is p,and the cross-sectional area of the
tube is A. Effect of surface tension and the viscosity of the fluid can be neglected. If
the tube is given a small vertical displacement, what is the period of oscillations of

the subsequent motion of the tube? i
Apg m 2m g =

M 2fTE @ mfEs O 2, IR g JEEE

5 | 95 , mg

Consider a tube with a weight according to the figure. To find the oscillatory period of the tube’s motion

ical displacement is given to the.tube, avoid writing equations when the tube i1s at
is pulled down a distance of x, then the extra

when a small vert

equillibrium. As shown i n the second figure, if the tube
is Axpg. If we consider this extra force and apply F = ma downwards, then

/m .x. This equation is like a = -@’x. this represents a simple harmonic

—
_ _ : Apg . : ” _ ’ m
sjmple harmonic motion. W = ‘\JT Therefore, OSCIIIEItOW pE.'I'IOd T = 21'1'/0.) =21 -Hg- _

m o .
Therefore, osciilatory period T = 2n/w =21 ’EE . The distance x 1s measured downwards from the

equillibrium level. Tx

upthrust on the tube
then — Axpg = ma > a =- Apg

upwards. Therefore,

The extra upthrust is acting vertically
=ma downwards, you need to apply negative

when applying F
t indicates that

sign for F. This extra force 1s a restoring force. |

the force tries to come into the place where it was before. Do

s for both occasions. It will consume
equillibrium, mg = AX,pg

not try to write equation
time. Look at this way. For the

(1)

When it is sunk by x d

Substitute mg of (2) from (1) AX,PE- Ax pg— AXPE™ ma.
So, if you directly write equation for the extra force the time can be saved.

stance apply F = ma downwards, mg — A(x,t+ X) pg =ma .....(2) (weight- upthrust)
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35.

Consider a massless balloon attached to one end of a light string. The qther end of the string is
attached to the bottom of a water tank which is fixed in a truck as shown in the figure. The balloon
is completely submerged in water. The velocity-time graph shows. the motion of the truck.

velocity
0 time
L ) 2

The positions of the balloon and the string inside the water tank during the time intervals ¢, f,, and
t, are best represented by

-

Newtons Law & Momentusm |

[ —— e

Look at the 60® question of paper 1994. There is a detailed review in it. The density of air 1s lesser than
water. Compared to an equal volume of water mass, the mass of air volume (inertia) is less. Theretore,
when the water is pressed backwards, the balloon with air goes forward.The figures show the direction of
the deflection of a Helium balloon. When the container is accelerated to the left side, the air in it is pressed
to the right side and the air pressure of the right side of the balloon gets increased compared to the left
side air pressure of the balloon. So, the balloon filled with Helium is pushed towards the direction of the

acceleration. Due to the deceleration by applying brakes, the balloon is deflected to the opposite side.

Acceleration - Braking
ﬁ

intcila (oice acling on
(e ais & bafloen
lopposite 10 scceleration)

Inicsia force scting on
skt & balloon

pozhe (o brakan

yancy lasce actng e
the balloon due Lo higher ais
density bebind the balloen

The same thing happens in water. Inside the water, there 1s no need to fill the balloon with Helium or a gas

that is lighter than air. You can fill with normal air. That is because the normal air is lighter (less denser)

than water.
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e tank.

is mass 1s accelerated to the right sj | |
Th ght side. If so, there should be resultant force on m to the right. F is the

out51de: force on m from the water pressure of left side. Likewise, F, 1s the force from the water pressure of
right side. F-F,=ma 2> F> F,; What it means is that the water pressure from behind is greater than the

from the front. If water is half filled in an open contianer, accroding to the figure, then the

| Wwalcron the left side will rise. If so, then you can understand that the left side pressure is greater than the

right side pressure. But as the water is completely filled in the container of the question, the water of the left

side will not rise. But if so, then there can be a question on how this pressure difference is created. Some
have inquired about this from me.

water pressure

= =

;:__U._._- —-—} I i 2

() Fredture CH 21008

(2) Before pereieration T T Glad Llalal Ala
_—+ .‘_
F, £
T

Even the water rise from the behind is not visible, the water that is behind presses the left side of the upper
lid a lot. An equal and opposite force of the vertical force created from the water on the lid is obtained
from the lid to the water. So, as shown in the figure, a high pressure 1s applied on the water that is behind
compared to water that is on the right side. At the same time, the left vertical wall of the tank is pressed more
from water. So, our argument doe not change as the left side water does not rise. Now instead of m water

mass, let us fill it with air. If m’ is the equal amount of volume for the air mass, then m’<m definitely. But

the values of F >F. does not change as the volume of water is filled with equal volume of air. So, as m’<m,
1 '

the air volume 1s pushed forward.

When the balloon is at rest relative to the vehicle, the horizontal component of the tension in the string

should be towards left side for the equillibrium. As F>Fy, F, =F,+T cos U can be satisfied. If it was pushed

0 the other side then, F,=F, +T cos 0.
forward, the balloon should move forw
directeq towards the vertical direction
Shoon should be directed backwards. L

This can never happen. Therefore, when the vehicle is accelerated
ard. When it moves with a uniform velocity, the balloon should be
(without a deflection) whereas when 1t 1s decelerated, the balloon

ok at the 59" question of paper 2002.
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36. Consider four metal balls of same volume placed on a smooth horizontal surface. Mass of each of the first
three balls is m while the mass of the fourth ball is 2m. They are equally separated on a straight line. The
first ball moves with speed o and collides with the second ball resulting a series of linear elastic collisions

among the balls. After all the collisions, the motion of each ball is best represented by

Momentum

a_.m‘——-ﬂ-._._.h.

‘When two identical masses are kept at the same level and the left sphere is elastically hit with the second
sphere at rest with a v speed, we know that the first sphere will be at rest while the second sphere goes

forward with a v speed. This has been discussed in the 24* question of paper 2004 and the 39" question of

paper 2011.

The second sphere is gone with v speed and is hit with the third sphere which is at rest. Then the second
sphere will be at rest where the third sphere will go forward in v speed. This logic cannot be applied for the

collision of the forth sphere. The reason is its mass is 2m. The third sphere which comes 1n v speed 1s hit

with 2m and bounced back. That is because 2m is bigger than m. When you collide with a person with a

greater mass, normally bouncing back occurs. 2m will go forward at a certain speed. The third sphere will
turn back in a certain speed. It will collide with the second sphere, gives its speed to the second and comes to
rest. The second sphere will collide again with the first one and comes to rest. The first sphere will move to

left side with the speed of the second sphere. However, 1n all four answers the middle two masses are given

at rest. From that we do not get a hint to reach the correct answer.
_— D)
OO

06 ()

2m

O ® | TO ©

Actually, even there are four spheres, you need to consider only the collision of the third sphere (m) with the

fourth sphere which 1s at rest.

The fourth sphere goes forward at a certain speed. The third sphere turns back and gives its speed finally to
the first one.

First, apply conservation of momentum. Initially, the momentum of the system is — mv Therefore, what

ever happens, the final momentum also should be — mv From that, the first choice is removed. Its final
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momentum IS «—MV 30, remove that, The other point is th
IS that

e net momentum of th :
Even (I - S¢cond choice —, 1/
specd 1O first m. So, the fi

2m Cannot be at regt

— mv the third sphere bounces back and gives 1ts
» I€move that alsg.

ntum, |

[n the thrid choice, let us consider

3 1 the net MOome
pomentum= = 2 X = — - — 1 [2m,3

Willnot write m and v hereafter. The resultant
2 4 1V T = mw
gut do not select this as £

mv ]
This is ¢ :
: orrect f] v ,
the correct answer. rom conservation of momentum

IC collj
conserved. sion,

the kinetic energy should also be

The initial kinetic energy is 1/2my2 Therefore, th
The final Kinetic energy of the thrig choice =

hmvi/A+72.2m. 9v16 =m/2 (1/4 +9/8)y2 = e = 1/8 + 9/16. This is not equal to %. [

Now let us go for the fourth choice, Net momentum = 2

5 2. 419 = V5 (1/9 +8/9) = 1 X 2/3 -1/3 =1.1t s correct. Kinetic energy =72 . 1/9
2. & = Vi = /2.

| It 1s correct, The correct answer is (4). Do not look at (5). You can check
it later (once you go home). It takes times as we need to check both

. conservation of momentum and kinetic
energy. But there 1s another shorter method .

Shortest Method

Let us consider the masses of first and second objects as m, and m,. Even we will consider the initial velocities

of the first and second objects as U, and u, whereas the final velocities will be v, and v, respectively. If the
collision 1s elastic, then from the conservation of kinetic energy,

Amus+amul’=%myv?+Y% m,v,°%......(1)

From the conservation of momentum, mu, +mu,=mpyv +my,
From the equation (1), m (u?-v?) = m, (v,’-u?) 2 m (u + vo(u - v)=my(v,+u)(v,—u)
From the equation (2), m (u,-v,) =m,(v,+u)......(4)

(3)/(4) u + ¥, =N

[f you remember this, then you can get the answer quickly. It is easy to remember as well.

The 1nitial velocity of the first object + the final velocity of the first object = the initial velocity of the second
object + the final velocity of the second object.

This equation does not have masses. You need to keep in mind that this can be applied to an elastic collision.
Also remmember that the velocity is a vector quantity. Now we will apply for our question. As mentioned

earlier, even there were three collisions, you need to consider only the final collision.

- o(u,) u,=0 : S v S,
M | e

The choices of (1) and (2) can be just removed. Check by applying the answers of other choices.
Choice (3) v- v/2 =0 + 3/4 v 21t 1s not matching.
Choice (4) v- v/3 = 0 + 2v/3 > It matches per fectly.

Choice (5) v-2v/3 =( + 5v/6 - [t dOCS| not fit.
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In a normal problem, we do not know both of v, and v,. Therefore, from the above equation only we can not

find both v, and v,. So, from (1) and (2) equations we can get expressions for v, and v,. In this MCQ), as v,

and v, are given, we can substitute and check them quickly.

(u,—u,). This fairly rcpres'ents in applied mathematics

The above expression can be expressed as V. -V,=-
= the relative

as v, - v, =-e (u,—u,). Here, (v, - v,) = the relative velocity after the collision and (u, — u,)
velocity before the collision. This is not in the syllabus of Physics. This is called as ‘Newton’s Law of
Restitution’. It is a simple law where e is known as the coefficient of restitution. For an elastic collision e =

1.

37For optimum operation of a light emitting diode (LED),
forward voltage and current should be 2V and 10mA,
respectively. Transistor is having Vy, = 0-7V, current gain
p =100, and V, = 0-1V. For the circuit shown in the

CE(sal)
figure, what are the values of R, and R for the optimum

operation of the LED?
() Ry = 1002 and R,

3-3kE22

1 k€2 17 kQ

(2) Ry = 1kQ and R. = 1kQ
(3) Ry = 1kQ and R, = 290Q
4) R, = 10kQ and R, = 1kQ
(5) Ry = 10k and R = 290 Q
Transistors =~

.—ll——.-hﬂ}-liu- .-——-ﬂ:lul—_-ll'I :

The values are given for the optimal performance of the LED. Actually, it is easy to find R, first. There
should be a 2V voltage drop across the LED. As V., is given as 0.1 V, the potential drop across R = 5- (2
+0.1) = 2.9 V. The current that should flow across LED flows across R.. too. So,

| +5V +5
R. X10X10°=29 - R. =290 Q. Next, to find R, we need b

to find V,, (the voltage drop across R,) and 1. +5 V is divided R

among 3.3 k€ and 1.7 kQ. As the total of (3.3 +1.7) is exactly 5, 3.3 kO

SV 1s nicely divided as 3.3 V across 3.3 kQ and 1.7 V across 1.7 | ;'\L;‘ g ima
C

k€. As the lower end of 1.7 kQ resistor is earthed, V.=17V. 17V A
The emitter of the transistor is also directly earthed.
1S rectly earthe 1.7 kO

S0,V,.=1.7-0.7=1V. To find I, use B=1/1. [,=1/B=(10 =
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X 10°)/100 = 107 A. Now apply V = Ir ACTOSS R? =

2790 Q. RBX104’R9=1049=10kQ;RB=10kQandRC

| whether the transistor ic = I /1 for the transistor.
not have to make this as an issye. eXisting 1n the active region. But you do
Ic I c (mA)
(V) (if)
VCC
-EE- ’ﬂ' =g (sar)
CUT OFF
I,=0
v
’ VCE (sar) = anee .

You can consider that the transistor is exactly at

the corner of the active reigon (look at the figure). You
can apply B =1 /I, for that place. This relation ca

nnot be applied afterwards. That means when it comes to

given data
13, A piece of metal is attached to the top of a rectangular piece of metal
wooden block that floats in water. As shown in the gure, wooden block

0% of the volume of the wooden block is submergedin - . T Water level
water. The metal piece and the wooden block have the =~ 27 S
same mass, If the wooden block' with the metal piece IS =R EETae “'_' B “'_ - “ “‘ o= --'
lipped up side down, what could be the percentage of the - — - —eee e o L

volume of the wooden block submerged in water? I S b

(1) Slightly smaller than 50% (2) Much smaller than 50% (3) 50%
(4) Slightly larger than 50% (5) Much larger than 50%

ock
's kept in the water and it floats on the water. If the wooden block is turned upside down and sunk in

Water, then the volume that the wooden block is sunk will be lesser than before. This is general knowledge.
Initially, the wooden block is sunk in the water. The weight of the system does not change by changing the

block into upside down position. Now as the coin also sinks in water, there will be an upthrust on it too.

Therefore, definitely the volume of the wooden block that sinks in water should be less
Initially, the coin js not sunk. Therefore, the upthrust equal to the weight is given only
by the wooden block. Next, as the coin also sinks 1n water, there 1s an upthrust from it .

100. The wes ght of the compound has not been changed. Therefore, the volume of the

Wooden block that sinks in water should be definitely be less.

How mych will it be reduced? If the wooden block and the coin has equal masses, then as the metal’s density
1S higher than the wood’s density, the volume of the metal is lesser than the volume of the wooden block.

Even from the f; gure it can be seen. Therefore, the upthrust from the metal is not in a bigger range. So, the
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volume that the wooden block sinks in water is lesser than 50%.

First, you need to decide that the volume of the wooden block that sinks in water should be lesser. Then only

two choices are left. To decide whether the wooden block is sinking less or slightly, you need to compare
the volumes of the wooden block and the metal. Similar masses of wooden block and the metal have been

given to do the volume comparison.

39. As shown in the figure, an incompressible liquid flows steadily through a horizontal pipe. Two narrow
vertical tubes are fixed at two places on the horizontal pipe where the cross-sectional areas are A and 2A. If
the height difference of the liquid columns in the two vertical tubes is /t, flow rate of the liquid through the

pipe is

33]1 2 5’, 2A
(3) A\’T @) 245 \
2gh :

I s \ - -
- St i g, o S e w2

This is a question which applies Bernoulli’s principle to solve. Consider the venturimater as shown in the

figure.

This is being used to measure the speed of fluid flow. When the tube which
the fluid flows gets narrower, then the speed of the fluid gets increased. Then
its pressure is reduced. When the tube is wider, then the speed gets reduced
and the pressure gets increased. This pressure difference can be measured
from the height differences of the fluids that are connected as vertical tubes. It

Bernoulli’s equation is applied to the flow line shown in the dashed line, then

hpg = ¥ pv 2 — % pv,*. In addition, Av, =2Av,2 v, =2V,

Substituting v, into first equation, 2 gh = vi* =% vi* =% vi* > vi* = 8hg/3 ; v1 =2,/2gh/3

40. The figure shows the displacement-time graphs for displacement
the motion of two cars with respect to a lamp post Car 1

aside the road. Consider the displacement to the right
side of the lamp post as positive. A student has made

the following statements regarding the motion of cars
relevant to the points P, @, and R marked on the graph.

(A) Relevantto P: Car I coming from left crosses

LNE Car 2
(B) Relevant to Q: Both cars are moving towards

the lamp post and cross each other.
(C) Relevant to R: Car 2 coming from right

passes the lamp post.

Which of the above statements is/are correct?
(1) Only B (2) Only C (3) Only A and B

4 Only B = = (5) All A, B, and C
;_"‘.,*ff_"-'yﬁ'j"{-h:"f‘ f;jf = VRS 1
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1 he figure, According to the graphs, the points
st vek:
vehicle starts from the left side of the point where the

'S Measured). Then It passes that point (when t =t,) and
. tarts from the right side and
PoInt (whep t =

ur head.

displacement i Zero (point where the igpj.
has a zero displacement. Thep jt passes that

answer easily if you put these facts Into yo

Cment

hicle s
g0 towards the point which

t,) and go to the left side. You can get the correct

then we can show the places of the vehicles when

t=t, like this way. This sentence is false.

(B) . —O Whent=t (at Q), the displacement of both

1) —s vehicles are positive and equal to each other.
=@ = = = That means they pass with each other. But

they are going to two sides. The first vehicle
Is going away from the origin whereas the second vehicle is going towards the origin here. This

situation can be represented like this way. Even they are passed with each other, they go towards
different directions. Hence, this sentence is also false.

(C) Whent = t,, the second vehicle passes the origin and moves to the left side. This is true. This
situation can be represented like this way. This sentence is only correct. The gradient of the s-t
curve of the first vehicle is positive. That menas the speed of the first vehicle is alsways towrds —

direction. Likewise, the speed of the second vehicle 1s alwys towards « direction.
, < ) ] —>

4. A whistling firecracker having a constant whistling frequency is fired vertically upward. It travels initially
with an acceleration, then with a deceleration, and finally blasts before coming to the rest. An observer at

ground directly below the firecracker listens to the whistling sound of the firecracker.

Consider the following statements regarding the ﬁequen.cy of the sound he?rd by the. obsel:ver.-

(A) During the acceleration, it is higher than the whi?thflg frequency anc(l1 1s dezmllzg ::z Eie'

(B) During the deceleration, it 1s low'er than the w}.nst']mg frequency ;:n I;II;tf::Sab Ogve -~ e. .
(C) Just before the blast, it becomes equal to the whistling frequency. cho ments is/are

correct?
3 Only C
(1) Only A @ OuyB 0 Ohe
(4) Only A and B (5) OnlyBan

S RD ROSA | SciTech.Lk
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This is a beautiful question. Whether the firecracker is accelerated or decelerated, it goes away from the
observer; That means the direction of its speed is away from the observer. It is not towards to the observer.
If so, then the apparent frequency should be clearly lesser than the true frequency of the horn. It cannot be

greater. From that, the first sentence becomes false.

©

\

Half of the second sentence is true at a glance. The apparent frequency is small. As it is getting decelerated,
the speed away from the observer is gradually getting reduced. It slows down the getting away. Therefore,
even the apparent frequency is small, it increases gradually with the time. Think that it decelerated and came
to rest. Then apparent frequency of that instance should be equal to the true frequency. If you think In a way
that the reduced apparent frequency should be equal with the true frequency, then it should be increased with

the time.

As it is given that the explosion occurs before it is at rest, then the frequency heard
before the explosion cannot be equal to the horn frequency what so ever. The
apparent frequency at a moment before the explosion or at any time before that 1s

smaller than the true frequency. The frequencies get equal only if the firecracker 1s

Clay Bulkhead

Paper Tube

at rest.

As long as the gases are emitted from the bottom by the burning of the chemicals
(gun powder) in the firecracker, it is accelerated (like a rocket). The gases emitted

from the burn give an upward pull to the firecracker. The firecracker gets decelerated

Propellant

when the chemicals are completely burnt out. When the chemicals are burnt out,

then the pull diminishes. If we neglect the upthrust and the air resistance, then the

Embedded
Blackmatch

firecracker is subjected to a deceleration of g. Clay Nozzle

Why do we hear a sound of a whistle like from a horn when some chemicals are.

burnt in a firecracker? Look at the figure. When the burnt gas 1s emitted from a
nozzle with a small hole in a tube, a similar sound corresponding to the whistle sound of a horn can be heard.

42. A metal bowl of mass 700 g contains 1 litre of water at 27 °C. When a steel ball of mass 300 g at 120 °C is

dropped into the water in the bowl, the final temperature
of water is measured to be 30 °C. Specific heat capacities
of steel and water are 500 I kg K and 4200 J kg K,
respectively. Out of the metals given in the table, what

could be the metal that the bowl is made of?

Specific Heat Capacity
_ Ukg'K™h

T
b | w0
T w

(1) Aluminium (2) Copper
(3) Lead (4)  Iron
(S) Silver
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4 calculation is needed and it takeg Some time
e heat. 11 of water means 107 ¢y |
water is 1 kg (10° em® is 10% g =

, then you cannot solve this problem.
given. These things take time. If the

| _ ) the mass
specific heat capacity of the container is s, then

300 X 107 X 500 (120-30) = 700 X 10 (30-27) + 1 X 4200 (30-27)

150X 90 =2.1 5= 12600 > 2] < = 13500-12600

person who gave the heat but to the person who got the

_ _ heat. If so, then s should get a value less than 429.
According to the given values,

385 is the nearest value 0f 429 and a lesser value. Therefore

For an example, if s =385 is taken, then the amount of heat that the container absorbed =2.1 X 385 = 808.5

J. The amount of heat loss to the environment = 13500- (808.5+12600)=91.5J.

This value is lesser than the amount of heat that the container absorbed (808.5J) 91.5 < 809. But if s =230,
then the amount of heat that the container absorbed = 2.1 X 230 = 483 J. The heat loss to the environment

for this moment = 13500 — (483+12600) = 417 J; This amount of heat same as the amount that the container
absorbed. 483 and 417. '

If lead is selected for the container, then the heat loss to the environment is greater than the absorbed heat
by the lead container. Normally, we expect to keep heat loss to the environment at a minimum level. In that
logic, there is no wrong in taking the nearest value lesser than 429. But all these arguments we can show by
staying at home. There is no time for children to think such arguments like this way. Therefore, here are the
arguments that I present.

(1) However, you need to do the question. Then you will get 4.’?9 J kg'K! for s. This 'has to l-)e
obtained by simplification. Once you get the answe'r, 4?9 is not in the table. Then the chlldrf:-n \?111
get upset. Sb, they may tend to redo the question th1nk1an that they went \Txr.ong. Next, by t.hlnkmg
that 450 is near to 429, many children may have taken iron. Instead of dividing 900/2.1, if 900/2

th i1l eet 450. As 900 1s not exactly divided by 2.1, one can think that the examiners may
en you will ge . .

have b thetic and may have set the answer to 450. It 1s fair to think like that in one way.
ave been sympa

¢ give the answer that the examiners expected. Therefore, we need
ot g1 :

Idk(; ;lw tlglese will not come to your head when answering the paper. If you
to‘ﬁnd another way. idently (question does not mention to neglect the he.at lc:'oSS), then you
think of the heat loss laccl o i Jost than the calculated s value. If so, you will pick up copper
will think that the real s va

(2) But these arguments
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43.

with a lesser value which is near to 429. I heard there were children who selected copper without
any calculations. Because we most of the time use copper containers/ copper calorimeter in such

calculations and experiments. It is luck by chance.

(3) Selecting a silver container is not a ground reality. The daughters of Saudi king put water in silver
containers and put lead balls. Even Saudi king had made golden commodes for his daughters to
be used in the bathroom. They may have a nice smell when answering the call of nature. Even
drinking water in lead containers is not good for health as lead (Pb) is poisonous.

However, I will not see as a wrong thing because in such calculations we have been instinctively
practiced to neglect the heat loss and expect/ be conscious about a minimum heat loss. So, we do
not have any alternative than selecting a lower and a near value of 429 which is 385 as the answer.

Three right angled prisms of refractive indices n,,
n,, and n, (n, > n,, n,) are arranged very close to
each other on a table as shown in the figure. There
are no gaps between the contact surfaces of the
prisms. A ray entering through the face AB with

an incident angle i, refracts at faces AB, BC, CD, .
and DE, and emerges from the face DE without deviation. The angles of refraction at the faces Ai

BC, and CD are r,, r,, and r,, respectively. Which of the following expressions is incorrect?
(1) sini = ngsinr, (2) n,sinr, = njcosr; (3) sini = nycosr,
(4) n,cosr, = nysinr, (5) cosi = nycosr,

Here 1t has shown a question taken from the Internet.

Three nght angled prisms of refractive indices n, n, and n, are
fixed together using an optical glue as shown in the figure. A
monochromatic ray passes through the prisms without suffering

any deviation and come out from the last surface.

The ray diagram of the path i1s shown 1n the second figure. The fig p e, g
considered about the refractive indices of the material that the prisms v 1
Their intension was to draw the emergent ray parallel to the incide j
between the refractive indices has been given (n,>n,, n,). Therefore, ¢ : ,-1‘
drawn is different from the given figure, we can take the relevant argur a=90-r, B=90-7, y=9%0-r,. f}

to our question, the ray path can be drawn like this way.

Once you draw a rough sketch like this way, it is easy to get the
relations. When Snell law is applied to surface AB, sin =n_sin I,

You should see the incident ray angle of the BC surface as (90 - r,)

from geometry.

For surface BC n sin (90 - r,) = n, sinr,. You should know that sin
(90 -r)=cosr,

Then n, cos r, = n, sinr,. Likewise for surface CD, n, sin (90 — L)= n, sinr.,.

Then n, CoOs r,=n, sinf,.
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Next, yoU need to apply Snell’s
of the ray in DE surface is (90 —

feviated. There can be a mistake here. Actually

I'also got it w
56 there 1S 1O deviation in the ray, rong. I felt that

the emergent an
' gle also should be equal to
. you will remember a ray which will go without a deviation in a glas:1 block

with parallel sides. Look at the figure.

The deviation of AB surface = (i-ry)
The deviation of BC surface = (90- r;-r)
The deviation of CD surface = r; — (90- r,)
The deviation of DE surface = i’ — (90 — 1)
If the net to be zero, then (i-r1) - (90- r1-r2) - [r3 = (90 - ;)] +i' = (90 —13) = 0
i'=90-1
But MCQs should not be solved like this way. As I think another way is (it is not short) to think of a big

rectangular prism made from AB and DE surfaces. But the deviation cannot made zero from a single prism
refraction. Look at the figure.

The deviation from both sides‘is towards the same side. ( j )

But according to the other figure, if the refractive index of the emergent medium

is made greater than the refractive index of the prism, then the net deviation

can be made to zero.

Now if the deviation has to be zero, then (i'n)) +[(90-n)- ¢ h =0
1= [(90 -1})- i'] = 0
i’ = 90 — i

By going across the three prisms, this work should be -do(l;e(;
n

Now if we apply Snell law to the last surface, then 1, 51
Ty) = sin (90-i) = cos i=n, coS T,
Time takeg to solve this question. To find the emerg

Thank You for his suggestion.

ent angle as (90-1), a very simple method was suggested
awn in the paper lengthen it exceeding the DE surface.
tly as (90-1) because of corresponding angles.
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44. Each of the single turn wire loops placed on xy plane as show'n in figures, carries the same current /, A
uniform magnetic field is applied along the positive direction of the x-axis. Assume that each wire loop can
rotate freely about its symmetric axis perpendicular to the magnetic field. Which choice represents the order
of loops that the initial torque acting on them are in descending order?

(R) (S)

y (P) y. Q)

N W A W

T L L N N N5

1 2 3 4 1 2 3 4 2 3 4

() LO,RS (2) RO,PS (3) O,PR,S 4 S,RQP (5 RQS,P

You know that the torque on a closed conducting loop which carries a current I in a magnetic field of B is
NIAB (N = number of tumns, A = area of the loop). If there is one turn, then N =1; There is no force on the
horizontal wires of the loop (as I and B are parallel). There is a ILB force on the vertical left wire away from
the paper and there is a ILB force towards the paper on the vertical right wire. This creates a force couple.
The moments of the force couple = F X L =IL?B (L? is the area of the square loop). -

Torque on a square locp of current

The spuare locp Delow hes side loym™ [ od comesecuTort I
The mogretic fiedd §is enform
? Nt forcez 0
Net torgue thout the cexter of
the bbep
j
L,
I-fi*’!
fl
» 'S

rF« 24

You need to calculate the area of the loop. The loop with the highest area has a highest torque whéreas the

loop with the least area has a lowest torque. Look at the loops of our question.

Four wires each of length 2, are bent into four loops P, Q, R and S and then suspended into uniform magnetic
field. Same current 1s passed 1n each loop. Which statement is correct?

_ et 3

Tzﬂ[l"‘—‘_“'i N &\
, R TN
h.’g on Pk s ;

lu-. q“‘_--_J " }:. ‘“d.
Lt T YT T R W I t !‘"
i P n e g -‘ " Va T
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(a) Couple onloop P wil] be the highest
(b) Couple onloop Q will be the highest
(c) Couple onloop R will be the highest
(d) Couple onloop S will be the highest

Area of P (triangle) =, X 2 X 3 =5 [1/2X (3-

Areof Q=1X4=4
Area of R =mr* =3 X (3/2)2 = (3 X 9)/4

AreaofS=15X15=3/2X 3/ = 94 =225

Highest 1s R, then Q; next is P and finally S.-->R, Q, p.

45. Three cells with electromotive force (emf) E,, E,, and E,, and internal

resistances r,, r.,, and r,. res
LR 3» respectively, are ,
figure. Which of the following exprezsi o oiect @ shown in the

P of the circuit? Ons gives the potential at point
1y Ar5+E —
3 ) EE +EE +EF,

2
(3) Mi @) L%t Enn + Egn,

2 ¥ 7l + 1 h +nh + 45

(5) E'!rzrgi +- Ez’i’é + El!rlrz

2%

This is a parallel arrangement of three cells with different e. m. f and different internal resistances. There is
no such a thing in the syllabus as I know. This arrangement is equivalent to the given circuit arrangement.

When it is turned like this the body will feel cool. You feel like you know this network. Applying Kirchhoff’s
first law to junction P,

iy = [Ey —iyry = V]
I
. - . E _V . EB—V
Likewise, i, = *—and i3 = —
12 T3

When they are substituted to first equation,
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. : i . r
There is a pattern in this expression. ,(' 'r\
J‘__‘_ 2

E; goes with r,73; 173 goes with Ex; Es goes with ry75.

If you cannot do this, then shall I tell you a trick?

When r; =0, V = E,. When =0 only the above expression gets V = Ei;. When r; =0,

V = Eirars
T3

= E; [r1 terms get zero].

Likewise, when r,=0 V=E, and when r,=0 then V =E.. All these are satisfied by the above expression

of (4). Quickly you can get the answer. But this method is dangerous where you can get many insults. My

friends say that these methods unsharpened the creative ideas of children. I will let you to decide about that
ISsue.

: COflsider a battery of electromotive force (emf) E, and internal
resistance r. As shown in the figure, it is connected in series with a
resistor R and a variable dc voltage source which can be reversible.

When the voltage of the variable source V,,, is varied, the graph of e
I vs V is best represented by V

VR

variable dc voliage
source (reversible)

V V v
(1) (2) (3) (4) (5)

The graph of V versus I should be graph with a positive gradient and a negative intercept. If so, then the
graph should be like this way. As the current is marked, we can take as V> E .

I A

...............

It should be considered as V=E +Irnotas V=E —Ir. The = |

variable dc voltage source sends the current into E_cell. If the | " |

voltage source was not there, then the current will flow out of l . IE. E>E,
the cell. If so, then V = E_—Ir. The current flow 1nto the cell E, ’ | V g '
indicates that the voltage that is supplied from the source 1s ' d

stronger than E . If needed, then the circuit can be shown like | |

this way too.
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The average power dissipation of the load is

_ , Calculation of
et eriod is the normal tradition. If we express this mathematically, then it
will be P = = fo V(t)I (t)dt. Do not get scared to this expression. What is meant 7

by this is that finding the area from the multiplication of V and I for a total of T time
(one period) and it is divided by T to get the mean. V(t) I (t) dt means the power
generation for a small dt time period. When this is added for a period, you will get the

total energy generation during that period (in J). When this value is divided by T, you
will get the mean power (in W).

the mean power generation for a p

Now multiply the corresponding values of V and I in a period. From t =0 to t"i
=T/4, 1is zero. Therefore, even though there is a value for V, during this time s,
frame the multiple of VI is zero. From t= T/4 to t = T/2 multiply the con?tant Vv
value with the linearly varying I. When I value comes to the top of the triangle,

the VI value is V I . Look whether you get this variation when VI 1s multiplied.

After t = T/2, both V and I are negative. But VI multiple is positive. Now the summation of VI multiples
will be t.h , f the triangle. It is T/4 X VI (T/4 means the half of the base). Therefore, mean power =
careao c . m m

V.I/4 T/T= V1 /4.

0—™r T 3r T
27 4 -
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From 0 to T/4 and from 3T/4 to T we are not going to divide from T/2 to find mean power as VI multiple is
zero. It is ok that some parts are zero. The mean is found for the total period. As I remember, it is the first

time such a question was given for A/L. Finding these things are not in the syllabus is my feeling. I may
be wrong. Normally in A/L level we consider sinusoidal (or cosine) variations. The figure has shown the

alternative voltage and alternative current variations across a resistor.

(Bio students please do not look into this.) It is clearly seen that the power generation (P) 1s obtained from
VI multiple. If we apply mathematics, then V and I can be expressed as V sin ot and I =1 _ sin wt. Mean

power generation (can be expressed as, P = -71; fOT Vin [ sin®(wt)dt. = f sz(a’t)dt
The value of this integral can be obtained as T/2. Mathematics students can try and see.
p=Vaim_Vnlm _y

48.

Two long, straight, and parallel wires are placed in
free space. Consider the followmg two cases as shown
in the figures. -

(a) Wires carry the same current / In the same direction.
(b) Wires carry the same current J in opposite directions.

Consider the direction of the magnetic flux density

into the paper as positive. Which pair of graphs best
represents, the variation of the magnetic flux density B between the two wires?

B

(2) 0

4) 0

A similar question was given as the 34" question in paper 2010. The figure has shown how the magnetic flux
lines are placed when the currents are flowing to the same direction and different direction. You know these
things very well. When the current flows to the same direction, then the magnetic flux density in the middle of
wires should be zero (the null point). In between the two wires, B near to the left wire should be into the paper

and B near to the right wire in between the wires should be out of the paper. Out of this, the variation of B
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When the currents are going in the opposite d
the paper. The middle of the wire cannot b

Irect; ' - -
on, B in between the wires are always directed towards

e a . . . -
zero. Therefore, that vanation should be like this way.

(v
1*\'\ N ]
< %
=DV S
=28 2

to the sa Irect; - *
me direction, B should be zero 1n the middle of the wires. When the currents flow

opposite directi ' :
to the opp | direction, B cannot be a zero in the middle of the wires. Even if you only consider these two facts,
then you will get (4) as the correct answer.

When the currents flow

4. What is the current through the battery of the circuit shown in the figure?
Ol
(2) '?4“/;'3'
®) g
@ ¥
5

Consider the given resistor network according to the figure. The va{ue of each resistor i1s r. We I}eed to find th‘e
equivalent resistance betweel"l A and B. In such questions, always thmlic of lh? syrmne‘try. 'ljhc resistor networ%c 1S
symmetrical around the vertical dashed lines as shw:'n. It means that if \;'e keep a i;n;rrm n front‘oflthe-ver.nca]
dashed lines, then the image can be seen f-om both sides of each other. If you can find a symmetrical axis (line),

' lated with such symmetric axis
- - re two rules which are associa |
then solving the problem is very €asy. There a
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(1) The potential of any point on such a symmetric axis is equal. It indicates thgt the
potential drop between any two points on the symmetric axis is zero. Theretore,
there is no current flow across any resistor that has been connected along the
symmetric axis. So, if there are such resistors, then without a problem you can
remove them. This rule has no usage over the resistor network in the question.

There are no resistors that are connected along the axis.

(2) Equal current flows in the branches of resistors that are according to each

mirror image around the symmetric axis. This rule can be applied to this resistor network. For example;

Mirror Reflection

Mirror Reflection

Mirror Reflection

According to this reason, the resistor branches can be removed from the middle point. Figure (a) has shown
this fact. There is no effect to the resistor network by loosening the middle joint. Now the rest of the part is

easy. It 1s in series with r and r. For that 2r, r is in parallel. The equivalent of 2r and r parallel arrangement
1s 2r/3. You do the rest. The same logic can be applied to the given resistor network.

[ have not drawn the bottom part. It is same as the top part.

4R and 4R are in series. 2R and 2R are also in series. 8R, 8R and 4R are 1n parallel.
1/R>=1/8 +1/8 +1/4 = (1=1=2)/8 - R’ =2R

You do not have to do the calculation like this way. You can do it from your memory. When 8 and 8 are in
parallel, then the equivalent is 4. When that 4 and the rest of 4 are in parallel, then the
equivalent is 2. The two R resistors that are on the sides of this 2R are in series. That
means the equivalent is 4R. There is another 4R drawn from the bottom.

Now the final equivalent 1/R” = V4 + 4 + % =1. This can be done quickly from your R .

head. When 4 and 4 are in parallel, then the equivalent is 2. Finally, when 2 and 2 are IR

in parallel, then the equivalent is 1. R”’=R "‘. I‘\
iR When two quarters and added to a half, the total is one. Therefore, the A

“ current that flows = V/R

w Note: Do not remove 8 R here. It is wrong. We know that V,=V_.But Vo 1S not equal to V..
A There is a potential difference between points Q and S. If Vo =V, then there will not be any

current flow in any branch. If there is a connected resistor across P and R, then you can remove
it. The potential difference gets zero only across the symmetric axis.

Keep the two rules in mind. From that you can solve many problems like these.
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A small block with mass m is placed inside an inverted cone

he time £ that is rotating about a vertical axis such that
the time Ior one revolution of the cone is T. The walls of the cone make an angle B with the horizontal. The

coefficient of static friction between the block and the cone is p_. If the block is to remain at a constant height

h above the apex of the cone, what are (a) the maximum value of T and (b) the minimum value of T? (That
1s find expressions for T . andT_ interms of B and h.

This question can be seen in many books. There was such a question even in Olympiad question
paper of 2016. First, you need to draw the forces acting on the object. It is easy to draw the
perpendicular reaction (R) and the weight of the object (mg). To which side we should draw the
frictional force? Is it upwards or downwards of the cone surface? Most of the time, the frictional
force tends to draw upwards along the surface. That 1s because we think that the object may try to
slide downwards. But we can consider two instances here. If the cone 1s rotated slowly, then the

object can be kept at rest relative to the cone by stopping the motion of the object which will come

down. However, if the cone remains without rotating, then the object tends to slide downwards.

Whether the cone is rotated or not, the object should be positioned without sliding on the surface.

If it slides even before the rotation, then we cannot ask the question. Do you understand that to

satisfy that condition p should be p< 1/ tan 6? Think about it for a while. The angle 6 is measured

from the vertical direction not from the horizontal direction.

But there is another instance. If the cone is rotated in a fast speed, then the object tends to go
upwards along the surface. On that occasion, the frictional force 1s acted downwards along the

surface. Therefore, the directions of the forces that act on the object can be represented like this

way for two 1nstances.

Maximum angular speed
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The question asks about the maximum angular speed. Therefore, we need to pay attention on the
second figure. Actually, the object is not at rest relative to the ground. It moves at a circle with a

radius of d. If so, then there should be a net force that is directed towards the centre of the circle.

Applying < F = ma, R cosf + uR sinf = mdw?* ..... (1) (as o is asked)

[ have written the centripetal acceleration as do? (rw?) not as v%/d (v*/r). The resultant of the vertical
forces acting on the object should be zero. That is because there is no acceleration towards that

direction.

T R sin@ — uR cos =mg .....(2)

(1)/(2)“’_5M“_9—d_“ﬁ o ) = ;3“__

cosB+u sinf
sinf—-pcosd g

sinf—u cos6

When equations are written for the minimum angular speed instance, then you will get these.
< R cosf — uR sinf = mdw,?

T R sinB + uR cosf = mg

: : 0—-u sind
From this you will get, @ = |Z£ 22 °£7
J 5¢h d sinB+u cosf

Hope many children have gone for this answer. When the speed is increased, why does the object

tend to go upwards along the surface? When the speed is high, the force which is directed towards
the centre also should be increased. To satisfy that, the component of the frictional force should be
directed towards the centre. R cos 6 is however acting towards the centre. If you need to add another
force, then 1t can be supplied only from the frictional force. However, mg 1s a vertical force.

Initially, the resultant force 1s < R cos@ — uR sin6. If you need to increase the force, then there is

no other alternative for nature/ Physics than changing —uR sin@ into + uR sin@.

When a bus takes a bend, 1f someone argues that we tend to press the other passenger to find the

cos@

extra force not for the desire, then I do not see something wrong in that. If p=0, then w = g. =
_ Sin
According to the figure, when a vehicle 1s taking a bend in an inclined path, this is the expression for the speed

of the vehicle. Here, the component of R obtained from the inclined plane without friction provides the needed
centripetal force. This is the same relation as above.

-
-

- Rsinfl = and TRCOSﬁ’='mg.Thc;::ntanﬂz"'1P2
rg
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