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{ As far as the units are concerned, which of the following quantities differs from the rest?

(1) Rotational kinetic energy (2) Mechanical potential energy (3) Internal energy
(4) Work (5) Power
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The first three answers are energies. The 4% answer 18 work. The unit of work is also equal to the unit of

energy. There should be energy to do a certain work. Power is the rate of work done. Its unit is W (Js1).
2. Which of the following quantities is/are dimensionless?

(A) Relative Velocity

(B) Relative density

(C) Relative humidity

(1) A only. (2) A and B only.
(4) A and Conly - (5) AllA,BandC.

(3) B and C only

You can just flow till the 8" question. There is dimension for relative velocity. But there are no dimensions
for relative density and relative humidity. Relative density means the determination of a density of a certain
material or liquid in an amount/ fraction compared to the density of water. For example, the relative density

of mercury 1s 13.6. What 1s meant here is that the density of mercury is 13.6 times greater than the density

of water.

Water is a known liquid by us. It 1s essential for living. Therefore, considering other densities relative
to the density of water is fair. In our life also, an unknown thing can be expressed using a known thing.
For example, we say that, ‘look that person is like Sharukh Khan or else like Aishwarya Rai’. In our

younger days we said specific gravity for relative density. Now this term is not in use. We know from the

interpretation of relative humidity that it does not have units or dimensions.

3. Which of the following propagates in the form of longitudinal waves?
(1) Laser light (2) X-rays (3)  Ultrasonic waves

(4) Microwaves (5) Radio waves

You can get the answer as soon as you see. Except the ultrasound waves, all the others are electromagnetic

waves. The electromagnetic waves are transverse waves. Even there are frequencies that exceed our auditory

range, the ultrasound waves are a form of waves.
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4.  When a guitar is played, it will produce
(1) longitudinal progressive waves on the strings _
(2) transverse progressive waves on the strings and longl ' |
(3) longitudinal standing waves on the strings and transverse progressive Waves in air.,

(4) transverse standing waves on the strings and longitudinal progressive waves in air,
(5) transverse standing waves on the' strings and transverse standing ,. -

and longitudinal progressive waves in 5;,
tudinal progressive waves in air.

You can realize that the answer is (4) once you read the question. When a guitar wire js atd, it
vibrating under two limits. One displacement node is created on the balance whereas the other createl;
on the place where it is tightened with the finger most of the time. Therefore, transverse standing Waves g,
being created on the wire. Longitudinal progressive waves are being created in the air from the Vibratjq, o
the wire. There are no boundaries to the wave propagation in the air. They vibrate your ear drum s Well 5

my ear drum.

5. Which of the following statements is not true with regard to a compound microscope?
(1) It has two convex lenses.
(2) Image. of the object formed by the objective is real.
(3) Separation of the lenses is much greater than the focal length of the objective or the eyepiece.
(4) Final image fanned by the microscope is a virtual image.
(5) The object to be examined should be placed within the focal length of the objective
¢ Op {;:f;l;s i.;-_ g

e IE W TR M

You can understand that the false statement i1s (5). When the object 1s kept at the focal length of the
objective, then the image created on the objective is unreal. If so, the work 1s hard. Even the final image
can be unreal but the first image from the objective should be a real one. The object should be placed away
from the focal length of the objective. Then the image from the objective will be created away from 21 (f
is the focal length of the objective). From this you can see that 3% sentence is correct. The real image from

the objective should be placed in the focal length of the eyepiece.

6. Two cells, each having e.m. E and internal resistance r; connected as shown in figure are equivalent 02
single cell with

(1) e.m.f. E and internal resistance r
(2) e.m.f. 2E and internal resistance 2r
(3) e.m.f. 2E and internal resistance r

(4) e.m.f.E and internal resistance 5.

(5) em.f. E and internal resistance 2r.

[t is very simple and a known question. When number of e. m. f of E are in par;ileil,r the quivalent o]

. . . c
is also E. When two cqual resistors are in parallel, their equivalent resistance is half of it. The advantz

. . . . 0
of cells being parallel is that it allows current flow across an external resistor for a longer peﬂ(’d‘ o |
, : R . . 2 |
internal resistance of the cell is indicated as r. It is not a resistance that is being connected from outside !
. . . . e, ¥ ! ng
internal resistance cannot be drawn inside the cell. Normally it is not drawn like that. Therefore, ! s WE @

! 1S : ¢
to think that there is another r for the cell apart from the drawn r- From the following calculatio® you
understand that the equivalent circuit is correct.

. oo
Two metals of A and B were subjected to photoelectric effect where metal A has the highest work fu

than that of metal B. Which graph is correct?
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1 E=ir+2iR; i= E/(r +2R)

The current across the external R = 2i = 2E/ (r +2R)
E =1.r/2 +iR
The flowing current i= 2E/ (r +2R)
Relative to an outsider, both do the same thing.
7. Two charged conducting spheres of radii R, =rand R, =2r are connected by a thin conducting wire. After

being connected, if the respective charges on the two spheres are .Q, and Q, and, the corresponding surface
- charge densities on the two spheres are a, and a, respectively, then

9 9.1 g .9
D 97572 @ 9" 2
0 op 1
| Electrostatic Potential

When it is being connected from the wire, the potentials of the spheres are equal. That means Q,/r=Q,/r.
There 1s no need to write 1/ 4nco. Q / Q,= . Only (1) and (3) are being left. Surface charge density means

the amount of charge in a unit area of a surface. Q; X 0,7%; Q, X 0,412
0

Therefore, — = Q,/Q,;, — ===

40, “" Oy 2
[ will first do my rough work for this question. Even without rough work you can get the answer by logic.

To have the same potential, the charge of the sphere with two times radius should be double compared to
the charge in the sphere with a radius. That means Q, = 2Q,. Next as g,7% and Q5 % g,41°2, 4o, = 20;.

D
8. Four particles each having a charge of +q are placed on four vertices of a regular- (""3_)

pentagon as shown in figure. The distance from the centre O of the pentagon to a E C

vertex Is a. The electric field Intensity at the centre of the pentagon is (+9)
' - - +9)
_ | A(q.q) B(
(1) ZH;JP' in the OE direction. (2) Ir—sqo—af in the EO direction.
(3 7oor In the OF direction. () TgZ In the EO dircction,
(5) zero.
- g [f you do not put logic, then you will be at a loss. If you find field intensities from
the four charges and try to find the resultant, then as there is nothing to do, you will
+q +q blame the people who made the paper. Here is the logic. If equal charges were there
in 5 points, then the electric field intensity of the centre O should be zero. Due to the
symmetry, this fact can be obtained without a calculation.
+q *q

But there is no charge in the point of E. Therefore, the resultant electric field intensity
from the rest of four charges should be equal and opposite to the electric field intensity
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- i lusion does not w

_ ' :nt of E. If this conc ork, the

at the centre if there was a charge of +q 10 the po - ere are five +9 hiargn et the corres 0 the elwt
ere ond:

field intensity at the centre O cannot be zero when th ->POndipg . .

5 i 1 olm.s
- th at O from it is towards 3 1
there is a +q charge at point E, then the electric field streng 3 |

q e, a2 EQ d; ]
0,
Therefore, the electric field strength at O from ot

o lrcct
her +q charges should be 27727 towards o dirg
IOI-L

: ' the paper i ;
One can argue that it is better if this question was given at the end of the paper instead of givin

start. But the examiners have given this question (0 emphasize that it 1s not a complex questjop,

majority of students have marked the direction of each filed intensities and finally wasted g |,

finding their resultant (which 1s very difficult).

g at e
| fE:e[ that

Oftime,

If you find that this cannot be solved by the above way, then you need to find another way, Y

understand that there cannot be such a time-consuming question for MCQ. Then you should hay

at the answers. You know that the electric field
is the direction OE or EO in all the four answers. There

the logic. You need to be intelligent to catch the logic. Exa ' can
removed. Why? Because there isno 4 in 4re, As there arc four charges, you can think that 4 is cyt of fron

1 : f= i : | |
ane, When multiplying by 4. But as the electric field intensitics from four charges are acting on differey

directions, you should realize that you cannot just multiply by 4. Then what 1s left is (1) and (2), If you
pick with the blind sight, then you should choose either (1) or (2). There were some students who rea]izg
this logic and picked EO by mistake. That is unfortunate. The given choices are enough to emphasize th,
the problem is tangled with EO or OE directions. If the logic has come to your brain quickly, then yOu are
lucky. How much time did students waste for this question? If you did not get the above logic, then yo
cannot get the answer. But do not waste the time. Either abandon or pick a blind choice and go to the other

OU my

e l%ked
intensity cannot be zero at O (from the four Charges) The,
+ Aere

is no other direction. From this you neeq cag ||
miners are not cruel. Now (3) and (4)

questions.

9. A thin ring of mass M and radius R is rotating in a horizontal plane about an axis passing through its centr
perpendicular to its plane with a constant angular velocity @. Now if two small masses, each of mass, ar
attached gently to the opposite ends of a diameter of the ring, the new angular velocity of the system s

wM w(M + 2m) oM
(D) 3 +2m (2) ——r (3) Ty

It is a simple question. It is not essential to draw a figure for this question. Once you read this, you need
to understand that conservation of angular momentum should be applied. As the masses were connected
carefully and the new angular velocity of the system is being asked, you need to realize that you shoul |
apply conservation of angular momentum. It has been mentioned that the masses of m were careful

inserted to emphasize the fact that there is no external torque or there is no damage to the system when ¢} |

are being connected.

the ring is thin, that value is MR As the masses are also small, the moment of inertia of a mass

perpendicular axis across the centre is mR2, You need to know mR2. You do not have to know the equatio®
for moment of inertia for other structures
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11.

12.

0 0

(2))10 h 0 h O

> p .
0 (3) hn 0 4) ho 0 (5) 0

FY Sm e MEE

It 1s simple. I can remember it was there in a past paper. The potential energy is zero at h_height. Why? It
was dropped freely. From this (2) and (5) choices are out. When h is reduced from h , the kinetic energy
increases. When it comes downwards, the kinetic energy increases. As the total of kinetic energy and the
potential energy is constant, the variation of the kinetic energy with h cannot be a curve. That means the
answer 1s (1). If you write an equation, in a height of h up from the ground, then E + mgh = constant. That
means E = - mgh + constant. So, the variation of E with h should be a straight line with a negative gradient.

The variation of h with velocity v is a curve. But in the y axis it is drawn the kinetic energy not the velocity.

A solid cube of plastic of mass M and side length 2x floats in e

water with half the side length submerged as shown in figure.
[f this cube is now converted into a hollow cube of mass M

with external side length 8x, the depth to which it submerges -

in water will be - eIl mD Tao -t I-
X
- (1) 2 (2) -'g: (3) '—;-
X iy, o B
4) 16 (S) 32 | . iy PR A

You do not have to waste much time on this question. There is no change in the mass of the cube. Therefore,
in both instances, the acting upthrust should be same. Even they are being sunk in same water. Therefore,
the sunk volume of both occasions should be same. Now you can get the answer by one equation. If the
sinking height of the second instance is y, then

2X. 2x. x = 8x. 8x. y; y=x/16

You know that each length of a cube 1s equal 1n Ordinary Levels. Therefore, the area of a side of the cube
initially is 2x. 2x =4 x2. Later it has been changed into 8x. 8x = 64 x°. Initially, the volume of the cube is 8

w3 The volume afterwards is 8x. 8x. 8x =512 x°. So, to keep the weight unchanged, the middle of the cube

should be eaten.

A Gaussian surface S encloses a metal sphere carrying a charge of +q, three n-type
semiconductor pieces each having a number of free electrons corresponding to

charge of - g, and one p-type semiconductor piece having a number of holes

corresponding to charge of +q as shown in figure.
Total electric flux through the surface can be made zero by

(A) removing one n-type semiconductor piece. |
(B) adding one more p-type semiconductor piece with the same hole

concentration.
(C) bringing a metal sphere carrying a charge of - q from outside into the enclosed volume.

Of the above three methods _
(1) only A is true. (2) only Cis true.

(3) only A and B are true. (4) only B and C are true
(5) All A, B and C are true.
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. children. There ;
[ suspect that the answer for this question was dropped from many > 110 net cp,

iconductor is made when Silicon Jat;..., . & i“n%‘
or p type semiconductors. You know that n type semicon u | - ice js being :
by a pentavalent As, Sb or P. Think that in the lattice of Silicon there 1s a substituted A atom iDSteadd;?if
atom. Look at the figure. \ ;

In the last valent shell of As atom, there are fiy, .

n-doped silicon p-doped silicon electrons. Out of them, four are bonded With the nearbal%

. ( Si atoms. The left one electron of As atom is there as: ?U:E

o[ o dron clectron without being used for bonding, 1y quesﬁm

g C - pe w";; what is mentioned as each free electron COMespong, :l
____‘\_%::qg F_#l —— charge of -q means that these electrons wher, they rema-a
{ ‘ l , ‘ ) ‘ I as free electrons released from As atoms. By there nonm
charge in the semiconductor even there are certy;. ”Umbf

of free electrons.

When the electron is freed from As atom, it gets positively charged (As'). Look at the figure. Therefy,
positive and negative charges (the negative charge in the free electron) are being cancelled off with each Olher.,
As atom has given an electron that is within itself. It is not an electron from the outside. There is p -
In the sentence fragment of number of free electrons corresponding to -q charge in n type Semiconduycty,
Actually, in a n type semiconductor there are free electrons corresponding to -q charge. But there 5 10
charge on the semiconductor. Free and net means two different things not one. Even if they behaye freely,
there are people waiting to be connected (positively charged As atoms) the final net is zero. We are also [ike
this. Some argue that it is better if the above sentence was not there. Even one can build an argument that
IS just enough to give as n type and p type semiconductor pieces. It is true but the sentences are correct. Ther
Is no issue in the question. Simply, an electric flux will not be created from n type or p type semiconductor

because they do not have a net charge inside. Therefore, forget about all n and p semiconductors, Then What

1s left will be the sphere with +q charge. So, statement (C) is only correct. You need to bring -q from outsidz

to cat +q. If you put -q and +q to n and p respectively, then (3) will be correct. I do not know how many g
(3) as the correct answer.

13.  When two metal rods A and B at room temperature are heated together and their M A;

found to coincide with each other as shown in figure. This could happen only if
(1) the two rods are made of same material.

(2) length of A is same as the length of B.
(3) linear expansivity of A is same as that of B.

(4) the product 'linear expansivity x original length' is same for both rods.
(5) thetwo rods are heated together. -

— 5 = 1-#1_1-"“—-# I'-F"':

Expansion of solid
heart. If the same‘_g;aﬁh has to be there, then &

There 1s no game here. You know that A] = | aAQ by

multiple of | and a must be equal. It is very simple,

14. If three coplanar forces of 20 N, 40v2N

OSA | Scil
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I
—— .._Ill== You can get the answer .by drawing on thfe gra[?h in the paper.
W= .Il=g=gw There are couple of questions in the paper like this. For example,
-Hﬂ.ﬂ_ﬂ_mm...m (41) and (42). First resolve 40+/2. As cos 45% is 1 /\/Z 1S , you
=Ei“%‘;==== can do everything from your memory. The vertical component
=-H.-.2'ss====-_. * of 40V2is 40 (40vV2 X %)- Actually, you do not have to do
!'- ==H-HE‘='I_== like this. All have been drawn according to a scale. The vertical
ﬁw.-. iiﬁ'ﬁ“. component of has 4 squares to the upward direction whereas it has
===Iﬁ.===-. 4 squares (to the x direction) to the horizontal direction. Likewise,

30v2 has 3 squares to the bottom and 3 squares to the x direction.
Now the resolving part is over. To the upward direction, there are 4 squares from 40v/2, 2 squares from 20

N and the total is 6 squares. To the downward direction, there are 3 squares from 30v/2. So, the resultant

from the vertical components is 3 squares upwards (6-3). The total of horizontal component 1s 7 squares
(4+3). |

Therefore, the resultant of these forces is situated as 7 squares to the +x direction and 3 squares to +y
direction. So, to keep the particle still, there should be an opposite and equal force. That means 7 squares
to — x direction and 3 squares to — y direction. The point is B with those co-ordinates. The direction is OB.

There 1s no need to draw the direction of the forces. It is enough to move your eyes from up and right and
then move down and left.

Actually, the magnitude of the forces or the angles should not have been given for this question. It is enough

if arrows are given. All have been drawn properly like a baby. What else is needed? This is a question of

counting squares.

15. A heavy roller of mass 500 kg, moving on a horizontal. surface at a constant
velocity of 1 m s as shown in figure is stopped in 0.5 s on hitting a smooth
vertical wall. The horizontal force exerted by the roller on the wallis

P S o o L —

Newton's Laws and Momentum

(1) 5000N (2) 3000N  (3) 2000N _ R
(4) 1000N (5 500N

It is simple as peanuts. You can do the calculation in seconds. The force 1s equal to the rate of change of

momentum. In how many questions that this has been included?
(500 X 1)/0.5=1000 N

16. A traditional grain. grinder consists of two flat stones. The upper stone is

rotated on top of the lower stationary stone by applying a horizontal force
of magnitude F to the handle H whiclris fixed at a distance of r from the axis

of rotation as shown in figure. If the force is always applied parallel to the
direction of motion of the handle, and the period of rotation is T, the power

being expended 1s
; 2nrF rF _ __
1 arkF ) (3 Eudi —— 8
(1) K (2) T ) r k Rotatioal Motion |
F i i o 0 b et A B il TR 5 i Wl S LR L s
) 27 (5) mr*FT
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1s 1s also peanuts. When a torque of 7 1s rotated 1n 0 radians, then t .e WOIK C one. 1S 7Y. Here € Miop
the applied F force is Fr. The angle that rotates in a rotation 1s 27 radians. Power is the eNETgY pery .
The time taken for one revolution is T. So, the power 1S 2nrF/ T. If needed, you can get the ANsye, f:t liyg
work done by the force. In one revolution, the work done by force F 1s F2nr. That meang F ; multip;m l
the circumference. When it is divided by T, you will get the power. Actually, this is the My b

em N

Cang
L] [ ] et
the answer without doing rough work.

It you know the moment of inertia of the upper stone, expressions for things like the angualr acce]

: CTaty,
L |
of the stone, the angular velocity of the stone after one revolution can be obtained. Try out g4 See

17. A radioactive material has a half life of 60 minutes. The percentage of the fraction of materiy that
decayed during a period of 3 hours is

() 875% () 12.5% (3) 66.6% @ BI% (5) 87.5%

It is easy. But you need to understand correctly of what has been asked. As the half-life is 30 Minuteg itas
passed 3 half-lives after 3 hours. So, the residual fraction after the decay is 1/2°= 1/8. The residyg| fractioy
after one half- life is %. The residual fraction after another half-life 1s a. When n half- lives are Passed, he ||
leftover fraction is 1/ 2°. If you have this fact in mind, then the work is easy, So, the decayed fractigp = -8

=7/8. If we take the percentage, then 7/8 X 100% = 87.5 %. It can get wrong 1n between 1/8 and 7/8.1 |
is taken, then the answer is 12.5 %. The decayed fraction has been bold to keep you in track withoyt going

into the wrong answer. In N=N_e™ equation, N means the amount of nucleus that is left after time t, T,

decayed amount of nucleus is N_-N.Ifit1is expressed as a fraction, then 1t 1s equal to (NG-N)/N - That means
- N/N . A similar question has been asked at the end for 6(B) in paper 2006.

18. Intensity of the noise generated by a machine is 102 Wm? By employing a noise barrier, the intensity

of noise is reduced to 10° Wm™ What is the reduction in the noise intensity level?

- RS W IEE & Re (4) 40dB (5) 25dB

This 1s very simple as jumbo peanuts. You can get the answer by closing your eyes. There are many suck

old questions. The fraction when the intensity is reduced from 102 to 106=102/10 =10° That means te
answer 1s 40 dB. If you apply to the equation AB =10 log 10?%/10% = 40 dB

19. A convex lens is used to obtain a clear image of an object on a screen. The screen is located 30 cm awg

from the lens, and the object is at 20 cm from the lens. If the lens is now used to focus the image of a distal
tree on the screen, the distance between the lens and the image of the tree is

(1) 12ecm (2) 24cm 3) 50 cm 4) 60 cm (5) 90cm

TO® I mrne, g vy e v A iy 4
4 :FF = X "_.'-.:'" m:"&-i :

- . - - :
; y i 2 pn Ry o N :1 i e :— s ThJ
! R ﬁ e T vh [ enses

e 0t1 y : B
l ' 10 p L #‘k e el L

.r - ol
g I gd*3 oy &
._k"?_:i. - N P

ed 11

This is simple. The question asks about the focal length of the lens.
the focal length. Find f using the lens formula.

The image of a distant tree is cred

-12 cm.
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20. Which of the types of glass prisms shown in figure (2) can forms be used to bend a ray of light into all the

given in figure (1)?
F'igure (1)
(1) Type A only. (2) Type B only.
(4) Types A and C only. (5) TypesB and C only.

I'suspect whether the children spent more time on this question. All the types of light rays that are given are
turned back in 90° angles. Out of them, the rays can be deflected by 90° only from a 45°- 45° perpendicular
prism. All you need to look only that fact. Have tried each prism one over the other and turned according
to the given ways? Only hand and other organs will be in pain from this. Each place is turned by 90° angles
in all the places of patterns. If the reflected ray is needed to be turned in 90°, then the incident ray should
be 45° There are no words about it. Can you get 45° incident rays from (A) and (B) prisms? The critical
angle for glass - air interface is about 420.__Therefore, if total internal reflection needs to be occurred, then

the incident angle should be greater than 42°. From 30° this will not occur. If it occurs after 60°, then the

angle between the incident and the reflected rays will be 120°. Or else the ray is deflected by 60°.

These are things that I write more. As soon as you see, you need to hit 45°-45° prism. Do not try to keep
the prisms and find the given patterns. Once the exam is over, if you have the desire or the fever keep
(C) prisms according to the given patterns at home. However, from one prism of (C) you cannot get the

patterns. In the question it has been mentioned as glass prisms not as a glass prism. Therefore, you can use

any number of prisms of (C). For example, you need two prisms of (C) to get the first pattern.

Once you see such questions, you should get the clicked feeling like once you find the life partner. The

people who try to keep prisms one over the other cry saying that the time is not enough. Find the partner
that 1s matching well to yourself. The method of putting one over the other is dangerous.

21. The work functions corresponding to two metals A and B are W1 and W2 respectively, and W1 > W2. Two
surfaces . made of A and B are illuminated separately using a monochromatic beam of light of frequency.
Which of the following graphs correctly represents the variation of the maximum kinetic energy (K.Emax)
of the emitted photoelectrons with the frequency (f) of the incident light beam, for the surfaces made of
metals A and B?

You can find the answer before reading the question. The gradient of the graph th'tt shows the variation
of f with K should be equal to Planck’s constant and the negative intercept should be equal the work
function. K = hf — ¢. Therefore, the graphs should be parallel to each other and there
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should be a greater intercept in the metal that has the highest work function. All yoy need ¢ |

two facts. The correct variation 1s (2).
In our times, the symbol W had been used for work function.'But tha't 1S not an iSSye for the
Actually, does the length of the question body is more? Intelligent Ch_lldren do 1ot reqq such
from top to bottom. What is being asked is quickly realized by them. l\illdd‘le level and b Weake
read each word without neglecting. Afterwards, they say that the question is long an( jt takes ¢;
Actually, what if this question is asked like this way? K and f are standar d symbols,

T'wo metals of A and B were subjected to photoelectric effect where metal A has the highegt Work

than that of metal B. Which graph is correct?

[ think that this is enough. This is only my opinion. Many questions can be shortene

be minimized.

22. Two ends of two identical metal rods of uniform cross section are
placed very close to each other, and those ends are heated usins an
electric heating element which supplies heat at a constant rate

[
of P (Watts), as shown in figure. The rods are thermally well 530 v AC
insulated as shown, and at the steady state, the temperature at free

ends which are exposed to the surroundings is T,. Assume that the entire heat CDCIZy generated by
element is absorbed equally by the two rods. If /, A and k respectively are the length, cross sectiony] arey
and the thermal conductivity of a rod, what is the temperature T of the ends of rods close to the heating

element at the steady state

Pl Pl 2P - _ Pl
D T=Tyrzz @ T=T+lt @) 7-1,42EL @ T=27, G) T 2(]{,+M
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Conductivity

N " B e e B -
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| If we Can hﬂVea
convention of giving questions like this way. The reading time can be reduced. I beljeve that tim has o ;
e

to have a discussion regarding this matter and come to a conclusion. By this the Mourning of Childre, 5
|
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Even the question is long, you can get the answer in a very simpler way. It is a very easy question. Apply

heat conductivity equation to a rod. What else to do?

P/2=KA (T-T))/I; (T-T,)=Pl/ 2KA. The answer is just in your hands. Why do they say that this questior

1s hard? Cannot we reduce the length of this question as below?

A heat supplying device supplies heat cqually to each rod with

a power P. If the terms
I, A and k are the length of the rod, the cross-sectional area and the heat conductivity

respectively, then from what does T is given after it gets to a continuous state?

If A and k are marked in the figure, then the second sentence could h

ave been shorter.

23. Andeal gas can expand from state a to state ¢ along three thermodynamic paths adc, ac

and abc as given in the P- V diagram. Along which of the above paths would the highest
exchange of heat occur? _

(1) Pathadc (2) Pathac (3)  Path abc

>

(4) Path adc and ac equally (5)  Path adc and abc equally &% Tké}madynan:ics _,.J '
_— . ork. AU
IS 1S @ nano peanuts question, A greater heat transfer oceurs at the path with the highest WO AU?

same 1f you go from any path, An expansion h

R D ROSA '
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AQ — AW, 1f AU is same, then when AW i« Increased, AQ also should be increased. Otherwise, you cannot

keep AU at a constant value. You can see that the highest work is done through the path of abc if you have

even one eye. The greatest area is made with the volume axis from the path that goes from a to b. There 1s

no doubt that you have done many of such questions. Only about heat transfer is being asked. There is no
need find whether it is positive or negative.

If needed, we can do the analysis further. When considering a and b points, the temperature of the gas in
b should be higher than the value at 3. By applying PV = nRT separately to a and b points you can come
into this conclusion. P is same but V increases Therefore, AU should be positive in a= b path. In the path
of a2 b, AW is also positive. Therefore, according to AU = AQ — AW, AQ should also be positive if AU
needs to })e positive. It should be also AQ> AW. Analyze like this if you take a question.

The same current I is sent through resistor networks
A, B and C as shown in above figure. If all the
resistors in the networks are of equal magnitude, the

R I maximum power is consumed by
(A) (€)
(1) the network A. - (2)  the network B.
(3) the network C. (4)  the networks A and B equally.
(5) the networks B and C equally - Heating Effect of Electric || [B¥:
. Current e

— i e — e e e i o e R e et e LB e . L il i — j

Were all tempted to get expressions for this question? There is no need. You do not need it. Same current
goes across the networks. Therefore, the power consumption can be obtained by I’R. The equivalent
resistance 1s maximum in the circuit of (C). Cannot you just see that? All the resistors are being connected
in series there. In the other two, all the resistors are not being connected like this way. There is nobody to
compete with the maximum equivalent resistance of 4R. If you can find a resistor arrangement greater than

4R, then you will be able to get the Nobel prize. So, why do you look at the networks of (A) and (B)? Is not

the answer (3)?

Can you compare the power consumptions? Can you get that (B) circuit has the least resistance by logic? I
will give a hint. When you come from top to bottom, R at the bottom is in parallel with another resistance
at the end. Therefore, the equivalent resistance should be lesser than R value. The equivalent resistance of
(A) should be greater than some value of 2R. But it cannot be 3R. My God! Try to argue like this way. If
my older brain can do it, then why cannot your younger brains do it? The problem is the laziness to argue.

You would like to look at gossips in Facebook than this method.

25. A 5W electronic device having a resistance of 5 Q is operated by receiving power from a 230 V main |

supply through a transformer. The ratio, Number of turns in- the primary coil  of the transformer is
Number of turns in the secondary coil

(1) 46 (2) 23 (3) 12% (4) 32% 1 5) L

f\u _  Mutual Induction E;f_" bt
This is just a problem. Find the voltage for the device. W = V¥/R, 5=V?¥5,V =5V: N,/N =V /V_=230/5
=46. You can just get that this is a step-down transformer. Then you can remove the choices of (3), (4) and

(5). The number of turns in the primary should be greater than the secondary.
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26. In the circuit shown, the voltage at X s found to increase by 4 V when' R
R' is removed. The resistance of R' is equal to | X
12V .
3 X R
(1) 4R (2) R G) 5
R
(4) —E- ) &

The answer can be easily obtained if 1t ‘s solved form the logic. As the voltage of point X ig Meng;,

HE¢

the negative end of the cell should be earthed. Even it is not essential, then the logic is €asy. Whey Y
1§

removed the circuit will look like this way.

R X

R
12V

Then the voltage of point X should be 6V. Why? 12V is divided equally with two Rs. When R’ js removeg
then the voltage of X is increased by 4 V, then when R’ is there, the voltage of X should be 2 V (2+ 4 )
Now go to the previous circuit. You do not have to draw the above circuit even if I drew. You cap get the
voltage of X as 2 V by the memory without drawing the circuits. Now put 2V near X in the paper. Capyg
you find R’ now? This can be found from two methods. If the voltage 1s 2 V across the equivalent of R g
R’, then voltage is 10 V across the rest of R in the circuit. Now 1f you consider the total of the currents,

R 2V

12V

10/R=2/R +2/R’;: 1/R’=5/R-1/R; R’ =R/4
The other way is that the equivalent resistance should be R/5 across the parallel equivalent of R and R’ &

the voltage across the equivalent of R and R’ is 2V and as the voltage is 10 V across the rest of R on the lef
side. If 10 is across R, then across R/5 it will be 2. Now for the parallel equivalent circuit, 5/R = I/R+IR

where R’ = R/4.

27. A piece of wire is bent into the form shown in figure and a current of
] is passed in the direction shown. The magnitude of the magnetic flux

density at the point O is '
“(\r"
m B ol @) 3l 70,
r 2r | 4 N,
4 Kl (5 M -
2r o | 8r o J |

. | . I -
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e ' - . . -
gEments 1n previous papers. Mark the direction of the first current on the wire.

clockwise direction in the smaller circle. In

In the small circle. Therefore, the magnetic flux density from it is 2 X0’

. hiopedt o . . 4 2r°
The biggest circle 1s hﬂllf EﬂfIa complete circle and the current flows in anti-clockwise direction there. The

value of B from it is 2220 B from the smaller circle is towards the paper whereas B from the bigger

circle part 1s out of the paper. Also, B value from the smaller circle
to the centre.

addition, there % of a full circle

1s bigger in magnitude. It 1s also closer
3 Ul 1Upl

Even it 1s with man : - : Fo’
- Y parts. Therefore, the net magnetic flux density at O 1s 2o 3 ar You

| write this on your rough paper. Simplify it afterwardsZ#e’ — #o! Ag there is common
denominator in both of the terms, it is casy to simplify 8r 4r

only have to

28. Two 1dentical strings are separately subjected to a tension T. When plucked at the middle, each string I

produces waves of frequency f. Now, if the tension of only one string is reduced to 0.81T and the strings I
are plucked at the middle simultaneously, five beats can be heard during one second. The value off is I

(I) 25Hz (2) 50Hz (3) 75Hz
(4) 90 Hz (5) 100 Hz S ey somes ey 02 T 2
. Transverse Waves =

The length of the strings is not changed. In both occasions, as the string has been vibrated from

the middle, the generated wavelengths are not changed. Therefore, frequency f, is proportional to the

sound speed of transverse waves (v)v « v/T. That means . f o /T. The square root of 0.81 is 0.9. Beat
frequency = f- 0.9 f=5. Then f =50 Hz. This is the method with least equations and mathematics. When

proportionality constants are being inserted, it will be lengthy. If you try to do it in the lengthy way, then
f=kVT,f; = kVO.BIT = k 0.9VT . Therefore, kNT — 0.9 kv/T =5; kVT =50 = f. vou should

see that 0.81 1s given for the purpose of finding the square root conveniently.

29. An electron and a proton travel with equal speeds around two

circular paths shown in the diagram (drawn not to scale) under  x X x AT < x s

the influence of a uniform magnetic field. If the direction of . % >

magnetic field is perpendicular and into the plane of the paper, . i B ) g
(1) the electron travels clockwise around the small circular : : : Z 4 3
path and the proton travels counter-clockwise around the X o n vl :

large circular path.

(2) theelectron travels counter-clockwise around the small circular path artd the protdn travels clockwise
around the large circular path.

(3) the electron travels clockwise around the large circular path and the proton travels counter-clockwise

around the small circular path.

(4) the electron travels counter-clockwise around the large circular path and the proton travels clockwise
| around the small circular path.

(5) the electron travels counter-clockwise around the small circular path and the proton travels counter-
clockwise around the large circular path.

E =LY,

e AT T i ' .
- Tusae I Lo n o i B
3 . s | - - q'-.l' i -!F-r ’ ¥ ‘:"
’ RN LY e T
| v b
B [ 2 N .4'

'-'-_ 1."‘-"1-" »
e i
’__ |-L"H-i:f [:"-"'.:“ i-l} H_?t

-4

N P e o i B oo R e AL R Yy
' S N Rk liked o B e a® . 1 R
L - 4 o Ini.:" .__F' il jp 'hl".- ’-‘- ll..|..- ,l i -' :|."
s 2R LA -.1“‘;1.' !'ﬁ-(l‘{‘{,' f {H.L_ fi_dlu_! {;fj’i* ..1_. T

e

It is a very easy problem. You need to think only about the moving direction. According to qvB = mv¥/r
the proton with the higher mass should travel in a larger circular path. As q and v are equal (in magnitude)
rm. To find the travelling direction, you do not need to consider an instance where an electron is

entering a magnetic field with v speed. You do not have to think whether the particles are coming from top

Physics | -
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the question it has been given that it 1s going in a locus, Therefore

e ]
or bottom or from the side. In d check whether that docks

' ' ' Se an
s to decide whether 1t 1S clockwise or anticlockwis

need to do i g anticlockwise and mark the gire.e: Mey

: it 1S goin
or not. Let us consider the electron. Consider that 1t 1S 20

If a positive charge If a negatiye charge

Next, decide whether the chosen direction of force of qvB is correct. It seems that the decisiop, s ny
correct. If the electron is going anticlockwise, then the force F should be downwards (towards the centy

But the force F is towards up. Therefore, there are no two words about 1t. The locus should be In clockwiSE

direction. If we decide that the direction is clockwise at the beginning, then it seems to be correct.

Therefore, the electron definitely travels in a clockwise locus. If the electron travels in a clockwise directmn’
the proton should go in an anticlockwise direction. Why? Because the charge of the proton is Positive, Y,
do not have to think something new about it. If the electron 1s clockwise, then the proton is anticlockyyi,

As the mass of the proton is higher than the mass of electron, the radius of the locus of the proton should pe

greater.

30. Identical loops in the three arrangements A, B and C of
circular loops centred around vertical axes, carry equal
currents in the directions shown in figure. In the arrangement
C there are two separate loops very close to each other with
a common centre at X. In all three arrangements the loops
are separated by the same distance XY and P is the mid-
point of XY. If the magnitudes of the magnetic flux densities
at P in the arrangements A, B and Care BA, BB and BC'

respectively, then
(1) BA>BB>Be (2) BA>Be>BB (3) B8>Be>BA

(4) Be>BB>BA (5) Be>BA>BB /“Magnefic Effects” of "Elédf
\~ Currentsi

A B c

Writing an expression of magnetic flux density for a point that is not in th

B
] Py axi1s of the centre of a circular loop carrying current is not in the syllabus. But
simply its direction can be obtained. Keep the right-hand thumb perpendicula
to the other fingers and direct the finger tips to the current carrying direction

That means direct the finger tips to the direction of the current and place ¢

fingers on the loop. Then direction of the magnetic field is obtained by the direction that the thumb 13
pointing. Look at the figure.

According to this, you can quickly see that the magnetic flux densities are added at point P 1n arrangemen

A whereas 1n arrangement B of point P, the magnetic flux densities are towards opposite direction.

SRD ROSA | SciTech.LK
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Actually, the magnetic flux density is zero in P
of the arrangement of B. It is a null point. In the
arrangement of C, as two loops carrying equal

currents to opposite directions are placed near to

d . X, the magnetic flux density created at P which 1s

in equal distance will be cancelled off. Therefore,

the magnetic flux density of P in arrangement C 1s

A 5 given l?y the loop with single Y as the centre.

Ther-efore, if you think in a simple way, if B is the magnitude of the magnetic flux
:,:-.".-:.‘-31 f/:":// dBelgltz at P from one current loop, then for arrangement A, B . = 2B; for arrangement
= ‘j . B> By=0and forarrangement C, B_=B. Now quickly you can decide that B,>B >B...
- /\g Do not try to eqflal the straight wires which carry current with current carrying loops.
VA @ The net magnetic flux density in the middle is zero in two parallel wires which carry

an equal amount of current to the same direction. If the thumb is directed to the

B of the middle of two parallel circular loops which carry equal current to the same direction will not be ZEro

doubled. So, do not try to get confused with these
two arrangements. Current carrying circular loops which are closer together which carry current to the same

direction are like a solenoid when taken as a whole. When the turns of the solenoid

Here B is acted upon the same direction and the net gets

Increase, the magnitude

of the magnetic flux density is increased across the axis of the solenoid. It will never be zero

&
>

+ <= B#0

3

In anohter way, a current carrying loop can be considered as a small bar magnet
the directions as mentioned before, the thumb is pointed tow

If you direct the fingers to
ards the direction of the noth pole.

Physics| - 2014
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31. Three different types of thermometers, P, Q and R having a temperature g
range of O- 110°C, and kept at room temperature of 30°C were
simultaneously dipped into a large oil bath, maintained at 100 °C at time 100 °C
t= 0, and their readings (0) were recorded with time(t). Curves in figure
show the variation of O with t for three thermometers. Consider the
following conclusions made about the thermometers after analyzing the

three curves. 30 °C

(A) P isthe most sensitive thermometer.

(B) Thermometers P and R are accurate but not Q. (C) The scale of thermometer R is not Jine,,

Of the above conclusions,

(1) only A s true. @ onlyBistwe.  (3) onlyAandBaretrue
(4) onlyBand Caretrue. (5) AllA,Band C are true " ThermomenyoTm
DEEEEE———

This is a question that can get wrong. There are Physics and logic in this question. Such type of Questions
has been checked several times before. The secret of these questions is getting the true/false nature of gy,

sentences based only on the given facts. What can we decide from the variation of P? The temperayy,

has risen very quickly. The relevant characteristic for this is the quick response. Can you decide that jt
I sensitive as it is quick in response? Sensitivity is the change of a thermometric characteristic ip a large

amount for a certain temperature change. Then even a small temperature change can be measured

So, you cannot say that (A) is correct exactly. It can be true but we don’t know. The given variatioy | |

indicates that this thermometer is a quickly responding thermometer. People with quick responses cannot b

sensitive. Do not try to lose your sensitivity while trying respond quickly. Then your partner will leave yoy

The same characteristic is not represented from these two characteristics.

It can be understood that (B) is true. The container has oil in 100°C. Therefore, the final thermometr
reading should be 100°C. Finally, 6 does not show 100°C. Therefore, it can be branded as an inaccurte

thermometer. If this is a mercury thermometer, then the mercury column is stuck at 98°C. It can be argued

that R thermometer is not accurate. To be accurate, it is not a compulsory factor that the thermometrc | |

characteristic should vary linearly. It is sufficient if it is changing. You can calibrate if it does not vary
linearly.

Sentence (C) can be correct. But we cannot say accurately. Here it has been mentioned that the scale i
not linear. That means at higher temperatures (when it nears to 100°C temperatures), the markers are put
in a gradually increasing way for the distance between two adjacent scales. If so, the given variation 8
obtained for R. But is this the only reason for this variation? Cannot this be a reason where the thermomet

characteristic 1s no liner for higher temperatures? Actually, it can be a reason.

There can be a higher probability that the thermometric characteristic is not linear instead of the scal¢®
being non-linear. That means with the temperature increment, the rate of increment of the thermomé™

characteristic has been reduced. Therefore, we cannot decide that (C) is true. Only (B) can be decided &
true.

SRD ROSA | SciTech.LK TV ohysics| -
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32. Breakdown voltage of the zener diode in the circuit shown i1s

5 v R, 1s a suitable resistor. The capacitor C is first charged 3 g R

to 10 V by closing the switch S, and opening the switch |

Subsequently, S is opened and S, 1s closed. Consider the 10V C-1NEE R,
following statements made about the functioning of the :

circuit after S, 1s closed.
(A) Voltage across R , will be 5 V so long as the capacitor

voltage is adequately above 5 V.

(B) Time period through which the voltage across R, remains constant does not depend on the value of
the capacitance.

(C) Potential drop across R gradually decreases with time.

Of the above statements,

(1) only A is true. (2) only Cis true. (3) only A and B are true.
(4) only A and C are true. (5) All A. B and C are true. |

Does not this circuit part is equivalent to the circuit part that voltage is controlled in the bridge rectifier with
the smoothing capacitor? If you can remember 9(B) question of paper 2013, then it will be easy to get the
answer. As you read, you get to know that statement (A) is true. The breakdown voltage of the Zener diode
s 5 V. Therefore, to keep 5 V across the voltage across R orthe voltage the Zener diode, the voltage across
the capacitor should be kept higher than 5 V. If the giving person does not have an excess, then how can the

customer have more? What is meant by as long as it is higher enough because the part of voltage across the
capacitor drops across R. R is the protective resistance that is used to protect the Zener diode.

In paper 2013, such a question has been asked. What is the advantage of using a higher value than a lesser
value for the smoothing capacitor? You can understand that sentence (B) is wrong according to the relevant
answer for this question. If C is lesser, then the capacitor quickly discharges. If so, the voltage across the
capacitor quickly drops. Then the time duration that the voltage is kept at 5 V across the Zener diode at a

sufficiently higher value gets reduced. If the discharge can properly be on hold, then the time duration that
the voltage of R remains constant gets increased.

It can be realized that (C) is just true. The voltage drop across R cannot be increased with the time. However,
the capacitor discharges across R. As the rectification circuit, the capacitor does not getrecharged again and
again. When a charged capacitor is connected across a resistor, the charge discharge of the capacitor cannot
be stopped. If the road is made to go and there is nobody to hold back, then it will be gone. If needed, the

variation of time (t) across R, and R can be plotted.

Ve Vi
5V 5V
0 ‘ 0 t

Whent =0, V_ =10 V and V,, = 5V. Therefore, V, = 5V. With time V. and V_ values get reduced
gradually. V_, is at a constant value for a certain time duration [V =V +V_].
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33. A and B shown below represent the logical iIlplltS apphed fo ClI'CUitS (1) fo (5) given below, and F repreSen
ts

the expected output from the circuit.

1
A 0
B {
F (l, | _

Which of the following circuits, (1) to (5), provides the expected output?

A A
aan [ Eiden Iy gomn — | )~
(1) 2) (3) ) R

fﬂ'-""’-"‘"’.""
! i

\

There can be different ways that this quest
and the output and get the truth table, then the answer 1s in your hand. In the rough sheet, write down A g | |

and F and take your eyes from left to right across cach input and respective output. First you will get A =()

B=0,F — 0. Look at the next set. That sethas A=0,B=1,F = 0. Next you will get A=B=0, F=0. No s
pet A=B=1,F=1.Ifyougo like this way, the truth table will be completeq

Do not write. Next, you will
Is not this a AND gate? Do you need to look far more? |

A B F

0 0 0

0 1 0

1 1 1
1 0 0

34. Which of the following is not true regarding an npn transistor and an n-channel junction field effect transistor

(JFET)?

operating in the active mode.

(3) | An arrow is marked on the emitter of the | An arrow is marked On the source of the
transistor symbol. transistor symbol.
(4) | Both free electrons and holes participate in the | Only free electrons participate in the operation.
operation of the transistor,
(5) | Magnitude of the current through the collector | Magnitude of the curren
depends on the base-emitter voltage. depends on the gate-source voltage.

As this is the first time that a question 1s given under field effect transistor (except the model P

it is better to write a description about this.

Before the semiconductor devices, the signals are amplified by using the vacuum tubes.

technology is not in the present usage, nobody teaches about it. We were taught about vacuun

S R D ROSA | SciTech.LK 126
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we were at the university. Even the radios of that time were run by vacuum tubes/ valves. Those radios
were big 1n size like big boxes (Pakis boxes). Everything got smaller when the semiconductor devices like
transistors came nto usage. It is profitable for the pocket to use semiconductor devices from the energy
consumption side. From 1945s, Shockley (one of the scientists who won the Nobel prize in 1956 and
assisted to discover the transistor) wanted to use semiconductor and make an amplifier device. He argued
that a current flow across a semiconductor should be able to be controlled by an electric field. The term “field
effect’ 1s also used due to this reason. Actually, he wanted to replace the vacuum triode tubes that was used
in the amplifier circuits at that time with a semiconductor device. Even his initial attempt was fruitless, after
20 years the Bell Labs of America made the first FET. Even if you do not get successful at the beginning,
never give up. Even the physical process of current flow in FET is completely different from the vacuum

tube, The obtained characteristic is identical This will be clear to you by the end of the explanation.

Now let us look at the functionality of a JFET (Junction Field Effect Transistor). There is a semiconductor

piece of n type known as n channel transistor in the middle which is heavily doped with a p type semiconductor
piece. Look at the figure.

Daeain (1)
P 1% dan el
\ .
Cazz ) . ' p [p
P rvg len
> Beamcg(y)

Around the n type semiconductor piece, p type semiconductor piece 1s there as a ring. Therefore, here you
have a pn junction. When the figure is drawn in two dimensions, it is seen as two p parts but there is one ring
of p. If the current is needed to be controlled across the n channel, then the gate should be there around it. It
is like putting a ring to the middle of a water flowing tube around. JFET is a device with three ends. They are
called as source, drain and gate. The source and the drain are connected to the n type semiconductor whereas

gate 1s connected to the p type semiconductor by Ohmic contacts.

First, let us take the voltage of the gate and the source Vs as zero. Think that the source is earthed. As the
drain is positive relative to the source, the electrons in the n type semiconductor piece flows from the source
to the drain. Then how much is the potential of a point in the n type piece? There will be an Ohmic voltage
drop across the n type semiconductor. The potential is linearly increased from zero (from the source) to the

drain which is at a positive potential. Let us consider this as Ve

Now let us put our attention on the place of pn junction. First, we will consider Vs = 0 instance. That means
as the source is earthed, the gate is also earthed. So, the potential of p piece is zero. The n piece which is near
to the p piece is positive. Then the pn junction is at reverse biased state. Hope you have learnt this under the

function of a pn junction. Look at the figure.
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In JFET, the pn junction (gate-source junction) is at reverse biased and this reverse biaseq

. . Vo
from the source to the drain. Why? As mentioned before hagt k.

gradually increased when it is going the Vor

across the n type semiconductor is gradually increased from the source to the drain sjde Due ¢, Ih‘QE:"
' . | . _ ) : . . 13
depletion region created in the pn junction is bit wider when it goes to the drain side ang When =

the
. . : . ga’ _

over, it should go back to zero state. The asymmetric shape of the depletion region has beey, showy intn
i

figure. The drain current. [ should flow across this depletion region. Even in two dimcnsionS, you ¢
| d)

as two depletion regions. As p material is around the n material, there is onc depletion regjop, aroung, .
- Thiy

In a three-dimensional way.

P ' Now, compared to the source, if you make the gate voltage negative (V_ <), then With
Wchange, the reverse biased voltage and the depletion region also get increaseq \1,1}“..3]::n
" > jepletion region is widened, the current (I ) should flow across a thinner regjo,, (Channele
~When the current flow region is narrow, then the channel resistance gets increaseq Ther )
when V__ is made more negative, I, is gradually reduced. So, at a certain v

current flow can be made zero. This variation is shown 1n figure (1).

fnre,

N
\\\2

b
¥

{
:

SN
ST

\‘\?m_\

[f you think in another way, when the gate is increased negatively relative to the source, then the depletiop I

region is widened and the drain current gets zero when it gets together at the widened place. It is like holding

from your neck. It is like stopping the water flow in a rubber tube by pressing the fingers little by it |

Figure (1) shows the characteristic V-1, man channel junction field effect transistor.

f”l'll-.“h}*
-{10

S|l .= N = w0 9« g

Now, let us consider the characteristic of V- I, This cannot be obtained directly. In a constant gt
voltage (that means when V ¢ is at a certain value), two effects are activated simultaneously

(i) When V  is gradually increased (when the drain voltage is incre
according to Ohm law I is increased. '

ased relative to the source), the!

(i) But when V__ 1s increased gradually, the reverse biased volt
and then the depletion region gets widened. As
channel, I 1s reduced.

age across p-n junction 18 increase
. . 'l’
the current is flown across the prowded naro’
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These two effects are acted opposite to each other. So, will [ increase with V_ 7 Or will. it reduce?
You need to argue like this. When the depletion region is reduced in width and the channel is
increased in width, if we consider that reduction of the width of the channel relatively small by

ps> then as the second effect is less active relative to the first effect, one can argue that
initially I should be increased when V.

Increasing V

. 1s increased. But when V_ 1s increased, then the width

of the channel is greatly reduced. S0, the result of the second effect gradually increases. Due to

this the rate of increment of [, with V_is gradually reduced whereas at a certain V_ value, the

effect on [ by both of the effects cancel off with each other. Why? As from one effect it increases
whereas from the other it decreases. The voltage where these two effects are being cancelled off

1s called as the pinch off voltage (V). After this value, [ gets constant. Even we can say that the
current 1s saturated. This characteristic i shown in figure (2).

When we grow old, our memory 1s also like this. In younger days, the things we put inside are
oreater than the things we remove. But once we get old, the things we put inside will be equal to
the things we remove and our memory gets saturated. But love should not be saturated.

The value of the saturated current is

dependent upon the voltage of gate-source (V ) You can
understand this very easily. If Vi

=0, then at the beginning, then there is a narrow depletion
Mo (MA)  |ncus of pinchoff valucs region. That means the width of the channel is greater.
F—N Therefore, the impact of the second effect is less at
the beginning. But when V. 18 Increased negatively
(that means numerically reduced), as a greater reverse
biased voltage is created at the beginning, the width
of the channel is less initially. Then the impact of the
second effect greater than the first effect. Due to this,

v, e Vi mD Y] 3 the current is saturated at a Jesser value. When Vs

= 0, the corresponding [ value of pinch off voltage

[

e s L ” T N P - I B -
1 i -
|

(V,) 1s called [ oo

The above I - V¢ Characteristic can be divided into four parts.

(1)  Ohmic Region — When Vs 18 Increased initially I 1s incre

ased. Then JFET is working as a normal
resistor that is controlled by the voltage.

i(ii) Cut -off Region — In this region, V.

s 8Cts negative as needed and channel gets
becomes to an open circuit state. That

means 1) =0. This region is also known as pin
(1) Active or Saturation Region — In this region, I is being controlled b
value, I will not change with Vs When JFET is being used as an

In this region. This saturated region should not be confused with the bj

region. There when V. Is nearly zero, [ .value gets saturated and the
stage. The saturated region of a JFET is actuall

used because I 1S constant with VDS.

closed. JFET
ch -off region.

y 1ts active region.

Breakdown Region — When Vs 18 gradually Increased, there w

— 1l be an uncontrollable
current flow across the channel and it will be broken down. |

The dashed lines show the path of (he pinch off voltages.

Using the symbols, given below is a npn transistor, n channel JFET and

a vacuum
ach of them is shown in the below table.

S RD ROSA | SCiTech.LK
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The vacuum tube has been mentiopeg

fbr

# th
PLATE O C
DRAIN LA Comparlsoﬂ. _Ypu d IlO_t _have to k]'l(mr

vacuum tubes. As I mentioned earlyw

GATE - advent of semiconductor devices, what belgnge;he
" electronic were such vacuum tubes, Thos dalo

SOURCE catope G electronics were simple and easy Compareg ft’:

current days. As we found new friends, o]4 Fieng
should not be forgotten.

COLLECTOR

BIPOLAR JEET VAQUUM TUBE

You need to realize that in a npn transistor the output characteristic at the commop et
configuration (V_, against I.) is mostly similar to the characteristic shown from the figyy, () of

a JFET.

It is easy to obtain the characteristics shown in figure 1 and 2 from vacuum tubes. In a vagy,
tube, electrons are emitted from the cathode. Electrons move from the cathode to the anode The

current flows from the anode to the cathode. To store electrons, the anode should be pogity,
compared to the cathode. The grid is an electrode with holes. If the grid 1s kept at a zero potentia]
then maximum number of electrons will travel to the anode. By keeping the grid at a negative
potential relative to the cathode, the electrons that travel to the anode can be controlled. If the grig
potential is negative, then that means the electrons emitted from the cathode are being decelerateg
without being accelerated. It says do not come. Therefore, when the grid 1s kept more negative

compared to the cathode, at a certain V., value the anode current I, can be made zero. Is not this

the characteristic of the figure 17

Even the characteristic of figure (2) simply occurs in a vacuum tube. When V_.=0andV,
(the voltage across the anode and the cathode) is increased, initially I, 1s increased. When V, is
increased, I, gets increased as the other electrons also come towards the anode. But when all of

the electrons emitted from the cathode are collected by the anode, I, will not increase as V, S
increased. At a certain value of V, , I gets saturated. If all are being collected, then from whom

are you going to take more?

Next, when the gird is made negative relative to the cathode, due to the deceleration given to the
electrons (between C and G) the electrons that emit with lesser kinetic energy will not go towards
the anode. When the gird is made more negative relative to the cathode, it forcefully says no
the people who come from the cathode. Those who come are decelerated and turned away. S0,
it a surprise to see a gradual reduction of saturated current? The characteristic of V AR and I, 18 the
variation of (2). Is not 1t? The characteristics of JFET correspond to the characteristics of vacuul
tube. But the process that happens is completely different. Actually, the hope of Shockley Wé
successful. He wanted to displace the vacuum tube from a semiconductor device.

@ CamScanner



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

Physics | - 2014 AL 131

Th h . .
¢ channel of p channel JFET is being made from a p type semiconductor and the gate is

being made '
g from a n type semiconductor also. You do not have to know the function of a p

channel JF E'.I:. In the following figure, n channel and p channel JFET transistor symbols are being
compared with npn and pnp transistors.

Always the arrow should be drawn towards
the material of n type. It is the standard

C C
(+) (-) .
R rule of drawing the arrow. In a bipolar
(+) (?) transistor also, this rule is being applied.
E(-) E(+) Look at the figure. According to this, there

NPN Transistor PNP Transistor is one pn or np junction in a FET.

Therefore, in n channel JFET, the arrow

Drain (+) Drain ((-) from p to n should be drawn on the gate

Gat Gate _@ inwards to it. In a p channel JFET, the

(-) (+) arrow from p to n should be drawn on the

Source () Source I(+) gate outwards to it. There is no other

N-Channel JFET P-Channel JFET alternative than drawing the arrow on the
gate.

Now, let us look at the question. We need to find the statement/s that are not true. All the statements
about npn transistor are true. If one is given as false, you do not have to look at JFET. Then the
objective of the question is not being satisfied. Both (1') and (2) are correct. According to the long
explanation above, n channel JFET keeps the gate-source junction in the reverse biased mode.
Then only you can control the cross-sectional area of the channel. If it was forward biased, then

there will not be depletion region.

Statement (3) is true for a transistor but according to a JFET that statement i1s wrong. The arrow
is marked on the gate. (4) and (5) are correct. Only free electrons flow across n channel. In the
functionality of a transistor, both electrons and holes participate. Therefore, transistor 1s a bipolar
device. In the functionality of a FET only one from electron or holes participate. Therefore, FET
is known as a unipolar device. In (5), I, does not change depending on V. in a npn transistor. I
changes depending on I,. When looking at the variation shown above in figure (2), the expression

given in (5) is valid for JFET.

Finally, I hope that you are excited to know about the applications of FET. You know the
applications of bi-polar transistors. Most of the time, FET 1s used as an electronic switch. You
know that bi-polar transistor can be used as a switch using the cut-off and saturation regions. In
such a bi-polar transistor, these instances are controlled by I, current. (Look at the characteristic

of I,-I..) For a FET, if you look at the V .-, characteristic as shown in figure (1), then by

: annel current) can be changed from a maxi
controlling V., you can see that I, (ch ) g mum value to

Zero.
applying a voltage, FET can be very easily used as a ON-OFF switch. Simply, FET

That means by
is being controlled by a voltage like a vacuum tube. Therefore, FET is also known

is a device that .
as a solid -state vacuum tube. Shockley used this term. A bi-polar transistor is being controlled

by the current across the base and the emitter. When it is being used as a switch of ON-OFF, it is

more effective to use a voltage for this purpose. By changing the voltage quickly switch process

S RD ROSA | SciTech.LK
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can be done from ON to OFF and OFF to ON. Thefefore, F ET Fl; rl(ion;monly used ip S“'itChin
circuits as well as logic gates. The other advantage 15 that 1n a , the energy conmmpﬁo g

. | i
less compared to a bi-polar transistor. 50, the power creation of a £ ET 1s at a lower vapy,

| values for a n-channel JFET. Consider that the source ; be,

Shown below are the typica |
= +5V, then I_= 10 mA. The resistance of the chappg| ®) SB
? ~ l

earthed. When V_ =0 and V
10 X 10 =500 L.

WhenV =-1Vand V =15V, then I = 5 mA. Therefore, R

From the above numbers we can see that, by a small gate-source voltage of 1 V, the Tesistance of
y double and the drain current has been cut down by a half Anothe,

the gate-source junction) is at 5 higher

=1 kQ.

the channel can be increased b
advantage of a FET is that its input resistance (between

value. Look at the following circuit.

When V. = -1 Vand V = +5 V, then the reading of the
micrometer is 0.5 pA. From this you can see that the Inpyt
resistance in between the gate-resource junction is 1/ 0.5 X (s
—2 MQ. What is meant as the input resistance 1s kept at a highe;
value is the current across input ends of the FET is very sma]]

GATE
. when an input signal is given to the gate-source ends. That means
Y, — @ the current drawn from the input 1s very little. This 1s a specific
IVOLT ~ characteristic that should be possessed by the amplifier as well
¢ SOURCE

as many electric devices.

This characteristic is there is operational amplifiers. An 1deal

voltmeter has this characteristic. Here the nectar can be taken without crushing the flower.

In a normal bi-polar transistor, the input resistance between the base and the emitter is about |
kQ. Therefore, JFET has a higher input resistance. So, the resistance matching can be done easily
when connecting couple of transistors with each other in a middle of a circuit. By connecting
people with higher resistance there is no disadvantage to each other. One is not taking the things
from the other unnecessarily. He is not waiting to eat from the other. As FET is small from the
size, it needs a small space n integrated circuits (ICs). FET is also cheap in price.

Usage of JEET as an amplifier (common source configuration)

As there are three ends in JFET like in a bi-polar transistor, you can consider three configurations
They are common source (CS), common gate (CG) and common drain (CD). There 1 only
common source - CS arrangement in the syllabus. This is shown in the figure. This arrangemen!
is equivalent to the common emitter configuration of bi-polar transistors. According to the figu®
the input is applied in between to the gate and source in this configuration. The output 1S obtaincd
from the drain and the source. That means, V. =V __ an - .« common ©
both input and output. That is why it is knownlzs th: iomdm\gflugou::nes.cz:g gTrZijnl_SAs there 188

greater input resistance between the gate and the source as well as a greater voltage gain can be
obtained, this configuration is commonly used.
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(1)
(2)

(3)
(4)
()
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[can you remember Vi=V_= V- I.R.?] According to figure (2) in a JFET I
changes by a big amount for a small change of V_ (here V=V ). According
0 the above equation, when relevant R values are selected, you can get the
variation of V o+ 8reater than the variation of V.. When I is increased V
decreased. When [, 1s decreased V. _is 1ncreased Therefore, like the common

: emitter amplifier, here also the output amplified signal has a phase change of
180" compared to the input signal.

As-mentloned before, the specific advantage compared to the bi-polar transistor in common
emitter configuration is the higher input resistance. When the input resistance is taking a higher
value, then that amplifier is very sensitive to input signals. As the amplifier is not drawing a
current from the input, any small change of the input can be felt by the amplifier. Therefore, this
common source amplifier configuration of JFET is used commonly in audio frequency amplifier
circuits. As long as we attract things of others, we too become insensitive people.

The figure shows a properly biased common
source JFET amplifier circuit. Thisis equivalent
to a common emitter amplifier circuit which
is biased using the voltage divider method.
The difference is that dc voltage gain = I /I
in bi-polar transistor amplifier circuits 1s not
interpreted in JFET amplifier circuits. As the
input resistance of a JFET 1is at a higher value,
_ it is always taken as I =0. So, always for a
N JFET circuit it is I_ = I_. In bi-polar circuits we

take I, = I by considering I as small.

The other difference is that B-E junction of bi-polar amplifier circuits 1s in the forward biased
mode. If it is a Silicon transistor, then we know that it is 0.7 V. In JFET amplifier, always GS
junction is reverse biased. V< 0 [V >V, ]. Also, that value should be given. We need to select

a proper V.. value to avoid distortions in the input and the output signals. It will be clear to you
from the next graph shown. (Q point — quiescent point)

Other than the above mentioned two points, the rest of the calculations are similar to the bi-polar

transistor amplifier circuit.

AsI. =0,V =V, (R,/R,*+ R,). From this you can find V_.
Using V. =V_ -V, you can find V. Consider that V ;< 0. Therefore, V>V . V__ value should

be given. It is not a standard value like V.
Now using I, = V/ R and find 1.

I =

Next,use V, =V - [ R, and find V..

S RD ROSA | SciTech.LK
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(6) Finally, fromV =V _-

- va][}n
£ /\/ 117 has been applied to the gate end. Then across ©, Input capaigy ,
shows a superimposed ] mV sinusoidal signal on V_ dc voltage 4 G ﬁ'mi
If A is the alternating voltage gain of the amplifier, then what 1S cre,
¢ on D end is an alternative output signal with a A X I mV peag vol
V, which is superimposed on dc value of V. The expressions for alte%e
voltage gain for bi-polar transistor amplifiers and JFET amplifiers ari
not in the syllabus. Therefore, in a problem, A should be given,
The blocking capacitors act is same. The biased state of the dc currents Is maintained by them,
dc currents do not flow across the capacitors, they block the part of the current that flows aCTog
R, and R, which can flow into the input signal source and they block t'he part of the currep; of |
which can flow towards the output signal. As shown from the figure 1s the unmutated Inpyt and |
amplified output signals with the load line. The load line (1:an be obtained ?/y
DD
Vo, =L (R.+Ry)+V . Whenljis taken, /D (RD + Rs) - l(Rﬂ + Rs)
The variation of V__ against [ | is a straight line. The gradient1s — ( - Rs) whereas the Intercep
: v | = Whenl.=0,thenV__=V__.
1s When v, =0, then Ip =(Rni??s)' , then I, Vs = Voo. ‘b | DS DD
As in a common emitter amplifier, at quiescep
sa=n , point (Q point) V =72V, That means V. should
o= Ve | A 4 ; < Ya=®  he chosen to the middle of Q point. For the showy
,. m < ?"""“'  instance, V= -0.3 V. The resistor R value help
] m\ — “ to keep V. at the correct value. Earthing of the
“‘ S %o alternative current part of I current due to the input
’ | 11 (V=% sional is done by the capacitor CS. The alternative
; ::U: current part goes across C; without going across R,
cun” .. Therefore, the voltage across Ry does not chang
5 . ; Voo according to the signal.
MOSFET (Metal Oxide Semiconductor Field Effect Transistor
To discuss the main differences of MOSFET and JFET is only there in the syllabus.
MOSFET is functional in two modes. In both ways, a thin oxide layer is deposited (most of the | |
time SiO, 1s used) In between the gate and main channel that carry the current. Due to this thin
plate, oxide term has been used. The term metal is there as the ends are keeping connection’
through metals (normally Al).
S RD ROSA | SciTech.LK ics | 201M

V. you can find the voltage drop across JFET.
Now for example, think that an input signal voltage of | my ek
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(1) The configuration of n channel MOSFET working in the depleted

mode is shown in the fi gure. This is equivalent to n channel JFET
In every way. Drains and source leads are being connected to two
regions doped with n. These n doped two parts are being connected
across a n channel. This n channel is connected to the gate across
a thin SiO, insulating film (10* mm). Regions doped as n are on a
substrate which is doped as p. In this subtrate which is doped as p
has an end (SS) that can be used to get an extra connection. This

end 1s almost connected to the source internally. When SS end 1s
carthed, then the source automatically gets earthed.

A symbol with a depeltion type MOSFET is shown in the figure. By showingeither SS end or by connecting
SS end to S the relevant symbol can be represented.

‘—TD I__TD I- V. characterisitic of such a depletion type n channel
G ( = s " k_o&g MOSFET fs shown in the figure. It can be'se:en that 1t 1S
" °'—“||—1 almost similar to the corresponding characteristic of a JFET.

S The main difference is that V_ (>0) is not kept at a positive
value at any instance in JFET. If V_, gets positive, then p-n
..*_TD jD juction will be at the forward biased mode. Then the electrons
tis

But 1f you need, then V __cannbe made positve in a n MOSFET. As the oxide layer between the

;'*

Therefore, for the functionality of a JFET, always VGS

G l’rﬂ will not go towards the drain but will go towards the gate.
g should be kept at a negative value.

channel and the gate acts as an insulator, the produced electrons are not reached to the gate. They
arc being turned back to the side of the draimn. Therefore, when V. is made positive, you cannot-
expect a development in I . When all the electrons are being collected, I gets saturated.

(2) oo Mainly, MOSFET i1s used in enhancement mode. The configuration
A --°—""—""~’-[ ———EEE .+ Vaew ¢ different than the earilier case. The figure shows such n channel
Vas = <05V ‘H\ configuration. Like before, the drain and the source are put into the
Loss L F =0 region where it is being doped as n. But between these two regions
ug =05V - '
; 4:; l there is no n channel as before. What is there in between these two
Voy = 2.0V Vave  isap type substrate which 1s doped a bit as p. The other connections
are as before. The symbols are shown here.
10 VD!S T
MOSFET Body
ain (D)  usualy connected Drain
s L to scurce terminal (D)
VG TVDS VG TVDS
Gate (G) Gate (G)

Source (S) Source (S)
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[ -V characteristic has been shown of a such n channel MOSFET. We wil] try to -

this. In this mode, every time V_(>0) should be positive always. The argument i like thi

p type material, there are no such free electrons but there is a little. When V. passes . 0t

value (V_), then the electrons in the p substrate will be attracted to the gate, Look gt the
If you think in another way, the holes in the p type subtrate are being repulsive py ¢, -
to this reason, the electron concentration near the gate gets increased. But due tg the oxig

they are not travelled to the gate. These electrons create an electron channe] frop the sy, .
. . G
the drain. These electrons create a bridge between n type source and n type drain,

ﬁgure.
e,

Io(ma)
Ohmic Saturation Region

:-
Vs =+5.0V T

Vs =+4.0V l

VG; =+30V

.'

A Ves = +1.0V

0 2 & 6 8 10 12 0w

But when all the electrons are being collected, at a certain V. value (>0), L gets saturated [ige
before. When V_, is increased more positively, the saturated current 1s increased as more and
more elctrons are snatched from the p substrate. The substrate 1s being less doped to snatch many

possible electrons.

Here you will understand that there 1s no usage by making V . negative (<0). When V_ is mad

negative, then the remaining electrons will go away from the gate. Then there will not be a bridg

between the two 1slands of n type.

The main advantage of a MOSFET like this is I gets zero when VGS'=0. The m_ain advantage of2
JFET or depletion type MOSFET is that t'hcre is a current I | even when V. =0. Whena MOSEET
working 1n the increment mode gets V=0 (that means without any biased mode) as I ) gets ¢
then it automatically work as an open switch (OFF). When V_ > V_ then it works as closed
switch (ON). Theretfore, in many electronic circuits with switches, the memories of logic gat
circuits, calculators and computers, MOSFET working in the increment mode is being used. The |
V. value of n cahnnel devices are in the range from 0. 5 V to 0.8 V.

Therefore, very efficiently it can exchange between ‘ON’ (closed) and ‘OFF’ (open) Whet
V>V, (it will be “ON’ whereas when V..=0, it will be ‘OFF".

In a JFET or a depletion mode MOSFET, when V... =0 it will be “ON’. If you need o «OFF’ the
V  should be -4 Vor-5V.

A MOSFET working in the increment mode can be also used as an amplifier in th
source configuration. Due to insulating oxide layer its input resistance is higher than 3 l
(10%Q - 107 €). Therefore, it is far better. The power consumption of these are taking 3 vey
value too. There fore, these are being used in MICTOProcessors.
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The channel of a MOSFET in depletion mode is shown in an unbroken line as I 1s not zero even

when V.= 0. In a MOSFET working in the increment mode, the channel has been shown 1n 2

dashed line because I =0 when Vs=0. There is a space in between the gate and the channel to

show the insulating oxide layer. Check the rule for the arrow in the symbols are correct. Always
the arrow 1s being drawn from p to n. Here the arrow cannot be drawn on the gate. Type p is at the
substrate.
I think 1t is better to put a note on Shockley and end this long description. Due to the new
discoveries of Shockley and his companians the foundation was laid for the semiconductor
devices manufacturing industry which is famous as ‘Silicon Valley’ in California, USA. Shockley
had contributed Silicon to become a “Silicon Valley’. But due to very strict views, his popularity
was decreased during his latter periods of his life. He expressed that the future generations of
- human species should be made only from the genes with skills. He said in public that people with
genes of less skills should not reproduce many off-springs to the world.

There 1s a rumour that the sperms of Nobel Laureates are deposited safely in a gene bank. Shockley
had mentioned in public that he had given his sperms for this bank. 99% of Nobel Laureates for
Physics are male either for good or bad!! It may be that males think and do unwanted things!!
But only males cannot reproduce children alone. 216 out of the Nobel Laureates for Physics (upto

now by 2020), there are four females. One of them is the very famous Marie Curie.

When Shockley was dead, it was said that his death was known to his children from the newspapers.
This is the nature of the western culture. The world really needs genes which identifies love and
affection even there are no special skills. As I think, it is enough to have less number of people
with special skills. When there are more people with special skills, they tend to have conflicts. It

1s better 1f there can be more people with characteristics of kindness and caring nature.

35. Figure shows a section of a long horizontal rectangular tube of height 0.016 m having a large surface area,
and filled with a lubricating oil of viscosity 0.072 Pas. What is the force F required to drag a very thin plate
P of area 0.4m? with a velocity of 0.02 m s:' along the middle plane between the top and bottom surfaces of
the tube as shown in figure?
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(1) 3.5:?x1(f3N 2) 70xx10°* N (3) 3.6x10*N 4) 72x102N (5) 144x10'N

"I"-'ﬁ-‘-'_ . e T Mm“w Fﬁ
||'- 3 |'.'a = . - v i | ] o i
- - - e ."_ L ] ._'i" 5 e B

It is very simple. The only difference is that the plate 1s being carried in the middle of the tube. Normally,
the plate is being carried on one liquid level. There are two layers of oil on the top and the bottom of the
plate. We can consider that oil layers (the top and the bottom) that touch the plate is going in the same speed
of the plate and speed of the oil layer that touches the internal surface of the tube can be considered as zero.

The velocity profile of the thin oil layers in the tube are as follows.
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36.

37. A cylindrical copper block- of radius r and length / = 2r radiates energy as a black body at temperai®

SR D ROSA | SciTech,LK 138 Phys

(o the total viscous force. When (i |

As the velocity is uniform, the apphied forec i cqual Nding the v

force, you need (o consider both sides of the plate. oy

Use the standard equation for the viscous foree which is nAAV/Ar.

Needed foree = 2 X 0,072 X 0.4 X (0.02/0.008) = (2 X 72 X 0.001)/8 = 0.144 = 1.44 X 11y

You can get it wrong il you do nof consider the viscous foree that is afTecting on both Surfaceg of the %
t

Three spherical liquid films of surface tensions T,, T, and T, respectively are in equilibrium a4 Shown

figure such that the corresponding radii R, =r, R, = 2r and R, = 3r. Then,

. T 7, T ’
.—L—J.— { ‘.- «-—-—-*1
T, T
rwl2.0
2 TR -

There is nothing to calculate. The pressure outside the spherical liquid film 1s same. Even the pressure insig,
the spheres is same. If'so, T, = 1,/2 =T /3. What ¢lse should have happened? The extra pressure is 4T/R. A
4 is common, it does not need to be written, If the surface tensions are equal, then the spheres cannot stay
like this way. The pressure is increased in the smaller sphere. If so, then the smaller spheres will shrink and

the bigger sphere will get larger. But as the surface tensions of the liquid films are different, there is no issue

for being in cquilibrium for such a system.

| remember alveoli in the lungs. Big and small alveoli can be in equilibrium by connecting with each other
As there are more liquid surfactant molecules which reduces the surface tension in a unit area of smal
alveoli, its surface tension has been reduced. By that the disadvantage of increased pressure due to reduction

of radius has been rectified by the reduction of surlace tension. T <T <T..

T. If this copper block is cut and separated into N identical disks having the same radius r, the rate of the

emission of radiant energy at the above temperature will increase by a factor of

N+3
m 5 @ 3) D @ & 5 N

e [Olﬂj
2als
int0

As the temperature is not changed, the emitting energy is dependent upon the total surface arca. Th
surface area of the cylindrical block is 2ar* +(2nr X 2r) = 61, 272 is the area of the two plane sides:
the area of the curved surface, The total area of the curved surface does not change as the block is cu!
a of the expost
if there
N disks

I\ +
is2ﬂrN

several disks. It is equal to the previous value. But when the disks are being cut, the net are
plane surface gets increased. The total area of the two plane surfaces in a disk is 2. Therefore,
N disks, then the total area of the plane surfaces is 212N, The total area of the curved surface of
equal to the previous area of 4nr?(2xl). Therefore, once the disks are cut, their total exposed ared
4urt = 2mrt (N +2). 2mr* (N + 2) is (N+2)/3 times of the previous area of 6
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This cannot be solved without calculation. A fier the disks are cut, if you do not see that the total of curved

surface area 1n the disks is equal to the previous curved surface area, then you will take much time to get the
answer. This 1s the trick here. Even if you do not see, the curved surface areas of the disks can be also found
like this way. As N disks with cqual thickness are being cut, the thickness of a disk is /N = 2r/N. Then the

curved surface area of a disk is 2nr. 2r/N. Therefore, the total curved surface area of N disks is 2ar. 2r N/N
= 4nr’ |

38. Consider two motor vehicles, A and B. In motor vehicle A only the front wheels are coupled to the engine
and rotated; and in vehicle B only the rear wheels are coupled to the engine and rotated. Which of the
following diagrams correctly shows the directions of the frictional forces acting on the front and rear wheels
of motor vehicles A and B by the ground, when they are travelling in the forward direction?

.. @ *

;
ﬂ

]
ﬂ

& Y (AR, (AR
\ A i R | A . ‘ '
o T o L
9 A I —————

O Ome O oy { Friction s :]

Such questions have been discussed in previous past papers. The 27" question of paper 2005 is like this

(1)
(3)
(3)

j
)

question. It has a moving bicycle there. I have given a review of the direction of forces there. Even in the

first essay question of paper 2002 a detailed explanation has been given. I will present that description again.

The forces acting on the rear wheel of a bicycle has been shown below in figure 1. There 1s a driving torque
on the rear wheel at such an instance. These are considered as the driven wheels. Such a wheel presses the
ground backward. Then keep an eye on the nature of the surface on the ground. The surface shape has been
distorted than the normal way to understand easily. Sometimes even if we do not see this for our naked eye,

it is true in the limit of atomic scale. Then does not the horizontal force (friction) from the ground on the

wheel is acting to the forward direction?

The forces on a rolling undriven wheel from the ground is shown from figure 2. Then the firctional force is

acting backwards on the wheel.

Here it is enough to consider the wheels that are driven and undriven. Motor vehicle A is a vehicle which has
its front wheels only connected to the engine. Therefore, the force that is needed to go forward is supplied
by pressing of front wheels on the ground. Then the rear wheels are not driven wheels. In motor vehicle B,

it has rear wheels that are connected to the engine. Then clearly the force to go forward should be obtained

by the pressing of rear wheels on the ground. Therefore, the correct figure is (4).
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‘.-"'
| | I o .
%
Front-wheal dnve , J l

the engine ca :
If you think in a simpler way, then from the wheels that are not connectc(.ik‘fOC N gd - NNot proyjde the
' od 1s driving.
forces that needs to go forward. It is great and 1t 1t 18 like that. It will be like G g

Early vehicles came as rear-wheel. But as the engine 1s at the front, the prop-shaft should be rotated gng

transmitted to the rear wheels to get the force that 1s neede

here and the front wheel vehicles were started to manufa

d to rotate the rear wheels. The energy js Wasteq
cture as the rotation of the front wheels (f the |

Now there are four-wheel drive vehicleg too

engine is more efficient and they can be used to save fuel. |
| hould be able to draw the direction of forg,

Even though they can go faster, they consume lot of fuel. Yous |
acting on the wheeld by the ground in such a vehicle. Different sorts of advantages and disadvantages g,

shown below. |

As the engine and the driven wheels are at the same side of the vehicle in front wheel vehicles, there is mop

space in the vehicle. The prop-shaft that is going across the middle of the vehicle 1s not needed here. As the

weight of the engine is also acting on the front, by having

of the vehicle is properly touched with the ground.

the driven wheels are at the front, the front pan

But many vehicles which can go faster like racing cars are made as rear wheel drives. The reason for this i
the weight of the vehicle is mostly towards the back when the car accelerate faster. Then more connection
with the ground/ good traction can be obtained by the rear wheels. In higher accelerations the front wheels
tend to rise up. The other advantage of rear wheel vehicles is that the front wheels can be cut well as they

are mainly used for the driving/ controling of the vehicle. The front wheels can be turned left or right as you

H

wish compared to front wheel drive vehicles.

Untill 1970, 80s many vehicles were manufactures as rear wheel drives. Still bicycles and motor cycles |
are as rear wheel drives. As the front wheel 1s needed to rotate freely, there canbot be another alternative
to be used. Actually, the vehicle does not move forward due to the engine. From the engine, the wheels
should be rotated and get the forces by pressing/hugging the ground. Some does not like to call these forces
as frictional forces. We always think that frictional forces act against the motion. But this feeling or the
concept is wrong. Frictional force 1s the force that is acting on a surface or the surface that is obtained by

pressing the ground or parallel to the ground. According to the pressing direction, it can be towards the |
direction of the motion or it can be against the direction of the motion.
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39, Consider the following physical phenomena.

———
—,
--------- =7
"= ® = (©) i
Water ﬂowmg Ihrough a tube havmg Gradual narrowmg of = ff Deflection of a cricket ball
two different areas of cross-section: the cross section of a 'E:Ei' which is moving while
- speed of water at Y ('Uz) > speed of Wwater column falling % spinning.

water at X ('Ul) down freely from a -':':5

B j—
L

tap. -

Existence of a height difference in the liquid
columns in vertical tubes.

Which of the above phenomena can be explained using the Bernoulli's theorem?

(1) AandD only. (2) B and D only. (3) CandD only.
4 B,CandDonly. (5 i
(4) y (5) AllA,B,CandD T hya i dymm fos

— ~ >\ You can get the answer at a glance. To explain
0= g -,
Nt o (C) and (D) only we need Bernoulli’s theorem. To
“ explain the instance of (A) we need the equation
had of continuity which is A v. = A v,. Even this
. & L. . .
f; . ﬁ & ng equation is needed for (D), to explain the height
'S :;m difference of liquid columns 1n vertical tubes, we
S, e ' ) ' %
S (el b need Bernoulli’s theorem.

Bernoulli’s theorem is not needed to decide that the speed of the water column 1s increased when falling
downwards from the tap. You can just say it. Then according to A v, = A,v,, if v,> v then you can decide

that A<A,. If you need to find the speed of a water column that 1s fallmg downwards from the tap, you can

apply Bernoulli’s theorem.
If u is the velocity of a water column of point P which is just outside the tap, then applying Bernoulli’s
theorem, 7 + %2 pu? + 0 =1t + %2 pv*- pgh

o vi=15 10+ gh; v2=u? + 2gh

You can get the answer if you just apply v?=u* + 2gh. Finding the speed of a liquid column is complex.
At above, I have considered the two points that are exposed to air. The pressure of the two points can be

considered as the atmospheric pressure in such points. We simply do not know the pressure inside the liquid
column. In such occasions, you consider that the liquid column is narrow and the normal tradition is to
consider the speed of the points in any horizontal cross section as equal.

We need Bernoulli’s theorem to explain the deflection of spinning ball. It is a known fact by everyone. It is
better to consider the function of a spinning ball. Consider a ball which moves from left to right in the air

(without a spin). The air current 1s moving from right to left according to figure (a) relative to the ball.
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. ins to the gi irect:
Figure (b) represents a ball with a top spin. Top spin 15 4 ball that spins t0 e_gwen directiop (clo
e which 18 perpendicular to the paper plane. Due to tha ball 5

ckWise)

| d
the gas layers near to the ball surface are dray,, tow

ayers on the bottom of the ball i higher .

in a horizontal axis across 1ts centr
friction and due to the viscosity of the air,

direction of the ball spin. Due to this, the speed of the gas | 2 1 there | . th Ompamd
to the gas layers on the top of the ball “elative to the ball. Why? If there 15 110 spin, the gas fley, fron iy

to left relative to the ball. Due to the spin, the bottom gas layers closer to the ball also SpIns it adds , e

speed whereas the speed of the top gas layer of the ball get reduced duc o thé P lfl' W_hy ? The SPeed thy 3
top of the ball 1s towards the opposite direction of the 8as cypy
n

the ai}' |
ards h

obtained by the gas layers due to spin on
as 1n figure (a).

The asymmetry occurs due to this has been shown in figure (c). The flow lines at the bottom of the by
are closer relative to the ball (speed is higher). Likewise, the flow lines on the top of the ball are Separafyg

(speed is less relatively). Therefore, according to Bernoulli’s theorem, the air pressure on top of the by :
increased relative to the bottom. So, the ball 1s deflected downwards. To keep the serve shot on the ﬁeld, this

top spin is being used in the game of tennis (figure d). Even in cricket it 1s being used. A top spin ball j|

not deflect on both sides and tries to deflect down and go forward.

If we look from the top to the bottom across the vertical axis of the ball and if the rotaion is clockwise, they
what 1s happened is shown in figure (e). The ball will then deflects to the shown direction (to the right sige
if looked from the top). It is an off spin ball to a righ handed batsman. [t we look from the top to the bottq,
across the vertical axis of the ball and if the rotaion is anticlockwise, then you will understand it easily 5,
leg spin ball. The ball will deflect on a horizontal plane. It will be towards the left side if it is looked frop
top to bottom. Such tactics are being used by the baller in the game of baseball. The ball path can be curveg

towards the batsman or away from him.

In golf, the ball is given a back spin. In a back spin, the ball 1s spinned to the opposite direction which is
shown in figure (b). Then you can easily decide that the ball tries to deflect upwards. It 1s lift off. A bal
hit with a back spin remains more time in the air than a ball which is not hit with a back spin. This is an
important factor 1s golf. If the surface of the ball 1s very smooth, the above mentioned deflections cannot be
obtained easily. When the ball 1s spinned, there should be the needed friction which should be drawn by the
near by air layers with ball. People are relcutant to put a spin ball from the new ball due to this reason. You

can identify that why there are dimples like acne in golf balls. Golf balls are not rubbed on the trousers.

There is no use even 1f you do so. As there is a seam in the cricket ball, it is complex to study the deflections
Even seam also deflects after hitting the field. The correct answer is (C) and (D).

A cylinder contains two immiscible liquids filled to heights h1 and h2 as shown in figure.

If the tap T at the bottom Is opened at time t = 0 and the liquids are taken out slowly at T

. . h
constant volume rate, the variation of pressure (P) due to liquids at the point B at the
bottom of the cylinder with time (t) is best represented by

P
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question. Even there is no inability in writing equations. But

show P s ir from the logic. However, P should be reduced with time. There

cre th t;
different densities. there c ased with time. There are no curves also. As there are two liquids with
, annot be a straight line with same gradient. There should be some difference.

are no graphs that

[n the cylinder, there is more liquid

liquid with the height of h, will be
The liquid with the height

with the height of h,. As the liquids flow at an equal volume rate, the
removed and liquid with the height of h' will be removed afterwards.

ot h, should take more time for the complete removal. These are simple logics.

his lood | _
From this logic, you can remove (3) and (4) directly. In both of their shapes, the time taken for the second

liquid removal is less compared to the first liquid removal. This cannot happen.

Now, how can you select the correct chojce from (1) and (2)? From simple logic this can be done too. Att

=0, the total pressure is obtained from both liquids. In the graph of (2), if the second straight line is drawn

backwards till t =0, the point where it cuts the pressure axis is corresponding to the pressure only from the

second liquid with a height of h, 1s filled to a height of (h,+h,)) in the cylinder. That means (h,+h,) p,g. But
when t=0, the pressure of point B is (h,p g+ h, p,g). As p,>p,,thenh p>h, bl. Therefore, when the second
straight l_ine 1s drawn backwards, the point where it cuts P axis cannot be at a hi gher place compared to the
initial place with both liquids. From this logic the first graph can be removed. The correct one is (2).

If you write equations, then consider V as the volume flow rate of the liquid which goes out in time t. The
reduced height of the liquid is Vt. If the cross-sectional area of the cylinder is A, then the reduced height in
time t 1s VU/A. So, pressure P of point B when the liquid at the bottom is going out will be,

vt
P = (h2 — —A—) P29+ hip1g; P=-V/A.tpg+hipig+hypag

The graph of t against P should be a straight line with a neagative gradient. The gradient is proportional
to p,. Likewise, you can decide intelligently that when the bottom liquid 1s flown out, the gradient of the

relevant variation should be proportional to p,. As p,>p,, the gradient of the first straight line should be

greater than the second line. It is proved by (2).
You can analyze by writing more and more equations. If't, is the time taken by the bottom liquid, then once

it is completely removed, the pressure is obtained by the liquid only on the top. When

t=t, P = hypig; hiprg = —V/A.tz2p28 + hip1g + hypag
h, A

t2= v

bottom liquid 1s #,A. As the liquid 1s removed at a uniform

h, A

This can be just taken. The total volume of the
should be —2_ Likewise, time taken to remove a volume

rate of V, the time taken to remove a volume of
M. As h1> hy, t1>t2. From this, the ert logic 1s proved. If needed you can see that

of h A ist whereas 117
| | § Y =19y = (hy + hy)prg

. . . ™ A )
orrect.  hzA A M4
my second logic is also ¢ 24,01 !

All these arguments can be done as the liquid is going out at a constant volume rate. To do this practically,
ese a |

the tap should be adjusted when the liquid flows. When the liquid flows, the tap also should be opend bt
ap

by bit. Otherwise if the tap is kept O
uid flow rate is also get reduced.

pened at a position, initially the water flows quickly. Later on as the

pressure gets reduced, the lig
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Even though I write this much, from my first logic of time, you Caf find the correct choice as (1) Q)

Next, you can just think that the gradients of the straight lines should be propor.tlonal to the densitjes of the
Even from that blind sight, you can think that the correct Variati,

liquids. What else will it be proportional? o |
is (2). Actually, when a liquid flows, the pressure 1S not given by hpg. This is only the static pressure, By,

the examiners have given the point B far away from the

point B is marked near the tap, this question cannot be done. ot

el —  —

due to an Internal

41. A small object is initially at rest at point 0, and
explosion it breaks into three parts and move away. At a certain instant
after the explosion, the location of three moving parts are shown by the
points A, B and C in figure. If the mass of the part which is al point A
is 6 grams, what is the mass of the object (in grams) before explosion?

(1) 6 2) 9
o s s Newton's Lawsand Mg
(5) 18 odgdisdebirrt i 4

As soon as you see an explosion, you <hould remember conservation of linear momentum. Count the
squares to fond the velocities of the pieces. Do not think far than that. Initially the momentum of the object
is zero. Therefore, the vector sum of the momentum of the pieces after the explosion should also need to be
a zero. According to the way that the question 1s asked, the motion happens in the plane of x-y. Therefore,
the net vector momentum across x and y direction have to be zero. The velocity of piece A 1s 2 units to +X

direction (2 squares), The velocity of piece B is one unit to -Y direction.

y(n) The velocity of piece C is 3 units to -X direction and 2 units to +Y
| I — direction. Now use conservation of linear momentum.
1C
> 6X2=mX3;, m.=4
I B 11 Therefore total=6+8+4 =18 g
42. Figure shows the variation of the extensions.(Al) produced by three different metal AJA L i LU it
rods A, B and C with the force when they are subjected to a tensile force F. . -:-1:':-:':"5'{'5"7'.':,'.:
g‘l j{“ E, and E, . are the corresponding energies stored in the rods due to extensions, :i:;‘i;}.al“-
E.=E 2 = ' _ 'T:ZE'.,~.‘.Z'I1,:F:E';3
(1) E,>Ep=E. (@) E,=Ey>E. (@) E,=E;=E, R ARY LSy
4) E,>E,>E. (5) E,<E;<E, Ty

liquid flow. The flow lines are prohibiteq If the |

S RD ROSA | SciTech.LK
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This is very simple. It is not worth for the 47nd question. The stored energy can

be obtained by 2FAl. Estimate the areas of the triangles that are surrounded by Al "_"'.'Zi Z';ZZEZE i o
the relevant three straight lines and the axis of F. This is a question of counting 1-}[3551,_'&;_
squares. There are three such questions in this paper. Forget about %2 as you need ::ZE‘:.T.:': iy . :';:E-:-‘-:
to do a comparison here. In the vertical axis of A there are 3 squares of horizontal ~ }3/; T:-:-‘:-i_,_ e
lines and 2 horizontal squares. 3X 2 = 6. In B there are 2 marked vertical squares ol — >F
and 3 horizontal squares. 3 X 2 = 6. In C, there are 4 horizontal and one vertical
squares. 4 X 1 = 4. Therefore, B, = E, > E_. If needed, you can count the small squares too.
43. A light spiral spring has an unstretched length / and E
a spring constant k. A small object of mass m is T s T
attached to one end of the spring and the system ..-="" E T RY
is rotated about a vertical axis that passes through :(}_fcmmm:bm
a small light ring attached to the other end of the “.. ¢———R —— >
spring as shown in figure. If the object travels along e P .-
a circular path of radius R with constant angular =~ TTTteemmesbesssoTtTTT

speed w, keeping the spring on a horizontal plane,

then
- [k(R-1 k
M) = JE(E] @ o=k
- |k[{_R _ |k.R
4) w Jm(] {) 5) w e

This is also very simple. The centripetal force should be equal to mRw2. Even this can be given to the first
20 questions. The horizontal force on m due to the spring = k (R-1) {k X extension} mRw*= R (R-1). The

answer 1s in your hand. All you need to write is this in your rough sheet.

44. A certain volume of air, isolated from the atmosphere at 30 °C,.is first heated up to 80 °C and then cooled
down to 15 °C at uniform rates. Both heating and cooling are ‘done at constant pressure. Dew point of the
isolated air is 25 °C. The variations of relative humidity (R) and absolute humidity (A) of the air volume
with time (f) are best represented by

RA A R R.A
N\ .
‘
(1) U (2)

RA

4
U (4)
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The relative humidity is remained as a constant when it is cooled than the dew poiny, |, the de,

- N ’ » ‘ f) - | 15 s ”
relative humidity is 100%. What needs to be happened after that: When 1t 1s cooled thap the de,,
. ’ ’ » * ’ . l::,
dews are formed and the absolute humidity, wherc the water vapour mass of a unit Volume gets "t

e = BT » reg,
[his point has been discussed many times in the previous past papers. The relative humidilyg e

DOI 3) 1
1%,

Ct

. ) 4 ) > . S If
and remains to start a constant value at the dew point. [herefore, these two processes start at (. s Iry

: s dMe ;..

(at the same place). Such a variation is shown in (1). Even form this point, you can finqg the sy g
. €ry

quickly, 7y

[f'you look further, when heated the relative humidity gets reduced (from 30°C to 80°C). Thep, th“emp»r

is reduced again, the relative humidity increases. When the temperature 1s reduced from 80°C  j ﬂgain;:s%t
30°C. The dew point is 25°C. From 30°C to 25°C the relative humidity gets further reduceq, Therefyy, s.:,
initial value at 30°C should have been passed here. It gets saturated at 25°C after sometime. The Va]uﬁﬁthﬂ

. . . of
1S constant from 25°C to 15°C (100%). Likewise, till dew point, A 1s not changed. After that P‘

It gets Teduceg
There is an extra sentence in the question. ‘The heating and the cooling are being done under CONstygs
pressure’. Due to this there was an issue for this question. When a certain gas volume is taken apq b
temperature is reduced under constant pressure, its volume changes. It 1s like a container wit, a free];
moving piston. If the volume is changed, then the absolute humidity 1s not in a constant vajye. When t.

volume is increased, then the absolute humidity gets reduced. Therefore, 1t was considered to give A[]

correct for this question.

45. A particle of mass m is projected vertically upwards from a point P, which

46. A point source of light O situated at the bottom of a water tank produces

: : o'

is at a distance of 2R from the centre of a spherical planet having a mass %
M and radius R as shown in figure. The escape velocity for this projectile '}t P
1S

_ |GM _ [2GM _ [2Gm
1 v= |2 @ v= 2" 3 = [20m

,GM 5 ,_@{ SR -
4) v-= SR ) H=S R Gravitational Force Field

It 1s an easy question of peanuts. It can be given to the first 10 questions. The escape velocity of a plane

surface has been asked many times. Here it has been asked about the escape velocity at a distance of 2R
from the centre of the planet. The logic does not change. The escape velocity is the minimum velocity

needs to project an object just to a very far way distance (infinity). According to the conservation of energy
GM
-GMm/2R+Vzmv2:0; UV = \-R_

a circular patch of light of radius r on a horizontal screen S as shown in

figure. C is the critical angle for the water-air interface. If the light source
is moved vertically up by a distance d, the radius of the light patch will

- (1) increase to r+dsinC. -

(2) increase to r+dtanC.

(3) remain unchanged.

(4) decrease to r—dsinC.

(5) decrease to r—dtan C.
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There will not be a light spot as mentioned in the question. When light
is refracted from the water surface, the refracted angle will differ in a
range from 0°to 89.999° even if it is subjected to total internal reflection
at a certain incident angle. Therefore, the total area outside the water

will be illuminated. The area outside water will be illuminated when a

light source is kept in a water filled pool.

So, it was marked as an ALL. When an opaque disk with a radius r is kept on the wate
surface, you can allow the source to disappear for an observer who looks from the
top. Likewise, for a fish who stays at O in a reservoir with clear water sees the wate

surface (with sunlight) at day time as a dark surface outside a bright circular area.

47. An ambulance which emits a sound of frequency f, from its siren is travelling
with constant velocity v, along a straight road. A car starting from rest is
-moving behind the ambulance in the same direction, and the velocity-time Y°
graph of the car is shown in figure. The car approaches the velocity v, of
the ambulance at time f,. The variation of the frequency (f) of the siren
sound heard by a passenger in the car with time (¢) is best represented by,

v

- . e . - .

—

(1) 2) 3) @ 5) °

It is very simple. The motor vehicle is equal to the velocity of the ambulance in t time. Then the relative
velocity of the ambulance and the motor vehicle is zero. Therefore, the apparent frequency should be equal

tof int time. Sucha representation is shown in (1), (2) and (3).

Such problems should be solved with relative velocity without putting equations. To decide the relative

velocity, keep the ambulance at rest. The equal and opposite velocity should be given to the motor vehicle

too.

VG-(——.—D' V Vﬂ*’(——.——)- Vv

motor vehicle ambulance

[nitially, as the velocity of the motor vehicle is gradually increased from zero, the velocity of the motor
vehicle relative to the ambulance 1s < (v, — v). That means the motor vehicle is like going away from the
ambulance. So, the apparent frequency should be less than f_from the beginning. From that (1) is removed.
Out of (2) and (3), you can quickly decide that the correct variation is (3). When the velocity of the motor

vehicle is constant, the relative velocity also remains constant. Then the apparent frequency should also be

constant (<t ).
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48. When the resistance R, in the circuit show
relative to B will change from

(1) zero to zero

(2) —RLVO to zero

R4 + R,
@ =2_v, 0o _R_y_-v
R4+Rl 0 4+Rl 0 0
4 -3y Ry
() R4+R3 o tO R4+R3 0 0
(5) -LVO to R4I?:R3 Vo — VYo

The answer can be obtained easily, by earthing the negative terminal. It is being asked relative to B, Whep

it 1s asked relative to a point, then earthing one terminal 1S not an issug. The answer can be obtained evep

without doing like that way. But the calculations will get longer.

The potential of B is zero here as well as the potential of right side of R,. V. = 0. Therefore, the potential
difference across R, 1s equal to the potential of point A. N,=V =¥ =R VO/ (R, + R,). IfV, is across (R,
+R,), then how much is across R,? Now one answer is found. From this you can remove, (1), (2) and (3).

R, being infinite means that it 1s being removed. Then the circuit will look like this way.

Now the potential of point A 1s like the previous way. There is no change to the circuit with the cell that
has R, and R,. Now how much can be the potential of B? This can get wrong. There is no current across Ky |
Therefore, the potential of B should be V . As there is no current flow, the potential dlﬁerence across K
should be zero. Then the potential of point B needs to be V_ and it cannot be zero. If it gets zero, then ther®
will be a potential difference between R, (V -0). Then there should be a current flow.

Now the potential of A relativeto B, V, — V, = R,. V/(R,+R)-V
4 0

The correct answer is (4). Try without earthing too.
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49. A Ferris wheel w!\lch consists of two parallel large wooden wheels
joined together with metal cross bars as shown in hgure, is erected

so that the planes of wheels are in the north-south direction and

the cross bars are perpendicular to

the direction of the earth’s
magnetic field B which is horizontal ;

shown. LM 1s a metal cross bar which
as shown when time ¢ = 0. Varation of
force (¢) al the end L of the cross ba
M with time (f) is best represented by

IS at the highest position
the induced electromotive
r with respect to the end

€ e

r— I'—>

(1) (2)
e e e

T—"%" T — fAﬁ,wmhmm: bl B _1‘%;;:#.;:.

(3) ' (4) | - (;; Electro Magnetic Inductm_{l;‘,j o

Here a rotating swing has been given to make the question more

N beautiful. Otherwise, the problem is equivalent to a rotation of a metal
N rod. Consider a rod which goes in a circle at a uniform horizontal
— L magnetic field. It is enough to consider 4 positions. The rod is
S

perpendicular to the paper.

Q0 (R— | B Atthe point of P (starting point), v and B are parallel to each other. Then the induced e. m.
f 1s zero. Therefore, the variation should start form zero. From this (1) and (2) can be
iv

removed. At point Q, v and B are perpendicular to each other. Therefore, vIB e. m. fin the

rod will be directed outside the paper.
S B Keep the right thumb perpendicular to the other fingers and rotate the fingers from v towards

B. then the thumb will be directed perpendicularly outwards to the paper. As v and B are

parallel to each other, vIB force is zero at R. At point S, the direction of v ig reversible relative to Q. From

that you can remove the variation of (4). Now, vIB force is acting perpendicularly inwards to the paper.

you need to find whether 1.
end is positive or negative relative to M. Consider the instance of Q. Here the e. m. fis acting along the rod

acting from M to L, then the

Only (3) and (5) will be left out. To find the correct answer out of these two,

from M to L (out of the paper). Consider the rod as a small cell. If the e. m. fig

negative end of the cell should be M whereas the positive end will be L

LM

&—C

Dhljﬁ:__ i - - B
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| , Joice is (3).
Therefore, L is positive relative t0 M. So, the correct Cl i \

" 1 i way,
You need to start from the positive side. [f you think In another way L :TN

. : Id be |
e. m. f form M to L means if a current IS flown, then It shou - M |

efore, L )
flown from M to L. So. the charges flow from L to M. Ther l
IS positive relative to M.

You do not even have to look at the instance of S. If you look, then the rod is L \—T

equivalent to a cell like this. .
on as you see. First, the direction of B 1s drawn Q '

also given to the direction of B.
(5) inherently. When the

You can remove (1) and (2) as so
perpendicularly to LM. The initial velocity of LM 1s

So, you will get that the correct choice should be either (3) or

armature of the A. C dynamo goes one round, then the direction of the induced e. m. f

changes. Even if you choose blindly either you need to pick (3) or (5).

The easiest way to decide the direction is to consider the rod as a single cell. To get the directions, yse Righy

Hand Rule. It is simpler than Fleming’s rules. You do not have to think of intermediate stages, Always
If you need to consider an intermediate state, then resolve v, Frop the

try to grab from the easiest places.
e. m. f. Only from the vertical component an e. m. f s induceg

horizontal component there is no induced

e = Blv sin6
[nitially, 6 = 0. Then e = 0. Even from the above expression you can expect 2

Q sinusoidal shape. 6 = wt.

“INY B _
-0 | -\_ So, what help is there instead of (3) or (5)?
v

50. A wheel, starting from rest, is allowed to roll down without slipping,
along an inclined plane as shown in figure. Which of the following graphs
best represents the variation of the magnitude (v) of the velocity of a
pcint P, located on the perimeter of the wheel, relative to the earth with
time (£)? (The point P touches the inclined plane.at ¢ = 0.)

’l : U[ v
0 ) t 0

(1) (2)

(3)

Such a wheel that is rolling on a horizontal floor has been discussed in previous past papers. (Please Jook 2t
the 18" question of paper 2010 and 57" question of paper 2012-o0ld syllabus)

_— v ———H--—-——--
V~iw

Translation + IRutatlon .
Kolling
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Relative to the ground, the magnitude of the velocity of point P varies from zero to 2v. When it is touching
the ground, the velocity of point P is zero. When it goes to the top of its path, then the velocity gets 2v. Every
other magnitude of the velocity is lesser than 2v Therefore, the velocity of point P relative to the earth (V)

with time (t) of a wheel that rolls on a horizontal floor varies like this. The maximum magnitude (velocity

amplitude) does not change. It is 2v.

Now let us consider the wheel in an inclined plane. Now as the wheel is accelerating downwards, v gets
increased with time. Then on each circle, the value of 2v also gets increased. That means the velocity
amplitude 1s not a constant. It increases with the time. The other thing that happens here is that, as the wheel
accelerates, the time taken for the wheel to go one round gets decreased gradually. Quickly P goes on€

round.

The gradual increment of the velocity amplitude and the gradual reduction of time taken for a round is
represented by the graph of (5). Even in graph (2), the velocity amplitude is increased, the time taken for
one each round is equal. (3) is also like (2). The only difference is that the initial velocity of point P is not

zero relative to the earth. In (4), in each round of time frames, the time is gradually increased.

Evenitrolled in an inclined plane, when point P touches the plane, its velocity
1s zero relative to the earth. At each instance, the velocity at the centre of mass

of the wheel and rotating speed of the mid-point of the wheel across a

perpendicular axis 1s equal and opposite.

¢
E
:-
.
-
-

If you think in another way, as the wheel is not sliding, when the point P touches the inclined plane, it is at

instant rest relative to the earth. If needed, an expression for the magnitude of the velocity of P point on a

horizontal floor can be obtained.

The angle between the two velocity vectors (a) can be shown as 180 - 20. Try out and see. Now we will get

the resultant of the two velocity vectors by using R* = P* + Q* + 2PQ cos 0
V2 =vy2 + v+ 2v2 cos (180° - 20) = 2v* [1+ cos (180° - 20)]

When 0 = 0°, then cos (180° - 20) = cos (180%) =-1; V =0

When 0 = 90°, then cos (180° - 20) = cos (0°) =+1; V?=4v% V =2y
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When 8 = 45, then cos (180° - 28) = cos (90°) = 0; V*=2 v V =2V

When the above expression is plotted with 0 (wt), you will get the shape of the above.

When the wheel is rolled in the inclined plane also you can use the above expression. The only dlfferencel

is increased with the time. If the wheel comes down with an acceleration of a, then after the initia| rest, let y .
the velocity of the centre of mass after a time t. Then v = at and

V2 =2a2 t”[1+ cos (180° - 20)]; V = [1+ cos (180° - 20)]"”

In this equation there are two variants as t and 0. V is increased with t. It is clear. Always 0 varies ip 5 Circle
It varies repetitively from 6 = 0° to 180°. From this you get the bubbly parts. But the height (amplitude) o 1
bubbly part is increased with the time and when the wheel comes down, quickly these rounds are 20ne (34

- the speed increases). The time taken for a bubbly part also gradually decreased. It is clear from the aboy

expression that for whatever the value of t, if 8 = 0° (or 180°), then V=0.
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