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Ray Optics

Reflection of Light

According to the laws of reflection, (i) the incident ray, reflected ray
and the normal drawn on the reflecting surface at the point of
incidence lie in the same plane, and (i) the angle of incidence

Zi = angle of reflection /r.

Laws of reflection are true for reflection from a
unpolished surface or for diffused reflection.

Whenever reflection takes place from a denser mediy

undergo a phase change of r.

Reflection from a Plane Mirror

1. If a ray is incident on a plane mirror at an g
suffers a deviation of (& — 2i).

2. While keeping an object fixed, a plane mirror j
angle 6, then the reflected ray rotates in the sam

8. Focal length as well as the radius of curvature of
Power of a plane mirror is zero.

r;nt to PDE without this message by purchasing novaPDF (http://www.novapdf.com/)

ngle of incidence i, then 1’

s rotated in its plane by &%
e direction by an angle 26: g

polished mirror or from an

|

m, the reflected rays

a plane mirror is infinity:
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Day 27 Ray Optics

4. If two plane mirrors are inclined to each other at an angle 6, the total number of images formed of an object kept

. 21 ’
between them, is n = o or, [z—g = j whichever is odd.

5. The minimum size of a plane mirror fixed on a wall of a room, so that a person at the centre of the room may see the

full image of the wall behind him, should be L1d the size of the wall.
3

Reflection from a Spherical Mirror

1. A spherical mirror is a part of a hollow sphere whose one surface is polished so that it becomes reflecting. The other
surface of the mirror is made opaque.

2. Images formed by a concave mirror may be real or virtual, may be inverted or erect, and may be smaller, larger or equal
in size to that of the object. The image is virtual and erect when the object is placed between the pole and the principal
focus of concave mirror. In all other cases, the image formed is real and inverted one.

3. Image formed by a convex mirror is virtual, erect and diminished in size irrespective of the position of the object.
Moreover, image is formed in between the pole and the principal focus of the mirror.

4. The focal length of a spherical mirror is half of its radius of curvature, IL.e., f = g ;

Mirror Formula

Let an object be placed at a distance u from the pole of a mirror and its image is formed at a distance v from the

! : 1 1
pole. Then, according to mirror formula —+ ! 577
v ou

+ The power of a mirror (in dioptre), is given as
1

f(in metre)

« |If a thin object of height h is placed perpendicular
to the principal axis of a mirror and the height of its
image be h’, then the transverse of lateral
magnification produced is given by

h vV

m=—=——

h u
ot~/ =Y
S b

Negative sign of magnification means the inverted
image and positive sign means an erect image.

« When a small sized object is placed along the
principal axis, then its longitudinal (or axial)
magnification is given by

vV

; £ St av s
Axial magnification =——=| —
du \u

=[f{ufz(f}vf

Refraction of Light

When light passes from one medium,

medium and the rest passes into the second medium.

towards the normal or away from

say air, to another medium, say glass, a part is reflected back into the first
When it passes into the second medium, it either bends
the normal. This phenomenon is known as refraction.

| 1
1 1
1 1
Rarer i Denserx j
medium | medium |
| |
Denser ! Rarer !
medium - medium
: 1
1
I

(@)

b

(b)
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Snell’s Law
For a given pair of media, the ratio of the

sine of angle of incidence () to the sine

of angle of refraction (r) is a constant,

which is called the refractive index of 2nd

medium, w.r.t. 1st medium. Thus,

n/

=constant = n,; = M2
sin r B
Refractive Index

Refractive  index is a unitless,
dimensionless and a scalar quantity.

The refractive index of a medium w.r.t. |
vacuum  (or free space) is known as its |
absolute refractive index. It is defined as
the ratio of the speed of light in vacuum
) to the speed of light in a given

medium (v).

il ==
v

Value of absolute refractive index of a !
i medium can be 1 or more than 1 but :

never less than 1.

When light travels from one material :
medium to another, the ratio of the |
speed of light in the 1st medium to that
in the 2nd medium is known as the |
relative refractive index of 2nd medium,

w.r.t. the 1st medium. Thus,
Vi _C/Vo _ Ny

o= —= o
Vo  Clvy

» When light undergoing refraction through
several media finally enters the Ist
medium itself, then

Ny X N3y X N3 =1
ey

05y
» When the object is in denser medium
and the observer is in rarer medium, then
real and apparent depth have the
Real depth

Apparent depth

or =

relationship, Ny
i.e, real depth > apparent depth
|
Shifty:h—h':(! ———Jh
]

where h and h’ are real and apparent
depths.

Refraction from a Spherical Surface

Let an object be placed in a medium of refractive index n-1 at a
distance u from the pole of a spherical surface f’f radzus‘ of
curvature R and after refraction, its image Is formed in a medium
of refractive index n, at a distance v, then

n, n; I —Iy

PRl i

The relation is true for all surfaces, whether the image formed is real
virtual.

Lens

A lens is part of a transparent refracting medium bound by two surfaces, wit!
atleast one of the two surfaces being a curved one. The curved surface may b
spherical or cylindrical.

Images formed by convex lens may be real or virtual, may be inverted or erect
and may be smaller, larger or equal in size to that of the object. The image i
virtual, erect and magnified when the object is placed between the optica
centre and the principal focus of a convex lens. In all other cases, the image
formed is real and inverted one.

Image formed by a concave lens is virtual, erect and diminished in size
irrespective of the position of the object. Moreover. image is formed some
where in between the optical centre and the principal focus of the lens.

: b 1 ]
The lens formula is given by — — = = =

v S

For a thin object of height h placed perpendicular to the principal axis at a
distance u, if the height of image formed is A/,
magnification m is given by
hiS v -
m=—= L — f = f A

hE Sy i

For a small sized object placed linearly
longitudinal magnification is given by

then lateral or transverse

along the principal axis, its axial or

-V

2 = 2 / 2
Axial magnification = — 4 = [K) = [ / = i“
du u f +u i

Some Definitions Relating Lenses

Optical centre The optical centre is a
incident rays refract without deviation in its path.

i

1
point within or outside the lens, at which

Optical
centre

Principal axis The straight line
called principal axis of lens.

passing through the Optical centre of lens
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Pr;"\ldoa! focus Lens has two princjpa] foci. oo e T S

Cutting of a Lens

(i) Flrst prlnCIpaI tocus It is a point on the principal axis of lens, the rays
rom which (convex lens) or appear to converge at which | * If @ symmetrical convex IensioFfecaL Al

st g
concave !Pﬂsa become parallel to principal axis after refrautlon i fis cut into two parts along its optic axis,
< i then focal length of each part (a
N i plano-convex lens) is 2f. However, if the two
// g h i parts are joined as shown in the figure, the
\p/: \_‘—’T \ focal length of the combination is again f
2 B e £ oG f f
2 /‘/
Y L
= //—4«;‘__>

(if) Second principal focus It is the point on the principal axis at which
the rays coming parallel to the principal axis converge (convex lens) (a) (b) (c) (d)

If a symmetrical convex lens of focal length
f is cut into two parts along the principal
axis, then the focal length of each part
remains unchanged, as f(b). If these two
parts are joined with the curved ends on
one side, the focal length of the

combination is é(c). But on joining the two

parts in opposite sense, the net focal length
becomes = (or net power

Both the foci of convex lens are real, while that of concave lens are

virtual.
Focal length The distance between focus and optical centre of lens is

called focal length of lens.

Newton’s Formula

Let an object be situated at a distance x; from the first principal focus and (a) (b) (c) (d)
its image is formed at a distance x, from the second principal focus, ther _ :
2 The equivalent focal length of co-axial
K= f combination of two lenses is given by
f, f,
Power of Lens
The power of a lens is mathematically given by the reciprocal of its focal d<f, /\ d<f,
length, ; o 52
ie., power P= Pl
I . ) - o fe—— d —>]
SI unit of power is dioptre (D). Power of a converging lens is positive el s i
and that of a diverging lens is negative. F- i & B A

= If a number of lenses are in contact, th
Lens Maker’s Formula ke i

For a lens having surfaces with radii of curvature R, and R, respectively, e 3 v h it
1 il 2
its focal length is given by P = l = (b = 1) [F = H— » [f two thin lenses of focal lengths f, and f, are
7 1 2 in contact, then their equivalent focal length.

where, n21="_2= refractive index of the lens material w.r.t. the e o

n, Taq B0 "

» In terms of power, ‘.

surroundinee

=R+

NLUD L/ WWW . NOVADQ Ol1]
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Total Internal Reflection (TIR)

When a ray of light goes from a denser to a rarer
medium, it bends away from the normal. For a certain
angle of incidence i., the angle of refraction in rarer
medlium becomes 90°. The angle i, is called the critical
angle.

ok ) 1
sinig =—1=—
Mo Ny

For the angle of incidence greater than the critical angle
(i >ip) in the denser medium, the light ray is totally
internally reflected back into the denser medium itself.

Conditions for Total Internal Reflection

(i) The light ray should travel from the denser medium
towards the rarer medium. (ii) The angle of incidence
should be the greater than the critical angle.

Applications of Total Internal Reflection

Diamonds Diamonds are known for their spectacular
brilliance. Their brilliance is mainly due to the total
internal reflection of light inside them. The critical angle
for diamond-air interface (=24.4°) is very small,
therefore once light enters a diamond, it is very likely to
undergo total internal reflection inside it. By cutting the
diamond suitably, multiple total internal reflections can
be made which are responsible for the shine of
diamond.

+ Optical fibres Optical fibres too make use of the
phenomena of total internal reflection. Optical fibres are
fabricated with high quality composite glass/quartz
fibres. Each fibre consists of a core and cladding. The
refractive index of the material of the core is higher than
that of cladding. When a signal in the form of light is
directed at one end of the fibre at a suitable angle, it
undergoes repeated total internal reflection along the
length of the fibre and finally comes out at the other
end. Since, light undergoes total internal reflection at
each stage there is no appreciable loss in intensity of
light. Optical fibres are used for transmission of optical
signals.

Low pu
N

Higier p

4

JEE Main Physics inJust 240 Days

Deviation by a Prism b

A prism is a homogeneous, transparent mefhum boun(liletg ’IXh:

plane surfaces inclined at an angle A with each ot eb. S

surfaces are called as refracting surfaces and the angle be -.

them is called angle of prism A. Deviation produced by a prism
S=iri—A = rPr=2a

3 . . . . LI . o
For grazing incidence i = 90°, and grazing emergence I = 90°.

) (Sm + AJ
SIS
ol B

sin —
2

For minimum deviation
) =naand =8 ) =

In case of minimum deviation, ray is passing through pris

symmetrically.

For maximum deviation (8,,,), I = 90° or i’ =90°

For thin prism, o=nu-1) A

Dispersion by a Prism

Dispersion of light is the phenomenon of splitting of white ligt
into its constituent colours on passing light through a prism. Thi
is because different colours have different wavelength, and henc
different refractive indices

Angular dispersion =8, -8, =(n, — n,) A, where n, and n
represent refractive index for violet and red lights.

: ; 7, = i)
Dispersive power, ® =—%——L where n= v is the mea;
2

n—1
refractive index.

’—;By combining two prisms with angle A and A’ and RF n and n’
respectively we can create conditions of

(a) Dispersion without deviation when, A’ = — (n=HA
(n" =1)
(b) Deviation without dispersion when A’ = _|: i ) A
I’)'V - n'r

Refraction Through a Prism

A ray of light suffers two refractions
passing through a prism.

Angle of deviation through a prism §

at the two surfaces or

=i+te-A
where i is the angle of incidence,

e is th <
A is the angle of prism. @ angle of emergence anc
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Practice

1. Light travels through a glass plate of thickness t and having
refractive index n. If ¢ be the speed of light in vacuum, the
time taken by the light to travel through this thickness of
glass Is

(@) — (b) tne

(©) f’ﬁ (d) {(‘
G n
2. A ray of light is incident on the surface of separation of a
medium at an angle 45° and is refracted in the medium at an
angle 30°. What will be the speed of light in the medium?
(@ 196x 108 ms™ () 212 %108 ms™

(c) 318x 10® ms™ (d) 333x 108 ms™

3. The optical path of a monochromatic light is same if it goes
through 4.0 cm of glass or 4.5 cm of water. If the refractive
index of glass is 1.58, the refractive index of the water is
(a) 1.30 (b) 1.36
(c) 1.42 (d) 1.46

4. A wire mesh consisting of very small squares is viewed at a
distance of 8 cm through a magnifying lens of focal length
10 cm, kept close to the eye. The magnification produced
by the lens is
(a)5 (b) 8
(c) 10 (d) 20

&) ]

A double convex lens made of glass (refractive index n =15)
has the radii of curvature of both the surfaces as 20 cm.
Incident light rays parallel to the axis of the lens will
converge at a distance L such that

() L=20cm (b) L =10ecm
c)L=40cm (d)L:gac—)cm

6. An object approaches a convergent lens from the left of the
lens with a uniform speed 5 m/s and stops at the focus. The
image [NCERT Exemplar]
(a) moves away from the lens with a uniform speed 5 m/s
(b) moves away from the lens with a uniform acceleration
(c) moves away from the lens with a non-uniform

acceleration
(d) moves towards the lens with a non-uniform acceleration

/0N¢

7. Alight ray is incident on a horizontal plane mirror at an angle
of 45°. At what angle should a second plane mirror be
placed in order that the reflected ray finally be reflected
horizontally from the second mirror as shown in figure is

8. An equiconvex lens is cut into two halves along (i) XOX* and
(i) along YOY” as shown in figure. Let f, f and “ be the focal
lengths of the complete lens, of each half in case (i), and of
each half in case (ii) respectively.

Choose the correct statement from the following.

(@if‘=2f =T
(Cl=21E=2f

(b) =1 =
(d)f= 1, i“=2f

9. A concave lens and a convex lens have the same focal
length of 20 cm and both are kept in contact. The
combination is used to view an object 5 cm long kept at a
distance of 20 cm from the lens combination. As compared
to the object, the image will be
(a) magnified and inverted

(b) diminished and erect

(c) of the same size and erect

(d) of the same size and inverted
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10. A small Coin is resting on the bottom of a beaker filled with a

L |8

L

13.

14.

15

liquid. A ray of light from the coin travels upto the surface of
the liquid ang moves along its surface (see figure),

| 3cm—m|

How fast is the light travelling in the liquid?
(@) 1.8x 10® ms™! (b)2.4x 108 Mg
(€) 30x 108 ms™! (d) 1.2x 108 mg~

A sourcé of light lies on the angle bisector of two plane
mirrors inclined at angle 6. The values of S0 that the light
reflected from one mirror does not reach the other mirror will
be

(@ 82>120° (b)6 > 90°

(€8 <120° (d) 6 < 30°

The maximum magnification that can be obtained with a
convex lens of focal length 2.5 cm s (The least distance of
distinct vision is 25 cm)
(@) 10 (b) 0.1

(c) 62.5 (d) 11

A beam of light composed of red and green rays is incident

obliquely at a point on the face of a rectangular glass slab

When coming out of the Opposite paralle| face, the red and

green rays emerge from

(@) two points Propagating in two different non-paralle|
directions

(b) two points Propagating in two different parallel directions

(c) one point Propagating in two different directions

(d) one point propagating in the same direction

Two plane mirrors are Inclined at 90°. An object is placed

between them whose coordinates are (g, b). The position

vectors of all the images formed is

e(a, b)

(a) -aij ~b}',a§ - b; - af‘+ DJ
(6) - ai + bj, - aj - bj, ai - bj
(©) ai + bj, - ai - bj, ai - bj
(d) None of the above

When the distance between the object and the screen is
more than 4F, we can obtain image of an object on the
screen for the two positions of a lens.

displacement method, n one case, the image

It is called
is magnified

16.

17.

18.

19.

JEE Main Physics i .+ 240 Days

. H f
and in the other case it is dimnmshed. ‘Then, the ratio of the
size of image to the diminished image is

2 D+d
gy el b)g (C>57 @ e
(0-d)

The speed at which the image of th;a lummoua f;ngtt ;)Séizt
is moving, if the luminous point object is mo ‘
Vo towards a spherical mirror, along ltg axnslls )
(Given, R = radius of curvature, u = object distance

) ]
: R
@vi=-v, B v="% 2u—-R #
\ S ) !
(20=R v S 1
i = - 05 o -7

The refracting angle of prism is A and refractive index of “
material of prism is cot > The angle of minimum deviation is

(b)180° + 2A
(d)180° —2A

(a) 180° — 34
(c)90° - A
To make an achromatic combination, a convex lens of focal
length 42 cm having dispersive power of 0.14 is placed in
contact with a concave lens of dispersive power 0.21. The ‘

focal length of the concave lens should be ‘ 0

(@) 63 cm (b) 21 cm '

(c) 42 cm (d) 14 cm ar
Jole

The reflective surface is given by y =2sin x. The reflective
surface is facing positive axis. What is the least value of
coordinate of the point where a ray parallel to positive x-axis
becomes paraliel to positive y-axis after reflection?

(m

(/3 ‘ 2

(a | — 3 | ( I 7

izl o
(Z ) (Z,43)

'C)ia'\gﬂ (d)lz \311 25
Directions (Q. Nos. 20 to 24) Fach of these questions contains 26
two statements - Statement | (Assertion) and Statement JJ (Reason). |
Each of these questions also has four alternative choices only one
of which is the correct answer. Yoy have to select one , -

: of the codes:
@), (b), (c), (d) given below 5 | 27

(a) Statement |is true, Statement || is true; Statement Il is the '?:

correct explanation for Statement |
(b) Statement | is true, Statement” is true Statementllls not

the correct explanation for Statement | |
(c) Statement | js true; Statement || is false j 28.
(d) Statement | js false; Statement |y IS true j
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21. Statement | Endoscopy involves yg
study internal organs.
Statement Il Optical fibres are base
of total internal reflection.

e of optical fibres to
d on the phenomenon

22

Statement | The refractive index of diamond is V6 and that

of liquid is V3. If the light travels from diamond to the liquid
it will be totally reflected when the angle of incidence js 30°.

1
Statement Il n = v where n is the refractive index of

diamond with respect to liquid,

23,

Statement | A double convex lens (n =15)has a focal length

10 cm. When the lens is Immersed in water (n =4/ 3), its
focal length becomes 40 cm.

Statement Il | = "\ if?ﬂ?[ g o)
f n R, R,

m

24,

Statement | The mirrors used in search lights are parabolic
and not concave.

Statement Il In a concave spherical mirror, the image
formed is always virtual

Directions (Q. Nos. 25 to 28) The figure is a scaled diagram of

an object and a converging lens surrounded by air. F is the focal

point of lens as shown.

Lens

TAB ERNCRED

Object

25. At which of the labelled points can the image be formed?

(a) A (b) B (e C (@D

26.

Which option describes the image most accurately?

(a) Real, erect (b) Real, inverted
(c) Virtual, erect (d) Virtual, inverted

27. If a parallel beam of blue light is focussed at F, then the
parallel beam of red light is focussed at
(a) F
(b) D

(c) to the left of and close to F
(d) to the right of and close to F

28. The whole system is immersed in a liquid having the
refractive index greater than the refractive lndex of .the Igns
material. Then, mark the correct option for this new situation.

Directions (Q. Nos. 29 to 31) The radius of curvature of the
curved face of a thin plano-convex lens is 10 cm and it is made of
glass of refractive index 1.5. A small object is approaching the lens
with a speed of 1 cms™ moving along the principal axis.

29. The focal length of the lens is

30. When the object is at a distance of 30 cm: from the lens, the

3il?

32.

33.

(a@) The image will be real
(b) The image will be inverted

(c) The image will be formed on the same side of the lens as
the object

(d) The image will be enlarged relative to the object

(@) 5cm
(c) 15 cm

(b) 10 cm
(d) 20 cm

magnitude of the speed of its image is

@ 1cms™ () 2cms
(c)3cms™ (d)4cms™

When the object is at a distance of 80 cm from the lens, the
magnitude of the rate of change of the lateral magnification
is

(@) 0.1 per second
(b) 0.2 per second
(c) 0.3 per second
(d) 0.4 per second
Diameter of a plano-convex lens is 6 cm and thickness at
the centre is 3 mm. If speed of light in material of lens is
2 x10® m/s, the focal length of lens [JEE 2013]

(b) 20 cm
(d) 10 em

(@ 15 cm
(c) 30 cm

The graph between angle of deviation ©) and angle of
incidence (i) for a triangular prism is represented by
[JEE 2013]

()

(0] == (6)

i—
51 st
© C) \/
o T e 0 s
AVWW. 1 oln
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34. A light ray falls on a square glass slab as showin in the
diagram. The index of refraction of the glass, if total internal
reflection is to occur at the vertical face, is equal to

[JEE Main 2013]

Incident ray

Diagram

N
‘AA“./““
N[ ] N | ol

N w
—

5. A printed page is pressed by a glass of water. The refractive
index of the glass and water is 1.5 and 1.33, respectively. If
the thickness of the bottom of glass is 1 cm and depth of
water is 5 cm, how much the page will appear to be shifted if
viewed from the top? [JEE Main Online 2013]

)

36. Light is incident from a medium into air at two possible
angles of incidence (a) 20° and (b) 40°. In the medium, light
travels 3.0 cm in 0.2 ns. The ray will  [JEE Main Online 2013]
(a) suffer total internal reflection in both cases (a) and (b)

(b) suffer total internal reflection in case (b) only

(c) have partial reflection and partial transmission in case (b)

(d) have 100% transmission in case (a)

37. The focal length of the objective and the eyepiece of a
telescope are 50 cm and 5 cm respectively. If the telescope
is focussed for distinct vision on a scale distant 2 m from its
objective, then its magnifying power will be
(a) -4
(b) -8
(c) +8
(d) -2

38. The image of an illuminated square is obtained on a screen

with the help of a converging lens. The distance of the
square from the lens is 40 cm. The area of the image is 9
times that of the square. The focal length of the lens is

[JEE Main Online 2013]
(b) 27 cm
(d) 30 cm

(a) 36cm
(c) 60 cm

39.

40.

41.

42.

A spectrometer gives the following reading when used {5
measure the angle of a prism.

Main scale reading : 58.5 degree g

ing : jvisions ;t
Vernier scale reading : 09 divisio
Given that 1 division on main scale corrleSpOggs Io?é
0.5 degree. Total divisions on the vernier %?2 znlgle ofe;?]d ,
rﬁatch with 29 divisions of Fhe main scale. i 201:}
prism from the above data s ‘
(a) 58.59 degree
(c) 58.65 degree |
A car is fitted with a convex side-view mirror of. focal |ength ‘
20 cm. A second car 2.8 m behind the first car is overtaking |
the first car at a relative speed of 15 m/s. The speed of the |

image of the second car as seen in the mirror of the first one
[ [AIEEE 2011]

1
d) — m/s
()10

(b) 58.77 degree
(d) 59 degree

IS

@-Lmis  ()10ms  (0) 16 m/s
5

This question has a paragraph followed by two stateme‘nts,

statement 1 and statement 2. Of the given four alternatives

after the statements, choose the one that describes the

statements.

A thin air film is formed by putting the convex surface of a
plane-convex lens over a plane glass plate. With
monochromatic light, this film gives an interference pattern
due to light reflected from the top (convex) surface and the
bottom (glass plate) surface of the film.

Statement 1 When light reflects from the air-glass plate
interface, the reflected wave suffers a phase change of Il
Statement 2 The centre of the interference pattern is dark.

[AIEEE 2011] ©

(a) Statement 1 istrue, Statement 2is true, Statement 2 is the
correct explanation of Statement 1

Statement 1 is true, Statement 2 is true, Statement 2 is
not the correct explanation of Statement 1

(c) Statement 1 is false, Statement 2 is trye

(d) Statement 1 is true, Statement 2 is false

(0)

In an optics experiments,
fixed, a student varies the

i
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43. Atransparent solid cylinder rod has a refractive index of i.

44,

45.

46

47

Day 27 Ray Optics 383

It is surrounded by air. A light ray is incident at the mid-point
of one end of the rod as shown in the figure.  [AIEEE 2009]

The incident angle 6 for which the light ray grazes along the
wall of the rod is

(a) sin™ [l) (b) sin™ (@)

2 2
o e : 1
(c) sin™ (—j @)
) e (@) =
Two beams of red and violet colours are made to pass
separately through a prism (angle of the prism is 60°). In the
position of minimum deviation, the angle of refraction will be
[AIEEE 2008]
(a) 80° for both the colours
(b) greater for the violet colour
(c) greater for the red colour
(d) equal but not 30° for both the colours
A student measures the focal length of a convex lens by
putting an object pin at a distance u from the lens and
measuring the distance v of the image pin. The graph
between u and v plotted by the student should look like
[AIEEE 2007]
v (cm) v (cm) I
/ \:
. AN
O] u(cm) O u (cm)
v (cm) v (cm)
© J (el \
Ol u(cm) @) u (cm)

In an experiment to determine the focal length (f) of a
concave mirror by the u-v method, a student places the
object pin A on the principal axis at a distance x from the
pole P. The student looks at the pin and inverted image
from a distance keeping his/her eye in line with PA. When
the student shifts his/her eye towards left, the image
appears to the right of the object pin. Then,
@ x<f (b) f< x<2f
(©) x=2f (d) x>2f

Two lenses of power — 15 D and + 5 D are in contact with
each other. The focal length of the combination is

[AIEEE 2007]
(@) —20cm
(¢) +20cm

(b) —10cm
(d) +10cm

[AIEEE 2007]

48. A biconvex lens of focal length f forms a circular image of

49.

50.

51

52,

radius r of sun in the focal plane. Then, which option is

correct? [AIEEE 2006])

@) mr? o f

(b) mr? o f2

(c) If lower half part is covered by black sheet, then area of
the image is equal to 7wr2/2

(d) Iff is doubled, intensity will increase

The refractive index of glass is 1.520 for red light and
1.525 for blue light. Let D; and D, be the angles of
minimum deviation for the red and blue light respectively
in a prism of this glass. Then, [AIEEE 2006]
@ D, <D,
(©) Dy =D,
(¢) Dy can be less than or greater than D, depending upon
the angle of prism
(d) D, > D,

A convex lens is in contact with a concave lens. The

magnitude of the ratio of their focal length is g Their

equivalent focal length is 30 cm. What are their individual
focal lengths? [AIEEE 2005]

(@) =75, 50
(b) =10, 15
(c) 75, 50

(d) =15, 10

- A fish looking up through the water sees the outside world,

contained in a circular horizon. If the refractive index of water

is g and the fish is 12 cm below the water surface, the radius

of this circle in cm, is

i 36 [AIEEE 2006]
367 )
(a) 36V7 (b) =
(0) 36v5 (d) 45

Aray of light is incident on an equilateral glass prism placed
on a horizontal table. For minimum deviation, which of the
following is true? [AIEEE 2004]

(a) PQis horizontal
(b) QR is horizontal
() RS is horizontal
(d) Either PQ or RS is horizontal
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53,

54.

55.

1
2l
21

31.
41.

51

A light ray is incident perpendicular to one face of a 90°
prism and is totally internally reflected at the glass-air
interface. If the angle of reflection is 45°, we conclude that
for the refractive index n as [AIEEE 2004]

(yn>2
@n<~2
A plano-convex lens of refractive index 1.5 and radius of

curvature 30 cm is silvered at the curved surface. Now, this
lens has been used to form the image of an object. At what

56.

57.

JEE Main Physics inJust 40 Days

| lenses does not exhibjp

4 'ca L
Which one of the following sphert of the surfaces of the

dispersion? The radil of quwaturste
lenses are as given in the diagrams.

Two plane mirrors A and B are aiigneq parallel to each Otger'
as shown in the figure. A light ray is incident at an anglg 30° at
a point just inside one end of A The plane of incidence

coincides with the plane of the figure.

The maximum number of times the ray undergpes
reflections (including the first one) before it emerges out is
[AIEEE 2002]

I 2Y3m |
distance from this lens, an object be placed in order to have a B LULLLULLLI I,
real image of the size of the object? [AIEEE 2004] f S
(a) 20 cm (b) 30 cm 0.2m &
(c) 60 cm (d) 80 cm ¢ .
To get three images of a single object, one should have two s vt
plane mirrors at an angle of (a) 28 (b) 30
s < {AiEEE 2003] (c) 32 (d) 34
(a) 60° (b) 90° (c) 120° (d) 30
Answers
- (©) 2. (b) 3. (b) 4. (a) 5. (a) 6. (c) 7-1(€) 8. (d) 9 () 10. (a)
. (a) 12. (d) 13. (b) 14. (b) 15. (a) 16. (b) 17. (d) 18. (a) 19. (a) 20. (o)
() 22. (d) 23. (a) 24. (c) 25. (c) 26. (b) 27. (d) 28. (c 29. (d) 30. (d)
(b) 32. (c) 33. (¢) 34. (d) 35. (d) 36. (a) 37. (d) 38. (a) 39. (o) 40. (a)
(b) 42. (a) 43. (d) 44, (a) 45, (¢) 46. (b) 47. (b) 48. (b) 49. (a) 50. (d)
. (b) 52. (b) 53. (b) 54. (a) 55. (b) 56. (c) 57. (b)

Hints & Solutions

1. Speed of light in given medium,

Hence,

'c;
V=—
n
Thickness
Time taken = ———— =——=—
Speed
sinase
n=-——-—=

Tsinr v
csinr

V=
sin i

3.

_ 83x10°® x sin 30°
Sin 45°
L 3xie?
B
As optical paths are equal, hence

nQ'XQ :nw'xw
X

9
XW

=212 x 108 mg-t

= nw:ng

4.0
=183x —=136
45
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R
™ f v u ()
Given, f =10 cm (as lens is converging)
u =~-8cm (as object is placed on left side of the lens)
Substituting these values in Eq. (j), we get
1 1 1

10 v -8
1 i
=> 5 s e
Ve 10 vg
e 1 _56=10
14 80
80
V= —
=3
=-40cm
Hence, magnification produced by the lens
= 8 fﬁq =5
[
5. Here, n = 15, as per sign convention followed
R =+20cm and R, =-20cm
- ( 1 \
_=(n-1)| o EE
f \R, R.)
(15— —— _;}
| (+20) (=20)
= (0.5 »27
20
o
20
= f=20 cm
Incident rays travelling parallel to the axis of lens will converge
at its second principal focus. Hence, L=+20 cm
6. When object would approach the lens then image would

move away from the lens with non-uniform acceleration. This

can be seen from the fact that when object is far away, image
would be formed at focus P. When object approaches lthe
lens then image would move away such that wheq o'b!ect
approaches to focus, then image would approach to infinity.
7. From the figure CD = emergent ray, and CD is parallel to PQ
and BC is 2 line intersecting these parallel lines.
So, <DCB + <CBQ =180°
Z DCN + £NCB + £CBQ =180°
o + o + 45°=180°
o= B7.5°
But £ NCS = 90°
So, second mifror is at angle of 22.5 with horizontal.
8. When lens is cut along XOX',f =f. However, when
equiconvex lens is cut along yOY’, each part behaves as a
plano-convex lens of focal length g =20

9. When a concave lens is joined in contact with a convex lens

of same focal length, the combination behaves as a glass
plate of infinite focal length or zero power.

Hence, the image of an object will be of the same size and
erect.

10. As shown in figure, a light ray from the coin will not emerge

out of liguid, if i > C.

Therefore, minimum radius R corresponds to i =C. In ASAB,

%:tanc
or R=htanC n 1
or R= /n:—1
N \C

[ :
1 sinC :land tanC ZT—-S@,—
n J1-sin®C

Given, R=3cm, h=4cm

Hence, S rj_
A
o 29 5
or gl == or n=—
Y 3
But =
v
8
or v =S SEX AU R
n 5/3
11.n=3—69
)

Number of images, N = n, which is odd

=n-1
For the given condition, no successive reflection takes place.
So, the number of images will be N <2

n-1<2
n<3
360

—<3
)

1200 = 6 >120°

12. Maximum magnification is obtained when image is formed at
near point of eye. In that case,

m=1+9—=1+g—5—=11
f 25
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13. In any medium other than air or vacuum, the velocities of

different colours are different. Therefore, both red and green
colours arerefracted at different angles of refractions. Hence,
after emerging from glass slab through opposite parallel
face, they appear at two different points and move in two
different parallel directions.

14. The images formed by combination of two plane mirrors are
lying on a circle whose radius is equal to OS.

(-a, -b)

The centre of the circle is lying on meeting point of mirrors
(ie., O). The position of images from diagram is for

Sy =—ali +bj, 1, =—al + bj, r =al + bj.
Hence, option (b) is true.
15. The ratio of the diminished image to the object is
lr' D—d
50 Did

my

M )
and the ratio of image to the object is B )

m _h O_ (D+d)°
Hence, o o></2 (D—d)2
gl L]
VAU T
Differentiating both sides
1ov_1au
v2at u?at
av (v)gdu (vjz
—=aa =l =it s Vo
at u) dt u
i ol g_l 2u—R
3ain v w m Ru
__UR
2u-R
S Y 2v s R -
S T
sin (A‘,-———Sm) cos é
17 1= : oo D
: sin — 2 sin—

JEE Main Physics inJust 40 Days

: . A
A+25m) =COS‘§=S‘H (90——2')

AL oraeE
= L 90 5
= 5, =(180° —2A)
18. For an achromatic combination, the condition I$
(,Dl 4 _0._); =0
Rl
Here, o,'= 0.14, f; = 42 cm thus we getf, =—63cm 7
19. Let the incidence point is P(x, ¥)
n
45°
457 P
i
IWI
!
m=tan 45° =1 (from law of reflection)
y =2 sin X
m:(—jz =2c0os X =1
ax
1
COSX=
2
T
X =—
3

The corresponding value of y is 2 sin % =43

20. Laws of reflection can be applied to any type of surface.

21. Optical fibre consists of a very long and thin fibre of quart
glass. When a light ray is incident at one end of the fibs
making a small angle of incidence, it suffers refraction froi
air to quartz and strikes the fibre-layer interface at an anglet
incidence greater than the critical angle.

It thergforg, suffers total internal reflection and strikes |
opposite 'mterface. At this interface also, the angle
incidence is greater than the critical angle. So, it again sufte

total internal reflection. Thus, optical fibre is based on tol
internal reflection,

Endoscopy is a process for viewing internal organs of hum

body. This process use a device endoscope which is bast
on total internal reflection.

22, Refraction index of diamond w.r.t. liquid
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23.

24.

25.

26.
21.

28.

29.

30.

Day 27{ Ray Optics

or sinC = e T 2
S —fE——sm 45° . C =45
Y

For total internal reflection angle coincidence should be
greater than critical angle.

But here angle of incidence is lower than critical angle, so
total internal reflection does not oceur in light.

In water,
“1:[&_””)] _l_ 1 ;
L, BB, 2
1 1 1
—=(n ~1(~—¥
o ) ] (ii)
ity ) _ (1.5-1)(4/93)
L (n—=n, (1.5-4/3)
N
_ 05X 4/3 (2/3)6
=5 2 e
2 3
I, = A, = A0 = 410ef)
In search lights, an intense parallel beam of light is produced.

In case of parabolic mirror, when source is at the focus beam
of light produced over the entire cross-section is parallel
beam. But in concave spherical mirror, due to it large
aperture, marginal rays give a divergent beam.
As object is between infinity and 2F, image will be between £
and 2F and the point C is lying in this region.
Real, inverted, diminished.
Wavelength of blue light is smaller than wavelength of red
light,

Ag <Ap = Mg >Mg
So, = (by lens maker formulae)
(But fz and 1, differ by very small value)
So, image for red light would be on the right side of and very
close to F.
Now, lens behaves as a diverging lens, so lens will form
virtual, erect and diminished image on the same side of lens

as the object.
1 1 i
—=(n - — =(5-1)x — givesf =20 cm
f 4 1)XR ( ) 10g

Lens formula is

fg <fg

or =

which gives v =50 cm
Differentiating Eq. (i) with respect to timet, we get
Hady L g

....__.._._.+___
Vet e dl

at \uc)dt
\/2 g 28 o
Speed of image = | — | x speed of object
u
2
=(@J x1=4 cms™'
30
31. Linear magnification is given by
mi=— )
u
Differentiating-Eq. (i) with respect to time , we have
dn _ v.adu 1av

— et — —

at u? dt  wuat
1( au dv)

=—|-vV—+U—
u at at
1

:@F (=60 x 1— 30 x 4)=— 0.2 per second

Magnitude of Z—T = 0.2 per second.

™ Plano-convex lens

By Pythagoras theorem
R? = 3% 4 (R — 3mm)?
= R%=3%+ R? —2Rx(83mm)+ (3mm)?

= R =15cm
Also, ng
V
3pdlo s
2x10%8 2
1 Tl
As, —=(u—1)[~——]
i o TR
T e 1
= == () =
7 (2 )[15 ]=>f 30cm

33. Angle of deviation depends upon the angle of incidence. If we
determine  experimentally the angles of deviation
corresponding to different angles of incidence, then the plot
between / and & that we will get is shown below



http://www.novapdf.com/
http://www.novapdf.com/

388 JEE Main Physics in_ust 40 Days

34. From figure, we get 1 = sin"(_t)
3

For critical angle, sinC = 4
W
Now, by Snell's law, we have
K _sini
1 sinr

459

{‘[\

i
X90-r
90—rr

35. Given,u =1.5,t, =5cm, Ko, =133 and t,=1cm
Change in path = At, + At,

:(1—i}xt1+(1—ijxr2
Ly )
1

36. Speed of light in medium
e alorndlo
00

=2§>< 108 ms™"=1.5x 108 ms™’

As, Be _ Y
Ky V2
0 S
D08
= p=2

1
We have, sinC = >
o= 1) 30°
= == O
= C =sin (2 .

Hence, it is that internal reflection.

37.

: Objective /\Eyepiece

.2

o Lo eyl S aiER
For objective — — = =—
VAR (/i
1 TR
v (=200) &0
1:i+i:i[l+iJ
v 80 200 05 20
1 5 1
=— X — = —
10 20 40
= =40
40 1
mo:‘:—
200085

: T ]
Now, for eyepiece — — — = —
VAR /T
and similarly get the magnification, M,
Now, total magnification = m, x m

will give the result as — 2.

38. As magnification =9=2
u
=—40 cm
Convering
lens
V=9u =9x 40 = 360
Now, sl o]
VAU
sl )
V. —40 f
1 il 1 ]
e G s e — SR
360 40 7 :;’[QH 07
0 9
= — X — == =
o T = [ =36cm

39. 1 Vernier scale division = g% main scale division

29 29’
1VSBI= ==5¢ /5= 'l
30 (60)
Thus, least count = 1 MSD -1VSD

-3

S

[P ORI R ¥ Sy

: 3
%
3
d
|
g
4
it
1
L]
&
:
|
.
i
%
i
|
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1

So, reading = main scale reading + vernier scale readin el
g 45. — — — = — = constant,

= MSR+nxLC v u !
S 58A5°+9><(l)“ 46. Since object and image move in opposite directions, the
positioning should be as shown in the figure. Object lies
- o between focus and centre of curvature f < x <2f.
= 5865
40. l <+ 1, = j \\\
e f . Image
jj g{{ £ 13 d,v =0 Object . (4 right
HE G vt A eft
By C’Uj
at w2 \at 47. Power of combined lens is
But 7v7:7;; P=P +P==15+5=—"10D
u u-—f - 1 100

f=—=——cm orf=-10 cm

av :7(77[7)9[01#) P -0

at \ef =i /) e 48.
/ 2
= 7Q2—j x15= 1 ms! \\/\ f
15

\—2.8-0.2 ) w
40. Both statements 1 and 2 are correct but statement 2 does not VJ\

explain statement 1

41. Itis possible when object kept at centre of curvature because r=ftan®
then only position of object and image would be same. i.e., o Feof
u = v [which is the point of intersection between curve and 5 il
straight line] < o< f
49. D=(n-1)A

For blue light n is greater than that for red light, so

\\\ / | DYy > (D),

/\“\\ 50. Let focal length of convex lens is +f, then focal length of
(V)i

concave lens would be —g T

i —» U (u>f)

From the given condition,
il el a2 1

B0 o
. f=10cm
3. 0
Therefore, focal length of convex lens = + 10 cm and that of
concave lens =—15cm.
81. The situation is shown in figure.
1 Sin g = L
sinr =sin (90°—C)=cosC=§ [
; AB
ine - tan 8, = —
i 6L ¢ ok
sinr
Py o] AB =OA tan 6,
Sinf=—=X% =
V3 2 or AB = O2A
9 =sin"' (—l) Wy
S sy T
44. At minimum deviation (6 =8,) ; Tr a2 1 7
oA B0 g (For both colours) (5) =

] Print to PDE without this message by purchasing novaPDE (httE):/{yyww.novapdf.com/)

S

i
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52. During minimum deviation the ray inside the prism is parallel
to the base of the prism in case of an equilateral prism.

83. For total internal reflection from glass-air interface, critical
angle C must be less than angle of incidence.

el
or

But

or

or

or

or

or

B

C < 45°
1
sinC

C= sin"’[lJ
n

(o Zi=45°)

i1 =

54. A plano-convex lens behaves as a concave mirror if its one
surface (curved) is silvered. The rays refracted from plane
surface are reflected from curved surface and again refract
from plane surface. Therefore, in this lens two refractions and
one reflection occur.

Let the focal length of silvered lens is F.

il il ]
+

where, f =focal length of lens before silvering,

Now,

Here,

or

or

1, = focal length of spherical mirror.,

il
=N

() (R =21 )

;:(’7‘1)(91‘iJ (i)

1 T
L s
gt
00 1y
AERE S B0
f=-60cm

55.

56.

02
87.d =02 tan 30° = 2<
B

Hence, from Eq. (i)
(6}
e e o
F 60 30 60
F=10 cm

Again given that,
size of object = size of image

ie., O =
el
1= y ©
= Lo q
u
or Vi =l

Thus, from lens formula

1
1 1 1
10" o
- 2
o w
u=-20cm

Hence, to get a real image, object must be placed at a

distance 20 cm on the left side of lens.

Number of images, n = 329_ =

where 6 is angle between mirrors.
360°

&= =1 or §=90°

1 1 1
?‘“*‘”[ﬁfh;]

For no dispersion, o {;} =0 orR =R, =R
So (¢) is correct option,

3
== R s
> e d —y

O.i m
'

7/77////777/7// 7777,

oD
—_— = ig_ - 30
o 0240

Therefore, maximum number of reflections are 30.
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Day 28
Clutlines ...

O  Microscope
O Telescope

O Resolving Power of an
Optical Instrument

1.

Optical
Instruments

Microscope

It (s an optical instrument which forms a magnified image of a
small nearby object and thus, increases the visual angle subtended
by the image at the eye so that the object is seen to be bigger and
distinct.

Simple Microscope (Magnifying Glass)

It consists of a single convex lens of small focal length and forms a magnified
image of an object placed between the optical centre and the principal focus of
the lens. If the image is formed at the near point of eye.

D ! : :
Then m = (1 + —J but if the image is formed at infinity, then m = ) where
7 :

D = normal distance (25 cm), f = focal length of magnifying lens.

A
Feoo

!

|

|

’

SN

A
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2. Compound Microscope

It consists of two lenses of small focal length and small
apertures. Also, the focal length and aperture of
objective lens are smaller than that of eyepiece. The
image formed by the objective lens is real, inverted and
magnified. This image acts as the object for the eyepiece

and the final image is highly magnified, virtual-“and- *

inverted w.r.t. the original object.

l=——Vo——>|<—U;—>| Eyepiece
|<—Up— | =— fo—1

f
XS

in Just 40 Days

If m, and m, be the magnifications produced by the
o 2

objective and the eyepiec
magnification of microscope
If final image is formed at the near point (D) of the eye,

then

=m, X O,

or m= -—%Ll +}IZ}(3PP"OX)

e 4

v [ D
m=—--% ( 1 e
u, IS

Lo

If final image is formed at infinity, then
£ o (approx)

fo Ja

Telescope

Telescope is an optical instrument which increases, the visual angle at the eye by forming the image of a
distant object at the least distance of distinct vision, so that the object is seen distinct and bigger.

Refracting Telescope
It consists of an objective lens of large focal length f, and
large aperture.
The eyepiece consists of a convex lens of small aperture
and small focal length f,. Distance between the two lenses
is set as

L=f,+f
In normal adjustment, the final image is formed at infinity
and magnifying power of the telescope is

fo
fe

«t;:ent, the final image is formed at the
. vbserver’s eye. In this arrangement,

4]

m=-—

In practica'
near poi: -

m=

Reflecting Telescope

[t consists of an objective which is a large paraboloid

concave mirror of maximum possible focal length f and
the eyepiece is a convex lens of small focal length and

f
!

small aperture. Magnifying power, m = — £

.
Reflecting type telescope is considered superior
free from spherical and chromatic aberrations.
install and maintain and can produce image
intensity.

as it is
is easy to
of greater

be D, then

image formed by telescn

brighter than the

tne unaided eye.

e respectively, then total °8



http://www.novapdf.com/
http://www.novapdf.com/

Resolving Power of an Optical Instrument

Resolving power of an

e

istrument is its ability to produce distinct images of two points of an
together. Resolving power of an optical instrument is inverse
tmit of resolution of a device, higher is its resolving power. Limit

r angular distance) between two points of an object whose images can be
2 lens of an optical instrument, is called its limit of resolution.

Resolv

in

ng Power of a Telescope

e telescope objective be the D, then the minimum angular separation
ts, whose images are just resolved by the telescope, is

do = 1.22%
D
RP=— = B :
de 1.22)
Resolving Power of a Microscope
The least distance (d) between two points, whose images are just seen distinctly by a microscope, is

. 1.22)
a= =
2n,, sin®

gth of light used to illuminate the object,

,

oy

M

el

(T

~
|

n_ = refractive index of the medium between the object and the objective lens, and

semi angle of the cone of light from the point object.

<
I

The term n_ sin 8 is generally called the numerical aperture of the microscope the objective.

. Resolving power of the microscope,
RP = 1_2n, sin 6 & (NA)
d 1.22A 061A

To see the objects which are too small for the naked eye, we usually use the optical instrument
named as microscope. Investigating such as small objects is called microscopy. Microscopic
means invisible to the eye unless aided by a microscope.
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1. From an aircraft flying at an altitude of 2000 m, photograph
Qf the ground are taken from a camera whose size of the film
IS 18 cm x 18 cm and the focal length of camera is 50 cm.
The area of the ground that can be photographed by the

camera is
(a) 648900 cm? (b) 32831 cm?
(c) 518400 m? (d) 18000 cm?

2. A telescope consists of two lenses of focal length 10 cm and
1 em. The length of the telescope when an object is kept at
a distance of 60 cm from the objective and the final image is
formed at least distant of distinct vision is

(@) 16.06 cm (b) 12.96 cm (€) 13.63cm (d) 14.44 cm

3. A light source is placed at a distance b from a screen, The
power of the lens required to obtain k-fold magnified image

Bk R kb kb
LA I d
(a) s (b) T (© P (d)

4. The focal length of plano-convex lens, the convex surface of
w7 !
which is silvered is 0.3 m. If p of the lens is i the radius of
curvature of the convex surface is

(b) 1.05m

(@) 0.45m
(d) 0.9 m

(¢)3m
5. A convergent doublet of separated lens,

spherical aberration, are separated by 2 cm and has gn

equivalent focal length of 10 cm. The focal length of its

component lenses are

(a)f, =18cm, f, =10cm

(b) f, =20 cm, f, =28cm

(c)f, =20cm, f, =18cm

(d)f,=24cm,f, =18cm

corrected for

6. To obtain a magnified image at the distance of distinct

vision with simple microscope, where should the object be
placed?
(a) Away from the focus

(b) At focus .
(c) Between the focus and the optical centre

(d) None of the above

8 Print to PDE wi

7. To obtain the maximum magnification with a simp e
microscope, where should the eye be placed?
(@) Close to the lens
(b) Half way between the focus and the optical centre
(c) Close to the focus
(d) None of the above

8. The final image formed by a microscope is
(b) real and diminished
(d) virtual and magnified

(a) real and magnified
(¢) virtual and diminished

9. Between the primary and secondary rainbows, there is a*
dark band known as Alexandar’s dark band. This is because
(a) there is no light scattered into this region
(b) light scattered into this region interfere constructively
(c) light is absorbed in this region.
(d) light scattered into this region interfere destructively. i

k
5

10. In a compound microscope, the objective produces a,'
magnification of 10, while the eyepiece produces a -
magnification of 5, then the over all magnification achieved™
by a compound microscope is ‘
(@)2 (b) 50 (©) 0.5 (d) 25.00

11. If§, and £ be the focal lengths of the objective and eyepiece"
of astronomical tube scope, the length of the tube is ;

@%5+5 b) 5 -£

ik
©)+fk d) o
) V6 & ()fo+1;

12. An astronomical telescope is set for normal adjustment and:
the distance between its objective and eyepiece is 1.05 el
The magnifying power of the telescope is 20. What is the:
focal length of the objective?

(@2m )1 m
(€) 0.5 m (d) 0.25 m

13. The magnifying power of a telescope is 9. When it
- adjusted for parallel rays, the distance between
objective and the eyepiece is found to be 20cm . The {i'ﬁ'
length of lenses are b
(@) 18cm,2cm
(c) 10cm, 10em

(b) 11em, 9cm
(d) 15em, 5em
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14. A simple telescope, consisting of an objective of focal
length 60 cm and a Single eye lens of focal length 5 em is
focussed on a distant object in such a way that parallel rays
emerge from the eye lens. If the object subtends an angle of
2° at the objective, the angular width of the Image is i
(@) 10° (b) 24°
(c) 50° (d) (1/6)°

15. A magnifying glass is used as the object to be viewed can
be brought closer to the eye than the normal near point. This
results in [NCERT Exemplar]
(@) the formation of virtual erect image and larger angle to b
subtended by the object at the eye and hence viewe(
greater detail

(b) increase in field of view

(€) infinite magnification at near point

(d) a diminished but clear image

()

Q
3

Ir

16. In a laboratory four convex lenses L, Ly, L5 and L,
lengths 2,4, 6 and 8cm respectively

these lenses form a telescope of length 10cm and

magnifying power 4. The objective and eye lenses are
respectively

(@) Ly, L, (L)Ll

© L, L (d) L, Ly

17. The magnifying power of an astronomical telescope is 8
and the distance between the two lenses is 54cm . The focal
length of eye lens and objective lens will be respectively
(@) 6 cm and 48 cm
(b) 48 cm and 6 cm
(c) 8 cm and 64 cm
(d) 6 cm and 60 cm

18. For compound microscope £, =1cm, £ = 2.5 cm . An object
is placed at distance 1.2cm from objective lens. What
should be the length of microscope for normal adjustment?

(@) 8.5cm
(b) 8.3 cm
(c)6.5 cm
(d) 6.3 cm

Directions (Q. Nos. 19 to 21) Each of these questions contains
two statements Statement | (Assertion) and Statement Il (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes
(@), (b), (0), (d) given below

(8) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement | ‘

(b) Statement lis true, Statement Il is true; Statement Il is not the
correct explanation for Statement |

(c) Statement | is true; Statement Il is false

(d) Statement | is false; Statement Il is true

PDE without thi

Optical Instruments

SE0

19. Statement | The resolving power of a telescope is more if
the diameter of the objective lens Is more
Statement Il Objective lens of larg
light

diameter collects more

Statement | The focal length of the objective of telescope is
larger than that of evepiece

Statement Il The resolving power of telescope increases
when the aperture of objective is small
21. Statement | Resolving power of an optical instrument is
orocal to its limit of resolution
Statement Il Smaller the dist nce between two point
objects the instrument can res lve, higher is its resolving
power
ﬂ”ectiﬁﬂﬁ (Q. Nos. 22 to 24) A telescope is an optical
instrument that is used to examine distant objects. Two types of
telescopes are in use-refract ng and rellecting telescopes. A
refracting astronomical lescope consists of two converging
lenses called the objective and the ev niece.

The objective faces the distant abject. The image of the object js

formed at the focal plane of the objective. The position of the

eyepiece is adjusted till this image is within the first tocus of the

1s tormed which is seen

eyepiece. A highly magnified final image
!

held t ! tf A $ otom ’
by the eye held close to the ¢ 1 the object and the

yepiece. 11 D¢

elescope d to be in norm

final image are at infinity, the
adjustment.

22: Ina refracting astronomical teles 0pe, the final image is
(a) real, inverted and magnified

(b) real, erect and magnified

(c) virtual, erect and magnified

(d) virtual, inverted and magnified

23. The magnifying power of a telescope is high if
() both the objective and eyepiece have short focal
lengths
(b) both the objective and the eyepiece have long focal
lengths

() the objective has a short focal length a
long focal length

d the eyepiece has a

(d) the objective has a long focal length and the eyepiece has a
short focal length

24. The resolving power of
(a) the objective of a bigger diameter is used
(b) the objective of a smaller diameter is used
(c) the objective of a higher focal length is used
(d) the eyepiece of a shorter focal length is used

a telescope is increased., if

D/ WWW. Novapa
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e 1 mm apart on a black paper. They
proximately,

25. This question has Statement 1 and Statement 2. Of the four

choices given after the Statements, choose the one that
best describes the two Statements.

Statement | Very large size telescopes are reflecting
telescopes instead of refracting telescopes.

Statement Il It is easier to provide mechanical support to

large size mirrors than large size lenses. [JEE Main Online 2013]

(@) Statement | is true, Statement Il is false

(b) Statement | is false, Statement Il is true.

(c) Statement | is true, Statement Il is true and Statement Il is the
correct explanation of Statement |

(d) Statement [ is true Statement Il is true but Statement I is not
the correct explanation of Statement |

26. Two point white dots ar ek R
are viewed by eye of pupil diameter. ;
what is the maximum distance at which these dots can be

ight = 500 nm
resolved by the eye? [Take, wavelength of light S 20]05]
(a)5m (o) 1 m
(©)6m (d)3m

27. An astronomical telescope has a large aperture to

(a) reduce spherical aberration [AIEEE 2002]

(b) have high resolution
(c) increase span of observation
(d) have low dispersion

Answers
1. (o) 2. (b) 3. (b) 4. (b) 5. (c) 6. (¢) 7. (@) 8. (d) 9. (d) 10. (b)
11. (a) 12. (b) 13. (a) 14. (b) 15. (a) 16. (d) 17. (a) 18. (b) 19. (a) 20. (c)
21. (a) 22. (d) 23. (d) 24. (a) 25. (c) 26. (a) 27. (b)
(] [ ]
Hints & Solutions
i _ 5
1. As object is very far from the camera lens. = Z = =
So, v =i = 0,50 =
Linear magnification m= Y = 05 = i = 12 cm
u 2000 s
area of image @ e . Length of telescope, L =V, +u, =12 + Eé =12.96cm

; /
@emaoniicaion = object (A,)

2
ﬁ_:mzz(zj
A, u :
A =18cmx 18cm = 0.18% 0.18m*~

2
S =(2_099) « 0.18 0,18 = 518400 m?
o] / 0.5

2. Two lenses used are eyepiece and objective.

For eyepiece, £, =1cm, D=V, = 25¢cm 5

B o, o
Y S TR TN
For objective u, =—60cm, f, =10cm
fesmlie )
VO UO t)
1 1 1
A
v, 60 10
e Ll
i v, 10 60

3. Distance of light source from lens is Xy and distance of screen
from: lensis (b — X,).

je— Xo —»le— b—x, —>|
e———>b—»
- Image is formed on screen; hence (b — x )is also the image
distance. i b
Image is formed on the screen so mwill be negative.
m=-— k = !
u
2 V=—ku
Here,u = — x5, V.=b — X,
; ' b—xy =kx,
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b
N e
3 1+ k
From lens formula, 1-1:1
Vel f
disuet =1 &
b-x, -x,
= R= b
xo(b-xo)

Putting the vlaue of x,, we have D= (k+ 12
kb

Bt PR p -2 1 2 2
Lo R
Herel=(p_1) A =(7_1j(l+i
i h 5 4 o R
LS
f 4R
P=_l:—6—+g=§L8:1i
£ 4R R 4R 4R
= Bl et
03 4R
= R —14X03=_472:_1.05 m

5. Since, the doublet is corrected for spherical aberration, it

satisfies the following condition.

i =15 =6l =2 @mn
= f S =2lem
Let equivalent focal length = £

G, 10em
h+1f —d

On solving, £, =20cm, f, = 18 cm
10. M =M, x M, =10x 5=50
12. Here, m=f /£ andL=f + £ =1.05
or 6 =1.06-¢ and 20=f/(105—%)
This gives f, =1 mand £ = 0.05m
13. £ +¢ =20cm, M=g/f =9 This gives £ =2 cm and
£ =18 cm.

14. itis a case of normal adjustment.

Hence, M=¢/f

Also, w=p/o

Therefore, 2l
o

Here, f, = 60 cmy £, = 5cm,a0 =2°, hence B = 24°

16. Length of tube == 10cm
£ +£ =10cm (i)
Magnification

a8y

Putting in Eq. (i), 5£ = 10cm

or t=2cmand f, =8cm,f =2cm

Hence, L, and L, will be used.

Note in telescope, objective always have larger focal length
than eyepiece.

17. AsL=¢ + ¢ =540m and ]m]'=%:8
e

On simplification, we get
t =+6cm and f =+ 48cm

18

When final image is formed at normal adjustment, then length of

compound microscope,
U . 4D

L=v, +u, = ——
(Upt B RS
=M+M:6+2427:8_2718‘3Cm
=il249 2525
19. Resolving power of telescope is = 2
el B 1.22A

where a is the diameter of objective lens and A is the wavelength
of light used. It is obvious that on increasing a, more light is
collected by objective lens and so, the image formed is more

bright. Thus, resolving power of telescope increases.

20. The magnifying power of telescope in relaxed state is
i
£
So, for high magnification, the focal length of objective length
should be larger than that of eyepiece.
; d
Resolving power of a telescope =
e P =T
For high resolving power, diameter (@) of objective should be
higher.
23. The magnifying power of a telescope (if the object is at infinity) is
given by M:fi.DJr{e
£ D
Where, D = least distance of distinct vision, where the final image
is formed.
24. The resolving power of a telescope is given byRP= _ 9
1.22 )\
The resolving power is independent of £, or o
25. As very large size telescope needs mechanical support to large
size mirror than size of lense. So, in order to fulfil this mechanical
support telescope is reflecting instead of refracting telescope.
26. We know, Y oo S SN
D 1.22 A
-3 -3
D£1O X 3%10 e
1:22X 5% 10~ 7
= Dmax =85m
27,

An astronomical telescopetic as a large aperture to have high -
resolution. 3 3
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O Wave Nature of Light

O Interference of Light
o Diffraction of Light

O Polarisation of Light

ive Optics

Concept of Wave Optics

Wave optics describes the connection between waves and rays of
light. According to wave theory of light, the light is a fo,r;n of
energy which travels through a medium in the form of transversé
wave motion. The speed of light in a medium depends upon the
nature of medium.

Wave Nature of Light

According to Huygen, light is a form of energy, which travels in the form of
. ' 8y, z 21 'm of wavi
through a hypothetical medium ‘ether’. The medium was sup i ‘1;3‘ e;
; . : > Nas s yoseda to
pervading, transparent, extremely light, perfectly elastic and an id}\ 1 fluid ¥
. y elastic and ¢ eal fluid.
Light waves transfer energy as well as momentum

A% b p 41 ¢ lU TELS: o I[()\N 21 a { N
Ijth a Cor Stall‘ S eed ()t < 981 ever, 1n ¢ mater © el
161 m dll,
. m, th

Sp d Val‘. S frorﬂ HlediLllll tO m i' epen i 5 1€ ve the
(5} = & Co l‘eh‘a(’tl ind X
ee . 2 ex Of

medium.

and travel in the free space :

4

R
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Day 29 Wave Optics

Wavefront

A wavefront is the locus of all those points (
wavefront depends on the nature and dimensi
(i) In an isotropic medium, for a point sourc
(ii) For aline (slit) source of light, the wavefr
(iii) For a parallel beam of light, the wavefron

Huygens’ Principle

388

%

ether particles) which are vibrating in the same phase. The shape of the
on of the source of light.

e of light, the wavefront is spherical in nature.

ont is cylindrical in shape.

tis a plane wavefront.

E.Very.point lon a given wavefront acts as secondary source of light and emits secondary wavelets which travel in all
dlrectlons_ w1t1'1 the.speed of light in the medium. A surface touching all these secondary wavelets tangentially, in the
forward direction, gives the new wavefront at that instant of time.

Interference of Light

Interference of light is the phenomenon of redistribution of light energy in space when two or more light waves
of same frequency (or same wavelength) emitted by two coherent sources, travelling in a given direction,

superimpose on each other.

If a; and a, be the amplitudes of two light waves of same frequency and ¢ be the phase difference between them, then the

amplitude of resultant wave is given by

and in terms of intensity of light

Condition for Constructive Interference

If at some point in space, the phase difference between two
waves, ¢ = 0° or 2nr (or path difference between two waves,
A =0 or nA),

where n is an integer, then

Ap =a; +aq
or In =1, + I, + 21,1,
is maximum.

Such an interference is called constructive interference.

; {5 2
Ap = a; + @ +2a,a, cos

Ip =1, + I, +2,/1,1, cos &

Condition for Destructive Interference
If at some point in space, the phase difference between two

B A
waves, ¢ = (2n — 1) [or path difference, A = (2n — 1) = then

at such points Ap =(a; - @) and Iz=1I,+1I, - 2L, is
minimum leading to a destructive interference.

—_— == — 2 1-: r p -2
Lose - 1y 0l 2T :{Vll 5 \/Iz] :{iﬂl; _[r+1]

]Inin 11 +IZ_2V’11[2 /_IT_V/IZ

1
| | gl
N o —-a | I‘—lj

{

a . :
where, r = -1 = amplitude ratio.
a
2

’» For sustained interference, coherent light beams are must. For good contrast we prefer intensities (or amplitudes) of

superposing waves to be equal or nearly equal.

w Laser light of a particular wavelength, even from two independent laser sources, can produce interference fringes

Laws of Reflection

When the light incidence on a plane then its some part is reflected and some is refracted. The laws of reflection
which relates the angle of incidence to the angle of reflection given as
(i) Angle of incidence = Angle of reflection 1.e.,8; =6
This can be proved using the fact that ADIF and ADIM are congruent.

(i) Similarly, it can be proved that the incident ray; reflected ray and normal to surface, all be in same plane.

Print to PDFE without this message by purchasing novaPDF (http://www.novapdf.com/)
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Law of Reflection using Huygens’
Principle

The figure illustrates Huygens' construction for a narrow,
parallel beam of light to prove the laws of reflection.
Huygens® principle must be modified to accommodate the
case in which a wavefront, such as AC, encounters a plane
interface, such as XY at an angle. Here, angle of incidence
188,. Since, points along the plane wavefront do not arrive
at the interface simultaneously, allowance is made for these
differences in constructing the wavelets that determine the
reflected wavefront.

\\
9 My
\\\
N \B -4
by X ¥

v N

B N

R !

X 9 !

X a
! D e

If the interface XY were not present, Huygens construction
would produce the wavefront GI at the instance ray GF
reached the interface at I. The intrusion of the reflecting
surface however means that during the same time interval
required for ray CF to progress from F to I ray BE has
progressed from E to Jand then a distance equivalent to JH
after reflection.

Thus, a wavelet of radius JH centered at | is down above
the reflecting surface. Similarly, a wavelet of radius DQ is
drawn centered at D to represent the propagation after
reflection of the lower part of the beam. The new wavefront
which must now be tangent to these wavelets at points
M and N and include the point I is shown as KI in the
figure. A representative reflective ray is DL, shown
perpendicular to the reflected wavefront. The .normal PD
drawn for this ray is used to define angles of incidence and
reflection for the beam.

B Print to PDFE without this message by purchasing novaPDFE (http://www.novapdf.com/)
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Law of Refraction using Huygens
Principle

If the speed of light in vacuum is ¢ the o
the refractive index. Simila

n speed in up

medium is -~ , where n; is
Il:

1 e i

light in the lower medium is =
i

The points D, E and F on the incident wavefrorit gfg;/r(
points D, Jand I of the plane interface. XY a i
times. In the absence of the refracting suriac I,l
wavefront GI is formed at the instant ?ay'CFtrelilc ef
During this progress of ray CF from Ft(.) I in time ,howe
the ray AD has entered the lower medium where the sp
is different.

Thus, a wavelet of radius Vit is constructed with centre
D. The radius DM can also be expressed as

DM =v,t {.-.D(}:Vjtzwf:g
}
DG :
=V, (\J o (ij DG
e 1y
Similarly, a wavelet of radius [&] JH is drawn centered
1,

the angles 6, and 6,, form
ay AD and refracted ray [
Pressed ag

n; 8 8; = n, sip 0,

by the representative incident r
is Snell’s law which may be ex
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Young’s Double Slit Experiment

This experiment is a demonstration that matter and energy can display characteristics of both waves and

particles and demonstrates the fundamentally probabilistic nature of quantum mechanical phenomena.

The arrangement is shown in figure. Monochromatic light
of same wavelength is used.

\
\

Light ‘
source D

For light waves reaching a point P, situated at a distance x
from central point A, the path difference
AL e e
D

@) If % = n), then we get the nth bright fringe. Hence,

{ position of bright fringes on the screen are given by

the relation x = ﬂ

(i) If % =(2n-1) % then we get the nth dark fringe.

» Hence, for nth dark fringe x = (‘Zn_”zdl)D_x ]

Fringe width B  The separation between any two

consecutive bright and dark fringes is called fringe width 3

and is given by, = %
Angular fringe width of interference pattern
et
D d

If the whole apparatus of Young’s double slit experiment is
immersed in a transparent medium of refractive index n,,,
then fringe width in the medium
| g Db 8
T
For two interfering waves if ¢, is the originating phase
difference and A be the path difference between them then

total phase difference them is ¢ = ¢, + z% A.

Displacement of Fringe Pattern

When a thin transparent plate is introduced in the path of
one of the interfering waves trains, it is found that the
entire fringe pattern is shifted through a constant distance.

‘which the plate is introduced.

This shift takes place towards the wave train, in the path of

The fringe width of the patterns remains same. Effective

~ optical path that is equivalently covered in air is

S2 i (0 =),
Thus, the path difference
— S P =STP = A (e
xd
=5 = (=11
[Optical path = refractive index x width of the material]
.. Extra path =ut —¢ = (u — 1)¢

Shift in Interference Pattern
Additional path difference due to sheet = (n,, — 1)t

Fringe shift = ? (n,=1)t= L (n, =1t

)\/ m

If due to presence of thin film the fringe pattern shifts by n
fringes, then

Lh (G, =N ¢
A
or P
(nm = 1)

Interference in Thin Films

White light passes through a thin film, whose thickness is
co?para(l;_l)le to the wavelength of light, we get to see various
colours due to interference of light waves

refl
the two surfaces of thin film. e

For normal incidence, the interfere

: o NCce maxima is gi
the condition s given by

2nmt=(2n_1)%

where, ¢ = thickness of film and
n, = refractive index of film.

For dark band the condition is, 2n,,t = nA : »
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Fresnel’s Biprism

Fresnel's biprism is a device for obtaining coherent
sources. The biprism is a glass prism of very small base
angles.

Biprism
S4 j.» T P
of Fonge
Y

Comparing the situation geometrically with the double-slit
] : : ! DA
experiment fringe pattern width G = w = 4
a
where, D = distance of screen from the line joining S, S, .
A = wavelength of light used,
d = distance between S, and S

Calculation of
Let a= distance of source S from biprism
deviation = (u — 1)a (for small angle prism)

= d =2ad=2a(y - 1)o

Diffraction of Light

Diffraction of light is the phenomenon of bending of light
around the edges of an aperture or obstacle and entry of
light even in the region of geometrical shadow when size of

aperture/obstacle is comparable to the wavelength of light
used.

Fraunhcffer's Diffraction at a Single Slit

As a result of diffraction, due to single slit we obtain a
broad, bright maxima symmetrical w.r.t. the centre point
O (mid point of screen) and on either side of it we get
secondary diffraction maxima of successively falling
intensity and poor contrast as shown in figure.

/

\

\

-ve 6}
e —

gorx) +ve

Condition of diffraction minima is given by
asin 6 =nj ; where n = 1,2,8,4,.... %

JEE Main Physics inJust 40 Days

i ion maxima is
But the condition of secondary diffraction

= = _}‘ ——1234,...,1\’
i = : where 11 ) &y Oy
asin 6 =(2n )

inima is given b
Angular position of nth secondary minima 1s g .

A
sin8=0=n ’
e = 2)
The angular width of central maxima is 26 = y

The angular width of central maxima is double the.widt}% as
compared to angular width of secondary diffraction

maxima.
[ . .
j If one of the two slits in Young's double slit experiment is
" closed, the interference will not take place and we shall be
able to observe diffraction pattern due to a single slit.

Difference between Interference and
Diffraction

* Interference is the superposition of waves from two different
due to superposition of :

wavefronts, whereas diffraction is
wavelets from different points of the same wavefront,

* Interference all maxima are equally bright and minima
equally dark (perfgctly black). In case of diffraction, maxima
are of decreasing Intensity, minima are not perfectly black,

are large number of maxima
raction bands are few.

pL>
R

Sz

In case of interference, there
and minima, but in case of djff

Interference

pas
are

S C S <

ra

=t

T T e
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Polarisation of Light

Polarisation of light is the phenomenon of restricting the vibrations of light (electric ‘ector) in a particular
direction perpendicular to the direction of propagation of light wave. Such light is called plane polarised.

Ordinary light, emitted by sun or an electric lamp etc., propagating in a
given direction, consists of many independent waves whose vibrations are
randomly oriented in a plane which is perpendicular to the direction of
propagation of light. Such light is said to be unpolarised light.
(i) Unpolarised light and plane polarised light are generally
represented as shown in the figure

CCgTeneREE

\
\ (b)

(ii) Only transverse waves can be polarised. Thus, it is proved that light
waves are transverse waves.

(iii) Intensity of plane polarised light received from a tourmaline crystal
or polaroid is half the intensity of the incident unpolarised light.

(iv) Nicol prism is another good device to produce plane polarised light.
It is based on the property of double refraction.

1s of polarised light is called plane of vibration.

plane of vibration is called plane of polarisation.

y In transverse waves.

Optical Rotation

Optical rotation is the property of rotating the plane polarised light by
passing the same through an optically active substance. Such substances
are of two types

1. Leavo Rotatory
These are substances which are left handed and rotate the plane of
polarisation in an anti-clockwise direction.

2. Dextro Rotatory
These are substances which are right handed and rotate the plane of
polarisation in clockwise direction. The angle of rotation depends on
the length of the material density/concentration of the material,
wavelength of light used and temperature which the experiment is
carried out.

H
.
H
H
H

Polaroids

Polaroids polarise light. If the number of
needle shaped crystals quinine and
iodosulphate with their axes parallel to one
another are packed between two sheets of
plastic. This arrangement serves as the
polaroids.

The important uses are

+ These reduce excess glare and hence sun
glasses are fitted with polaroid sheets.

+ These are also used to reduce headlight
glare of cars.

+ They are used to improve colour contrast in
old oil paintings.

Law of Malus

According to Malus law, the intensity of
emergent light out of an analyser varies as
| < cos?6 or | =, cos® 8, where 8 is the angle
between the planes of transmission of the
polariser and the analyser.

Brewster’s Law

When a beam of unpolarised light is reflected
from the surface (unpolished) of a transparent
medium of refractive index n at the polarising
angle i, the reflected light is completely plane
polarised.

According to Brewster's law,

tan I,=n

Unpolarised Light Reflected light

Refracted light

Moreover, in such an event, the reflected and
transmitted rays are mutually perpendicular.
Thus, angle of refraction r = (90° — I
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Practice

1. A parallel beam of light of intensity /, is incident on a glass

plate, 25% of light is reflected by upper surface and 50% of
light in reflected from lower surface. The ratio of maximum
to minimum intensity in interference region of reflected ray is

1+\/3f il 8 .
2 \s 4 \8
(@) 1_\/§ (b) " 3 ‘\
2 V8 2 \8)
5 8
o= @) =
(0)8 ()5

2. For the same objective, find the ratio of the least separation
between two points to be distinguished by a microscope for
light of 5000 A and electrons accelerated through 100 V
used as the illuminating substance.

(a) 1x107*
(b) 0.2x 107
(c) 5107
(d)7x107*

3. The path difference between two wavefronts emitted by
coherent sources of wavelength 5460 A is 2.1 p. The phase
difference between the wavefronts at that point is

(@) 7.692 rad (b) 7.692 & rad
© 7.692 ad ) 7.692
T

rad

4. The Young’s double slit experiment is performed with blue
and with green light of wavelengths 4360 A and 5460 A
respectively. If x is the distance of the 4th maxima from the
central one, then
(8) Xpivey = Xi(green)

B (b) x(blue) > X(green)

(C) x(biue) < x(gresn)
(D) XX greeny - = 5460/4360

‘one

DAY
29

5. In Young's double slit experiment, the length of bapd is
1mm. The fringe width is 0.021 mm. The number of fringes

1S
£ 4n
0.5 mm T
i C+1mm
B o L
(a) 45 (b) 46
(c) 49 (d) 48

6. In a Young's double slit experiment, two coherent sources
are placed 0.90 mm apart and the fringes are observed one
metre away. If it produces the second dark fringe at a
distance of 1 mm from the central fringe, the wavelength of
monochromatic light used will be
(@) 60x 107* cm (b) 10x 107 em
(€)10x 107 cm (d) 6x10™° em

7 A beam of ordinary unpolarised light passes through a
tourmal!ne crystal C; and then it passes through another
tourm;llne crystal C, which is oriented such that its principal
ple/me,\;s parallel to that of C,. The intensity of emergent light
is lo. Now, C, is rotated by 60° about the ray. The e ,
ray will have an intensity b
@21, ) !
(©) Io/4 )

8. The first diffraction minimum due to

; single slit diffraction i 4
for alight of wavelength 5000 A. If th gle slit diffraction is@

ewidth of sitis 1 x 107

cm. Then, the value of 8 is i”
(a) 30° b) 45° i
(c) 60° Edg bl 3

9. Angular width () of central maximum of a diffraction patteffl

of a single slit does not depend upon e
(a) distance between the glit an ;
(b) wavelength of light used

(c) width of the slit

(d) frequency of light used

d the source
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10. A beam of light AO is incident on a glass slab (1 = 154)in a

direction as shown in the figure. The reflected ray OB is

passed through a nicol prism. On viewing through a nicol
prism, we find on rotating the prism that

A N B\

33°
(@) the intensity is reduced down to zero and remains zero
(0) the intensity reduces down somewhat and rises again
(¢) thereis no change in intensity

(d) the intensity gradually reduces to zero
increases.

33°
(©)

and then again

11. An unpolarised beam of light is incident on a group of four
polarising sheets which are arranged in such a way that the
characteristic direction of each Polarising sheet makes an
angle of 30° with that of the preceding sheet. The percentage
of incident light transmitted by the first polariser will be

(a) 100% (b) 50% () 25% (d) 125%

12. A 5% solution of cane sugar placed in a tube of length
40 cm causes the optical rotation of 20°. How much length
of 10% solution of the same substance will cause 35° rotation.
(@) 20 cm (b) 835 cm (c) 18 cm (d) 45 cm

13. A small transparent slab containing material of @ =1.5 js
placed along AS, (figure). What will be the distance from
O of the principal maxima and of the first minima on either
side of the principal maxima obtained in the absence of the
glass slab. [NCERT Exemplar]

AC =00 =1i8.C -S.C~d << D

5 : 5 5
a below point O b) — below pointO
& below R R
5 : 5 ’
——— below point O d) — below point O
i 220 5 (2 V110 g

14. Two light rays having the same wavelength A in vacuum are
in phase initially. Then the first ray travels a path L, through a
medium of refractive index i, while the second ray travels a
path of length L, through a medium of refractive index .
The two waves are then combined to observe interference.
The phase difference between the two waves is

@ ZE L -, 1) )22, -1,

A vy

© ?E(h —iJ (@ 2Ly~ 1,1,

By Wy

405

15. White light is used to illuminate the two slits in a Young's
double slit experiment, The separation between the slits is b
and the screen is at a distance d (>> b) from the slits. At a
point on the screen directly in front of one of the slits, certain
wavelengths  are missing. Some of these missing
wavelengths are

2p2 b?
E) =2 o)) 7= =
@ 3d ® 3d
2h? 3b°
C}\,:R d}L:_
() = (d) -

16. A ray of light is incident on the surface of a glass plate of
refractive index. 1.732 at the polarising angle. The angle of
refraction of the ray is
(a) 45°
(b) 60°
(©) s>
(d) 30°

17. Specific rotation of sugar solution is 0.01 rad-m?/kg. If
200 kg/m? of impure sugar solution is taken in a polarimeter
tube of length 0.25m and an optical rotation of 0.4 rad is
observed, then percentage of purity of sugar in the
sample is
(@) 11%

(b) 20%
(c) 80%
(d) 89%

Directions (Q. Nos. 18 to 20) Each of these questions contains
two statements : Statement | (Assertion) and Statement [| (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes

(@), (b), (©), (d) given below
(a) Statement | is true, Statement | is true; Statement || is the
correct explanation for Statement |

(0) Statement | is true, Statement || is true; Statement Il is not the
correct explanation for Statement |

(c) Statement I is true; Statement l'is false

(d) Statement | is false; Statement Il is true

18. Statement | The thick film shows no interference pattern.
Take thickness of the order of a few cms.
Statement Il For interference pattern to be observed path

difference between two waves is of the order of few
Wavelengths.

19. Statement | To observe diffraction of light, the size of
obstacle/aperture should be of the order of 107" m.
Statement Il 10~"m is the order of wavelength of the visible
light.

20. statement | For 5 given medium, the polarisin
60°, The critical angle for this medium s 35%
Statement II K=tanp,.

g angle is
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Directions (Q. Nos. 21 and 22) Thin interference film is used

to measure the thickness of slides, paper etc. The arrangement Is

v’,' / 3 \ Inserted here
Pl -\ ?
/ / 3 o h
el

Strip 2 \

as shown in figure

| - X -
| - - L - |
clarity shown thick. Consider the

For sake of

the two strips are

wedge formed in between strips 1 and 2, if the interference
pattern because of the two waves reflected from wedge surface is
observed, then from the observed data, we can compute thickness

refractive index of the medium filled in wedge, number

| 3
1nds formed et

Consider the strips to be thick as compared to
the wavelength of light and assume that the light is incident
normally

Neglect the effect due to reflection from top surface of strip 1 and

bottom surface of strip 2. Take L =5 cm , Ay, =400 nm.

an air wedge formed by two glass plates having
e index 1.5, by placing a piece of paper of thickness
20 um. Determine the number of dark bands formed

1000 (b) 100 (c) 5000 (d) 500
22. For strip 1, refractive index {.34, For strip 2, refractive
index = 1.6 and the wedge is filled with a medium having
refractive index 1.5, then

(a) the band at the contact point would be dark
(b) the band at the contact point would be bright

(c) at

sontact point, no maxima of minima occurs
(d) at contact point, uniform illumination would be there

JEE Main Physics inJus+ 40 Days

shown alongside,

i i 24 and 25) In the figure
Directions (Q. Nos. 23 and 25) o el

light of wavelength A = 5000 A is incident on
horizontally fixed place).

[=5000 A
- —>
e
Sy (07
D Y
L i Screen
— —_ s ———

Here, d
Take origin at O and XY plane as shown in the figure. The screen
is released from rest from the initial position as shown above.

(Take g =10 ms )

1mm, D =1m

23. The velocity of central maxima att = 98, is

(a) 50 ms ! along Y-axis

b) 50 ms ! along negative Y-axis
( d

(c) 25 ms ™" along Y-axis

(d) 3x 10% ms I along Y-axis

24. Velocity of the 2™¢ maxima w.r.t. central maxima at
Yy
E=208HIS
(a) 8icms (b) 8 i cms |
1

420 jms™

(€)2 i cms™! (d) 86 i ms

25. Acceleration of the 3rd maxima w.r.t. the 3rd maxima on
other side of central maxima att = 3s, is
() 0.02 i ms~* (b) 0.0Bﬁ ms~#
(©) 10 j ms™ (d)0.6ims 2

AIEEE & JEE Main Archive

26. n identical waves each of intensity [, interfere with each
other. The ratio of maximum intensities if the interference is
(i) coherent and (ii) incoherent is [JEE Main Online 2013]

1

(a) n° (b) 4

1

i (@ n
n

27. The source that illuminates the double-slit in ‘double-slit
interference experiment’ emits two distinct monochromatic
waves of wavelength 500 nm and 600 nm, each of them
producing its own pattern on the screen. At the central point
of the pattern when path difference is zero, maxima of both
the patterns coincide and the resulting interference pattern
is most distinct at the region of zero path difference. But as
one moves out of this central region, the two fringe systems
are gradually out of step such that maximum due to one
wave length coincides with the minimum due to the other

and the combined fringe system becomes completely
indistinct. This may happen when path difference in nm is
[JEE Main Online 2013]

28. This question has Statement | and Statement II. Of the four

choices given after the statements, chog
1 | se t
describes the two statements. he one that best

Statement | In Young's double sit experiment, the number
of fringes obsenved in the field of view:is small with longer

wavelength of light i : ; X
fiti g ght and is large with shorter. wavelength of

\

Statement Il In the double slit experi .
: periment i i
depends directly on the wavelength of light, the Tinge WA

[JEE Main Online 2013]

|
?
.
|
|
x

A

3

31

32.
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(a) Statement|istrue, Statement Il is true and the Statement Il is
not the correct explanation of Statement |

(b) Statement | is false and the Statement Il is true

(c) Statement | is true, Statement Il is true and the Statement Il is
correct explanation of Statement |

(d) Statement | is true and the Statement Il is false

29. Statement | Short wave transmission is achieved due to the

total internal reflection of the electromagnetic wave from an
appropriate height in the ionosphere.,

Statement Il Refractive index of a plasma is independent of
the frequency of electromagnetic waves.
[JEE Main Online 2013]
(a) Statement | is true, Statement Il is false
(b) Statement | is false, Statement Il is true
(¢) Statement | is true, Statement Il is true but Statement Il is not
the correct explanation of Statement |
(d) Statement [ is true, Statement Il is true and Statement Il is the
correct explanation of Statement |

30. A beam of unpolarised light of intensity / is passed through
a polaroid A and then through another polaroid B which is
oriented so that its principal plane makes an angle of 45°
relative to that of A. The intensity of the emergent light is

[JEE Main 2013]

@)l (d)/y/8

31. Two coherent point sources S; and S, are separated by a

small distance d as shown, The fringes obtained on the
screen will be [JEE Main 2013]

(b) I /2 ©)1,/4

Screen
H=d—-
D ——}
(a) points (b) straight lines
(c) semi-circle (d) concentric circles

32.Ina Young's double slit experiment, one of the slit is wider
than other, so that amplitude of the light from one slit is
double of that from other slit. If I, be the maximum intensity,
the resultant intensity / when they interfere at phase
difference ¢, is given by [AIEEE 2012]

(@) %(4 + 5c0s ) (b) ig_ (1 + 2 cos? %’)
lm 26 /m 2 Q
(c)§(1+4cos 5) (d) E(H 8cos 2)

33. In Young's double slit experiment, the two slits act as
coherent sources of waves of equal amplitude A and
wavelength A. In another experiment with the same
arrangement the two slits are made to act as incoherent
sSources of waves of same amplitude and wavelength. If the
intensity at the middie point of the screen in the first case is

lvand in the second case /,, then the ratio //—‘ is [AIEEE 2011]

" 2
(@) 4 (b) 2 (©)1 (d) 0.5

34. An object 2.4 m in front of a lens forms a sharp image on a

film 12 cm behind the lens. A glass plate 1 cm thick,‘ of
refractive index 1.50 is interposed between l'ens and film
with its plane faces parallel to film. At what distance (from

lens) should object shifted to be in sharp focus on film?
[AIEEE 2012]

(b) 2.4 m
(d) 5.6m

(@ 7.2m
(¢) 3.2m

Directions (Q. Nos. 35 to 37) are based on the following
paragraph.An initially parallel cylindrical beam travels in a
medium of refractive index w(l) =, + W,/ where y, and p, are
positive constants and [ is the intensity of the light beam. The
intensity of the beam is decreasing with increasing radius.

35. As the beam enters the medium, it will

36.

87.

38.

39.

40

[AIEEE 2010]
(a) diverge

(b) converge

(c) diverge near the axis and converge near the periphery

(d) travel as a cylindrical beam

The initial shape of the wavefront of the beam is [AIEEE 2010]
(a) convex
(b) concave

(c) convex near the axis and concave near the periphery
(d) planar

The speed of light in the medium is
(@) minimum on the axis of the beam
(b) the same everywhere in the beam

)

[AIEEE 2010]

&
(c) directly proportional to the intensity /
(d) maximum on the axis of the beam

A mixture of light, consisting of wavelength 590 nm and an
unknown wavelength, illuminates Young's double slit and
gives rise to two overlapping interference patterns on the
screen. The central maximum of both lights coincide. Further
it is observed that the third bright fringe of known light
coincides with the 41" bright fringe of the unknown light. From
this data, the wavelength of the unknown light is [AIEEE 2009]
(@) 393.4 nm
(b) 885.0 nm
(c) 4425 nm
(d) 776.8 nm

Three sound waves of equal amplitudes have frequencies

V=1 (v + 1), They superpose to give beat. The number
of beats produced per second will be

[AIEEE 2009]
(@) 4 (b) 3
(€2 (d) 1
In Young's double slit experiment, the intensity at a paint

where the path difference is % (A being the wavelength of the

) UllIeHSlty.//oS

; v [AIEEE 2007]
(@ — p) V3
N (b) 5
:
(©) — 3
= @3

407
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41.

42.

43.

In Young's double slit experiment, the intensity at a point is
(1/4) of the maximum intensity. Angutar position of this point
[AIEEE 2005]

IS

11 )\
(@) sin \\1 (D)S'ﬂ'{}\
S 2 J
SR (
©sin"| 2 | (d)sin”'[ X
3@ ) d ) 45.

A Young's double slit experiment uses a monochromatic
source. The shape of the interference fringes formed on a
screen 1s [AIEEE 2005]
(a) hyperbola

i z |
(c) straight line

(b) circle
(d) parabola

AA

JEE Main Physics i+ 40 Days

44. In a YDSE, bi-chromatic lig

46.

ht of wavelength 400 nm and 560

between the slits is

n the plane of the slits and
distance between two
[AIEEE 2004]

(d) 28 mm

nm are used. The distance
0.1 mm and the distance petwee
the screen is 1 m. The minimum :
successive regions of complete darkness IS
(@) 4 mm (b)5.6mm (0 14 mm

erence maxima for

The maximum number of possible interf A
ength in Young's

slit-separation equal to twice the wavel

double slit experiment, is [AIEEE 2004]
(a) infinite (b) five (c) three (d) zero
A mixture of light consisting of wavelength 590 nm and an

unknown wavelength, illuminates the Young's double slit
and gives rise to two overlapping interference patterns on

When an unpolarised light of intensity /, is incident on a the screen. The central maximum of both lights coincide.
Doﬁa;’;g”‘;g sheet, the intensity of the hgm which does not get Further, it is observed that the third brlght fringe of known
transmitted is JAIEEE 2005] light coincides with the 4th bright fringe of the unknown
Sy - i light. From this data, the wavelength of the unknown light is
65 ) 3lo [AIEEE 2003]
(c) zero @l (a) 885.0 nm (b) 442.5 nm

\ (c) 776.8 nm (d) 393.4 nm
Answers

1. (a) 2. (b) 3. (a) 4. (c) 5. (¢) 6. (d) 7. (9) 8. (c) 9. (@) 10. (d)

11. (b) 12. (b) 435 (D) 14. (a) 15. (b) 16. (d) 1578(c) 18. (a) 19. (a) 20. (b)

21. (b) 22. (b) 23. (a) 24. (c) 25. (b) 26. (d) 27. (d) 28. (¢) 29. (a) 30. (¢)

31. (d) 32. (d) 33. (b) 34. (d) 35. (b) 36. (d) 37. (a) 38. (c) 39. (©) 40' @

41. (c) 42. (d) 43. (d) 44. (c) 45. (b) 46. (b) : :

Hints &

Solutions

1. The intensity of light reflected from upper surface is 2.4 —122h
Ol = S ey
/1=/O><25%:/0x1305_0:’72 2si
where, A is the wavelength ' 3
Intensity of transmitted light from upper surface is subtended by the objectivg at tcf)\fe !cl)%?;c?nd BUs e ol
(e /% _ _3% For the light of wavelength 5500 A :
. , 1.22 ~10
. Intensity of reflected light from lower surface is i = M :
. _ 3, 50 3 sl -l
,=—dx —==1 For electrons accelerated th
4 100 2 38 wavelength rough 100 V, the de-Broglie
lnax. _ W+ o) \ o irtey
bin & =) A T Lo
2
[‘ﬁ El ] (1 \Fz o er i oles s
AU o s S o S e e
- 4 NG 8 2sinf
o ( i 3 2 ] \F 2 Ratio of the least separation ‘ :
s Vs 2 Vs din _ 012x107° ;
Oryy  5500x 1070 22X 10 ;
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P

3roglie

8. Phase difference = — x

Day 29

2n 2w x21x 107

5460 10‘”" =7.692 &t rad
X

4, Distance of nth maxima, x =n\ g oc A

As, Ap <Aq
X

blue green

5. The number of fringes on either side of C of screen is

n :{A,C}LQ'F)—‘: [23.8] ~ 24
B | L0021

Total number of fringes =2n, + fringe at centre
=2nE =224 1

=48+ 1=49
2\ /D)
6. x=(2n-1)=—
2 d
b T 2l _2x10° x09x107°
2= @ex2-1)x1

—6x107"m=6x 107 cm

7. Intensity of light from C, =/
On rotating through 60°,

| 2 Ano { = /I A
I=Iycos® 60°=/y |=| =lo/4

8. The distance of first diffraction minimum from the central

principal maximum is

DA
==
d
Kol
IB) (o]
., SO
sin®
-8
= e 200 X109 L g5 _qin 502
d 1310
= 6 = 30°
9. Angular width of central maximum
k| E _2ip) 2_k
D aD a

8 does not depend upon D, distance between slit and source.

10. As i, =tan™' (1.54)=57°
and in the figure given in question / = 90° — 33°=57° = g

. Reflected light along OB is plane polarised. On rotating
the nicol prism, intensity gradually reduces to zero and then

increases again.

11. First polariser just polarises the unpolarised light. Therefore,

intensity of polarised light transmitted from first polariser is

%/0=50% o

Wave Optics

12.

=
o

14.

409

Specific rotation S =/i where 6 is in degrees; [ is in
@

decimeters, ¢ is in g/cc.
8, _ 9

Ley [5G

Given, 8, =20°for ¢y = 6% and /; = 40 cm
9, = 36°forc, =10%

20 |85
AOXS_/2x1O
. ), 22O
= 20 x 10

. In case of transparent glass slab of refractive index [, the

path difference = 2d sin® + (L -1)L
For the principal maxima, (path difference is Zero)
i.e., 2dsin®y+(nL—1)L=0

! Lu-1) =LY

. [+ L=d /4]
2d 2d

o snfg=——= — =
. | \ D

or sinB,=— or OP=Dtan@, =Dsin8y =—
e >~ 16

. o LI
For the first minima, the path difference is + 25

2dsin®, + 05L =%

3 +0/2-05L +A/2-d/8 +A/2-A/8
or sin®, =- et — !

2d T
11

4 16

[ The diffraction occurs if the wavelength of waves in
nearly equal to the slid width (d)]

=

i
On the positive side sin® =+ el oo
4 16 16
o, e S il 5
On the negative sidesin®f =——-—=—-—
4 16 16
The first principal maxima on the positive side is at distance
Dhtagioy = bS8 2
\/1 —sin” 6%

=D - ¢ nzﬂlabove oint O
G- ear v

The first principal minima on the negative side is at distance
5 5
Dtan®] = ———==— below pointO.
V162 —5% /281 :
Optical path for 1st ray =L,

Optical path for 2nd ray =p,L,
.. Path difference = (il —ols)

Now, phase difference = 2% X (path difference)

2
=7"<u¢q ~Hals)

NWW. N0oVADC Ol1]
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s  difference =S,P ~ SiP
- From the figure, :
(S,PP —(6:P)2 = b2 or (S,P — SiP) (S,P + SiP)=b?

or (S,P - S;P)=—

: b A

For dark fringes, — =(2n +1)—

2d 2
2 2
Forn=0,9—=2‘.or Bl
22 d

by . _ b°

16. From Brewster's law,
p=tan®,

1.732 =tan®,
= 8, =tan™'(1.732)=60°
Since the angle between i, and r is 90 ° when the ray is
incident at polarising angle, then

0, +r=90°
r=90-86, =90 — 60 = 30°

17. Thus, we have the specific rotation of the sugar solution,
s = 0.01rad-m?/kg

Concentration of impure sugar solution, C; =200 kg /m?

Length of the polarimeter, be / = 0.25m
Thus optical rotation, 8 = 0.4 rad
: 0 0.4

SifceC=—=————
sl 0.01x025

=160 kg/m?
% of purity of sugar in the solution

=£=1—6—9=0.8=80%
200

e

19. For diffraction to occur, the size of an obstacle/aperture is
comparable to the wavelength of light wave. The order of
wavelength of light wave is 10~ m, so diffraction oceurs.

20. From the relation,
g’ r ey ﬂk-‘-—?ﬁanip =tan 60°=+/3 i)

Cand sinC=C= fiom Eq. (]

T~ d
PRk -

JEE Main Physics s+ 4

As due to reflection at top
surface of bottom layer a}rr

additional path difference of -

OCCUrs.
Contact point would be dark,
let at distance x,n" dark
band forms.
= = n)\. air
2hx
= T =N gy g
1
= X=n _—’ka"XL £
2h j
-9 -2 ;
G 119_0_x_10 x5x510 =(5><10“'n) 1
D % 20 % 107
Maximum value of n would be for x =L
5x 1072
= Mmax = W =160

929. For reflection from bottom layer of strip 1 as well as for top %
surface of strip 2, phase shift of  takes place. So, condition
for maxima is 2t =NApegum and for minima IS8
2t=@n-1) ﬂ—“k”‘ez"‘””‘ i

So, contact point would be bright as here path difference is 0

23. At any time t, the situation is as shown in the figure below.
S1 \ 82 X .
(1N
_g_t.2= F Y \\\
D+ 5 D . \\ 4
l i K
1 \
aE s 4
: \ Screen
T Po 3 i
V=gl le— X

8 =g

Central maxima is always lying on Y- i ‘i
any time t is given by eliasace o0

v=gt

along positive Y-axis.
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[ }
Location of central maxima is LO D+ 3 = 0,D")
. v 2AD’
Location of 2nd maxima is | 2~ p-
\ a
Velocity of 2nd maxima w.r.t. central maxima is
v 2\ N
gt [0+ gt]i
v/ o
:}A s D 1
===Rgeil=21cms "
Q
‘ e [ BAD
25. Location of 3rd maxima is | ,D w
\\ (0]
. 3AD
Location of 8rd maxima on other side is | — i D }
k a
a 32 3G )
e ol il
-old L8 \ (el
- BAQ -

i =0.03ims
Q
26. When interference is coherent
When two waves of intensities /; and /, having a phase
difference ¢ interfere, the resultant intensity is given as
[=1+ 15+ 2/, cos ¢ (1)
The intensity will maximum, then ¢ = 0 or cos ¢ = 1
maximum intensity
Inax =l + I + 21l = ([l + )

In case, n identical waves each of intensities /,

interfere, Ia = (1o + Aflo + lo + ... + n times)?

max

=(n (I, F
loae = n;/U (i)
When interference is incoherent
Since, the average value of cos ¢,
over a complete cycle is zero
The Eq. (i), becomes,

=l + Iy + 2l x 0=l + I )

In case, n identical waves, each of intensities / interfere,
=ly+ lg + [g + ... ntimes
in =g - (iv)
n?ly _
T/J =

Minimum intensity, /

min
/

Ratio Imax =

min
’

nky = (n + —)11
2

' 3
= nx500><10"9=(n+%)><600><10'9 ==

28

1
Now from the formula, Ax = nA or (n + Ejk

we get,

Ax =1500 nm

Wave Optics

28.

. This condition is obtained by applying the

i3

The number of fringe is smaller increase o1&
is used while incase of smaller wavelengi
number of fringe is larger.
Also, fringe width is given by
_AD
i

= [B==/)

v
a3

'
)

\\;

y @

Short wave transmission is achieved due
reflection of the electromagnetic wave from
height in the ionosphere but refractive in
dependent of the frequency of electron
This question has Statement | and Statement
choices given after the statements, choose the one t
describes the two statements

0 o ¢

O O N

of decay of capacitor voltage must be eq
rate of decay modulated singal voltage for f
of modulated signal

Relation between intensities is

(5]

1457
ol ) >
(Unpolarised) Y
b :
I >
//; :L UW(‘OS“ (A1) = /“ X ! A /U
2) o B e

31. It will be concentric circles.

32. Given, & =2a, = [ =4l,=4l,

N

/m = (\'/I i \“/;‘ )’7 = (3 \//} )_‘ = 9/:w = 9/0
/

=/ =.m
]
Now, Resultant Intensity
=1+ Iy +2\/ll, cos ¢
=41y + Iy + 2\/4lyly cos ¢

=5ly + 4/, cos ¢ = %7 (5+ 4cos ¢)

=

:’3”[1+ 4(1+ cos ¢)]

="2.(1+ 8cos* ¢/2) [(Hcos 0) =2cos? 9J
2

—

33. For coherent sources

l=4ly cos® ¢ /2 = 4l,
For incoherent sources
Iy =lo + Iy =21,
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84. Shift in image position due to glass plate,

$-

= e B | 1 1
Sl \{:.‘1» \»Jcm: cm
VI 10 [ G - 3

or focal length of the lens,

e 10 1 20 +1
f ! u 12 ~ ?40 240
. 240
=) fi= cm
21
Now, tC back image on the film, lens has to form image
- 35
at {12 — = | em = —cm such that the glass plate will shift
o] o}
the image on the film
. IR o 2
AS = - => =———

. As intensity IS maximum at axis,

p will be maximum and speed will be minimum on the axis

e pbedl
beam will converge
37. For a parallel cylindrical beam, wavefront will be planar.
38. 3L, =4A
5 Ao =20, = 2 x 590
4 4
= e 442.5nm
39. Maximum number of beats =V + 1—(v—1)=2
21 :
40. Phase difference = —— % path difference
A
O A il
i€, =Sy =
e
2 (¢
As, {i={EiGDS [5)
or L _cos? (gj
Imax 2
/ 2 (nj 3
or ~ =008 Y=o | =
i 6) 4
41. o o8 (9)
2
I 29
-"‘% = Iax ©0S” 5
6 _1 o _m
B gz s @l —F
e o2 28 08

JEE Main Physics

42.

43.

44,

in Just 40 DayS

q,:?E:(?_’E)AX 0
3 A
where Ax =d sin® gubstituting in EG. (i), we get

Lo Mg e ol

sin@ = 23*& (0] 3d

Shape of interference fringes formed on a screen is parabolic
in nature.

[ 6650
|
Intensity of polarised light = %
e lo _lo
- Intensity of untransmitted light =/o = T

Let nth minima of 400 nm coincides with mth minima of 560
nm, then

or e

j.e.. 4th minima of 400 nm coincides with 3rd minima of
560 nm

| ocation of this minima Is,
( x 4 —1)(1000)(400 x 107°)
D *,L,,@@MJ =14 mm
25408

1=

Next 11th minima of 400 nm will coincide with 8th minima of
560 nm.

Location of this minima is,
_ @x11-1(1000)(400 x 10°°)
20304

2 =42 mm

. Required distance =Y, — ¥ =28 mm

45. For possible interference maxima of the screen the

condition is
d sin® =n\ ()
Given, d =slit-width =2\
2\ sin @ =nA
or 2sin@=n
The maximum value of sin @ is 1, hence,
=20 ="

Thus, Eq. () must be satisfied by 5 integer values ié.

-2,-1,0,12. Hence, the maxi
. ' : imum 4
interference maxima is 5. um number of possible

46, Weihave S2kk - 2 |
d d f

where A, is the known wavele i i
wavelength. Thus, we get il b o N

3\ i

A, = _4K &

3
= 590 = 442.5nm ke

T
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Unit Test

(Optics)

1. Minimum light intensity that can be perceived by normal
human eye is about 107" W m=. What is the minimum
number of photons of wavelength 660 nm that must enter
the pupil in one second, for one to see the object? Area of
cross-section of the pupil is 107 m?2.

(a) 3.3% 102
(c) 3.3x10*

(b) 3.3%x 10°
(d) 3.3x10°

2. Iftwo + 5D lenses are mounted at some distance apart, the
equivalent power will always be negative, if the distance is

(a) greater than 40 cm
(c) less than 10 cm

(b) equal to 10 cm
(d) less than 20 cm

3. A ray of light incident at an angle 6 on a refracting face of a
prism emerges from the other face normally. If the angle of
the prism is 5° and the prism is made of a material of

refractive index 1.5, the angle of incidence is

[NCERT Exemplar]
(@) 7.5°
le) 58

(b) 5°
(d) 2.5°

4. Two beams of light of intensities 4l and / interfere. The
intensity on the screen, where the phase difference in /2,

will be
(a)51 (b) 6/
(c)81 (d) 9l

5. Athin glass prism p =1.5is immersed in water u = 1.3. If the
angle of deviation in air for particular ray be D, then that in
water will be
(@ 02D (b) 0.3 D (¢)0.5D

6. The refractive index of the material of equilateral prism is NE
The angle of minimum deviation for the prism is

(a) 30° (b) 41°
(c) 49° (d) 60°

(d) 0.6 D

7. A thin convergent glass lens p=15 has a power of
+ 5.0 D, When this lens is immersed in a liquid of refractive
index , it acts as a divergence lens of focal length 100 cm.
The value of i, should be

(a) 3/2 (b) 4/3
(c) 5/3 (d)2
0 PDE witho nis me D PD

10.

11.

. A thin convex lens of crown glass having refractive index 1.5
has power 1 D. What will be the power of similar convex lens
of refractive index 1.6?
(@) 0.6 D
(¢)1.2D

(b) 0.8 D
(@) 1.6 D

. A short pulse of white light is incident from air to a glass slab
at normal incidence. After travelling through the slab, the
first colour to emerge is [NCERT Exemplar]
(a) blue
(c) violet

(b) green
(d) red

An object approaches a convergent lens from the left of the
lens with a uniform speed 5 m/s and stops at the focus. The
image [NCERT Exemplar]
(&) moves away from the lens with uniform speed 5 m/s

b) moves away from the lens with uniform acceleration

¢) moves away from the lens with a non-uniform acceleration
d) moves towards the lens with a non-uniform acceleration

(
(
(

A passenger in an aeroplane shall

(@)
(b)

[NCERT Exemplar]
never see a rainbow.

b) may see a primary and a secondary rainbow as concentric
circles

(¢) may see a primary and a secondary rainbow as concentric
arcs

(d)

shall never see a secondary rainbow

. Distance of distinct vision is 25 em. The focal length of the

convex lens is 5 cm. It can act as a magnifier of magnifying
power.

(@) less than 5

(k) &
() 6

(d) more than 6

13. A myopic person having far point 80 cm uses spectacles of

power —1.0 D. How far can he see clearly?
@1m

(d) More than 4 m
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14. The radius of curvature of the curved surface of a
plano-convex lens is 20 cm. If the refractive index of the

material of the lens be 1.5, it will [NCERT Exemplar] |
(a) actasaconvexlens only for the objects that lie on its curved 3
side
(b) act as & concave lens for the objects that lie on its curved (a) at infinity :
side (b) at the mid point of distance between two mirrors f
(c) act as a convex lens irrespective of the side on which the (c) on the pole of concave mirror J;?
object lies (d) on the pole of convex mirror =
)) actasaconcavelensirre i ide ' ' : : |
(d) a‘:E 1 a concave lens irrespective of side on which the object SoMatberer Sdakeim s placed in front of a concave mirror of |
Hes . ¥ '
focal length 2m with its face P ata d|sta.nce.4 m and face Q
15. Monochromatic light of wavelength 800 nm is used in ot a distance 7 m from the mirfor. What is distance between
double slit experiment. One of the slit is covered with a the images of face P and @ ?

transparent slab of thickness 2 4% 10~ m. The refractive
index of the material of slab is 1.4. What is the number of
fringes that will shift due to introduction of the sheet?

(@) 14 (b) 12 (c) 16 (d) 10
16. Two coherent sources are 4.4 mm apart and 4.4 m from the

screen as shown in the figure. If the sources emit light of
wavelength 440 nm which produce an interference pattern

on the screen. The pattern of the interference at point Ois (@) a2 OhZal
S, ()21 m (d)y2.2m ‘
21. A diminished image of an object is to be obtained on a |
= screen 1 m from it. This can be achieved by approximately: =
£ placing. ‘
<
<t

(a) a concave mirror of subitable focal length 0.25 m
(b) a convex mirror of suitable focal length
St = 10) (c) a concave lens of suitable focal length
(d) a convex lens of focal length less than 0.25 m

(a) constructive only

(b) destructive only 22. A convex lens and a concave lens are placed in contact
© cannot be predicted : The ratio of the magnitude of the power of'the convex lens té
(d) may be constructive or destructive that of the concave lens is 4 : 3. If the focal length of the

17. A lens behaves as a converging lens in air and a diverging convex lens is 12 cm, the focal length of the combination wil
lens in water. The refractive index of the material of the lens be |
is (@) 16 cm (o) 24 om |
(a) equal to unity (¢) 32 cm (d) 48 om :!
(b) equal to 1.33 . . |
(c)) beriesn unityrand 18 23. ;’:z rtar?éu? ?f quvatgre of a thm plano-convex lens is 10 em
(d) greater than 1.33 efractive index of its glass is 1.5.

surface is silvered, then it will behave like a - the RS |
(@) concave mirror of focal length 10 cm |

(b) concave mirror of focal length 20 cm

18. Angular width of central maximum in the Fraunhoffer's
diffraction pattern is measured. Slit is illuminated by the light
of wavelength 6000 A If slit is illuminated by: light of another (c) convex mirror of focal length 10
wavelength, angular width decreases by 30%. Wavelength (d) convex mirror of focal length 20 o |
of light used is T it ;
: the plane surf
(a) 3500 A (b) 4200 A DA olte ace of a plano-convex | ol
(c) 4700 A (d) 6000 A index 1.5 is silvered, it behaves lik ons of renec
: length 30 cm. When its convex esar:c: sl 1 n g e
behave like a concave mirror of foc;JI lace sisivered SIS |

19. A convex mirror and a concave mirror of radius 10 m each

are placed 15 m apart facing each other. An object is placed (@) 10 cm ength i
mid way between them. If the reflection first take place in the (b) 20 cm : 4
concave mirror and then in another mirror, the position of (€) 30.ecm i

the final image is (d) 45 cm
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Day 30 Unit Test 6

25. Two stars are situated at a distance of 8 light years from the
gath. These are to be just resolved by a telescope of
diameter 0.25m. If the wavelength of light used is 5000 A,
then the distance between the stars must be

(@) 3x10°m (b) 3. 35% 10" m
() 195x 10" m (d) 4.32 x 10" m

26. The refractive index of air is 1.0003. The thickness of air
column which will have one more wavelength of yellow light
(A = 6000 A), then in the same thickness in vacuum is

(@) 2 mm (b) 2cm
{c)2m (d) 2 km

27. A thin symmetric convex lens of refractive index 1.5 and
radius of curvature 0.3 m is immersed in water of refractive
index 4/3. Its focal length in water is

(@ 0.15m (b) 0.30 m (c) 0.60 m (d) 1.20 m

28. A parallel beam of sodium light of wavelength 6000A is
incident on a thin glass plate of p =1.5 , such that the angle
of incidence in the plate is 60°. The smallest thickness of the
plate which will make it appear dark by reflected light is
(a) 1260 A (b) 2440 A
(c) 3260 A (d) 4000 A

29. Two nicols are oriented with their principal planes making an
angle of 60°. The percentage of incident unpolarised light
which passes through the system is
(a) 50% (b) 100%

(c) 12.5% (d) 87.5%

30. In the visible region of the spectrum the rotation of the plane

b
of polarization is given by 8 =a+ 2

The optical rotation produced by a particular material is
found to be 30° per mm at A = 5000 A and 50° per mm at
% = 4000A. The value of constant a will be

50° 50°
a b) ——— per mm
(@ + 2 (b) 5 p

90
d) —=— per mm
(d) 5op

per mm
T g
(€) + =— per mm
50 i

31. The refracting angle of a prism is A and the refractive indgx
of the prism is cot (A/2). The angle of minimum deviation is
(a) 180°-3 A (b) 180° + 2A
(c) 90°— A (d) 180°—2A

32. A 20 cm length of a certain solution causes right handed
rotation of 38°. A 30 cm length of another solution causes
left-handed rotation of 24°. The optical rotation caused by 30
cm length of a mixture of the above solution in the volume
ratio1:2is
(a) left handed rotation of 14°
(b) right handed rotation of 14°
(€) left handed rotation of 3°

- (d) right handed rotation of 3°

415

33. Light passes successively through two polarimeters tubes
each of length 0.29 m. The first tube contains dextro rotatory
solution of concentration 60 kg m™ and specific rotation
0.01 rad m? kg~'. The second tube ntains laevorotatory
solution of concentration 30 kgm=° and specific rotation
0.02 rad m? kg~ The net rotation produced is

() 15° (b) 0°
() 20° (d) 10°
34. Polarising angle for water is 53°4". If light is incident at this

angle on the surface of water and reflected, the angle of
refraction is
(a) 53°4’

(c) 36°56°

(b) 126°56'
(d) 30°4

35. The distance between the first and the sixth minima in the
diffraction pattern of a single slit is 0.5 mm. The screen is
0.5 m away from the slit. If the wavelength of light used is
5000 A, then the slit width will be

(b) 2.6 mm
(d) 1.0 mm

Directions (Q. Nos. 36 to 42) Each of these questions contains
two statements : Statement | (Assertion) and Statement il (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes
(@), (b), (¢), (d) given below

(@) 5 mm
(¢) 1.25 mm

(a) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement |

(b) Statement | is true, Statement Il is true; Statement Il is not the
correct explanation for Statement |

(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true
36. Statement | Angle of deviation depends on the angle of
prism.
Statement |l For thin prismd = (u —1) A

where, 8 = angle of deviation,
u =refractive index,
A = angle of prism.

37. Statement | Glass is transparent but its powder seems
opaque. When water is poured over it, it becomes
transparent.

Statement Il Light gets refracted throught water.

38. Statement | If convex lens is kept in water its convergent
power decreases.

Statement Il Focal length of convex lens in water increases.

39. Statement I Danger signals are made of red colours.
Statement |l Velocity of red light is maximum and thus
more visibility in dark. ’

40.

Statement | The clouds in sky: generally appear to be
whitish.

Statement |l Diffraction due to clouds is efficien

t in e
measure at all wavelengths. o



http://www.novapdf.com/
http://www.novapdf.com/

416 JEE Main Physics inJust 40 Days

41. Statement | The resolving power of a telescope is more if
the diameter of the objective lens is more.
Statement 1l Objective lens of large diameter collects more

light

42. Statement 1 The focal length of the objective of the
telescope is larger than that of eyepiece.
Staternent Il The resolving power of telescope increases
when the aperture of objective is small.

Directions (Q. Nos. 43 to 47) Figure shows a simplified model
of the eve that is based on the assumption that all of the refraction
of entering light occurs at the cornea. The cornea is a converging
lens located at the outer surface of the eye with fixed focal length
approximately equal to 2 cm. Parallel light rays coming from a
very distant object are refracted by the cornea to produce a
focused image on the retina. The retina then transmits electrical
impulse along the optic nerve to the brain.

Cornea ¢ g
/ Retina

Two common defects of vision are myopia and hypermetropia.
Myopia, sometimes referred to as near sightedness, occurs when
the cornea focuses the image of a distant object in front of the
retina. Hypermetropia, sometimes referred to as far sightedness,
occurs when the cornea focuses the image of a nearby object
behind the retina. Both of these problems can be corrected by
introducing another lens in front of the eye so that the two lens
system produces a focused image on the retina. If an object is so
far away from the lens system that its distance may be taken as
infinite, then the following relationship holds

1 1 1

, e
fo fi=x W
where f_ is the focal length of the cornea, f, is the focal length of

the correcting lens, x is the distance from the correcting lens to
the cornea, andyv is the image distance measured from the cornea.

(Note The index of refraction is 1.0 for air and 1.5 for glass.)

43, How far away should the retina be from the cornea for
normal vision?
(@) 0.5 cm (b) 1.0cm (c) 2.0 cm (d) 4.0 cm

44, For a distant object, the image produced by the cornea is
(a) real and inverted (b) real and upright
{c) virtual and inverted (d) virtual and upright

45. What kind of lens would be suitable to correct myopia and
hypermetropia respectively?

[ oint of
(Note Assume that the correcting lens is at the focal p

the cornea so that x = )

(a) Converging, convergmg

(b) Converging, diverging

(c) Diverging, diverging

(d) Diverging, converging e

’ r ‘ ., and she

46. The focal length of a woman's cornea is 1.:3_01215 it
wears a correcting lens with a focal length O : fhe b
distance x =15 cm from her cornea. What IS : ?g
distance v measured from the cornea for a distant object?
(a) 1.0 cm (b) 1.5 cm
(c) 2.0 cm (d)2.5cm

47. In the case of contact lens, the cornea and the porrec‘ung
lens are actually touching and act together as a single lens.
If the focal length of both the cornea and the pontact Igns
are doubled, then the image distance v for a distant object
would be

(a) 1 the old value
4

{9)] 1 the old value

2
(c) the same as the old value
(d) twice the old value

Directions (Q. Nos. 48 and 49) In YDSE apparatus shown in
figure wavelength of light used is A. The screen is moved away
from the source with a constant speed v. Initial distance between
screen and plane of slits was D.

Screen

48. At a point P on the screen the order of frin i
(@) increase =l
(b) decrease
() remain constant
(d) first increase then decrease

49. Suppose P is the point where 5

th o : 1
e ot o rder maxima was lyingat

this point? & third order minima will Ji at
2D

72 ) EEia

Qs )2
3D

(&) =2

B (@30

v
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Answer with Solutions

RO W™ = 107" Js~'m?. Let the number of photons

required per second be n.
nhv

Then. _6'_4 = 10‘10
Hence, n=10""°x10"%/hv
= qgria h

he
PRl PB0 0
6.6% 107 x 3% 108

=3.3x10*

2. (@) When two lenses are separated by some distance x, then
equivalent power

BEBEE — XEP,
i P=5+5-xx5x5
or P=10-25 x
Power will be negative if 10 — 25x will be negative

26x>10

X>1£m

x>1—0><100
25

x> 40cm
3. (@) Here, A = 5°, Iy =7
As the ray emerges from the other face of prism normally,
Iy = (0
I, = 0° Fig, 6(EP).5.

ASS T = A
L+rn=A
h=A-,=5-0=5
From p =i%,sin/1 =usinrn
sing
=1.5xsin 5°

=1.5x 0087 = 01305
Iy = sin™ (01305) = 7.5°.

4. @)1=l +1,+2/l], coso=4/+ I + 2x2/oosg =15

5. B) 8= -1A

For air D=(@15-1)A
For water 8=(gu,-NA
- (15-1)s
1.3
Hence, =02 sl =0.3D
13 05
. A+
me §.'[L’ a sm——z—”l

6. (d)

10.

11.

12.
13.

: (A 00
sin _7;—)
= VB=—\_2 J pecause A=60°
sin30°
or sinAtdm _ ¥8 _ grgee
2 2

or A0, =260 =120
This gives 9, = 60°.
Where 8, is minimum deviation.

. (€) When the lens in air, we have

1 _ug _Ua 1 ] 1
T S, e
a Ko | 7 2

When the lens is in liquid, we have
1 _ug—u;( e
et )
f W LR R
B =5P =—1, =Ty =15
On solving, we get, Wy ==

Here,

n

3
1 1 58

5 (@ Beafu=0j -t =L
(© fUl )[P'w ’D'ZJ
Hence, 52.:(“2‘_1}
A Hy =1

L@, E%:1E
1 15-1

Hence, =12

. (@) In air, all the colours of light travel with the same velocity, but

in glass, velocities of different colours are different. Velocity of
red colour is largest and velocity of violet colour is Smallest.

Therefore, after travelling through the glass slab, red colour will
emerge first.

(¢) When an object apprqaches a convergent lens from the left of
the lens with a uniform speed of 5 m/s, the image moves away
from the lens with a non uniform acceleration. For example, it
f=20m and v =—-50 m: —45 m, ~40 m and —35 m: we get
v =333m; 36 m; 40 m and 46.7 m. Clearly, image moves away

from the lens with a non uniform acceleration. Choice (o) is
correct,

(b) Inan aer.oplane, apassenger may observe g primary and a
secondary rainbow as concentric circles.

© M=1+$=1+g§=6
(c)Usel~1=1
VS T
Here, vV=-80cm, f=-100cm
Henoe,i—_=—1 or ~1=—_1_ 1
— 80N 100 u 100 80
-80+ 100
80x 100
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14. (c)Here,u =15
If object lies on plane side; Ry = =, R, = -20cm

1 1 1 ol 1 1
S (0 R ) TR
e )[R1 sz : )(m 20) 40
f = +40cm. The lens behaves as convex.

If object lies on its curved side,
Ry =206m, R, = o,

1 1 1 1 1 1
= =(ir=il) cmm e S () el =
fi & (R1 sz ( )(20 oo) 40
'=40 cm. The lens behaves as convex. Choice ¢ is correct
15. (b) The total fringe shift is H = %(p. —1)t

The number of fringes that will shift
_ total fringe shift

fringe width
P
2w —1)t i
or e e ()t
B A
(14—1)x2.4x107°
or e e D e
800% 107°
04x2.4x107°
or =i E e T o L
8x 1077
or n=H2

16. (a) The path difference at point of observation is given by

A=S,0-S0

Sy

=

=

<

<

St 44 m 0

From the figure,
S,0 =[(44)° + (44 x 107°)2]"/2
or S,0 = 44[1+ (107%) ]2

or $.0= 4.4[1 + %(1 0-3)2}
r —6
Therefore, A= 4.4[1 - %(1 02 - 1} = 5”_21L 22%10% m

Interference will be constructive if path difference is an intergral
multiple of wavelength
S22 si0F s

A 440x10°
Hence, pattern of interference at point O is constructive.

17. (c) The focal length f of the lens in air is given by
1 el
D e
f i )[5’1 RJ

where g is the refractive index of the lens. If,, is the refractive

JEE Main Physics s+ 40 Days

18.

20.

21.

Sesideadneaik

index of water, the focal lengthin water (f)is given by

1 . ug _“WJ['_‘]‘—LJ

it [ Ry Rs
Since the lens placed in air is convergent, fis pogitive,tThe;efore,
By > 1. For the lens to be divergent when placed in water, 7" must

be negative, i.e., [y <My NOW, [y = 1.33. Hence, i, must lies
between 1 and 1.33.

(b) The condition for minima is given by
dsin@ = ni

n =1 we have
dsine = A
If angle is small, then sinf =6 =

For

ao=A
‘ A
Half angular width 8 = o

Full angular width 28 = 2 A

Also,

=22 - 6000x 07 = 42004

(0]

or

. (d) For reflection from concave mirror

Applying, Lt + 1 we get
T ]
1

i
or ,..:—11.
% 5 7.5

or v =-=15cm

<|—=

- ol
"_Low\*‘

]
tn

The image is formed on the pole of the convex mirror, which will
be the position of the object for convex mirror. Therefore,
u=0andf=5cm

Hence,

— 00 =00

5
or v=0 26.

Therefore, final image is formed on the Pole of convex mirror.

(a) For surface P, we have

N g
T ek v
PR hedn
For surface Q, we have T
szl_lr_i
2= 7
14
or V2 =.5__=28m i Gi

Therefore,

ar

Vim Vo= (4-28)=1 o

(d) Convex mirror and concave |
concave mirror v > u, so imag
convex lens can be used for th

ens do not form real image-

e will be enlarged h
. hence Q
€ Purpose 5
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22.

23.

24.

25.

26

.

For
Hnly

Day 30 Unit Test 6

(@ Given, f = +12 cm and J/jlil ot ll% = g
1

IRl 8

Since £, is negative, 2=

f?:—,4

Hence, f‘:-v£31><12 =—16cm
The focal length £ of the combination is given by
R 1 1 1
RN e e S R

A R R T
which gives F = 48cm

(@) When the plane surface of a plano-convex lens is silvered, it
behaves like a concave mirror of focal length f given by
e =1
f R
or = —R‘; el = 10/cm
2w =) i)

By

g ) )

But when the convex surface is silvered, the focal length f, is
given by

2L o
(TS el ed o (1)
o R
Dividing Eg. (i) by Eg. (i), we have
i e
L p—-1 15-1
or f2=£:@=100m
B8 3
(c) Limit of resolution of the telescope
1220 _d
Wl = = =
a X
, =7 16
o 122/»)(: 122585508 X810 — 15 10
a 025
(@) Let d in cm be the thickness of air column = thickness of

vacuum column (given). Number of waves of wavelength
A =6000A = 6x 107 cm in a thickness d cm in vacuum is

d
i, = -
Since the refractive index of air u = 1.0003, the wavelength in air
will be = A
i
Therefore, number of waves of wavelength A, in dim of air is
e
Ko A
Giventhat n, + 1=n,
Hence, EL,H:Q
A
i 5
d=_» _6x10°cm

=
|
Tk
|
=
o
(@]
(@]
w
|
e

=02 cm=2mm

1 Mg =Wyt
dits (e = cas »——‘J
( )f Moy [R1 RZ

For a symmetric lens
R2 :——R1 :—O3m

1_(1-5—4/3)[L+L]

Therefore, =473 |03 03
which gives =il 20m

28. (b)

- elinsor B2
Sl = = e
W 15
i= 353"

AB=tsecr=1.23t
AC =2(AD) = 2(t tanr) = 1.42t
AE = ACcos 30°=1.23t
Now, net path difference between 1 and 2,
AX =p (2AB)— AE
=(1.5)2)(1.28t)—1.23t =2.46¢
For minimum intensity, AX = &

or (2.46t) = 6000
or t =2440A
29. (c) Intensity of polarised light from first polarizer
100
=— =[50
2

From law of Malus intensity from second nicol

I=50cos260°=20 105
4
30. (b) Hemn?
}\'2
30=a+ b
(5000)2
and 50=a + b
. (4000)°

Solving for a, we get a = Y per mm
9
anf A%2a)

3

31. (d) Given,p =

=cot(§)=cos (A/2)

Sin(A /2)
or sin(A+6m)=cos(é)=sin 90"—14.
2 2 2

A8, g A

2 2

or O = 1802 —2A
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32. (d) As. B/
Volume ratio 1 : 2 in a tube of length 30 cm means 10 cm length
of first solution and 20 cm length of second solution.

Rotation produced by 10 cm length of first solution

38° X
8 =20y 10=19°
20
Rotation produced by 20 cm length of second solution
8y =~22 x 00 =—16°
30

.. Total rotation produced = 19°-16°= 3°
33. (b) Rotation produced8 =S Ic
Net rotation produced, 6, =6, -6, =/(S.c,; -S.C,)
0.29% [0.01x 60— 0.02% 30] = 0

34. (0 i, +r=90°

or r=90°-/, = 90°-53°4 = 36°56’
35. (b) For the first minimum, asing, = A ~ a8, = a—g‘
_ads

For the sixth minimum, asinB; = 61 = af; = —5
D

= a
(BA-A)=—(ds —d,)
D( ° 1 =
s 5D\ 5x 05x 5% 107"
or a=_ =

(de —d,) 0E3 0
=25x10° m =2.5mm

36. (a) The relation between angle of deviation & for a thin prism an
angle of prism and refractive index of material of prism is given by
o=(p-)A

37. (a) We know very well that glass is transparent. But when the

glass is powdered, the irregular reflections occur from the
surface of powdered glass and finally the light returns back into
the same medium. Because of it the powdered glass looks
opague. When we pour water over the powdered glass,
refraction of light takes place and it becomes transparent.

38. (a) The focal length £, of convex lens in water of refractive index
., is given by
J:{“L_&“J[_l_LJ ()
Ty % Ry Ry

Here, 1, is the refractive index of lens (glass).
The focal length of lens in air is given by

1 1 1 :

el oA g L L i

f (.ug )(R.] RZ ) (Il)
From Egs. (i) and (i), we conclude the focal length of lens in
water (f,)is greater than focal length of lens in air (£,). Therefore,
the focal length of lens in water get increased consequently
power decreases.

39. (0) Red colour consists of longest wavelength and it scatteres
least, Therefore, signals of red colour are being seen from the
long distances. Hence, the signals are made of red colour

light.

40. (c) The clouds consist of dust particles a

42. (c) The magnifying power of telescope in relaxed state IS M=

JEE Main Physics inJust 40 Days

nd water droplets. The
g dust particles and water dropsiis
But they scatter the light
Hence, the clouds are

scattering of sun light by the bi :
not in accordance with the Rayleigh law.

of all the colours by the same amount.
seen generally white.

41. (a) Resolving power of telescope is = ook

where ais the diameter of objective lens and A is the wavelength

of light used. It is obvious that on increasing &, morellxght is
collected by objective lens and so, the Image formed is more

bright. Thus, resolving power of telescope increases.

I [oh

So, for high magnification, the focal length of objective length ;
should be larger than that of eyepiece. '

Resolving power of a telescope = *d——
el 3 122

For high resolving power, diameter (d) of objective should be
higher.

43. (¢) In anormal eye parallel light rays are refracted by the cornea’
to produce a focused image on the retina. Therefore, the image
distance equals the focal length. If the image is to be focusedon
the retina, then in the normal eye the retina must be at the focal
length of the cornea, which is 2 cm.

44. (a) For a convex lens (cornea) if object lies beyond focus image
is real and inverted.

45. (d) Myopia occurs when the cornea focuses the image of a
distant object in fornt of the retina. This defect can, therefore
corrected by a lens that would' lead to an increased net focal
length.‘ Therefore, we need a diverging lens. In hypermetropia
opposite in the case.

=)

@

46. (o) Substituting the given values in the given equation

IR

Vo e S e R ;
47. (d) Putting x = 0in given equation, ! — g1 ! <
VoE : ¢

If £ and ; both are doubled, then | will become _! fimes ourm |

1% > {

become two times. = |

48. (b) g =MD {

? :;

or n= Bi i

AD

As Dwillincrease order will decrease

49. (b) L
d 2d
or 5D=§D':§
> 2(D+vz‘) ’é
t=D
v
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au

Dual Nature
of Matter

Day 31 Dual Nature of Radiation

OUU | nes The concept of wave nature of matter arose from the dual character of
the radiation which sometimes behaves as g wave and sometimes as q
© Dual Nature of Radiation particle.
O Photoelectric Effect In the phenomena where light interacts with itself, such as dispersion,
O Davisson-Germer Experiment interference, diffraction and polarisation, the wave nature of light

dominates. In the phenomena where the light interacts with matter,
such as in Photoelectric effect, Compton effect Raman effect, the
particle nature of light dominates.

Matter waves travel as a wave packet with decreasing amplitude on either
side of the present position.

Wave packet

(i) The de-Broglie wavelength of a particle of mass m and moving with velocity
v is given by
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(ii) If m, be the rest mass of the particle, then
B[l — v /e
myv

A=

(iii) The de-Broglie wavelength of a particle of mass m
and kinetic energy K is given by
h

2mK.

(iv) If a particle of mass m carrying charge g, is
accelerated through a potential V, then its de-Broglie
wavelength is given by

(v) The de-Broglie wavelength of a

JEE Main Physics »us+ %40 Days

h

M= JemaV

m at temperature T (in Kelvin)
h

¥ /3 mkT

Here k is Boltzmann constant.

volts, then its de-Broglie wavelength is given by

ol
Nl A
k.

Matter Waves and Wave Nature of Particles

In case of light some phenomenon like diffraction and interference can be explained on the basis of its wave
character. However, the certain other phenomenon such as black body radiation and photoelectric effect can
be explained only on the basis of its particle nature. Thus light is said to have a dual character. Such studies on
light wave were made by Einstein in 1905. Louis-de-Broglie, in 1942 extended the idea of photons to material
particles such as electron and he proposed that matter also has a dual character as wave and as particle.

de-Broglie Wavelength Relation

According to de-Broglie, a wave is associated with energy
moving particle. These waves are called de-Broglie waves
or matter waves.

(1) In the nth orbit, we have

2

L=mvr=ﬂ :)}\,:izﬂ
2T mv n

o : Eht 27r

(ii) Number of waves in nth orbit is N = T n

Thus, the number of de-Broglie waves in nth orbit
is n.

» Expression for the wavelength associated with charged
particles accelerated through a potential difference V.
122,957/

(i) Electron A, = A

9

. 286 ¢
(ii) Proton A, = %A

0.202 ¢
iif) Deuteron Ay =———— A
(iif) J 7
0.101 ¢
iv) o-particle Ay =——A
(iv) o-p o W
» Wavelength of atoms at temperature T
| e
A2 mKT
» The de-Broglie wavelength associated with ordinary objects js
of the order of 1072 m,

Emission of Electrons

At room temperature, the free electrons move randomily
i within the conductor, but they don’t leave the surface of the
i conductor due to attraction of positive charges. Some
external energy is required to emit electrons from a metal
surface. Minimum energy is required to emit the electrons
i which are just on the surface of the conductor. This

minimum energy is called the work function (denoted by W)
of thg conductor. Work function is the property of the
metallic surface. The energy required to liberate an electron
from metal surface may arise from various sources such as
heat, light, electric field etc. Depending on the nature of
source of energy, the following methods are possible

¢ Thermionic emission The e

be given by heating the me
known as thermions,

Nergy to the free electrons can

e o 59
econdary emission Emission of slectrons from a me@‘f

surface by the bomb i

other particles is knowre\l r:? seencto(r?f:le?:rfl st Defrd e 0‘:
* Photoelectric emission Em o |

metal surface by falling ligh

wave which has an energy

the metal) is called photog|

7

ISSion of free electrons from &
t (or any other electromagne
gregter than the work function of
ectric emission. The electrons

emitted are calleq photoelectrons

e ESTgie S PR 2t T e nT S SR S

gas molecule of masg
is given hy |

tal. The electrons so emitted are |

|

(vi) If an electron is accelerated through a potential V5

@

(x
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Photoelectric Effect

Photoelectric effect is the phenomenon of emission of electrons (known as photoelectrons) from the surface of

metals when light radiation of suitable frequency is incident on them.

For a given metal, there exits a certain minimum frequency of light radiation below w
place. This minimum frequency of radiation is known as the threshold frequency (Vo)-

hich no photoelectric emission takes

Incoming radiation E =% mv?
photons &)

SlEiE)
Electrons
\\\Yn} /7/ knocked out

{e@@ 006066606
©000,00000060600

Electrons inside the metal surface

(i) The minimum energy of incident radiation needed to eject the electrons:from metal surface is known as the work

function (¢,) of that surface. Work function is related to threshold frequency as

he
b, = hv, = —
Qg 0 7\0
where, ), = threshold wavelength,
. he 12400
In electron-volt units, h(eV)=—=
e elg NN

(ii) According to Einstein’s photoelectric equation hv = 0y + K.
1 ; : : o
where K., = 2 mv® max = Maximum kinetic energy of ejected photoelectron and v is the frequency of incident light
photon.

As ¢, = hv,, hence, Einstein’s equation may be written as h(v —vg) = Kpax = % IV o

(iii) If in a photoelectric tube we apply a negative potential, then for a certain minimum negative potential the
photoelectric current becomes zero. This negative potential is known as stopping potential (V).
It is, thus, a measure of maximum kinetic energy of photoelectrons, i.e.,

il
GVO = Kmax = —Z'mVZmax

) (iv) Photoelectric emission is an instantaneous phenomenon. Time lag between the incidence of light ph

G e : &S ght photon and
. emission of photoelectron is of the order of 10~ s.

of (v) Variation of stopping potential V; with frequency v of incident radiation is shown in figure.

ne cut off frequency

V!

hasing novaPpD Nttt //ywww.novapal.com
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eVy=h(v-vo) =hv-10

V0=-{1—V—$—Q
e ()

- SaR

e

s, Vo-v graph is a straight line whose slope is ! and intercept is —0g
il e

1 meets the v-axis at v,.

‘» For same wavelength, the ratio of accelerating potential is as follows

v

() so=Tads IX2_g
Vg, |
v

(,’,')_P.zmdqd=zx_l=2
Vg mg, %I

i) Yo = Made 422 _
Ve T 2

w The shortest X-rays wavelength emitted when the electrons incident on the target are

accelerated through potential V will be
R0

i hetieeia

T eV V

It is also called as Duane-Hunt law.

Davisson-Germer
Experiment

This experiment verified the wave nature of electrons using NI
crystal.

Let b = distance between the lattice points and d = distance
between the scattering planes. Also let 8 = glancing angle for
the incident beam of electrons and ¢ be the angle between the

incident and diffracted beams. Then for a glancing incidence,

we have 2dsin® = nk and for normal incidence, we have

eV. The

-

mm

For normal incidence,
For glancing incidence,

Also

He

basis of experiments On photoe
effect are
« The! irater “Hef emission

*

Bragg's Eq
psin ¢ =Nk

2d sin® =Nk
0 +26=180°

1z and Lenard’s observations o

photoelectrons from the surface
metal varies directly as the int
of the incident light.

The maximum kinetic energy of
emitted photo electrons

independent of the intensity oOf
incident light. '

The maximum kinetic energy
photoelecirons  increases linear
with the increase in the frequ
the incident light.

If the frequency of the inciden
below a certain lowest value
photoelectrons are emitted fi
metal.

As soon as the light is in
the surface of the
photoelectrons are emitte

frequency v, varies
metal.



http://www.novapdf.com/
http://www.novapdf.com/

Practice

1. An electron of mass m and charge g is accelerated from rest
in & uniform electric field of strength E. The velocity acquired
Dy it as it travels a distance |/ is

(8) J2Eql/m (b) ~2Eq /ml
(©) \2Emfl (d) yEq /ml

2. The voltage applied to an electron microscope to produce
electrons of wavelength 0.50 A is
(a) 602 V (o) 50V
(c) 138V (d) 812V

3. What will be the number of photons emitted per second by a
10 W' sodium vapour lamp assuming that 90% of the
consumed energy is converted into light? [Wavelength of
sodium light is 590 nm, and h = 6.63x 10734 J-s]

(a) 0.267x10'® (b) 0.267x10'®
(c) 0.267 x10%° (d) 0.267x10""

4. A radiotransmitter operates at a frequency 1000 kHz and a

power of 66 kW. Find the number of photons emitted per
second.

() 10% (b) 102 (c)10%° (d) 10%
5. Two monochromatic beams A and B of equal intensity /, hit

a screen. The number of photons hitting the screen by beam
A is twice that by beam B. Then, what inference can you

make about their frequencies? [NCERT Exemplar]
(@) vg =27y, (0) Y5 = 7a
(©) vu = 2Yp (d) vg >¥a

6. When a surface 1 cm thick is illuminated with light of
wavelength A, the stopping potential is V,, but when the
same surface is illuminated by light of wavelength 3A, the
stopping potential is V,/6, the threshold wavelength for
metallic surface is

(@) 41 (b) 51 (c) 3% (@) 2

7. A photocell with a constant potential difference of V volt
across it is illuminated by a point source from a distance of
25 cm. When the source is moved to a distance of 1m, the
electrons emitted by the photocell
(@) carry 1/4th their previous energy
(b) are 1/16th as numerous as before
(¢) are 1/4th as numerous as before
(%) carry 1/4th their previous momentum

8. The wavelength of the photoelectric threshold for silver is T
The energy of the electron ejected from the surface of silver by
an incident light of wavelength A (A < A ) will be

he
@ hc (g —A) () A=A

(C)ﬁ+ Je il (d)hc(&o_i_}L

¢ N g  AgA
9. In a photoelectric effect measurement, the stopping
potential for a given metal is found to be V, volt when

radiation of wavelength A, is used. If radiation of wavelength

2\ is used with the same metal then the stopping potential
(in volt) will be

V he hc
a) 2 b) 2V, c) V, + VA =
()2 (b) 2V, © % D6y d V% Soh

10. An electron of mass m and charge e are initially of rest. It
gets accelerated by a constant electric field £. The rate of
change of de-Broglie wavelength of this electron at time ¢ is

—h —nh
— b
e Et? )eEt2
=) —eht
C) — d
( )eE (d) =

11. Specific heat of water is 4.2 J/g °C. If light of frequency
3x 10° Hz is used to heat 400 g of water from 20°C to 40°C,
the number of moles of photon’s needed will be
(@) 1.69x 10%° (b) 169 x 108
(c)2.80x 10* (d)2.8x 10°

12. Conside( a metal exposed to light of wavelength 600 nm.
The maximum energy of the electron doubl
wavelength 400 nm is used. Find the work f

(@) 2.83 eV
(c) 1.02 eV

es when light of
unction in eV,

INCERT Exempla
(b) 2eV o

(d) 3.42 eV
13. The eye can detect 5x10* sy :
photons m™2s
wavelength 500 nm. The of light of

€ar can hear intensity upt
=13 -2 o
107 Wm™. As a power detector, which is more sensitivs

(a) Sensitivity of eye is one-fifth of the ear

(b) Sensitivity of eye is five times that of the ear
(c) Both are equally sensitive

(d) Eye cannot be used as a power detector
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14. A metallic surface is illuminated with monochromatic light of
wavelength A, the stopping potential for photoelectric
ourrent is 8V, and when the same surface is illuminated with
light of wavelength 2, the stopping potential is V. The
threshold wavelength of this surface for photoelectric effect
is

(a) 4M3 (b) BX (c) 8A (d) 4

Directions (Q. Nos. 15 to 17) Each of these questions contains
two statements : Statement | (Assertion) and Statement |l (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes
(@), (b), (), (d) given below

(a) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement |

(b) Statement | is true, Statement Il is true; Statement Il is not the
correct explanation for Statement |

(c) Statement | is true; Statement |l is false

Statement | is false; Statement |l is true

G

15. Statement | As intensity of incident light (in photoelectric
effect) increases, the number of photoelectrons emitted per
unit time increases.

Statement Il More intensity of light means more energy per
unit area per unit time.

16. Statement I The relative velocity of two photons travelling in
opposite directions is the velocity of light.
Statement Il The rest mass of photon is zero.

17. Statement | Electron capture occurs M

Directions (Q. Nos. 18 to 20) Light from th
carth, an average of 1.5x10'" m away, a
1 4% 10° Wim? of area the perpendicular to the di

Assume that sunlight is monochromati

ore than positron

emission in a heavy nucleus. :
Statement II In a heavy nucleus, electrons are relatively
close to nucleus.

e sun arrives at the
at the rate of
rection of light.
¢ with a frequency of

5% 10" Hz.

18. The number of photons reaching per second on each

19

20.

square metre of the earth's surface directly facing the sun
are

(@) 12.4% 102 (b) 4.2x 10"

©1.2x10* (d)1.4x 10"

How many photons per second are per square meter
emitted by the sun surface?

(@) 12.4x10%° (b) 4.2x 102!

() 120 (d)1.4x 10"

Near to surface of the earth, how many photons per cubic
metre are there?

(@)12.4x10%® (b) 4.2x 10°!

©1.2x10% (d)1.4x 10"

AIEEE & JEE Main Archive

21. Protons of an electromagnetic radiation has an energy
11 keV each. To which region of electromagnetic spectrum

does it belong? [JEE Main Online 2013]
(a) X-ray region (b) Ultra violet region
(c) Infrared region (d) Visible region

22. Orbits of a particle moving in a circle are such that the
perimeter of the orbit equals an integer number of
de-Broglie wavelengths of the particle. For a charged
particle moving in a plane perpendicular to a magnetic field,
the radius of the n'" orbital will therefore be proportional to

[JEE Main Online 2013]
a) n° (b) n
gcg nir2 (d) a4

23. In an experiment on photoelectric
effect, a student plots stopping

potential V, against reciprocal of metal A

hulits Vo metal B
the wavelength A of the incident
light for two different metals A

and B. These are shown in the
figure.

1/A

24

.

Looking at the graphs, you can most appropriately say that
. [JEE Main Online 2013]
Work function of metal B is greater than that of metal A

@
(b) Work function of metal A is greater than th

at
(¢) Students data is not correct TIRER
(d) None of the above

Electrons are accelerated through a potential difference
0

and protons are accelerated throy i
: gh a potential dj c!
4 V. The de-Broglie wavelength are e and N fordel?eﬁitergng

and protons respectively. The ratio Ao
of ? Is given by

(Given m, is mass of electro i
ns and m, is mass of proton).
UJEE Main Online 2013]

L

Net o im
e o 2 [ ;
Ao g ;
Na o i ¥
© % Tam, @ 2o _p Mo :
() }"p m

NSy

28.
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25. A copper ball of radius 1 cm

26. This question has Statemer

Day 31 Dual Nature of Matter

‘ ‘ and work function 4.47 eV is
iradiated with ultraviolet radiation of wavelength 2500 A.

The effect of irradiation results in the emission of electrons
from the ball. Further the ba|| will acquire charge and due to
this there will be a finite valye of the potential on the ball. The
charge acquired by the ball is [JEE Main Online 2013]
(&) 55 107" ¢
(b) 7.5% 107'°C
(B A5 1002 ¢

(d) 2.5% 107"

O

Nt | and Statement 1. Of the four
choices given the statements, choose the one that
aescribes the two statements,

Statement I Davisson-Germer experiment established the
Wave nature of electrons.

Statement II |f electrons have wave nature, they can

interfere and show diffraction. [AIEEE 2012]

(@) Statement | is false. Statement Il is true

(b) Statement | is true. Statement Il is false

(c) Statement | is true Statement Il is true: Statement Il is the
correct explanation for Statement |

(d) Statement | is true, Statement Il is true: Statement Ilis not the
correct explanation of Statement |

27. This question has Statement | and Statement II. Of the four

choices given after the statements, choose the one that best
describes the two statements.

Statement I A metallic surface is Irradiated by a

monochromatic light of frequency v > v, (the threshold

frequency). The maximum kinetic energy and the stopping

potential are K. and V, respectively. If the frequency

incident on the surface is doubled, both the Kmnax @nd V; are

also doubled.

Statement II The maximum kinetic energy and the

stopping potential of photoelectrons emitted from a surface

are linearly dependent on the frequency of incident light.

[AIEEE 2011]

(a) Statement | is true, Statement Il is true, Statement Il is the
correct explanation of Statement |

(b) Statement | is true, Statement Il is true, Statement Il is not the
correct explanation of Statement |

(c) Statement | is false, Statement Il is true

(d) Statement | is true, Statement Il is false

28. Statement I When ultraviolet light is incident on a

photocell, its stopping potential is V, and the maximum
kinetic energy of the photoelectrons is K. When the
ultraviolet light is replaced by X-rays, both Vo and K.,
increase.

Statement II Photoelectrons are emitted with speeds
fanging from zero to a maximum value because of the

fange of frequencies present in the incident light,
[AIEEE 2010]

(@) Statement I is true, Statement Il is true; Statement Il is the
correct explanation for Statement |

(b) Statement lis true, Statement Il is true; Statement Il is not the
correct explanation for Statement |

(c) Statement | is true; Statement Il is false

(d) Statement | is false; Statement Il is true

29. If a source of power 4 kW produces 102° photons/second, the

radiation belong to a part of the spectrum called [AIEEE 2010]

(a) X-rays (b) ultraviolet rays

(c) microwaves (d) y-rays
Directions (Q. Nos. 30 to 32) are based on the following
paragraph.
Wave property of electrons implies that they will show diffraction

effects. Davisson and Germer demonstrated this by diffracting
electrons from crystals. The Jaw governing the diffraction from a

crystal is obtained by
the planes of atoms

requiring that electron waves reflected from

in a crystal interfere constructively (see

figure).

30. Electrons accelerated by potential V/ are

31

32.

[AIEEE 2008]
Incoming

Outgoing
Electrons

Electrons

diffracted from a
crystal. If d=1A and /=30° V should be about
(h=66x10"% J-5,m, =91x 1073 kg.e =1.6x107'°C)
[AIEEE 2008]
(a) 2000 V

(b) 50V
(c) 500 V/

(d) 1000 V

. If a strong diffraction peak is observed when electrons are

incident at an angle / from the normal to the crystal planes
with distance d between them (see figure), de-Broglie
wavelength A4z of electrons can be calculated by the
relationship (n is an integer) [AIEEE 2008]
(@) dsini = nkyg

(b) 2dcosi = Ny
(c) 2dsin/ = Ngg

(d) dcosi = Ngg

In an experiment, electrons are
made to pass through a narrow
slit of width o comparable to their
de-Broglie wavelength. They are
detected on a screen at g
distance D from the slit (see
figure).

Which of the following graphs can be expected to represent
the number of electrons N detected as g function of the
detector position ¥ (¥ =0 corresponds to the middle of the

slit) ? [AIEEE 2008]
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Q> S

(@) a— b
s d (b) X

=
4\\
Q>
G
Zl
o> <

oton of frequency v has a momentum associated with it.

33, Pho
if ¢ is the velocity of light, the momentum is [AIEEE 2007]

JEE Main Physics inust 40 Days

urface is & Vs

' iation inci his
potential for a radiation incident on t IAIEEE 2006]

The incident radiation lies in
(a) ultraviolet region
(e) visible region

(b) infrared region
(d) X-ray region 3

35. The surface of a metal is illuminated with the light of 40f0 nn:j
The kinetic energy of the ejected photoeleotrqng was foun
to be 1.68 eV. The work function of the metal s’
(use he = 1240 eV-nm)
(@) 1.41 eV
(c) 1.68 eV

36. Two identical, photocathodes receive light of frequencies |
and f,. If the velocities of the photoelectrons (of mass m) =8
coming out are respectively v; and Va, then [AIEEE 2003]

(b) 1.51 eV ,
(d) 3.09 &V ;

(@) ,\' (b) hve
f 2h K F
@ @i-i=Dygg)  ©vrve=[E ) |
e’ c m
C 1/2
: > o 2 _[2h =)
34. The threshold frequency for a metallic surface @Weevs == () (d) vy =V, = —n—7(1 =0 |
corresponds to an energy of 6.2 eV and the stopping {7 |
Answers
1. (@) 2. (a) 2 (@) 4. (c) 5 (@) 6. (b) 7. (b) 8. (d) 9n(@) 10. (a) “
11, (c) 12. (¢) 13. (b) 14. (d) 15. (b) 16. (b) 17. (a) 18. (b) 19. (b) 20. (d)
21. (b 22. (¢) 23. (¢) 24. (d) 25. (a) 26. (c) 27. (©) 28. (d) 29. (a) 30. (b) :
31. (b) 32. (d) 33. (d) 34. (a) 35. (a) 36. (a) ‘
(] ) ®
Hints & Solutions |
1. As v2=u?+2as; Number of photons emitted per sec %
e 9x 59 ;
) [2gEl =hd (O oy T 00 L |
80, v2=0+2% o v= ’,jﬂ, L e = s ;
m N m |
: e S ) 4. Number of photons emitted per second = P
2. de-Broglie wavelength is A = ot = T l
T = — - 29 ’
But ey - 6.6><1O‘34x(1000><103) 10
L= ey 5. Intensity , = Intensity 5 ;
. 2 The number of photons of beam A — i v}
2mel’ The number of photons of beam B — ng ’

(662 x 1073y
05x 10 0P x2x91x 107" x 16 x 1077

= V=60198Y =602V

el E~hc~6.63x10'34x3><108
3. Energy of photon, £ = i 590 % 10°°

09

90

i C d=— %10
Light energy produced per secon e
' =9 W

According to question, Ny =2n
B

t?tb ; grgeB Fhe frequency of beam A and v be the frequenCY‘_d‘i
Intensity e Energy of photons
I o< (hv) x Number of photons
Ia _Nava
iy 3
According to question, /, =/, 3

MAVA=Ngvy = YA _Ns 1
VB2
So, Vg =2v,
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6. From Einstein's photoelectric equation, we have

1 1
e =he | — — — '
1 7L ko} o (0
eV, 1
Py 1 (i)
6 T

Dividing Eq. (i) by Eq. (i), we get

i

e §L
v Ay A A
1.5
=) —_— =
— -}:0:5
A
= Ao =K

7. Photoelectric current / is directly proportional to intensity of
light and intensity o

(distancey
I35 o< é (i)
b (1010)2 Tilinr = e om0
s _ (1007 _ .
oo (25)
=7 loo = %2%
e
9 eV =Z—Z‘Wo
and eV’:E,;%—WO
Subtracting them, we have

10. Here the initial velocity isu = 0

Slﬂ%a:‘?'f-,v::? att =t
) e

13. Power of eye =

D"ﬂ 31 Dual Nature of Matter 429

eE
So we get, usingv =u + at =0 + Et
" o o7 h s
This gives A = pe i 7m(el:'t/m) =

The rate of change of de-Broglie wavelength is
ar _ h ( —1) —h
s e |
off @& \{ ekt

11. E=nl

ms AT = nhr
ms AT
) = ===
hr
400 x 4.2 x (40 — 20)
6.626 x 107%* x 3 x 10°

=1.69x 10%® photons

169 x 1028
6023 x 10%°

=2.8x 10* mole photons

12. Given, wavelength A, = 600 nm = 600 x 10-2m
Energy correspond to A, = £,
Again, wavelength A, = 400 nm = 400 x 10~ m
Energy correspond to A, = E,
Let the work function of metal is ¢.
According to question 2E, =E,

; he he
ie., = = el
[m %J T
20 - e
or —————:2 —_
T, 9o — 9o
2 1
or hC ——— | = -
[7‘1 KJ 9o

e e ol 2
600 x 107° 400 x 10~°

e =6.63><10‘34><3><108[1 1
107 34
or = 6.63% 3x 107 [41;2§JJ

L 668bueaioRl

=———° "  _102
16x 1079 x 12 =

5x10* x 66x 1073 x 3% 108
500x 10719

=0.2 x 107" Wm 2

The power of ear =1x 1073 Wm=2

Thus the sensitivity of eye is five times more than that of the
ear. :
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nere, A, = threshold wavelength.
ow for the first case

e =he

S [ =e(3%) (i)
For the second case

e e P

2_7»—_x;=80/0) .. (i)

Dividing Eq. (i) by Eq.(ii), we get
he (l - ij
N g _3e%

ol e S
T

ey
oI hsel,
=)
7\.0 —27\4 eVO
D

15. From quantum theory of light, as intensity of light increases
means number of photons/area/time increases and hence
more photons take part in ejecting the photoelectron thus,
increasing the number of photoelectrons.

- 16. Velocity of first photon =u =¢

Velocity of second photon=v =-C

Now relative velocity of first photon with respect to second
~ photon’ ; :

. e c—(-¢)

22. As, 2mr =nk =

=
i

//, sl

r=15x10""m

7
<

Earth .

So power of the light at the sun's surface is,
P =dnr® x|
—dn x (15x 10" 2 x 14x 10° W

g =396x10%° W ' o

Let n, photon/s are emitted by sun’s surface, then
tighy = £ =3
o npx 6626% 107 x 5x 10™ =396 x 1078 "

= ny =1.2x10%

19. Let out of these n, photon/s the photons reaching ear
n/area/time, then | = nhv B

2 14x 108 '
66263 10 x 5x 10" -

= 4.2 x 102! photon/m?-s.

20. Number of photons reaching earth's surface on each
metre are 4.2 x 10%' s,
In time At, the photons reaching earth’s surface per
metre are 4.2 x10?' At, and in the same time
photons fravel a distance of cAt where ¢ is the <
light. So, the number of photons in each m® near the

4.2 x 10°'At
Lhisay e 13
=14x 10

—

of the earth, is

21. As,E=EX€ e 8

E

Hence, UV region.

P T
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(o V= 4v) (i)

2 .

. 5 e que—
p

¥ = " /2mpq -4y

~ Dividing Eq. (i) by (i), we get

; Ao _p Mo
Mo Mg

he..

1 Q N\

3 = ENQ 55 l0sE
dye < 1072 Q

% Davisson and Germer experimentally established wave
nature of electron by observing diffraction pattern while

i bombarding electrons on Ni crytal.
- Maximum kinetic energy (KE)max IS given by
(KB}rax = hv —hvy.
uency is increased (KE)qq Will increase stopping

lis that negative voltage given to the anode at which
Nt stops, hence doubling frequency will not effect

e =0
=6V = h@vq— Vo)

et
S0, KE, s and Y, both increases.
But KE ranges from zero to KE ., be
due to subsequent collisions befor
due to range of frequencies in the incident ght.

29. 4% 10° =107 x hf

e 4% 10°
10%° x 6023 x 107

f=6.64x 10'° Hz
The obtained frequency lies in the band of X-rays.

30. For constructive interference,
h

2meV
On substituting values get, V = 50 volt

PllCRS ] = M =

31. Expression is given by 2d cos i =n Agg’
32. As diffraction pattern has to be wider than slit width,
So, (d) is the correct option.

33. The momentum of the photon
_h_hv
NG
34. From Einstein's photoelectric equation
hv=hv,+eV, =6.2+5=112 eV

he hc
= —=11.2eVorA =——=11
A 112 b
which belongs to ultraviolet region.
1240
35. E, =——eV=31
* 400 2y

KE= %mv2 =gV, =168eV

= 31eV =W, + 168eV
W, =(81-168)eV
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Day 32

Outlines ...

5 Scattering of a-particles

~ Rutherford's Model of
the Atom

o Bohr's Model
o Hydrogen Spectrum

Atoms

Theory of Atoms

Atom is the smallest particle of an element which contain all
properties of element. Molecule is a single atom or a group of a

joined by chemical bonds. It is the smallest unit of 5 Oh atoms
compound that can have an independent existance. Nuclei Do T‘
nucleus of an atom, having a given number of ”UCléons " ¢ refers to a
term referring to all known isotopes— both stable and 5 GeE
chemical elements. Thus 0™ and 0Y are different nud[_‘g;mble of the

Scattering of o-particles

In 1911, Rutherford successfully explained ;

of nuclear model of the atom. Ve Rngs s peatenug o o-particles on the basis:

Number of o-particles scattered through angle 8 is given i
Z2 y

sin* (0/2) K2

B

o

R

N(©) =

where K is the kinetic energy of the o-parti '
cl ;
metal. 5 © and Z is the atomic number of &
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Rutherford’s Model of the Atom

On the basis of scatlering of o-particles,
postulated the following model of the atom

(i) Atom is a sphere of diameter about 10-1 1. Whole of
its positive charge and most of its mass is
concentrated in the central part called the nucleus.

(i) The diameter of the nucleus
L Sls

Rutherford

is of the order of
(iii) The space around the nucleus is virtually empty
with electrons revolving around the nucleus in the
same way as the planets revolve around the sun.

(iv) The electrostatic attraction of the nucleus provides
centripetal force to the orbiting electrons.

(v) Total positive charge in the nucleus is equal to the
total negative charge of the orbiting electrons.

(vi) Rutherford’s model suffers from the following
drawbacks

(a) stability of the atomic model
(b) nature of energy spectrum

Bohr’'s Model

Bohr added the following postulates to the Rutherford’s model of the atom

(i) The electrons revolve around the nucleus only in
certain permitted orbits, in which the angular
momentum of the electron is an integral multiple of
h /2., where h is the Planck’s constant.

(ii) The electrons do not radiate energy while revolving
in the permitted orbits.

That is, the permitted orbits are

stationary,
non-radiating orbits.

» Radius of the orbit of electron in a hydrogen atom in its stabl

(iii) The energy is radiated only when the electron jumps
from an outer permitted orbit to some inner
permitted orbit. (Absorption of energy makes the
electron jump from inner orbit to outer orbit).

(iv) If energy of the electron in nth and mth orbits be E,
and E,, respectively, then while the electron jumps
from nth to mth orbit the radiation frequency v is
emitted, such that £, — B, = hv

This is called the Bohr’s frequency equation.

€ state, corresponding to n =1, is called

Bohr's radius. Value of Bohr's radius isry = 0.529 A = 0.53 A .

» The time period of an electron in orbital motion in the Bohr's orbit is

2nr _ 2mx 0534

g il

v

=B R =
(&

137

|
and the frequency of revolution is f = = =6.5757 x IO‘Scps

Some Characteristics of an Atom

(i) The orbital radius of the electron is
2h2

— 4 T € _n____

& % 4 n’me?

(ii) The orbital velocity of electron is

T i2ied
V. =
4me, nh
(il)) Orbital frequency is given by
e e e
ST orr
b mph
4¢ein’h’

(iv) The total energy of the orbital electron is

o] [l

4

me
KE = Ry Ty e
8n?h? 2
PE = me?

4n*h® e

(V) The velocity of the orbital electron may be written as

il 2“‘2(1)
oaxet h n
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i RO -
= — § ——— | = (X
n| ane, ch n
1 2ne ,
Here 27" o is called fine structure
e, Gl

constant. It is a dimensionless quantity.

The value of o comes out to be 1—1— =0.0073
&7

(vi) The Xkinetic, potential and total energies of the
electron with r as the radius of the orbit are as

2 2
follows KE = 1 TR S e
2|4mey I 4meEy I

in Just 40 DayS

AameEy T
Therefore, they aré related to each ot
KE=—EandPE=2E

For a hydrogen atom

and E—’-“z

her as follows

(vii) g
1

2 — and E|e<—

['nocn ,Vno‘:H | nZ

gular momentum associated

he two successive orbits of
hEer 1

om 2m

The difference in an
with the electron in t

hydrogen atom isAL=(n+1) 3

Hydrogen Spectrum

Hydrogen spectrum consists of spectral lines classified

as five spectral series of hydrogen atom. Out of these

five, Lyman series lies in the ultraviolet region of spectrum,

Balmer series lies in the visible region and the remaining three

series, lie in the infrared region of spectrum.

0 n=oo
I I e
0 s e | e O
S I | | HTPfund,
—— 054 H— | | e
o085t ; IV Brackett -4
g RN - 1] Paschen e
—1.51 i
T ‘l | l ~<~—— |nfrared —>
i Balmer =)
2 Visible light
: Lyman
| series
19:60 Ultraviolet

Total number of emission spectral lines from some excited sta

2%
n(n-—1)

e.g., total number of lines from n, = n to n, =1are
The five spectral series of hydrogen atom are given below

1. Lyman Series
Spectral lines of Lyman series correspond to the
transition of electron from higher energy levels (orbits)
n; =2,34.. to ground energy level (1st orbit) ny = 1.

== —1————17 wheren = 2,3, 4,...
A e

at a term Rch =13.6 eV=2.17Xx 10
s known as Rydberg's energy.

For Lyman series,

-18 ]

It is found th
The term Rch i

(n, = m,)(ny

te n, to another energy I (< n,) is given
enb
g 1 2 1] 8 y

M |

2. Balmer Series

=2, giverise

a5

b

Electronic transitions from n; = 3,4,5, . ton
to spectral lines of Balmer series. d

Thus, for a Balmer series line

H[-l_ N
(@)% istnii):

4]

1.5
L

A

where n =3, 4,5,...

G\

vz

Ie

To

pr
Th
sta
Th
acc
ene
The

8ro
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3. Paschen Series

Lines of this series lie in the infy
correspond to electronic transition from n

1
Iip = 3.

il 1
— | Wheren=4,5 6.,

A (3]2 n

4. Brackett Series

It too lies in the infrared region and corresponds to

transition from n, = 5,6, 7,... to e =4.

—

» Radius of the nth orbit in h

» |f elements with n > 4 were not @

Ionisation Energy and Potential

Ionisation energy of an atom is defined as the energy
required to ionise it i.e., to make the electron jump from its
present orbit to infinity.

Thus, ionisation energy of hydrogen atom in the ground
state SR =0 (=13'6/eVi) =+18.6 eV

The potential through which an electron is to be
accelerated so that it acquires energy equal to the ionisation
energy is called the ionisation potential.

Therefore, ionisation potential of hydrogen atom in its
ground state is 13.6V.

ared region and
=4,5,6,... to

435

&

Thus, for Brackett series

2 i 1 a
i:v:R 1,——,, , where n =5,6,7,...
A (4° n°

5. Pfund Series

It lies in the far infrared region of spectrum and

corresponds to electronic transitions from higher orbits

n; =6,7,8,...to orbit having n; = 5. Thus, we have

1 |
4
|

2

wheren=6, 7, 8, ...

Excitation Energy and Potential

Excitation energy is the energy required to excite an
electron from a lower energy level to a higher energy level
The potential through which an electron is accelerated so
as to gain requisite ionisation energy is called the ionisation
potential.
Thus, first excitation energy of hydrogen atom

= E, -~ B, == 34~ (- 13.6) eV

=+10.2eV
Similarly second excitation energy of hydrogen

=E; -,

=-1.51~ (-13.6) = 12.09 eV

» Total energy of a closed system is always negative and its magnitude is the binding energy of the
g ) ) 2 g

system.

» Kinetic energy of a particle can't be negative, while the potential energy can be zero, positive or
negative. It lsvbaszcoHy depends on the reference point where we have taken it as zero
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1. The ground state energy of H-atom is 13.6 eV. The energy
needed to ionize H-atom from its second excited state

(@ 1.51eV (b) 3.4 eV
(c)13.6 eV (d)12.1 eV
2. The potent21a| energy between a proton and an electron is
e ;
E =————- then the radius of the Bohr's orbit is
4me ((3R”)
2N 22
@ 4n ezm2 (b) Brnem
dmeyn°h 4megnh®
2 2
© E m3 q 2mem
4megh 4meonh®

3. An electron jumps from the 4th orbit to the 2nd orbit of
hydrogen atom. Given the Rydberg's constant R =10°cm ™,

the frequency in hertz of the emitted radiation will be

3 5 3} 15
210> b) —x 10
()16 ()16

<) 15
ei——o¢10
()16

3 15

©)) =3¢ 10

(d) -

4. In figure, the energy levels of the hydrogen atom have been
shown along with some transitions marked A, B, C. The

transitions A, B and C respectively represents

—-0.54 eV
—0.85 eV

-1.51 eV
—3.40 eV

I I3
nn

1l
N W s o

S
!

L : —13.60 eV

r of Pa chen series
i member of Balmer

Practice Zone

ohr hydrogen atom, the mass of t

5. In a hypothetical B the
of the firs

electron is doubled. The energy E and radius /o
orbit will be (a, is the Bohr radius)

@ Ey=—2728V ;I =ay/2

(b) Eq = —27.28V ; iy = &y

() Ey =—136€V ;= ay/2

(d)Ey =—13.6€eV ;1 =2y

The ratio of the kinetic energy to the energy of an electron

6.
a Bohr orbit is 1
@ -1 (0)2 :
(@2 (d) None of these B
7. Taking the Bohr's radius as a, = 53 pm, the radius of Li** i,Q.‘ﬁ

in its ground state, on the basis of Bohr's model, will be

about [NCERT Exemplar]
(@) 53 pm (b) 27 pm P
(¢) 18 pm (d) 13 pm

8. To explain theory of hydrogen atom, Bohr considered
(@) quantisation of linear momentum
(b) quantisation of angular momentum
(¢) quantisation of angular frequency
(d) quantisation of energy.

9. An hydrogen atom moves with a velocity u and mak
head on inelastic opllision with another statienary H
i?:l‘i"m :rt:Talsluea;? lr; ground state before collision
exeitaeTeRy i: Ifone of them is to be given a mi
(@)2.64x 10* ms™
(©)2.02x 10° ms™"

(b) 6.24 x 10* Mg
(d) 6.24 x 108 ms™!

10

A hydrogen like ion having wavele i ‘.
_ ngth erence |
first Balmer and Lyman series equal ggs,g Ef:geznc.
@2 (5). 95, o
) 4 @1

11
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Day 3. Atoms

. In the Bohr model of the hydrogen atom, let R, V ANCRE

represent the radius of the orbit, the speed of electron and
the total energy of the electron respectively. Which of the
following quantity is proportional to the quantum number N’
(a) Elv (b) RIE (c) vR (d) RE

13. In Rutherford’s experiment, the number of alpha particles
scattered through an angle of 90° is 28 per minute. Then the
number of particles scattered through an angle of 60° per
minute by the same nucleus is
(&) 28 per minute
(c) 12.5 per minute

(b) 112 per minute
(d) 7 per minute
14. A small particle of mass m moves such that potential energy
PE = — mrlw?®. Assuming Bohr's model of quantisation of
angulzar momentum and circular orbit, radius of nth orbit is
proportional to
3 1 1
(o) vn® © @
Directions (Q. Nos. 15 to 18) Each of these questions contains
two statements : Statement | (Assertion) and Statement I (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes
(), (b), (0), (d) given below
(8) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement |
(b) Statement | is true, Statement Ilis true; Statement Il is not the
correct explanation for Statement |
(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true

@~/n

15. Statement | Balmer series lies in the visible region of
electromagnetic spectrum.
’
Statement |l e R (—15 - —2-) wheren=23,4,5.
A D]
16. Statement | The ionisation potential of hydrogen is found to
be 13.6 eV, the ionisation potential of doubly ionised lithium
is122.4 eV.

following, the quantity (constructed from the basic
of nature), that has the dimensions, as well as
of magnitude, vis-a-vis typical atomic size, is
' 1
o e’ (g T () 4mege?
@‘i “me® () Aneoh®

e

Statement Il Energy in the nth state of hydrogen atom is
2 136
ns S e

n2

17. Statement | Bohr had to postulate that the electrons in
stationary orbits around the nucleus do not radiate.
Statement Il According to classical physics all moving
electrons radiate.

18. Statement | The different lines of emission spectra (like
Lyman, Balmer etc) of atomic hydrogen gas are produced
by diferent atoms.

Statement Il The sample of atomic hydrogen gas consists

of millions of atoms.

Directions (Q. Nos. 19 to 20) In a mixture of H-He™ gas
(He"is singly ionized He atom), H atoms andHe" ions are excited
to their respective first excited states. Subsequently, H atoms
transfer their total excitation energy to He™ ions (by collisions).
Assume that the Bohr model of atom is exactly valid.

19. The quantum number n of the state finally populated in He™
ions is

(@2 (b) 3 (© 4 (@5

20. The wavelength of light emitted in the visible region by He™
ions after collisions with H atoms is
(@) 6.5x10" 'm () 5.6x 10" 'm
(©) 4.8x 10" 'm (d) 4.0x 107'm

21. A hydrogen atom initially in the ground level absorbs a
photon, which excites it to the n =4 level. Determine the
wavelength and frequency of photon.

[NCERT Exemplar]
(@) 9.7 x 107® m and 3.1x 10" Hz :
(b) 7.6x107° m and 2.6 x10'* Hz

(©) 29 x 107" mand 4.9 x 10" Hz
(d) 8.6 x 10° mand 3.1x 10'* Hz

it AIEEE & JEE Main Archive

(@) =agh—PB
©) r,=a,n® =B

() r, =aon2%ﬁ
@ rn=an+B

24. The half-life of a radioactive elemen
mean-life of another radi
substances have the sam
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25.In the Bohrs model an electron moves in a circular orbit

around the proton. Considering the orbiting electron to be a
circular current loop, the magnetic moment of the hydrogen
atom, when the electron is in nth excited state, is

2
e \n°h -
@) (_)L (b) (Ej@ (©) (i)ﬂh_ (d) (i)”_h
2m) w m)2m 2m )2m m) 2w
26. In a hydrogen like atom electron make transition from an
energy level with quantum number n to another with

quantum number (n —1). If n >> 1, the frequency of radiation
emitted is proportional to [JEE Main 2013]

1 1 1 1
(8) - (b) — O e e
n n? { n® /2 e} n®
27. Hydrogen atom is excited from ground state to another state
with principal quantum number equal to 4. Then, the number
of spectral lines in the emission spectra will be  [AIEEE 2012]
(@ 2 (b) 3 (©)F5 (d) 6

28. A diatomic molecule is made of two masses m; and m,

which are separated by a distance r. If we calculate its
rotational energy by applying Bohr's rule of angular
momentum quantization, its energy will be given by (n is an

integer) [AIEEE 2012]
. 2 2,2 2,2
m, + m,)-n-h 1°h
o) R CE
2my myr 2(my + my)r
2,2 2,2
© 2n°h - (d) (my + r772)r72 h
(my + my)r 2mymsr

29. The transition from the state n = 4to n = 3in a hydrogen like
atom results in ultraviolet radiation. Infrared radition will be
obtained in the transition from [AIEEE 2009]

@ 2—1 (b) 3> 2 ©) 4—2 (d) 5— 3

30. Suppose an electron is attracted towards the origin by a
force ﬁ where k is a constant and r is the distance of the

r
electron from the origin. By applying Bohr model to this
system, the radius of the nth orbital of the electron is found

to be r, and the kinetic energy of the electron to be 7,. Then
which of the following is true? [AIEEE 2008]

@) T, iz I, o< n? (b) T, independent of n, r, = n
n

JEE Main Physics inJust 40 Days

31. The largest wavelength in the ultraviolet regIOf: Ofththe
hydrogen spectrum is 122 nm. The smallest wavelengtn in
the infrared region of the hydrogen spectrum (to the nearest
integer) is
(a) 802 nm (b) 823 nm

32. Which of the following transitions in hydrogen atoms emit

(c) 1882nm  (d) 1648 nm

photons of highest frequency? [AIEEE 2007]
@n=2ton==6 (b)n=6ton=2
(gn=2ton=1 (dn=1ton=2

33. Ana-particle of energy 5 MeV is scattered through 180° by
a fixed uranium nucleus. The distance of the closest
approach is of the order of [AIEEE 2004]
(a) 1A (b) 10~ "%cm
(©) 10~ "2cm @) 107"° cm

34. The manifestation of band structure in solids is due to
[AIEEE 2004]

a) Heisenberg's uncertainty principle
b) Pauli's exclusion principle

c) Bohr's correspondence principle
d) Boltzmann's law.

(
(
(
(

35. The electric potential between a proton and an electron is

X r , ’

given by V =V;In o where r, is a constant. Assuming
0

Bohr's model to be applicable, write variation of r, with a, a

being the principal quantum number. [AIEEE 2003]

1

@ <n (B) 1, o< — ©)r, o< n? d)r, o e
n n2

36. If the atom ;,,Fm?" follows the Bohr model and the radius
of last orbit of 10Fm®*” is n times the Bohr radius, then find
[AIEEE 2003]

(d) 1/4

37. If 136 eV energy is required to ionize the hydrogen atom,
then the energy required to remove an electron from n =218

(@) 102 eV [AIEEE 2002]
(d) 6.8eV

; 3in a hydrogen like

lon. Infrared radiation will be

(a) 100 (b) 200 (c) 4

(b) zero () 3.4eV

38. The transition from the state ) = A0 7 =

atom results in ultraviolet radiat
obtained in the transition

! ! 2 [AIEEE 2002]
©) Tpec—=ily=n @) Ty <= <n (@2—>1
: " e
Answers
1. (a) 2. (a) 3. (¢) 4. (a) 5. (a) 6. (a) 7. (c) 8. (b) W

11. (d) 12. (¢) 13. (b) 14. (a) 15. (a) 16. (b) a7 18, (b) 1:. (b) 10.:(b) T
21. (a) 22. (b) 23. (c) 24. (4) 25. (c) 26. (d) 27. (d) 28, () 29. © 20. (¢)
31. (b) 32. (b) 33. (¢) 34. (b) 35. (a) 36. (d) 37. () 38, (d) )] 30. (b)

[AIEEE 2007]
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Hints & Solutions

1. Second excited state corresponds to n =3

136
=——eV=151eV
3)°
~a mv?  g?
RPaE . o e o
oR  4ne oR* R e ,RY SRR 2n
m L_Q/l;)z _ e? 4n? ©°m)
R \2nmR 4me oR* “Af?f?h?

G 1
3. —~;~CR[ -T) 3><1o8><1o(12—i,]
A ni  ni 2% d

e x 10"° Hz
16

4. A represents series limit of Lyman series, B represents third
member of Balmer series and C represents second member
of Paschen series.

5. As .

=
m
1
fozgao
As E o<m
E,=2(-136) =—27.2eV
6. k- _me’ e
I B2 nn? 8e2n°h?
K
E:——K —:—1
= e

AEAE e
4n’mKzZe®  Z
Letli™" ion, Z = 3,n = 1for ground state. Given, a; = 53 pm
~ B3x(1)?
-
8. While proposing his theory of hydrogen atom Bohr
considered guantisation of angular momentum as the
essential condition for the stationary orbits.

u
V=—

7. On the basis of Bohr's model, r =

=18pm

9. mu =2mv. =

]
2=13.6(—15———
1

7 (10078) (166 107)u? =102 x 16x 107'°

U =624x 104 ms!

=
10 2[ }A}\. ! 1
;——=RZ e e e T Y
N SR
5 ¢ e (Z 9) e
' 36 4
598~ 72

88 %
15(1.097 x 107) (593 x 10~'%)

Z=3

E =00y
n

o B
15R AL

=

11. Given,

136
3:——* V—_

(32
SO, AE ==

1—ZﬁeVandE2=—@ev=———136 eV

@)? 4
£, __@_(_ 13.6)
9 4

=19eV (approximately)
12. According to the Bohr's postulate.

mvr:ﬂ = vR:n(L)z VRe<n
2w 2nm
Thus, vR is directly proportional to the principal quantum

number.
13. According to Rutherford’s scattering formula, if the a-particle

scattered at angles 6 is directly proportional to — 416/2) ,then
n

K
sin*(6/2)
when 8 = 90°, Ny =28min~"

K
sin(45°)
7
sin(6/2)
Hence, the number of a-particles scattered at an angle of 60°

sin” 30°

=

= 28 = =4K = K=7

Thus Ny =

: | 7
er minute is N, = =—
2 & W2y
—au nh

nh
14. F=—— = —mw?r. Since, mvr=— or mr a)_—

ar \/‘:'rx\/—

15. The wavelength in Balmer series is given by

1 1 1
—=R|—-—[n=38425..
A [22 nz)

1 i
—:R — i —— —"
it (22 32)
A

36><1
5x 1097 x

a2
}"min ge ot
A

V=ro = r°=

2nmm

36
5R
- = 65634

max =

and

4 4
- =—=————=3646A
™ R 1097 x

The wavelength, 6563 A and 3646 A lie in VISIble region.
Therefore, Balmer series lies in visible region,

NLUD L/ WWW . NOVADQ Ol1]
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~given by E,’,-:-«”——?e\/. For an atom of atomic
n

: WZ, with one electron in the outer orbit (singly ionised

2
He or doubly lithium) we use. £, = - 13;1622 eV, where Z is
the atomic number. Hence, ground state energy of doubly

jonised lithium is ~ 13(1')‘;*9": _122.4eV

lonisation potential (potential to be applied to electron to
overcome this energy) is 122 .4V.

17. Bohr postulated that, electron instead of revolving in any orbit
around the nucleus, revolve only in some specific orbits.
These orbits are called the non-radiating orbits or the
stationary orbits. The electrons revolving in these orbits do
not radiate any energy. They radiate only when they go from
one orbit to the next lower orbit.

18. A single atom can have only the transition at time, we are
observing different lines due to large number of transitions
taking place simultaneously that occurred in different atoms

~ of the sample.

19.
n=2 -3.4 eV
AE=10.2 eV
= 13,
n=1 o 3.6 eV
n=4 1 3.4V
n=3 —6.04 eV
Ay DE =10.2 eV
n=2 - —-13.6 eV
= e —54.4 eV
F o DHe
St i Z=2

H-atom in transition from n=2to n=1is
on by He™ atom in transition fromn =2to

= 4000A to A, =7000A.

21, For ground state ny =110 e E 3
—Eq

Energy absorbed by photon, E=Es =

 136| s e SRR
n? n;

i 1) 18
Sl |l sl
5 (1 4

115 19
=186 <lh6 < 10_19(?6j=20'4><10

or E=hv=20.4><10’19 ‘19 -

20.4x107° _ 204X107 _ _ 5 076 10F S
h 6.63x 10”

= 5 il

Frequency v =

©
Wavelength of photon A = =

. ‘,‘ e

8
L X0 qimtondin :
3.076x 10
Thus, the wavelength is 9.7x107® m and frequency is

Bl Hz,
2
22. The typical atomic size given by ih—t@g——.
me
23. As, force between nucleus and electron is
Cezes
dey 2

where, r = atomic radus
and e = electronic charge
From question,

g B
_+r_3 , Where B = ¢

47580 r2

Fe=

2
We know that, s = -SOh‘nz
Zmme?
2
- €gh
Zmne?
rn = ro nz‘
As, we consider the nth electro i
 We cons ectron which attre
while itself is repelled by the e?IWhICh 2

cansider shell. . ectron of inne

g to these wavelengths  24. As we know that Ntys =t
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Day 32 Atoms 441

e
It becomes A e T _ewr 3
v 2 (D)
nh
Also, e
2n 2rm

Putting this value in Eq. (i), we get M = ©€-nh [e )ﬂ

2:2nm \2m)2m
26. AE =hv
r 17
o R L T
h Lh—TP /)‘J nn-1% n® nd

2. In emission spectrum, number of bright lines is given by
nin — ll 4(4- |\
2 2
28. Rotational kinetic energy of the two body system rotating
about their centre of mass is

I o
RKE—Bpm r

mrr
m,Tfrr

where L= = reduced mass

nh
and angular momentum, L = por? = —

| -

n‘Z n?h?

8n pr 2 u/

_(my + mz)n G [Here, B2 :L}
2mymr® 4m

2,4

(
. RKE = |

!'\J\,.;

By

1 1
29. Infrared radiation corresponds to least value of [;2- = nzj
1 2}

ie. from Paschen, Brackett and Pfund series. Thus, the
transition corresponds to 5— 3.

30. my- = K given mvr, = il from Bohr's theory.

o r 21
Solving, r, = nand T, is independent of 1.

31. The series in U-V region is Lyman series. Longest wavelength
corresponds to minimum energy which occurs in transition
fromn=2ton=1

30 | =
=
=

122 = ] 7

aF er
The smallest wavelength in the infrared region corresponds
to maximum energy of Paschen series.

Ax 0

i
. Here, —mv= =

5

.U:eV:eVOIn[Lw and |F|= ]

.

32. Emission spectrum would rises when electron makes a jump

from higher energy level to lower energy level.
Frequency of emitted photon is proportional to crlange in

. 1 1
energy of two energy levels, i.e., v = RcZ? L—z— - —ZJ
iy g

Gy

dreg T

9
=1 x (2e)x (92e) ( %va:SMeV)
r

_ 9x10° x 2 x 92 x (16 x 107°)
5 X 1025 e 0sE

or 53x 107 m=10"cm

According to Pauli's exclusion principle, the electronic
configuration of number of subshells existing in a shell and
number of electrons entering each subshell is found. Hence,
on the basis of Pauli’s exclusion of band structure in solids
can be explained.

au| evo
ar ' i

.

This force will provide the necessary centripetal force. Hence,

mv® _el
r r
eV :
or v=[—2 el
Vm v
Moreover, mvr = i) ... (ii)
21

Dividing Eq. (i) by Eq. (i), we have

[nh) § or I n
v0 4

rm:(";J (0534)=(n x 0.53) A

m?
— =1
7
m =5 (for 15 FmM?’ the outermost shell)
and Z =100
G
“ 100 4
Energy required to remove an electron from nth orbit is,
e
n n2
Here, n=2
136

Therefore, E, =- =-34V

eF

Energy of infrared radiation is less than the energy of
ultraviolet radiation. In options (a), (b) and (c), energy
released will be more, while in option (d) only, energy
released will be less.
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‘Nuclel

|

Concept of Nucleus

In every atom the positive charge and mass is densely
concentrated at the centre of the atom forming its nucleus. Nuclear
radius is of the order of 10 -15 m. In nucleus the number of protons
is equal to the atomic number of that element and the rema'ining
particles to fulfil the mass number are the neutrons i.e.,, number of

protons = atomic number z (say) and number of neutrons.

Composition and Size of Nucleus

we define a new unit of mass, «

ass of an atom is very small hence,

As m
; |
unit (1u), which is & th the mass of one atom of carbo:

1 atomic mass
1u = 1660539 X 1077 kg =166 x 1077 kg = 9315 Ny -

acture of its own. It consists o ‘on ne

A nucleus has a s
cannot exist inside the nucleus. A proton is a p

mass (111,) of 1.007276 u and charge (+¢
T il 3, "OA‘ s ,‘\‘a;e srewes
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Day 33 Nuclei

Isotopes, Isobars and Isotones

Isotopes

Isotopes of an element are nuclides having same atomic
number Z but different mass number A (or different neutron
numPer N). Isotopes of an element have identical electronic
configuration and hence, identical chemical properties.
1H, {H, H and lic, £C, ¢, etc, are isotopes.

Isobars

Nuclides having same mass number A but different atomic
number Z are called isobars. Isobars represent different
chemical properties. In isobars number of protons Z as well

as number of neutrons N, differ but total nucleon (or mass)
number A=N + Z is the same. 3H, } He and &¢, 1*N are
isobars.

Isotones

Nuclides with different atomic number Z and different

mass number A but same neutron number are called
isotones.

Thus, for isotones N =(A - Z) is constant. ?H, $He and

198 197 { .
g0 Hg, 79’ Au are examples of isotones.

+ Nuclear size

+ Density

(@) Density =

Properties of Nucleus

The nuclear properties are described below

(@) Size of the nucleus is of the order of fermi (1 fermi =10 m)
(b) The radius of the nucleus is given by R = R, A"3,

where R, = 1.3 fermi and A is the mass number.
(¢) The size of the atom is of the order of 107" m.

+ Volume The volume of nucleus is V. = g T RS = g T (R, A3

Mass of nucleus

Am

b m

/o)

Volume of the nucleus 4n (ROAVS)S g"’?03

where, m, =1.6 x 107?" kg = mass of proton and Ry =1.8 fermi.

(b) Density of nuclear matter is of the order of 10" kg/m®
(c) Density of nuclear matter is independent of the mass number.

3

Radioactivity

2 Radioactivity is the phenomenon of spontaneous emission of radiations by heavier nucleus. Some naturally
occurring radioactive substances are uranium, thorium, polonium, radium; neptunium etc. In fact, all
elements having atomic number Z > 82 are radioactive in nature.

Radiations emitted by radioactive substances are of 3 types,
namely (i) o-particles, (i) B- particles, and (iii) y- rays.
o-particles are positively charged particles'with charge
gy =+2e and mass m, = 4m,. Thus, o-particles may be
‘considered as helium nuclei (or doubly charged hehur.n
-ions). Ionising power of o-particles is maximum but, their
penetrating power is minimum.

B-particles are negatively charged particles with rest mass
as well as charge same as that of electrons. But origin 9f
fB-'partl es is from the nucleus. Their ionising power is
lesser than that of o-particles, but speed as well as

penetrating power is much greater than that of a-particles.
Generally, 3- decay means B~ -decay. '

v-rays are electromagnetic radiations of extremely short
wavelengths. Thus, y-rays travel with the speed of ligh‘t.
Their ionising power is least but penetrating power is
extremely high. These are not deflected either in an electric
or a magnetic field.

Proton was discovered through artificial disintegration
of nitrogen by o-particles as follows

He* +,N*— 0V +,H'
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Law of Radioactive Decay

According to Rutherford-Soddy’s law for radioactive decay,
instant is proportional to the quantity of that material actually pres

Here, A is a proportionality constant, known as the decay
constant (or disintegration constant). Unit of A is

s or day ™ or year * etc. It can be shown that number of

nuclei present after time ¢ is given by N = Ny i

where N, = number of nuclei present at timet = 0.
Again number of nuclei decayed in time t will be
N-N,=No[1-e™
— number of daughter nuclei produced at time £

Activity
The activity of a radioactive substance is defined as the rate
of disintegration (or the count rate) of that substance.
Mathematically, activity is defined as

R=- d—dlz—’ NN e R

where R, = AN, = initial value of activity.

Different Units of Activity

Units of activity are

+ 1 becquerel =1Bg = 1disintegration per second (S unit)
+ 1cure=1Ci=37x10"° Bq

+ 1 rutherford = 1 Rd = 10° Bq

Half-Life Period (7;,5)

Half-life period of a radioactive sample is the time in which
half of the particles of the sample initially present, gets
disintegrated. Alternately, it is the time in which, activity of
the sample falls to one-half of its initial value.

| Thﬂs,fer-t:z, =N—°—andR=E9
; 2 2 2
! The half-life period is related to decay constant A as
e SN : 0.693 :
Bl 3 ! T
1/2 %

f a radioactive substance left

£

Mean Life Period (1)

“the rate of decay of a radioactive mater
ent at that time.” Mathematically,

dN _ N

dt

1. Mean life of a radioactive sample is the time ai;J

1 = J
both N and R have been reduced to = ore ! (or

of their initial values. It is found that T = ?»

2. Half-life T, /, and mean life T of a radioactive samp

correlated as T, =0.693 T or T= 1.44T; )

Nuclear Fission

Nuclear fission is the process of splitting of a heavy nucl
(25U or 4P Pu) into two lighter nuclei of compara
masses along with the release of a large amount of energy
(=200 MeV) after bombardment by slow neutrons.

A characteristic nuclear fission reaction equation for -
i 235 236 144 89 il )
In(slow) + 25U — “,U — 5eBa + SKr+3 on+Q

In the fission of uranium, the percentage of
converted into energy is about 0.1%.

Controlled Chain Reaction and Nucle
Reactor

In the fission of one nucleus of *33U, on an average,
neutrons are released. These released neutrons may I
trigger more fissions causing more neutrons being form
which in turn may cause more fission. Thus, a
sustained nuclear chain reaction is formed. To m
the nuclear chain reaction at a steady (sustained) le
extra neutrons produced, are absorbed by suit:
absorbents like cadmium or boron. X
Neutrons formed as a result of fission hav
about 2 MeV, whereas for causing furthe;
slow thermal neutrons having an energy

used, which slow down the neutrons '
and graphite are commonly u: '«% n
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Reproduction Factor H, '

Reproduction factor |

oduc . k) of a nuclear chain
reaction is defined as

_ __Rate of preduction of neutrons
Rate of loss / Absorption of neutrons

(i) If k =1, then the chain reaction will be

steady and the reactor is said to be
critical.

(ii) If k>1, then the chain reaction is
accelerated and it may cause explosion in
the reactor. Such a reactor is called
super-critical.

(iii) If k <1, then chain reaction gradually

slows down and comes to a halt. Such a

reactor is called sub-critical.

The reactors giving fresh nuclear fuel which often
exceeds the nuclear fuel used in known as breeder
reactor.

Nuclear Fusion

Nuclear fusion is the process in which two or
more light nuclei combine to form a single large
nucleus.

The mass of the single nucleus so formed is less
than the sum of the masses of parent nuclei and
this difference in mass, results in the release of
tremendously large amount of energy.

The fusion reaction going on in the central core
of sun is a multistep process but the net
reaction is

4H+2e- —— 3He+2v+ 6y+267 MeV

When two positively charged particles (protons or
deuterons) combine to form a larger nucleus, 'the
process is hindered by the Coulombian repulsion
between them.

To overcome the Coulombian repulsion, the
charged particles are to be given an energy of
atleast 400 keV. For this, proton/deuterons rr;ust
be heated to a temperature of about 3x 10" K.

Nuclear fusion reaction is therefore, known as

thermo nuclear fusion reaction.

Day 33 Nuclei

Mass Defect and Binding Energy

The difference in mass of a nucleus and its constituent nucleons is
called the mass defect of that nucleus. Thus :
Mass defect AM = Zm, + (A= Z)m, =M

where M is the mass of a given nucleus.

¢

Packing fraction of an atom is the difference between mass of
nucleus and its mass number per nucleon. Thus,

Packing fraction =

+ The energy equivalent of the mass defect of a nucleus is called its
binding energy.
Thus, binding energy AE, = AMc®= [ZM, + (A= Z)M, — M2

If masses are expressed in atomic mass units,
then AE, = AM x 931.5 MeV.

=[ZM, + (A - Z)M, — M] x 931.5 MeV

¢ Binding energy per nucleon (A, ) is the average energy needed to
separate a nucleus into its individual nucleons.

Thus, AE = e
A
* As the rest mass energy of each of electron and positron is
Eg =moc?® =91x107%" x (3x 1082 J = 0. 51 MeV.

+ Therefore, an energy of atleast 1.02 MeV is needed for pair production.

Mass Excess
Let A be the mass number of a nucleus. Let m, (atomic mass units) be
the mass of the neutral atom and au is the mass of the nuclide in amu
then excess mass = (mu — au)

9815

=(m - a) —5— MeV x ¢® = (m — a) 9315 MeV.
(6]

Packing fraction p = (m — AYA

The figures shows binding energy per nucleon versus mass number. The
nuclides showing binding energy per nucleon greater than 7.5
MeV/nucleon are stable.

—0
>
[} 16 328 56Fe 100M0 12
(0) I et i
= gt CcX [o—
S Y18 Tohy on —
§ “Hel1ay An U
c 6 %
8 lleL
5 4
2
3
5 i
£ l
o
= [o%H _
2
0 50 100 - 150 200 250
Mass number (A)
’ » Nucleons attract each other when they are separated by a distance of
107" m.

» The density of nucleus is of the order of i kgm =

NMWW. N0VADC O[]
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Practice

1. A free state ™'Ir nucleus with excitation energy

E =129 keV comes to ground state emitting a y-ray. The

fractional change in the y-ray energy due to recoil of
nucleus is

(a) 418x 1078 (b) 363% 1077
(c)2.63x 107* (d) 93x 107'°
2. An o-particle of energy 5 MeV is scattered through 180°

by a fixed uranium nucleus. The distance of closest
approach is of the order of
(@ 1A

(©) 10"2cm

(b)107"° cm
(d) 107" cm

3. A particle moving with a velocity of ﬁth of that of light,

will cross a nucleus in about

(a)10°%s (b) 1072 s (©)107"7s (d) 10720 s

»

The half-life of a radioactive sample is 10h. The total
number of disintegration in 10th hour measured from a
time when the activity was one Ci is

(@) 053x107° (b) 691x 10"

(€)2.63x 107 (d) 991x 10"

e

The binding energies per nucleon of Li’and He* are
5.6 MeV and 7.06 MeV respectively, then the energy of
the reaction Li’ + p= 2 [,He*]will be

(a) 17.28 MeV (b) 39.2 MeV
(c) 28.24 MeV (d) 1.46 MeV
6. Deuteron is a bound state of a neutron and a proton with

a binding energy B=2.2 MeV. A y-ray of energy E is
aimed at a deuteron nucleus to try to break it into a
(neutron + proton) such that the n and p move in the
direction of the incident y-ray. Where E#B. Then,
calculate how much bigger that B must E be for such a

process to happen? [NCERT Exemplar]
B? B

( , b

e 2mc? 2 2 mec?

0-Z {32

4mc?

7. Two nucleons are at a separation of 1 fm. The net force

10

11

between them is F, if both are neutrons, £, if both are
protons, and F; if one is a proton and the other is a
neutron. ol

@F>F>F
©F =F>F

b >F>F
A F=F>F

. Are the nucleons fundamental particles or do they

consist of still smaller parts? One way to find out is to
probe a nucleon just the Rutherford probed an: atom.
What should be the kinetic energy of an electron for it to
be able to probe a nucleon? Assume the diameter of a
nucleon to be approximately O (7,
(@) 10°eV.

(b) 10'%eV
(c) 10%eV
(d)10"eV

. A radioactive sample decays by two different processes.

Half-life for the first process is ¢, and for the second
process ist,. The effective half-life is

(@)ty +t, (Bt =t
(©) (t; +1,)/2 e
ty+t,

Consider x— y —% 7 where half-lives of xand y are
Z year and one. month. The ratio of atoms of xand y

[NCERT Exemplar]

L

when transient equilibrium [7;,,(x) > T;/»(y)] has been :

established is
(@1:22
©) 26:1

(b) 1:26
(d)23:1

A radioactive nucleus undergoes a series of decays

according to the scheme
o (04 ¥
A—A— A —— A —A,
If the mass number and atomic number of A are 180 ar
respectively, these numbers of A, are
(@) 172, 69 (b) 177, 69
(c) 171, 69 (d) 172, 68
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12. A piece of wood from the ruins of an ancient building was
found to have a "C activity of 12 disintegrations per
minute per gram of its carbon content. The C activity of
the living wood is 16 disintegrations per minute per
gram. How long ago did the tree, from which the wooden
sample came, die? Given half-life of *C is 5760 yr?

(@) 2391 yr [NCERT Exemplar]

(c) 2250 yr et

(d) 2261 yr

13. A sgmple of a radioactive element has a mass of 10 g at
an instantt = 0. The approximate mass of this element in
the sample after two mean lives is

(@) 1.35¢ (b) 2.50 g
(c)3.70 g (d) 6.30 g

14. 1N, = Noe ™1, then the number of atoms delayed during
the time interval fromt; andt, (t; >t,), will be
@ N, =M, =N [e™1 —e™2]
)N, — M, =N, [e™2 —e™1]
© N, — N, =Ny [e™2 —e™1]
(d) None of the above

15. On fission of one nucleus of U?®, the amount of energy
obtained is 200 MeV. The power obtained in a reactor is
1000 kKW. Number of nuclei fissioned per second in the
reactor is
() 3125 10'°
(c) 3125 x 10%

(b) 625% 10'°
(d) 625% 10%

16. The sequence of decay of a radioactive nucleus is

No . Y N -—E——> N, .. T N3 208 N,. If  Nucleon
number and atomic number of N, are 176 and 71
respectively, then what are their values for N.and Ny ?

(a) 168, 67 and 180, 71

(b) 67, 168 and 180, 72

(c) 180, 67 and 72, 180

(d) None of these

17. In a nuclear reactor, U?* undergoes fission liberating
200 MeV. of energy per fission. The reactor has jo%
efficiency and produces 1000 MW power. Iflthe reactor is to
function for 10 years, the total mass of uragelum required is

(Avogadro's number = 602 x 10°°/K-mol, 1 eV=

16x 1070 J)
(a) 384 x 10° kg
(c) 384x 10° kg

(b) 928x10° kg
(d) 928 x 10* kg

Directions (Q. Nos. 18 to 22) Each of these questions contains
two statements : Statement | (Assertion) and Statement Il (Reason).

Each of these questions also has four alternative choices, only one
of which is the correct answer. You have
(@), (b), (c), (d) given below

to select one of the codes
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(a) Statement | is trtie, Statement Il is true; Statement Il is the A
correct explanation for Statement |

(b) Statement I is true, Statement Il is true; Statement Il is not the
correct explanation for Statement |

(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true 3

18. Statement | A certain radioactive substance has a half-life
period of 30 days. Its disintegration constant is 0.0231
day™".

Statement Il Decay constant varies inversely as half-life.

19. Statement | Half-life of a certain radioactive element is 100
days. After 200 days, fraction left undecayed will be 50%.

n
Statement |l ﬂ:(lj where symbols have usual
0

meaning.

20. Statement | In a decay, daughter nucleus shifts two places
to the left from the parent nucleus.

Statement Il An alpha particle carries four units of mass.

21. Statement | Energy is released in nuclear fission.

Statement Il Total binding energy of the fission fragments is
larger than the total binding energy of the parent nucleus.

22. Statement | If half-life period and the mean-life of a
radioactive element are denoted by T and T, respectively
thenT < T, .

1

Statement Il Mean-life=———
decay constant

Directions (Q. Nos. 23 to 25) We have two radioactive nuclei
A and B. Nucleus A converts into C after emitting two a-particles
and three p-particles. Nucleus B converts into C after emitting one
o-particle and five B-particles. At time t =0, nuclei of A are 4Ny
and that of B are N,. Half-life of A (into the conversion of C) is
1 min and that of B is 2 min. Initially the number of nuclei of C are
zero.

23. If atomic numbers and mass numbers of A and B are Z;,
Z,, A, and A, respectively. Then,
(@Z,-Z,=6 (b) A - A, =4
(c) Both (a) and (b) are correct (d) Both (@) and (b) are wrong

24. What are the number of nuclei of C, when the number of
nuclei of A and B become equal?

(@) 2N, (b) 3N,
2oy )
(©) = (d) 5
25. At what time rate, are the disintegrations of A and B equal?
(@) 4 min (b) 6 min
(c) 8 min (d) 2min
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fission. The fission reaction can be written as

U™ 400" 5 Ba™ 4 Kr® + 83X+ Q(energy)  where
three particles names X are produced and energy Q is
released. What is the name of the particle X?

[JEE Main Online 2013]
(@) electron (b) a-particle
(€) neutron (d) neutrino

27. Assume that a neutron breaks into a proton and an electron.

The energy released during this process is (mass of neutron
= 16725 x 107%" kg, mass of proton = 16725 x 1077 kg,

mass of electron = 9x 107! kg) [AIEEE 2012]

(@) 0.9MeV () 7.10MeV (c) 6.30MeV (d) 5.4 MeV

28. The half-life of a radioactive substance is 20 min. The

gpproximate time interval (t, —t,) between the time t, when
e of it has decayed and time t, when 5 of it had decayed is

[AIEEE 2011]
(@) 14 min (b) 20 min (c) 28 min (d) 7 min

29. The binding energy per nucleon for the parent nucleus is £,

and that for the daughter nuclei is £,. Then [AIEEE 20190]
@RTE2EN (DESE (@ E>E (d) E=2E,
30. The speed of daughter nuclei is [AIEEE 2010]

2Am Am Am
=y d)c
(a)cM+Am ,/ ‘/M (d) ,M+Am

31. A radioactive nucleus (initial mass number A and atomic

number Z) emits 3a-particles and 2 positrons. The ratio Qf
number of neutrons to that of protons in the final nucleus will
be [AIEEE 2010]
7= A= Z =
e 8 78 Pl a=s =
i B
e A-Z-12 A-Z-4

Z =4 5 £ =2

32. The below is a plot of binding energy per nucleon £,

against the nuclear mass M; A, B, C, D, E, F correspond to
different nuclei.

=TT T A‘l. Tesd sl ligingl

d5 e

AIEEE & JEE Main Archive

26. When uranium is bombarded with neutrons, it undergoes

[AIEEE 2009]

where ¢ is the energy released? In which

positive?
(@) (i) and (iv) (b) (i) and (iii)
(©) (i) and (iv) (d) (i) and (iii)

Directions Question number 30 is Assertion-Re
questions. This question contains two Sstatements : Sta
(Assertion) and Statement Il (Reason). This question also
alternative choices, only one of which is the correct a
have to select the correct choice. [AIEE

(@) Statement | is false, Statement Il is true

(b) Statement [ is true, Statement Il is false; Statement Il is
correct explation for Statement |

(c) Statement | is true, Statement Il is true; Statement Il is noﬂk
correct explanation for Statement |

(d) Statement [ is true, Statement Il is false

33. Statement | Energy is released when heavy nuclei underg
fission or light nuclei undergo fusion.

Statement Il For heavy nuclei, binding energy for PE
nucleon increases with increasing Z while for light nuclei. |
decreases with increasing Z.

34. Aradioactive sample S, having an activity of 5 uCi has twick

the number of nuclei as another sample S, which has ar
activity of 10uCi. The half lives of S; and S, can be

[AIEEE 2008
(a) 20 yr and & yr, respectively 3
(b) 20 yr and 10 yr, respectively
(c) 10 yr each

(d) 5yreach

35. The half-life period of a radioactive element X is same as the
mean life time of another radioactive element Y. Initially, they
have the same number of atoms. Then, [AIEEE 200
(a) X will decay faster than Y
(b) Y will decay faster than X
(¢) Y and X have same decay rate initially
(d) X and Y decay at same rate always

36. If M, is the mass of an oxygen isotope 407, M, and
the masses of a proton and a neutron,
nuclear binding energy of the isotope is
@) M, - 8M, )c (b) (M, —BA{& -

(0) Myc?

37 Half-life of a radioactive
probability that a nuc!e Us Wi
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Answers

10 2. () 3. (d) 4. (b) 5. (a) 6. (©) 7..() 8. (@) 9. (@)  10.(d)
;i (@) 12. (a) 13. (a) 14. (a) G G @) 17. (a) 18. (a) 19. (c) 20. (b)
£ (f)) 22. (b) 23. (b) 24. (c) 25. (b) 26. (c) 27. (a) 28. (b) 29. (o) 30. (b)

= B) 32. (a 33. (a) 34. (a) 35. (b)  36. (b) 37. (b)
° L]
Hints & Solutions
1. Momentum p = E _ 0129 ; So, the Eq. (i) cannot satisfy and the process cannot take
© c place.
KE (recoil of nucleus) = . _ @1 22)2 Let £ = B+ X, where X << B for the process to take place
2l 25E i) Put value of p, from Eq. (ii) in Eq. (i), we get
(0.129) s (E )2
=———__=4679%x 10~ MeV =
2 x 931x 191 5 2 MR 1)
It is the first order approximation. . 2m ; 2m
-5 2 2 ,Dp E h ¥
OE, _ 4679x10 kev:3.627><10_7 or 2pf - +C_2__2mx_0
£ 129keV.
Using the formula of quadratic equation, we get
(Ze) (ee)

2. The distance of closest approach, r, =
47e o (E)

—19, 2 9
_2x92(16x107") 1§9><1o B o
5x 16x 10~

3. The required time, = eleandisianee ClsiEners

2 2
£, [ o[-
c (6] C

Pp 7
For the real value p, the discriminant is positive

velocity 2
L
10 20 c Ca
:——T—“ z‘]O S
3% 10° /100 16mX—4E2— E2 s B2
aN 37 x 10'° x 36 x 10* c? 4mc® 4mec?
4, As,—— =AN, N=

at 0.693

Also, N=Nye=™, AN=N; - N,

. Nuclear force of attraction between any two nucleons

(n-n, p-p, p-n)is same. The difference comes up only due to
electrostatic force of repulsion between two protons.

AN:_(NOe—K)HOXSSOO_Noe-—lXQXSGOO) & FI:FS:#FQ
As, F, <Forf

37 x10' x 36 e 2
:—.—_0—69—3; [0535—05]:691><10 . F1=F3>F2

5, The reaction is 4L + 0'—2 (;He*)
Ep =2JE (2He4)—E(Li) =2 (4% 7.06)=7 x 5.6

— 56,48—39.2=17.28 MeV
6. Binding energy B =2.2 MeV

. Each particle (neutron and proton) present inside the nucleus

is called a nucleon.
Let A be the wavelength A =107"° m .

To detect separate parts inside a nucleon, the electron
must have wavelength less than 10="° m.

h .
From the energy conservation law, We know that A = - and KE =PE ()
2 2 [
Py, Pr i

E‘B:Kn+Kp=-2—r%—+% () Energy=hTC (i)

From conservation of momenéum FromiEg () EnsEe e
PotPo=7 () Kinetic energy. of electran,
: he  66x107%x38x10° . o

AsE=B,Eq.() p2+pi=0 RE=PE = b= o o eV=10eV
It only happenif p, =P, =0
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il il Sl eR g
' 9. As A=hithy = -=—+—=2_1 Number of nuclei fissioned per second =
Bl ubs | it ~
Hits : =
or = e TR § , :
i 16. As mass number of each a--particle is 4 units and its charg

2 units, therefore for N,

A=176-8=168 andZ =71-4=67
Now the charge of B is —1 and its mass number is zero
so, A=176+0+ 4=180 and Z=71-2+2=71

MNE e
10. Ny = —1—1 ™" —eg7*2!
o )

When (73/2); > (Ty/2), at transient equilibrium

i

A<k, o 17. The reactor generates 1000 MW power, that is, it generates
el et energy at the rate of 1000 x 10° W =10 Js~
N, = ANfe ™t AN Total energy generated in 10 yr is
P P P E=(10° Js™")x 10 x 365 x 24 x 60 x 60)
0693 0693 7 S5 108 30 po
ns =3 J="""—-=197 x 107 MeV
M= e ey .55 07
- ORI . :
a2 A %12 ! In the reactor 200 MeV energy is liberated in the fission of

nucleus of U%® atom.
. Total number of U?*® atoms required is

Decrease in charge number due to loss of two a-particles = 4 197 x 10%°
Increase in charge number due to loss of one B -particle = 1 200

11. Decrease in mass number due to two e -particles =2 x 4= 8

=0.985x 1028

PUAY . Y T NP e gt

Net decrease in charge number =4 —1=3

12. Given, R =12 dis/min per g, R, = 16dis/min per g

T/o = 5760 yr
Lett be the time span of the tree.
According to radioactive decay law, R = R,e ™
REE S o - iy
Taking log on both the sides At log, e =log, %

or

16
At =|I — [x2.308
(0910 12] X
_ 2,303 (log 4—log 3)

t

18.

19.

1 kmol that is 235 kg of U%*® has 6.02 x 10%® atoms F
Therefore, total mass of U?*® having 0.985 x 10%° atoms is 1
235
6.02 x 10%°

x (0.985x 10%®)= 384 x 10° kg

Since, efficiency of reactor is 10%, actual mass of U=®
required is  (3.84 x 10°%) x 11—009 =3.84x 10* kg

0.6931 0. 2
2 =@= 0.0231day™" j

0
Number of half-lives n = % = @ =2

From the relation, A =

The fraction left undecayed is given by

A N e
_ 2.308 (0.6020 —4771)x 5760 A = (*) = [—) ==
= e : Ny \2 2)
—2391.20 yr 20. We know that an a-particle carries 2 units of positive charge

13. The relation of mean life and decay con13tant is,
2
=20 = Whele't=~
t =21 x x

- Then we get from the equation, m = mye i

= m=10xe™*¥* —10xe?=10x 0135 =135 g

14. Since, Ny, = Nge ™1and Ny, = Nog ™2

Then the number of atoms decayed during the time interval

tito tyis =N, — M, =N o™ —e™2]

15. Power received from the reactor is
- P =1000 kW = 1000 x 1000 =10%Js™

Also, 1MeV = 16x 107 J

21.

and four units of mass. Ona-decay, charge number of parent
nucleus decreases by 2 units. As classification or groupingof
elements is based on charge number, hence daughter
nucleus shifts two places to the left from the parent nucleus.
In a nuclear fission, when a bigger nucleus is fissioned into
two light weight nuclei, then due to mass defect some energy

is released. According to concept of binding energy,
can oceur because the total mass energy will decrease;
is AE,, (binding energy) will increase. )

We see that for high mass nucleide (A =240), the bi
energy per nucleon is about 7.6 MeV/nucleon. For the |
weight nucleides (A = 120), it is about 8.5 MeV/nucleon.
binding energy of fission fragments is larger than the
binding energy of the parent nucleus. i
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22. We know that half-life
related by the equation,
T 0.6931
A
While mean-life Ty Is related with by the equation

T

m

period T and decay constant \ are

()

T (i)
From Egs. (i) and (i), we get T = 0.6931T,, or T <T,,
23. 21—2x2+3x1=22—2x1+5><1=20

2y = 2y = el Aj—4x2=A, —1x 4=A,

A -A,=4
24 AAN, 100, o 1 min
NO 1 min & 1 min %
4
BfNO 2min L\IQ 2 min %
4 4
: Ny
After 4 min N, =N =—2
NN 9N,
N, = (4N, + Ny)— —O‘—O)z—o
c ( 0 O) (4 ar 2 5
25. Given, Ba=1R
7~ANA=7‘BNB
or (Ej (4N e —xat)z(NO)[ln—2]e —Apt
or gha-W)t _g

(}\.A o 7\.5)1‘ =|n 8=3(|n2)
(IJE—E)zES In(2)or t =6min
1 2
26. The fission of 4,U?* is represented by
S s B K 8 o' @
The name of the particle X is neutron (0n1).

27. According to given data, mass of neutron and proton are
equal which do not permit the breaking up of neutron and
proton. But if we take standard mass of neutron ag
1.6750% 1072 kg, then Energy released= mass defect x ¢

2
=(m,, "'mp —me)xc

s —27 =31
_ (16750 x 10 e e GO R e VY

166 x 1072
0 Me\,:L@%%?E MeV ~ 0.9 MeV

“1.66x 107% 1
1 2 LR il
28. N1=NO—§NO=—3-N0,N2—-NO 3No

1n
- o
N, \2

». t, —t; = one half-life =20 min

1
N,
30

M _

29. After decay, the daughter nuclei will be more stable hence,

30. Conserving the momentum = 0 = g vy — g Vo
V«] =V2
1M 1M
Ame ==ty i
5ol ... (i)
2
Amc? =%v12 s 2a1E =7

31.

32.
33.

34.

35

36

87. After two half-lives 1/4th fraction of nuclei will remain

.

MWW, N0VADC

binding energy per nucleon will be more than that of their
parent nucleus.

2Am
v1=c,/*
M

In positive B-decay a proton is transformed into a neutron and
a positron is emitted.

' — i et
Number of neutrons initially was A — Z

Number of neutrons after decay is (A—2Z)—8x 2 (due to o
particles) + 2 x 1 (due to positive B-decay)
The number of protons will reduce by 8
[as 3 x 2 (due to a-particles) + 2 (due to positive B - decay)]
Hence, atomic number reduces by: 8.
So, the ratio of number of neutrons to that of protons
_A-Z-4
L

1st reaction is fusion and 4th reaction is fission.

Here, statement | is correct and statement Il is wrong can be
directly concluded from binding energy nucleon curve.

Activity of S, = % (activity of S,)
1 Ny

or My = (ko) oF I;_ _ﬁ
or 424 (T = half-ife ='”—2)

5 W A
Given, N, =2N,

L%,

T2

0693 1
According to question Ty, (X) = T(A) = =—
Ay Ay
)
Ay =X = Dok

P ae i

So, Y will decay faster than X.

Binding energy BE = (Mhyqieus "Mnucleons)cz

= (M, —8M, —9M,)c?

undecayed. Or, 8/4th fraction will decay. Hence, the
probability that a nucleus decays in two half-lives is 3/4.
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Semiconductor Physics
Semiconductor Diode
Diode as a Rectifier
Special Purpose-Diodes
Transistor

Electronic
Devices

Semiconductor Physics

Certain substances like silicon, germanium, etc., offer resistances to
the flow of charge which lies in between that of offered by
conductors and insulators. They are called semiconductors.
Resistivity alone does not determine the semiconductor nature of the substances.
Some of the typical properties of the semiconductors are given below
(i) They have negative temperature coefficient of resistance.

(ii) Their conductivity changes appreciably when a suitable trivalent or
pentavalent impurity is added to them.

B

A pure semiconductor in which no impurity of any sort has been mixed, is called
intrinsic semiconductor. Germanium (E, =072 eV) and silicon (E; =1,1eV) are
intrinsic semiconductors.

At OK these behave as 100% insulators. But at any other temperature they have
thermally generated charge carriers and thus behave as semiconductor.

In an intrinsic semiconductor the number of free electrons in conduction band ;
n, is exactly equal to the number of holes ny, in valence band. Thus, n, =n,=1;

where n; is called the number density of intrinsic carriers.

Conductivity of an intrinsic semiconductor is ¢ = e(n, "Me + 1y < p)

where n, is free electron density, n, the hole density and p, and p
respective mobilities. T
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Electrical conductivity of pure semicon
material it is doped with a controlled qua

an extrinsic semiconductor.

n-type Semiconductor

To prepare an n-type semiconductor 4
impurity, e.g.. P, As, Sb is used as

Such an impurity is called dog
dopant atom provides one free e

pentavalent
a dopant with Si or Ge.
1or impurity because each
lectron.

In n-type semiconductor n, >>n,, ie.,
majority charge carriers and the holes ar
carriers such that n_ - y, =1

it

electrons are
e minority charge

A n-type semiconductor is electricall

y neutral and is not
negatively charged.

Semiconductor Diode

A p-n junction is obtained by joining
other binding material in between them.

Whenever a p-n junction is formed, electrons from n-region
diffuse through the junction into p-region and the holes
from p-region diffuse into n-region.

As a result of which neutrality of both n and p-regions is
disturbed and a thin layer of immobile negative charged
ions appear near the junction in the p-crystal and a layer of
positive ions appear near the junction in n-crystal. This
layer containing immobile ions is called depletion layer.
The thickness of depletion layer is approximately of the
order of 10™ ® m.

-V Characteristics in Forward and Reverse Bias

When we join an external potential source such that p-side
of p-n junction is joined to positve of voltage source and
n-side to negative of source, the junction is said to be
forward biased and applied electric field E opposes the
barrier electric field E,. As a result width of depletiqn layer
is reduced and on applying a voltage V > Vb,'a to.rwax.‘d
current begins to flow. Resistance offered by p-n junction in
forward bias is small (about 10-50 Q).

If connections of potential source are rerarsed' [Fig (b)] the
junction is said to be reverse biased and in this case gnd
E,, being in same direction, are z.idded up. So, t.he dfeplfaft.m;
layer broadens and potential barrier is ortf1ﬁ1 ied.
Consequently, an extremely small' leakage curregt owg
across the junction due to minority cha;‘ge carriers an
junction resistance is extremely high (=107 ).

ductor is very small. To increase the conductivit
ntity (1in 10° or 10%) of suitable impurity. Such a d

g a small p-type crystal with a small n-type crystal without employing any

y of a pure semi‘codﬁ@i%i' e
oped semiconductor is called

p-type Semiconductor

To prepare a p-type semiconductor a trivalent impurity,
e.g., B, Al, In, Ga, etc., is used as a dopant with Si or Ge.
Such an impurity is called acceptor impurity as each
impurity atom wants to accept an electron from the crystal
lattice. Thus, effectively each dopant atom provides a hole.
In p-type semiconductor ny >>n,, Le., holes are majority
charge carriers and electrons minority charge carriers such
that n,-n, =n A p-type semiconductor is electrically
neutral and is not positively charged.

The number of free electrons in a semiconductor varies
with temperature as T*'?,

The potential difference developed across the p-n junction
due to diffusion of electrons and holes is called the
potential barrier Vj, (or emf of fictitious battery). For
germanium diode barrier potential is 0.3 V but for Si diode
its value is 0.7 V. The barrier electric field developed due to
it is of the order of 10° Vm .

Mobility of Charge Carriers

The mobility of a charge carrier is defined as the velocity
gained by it per unit electric field. That igw = V,/E

rp
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For a sufficiently high reverse bias voltage (25 V or even
more) the reverse current suddenly increases. This voltage
is called Zener voltage or breakdown voltage or avalanche
voltage.

» A p-n junction behaves as a voltage controlled switch. In
forward bias, it acts like ON switch and in reverse bias as
OFF switch.

* The p-n junction can be presumed as a capacitor, in which
the depletion layer acts as dielectric.

Diode as a Rectifier

Junction diode allows current to pass only when it is
forward biased. So, if an alternating voltage is applied
across a diode, the current flows only in that part of the
cycle, when the diode is forward biased. This property is
used to rectify alternating voltages and the circuit used for
this purpose is called a rectifier, and the process is known
as rectification.

In half-wave rectifier only one diode is used. In it no
current flow takes place and no output signal is obtained.

Even during one half cycle the output obtained is a mixture
of DC and AC.

JEE Main Physics inJust 40 Days 1

Effective AC component of voltagg:' p
Effective DC component of voltage

The ripple factor =

=1.21 or 121%

The average output in one cycle is

v, iy
Vi = 2 an i el==l
DC P a DC T

The ripple frequency for half-wave rectifier is same as that
of AC input signal. In full-wave rectifier two p-n junction
diodes have been joined in complimentary modes. In this
rectifier, we obtain a continuous unidirectional current

through the load resistor R;,.

.V :
Ripple factor in full-wave rectifier —2< = 0.48 = 48%
e

The average output in one cycle is

Z 2
Voc==Vo = Ig=—-lo
T T

» The ripple frequency for full-wave rectifier is twice that of AC
input signal.

» The peak inverse voltage for half wave rectifier is Eq and that
for full wave rectifier is 2 Eg, where Eg is the peak voltage of:
input AC.

Special Purpose Diodes

The special purpose diode that perform many different functions. e.g., diodes are used to regulate voltage
(zener diodes), to produce light, Light Emitting Diode (LED) are given below.

Zener Diode

It is a highly doped p-n junction diode which is
not damaged by high reverse current. It is
always used in reverse bias in break down
voltage region and is chiefly used as a voltage
regulator.

Zener Diode as Voltage Regulator

The following circuit is used for stabilizing voltage across a
load R;. The circuit consists of a series voltage-dropping
resistance R and a Zener diode in parallel with the load R; .
x 0 R

f oAy T

Fluctuating n Constant
P ) n DC input Zenerx’ V, 3 R. DC output
voltage diode voltage

R

The Zener diode is selected with Zener voltageV, qqual to
the voltage desired across the load. The fluctuating DC

input voltage may be the DC output of a rectifier. Whenever
the input voltage increases, the excess voltage appears as
increased voltage across the resistance R. This causes an
increase in the input current i. This increase is taken away
by the Zener diode while the current through the load and
hence the voltage across it remains constant at V,. Likewise
a decrease in the input voltage causes a decrease in the
input current i. The current through the diode decreases
correspondingly, again maintaining the load current.

Light Emitting Diode (LED)

It is a specially designed diode made of GaAsP, GaP, etc.
When used in forward biased, it emits characteristic,
almost monochromatic light.

In reverse biased it works like a normal diode.

-V Characteristics of LED

LEDs are current dependent devices with its forv
voltage drop (V) depending on the forward biased !

current. Light emitting diode I-V characteristics as given .

below

PSSt S 5 o i - i,
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Before LED can emit any form of light it needs a current to
flow through it, as it is a current dependent device with
their light output intensity being directly proportional to

Photo Diode

It is a special diode used in reverse bias which conducts
only when light of suitable wavelengths is incident on the
junction of diode. The energy of incident light photon must

be greater than the band gap of semiconductor, Materials
used are Cds, Se, Zns

Solar Cell

It is a special p-n junction in which one of the
semiconductors is made extremely thin so that solar
radiation falling on it reaches junction of diode without any
absorption. A solar cell directly converts solar energy into
electrical energy. Popularly used solar cells, Ni-cd, PbS cell

the forward current flowing through the LED.

Transistor

A transistor is a combination of two p-n junctions joined in series. A junction transistor is known as Bipolar
Junction Transistor (BJT). It is a three terminal device.

Transistors are of two types— (i) n-p-n transistor, (ii) p-n-p transistor
A transistor has three regions

(i) An emitter (E), which is most heavily doped and is of moderate size. It supplies large number of charge carriers,
which are free electrons in a n-p-n transistor and holes in a p-n-p transistor. :

(ii) A base (B), which is very lightly doped and is very thin (thickness = 10~ m).
(1ii) A collector (C), which is moderately doped and is thickest.

A transistor is symbolically represented as shown in figures.

For proper functioning of a transistor, the emitter-base junction is forward biased but the collector-hase junction is
reverse biased.

In a n-p-n transistor electrons flow from emitter towards the base and constitute a current I;. Due to larger reverse bias at
base-collector junction, most of these electrons further pass into the collector, constituting a collector current I.. But a
small percentage of electrons (less than 5%) may combine with holes present in base. These electrons constitute a base
current I ;. It is self evident that
I E = IC o I B
Action of p-n-p transistor is also same but with one difference that holes are moving from emitter to base and then to
collector. . :
A transistor can be connected in either of the following three configurations
(i) Common Emitter (CE) configuration

(ii) Common Base (CB) configuration ' | =
(iii) Common Collector (CC) configuration. Generally, we prefer common emitter configuration because power gain is

maximum in this configuration
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Characteristics of a
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Transistor

In.ecommon emitter configuration variation
of current on the input side with input
voltage (/¢ versus Vi) is known as the
input characteristics and the variation
in the output current with Output voltage
(lc versus Vi) is  known as output
characteristics. From these
Characteristics, we obtain the values of
following parameters.

+ Input resistance

Al

!

\6g =constant

+ Output resistance

[b =

/g =constant
+ AC current gain

b=y,

\6g =constant

The current gain for common-emitter
configuration 3 ranges from 20 to 200.

+ Transconductance

Al
gm =—C = p_
AVge 1

’N‘A transistor can be used as an
amplifier.  The voltage gain of an
amplifier will be given by
Re

Ay =Y\/%=B‘RB

where Rc and Ry are net resistances in

collector and base circuits respectively.

Y |n common base configuration, AC
current gain is defined as

Al

Al

Ve = constant

» Value of o is slightly less than [. In fact
095<o < |.

¥ Current gains oL and B are correlated as

B=OC

=0

|

Transistor as an Amplifier

A transistor consisting of two p-n junctions, one forward biased and the oth
reverse biased can be used to amplify a weak signal. The forward biase
junction has a low resistance path whereas the reverse biased junction has
high resistance path.

The weak input signal is applied across the forward biased junction and the
output signal is taken across the reverse biased junction. Since, the input and
output currents are almost equal, the output signal appears with a much
higher voltage. The transistor thus acts as an amplifier. Common-emitter
configuration of transistor amplifier is given below

p-n-p ¢
B

E Output

%—I—M!I 3

Input

Transistor as an Oscillator
An electronic oscillator is a device that generates electrical oscillations of
constant amplitude and of a desired frequency, without any external input.
The circuit providing such oscillation is known as a tank scillator is using
positive feed back. )

e L o

s

1
Inducting !

coupled ! B,

—[1]1]1}=

Some of the properties o fthe oscillator are i
1. Oscillator is using positive feedback. i

2. To work as an oscillator 7,-
|AB| =1; B — feedback factor 3

3. f = frequency of oscillation = s Tl X

ame. oEG 4
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L. If the resistivity of copper is 1.7 x 10 Q—m. then the
mobility of electrons in copper, if each atom of copper
contributes one free electron for conduction is [the atomic
weight of copper is 63.54 and density is 8.96 g/cc
(a) 23.36 cm?/ Vs (b) 508.03cm?/ Vs
(c) 48.25cm?/ Vs (d) 88cm?/ Vs

2. The conductivity of a semiconductor increases with increase
In temperature because [NCERT Exemplar]

(@) number density of free current carriers increases
(b) relaxation time increases

©) both number density of carriers and relaxation time
increase

(d) number density of current carriers increases, relaxation
time decreases but effect of decrease in relaxation time is

much less than increase in number density

Pl

—_—

3. The temperature (7) dependence of resistivity () of a
semiconductor is represented by

P PT N

@ ? (6) 1 \\

N

O e
p P
} }

(©) (d)
O——-—:_F O—___:'F

4. In figure, Vg is the potential barrier across a p-n junction,

is connected across the junction
By [NCERT Exemplar]

Vo

1
2
3

5. In BJT, maximum current flows in which of the following?

S

7. In n-type silicon, which of the following statement is true

(@) 1 and 3 both correspond to forward bias of junction
(b) 3 corresponds to forward bias of junction and 1 corresponds
to reverse bias of junction
(¢) 1 corresponds to forward bias and 3 corresponds to reverse
bias of junction
(d) 8and 1 both correspond to reverse bias of junction

(a) Emitter region

(b) Base region

(c) Collector region

(d) Equal in all the regions

A tungsten emitter works at 2500 K. To increase the
emission current density by 20%, how much change in the
work function is required (Given, log 2 = 0.3, log 8= 0.477)
(a) 0.016 &V (b) 0.089 eV
(c)2.54 eV (d) 0.254 eV

[NCERT Exemplar]

(@) Electrons are majority carriers and trivalent atoms are the
dopants

(b  Electrons are minority carriers and pentavalent atoms are
the dopants

() Holes are minority carriers and pentavalent atoms are the
dopants

(d) Holes are majority carriers and trivalent atems are the
dopants

Application of a forward bias to a p-n junction

(@) increases the number of donors on the n-side
(b) increases the electric field in the depletion zone
(¢) increases the potential difference across the depletion zone
(d) widens the depletion zone

In an unbiased p-n junction, holes diffuse from the p-region
to n-region because [NCERT Exemplar]

(@) free electrons in the n-region attract them

(b) they move across the junction by the potential difference

(c) hole concentration in p-region is more as compared to
n-region

(d) All of the above
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10. Zener breakdown in a semiconductor diode occurs, when
' (@) forward current exceeds certain value
(b) reverse bias exceeds certain value
(c) forward bias exceeds certain value
(d) potential barrier is reduced to Zero

11. For the given circuit of p-n junction diode, which of the
following statements is correct?

(a) In forward biasing the voltage across R is V.
(b) In forward biasing the voltage across R is 2 V.
(©) In reverse biasing the voltage across R is V/
(d) In reverse biasing the voltage across R is 2 V.

12. When forward bias is applied to a p-n junction, what
happens to the potential barrier Vs and the width of charge
depleted region x?

(a) V increases, x decreases
() Vg increases, x increases

(b) Vz decreases, x increases
(d) V5 decreases, x decreases

13. Carbon, silicon and germanium atoms have four valence
electrons each. Their valence and conduction bands are
separated by energy band gaps represented by

HE e (Eg)s and (Eg)ce respectively. Which one of the
following relationship is true in their case?
@ (Eg)c > (Eg)g ®) (Eg)c = (Eg)si
(©) (Eg)c < (Eg)ce d) (Eg)e < (Eg)si

14. What is the plate current in a diode valve under the space
charge limited operation, when the plate potential is 60 V. ?
In a diode valve, the plate current is 320 mA, when the plate
potential is 240 V.

(a) 30 mA (b) 20 mA
(c) 40 mA (d) 10 mA
15. In the following a common emitter configuration an n-p-n

transistor with current gain B =100 is used. The output
voltage of the amplifier will be

10 kQ
10 mV (8
T e,
T :
(@) 10 mV (b) 0.1V
(©)1.0V @10V

JEE Main Physics inJust 40 Days

16. In the case of forward biasing of p-n junction, which one of @
the following figures correctly depicts the direction of th
flow of charge carriers?

<o

->

(d) None of these "I-'

17. In a forward biased p-n junction diode, the potential barrier ]
in the depletion region will be of the form
p n

P

Potential

barrier
’ 1% g
n ; P 4
,:I ngtﬁgﬁ'a' i IPotential '1
(d) barrier ﬁ

n
Potential
barrier

T T P

18. The input resistance of a common emitter transistor amplifier, k
if the output resistance is 500 k Q, the current gano =098
and the power gain is 6.0625 x 10° s
(2)198Q
(b) 300 Q
(c) 100 Q
(d) 400 @

Directions (Q. Nos. 19 to 23) Fach of these questions contains
two statements : Statement | (Assertion) and Statement Il (Reason).
Each of these questions also has four alternative choices, only one

of which is the correct answer. You have to select one of the codes
(a), (b), (c), (d) given below

(@) Statement | is true, Statement || is true; Statement |l is the -
correct explanation for Statement | E

(b) Statement |is true, Statement |l is true; Stétementll isnotthe
correct explanation for Statement | :

(c) Statement | is true; Statement || is false:
(d) Statement | is false; Statement || is true

19. Statement | When base region hag larger width, B
collector current increases. : '

Statement Il Electron-hole combination in base | t
increases of base current. e
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20. Statement | If forwarg current changes by 1.5 mA when
forward voltage in semiconductor diode is changed from 0.5
to 2V, the forward resistance of diode will be 1.

Statement Il The forwarg resistance is given by = el

1
21. Statement I A Zener diode is used to get constant voltage
at variable current under reverse bias.
Statement Il The most

popular use of Zener diode is as
voltage regulator.

AIEEE & JEE Main Archive

24. The |-V characteristic of an LED is [AIEEE-2012]

RYGB R
@ ' ) &
a
B
ol vV (o) V
Vv (6]
Red
7 R Yellow
(©) @ vy Green
G Blue
o I R e B
©) %

25. A p-n junction (D) shown in the figure can act as a rectifier.

An alternating current source (V) is connected in the circuit.
[AIEEE 2009]

26. A working transistor with its three legs mar.ked P,Q and R is
tested using a multimeter. No conduction is found be_tween

P and Q. By conneting the common (negative) ‘termlnal of

the multimeter to R and the other (positive) termmgl to P or

Q. Some resistance is seen on the multimeter. Which of the

: following is the true for the transistor? [AIEEE 2008]

(a) It is an n-p-n transistor with R as base
(b) It is a p-n-p transistor with R as collector

Day 34 FElectronic Devices

22. Statement | In a common emitter transistor amplifier the
input current is much less than output current.

Statement Il The common emitter transistor amplifiér has
very high input impedance.

23. Statement | Light emitting diode (LED) emits spontaneous
radiation.

Statement Il LED are forward biased p-n junctions.

(¢) Itis a p-n-p transistor with R as emitter
(d) It is an n-p-n transistor with R as collector

27. Carbon, silicon and germanium have four valence electrons
each. At room temperature which one of the following
statements is most appropriate? [AIEEE 2007]
(@) The number of free conduction electrons is significant in C

but small in Si and Ge

(b) The number of free conduction electrons is negligibly small
in all the three

(¢) The number of free electrons for conduction is significant in
all the three

(d) The number of free electrons for conduction is significant
only in Si and Ge but small in C

8. In a common-base mode of a transistor, the collector
current is 5.488 mA for an emitter current of 5.60 mA. The
value of the base current amplification factor (B) will be

[AIEEE 2006]

(b) 50 (d) 48
29. If the lattice constant of this semiconductor is decreased,
then which of the following is correct? [AIEEE 2006]

ANARRARRANRANRNS

Band gap Eg

LLLLLLTTTT L E,

(@) AllE;, Eg, E, increase

(b) E. and E, increase, but E, decreases

(¢) £, and E, decrease, but £, increases

(@) AllE;, E;, E, decrease :

(a) 49 (c) 51

Conduction
band width

Valeﬁ'ce band
width

30. Ifthe ratio of the concentration of electrons to that of ;mles in
a semiconductor is g and the ratio of currents is T then

what is the ratio of their drift velodlﬁes?
(2) 5/8 (b) 4/5 (c) 5/4

y

[AIEE 2006]
@47

P
¥
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31. The cirout has two oppositely connected ideal diodes in By 3 B
parallel. What is the current flowing in the cirouit? [AIEEE 2006] (d : f
4Q o 4
Dy :
D, =
e = 1o .
3Q 2Q 33. In a full wave rectifier circuit operating from, 50 Hz mains
freauency, the fundamental frequency in the ripple would
be [AIEEE 2005]
@ 1.71 A (b) 2.00 A () 2.31 A (d)1.33 A (@) 50 Hz (b) 25 Hz (c) 100 Hz (d) 70.7 Hz
32. In the following, which one of the diodes is r : o 34. For a transistor amplifier in common emitter configuration
everse biased? :
[AIEEE 2006] for Ioad impedance of 1 kQ (A, =50 and A, =25pAV),
+ 1qu -12v the current gain is [AIEEE 2004]
& =~ ? ‘—K]*g (@) -5.2 (b)-157  (c)-24.8 (d) - 48.78
| R Rf 35. In the middle of the depletion layer of reverse biased p-n
4 junction, the [AIEEE 2003]
S5V - 10V P
(a) electric field is zero (b) potential is maximum
(c) electric field is maximum  (d) potential is zero j
Answers
1. (c) 2. (d) 3. (¢) 4. (b) 5. (a) 6. (b) 7. (©)
o . . 5 8. (a) <) (©) 10. (b
11. (@) 120 (d) 13. (a) 14. (¢) 15, (©) 16. (c) 17/ (@) 18. (a) 19. (d) 20. gd;
21. (a) 22:(c) 23. (b) 24. (c) 25. (a) 26. (b) 27. (d) 28. (a) 298(©) 30. (¢) !
31. (b) 32. (d) 33. (o) 34. (d) 35. (a)
® °
Hints & Solutions
1. Mobility of electron () = -°- 0 6. Jl = AT2e-WIKT ]
ne i
Current density and work function, J’ = AT2e-W/kT

Resistivity p = _- (i)
(0)

From Egs. (i) and (i), we get
1
= (1)}
nep
1 = number of free electrons per unit volume
23
e Noxd _ 6028x10 X8'96=8.5x1022 (V)
atomic weight 6354

From Egs. (iii) and (iv), we get
1

= 43.250m?/ Vs

o X102 % 16% 10 x 17 % 10

2. Based on the theory discussed we can conclude that when
temperature increases, number density of current carriers
increases in the semiconductor, relaxation time decreases but
effect of relaxation time will be ignored.

3. The resistivity of a semiconductor decreases with increase in
temperature exponentially. Hence, option () is correct.

4. When p-n junction is forward biased, it opposes the potential
barrier across junction. When is reverse biased it supports the

same.
5. Maximum current flows in emitter region.

% =e™ T L WikT and 1.2 = e ~(W - W/kT

Taking log on both side W — W’ = kT log, 1.20 = 0.039eV

7. n-typeis obtained by doping the Ge or Si with pentavalent atoms,
In" n-type semiconductor, electrons are majority carriers and
holes are minority carriers, hence option (c) is correct.

8. Inforward biasing more number of electrons enter in n-side from
battery thereby increasing the number of donors on n-side

©

In an unbiased pn junction, the diffusion of charge carriers ',
acress the junction takes place from higher concentration to.
lower concentration. Thus option (©) is correct, B |

10. Zener bregkdown in a semiconductor diode occurs when
reverse bias exceeds certain value, which is known o

breakdown or Zener or Avalanche voltage $

11. In forward bia_sing for an ideal diode resistance of diode is z
and whole resistance in the circuit is R. Hence, voltage acros:

isV.

12. In ap-n junction in forward bias potential barrier 1, as well

width of charge depleted region x decrease.
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13. Carbon, silicon and germanium are semiconductors,
(Eq)c =528V, (Eq)g =1.21eV and (Eg)ge = 0756V
Thus, (Eg)c > (Eg)c, and (Eg)c > (Eg)Ge

14. Using Child Langmuir Law, / = 1/3/2

320 « (240)%/2 ()
Dividing Eq. (i) by Eq, (if),

320
T=(4)3’2=>l=§?=> I'= 40 mA

Ies(GOEE i)

15. Output voltage = p xinput voltage =100 x1072 =1V

16. Forward bias is obtained when the negative terminal of the
battery is connected to the n-side and the positive terminal to the
p-side of the semiconductor. Then, the negative terminal will
repel free electrons in the n-section towards the junction and the

positive terminal on the p-side will push the holes towards the
junction.

1%7. The diode is forward biased, hence the potential barrier decreases
and becomes less. Though in both the options (¢) and (d). The
diode is forward biased but in (d) the barrier width is less.

18. Power gain = Current gain x Voltage gain

Voltage gain A, =B %

CuiEm cain =F = —— = === g
1-a 1-098
(%)
A, = 49 500x 10
R1

500% 10°

Power gain R, = 60625 x 10°= 49 x [
!

]x 49=198 Q

19. When base region has larger width, electron-hole combination
increases the base current. The output collector current

decreases by the relation, Iz = /g + I

POl 002 g 1KQ
Al 15x10

921. Zener diodes are specially designed junction diodes, which can
operate in the reverse break down voltage region continuously
without being damaged. The Zener diode is used as a voltage
regulator as constant voltage at variable current under reverse
bias is obtained from it.

29. The common emitter transistor amplifier has input resistance
equal to 1kQ (approx.) and output resi;tar?oe equal to 10kQ
(approx.). The output current in CE amplifier is much larger than
the input current.

23. When a junction diode is forward biased energyis released atthe
junction due o recombination of ele_ctrons'an.d holes. In_.the
junction diode made of gallium arsenide or indium phosphide,

the energy. is released in visible region. Such a junction diode is

itti lelel i itted
i tting Diode or LED. The radiated energy emi
e DL gap of semiconductor.

by LED is equal or less «ian band

94. For same value of current higher value of voltage is required for

higher frequency.
25. Given figure is half wave rectifier.

Day 34 Electronic Devices

28. Since, no conduction is found when multimeter is connected
across PandQ@, it means either both Pand Q are n-type or p-type.
So, it means R is base, when R is connected to common terminal
and conduction is seen when other terminal is connected to P.or
Q. So, it means transistor is n-p-n with R as base.

2. The number of free electrons for conduction is significant only in
Si and Ge but small in C, as C is an impurity. '

I I 5488
28.3=C and =/ +/5: p=—C = =
7 et le -l 560-5488

29. If lattice constant of semiconductor is decreased, then £, and £,
decrease but £ increases.

30. /=n,Av,
/i:nex(vd)e
N (78
Here, n_ezzlizz
n, 51 4
7 7. Yalar SRR
4 5 (vy)y (g 7 4 4

31. In the given circuit diode D; is reverse biased while D, is forward

biased, so the circuit can be redrawn as

40
A

Dy

V== 3Q 2Q

Apply KVL to get current flowing through the circuit

12

-12+ 4/ +2/ =0 or i:€=2A

32. For reverse biasing of an ideal diode, the potential of n-side
should be higher than potential of p-side. Only option (@) is
satisfying the criterion for reverse biasing.

33. Given, £ 5 e s
50

For full wave rectifier, T; = - = ——and £ = 100Hz
2 100

34. For a transistor amplifier in common emitter configuration,

current gain A, = o Rl
1+ hoe Ry
Where, fy,, and h,, are hybrid parameters of a transistor.
50

=-— 4878

T 14 25% 100 x 1x 10° 7

35. Due to the reverse biasing the width of depletion region
increases and current flowing through the diode is almost zero.
In this case electric field is almost zero at the middle of the
depletion region. i
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Analog and Digital
Electronics

Logic Gates

Three Basic Logic Gates
‘Combination of Logic Gates

Analog & Digital Electronics

In analog circuits, we use sinusoidal volt

] age waveforms, ie, a
continious range of values of voltages are possible. Sych si ls
called analog signals. : signals are

The electronic circuits like amplifier, oscillat
circuits. A pulse waveform type voltage sig
values of voltage.

or etc, are called analog
nal has only two discrete

The high level is termed as 1 and the low [ ;
binary digit system. Using the two leve(s cvel s termed as 0. 1t s like

. of a si
new form of electronics, known gs digital £lec;f::z{cwe can sereeily
S.

¥
E
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Logic Gates

2 1;?510 .iate Is a digital electronic ?ircuit which follows a logical relationship between its input and output. A
gIC gate may have. one or more inputs but has only one output. Logic gates follow Boolean algebra, which -
consists of three basic operations, namely AND (A - B = Y), OR(A + B=Y) and NOT (4 = Y).

Three Basic Logic Gates

On the basis of types of operations ie., OR, AND, NOT etc,
ther(? are three basic logic gates. These gates with their
detailed descriptions are given below.

1. OR Gate

It has two inputs, one output.
Logic symbol of OR gate is shown in Fig.(a). Its Boolean
expressionisY = A + B (being read as ¥ equals A or B).

1 Ao__{>Q_D1
B Y
i o\ VA
Bo—>—1 2R
0 D,

(@) (b)

An OR gate can be realised by using two p-n junction
diodes as shown in Fig. (b).
Truth table of OR gate is

—

|
]

0 0 0

1 0 1

0 1 1

1 1 1
2. AND Gate

It also has two inputs, one output.
Boolean expression of AND gate is Y = A - B (being read as
Y equals A and B).

Truth table of AND gate is

- O = O
- a2 00
= (D) (@) (@)

Logic symbol of AND gate is shown in Fig. (a) and the
actual circuit arrangement used to realise AND gate in
practice has been shown in Fig. (b).

3. NOT Gate

It has an one input and one output.
Boolean expression of NOT gate A = ¥ (being read as A
equalsY).
The truth table of the NOT gate is,

The logic symbol and actual circuit for realisation of NOT
gate have been shown in above figure.

l () A+0=A (i) A+ A=A
(v) A+A =l

(i) A +1=I
() A-0=0 (i) A-A=A
(Vi) A-l=A (vii) A-A=0

(x) A+B=A-B (x) A-B=A+B

In the above expressions A and B are to be assigned the values 0
or [.

Here, if 0 implies low, then | implies high. Similarly, if O implies
off. then | implies on. Also, if O stands for down then | stand for
up vice-versa may also be true. It may be kept in mind than in
digital electronics, O and | represent two states ‘and not two
values.

NWW.N0VADC O[]
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Combination of Logic Gates
Some common combinations obtained Jfrom three fundamental gates OR, AND and NOT are as follows

1. NAND Gate

If the output of AND gate is joined to input of a NOT
gate, the combination is a NAND gate.

A ——

A B ) =AB W. y

(a)

g NAND
N
B— | VY

(b)

Boolean expression of NAND gate is A- B =Y. Its logic
symbol is shown in above figure.
The truth table of NAND gate is,

A B Y
0 0 1
1 0 1
0 i 1
1 1 0

If both the inputs of a NAND gate are joined together, it
will behave as a NOT gate as shown in figure.
Two/Three NAND gates may be joined so as to have the
same effect as a single AND gate or OR gate.

Fig. NAND as NOT gate

. NOR Gate

If the output of OR gate is joined to input of a NOT gate,
the combination is a NOR gate,

Boolean expression of NOR gate is A+ B =Y. Its logic
symbol is shown in figure.

A p Yv=A+B oy
B 4

(a)

The truth table of NOR gate is

A B i/
0 0 1
1 0 0
0 1 0
1 1 0

If both the inputs of a NOR gate are joined together, it
will behave as a NOT gate as shown in figure. Two/
Three NOR gates may be combined so as have the same
effect as a single OR/AND gate.

A
B

NOR as NOT gate

NAND and NOR gates are known as universal
gate.

3. XOR Gate

The logic gate which gives high output (1) when either
input A or input B, but not both of them, are high is
called exclusive OR gate the XOR gate. If both inputs
Aand B are either high (1) or low (0), then the output is
Zero.

XOR gate can be obtained by having a combination of»;l
Z.NOT gates, 2 AND gates and 1 OR gate as shown m' ;i
Fig. (a). The logic symbol is shown in Fig. (b). 3

Boolean expression of XOR gate, is i
Y=A®B=A.B+A.§ E
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The Boolean expressi i
expressions obey the commutative law, associative law as well as distributive law.

. » Commutative law

l

(()A+B=B+A i)A B =

» Associative law e~
(i) A+B+CO)=(A+B)+C v (A-B)-C=

» Distributive law Vs M S
(v,)vA-(B+C)=A-B+A-C (i) A+A-B=A+8
(\/II)A+-A'B=A (viii) A - (A +B)=A
(ix)A-(A+B)=A B " ) AB=A+B

Transistor as a Switch

Transistors are commonly used as electronic switches, both for high power applications such as
switched mode power supplies and for low power applications such as logic gates.

Ige

+6V

Fig. BJT used a5wan electronic switch, in
grounded emitter configuration

In a grounded emitter transistor circuit, such as the light switch circuit shown, as the base voltage
rises the emitter and collector currents rise exponentially. The collector voltage drops because of
the collector load resistance. 1f the collector voltage were zero, the collector current would be
limited only by the light bulb resistance and supply voltage.

said to be saturated. It will have a very small voltage from collector to
in, allowing a relatively large current in the collector
t into the base terminal. The ratio of these currents
even for a particular type, varies depending on

The transistor is then
emitter. The transistor provides current ga
to be switched by a much smaller curren
varies depending on the type of transistor and
the collector current.

In any switching circuit, values of input voltage woul'd be choseg such that. the output is eitper
completely off or completely on. The transistor is acting as a switch and this type of operation

is common in digital circuits.

yithout this messaage by purchasing novaPD Nttp://ywww.novapdi.com
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Practice

1. The circuit shown in figure below will act as [NCERT Exemplar]

(@) OR gate

(b) AND gate
(c) XOR gate

(d) None of these

2. The circuit shown below will acts as [NCERT Exemplar]

Ae—

B

(@) AND gate  (b) OR gate  (c) NAND gate (d) XOR gate

3. In Boolean algebra A + B = Y implies that

(@) sum of Aand Bis Y

(b) Y exists when A exists or B exists or both A and B exist

(c) Y exists only when A and B both exist

(d) Y exists when A or B exist but not when both A and B exist

4. In the Boolean algebra, which of the following is wrong?
@1+ 0=1 (b) 0+ 1=1
(c)1+1=1 (d) None of these

5. The output of a 2-input OR gate is fed to a NOT gate, the
new gate obtained is
(@) OR gate (b) NOT gate (c) NOR gate (d) XOR gate

6. Digital circuit can be made by the repetitive use of
(@) OR gates (b) AND gates
(c) NOT gates (d) NAND gates
7. If A=B =1, then in terms of Boolean algebra what is not
equal to the value of A- B+ A?
(@B-A+B (b)B+ A
(c)B (d) None of these

8. The Boolean equation for the circuit given in figure is

e Ty
©Y=A-B+C) (R4

9. For the given combination of gates, if the logic states

10. Which of the following gates will have an output of 1 2

11. What will be the input of A and B for the Boolean expression

12. To get an output 1 from the circuit shown in the figure,

13. The output of an OR

inputs A BandC are as follows. A= B = C=0and A=B
C = 0, then the logic states of output D are

o oo
B
Ceo

1,0 d) 1,1

(@0,0 (b) 0, 1 (c)

s

== 0
Q=== 0

5
i
E
T

(A+B)-(A-B)=1?
@ 0,0 (©) 0, 1 © 1,0 @) 1,1

input must be
Ao
B

Co——
@A=0B=1C=0
(C}A=1,B=O,C=1

()A=1B=0C=0
(dA=1B=1C=0

gate is connected to both the
a NAND gate , the truth table is ‘

2 ®

—‘—‘OO,)-

(©) (d) None of the

—booo]-< O—*O['<I

MWW, N0VADC
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Day 35 Gate Circuit 467

e R,

14. The following truth table is for 19. Which logic gate is represented by the following

A i 7 combination of logic gates?
1 1 0 A
1 0 1
0 1 1 Y
0 0 1
(@) NAND (b) AND i
c) XOR
: aa © (d) NOT (3) OR (b) NAND
15. Which of the following is the truth table for the circuit below? () AND (d) NOR
N
; [NCERTRExemplar] =9 0 She output of OR gate is
A __.|: )O Y (a) if either or both the inputs are 1
(b) only if both inputs are 1
A Y A v (c) if either input is zero
@) 1 0 (b) 0 0 (d) if both inputs are zero
9 d L ! 21. Following diagram performs the logic function of
A Yi A Y A
©) 1 1 (d) 0 1 oV
B
16. Which of the following is NOT equal to 1 in Booleialgebra? (a) AND gate (b) NAND gate
(@) A+1 (b) A-A © A+ A d) A-A (c) OR gate (d) XOR gate
17. Which of the following is the truth table for NOT gate? 22. The truth table given below is for
i 1 1 © 1 @ 0 1 A B Y
b d
oloo elog @i ol o : 1
18. The truth table of the following combination of gates is ? ; 8
———| 1 1 1

ezt Z 3_.\/ () AND (b) XOR () XNOR  (d)OR
B Directions (Q. Nos. 23 to 25) Each of these questions contains

two statements: Statement | (Assertion) and Statement Il (Reason).

@) inputs Each of these questions also has four alternative choices, only one
A B A-B Y of which is the correct answer. You have to select one of the codes
0 0 0 1 (), (b), (0), (d) given below.
0 1 1 0 (@) Statement | is true, Statement Il is true; Statement Il is the
0 0 0 1 correct explanation for Statement |
1 1 1 0 (b) Statement | is true, Statement Il is true; Statement Il is not the

correct explanation for Statement |
(b) Inputs (c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true

A B A-B Y

1 1 0 1 23. Statement IThe logic gate NOT cannot be built using diode.
0 1 0 1 Statement |l The output voltage and the input voltage of
1 0 0 (1) the diode have 180° phase difference.

g 1 : 24. Statement | NOT gate is also called invertor.

(©) Inputs ' Statement Il NOT gate inverts the input signal.

A & LR e ChdD 25. Statement | NAND or NOR gates are called digital building
0 0 : 0 blocks.

0 i ] 2 Statement Il The repeated use of NAND or NOR gates can
1 ? 1 1 produce all the basic or completed gates.

¢

(d) None of the apbove
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26.

2

28

AIEEE & JEE Main Archive

Which of the followin

. g circuits correctly represe
following truth table? UEERISE S UIe

Y (=R (e (vy]

C
0
0
1
0

[JEE Main Online 2013]

A c
@ B‘_EBiD*D—’
b A7)

k | e
© A

ch
I
(a) B D——D@—oc

Consider two n-p-n transistors as shown in figure. If 0 V
corresponds to false and 5 V corresponds to true, then the
output at C corresponds to

5V
C
1
A
2
B
[JEE Main Online 2013]
(a) ANAND B (b) AORB
(c) AAND B (d) ANORB
Truth table for system of four NAND gates as shown in
figure is JAIEEE 2012]
A o—
2 ot
B o—
AlBJY Ay
ielo]do 0|0]0
@ do ] 11 (YD {1 |10
e Ty
giiite EZEET

MWW, N0VADC

() (d)

N e = =N
~|lo|l=lo|l
sl jo|lo|>
~lol=jo|

~lolo|mIxX

Sli@|l= ==

29. The output of an OR gate is connected to both the input
a NAND gate. The combination will serve as a  [AIEEE 2011];

(@) OR gate (b) NOT gate (c) NOR gate (d) AND gate

30. The combination of gates shown below yields

A

5

[AIEEE 2010]

(@) OR gate (b) NOT gate (c) XOR gate  (d) NAND gate:

31. The logic circuit shown below has the input waveforms 4

and B as shown. Pick out the correct output wavefrom. d
[AIEEE 2009]

@ — |

32. In the adjacent circuit, A and B represent two inputs ¢
represents the output, 2

Ao——DF——

Bo——p}—

P

The circuit
(@) NOR gate

(b) AND gate
(c) NAND gate

(d) OR gate
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Answers

6. (d)

7. (d) 8. (d) 9. (d) 10. (¢)
16. (b) 17. (¢) 18. (c) 19. (c) 20. (a)
26. (a) 27. (a) 28. (a) 29. (c) 30. (a)

Hints & Selutions

1. (a) 2. {a) 3. (b) 4, (d 5
;i Ea; d2. (c) 13. (a) 14. Ea)) 15. E:;
. (a 22. (¢) 23. (b . :
31. (a) 32. (d) @ 5 % £

1. The

e =L I L BN

w

10.
11.

12.

output of NOR gate is made input for NOT gate.
Y=A+B=A+B

- The output of two NQT gate is input for NOR gate

Hence,Y=A+B=A.B=A.5

- Itis OR operation. Here, 1+ 0 =0+1=1+1=1

- The combination of OR and NOT gates is NOR gate.

- The repetitive use of NAND and NOR gate gives digital circuits.

« AB+ A=1-1+1=1+1=1 Same is true for B- A+ Bas well as
B+ A

W =72.(B-0C)

- The output D for the given combination

D=(A+B)C=(A+B)+C

If A=B=C=0,then D=(0+0)+ 0 =0+0=1+1=1
IFA=B=1C=0,thenD={+1)+0=1+0=0+1=1
For option (c). it is a NAND gate, its output = 01 =0 =1
The given Boolean expression can be written as

Y =(A+B)-(AB)=(A-B)-(A+B)

~(A-A)-B+AB-B)=A-B+A-B=A-B

So, the truth table is

A B Y
0 0 1
1 0 0
0 1 0
1 1 0
The Boolean expression for the given combination is
Y=(A+B).C
The truth table is
A B (& Y=(A+ B)C
0 0 0
(1) 0 0 0
0 1 0 8
0 1
? 1 0 0
0 1 1 1
1 0 1 1
1 1 1 1

Hence, A=1B=0andC =1

13. When two inputs of a NAND gate are joined together, it works

as a NOT gate. The OR gate connected to this NOT gate
results is a NOR gate.

For NAND gate, Y = AB

The output of the NAND gate is
Y=A-A=A+A=A

. Here, A- A = 0 both when A =0 or 1

. For NOT gate, Y = A

14.
15.

. Let us draw the given combination pointing out that the first
gate is OR gate second gate is AND gate. The inputs of the
OR gate, are Aand B, and its output is A + Bthat is AOR B.

The inputs of the AND gate are Aand A+ Band its output is
A-(A+ B) that is AAND (A or B). The truth table for the
output is Y= A (A+ B)is as follows

A
Y
B L—A+B A*B

A:(A+B)
Inputs
A B A+ B Y=A-(A+ B)
0 0 0 0
0 1 1 0
1 0 1 1
1 1 1 1

19. Lets mark the figure again, we have

At point (1), we have input A and at point (2), we have input B
At point (3) we have input A and at point (4), we have input B
At point 5, we have the output of the NOR gate as

(A+B)=A-B=AB
S0, we get the result to be an AND gate.
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20. The truth table for the OR gate is given as

Inputs Output
A B Y
0 0 0
1 1 1

21. The operation of first gate is NAND gate and the second is

NOT gate, so the resultant operation is that of an AND
gate.

22. The truth table corresponds to the boolean operation
Y =A-B + A-B. This is for XNOR and XOR gate.

23. NOT gate inverts the signal applied to it. But in diode, the

input and output are in same phase. Thus, NOT gate cannot
be built using diode.

24. NOT gate inverts the input signal i.e., if input is 1 then output
will be zero or vice-versa. Therefore, it is called as invertor.
NOT gate inverts the input order means that for low input, it
gives high output or for high input, it gives low output.

25. NAND or NOR gates are called universal (digital) building
blocks because using repeared order of these two types of
gates we can produce all the basic gates namely OR, AND or

complex gates.

26. Observing the given gate we observe that gate would be
same as given in option in which.

The values A =0, B =0 gives output 0
The values A =0, B =1gives output O
The values A =1, B = 0 gives output 1
The value A = 1,and B = 1gives output 0
27. From the figure of AND gate
A

X=AandB

B—@——

d NOT gate
& . X =NOTA

=V=6V

Clearly, the function X =NOT (A AND B) of the logical
variables A AND B is called NAND gate.

JEE Main Physics inJust 240 Days

28. —
? A-(A-B)
A-B y
B o—
B-(A-B)
Y=((A-(A-B))-(B-(A-B)
=(A+A-B)-(B+A-B)
=(A+A-B)+ (B + (A-B))
= A-(A-B)+ B-(A-B)
=A-(A+B)+B-(A+B)
=A-B+B-A
A B A B AB | B-A Yy
0 0 1 1 0 0 0
0 1 1 0 0 1 1
1 0 0 1 1 0 1
1 1 0 0 0 0
It is the truth table of XOR gate
29.
A ,
=
B
y=A+B and y=y'=A+B
i.e., output of a NOR gate.
30. Truth table for given combination is
A X
0 0
0 1 1
1 0 1
1 1 1

This comes out to be truth table of OR gate.

31. Truth table

AR s
b 1
T O |0
Ol 2 | @ Be
@l o |l @

32. If we give the following inputs to A and B, then cofrespon

output is shows in table

A

= =)&)

——o—=0o|W

The above table is similar to OR gate.

| Print to PDFE without this message by purchasing novaPDF (http://www.novapdf.com/)
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Day 36

Outlines ...

- © Communication System
S Modulation

© Demodulation or Detection

ko Propagation of
. Electromagnetic Waves

Communication
Systems

Communication System

The word communication refers to the faithful transmission of
information or message signal from one point to another point where
it reaches in an intelligible form.
[rrespective of its nature, every
elements. These are (
(iii) receiver.

communication system has three essential
i) transmitter, (ii) medium or communication channel and

In modern communication systems the information is generally in the form of
electrical voltage/current signals.

An electrical transducer converts some physical variables (pressure,

displacement, force, temperature etc.) into corresponding variations in the
electrical signal as its output.

Information converted in electrical form and suitable for transmission is called a
signal, which can be either analog or digital.

Bandwidth refers to the frequency range over which an equipment operates or the
portion of the spectrum occupied by the signal.

For speech signals (as in telephony) a band width of 2800 Hz is adequate. For
transmission of musical programme a band width of about 20 kHz is required. For
TV transmission generally a band width of 6 MHz is allocated to a channel.

N/ /WWW. NOVADQO O[]
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Block Diagram of Communication System

Source [>Channel <—>{Modulator

Coder Coder Py
(transmitter)

(receiver) Channel

| Destination l:

Source Channel
Decoder|~>|Decoder]

[—>]Demodulator |

Line Communication

For point to point communication we need line
communication. Line communication may be in the form of
electrical signal or optical signal.

Optical Communication

Optical communication uses light waves in the frequency
range 10" to 10'® Hz as the guided wave medium for
propagation of audio frequency signal.

Main advantage of optical communication system lies in
the fact that here very high band widths of MHz and even
GHz are possible. Consequently a large number of messages
can be transmitted through a single cable without any risk
of their intermixing.
Moreover due to very little line loss the quality of reception
is vastly superior.
An optical communication system consists of mainly three
parts which are

(i) optical source and modulator

(ii) optical fibre cable,

and (iii) optical signal detector.

| JEE Main Physics st 40 Days

Optical Fibre 1
Optical fibre make use of the principle of total internal
reflection of light. The refractive index n, of central core is
higher than refractive index n, of cladding.

10-100 mm

Cladding

Total internal reflection will take place at core-cladding
interface if angle of incidence there is

5 o= HZ o
1 =S8In 1[—J .
1y 4

For above condition to be fulfilled the light ray must enter the
optical fibre at a maximum acceptance angle 8, from the axis
of fibre such that

(80) max

where, n, is the refractive index of the outer medium. For
air, n, = 1 and then

(80)max =sin~'(ynf — nl)

» Numerical Aperture (NA) =ng sin(0p) max = \/ni2 = n%

» All the information in optical fibre is carried out by the ¥
principal of total internal reflection and all the information is
carried in core of the optical fibre. "

» If angle of incidence is greater than (8,)m. then total
internal reflection will not take place and some information
will be lossed. :

Modulation

It is the process in which one of the characteristic parameters (amplitude, frequency or phase) of the carrier
signal will be varied linearly in accordance with message signal amplitude variations.

Modulation is essential so that (i) hi
different sources, and (iii) radiating power o

For a carrier wave,
* (AM), Frequency Modulation (FM)

1. Amplitude Modulation (AM)

(i) Amplitude
changing the amplitude
in accordance with

signal (Ay)-

Modulation (AM) is the process of
(A,) of a carrier wave linearly
the amplitude of message

MWW, N0VADJ

eight of transmitting antenna is not too high, (ii) there is no overlapping of signals from
f transmitting antenna is high enough.

which is a continuous sinusoidal wave, modulation is of three types namely Amplitude Modulatiox
and Phase Modulation (PM). 1

(ii) The ratiop = A—m is called the modulation index an
o :
practice we maintain ju < 1, so as to avoid dis'
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Day 36 Communication Systems

is 20,

» Upper Side Band Frequency (USB)=v_+ v
(] m

» Lower Side Band Frequency (LSB)

» Bandwidth =

where, v_ = carrier frequency
Vi = signal frequency,
S W=
where, v, = carier frequency
V.., =signal frequency.
Vuse = Visp
:(V(‘ i Vm>—(vc = vl‘n) = 2 Vm

(iv) AM technique is simpler and cost effective,

However, it suffers from noisy reception, low

efficiency, small operating range and poor audio
quality.

2
(v) Power dissipated in AM WavelSP =P ot -
2

2
where P, = % is power dissipated by unmodulated

carrier wave where, & = modulation index.

2. Frequency Modulation (F\M)

(i) Frequency modulation is the process of changing

the frequency of a carrier wave in accordance with
the amplitude of message signal.

(ii) In FM modulated wave the amplitude of wave and

hence total transmitted power remains constant.

(iii) Frequency of modulated signal consists of central

(iv)

(v)

band of frequency ®, and side bands of
frequencies (0, + 0,,),(0, *20,,),(®, + B, ) oo
The number of side bands depends on the
modulation index.

Total bandwidth of modulated signal =2n -,
where n = number of significant side band pairs.
FM technique is more complex and cgstly.
However, efficiency is more and aud%o quality is
vastly improved. Noise level is negligible.

In the FM wave, modulation index
0

mf ==

Vm

where, § = maximum frequency of deviation
Vm = modulation frequency.

Demodulation or Detection

(i) Demodulation is the process of extracting the audio

frequency information/message signal from the
modulated wave,

(ii) For AM modulated wave a p-n junction diode or a
vacuum tube diode is used as a demodulator. A diode
basically acts as a rectifier and, thus, reduces the
modulated carrier wave into positive envelope only.
This positive envelope is sent through a R-C circuit.
Carrier wave passes through the capacitor and AF
signal is regenerated across R,

Modem

Modems are used to interface  two digital
sources/receivers. A modem contains a modulator
and a demodulator arrangement in a single compact
unit. Modems are placed at both the ends of
communication circuit. At the transmitting stage, modem
changes the digital output from the computer/business
machine into analog signal so that it can be easily sent
via a communication channel (telephone line). The
modem used at the receiver stage does the reverse
process.

Fax

The electronic reproduction of a document as a whole at
some distant place is called FAX (Facsimile
transmission). At the transmitting stage the document
is converted into transmittable electronic code. At the
receiving stage these codes are converted back into a
copy of the original document,
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Propagation of Electromagnetic Waves

It is that category of communi
modulated signal is propagated

1. Ground Wave Propagation

(i) In ground wave (also known as surface wave)
propagation, the radiowaves trave] along the surface of
earth following the curvature of earth.

(i) In these waves continuously attenuation of signal
?akes place as the wave propagates. It is due to (i)
induced currents in the ground, and (ii) diffraction of
waves. The attenuation increases rapidly with increase
in frequency of the waves,

The method does not suit at all for radiowaves of
frequency more than 2 MHz.

;? Ground waves are vertically polarised,
» AMis an example of ground wave propagation,

2. Sky Wave Propagation

(i) These waves travel upward and are reflected back from
the ionosphere, which is a atmospheric layer around
the earth at a distance of 80 to 400 km from the earth’s
surface.

(ii) In sky wave propagation attenuation of signal is very less
and hence the transmission range is large.

(iii) Sky wave method can be used for radiowaves of
frequencies 2 MHz to 20 MHz. However, by using
special techniques upper range of this limit may be
suitably increased.

(iv) There is a certain maximum frequency of radiowaves
(called as the critical frequency) which can be
reflected back by the ionosphere. So, the sky wave
method fails for waves of higher frequencies.

[: Reflection occurs from ionisation layers due to bending of
waves when it travels through different layers.

w The critical frequency V. of a sky wave for reflection from a
layer of atmosphere is ...V .= O (N )'/> where N s
the number density of electrons per m of the layer of

. atmosphere.

2
vm
W Skip distance Dgyip, = 2h (—V%J %

where, h = height of reflecting layer of atmospher'e,
Vo = maximum frequency of electromagnetic wave,

v, = critical frequency for the layer of atmosphgre. ’
» Refractive index W, for a layer in sky wave propagation is

> ,|_81.45N
n= a2

wibrava N ic tha numbar Aoncitu af alartrnn her m

3

cation in which no line or cable is used as a communication channel and the
through free space. It is of following types

3. Space Wave Propagation

(i) In this method waves are transmitte
directly from the transmitting antenna |
receiving antenna. Due to this reason it
also called the line of sight propagation.
occurs between 30 MHz to 300 MHz.

(ii) Range is limited due to curvature of earth.
h be the height of the transmitting antenn
then signal can be received upto
maximum distance d =+2Rh where R
radius of earth.

(iii) In such a case area covered A = nd? = 271 F
and if population density is n the
population covered

=nA = 2nRhn

(iv) If heights of transmitting and receivir
antennas be h; and hy respectively, the
effective range will be

d = [2Rh, +.[2Rhy

(v) Relative permittivity of the
atmosphere is

layer

_ 8145N

V2

g =1

4. Satellite Communication

(i) It is mainly done with the help of
geostationary satellite orbiting the earth j
the equatorial plane from west to east at
height of about 36000 km above the surfac
of earth so that its revolution time is 24 h.

(i) The transmitted signal from the eart
station is uplinked to satellite. The satelli
receives it, demodulate it, amplify it an
remodulate it and transmit it back. Now it ;
downlinked to earth station. A radi
transponder does all these jobs in a satellite

(iif) Uplink frequency and downlink frequenc
are kept widely different so as to avoi
their interference in free Space.

(iv) For world wide coverage three geostationar

satellites are required at 120° apart fror
each other. ' B

Print to PDE without this message by purchasing novaPDF (http://www.novapdf.com/)
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1. Three waves A, B and C of frequencies 1600 kHz, 5 MHz

and 60 MHz, respectively are to be transmitted from one
place to another. Which of the following is the most

appropriate mode of communication? [NCERT Exemplar]

(@) A is transmitted via space wave while B and C are
transmitted via sky wave.

(b) A is transmitted via ground wave, B via sky wave and C via
space wave.

(c) B and C are transmitted via ground wave while A is
transmitted via sky wave.

(d) B is transmitted via ground wave while A and C are
transmitted via space wave.

2. In optical communication system operating at 1200 nm, only

2% of the source frequency is available for TV transmission
having a bandwidth of 56 MHz. The number of TV channels
that can be transmitted is
(@) 2 million

(c) 0.1 million

(b) 10 million
(d) 1 million

3. For 100% modulation, the power carried by the side bands

(Peg)is given by
(b) Fop =3P
(d) FRp =0

4. \What is the modulation index if an audio signal of amplitude

one half of the carrier amplitude is used in AM?
(@) 1 (b) 0
(c) 0.5 (d)>1

5. For what value of m, will the total power per cycle be

maximum in the modulated wave?
(VRO (b) 1 () 1/2 (d)>1

6. How the sound waves can be sent from one place to

another in space communication?

(a) Through wires

(b) Through space ;

(c) By superimposing it on undamped eleotromagnetllc waves
(d) By superimposing it on damped electromagnetic waves

7. An EM wave of maximum frequency 300 kHz and critical
frequency 100 kHz is to be transmitted to a height equal to
150 km. Calculate the skip distance.

() 636 km

(a) 624 km (b) 849 km (d) 942 km

Practice Zone Tag )

8.

i

.'// k b N
V. =
A N

A diode AM detector with the output circuit consisting of
R =1kQ and C = 1uF would be more suitable for detecting a
carrier signal of

(@) 10 kHz (b) 1 kHz
(c) 0.75 kHz (d) 0.5 kHz
9. The channel width in FM broadcast in VHE is
(a) 800 () 600
(c) 400 (d) 200
10. The electron density of E, R, £, layers of ionosphere is

11.

12.

13.

14

15.

2x 10", 5x 10" and 8 x 10'"m=2 respectively. What is the
ratio of critical frequency for reflection of radiowaves?

(@2:4:83 b)4:3:2
(€)2:3:4 (d)3:2:4
On a particular day, the maximum frequency reflected from

the ionosphere is 9 MHz. On another day, it was found to
increase by 1 MHz. What is the ratio of the maximum
electron densities of the ionosphere on the two days?

(a) 123 (b) 1.0 (c)1.43 (d) 0.75

if sky wave with a frequency of 50 MHz is incident on D
region at an angle of 30°, then angle of refraction is

(@) 16° (b) 30°

(c) 60° (d) 45°

A message signal of frequency ,, is superposed on a

carrier wave of frequency @, to get an Amplitude Modulated
wave (AM) The frequency of the AM wave will be
[NCERT Exemplar]
(@) o, (b) &,
@ + Op @ — Oy
©) =St d
©) 5 (d) 5

To cover a population of 20 lakh, a transmitter tower should
have a height of (Given radius of earth = 6400 km,
population per square km = 1000) is

(@ 25m (b) 50 m
(€) 75 m (d) 100 m
The TV transmission tower in Delhi has a height of 240 m.

The distance up to which the broadcast can be received
(Taking the radius of earth to be 6.4 x 10° m) is

(a) 100 km (b) 60 km
(c) 85 km (d) 50 km
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16. In an amplitude modulated wave for audio-frequency of 500
cycle/s, the appropriate carrier frequency will be

(@) 50 cycle/s (b) 100 cycle/s
(c) 500 cycle/s (d) 50,000 cycle/s

17. The characteristic impedance of a coaxial cable is of the

order of
(a) 50 Q (b) 200 Q
(c) 270 Q (d) None of these

18. Ify, and p, are the refractive indices of the materials of core

gnd cladding of an optical fibre, then the loss of light due to
its leakage can be minimized by having

@py > u, ) i < u,

©n, = p, (d) None of these

19. The minimum length of antenna required to transmit a radio
signal of frequency 20 MHz is
(@5m () 7.5 m

(€)2m (d)8.75m

20. Repeaters are required for transmitting microwave terrestrial
communication system over a 40-50 km distance because
(@) microwave power decreases rapidly with distance
(b) the curvature of the earth limits the distance over which

the line of sight can be established

(c) signal to noise ratio decreases rapidly with distance
(d) signal distortion creeps in rapidly with distance

21. A speech signal of 3 kHz is used to modulate a carrier signal
of frequency 1MHz, using amplitude modulation. The
frequencies of the side bands will be [NCERT Exemplar]
(a) 1- 003 MHz and 0- 997 MHz
(b) 3001 kHz and 2997 kHz

(c) 1003 kHz and 1000 kHz
(d) 1 MHz and 0.997 MHz

22. Maximum Usable Frequency (MUF) is F-region layers is x,
when the critical frequency is 60 MHz and the angle of
incidence is 70°, then x is /

(a) 150 MHz
(c) 175 MHz

(b) 170 MHz
(d) 190 MHz

23. Frequencies higher than 10 MHz were found not being
reflected by the ionosphere on a particular day at a place.
The maximum electron density of the ionosphere on the day

was near to
(@)1.5x 100
(c) 3x 102 m™®

(b)1.24x 102 m™®
(d) None of these

24. Consider telecommunication through optical fibres. Which

of the following statement is not true?

(a) Optical fibres can be of graded refractive indfex.

(b) Optical fibres are subjected to electromagnetic interference
from outside

Directions (Q. Nos. 25 to 30) Each of these questions contains : '
two statements : Statement | (Assertion) and Statement Il (Reason). =
Each of these questions also has four alternative choices, only one

of which is the correct answer. You have to select one of the codes

(@), (b), (), (d) given below A
(a) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement |
(b) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement | b
(c) Statement I is true; Statement Il is false L
(d) Statement | is false; Statement Il is true %

JEE Main Physics in Just 40 Days

25.

26.

27

28

29

30

31
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(c) Optical fibres have extremely low transmission loss >

(d) Optical fibres may have homogeneous core with a suitable e
cladding ’

o -
N
»
-
g5

Statement | FM broadcast is preferred over AM broadcast.

Statement Il Process of combining the message signals
with carrier wave is called demodulation. ’

Statement | Higher the modulation index, the reception will
be strong and clear.

Statement |l The degree, to which the carrier wave is
modulated is called modulation index.

Statement | Transducer in communication system converts
electrical signal into a physical quantity.

Statement Il For information signal is to be transmitted
directly to long distances, modulation is necessary.

Statement | Modem is a demodulator.

Statement Il It works only in a transmitting and receiving
mode.

Statement | Optical fibre communication has immunity &
cross-talk. j

Statement Il Optical interference between fibres is zero.

Statement | Television signals are received through
sky-wave propagation.
Statement Il The ionosphere reflects electromagnetic

waves frequencies greater than a certain critical
frequency. 1

Which of the following four alternatives is not correct?
We need modulation

(a) toincrease the selectivity

(b) to reduce the time lag between transmission and recep
of the information signal -

(¢) to reduce the size of antenna :

(d) to reduce the fractional bandwidth, that is the rat
signal bandwidth to the centre frequency. :
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32. This question has Statement | and Statement Il. Of the four

choices given after the statements, choose the one that best
describes the two statements.

Sta_tement I Sky wave signals are used for long distance
radio communication. These signals are in general, less
stable than ground wave signals.

Statement Il The state of ionosphere varies from hour to

hour, day to day and season to season. [AIEEE 2011]

(8) Statement | is true, Statement Il is true, Statement Il is the
correct explanation of Statement |.

(b) Statement | is true, Statement Il is true, Statement Il is not the
correct explanation of Statement |.

33.

(c) Statement | is false, Statement Il is true
(d) Statement | is true, Statement Il is false

Consider telecommunication through optical fibres. Which
of the following statements is not true? [AIEEE 2003]
(@) Optical fibres can be graded refractive index.

(b) Optical fibres are subjected to electromagnetic interference
from outside.

(c) Optical fibres have extremely low transmission loss.

(d) Optical fibres may have homogeneous core with a suitable
cladding.

Answers
1. () 2. (d) ) 4. (c) 5. (b) 6. (c) 7. (b) 8. (a) 9. (d) 10. (c)
11. (a) 12. (b) 13. (b) 14. (b) 15. (c) 16. (d) 17. (c) 18. (a) 19. (d) 20. (b)
21. (a) 220 (©) 23. (b) 24. (a) 25.(c) 26. (b) 27. (d) 28. (d) 29. (a) 30. (d)
31. (b) 32. (b) 330 @)
3 ()
Hints & Solutions
1. For ground wave propagation, the frequency range is Here, my =1
530 kHz to 1710 kHz. For sky wave propagation, the =K pop [1+1}=§Pc
frequency range is 1710 kHz to 40 MHz. For space wave & 5152
propagation, the frequency range is 54 MHz to 4.2 GHz. P
Thus, option (b) is correct. Hence, — = 3 " ¥
2. The frequency optical communication 5'c
c 3x 108 13 1
= V= =25 0" HZ or Rp==P
= 1200 x 107° RN

But only 2% of the source frequency is available for TV
transmission v =25x 10" x 2%

2
=255 07 % —

100
v =5x 10'? Hz

Number of channels = m
5x 102

=108 = 1 million

Number of channels = 5% 10°

2 2 E2
1(m.k l(mafc) P=—°]
ro=7(5) *3(28 e
P _maZEcz_mazc=P.C [my =1]
2
m,
Also, P=R {”‘f}

o [RIENE, Eqy =-21— E;

1
Therefore, E o =E. + Ep =E + 5 Er=i5E
1

Emin :Ec =6 =Ec _E EC =0'5Ec

Bk Enihee 10 E SR UBIES
A Eriin # E i OIESHOISIES

E.
=—= =05
s =
[R<e
5. Since, P=P. | 1+ ’r’i-lj

Power will be maximum, if m, =1

y
Therefore, Fnay = F [1 o E]
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2
7. Dy, =2h (i] ]

VC
Dy
=2 x 150 (@j -1
100

=2 X 150 x 242 = 300 x 2 x 1414
=2.828 x 300 = 8484 = 849km
8. Given, R=1kQ
R=1x10°Q,C =1uF = 1x 108 F
In this condition frequency of carrier signal,
il ST
RC =
! =
Il o
= £ >>1kHz
Because frequency is greater than 1
L =10kHz
10, Critical frequency for reflection of radio waves is given by
V, o< N1’2

<t

Vee - Ver - Ve,
=@x 102 :(5x10"/2 ; (8x 10")/2=2 3 4

1’ ’ 2
11. N max . (V_c]
N v

2 2
_ (_9“) =(1_Oj ~1.23
9 9

12. For D-region, N =10°m~?2

_ [;_8i45N

n=, "
8145 x 10°

= ili= G|
50 x 10°)

—

oS

sinr

or sinh=sin /
or = =80%

13. In amplitude modulation the frequency of modulateq wave fs
equal to the frequency of carrier wave. Thus, option (b) is

correct.
14. Area of region covered = n(2nR)
In 1 km? =1000 people

1 % 20x10°=20x10° = A

1000
20 x 10° =T (2 X h x 6400)
3
el =M_=50m
T X 2 x 6400

15.
16.

17

18.

19.

20.

21.

23.

24.

- MUF =v; s/=60 x 10° x s 70°

JEE Main Physics i _ust 40 Days

d =+2Rh =2 x 6.4 x 10° x 240 m =55 km _
Carrier freqUency is always greater thanl modula?ing ;
frequency (i.e., audio frequency), so option (d) is appropriate
carrier frequency. 7

The characteristic impedance of a coaxial cable is of the
order of 270 Q. :

Refractive index of core is always greater than refractive indé:’;:
of cladding, to minimize the lost of light. 5

v =20 MHz =20 x 10° Hz

c 3x108
g = 2= e R
Wavelength of antenna is, A v 20x10°

For efficient radiation and reception, the height of
transmitting and receiving antennas should be comparable
to a quarter wavelength of the frequency used.

s
The minimum length of antenna = e 375m

To increases the range of transmission of microwaves, a
number of antennas are erected in between the transmitting
and receiving antennas. Such antennas in between the
transmitting and receiving antennas are known as repeaters.

Here, v = 3kHz = 0.003 MHz
Using amplitude modulation, the frequencies of the side
band = (v +Av) and (v —Av)

= (1+ 0.008)and (1— 0.008) = 1. 003MHz and 0.997 MHz
Thus, option (a) is correct,

=175.43 x 10°

= 60 e 0 e =
0.342

=175 .43 MHz

RSN LN T

_ 806N
cos?j

where / is angle of incidence and N is electron density. For

the wave not reflected from ionosphere, i = 0.

f2

80.6
Rl S
cos* 0°
L N e )
80.6 80.6
100 &
=—= seil0l® = 12 -3 )
o6 < 19" = .24 jo*y :

Some of the characteristics of an optical fibre are as follows
(i) If works on the principle of total internal reflection.

(i) It consists of core made up of glass/silica/plastic with
refractive index n,, which s surrounded by a glass of
plastic - cladding with refractive index ny(n, >n,). The
refractive index of cladding can be either changing
abruptly or gradually changing (graded index fibre). '

(ii)) There is a very little transmission loss through opti
fibres.

(iv) There is no interference from stray electric and magneti
fields to the signals through optical fibres. :

NWW.N0VADJ
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25. In AM modulation, the amplitude of the carrier signal varies in
accordance with the information signal. AM signals are noisy
because electrical noise signals significantly affect this. In FM
modulation, amplitude of carrier wave is fixed while its
frgquency is changing. FM gives better quality transmission.
It is preferred for transmission of music.

Demodulation is the process in which the original modulating
voltage is recovered from the modulated wave.

26. The modulation index determines the strength and quality of
the transmitted signal.

If thg modulation index is small the amount of variation in the
carrier amplitude will be small consequently the audio signal
being transmitted will not be strong.

Hence, for high modulation index or greater degree of
modulation, the audio signal reception will be clear and
strong.

27.In any communication system information (a physical
quantity) is first converted into an electrical signal by a device
called transducer.
Most of the speech or information signal cannot be directly
transmitted to long distances. For this an intermediate step of
modulation is necessary in which the information signal is
loaded or superimposed on a high frequency wave which
acts as a carrier wave.

28. Modem is a modulating and demodulating device. It acts as
a modulator in transmitting mode and as demodulator in

receiving mode.

29. Optical communication is a system by which we transfer the
informations on any distance from one location to other

30. In sky wave propagation the radiowaves which have

31. Modulation does not change time lag between transmission

33. Some of the characteristics of an optical fibre are as follows

4749,

through optical range of frequency using optical fibre. The
optical interference between fibres is zero. Hence optical fibre

communication has immunity to cross talk.

frequency between 2 MHz to 30 MHz, are reflected back to
the ground by the ionosphere. But' radio waves having
frequency greater than 30 MHz cannot be reflected by the
ionosphere because at this frequency they penetrates the
ionosphere. It makes the sky wave propagation less reliable
for propagation of TV signal having frequency greater than
30 MHz. '

Critical frequency is defined as the highest frequency that is
returned to the earth by the ionosphere. Thus, about this
frequency a wave whether it is electromagnetic will penetrate
the ionosphere and is not reflected by it. Hence, choice (d) is
correct.

and reception.

(i) It works on the principle of total internal reflection.
(ii) It consists of core made up of glass/silica/plastic with
refractive index ny, which is surrounded by a glass or
plastic cladding with refractive index n,(n, >ny). The
refractive index of cladding can be either changing
abruptly or gradually changing (graded index fibre).
(ili) There is a very little transmission loss through optical
fibres.
(iv) There is no interference from stray electric and magnetic
fields to the signals through optical fibres.
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Unit Test /

(Modern Physics)

1. fA=0=Band A=1=B, then the output of the logic circuit
shown below are respectively.
A e

B e

@00 (b) 0,1 © 1,0 @11

2] Ultrﬁaviolet light of wavelength 350 nm and intensity 1.00 W
m < is incident on a potassium surface. If 0.5% of the
photons participate in ejecting the photoelectrons, how.
many photo electrons, are emitted per second, if the
potassium surface has an area of 1cm? ?
(a) 1.76 x 10'®photoelectrons/s
(b) 1.76 x 10'“photoelectrons/s
(c) 8.8 x 10''photoelectrons/s

(d) The value of work function is required to complete the value
of emitted photoelectrons/s.

3. A broken ligament is being welded back in place using 20
ms pulses from a 0.5W laser operating at a wavelength of
632 nm. The number of photons in 5 pulses of laser are

(a) 1.59% 107" (b) 3.18% 1077
(c) 1.59% 102 (d) 3.18x 10'°

4. Taking the Bohr radius as g, = 563 pm, the radius of Li**
in its ground state, on the basis of Bohr's model, will be

about [NCERT Exemplar]
(a) 53 pm (b) 27 pm
(c) 18 pm (d) 18 pm

5. The Boolean expression for the logic circuit shown below is

b)Y=A-B+C
dY=AB+C

—_

@Y=(A+B+C
(©)Y=(A+B)-C

—

DAY\

6. An electron collides with a hydrogen atom in its ground state
and excites it to n = 3. The energy given to hydrogen atom in
this inelastic collision is [Neglect the recoiling of hydrogen
atom]

(a) 10.2 eV
(c) 12.5 eV.

7. An X-ray tube operates at 50 kV. Consider that at each
collision, an electron converts 50% of its energy into photons
and 10% energy would be dissipated as thermal energy due
to the collision then the wavelength of emitted by photons
during 2™ collision is [Take hc = 1242 eV-nm]

(@) 1.242 nm
b) 1.242 A

)
(c) 4.968 nm
d) 4.968 A

(b) 12.1 eV. #
(d) None of these &

8. For the nuclear reaction, gRa®*®—— ;<Rn? + He? the

radium nucleus is initially at rest and the alpha particle
carries the energy 5.3 MeV. The energy released in the
reaction is

(@) 5.4 MeV. (b) 5.0 MeV
(c) 300 MeV (d) 286 MeV. o

9. The combinations (M) and (N) of the NAND gates are shown i
below. b

e

Bo £

(N)

The output (Y) of (M) and (N) are equivalent to the output of
(a) OR gate and AND gate respectively
(b) AND gate and NOT gate respectively
(c) AND gate and OR gate respectively
(d) OR gate and NOT gate respectively

NWW.N0VADJ
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10. The binding energy of a H-atom, considering an electron

moving around a fixed nuclei (proton), is B = — e

e
(m =electron mass).
If one decides to work in a frame of reference where the

e!eqtron is at rest, the proton would be moving around it. By
similar arguments, the binding energy would be

it sghz = (M = proton mass)

This last expression is not correct because [NCERT Exemplar]
(&) n would not be integral

(b) Bohr-guantisation applies only to electron

(c) the frame in which the electron is at rest is not inertial

(d) the motion of the proton would not be in circular orbits, even
approximately

11. Light strikes a sodium surface, causing photoelectric
emission. The stopping potential for the ejected electrons is
5.0 V, and the work function of sodium is 2.2 eV. What is the
wavelength of the incident light?

(@) 100 nm (b) 170 nm (c) 150 nm (d) 200 nm

12. Light of wavelength 200 nm shines on an aluminium, 4.20
eV is required to eject an electron. What is the kinetic energy
of the fastest ejected electrons?

(@) 0.5 eV (b) 1.00 eV (c) 2.00 eV.

13. The simple Bohr model cannot be directly applied to
calculate the energy levels of an atom with many electrons.
This is because [NCERT Exemplar]
(a; of the electrons not being subject to a central force
(b) of the electrons colliding with each other

(c) of screening effects
(d) the force between the nucleus and an electron will no

longer be given by Coulomb’s law

(d) 4.00 eV

14. An electron is trapped in a one dimensional infinite well of
width 250 pm and is in its ground state. What is the longest
wavelengths of light that can excite the electron from the
ground state via a single photon absorption?

e (b) % = 2mLe
@*r= ) e - )

_ eml’c @) A= _ Gk
) h= i =) h(n? - nf)

io of the shortest wavelength of the Balmer
length of the Lyman series?
(b)2:4
(d)1:1
state of the hydrogen atom), the electron has a
_13.6 eV, its kinetic energy is

15. What is the rat
series to the shortest wave

(@1:4
(c)4:1

16. In the ground
total energy of

b)13.6eV
(a)12.SeV ( :
(c) 14.9 eV (d)-27.2¢eV
nt to PDE without this message by purchasin APD

17. Two. H atoms in the ground state collide inelastically. The
maximum amount by which their combined kinetic energy is

reduced is [NCERT Exemplar]
(@) 10.20 eV (b) 20.40 eV
(c) 13.6 eV (d)27.2 eV

18. X-rays are produced in an X-ray tube by electrons

accelerated through an electric potential difference of 50.0
kV. An electron makes three collisions in the target before
coming to rest and loses half its remaining kinetic energy in
each of the first two collisions. Determine the wavelengths of
the resulting photon after the first two collisions. (Neglect the
recoil of the heavy target atoms).

(@) 49.6 pm, 99.2 pm (b) 50.0 pm, 100 pm
(c) 30.6 pm, 60.2 pm (d) 77.7 pm, 114.4 pm

19. The X-rays are produced when 35.0 keV electrons strike a
molybdenum (Z = 42) target. What value of Ay, result?
(@) 44.5 pm (b) 35.4 pm

(c) 50.0 pm (d) 47.7 pm

20

o

What is the binding energy per nucleon for **Pu. The
atomic masses you will need are 239.052 16 u (**Pu),

1.00783u ('H)and 1.00867u (neutron)
(a) 8.35 MeV. (b) 9.50 MeV.
() 7.56 MeV. (d) 5.96 MeV

21. Nuclear radii may be measured by scattering high energy.
electrons from nuclei. What is the de-Broglie wavelength for
200 MeV electrons?
(@ 828fm  (b)7.98fm

292. Consider an initially pure 8.4 g sample of 57Ga, an isotope
that has a half-life of 78 h. What is its initial decay rate?
(a) 8.00x 10'°s™ (b) 6.27x 10'°s7"
(0) 7.53% 10'°s™" (d) 8.53% 10'°s7"

() 6.45 fm (d) 6.20 fm

23. Generally, more massive nuclides tend to be more unstable
to alpha decay. For example, the most stable isotope of
uranium. 238U, has an alpha decay half-life of 4.5 10°%yr.

“The most stable isotope of plutonium is #*Pu with an
8.2x 107yr half-life. When half of an original sample of U

has decayed, what fractions of the original sample of
isotopes of plutonium is left?
(@)2.24x 1077
(c) 4.43x 107"

(b) 8.31x 107"
(d) 5.54x 107"

24. The cesium isotope ¥'Cs is present in the fallout from above
ground detonations of nuclear bombs. Because it decays
with 2 slow (302 yr) hali-life into 8783, releasing
con.iderable energy. in the process, it is of environmental
concer 1. The atomic masses of the Cs and Ba are 136.9071
and 136.9058 u, respectively; calculate the total energy
released in such a decay.
(a) 1.21 MeV (b) 2.21 MeV (c) 3.33 MeV (d) 2.56 MeV.
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25,

26.

)
N

28

o

29,

31.

A photodiode is fabricated from a semiconductor with bang
gap of 2.8 eV. Can it detect a wavelength of 6000 nm?
(@) possible (b) not i '
: : possible
(c) either possible (d) data insufficient
Calculate the input resistanc

Vee =4V in CE configuration
as shown in figure

e of the transistor operating at
having its input characteristics

Callector to emitter voltage
100}

E AVCE =4V
:m 80 T / VCE o 10 V
A ey G R
5 e Al /; /
§ ail B / %;/,/
© a7
g 20t Pty
m it P "

ol T 1AV,

BONORGE =08 10 12 11 e
Base to emitter voltage (Vge) in volt

(@) 5756.6 Q (b) 5656 Q
(c) 5882.2 O (d) 6000 @

- A semiconductor has the electron concentration of

6x 10 cm™ and hole concentration of 9x 10'3 @l
What is the conductivity of this semiconductor ? Given :
Electron mobility =26m?V's™" and hole mobility
=002 mAV s,

(@)1.754 Sm™ (B)i8 333 S !

(c) 5.000 Sm™’ (d)2.784 Sm!

On a particular day, the maximum frequency reflected from
the ionosphere is 10 MHz. On another day, it was found to
decrease to 8 MHz. What .is the ratio of the maximum
electron densities of the ionosphere on the two days?

(a)20:10 (b) 30:15 (€)2567 116 (d)24: 11

A transmitting antenna at the top of a tower has a height 32
m and that of the receiving antenna is 50 m. What is the
maximum distance between them for satisfactory
communication in line of sight mode? Given radius of earth
6.4 10°m.

(a) 50.0 km (b) 45.5 km

(c) 35.5 km (d) 30.2 km

A TV tower has a height of 756 m. What is the ma>.<imum area
upto which this TV transmisgion can be received? Take
radius of the earth as 6.4x 10°m

(a) 3.02x 10°km? (b) 2.02x 1okai

() 3.02x 10*km? (d) 4.02x 10°km

The maximum peak to peak voltage of an AM wave is 26 mv
and ninimum peak to peak voltage is 4 mV. Find

moduiation index.
(a) 0.62 (b) 0.73 (c)0.83 (d) 0.93

JEE Main Physics inJust 240 Days

32. Frequencies higher than 10 MHz are found not to be reflecteq

by the ionosphere on a particular day at a place. What is the
maximum electron density of the jonosphere?

(@) 2.025% 10l m= (b) 2.235x 10"%e m®

(©) 1.235x 10'26m2 (d) 3.235% 10''e m®

Directions (Q. Nos. 33 to 42) Each of these questions contains
two statements : Statement | (Assertion) and Statement Il (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes
@), 1), (o), (d) given below
(2) Statement I is true, Statement Il is true: Statement Il is the
correct explanation for Statement |
(b) Statement lis true, Statement Ilis true; Statement Il is not the
correct explanation for Statement |
(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il s true

33. Statement | As intensity of incident light (in photoelectric
effect) increases, the number of photoelecirons emitted per
unit time increases.

Statement i More intensity of light means more energy per
unit area per unit time.

34. statement | Targets in X-ray tubes are made from high
melting point metals.

Statement il Most of the energy of striking electrons is lost
into collisions which simply appears as thermal energy.

35. Statement | The different lines of emission spectra (like
Lyman, Balmer etc) of atomic hydrogen gas are produced
by different atoms.,

Statement Il The sample of atomic hydrogen gas consists
of millions of atoms.

36. Statement | When a heavy nucleus is decayed to stabilise, it
emits o-particle rather than individual protons of ,He®

nucleus.

Statement Il Alpha particle is having high binding energy.

37. Statement | In o-decay, KE of emitted alpha particle is
never equal to disintegration energy, Q of the reaction.

Statement Il In a-decay, the daughter nucleus recoils as
alpha particle is emitted to conserve the momentum.

38. Statement | Electron capture occurs more than positron
emission in a heavy nucleus.
Statement Il In a heavy nucleus, electrons are relatively
close to nucleus.

39. Statement | A beam of charged particles is employed in the
treatment of cancer.
Statement Il Charged particles on passing through a
material medium lose their energy by causing ionisation of
the atoms along their path.

i e e s i
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40. Statement | NAND or NOR gates are called digital building
blocks. ‘

Statement Il The repeated use of NAND or NOR gates can
produce all the basic or completed gates.

41. Statement | Microwave communication is preferred over
optical communication.

Statement Il Microwaves provide large number of channels
and band width compared to optical signals.

42. Statement| Modem is a demodulator

Statement Il It works only in a transmitting mode.

Directions (Q. Nos. 43 to 45) A beam of light has three
wavelengths 440 nm, 495 nm and 660 nm with a total intensity of
BR2Ax 10° Wm™> equally distributed amongst the three
wavelengths. The beam falls normally on an area of 10 cm? of a
clean metallic surface of work function 2.2 eV. Assume that there
is no loss of light by reflection and each energetically capable
photon ejects one electron and take h = 6.6 x 10=-s.

43. Photoelectric emission is caused by

(a) light of wavelength 440 nm alone
(b) light of wavelength 660 nm alone
(c) lights of wavelengths 440 nm and 495 nm
(d) lights of wavelengths 495 nm and 660 nm

44. The incident energy (in Js~') of each wavelength is
(a) 324x 1077
(b) 1.62 x 10~
(c) 1.08x 107"
(d) 0.81x 1077

45. The total number of photoelectrons liberated per second is
(@) 4.9x 107" (0) 5.1x 107"
(c) 5.3x 107" (d) 5.5x 107"

Directions (Q. Nos. 46 to 47) In hydrogen atom electron is
orbiting in that orbit in which energy of Li*2 is equal to ground
state energy of hydrogen. It now jumps to some higher energy
state where its angular momentum becomes twice.

183

46. What is the initial state of electron in hydrogen atom?
(@2 (b) 3
(c) 4 (d)6

47. In final state
(a) radius of orbit becomes 4 times

(b) speed of electron will becomes half

(c) Both (a) and (b) are correct

(d) Both (a) and (b) are wrong

Directions (Q. Nos. 48 to 50) Carbon-14 (symbol L@
produced by the bombardment of atmospheric nitrogen with high
energy neutrons according to the equation.

BN = €

Radiocarbon is unstable and decays to nitrogen with a half-life of
5600 yr. The carbon-14 is incorporated. into atmospheric carbon
dioxide molecules which are taken in by plants when they breathe
in carbon dioxide. Animals which eat the plants also take in
carbon-14.

By measuring the ratio of the concentration of '*C to "*C in any

ancient organism, say a tree, one can determine the date when

the organism died.

48. A capsule contains 8 g of '4C whose half-life is 5600 yr. After
16800 yr, the amount of '4C left in the capsule will be

(a)gg ©)2g
© 59 d1g

49. Radiocarbon is produced in the atmosphere as a result of
(a) collisions between fast neutrons and nitrogen nuclei

(b) the action of cosmic rays en atmospheric oxygen

(c) the action of X-rays on carbon

(d) lighting discharge in atmosphere

50. Choose the only incorrect statement. In radioactive decay of
an element
(a) o-particles may be emitted
(b) B-particles may be emitted
() y-rays may be emitted
(d) the nucleus does not undergo any change
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Hints & Solutions

1. (c)WhenA:B:0,Y=1.WhenA=B=1,Y=O
2. (c) Energy of photon,

‘he _ 1242
E=— == ev-3550v= 19
e eV =5.68x 10719

Let n photons, per unit area
potassium surface, then

1.00
5.68x 1071
S0, number of photons received by potassium surface per unit
time is,
nx Area of potassium surface

=1.76x 108 x 1x 10~ *
= 1.76x 10!*

Required number of photoelectrons emitted per unit time

= 1.76x 10" x 25
100

per unit time are reaching the

= = 1.76x 10'®

=8.8x 10!

3. (¢) The power of laser is 0.5 W, let n photons/s are incident by
laser pulse on the broken ligament, then

nxhv=0.5W
X nhe _ o5
A
0.5x A
= n=
he

- USxEE g’
6.626x 107°*x 3x 108

= 1.59x 10'® photons/s

So, number of photons contained in 5 pulse are,
nx 5x 20x 10%) = 1.59x 10

4. (c) On the basis of Bohr's model,
n*h? n?
= _—2 = aO —
4nPmKZe 7
For Li**ion, Z = 3; n = 1for ground state

Given a, = 53 pm
_ 53x12

r =18 pm

5. (d) The two inputs for the OR gate are A-B and C.
: Y=A-B+C

6. (b) The energy taken by hydrogen atom corresponds to its
transition from n = 1to n = 3 state.
AE (given to hydrogen atom)

=13.6(1—1)
9

3 13.6x§= 1218V

7. (b) During 1 collision,

10

Initial energy of electron = 50 keV.
Energy appearing as photon = 50% of 50 keV.

=25 keV
Energy lost in collision = 10% of 50 keV.

= 5keV
Energy left for 2°¢ collision
= (50 — 25 — 5) keV= 20 keV

For 2™ collision,
Initial energy = 20 keV.
Energy of the emitted photon = 50% of 20 keV/

=10000eV
So, required wavelength,
h=1292 1240 A
10000

(@) As parent nucleus is at rest and emitted particle (ox) carries

some energy, daughter nucleus (Rn) recoils to conserve the
momentum.

The energy released in the reaction appears in the form of kinetiq
energy of a-particle and the daughter nucleus.

Q=Ky + Kp
From momentum conservation, Po. = Pp

Solving above equation, we have

= EMD N Q
Mp + M,

O Mp + M, ¥

Mp

o

K, =222t 4 o on

(@) It follows from the logic symbol (A) that
X=AB

for which the truth table is as follows

A B A B A-B |X=AB
0 0 ! 1 1 o
1 0 0 1 0 1
0 1 1 0 0 1
1 1 0 0 0 1

This truth table satisfies the Boolean expression X — A+ 8.4
which is the OR gate. Hence, the logic symbol (A) is equivalentto
an OR gate. It follows from logic symhol (B) that o

X=A-B=A.B ‘
which is the Boolean expression for AND gate.

(¢) In & hydrogen atom, elestron revolving around a fixed proton
nucleus has some centripetal acceleration. Therefore, its frame.
of reference is non inertial. In the frame of reference, where t
electronis atrest, the given expression cannot be true for bindi
energy as the frame in which electron s at rest would

inertial.
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11. (b) The energy of an incident photon £ = pf = he
of the most energetic electron emitted K,
is refated to kinetic energy by ey =K.,
soeV, = (hc/h) - pand

= __hi_ - 1240
eo+¢ 50+22

/A kinetic energy
=E-¢=(hc/h)- ¢V,

=170nm

12. (O K, =hf - = (he/h)- ¢

=G/
Km = gecll, 4.20
00
=2.00 eV

13. (@) The simple Bohr model cannot be directly applied to calculate
energy levels of an atom with many electrons. This is because all

the electrons in the atom are not being subjected to one single
central force.

14. (c) Energy levels are E, = n®h28/mi2,

f= AE/h = (/8mL®)(n} - n?)and the wavelength of the light is

8ml*c

G
e C
f hn? —n?)

15. () The energy E of the photon emitted

Fedapl L -1
. n

Frequency f of the electromagnetic wave f=E/h and the
wavelength A = c/f.

Thus,
s 100 oL, 1
e e el g
For which 1, = <. For the Balmer series, n; =2 and the shortest
wavelengthis Az = 4hc/136. For the Lyman series, n, = 1and the
shortest wavelength is &, = hc/13.6. The ratio is Ag/A; = 4
16. (d) If a(= 5.292x 107"'m ) is the Bohr radius, then the potential
62
4meqa
_ (8.99% 10°)(1.602x 107'%)2
i 5.292x 107"
=-436x 1078 =-27.2¢eV

U=-

energy is

17. (a) Initial KE of each of two hydrogen atoms in ground state

16*<31'26<;afvt:‘ooth H atoms before collision =2x13.6eV =27.2 eV.
As the collision is inelastic, linear momentum is conserved, but
some KE is lost. ;

if one H atom goes over to first excited state and other remains
in ground state, then their combined

6 816N
 KE after collison = (132—) + (_15-) =17.0eV

Reduction in combined KE =27.2 ~17.0eV =10.2 eV.

.
“e

&

Unit Test 7

18. (a) Initial kinetic energy of the electron is 50.0 keV. After the first
collision, the kinetic energy is 25 keV: after the second, it is
12.5 keV; and after the third it is zero. Energy of the photon
produced in the first collision is 50.0 keV— 25.0 keV. The
wavelength associated with this photon is

1240

~ 25.0% 10°
=4.96x 1072 = 49.6 pm
The energy of the photons produced in the second collision
12.5.keV and the wavelength associated with it is
_ 1240
T 125% 10°
= 9.92x1072nm
=99.2 pm

19. (b) The cut-off wavelength Anin IS characteristic of the incident

electrons, not of the target material. This wavelength is the
wavelength of a photon with energy equal to the kinetic energy of
incident electron

_ 1240
35x 10°
= 3.54x 10°nm= 35.4 pm

in

20. (c) The binding energy is given by,
AEge = [Zmy,; + (A = Z)m, — Mg, Ic?,
Am = (94)(1.00783 u) + (239~ 94)
(1.00867 ) - (239.05216 U) = 1.94101 u

AEge = (1.94101u)(931.5 MeV. / u) = 1808 MeV. Since, there are
239 nucleons, the binding energy per nucleon is

AEge =5 =190 _ 7 56 Mev
239
21. (d) The de-Broglie wavelength
hc 1240
Rl = o i
E  200x10°

=6.20x 10™°nm= 6.20 fm
22. (c) Decay rate R = AN,
REIR=INN
A =(In2)/ T, = (in 2)/(78 h)
= 8.89x 107°h™" then N, = M/m

Now, m= (67u)(1.661x 1072*g/u)= 1.113x 1072g

and N, = (3.4 g)/(1.113x 10%2g)= 3.05x 10?2

Thus,
R, = (8.89x 107°h71)(3.05x 10%?)
=2.71x 10®°h™" = 7.53x 10!®s~"

23.0)0 Lol orliatl
NO
(n2)t _ (In2)(4.5x 10°) _ 50 o
i 8.2x 107
and N _g0 _g31x 107"

0

NWW.N0VADJ O[]
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24. (a) My, be the mass of one atom of
of one atom o

subtract the mass of 55 electron
electrons from Mga. The energy released is

Q = [(Mgs - 55m) — (M, — 56m) — mjc?
where m is the mass of an electro
been made = (M, — Mg, )o? is obtained.
Thus,

Q = [136.9071 u~ 136.9058 u] ¢2

= (0.0013u)c?
= (0.0018 u)(932 MeV/u) = 1.21 MeV.
25. (h) £ NC_ 6626x 10 x 3x 10°

A 6000x 107°
= Gkl o ]
=3.318% 16>

16 107°

Since E < Eg,

.. Detection is not possible.

26. (c) From the figure and considering the dotted lines shown

therein, we get
AVge = (1.1-0.9) = 0.2V
Alg = (68 — 34) = 34 uA

[~ [%J ~ 58824 Q
Al )
27. (d) Hole concentration > Electron concentration.

So, semiconductor is p-type.
Now, e =1.6x 107'°C,n, = 6x10'? x 10°m™

=6 ol me
n, = 9% 10" x 10°m™ = 9x 10"°m 3
e =26 m?V-'s andp, = 0.02 m?V s
Again, 6 =e[n, pe + My 1p]

or  ©=1.6x107"°[6x10"®x2.6+9x10'°x 0.02] S m™"

=1.6x107"9x 10'®[15.6+ 1.8] Sm™’
= 16x 17.4x 107 Sm'=2784Sm

28. (¢){, =10MHzf’, = 8MHz
2 2
Nrnax = fLJ =(E) =25:16
B BT 8
29. (b)d,, =2 x 64x10° x 32 + 2 x 64x 10° x 50 m

= 64% 102 x +10 + 8x 10° x Y10m
=144x10°10m= 45.5 km

30. (a) d=.2Rh

=2 x 6.4x 10° x 75

= 31x 10°m= 31 km
Area covered = nd? = 3.02x 10> km?

Print to PDF without this message by purchasing novaPDF (http.//www.novapdf.com/)

137
Ly Csgs and My, be the mass
f"Bagg. To obtain the nuclear masses we must

s from My, and the mass of 56

n. Once cancellations have

O

eV=2.0706x 10 eV = 0.21 eV

31. (b) Maximum voltage of AM wave,

Vo= 4

A SN

Vo = %9mv= 13 mV

Minimum voltage of AM wave,

o= mevz 2 mV
.. Modulation index, m = Vnex = Yinin.
Vmax T Vmin
_ Bae  liEees
13+ 2 15

. (¢) Critical frequency, £. =10 MHz= 107 Hz

t= O (Nimax )1/2

f
or (Bira) € =5
£ 2
or N — (—3)
107Y 3
or N = [?J em
jlgj

3 em = 1.235x 10" e7m® :

. (b) Here both the statements are correct, but Il is not the correct

explanation for |. From quantum theory of light, as intensity of
light increases means number of photons/ area x time
increases and hence more photons take part in ejecting the
photoelectrons thus increasing the number of photoelectrons.

(@) When highly energetic electrons strike the metal target, they
(electron) suffer numerous collisions that heats up the metal. If "
melting point of metal target is low, then it may melt due to

thermal energy which appears due to loss in kinetic energy of the
moving electrons.

(d) A single atom can have only one transition at a time, we ar
observing differentlines due to large number of transitions takin
place simultaneously that occurred in different atoms of :
sample. 7.

a particle must have high kinetic energy and only
particle mass is sufficiently smaller than that of
nucleons for such high energy to be available.
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37. (@ In a-decay, the daughter nucleus

recoils to conserve
momentum and e

Q=K, + K,
So, Ko 20

38. (@ In a Iwe@vy nucleus, the electrons are relatively close to
nucleus, which promotes their interaction with the nucleus. Thus

electron capture is more often than positron emission in decay of
heavy nucleus.

39. (b) A radiation consists of a beam
radiation is used for cancer treatm

cancerous tissues, it destro
also true.

of charged particles. When
ent, then on falling upon the
ys the cancer cells. Statement Il is

40. (@) NAND or NOR gate are called universal (digital) building
blocks because using repeated order of these two types of gates

We can produce all the basis gates namely OR, AND and NOT
gate or complex gates.

41. (@) Microwave communication is preferred over optical
communication because microwaves provide large number of
channels and wider band width compared to optical signals as
information carrying capacity is directly proportional to band
width. So, wider the band width, greater the information carrying
capacity.

42. (d) Modem is a modulating and demodulating device. It acts as a
modulator in transmitting mode as demodulator in receiving
mode.

43. (c) The threshold wavelength is
hc

A= sz
(6:6x1073%)x (3% 108)
22x16x107"°

=6x107 m

= 600 nm
Out of the three given wavelength, two wavelengths A, = 440nmand
A, =495 nm will cause photoelectric emission as these
wavelengths are less than 4.

44. (c) Intensity of each wavelength is

/= 15 304% 10 = 108x 107 Wm2.
3

surface is A=1cm? =1x 107 m?. Therefore,
= Ix A=108x107Js™"

Area of metal
energy of each wavelength is E

45. (b) Letn, be the number of photons of wavelength A, incideﬁt pe.r‘

second. The energy of one photon = laz,
1

Hence, [E= Lhc
7"1

o n, = EM _ (108x107)x (440x10°%)
o he  (66x107%)x(3x1078)
. =2.4x10""

Similarly, n, =27 x 10"

» Total numbern=pn, + n, = 5.1x 10'",

46. (b) Let £, be the energy of hydrogen atom in ground state.

2 2
Then, Ey = EO[Z—QJ (as Eoczé-]
n n
or =%
or n=3 (as Z = 3forLi*?)

47. (L, = orl, «n
2n

/72

I, o« — while v,, o< Z
Z n

L , has doubled i.e., nhas become 2 times.
Hence, radius will become 4 times and speed will remain half.

48. (d) Number of half-ives n = 19890 _ 5
5600

Therefore, the amount of C - 14 left
-~ 90

1

® —
Q —=

=]

w

—

2)

49. (a) Our atmosphere contains a large number of stable isotopes.
When cosmic rays strike these isotopes, a number of
radioisotopes are produced. One of these radiocisotopes is
carbon-14 which is produced by the bombardment of
atmospheric nitrogen with high energy neutrons.

50. . (d) In radioactive decay of an elemente, B and y-rays are emitted
and the nucleus undergo changes, so option (d) is incorrect.
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Day

1. A hoop of radius 2 m weight 100 kg. It rolls along a
horizontal floor so that its centre of mass has a speed of
20 cm/s. How much work has to be done to stop it?

Instructions
1. The test consists of 30 questions.
2. Candidates will be awarded marks for correct response of each question. 1/4 (one-fourth) marks will be

3. There is only one correct response for each question. Filling up more than one response in each question will be
treated as wrong response.
—

Mock TEST1

(Based on Complete Syllabus) |

deducted for' iqdigating incorrect response of each question. No deduction from the total score will be made if
no response s indicated for an item in the answer sheet.

4. What is the effect of increasing the intensity of the light that g
falls on the emitter in a photoelectric effect apparatus?
(a) Cut-off frequency decreases

(b) Stopping potential decreases

. p— . V— 2 T
PP AR AT AN - LD I o e T e =

[NCERT Exemplar]
(b)2.5J

(@) 6.0J
(c)4.0J (d) 6.5

The length of the string of a simple pendulum is measured
with a meter scale, is found to be 92.0 cm, the radius of the
bob plus the hook is measured with the help of vernier
calliper to be 2.17 cm. Mark out the correct statement.

(a) Least count of meter scale is 0.1 em

(b) Least count of vernier callipers is 0.01 cm

(c) Effective length of simple pendulum is 94.2 cm

(d) All of the above

Two bodies A and B of equal mass are suspended from two
separate massless springs of spring constants k; and kp
respectively. If the bodies oscillate vertically such that their
maximum velocities are equal, the ratio of the amplitudes of

Ato that of B is

K ) [

@ 7, Ky

©% @

K i
sage by purcha novaPDE (http:

5. As the object moves from infinity to focus, then which is }

6. Two bodies of different masses has been released

MWW, N0VADC

(c) Time dglay for emission of photoelectron decreases
(d) Saturation photocurrent increases

true, about the image formed by a single a concave mirror? ‘
(a) Always real and speed of image continuously increases “:

(b) Always real and speed is initially small i er
er and er
than object speed % nd finali e

(c) Initially real and moving with speed smaller than object
speed but later on image becomes virtual and moving with
speed of object

(d) Always virtual and speed is less than object speed

the top of tower. One is thrown in the horizontal direc

while other is dropped, then which will reach the gr

first? &

(a) The body which has been thrown horizontally

(b) The body which has been dropped

(c) Both will reach the ground simultaneously

(d) Depends on the velocity with which the first bod
projected horizontally
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Dlyectlpns (Q. Nos. 7 to 9) A solid sphere of mass M and
radr.us R'is surrounded by a spherical shell of the same mass M and
radius 2R as shown. A small particle of mass m is released from

rc;stl;‘rom a height h (< <R) above the shell. There is a hole in the
shell.

hR? 2
i (o=
GM GM
hR?
(©) \|— d) None
\ oM (@)
8. What time will it take to move from Ato B ?
RZ R2 R2

(@) = (d) None

B> 6)ioist ~
GMh 2 ~GMh & ~GMh
9. With what approximate speed will it collide at B 7

ZGM GM
o) [t

(@ ) 2R
3GM GM
= @) ==

() - (d) A

10. An AC source producing emf
e =&, [cos (100 ws™)t + cos (500 ws)t]
is connected in series with a capacitor and resistor. The
steady state current in the circuit is found to be
I =1, cos [(100ms™)t + &]
+1, 60s [(B00 7 S™)t + 0,]

@ h>1p

o) =1

() <!y . :

(d) The information is insufficient to find the relation between /;
and/,

11. A SONAR system fixed in a submarﬁne operates at a
frequency 40.0 KkHz. An enemy submarine moves towards
the SONAR with a speed of 360 km/h. What is the frequency
of sound reflected by the submarine? Take the speed of
sound in water to be 1450 m/s. [NCERT Exemplar]

(b) 50.53 kHz

(a) 40.00 kHz
(d) 55.63 kHz

(c) 45.98 kHz

Day 38 Mock Test 1

12. If electric potential due to some charge distribution is given
by V =3/r?, where r is radial distance, then find electric field
2u(, i 1)

2 2[?+i+§]
(a)\/§ (|O)——~—EI
(e Gl

8 (i+j+k) 2(i+j+k)

letes,
13ff‘*f:°the diagram, a plot between & (deviation) versus i (angle
of incidence) for a triangular prism is given. From the
observed plot, some conclusions can be drawn. Mark out

the correct conclusions.

> |

io /2

(a) The range of deviation for which two angles of incidence are
possible for same deviation is 6, — &,

(b) The curve is unsymmetrical about i,

(¢) For a givenyd, i is unique

(d) Both (a) and (b) are correct

14. Mark the correct option.

(a) When the branch of the circuit containing battery is open,
then potential difference across the terminals of battery is
same as emf

(b) When two terminals of a battery are shorted, then potential
difference across the terminals of battery is zero

(c) If external resistance of the circuit changes, then potential
difference across the terminals of the battery changes but
emf remains same

(d) All of the above

15. A non-conducting plate (infinite plane plaio) is ivea a charge
in such a way that @, appears on one side and Q, on ather
side. The face area of plate is A Find e electric field at

points 1 and 2.

Q @
Tz
(a)Q1+Qe Q —Q )01 Q Q+Q
2g,A 280A 280A 2g,A
()O1+Qz Q-Q (d) 02 Q +Qy
g, A eoA 3 eoA g A



http://www.novapdf.com/
http://www.novapdf.com/

JEE Main Physics inJust 240 Days

16. The emf and internal resistance of the battery shown in
fugure are 4.3V anq 1Q respectively. The external resistance
R is 50 Q. The resistance of the voltmeter and ammeter are

200 Q and 2 Q respectively. Find the '
meters. readings of the two

4.

200 Q
(@ 0.1A 2V (b) 0.1 A 4V
(©) 0.4A 1V () 0.4A 4V
17. All the accelerations shown in figure are with respect to
ground, find acceleration of B.

(8) 83 ms™2, upward (b) 5 ms™, upward
(c) 8 ms=, downward (d) None of these

18. Three dielectric slabs of thickness d/4, d/7 and d/2 having
dielectric constants 2, 8/7 and 4 respectively are inserted
between the plates of a parallel plate capacitor having plate
separation d and plate area A. Find the capacitance of the

system.
/- 118g,A b 88eyA © 226, d 284 A
e 63d 135d 75d

19. The ratio of the acceleration due to gravity at the bottom of a
deep mine and that on the surface of the earth is 978/980.
Find the depth of the mine if the density of the earth is
uniform throughout and the radius of the earth is 6300 km.

(a) 12.86 km (b) 13.0 km
(c) 25.38 km (d) 90.9 km
20. An electron of hydrogen atom is considered to be r2evolving

with

around the proton in the circular orbit of radius T

ty 27 i t due to circulating
velocity Tw The equivalent current due

charge is _ o
4n®me’ ) 4n°me® (© ZFMe () None

(a) h3 h3 hs

21. A sky wave with a frequency 55 MHz is incident on D-vegieﬁ@;.

earth's atmosphere at 45°. The angle of refraction is (electron 1

density for D-regions is 400 electron/cm?®) Bl

(a) 60° (b) 45° (c) 80° (d) 15°

Directions (Q. Nos. 22 to 23) Each of these questions contains
two statements : Statement | (Assertion) and Statement I/ (Reason),
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes
(a), (b), (¢), (d) given below
(a) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement i
b) Statement | is true, Statement Il is true; Statement Il is notthe
correct explanation for Statement |
(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true

22. Statement | The rocket works on the principle of
conservation of linear momentum.
Statement Il Whenever there is the change in momentum
of one body, the same change occurs in the momentum of
the second body of the same system (having two bodies
only) but in opposite direction.

23. Statement | If the half-life of a radioactive substance is 40
days, then 75% substance decays in 20 days.

n
Statement Il N =N G]

Time elapsed

where, e S e
Half - life period

24. The voltage gain of an amplifier without feedback is 100. Ifa
negative feedback is introduced, with a feedback fraction
B = 0., then the gain of the feedback amplifier is

(a) 9.09 (b) 10 (c) 100.1 (d) 90.0

25. A cylinder of radius R made of a material of thermal
conductivity K is surrounded by a cylindrical shell of inner
radius R and outer radius 2 R made of a material of thermal
conductivity K,. The two ends of the combined system are
maintained at two different temperatures. There is no loss of
heat across the cylindrical surface and the system is in
steady state. Find the effective thermal conductivity of the

system.
@) K, + K, (o) —Kike
(Ki + Ky)
() B+ ) () Ko+ 8Ky)
4 4

26

A 20 g bullet pierces through plate of mass m, =1kg and

kg. It is found that the two plates, initially at rest, now move

with equal velocities. The percentage loss in the initial

velocity of bullet when it is between my and m, (neglect a
loss of material of the badies, due to action of bullet) will be

(a) 20% (b) 25% (c) 30% (d) 45%

:
£

then comes to rest inside a second plate of mass m, = 2.98 -
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27. Two clocks are being tested against a standard clock
located in a national laboratory, At 12:00:
standard clock, the readings of the two cloc

28.

1

ks are

Clock | Clock Il

Monday 12 :00: 05 10:15:06
Tuesday phof IRt iy 10:14: 59
Wednesday 11:59:08 IORTI5H8
Thursday R 50 105 07

Friday 11 469 15 O 4T58
Saturday 125017 : 30 ) Salisy )
Sunday 12201519 ORI

If you are doing an experiment that requires precision time
interval measurements, which of the two clocks will you
prefer?

(@) Clock |

(b) Clock i

b)
(c) Both have same precision time interval measurements
(d) None of the above

Five rods of same dimensions are arranged as shown in the
figure. They have thermal conductivities Ky, K5, Kg, K, and
Ks. When the points A and B are maintained at different
temperatures, no heat flows through the central rod if

Day 38 Mock Test 1
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lria

c
Ky Ko
A B
K3 Ka
| B
@)K, Ky =Ky Ky (6) K, = Ky and K, =K,
©) % E ?32_ (@ KKy = KoK,

29. Ablock of wood has a mass of 25 g. When a 5 g metal piece

with a volume of 2 cm? is attached to the bottom of the
block, the wood barely floats in water. What is the volume V
of the wood?

(@) 28 cc (b) 35 cc (c) 48 ccb - (d) 12 ce

30. A body dropped from a height H reaches the ground with a

speed of 1.2 \/gH. Calculate the work done by: air-friction.
(@) 2.8 mgH. (b) —1.83 mgH
(c) 1.3 mgH (d) — 40 mgH

Answer with Solutions

. (c)Given,R=2m

M =100 kg
Speed of centre of mass (v) =20 cm/s = 0.20m/s
Work done to stop the hoop = Total kinetic energy of the hoop
W=1mv?+ L ie?
2 2

. %
But moment of intertia / = Mr® and angular velocity @ = —

R
2
w=1mv2 4 1(Mr2)>< V—2
2 2 R
= mve + I mv2 = w2
2 2

=100 (0.20)% = (100 0.04) J = 4.0 J

2. (c) Effective length of the pendulum is (92.0+ 2.17)cm

3

~ 94.2 cm after rounding off to 3 significant digits.

. (d) Maximum velocity = an = a ‘/%

Ik k
1 _‘ =a ..l
Given that, & 2 J;

i

= A=
a, k1

4. (d) Intensity cannot change cut-off frequency or stopping

potential. High intensity means more number of photons, so
chances of hitting to electron by them increases and hence more
photoelectrons are emitted i.e., photocurrent increases.

5. (b) As the object moves from infinity to centre of curvature, the

image formed by a concave mirror would be real and is moving
from focus to centre of curvature, but as the object crosses
centre of curvature and moves towards focus the image is still
real but moves from centre of curvature towards infinity and when
the object is-at focus the real image would be formed at infinity.
So, image speed is smaller in beginning when the object is

moving from infinity to centre of curvature and increases
thereafter.

6. (c) Since, vertical displacement is same, as well as initial

velocity in vertical downward direction is zero for both the
bodies.

So; h=g_t12 I T >V,
2

(for horizontal throwing)
2 h
h= %2— (for dropping)

L=ty
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12. (b) As,

7. (@) Acceleration due to gravity near the surface of shell can be
assumed to be uniform (h << R).

@R)? 2R?2
Ffom h:lgtz t = @ 2 ﬁ
: g GM
2R? R

From Ato B, field due to shell is zero, but field due to sphere is
non-zero. '

2
tag < ﬁ < 7
Uy GMh
9. @ Ka = 0: Potential between A and B due to shell is constant.
From energy conservation we can write,
Ka+Uy=Kg+Ug or K =Uy =Ug =m(V, - Vp)
or 5 mvg = mV, - Vy)

Vg =BV, = V5) = 2{_%&3_"1} /G?M

Hence,

2R R

where o, =100 &

, Where o, = 5007

80, Z;>27,, therefore [ <I,.

11. (@) SONAR frequency, V. = 40kHz = 40x 10° Hz

Speed of enemy submarine
v, = 360 km/h = 360 % m/s = 100m/s ( Tkm/h = %m/s)

Speed of sound in water = 1450 m/s
Apparent frequency received by the submarine

vr= (Yt Yoy =(E§%,199)x 40x 10° = 4276 10° Hz
% 1450

Now, the reflected waves have a different frequency

(%)
V+ Vg

Here, v, = 100m/s is velocity of enemy submarine
e 1450
1450 — 100

3
Sl

]x 4276= 4593 % 10° Hz = 4593 kHz

JEE Main Physics i Juss 40 Days

13. @)

14. (d) In the option (a), the circuit is open, as a result no cu

15.

16.

17.

18.

flows through it, so the potential difference across inter
resistor is zero and hence, terminal potential difference is sar
as emf of battery. ;
For option (b), the terminal potential difference gets zero as
battery is shorted although emf remains same. :
In option (c), discharging of battery takes place, current has been

withdrawn from battery, whose value is depending on the value of

resistance, which inturn changes the value of terminal potential

difference but emf remains same.

@At E=S2 4 91 @+ Qs ouands eft
2gy 2g, 2Ag,
At 2; o Qo O 0_1—_02 towards right
2gy 2g, 2Ag,
C, = Gy and o, = <y
A A

(b) First of all draw the equivalent circuit diagram, current flowing

throUgNICTCU =S —
(50 || 200+ 2+1)

Voltmeter reading = 4.3— 0.1x 3=4 V.

(d) Consider downward direction as positive
app = —app
A6 =8pp + Apg
3=a, -2
= Ep = BET
Ap; =@gp+8pg =—5-2=—7ms >
(d) Here, three slabs are in series
==
= §
Bl
=7 é
d d d
4 7 2
R RS G
a8 dir ok (LLQJ 3d
2 87 4 8 & 8
C2 o . EOA o 28€0A
d-(9+‘1+‘1) 25d
4 7 2
Now, Coqg =Ci+Cy = 284¢€,A
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2
S e S S SRV
V. An®me®  2me?  4nZmat
Current, [=8 _ 4n*me®
T h3

4 1 805 (400x10F) _

=1
(B55 1682
sinr
= sini =sinr = r=j=45°
22. (a)

Since, in the rocket fuel is undergoing combustion, the gases
produced in this process leave the body of the rocket with large
velocity and produce upthrust to the rocket. Let us assume that
the fuel is undergoing combustion at the constant rate, then rate
of change of momentum of the rocket will be constant. Since,
more and more fuel will be burnt the mass of rocket will go on

decreasing, so it will lead to increase the velocity of the rocket
more and more rapidly.

1NUT N INIT
23. (d) Here, N.= Ny (_) o (_] 0
2 Ny @
where T is the half-life period and Nﬂ is fraction of atoms left after
0
timet. Here, T = 40 days and N i 0.25
N, 100 4

Putting the values of T and I\/ﬁ in Eq. (i), we get
0

] 140
=
2 t/40
or 1 = 1 or t—=2
: 2 2 40
or t = 80days
A 100 _100_

9.09

s A=TapA = oix100 11

25. (d) This can be considered as a parallel cpmbingtion of two, one
the inner cylinder and the other surrounding cylinder.

N 2 P\ izR
& S TN SR N W
1

Ty

T
A, =R,
A, = (4R? — R?) = 31R°
L=L,=L
Heat is flowing only along the length of tube
Heq = Hy + Hy
_ KA T =Tp) , Koho (Ln )
I

(s 8

= Kogx 4= Ky + 3Ky = Keq = 2

38 Mock Test 1

28. (b) The situation is shown in figure.

m1 my
m
[ ) )7 dimme)
u— Uy—>
— 1% —_

First, take 1st sheet and bullet as the system, mu = muy + my
Now, take 2nd sheet and bullet as the systemmu, = (my + m,)v
Solving this equation, we get

Percentage loss inu = w x 100% = 25%

u

27

(b) A simple look at the data shows that average reading of clock
I'is much closer to the standard time that average reading of
clock II. Therefore, zero error in clock Il is much larger than the
zero error in clock |. But zero error can always be corrected by
applying necessary correction. Now, over the seven days, range
of variation of clock | is 12 : 01 : 50 — 11 : 59 : 08 =162 s and
range of variation of clock Il is 10:15:24 —10:14:53=31s
Therefore, precision of clock Il is much better than the precision
of clock I. We will prefer clock II.

28. (a) The arrangement of rods is analogous, the arrangement of

resistances in a Wheatstone bridge balanced condition. Thus, no
heat flows through the rod condugctivity K, then

Rk e
K

29. (a) Let volume of wood is V.ecm®, then total velume of displaced

water is (V + 2)cm?®, then for translational equilibrium,

l«——Wood

—Metal

(V' +2)pg =(25g + 5g)
where all the quantities are in CGS unit and pis the density of
water.

= (V. +2)x 1= 30
. V =28cm®

30

(d) The forces acting on the body are

force of gravity and air-friction

According to work-energy theorem,

total work done on the body = Gain in Kinetic energy

W=%mvz=%m(12\/§ﬁ)2=072mgH

As work done by gravity, W; = mgH
- Work done by friction,
W, =W -W,
= 0.72mgH — mgH=-0.28mgH
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Mock TEST2!

(Based on Complete Syllabus)

Instructions

L. The test consists of 30 questions.
9

treated as wiong response.
.

1. A carpet is to be installed in a room whose length is
measured to be 12.71 m (four significant figures) and whose
width is measured to be 3.46 m (three significant figures).
Find the area of the room.

(@) 43.97m° (b) 43.9766m°(c) 43.98m? (d) 44.0m>

2. If the charge of 10uC and —2uC are given to two plates of a

capacitor which are connected across a battery of 12V, find
the capacitance of the capactitor.

(a) 0.33 pF (b) 0.5 pF (c) 041 uF

3. A man can swim with a spsed of 4 kmi/h in still water. How
long does he take to cross « river 1 km wide, if the river flows
steadily 3 km/h and he makes his strokes normal to the river
current. How far down the river does he go when he reaches

(d) 0.66 uF

the other be~'” A D [NCERT Exemplar]
> ~
45 o &5
(a) 600 km (b) 750 km (c) 800 krn (d) 850 km

4. A body when projected vertically up, covers a total distance
s, during its time of flight. If we neglect gravity then how
much distance the particle will travel during the same time.
Will it fall back?

(a) s, Yes (b) s, No

(c) 2s,Yes (d) 2s,No

o0 PDE without this messade by purchasina novaPDE (h

Candidates will be awarded marks for correct response of each question. 1/4 (one-fourth) marks will be

deducted for indicating incorrect response of each question. No deduction from the total score will be made if
no response is indicated for an item in the answer sheet.

3. There is only one correct response for each question. Filling up more than one response in each question will be

Directions (Q. Nos. 5t07)  Atomic number (2) of an element
is the number of protons present in the nucleus of an atom of the ‘
element. Mass number (A) is total number of protons and
neutrons present in the nucleus of the atom of the element. “
The size of nucleus is given by R=R0A1/3, where R, = a constant d

=1.2 107" m Nucleus density p = 437; 5 =constant =2.20 kg /m;. 1
T 5

0

Z=79is

(@ 79

(c) 118 o

(d) None of these a4
6. The density of hydrogen nucleus with 7 =1 is 2.29% 10" V

kgm™. The density of gold nucleus 7 =79 would be
229 . 17 3

a) ——x10""kg/m

@) = g

b) 2.29x79x10""kg/m?

¢) 2.29 x10'"kg/m?

(
(
@) %%xW”kg/ms

7. If mass of a proton is 1.007825 amu and mass of a neutron
is 1.008665 amu, then mass of 4Li” nucleus approximat
be . i 2

(@) 7.058075 amu

(b) 7.000000 amu
(c) 7.028475 amu

(d) 7.034600 amu

NWW.N0VADJ O[]
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8. Find the equivalent thermal resistance of the combination of

rods as shown in the figure. Every rod has the same length /
and cross-sectional area A Thermal conductivities are
mentioned in figure.

- 5
5 4K
2K
"
T 2
I
(] ih |
4KA ®) kA
71 /
o e o) !
12K A 12KA

9. A particle is kept at rest at a distance R (earth’s radius)
above the earth's surface. The minimum speed with which it
should be projected so that it does not return is

ey =M () (<
2R

4R
GM 2MG
©) .|— d \/:
) @ =5

10. In J J Thomson's experiment, a potential difference of 320 V
is accelerating the electron. The electron beam is entering a
region having uniform magnetic field 6x 10=° T acting
perpendicular to it. Find the value of electric field in this
region so that the electron does not experience any
deflection. (m, = 9.1x 107" kg)
(a) 640 Vm' (b) 642 Vm-
(c) 637 Vm™! (d) 644 Vm

11. A wire of length 100 cm is connected to a cell of emf 2V and
negligible internal resistance. The resistance of the wire is
30. The additional resistance required to produce a
potential difference of 1 mV/cm is

(@) 47 Q (b) 57 Q (©) 60Q

12. A particular piano string is supposed to vibrate at a
frequency of 440 Hz. In order to check its frequency, a
tuning fork known to vibrate at a frequency of 440 Hz is
sounded at the same time the piano key is struck, and a
beat frequency of 4 beats/s is heard. Find the possible
frequencies at which the string could be vibrating.

(a) 444 Hz, 436 Hz (b) 440 Hz, 436 Hz
(c) 444 Hz, 440 Hz (d) 449 Hz, 440 Hz

(d) 55 Q

13. A uniform rectangular marble slab is 3.4m long and 2.0 m

& wide. It has a mass of 180 kg. If it is originally lying on the flat

ground, how much work is needed to stand it on one end?

(a) 2.0kJ (b) 8.0J
(c) 3.0kJ (d) 3000 kJ

495

0

Directions (Q. Nos. 14 and 15) Each of these questions
contains two statements : Statement | (Assertion) and Statement ||
(Reason). Each of these questions also has four alternative choices,
only one of which is the correct answer. You have to select one of
the codes (a), (b), (), (d) given below

(a) Statement | is true, Statement Il is true; Statement Il is the
correct explanation for Statement |

(b): Statement | is true, Statement Il is true; Statement Il is not
the correct explanation for Statement |

(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true

14

o

Statement | When the range of projectile is maximum, the
time of flight is the largest.

Statement [l Range is maximum when angle of projection
is 45°.
15. Statement | 1 amu is equivalent to 931 Mev.

Statement Il  Energy equivalent (E) or mass (m) is £ =mc*

16. The two blocks shown in figure have equal masses and
I =W, = 0.3for both blocks. Wedge W is fixed and block A
is given initial speed of 1 ms=! down the plane. How: far will it
move before coming to rest if inclines and strings are quite

long ? [take g =10 ms 2]

(@) 0.45m
() +4.8m

(b) 0.9'm
(d) Question is irrelevant

17. As shown in figure, a uniform solid sphere rolls on a
horizontal surface at 20 ms-'. It then rolls up the incline

shown. What will be the value of h'where the ball stops?

v =20 ms-!
—_—

O

(@) 28.6m
(c) 6m

(b) 8.6m
(d) 186 m

A 1.6 kg block on a horizontal surface is attached to a spring
with a spring constant of 10x10° Nm-. The spring is
compressed to a distance of 2.0 cm, and the block is
released from rest. Calculate the speed of the block as it
passes through the equilibrium position, x = 0, if the surface
is frictionless. .
(@) 0.75 ms™
(c) 0.25 ms™!

18

o

(b) 0.50 ms-!
.. .(d) 2.25 ms-!
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(@) clockwise
(b) anti-clockwise
(c) zero
(

d) clockwise or anti-clockwise depending on whether the
current is increased or decreased

An inductor cojl joined to a 6 Vv battery draws a steady
current of 12 A. This coil is connected to a capacitor and an
AC source of rms voltage 6 V in series. If the current in the
circuit is in phase with the emf, the rms current will be

(@ 16.9A (b) 12 A

(c) 8A (d) 9.87 A

Two wires, each having a weight per unit length of 1.0 x 1074
Nm-1, are strung parallel to one another above earth’s
surface, one directly above the other. The wires are aligned
in a north-south direction so that earth's magnetic field will
not affect them. When their distance of separation is 0.10 m,
what must be the current in each in order for the lower wire
to levitate the upper wire? Assume that the wires carry the
Same currents, travelling in opposite directions,

(@) 2.7 A

(b) 0.1A

(€) 35A

(d) 7.1 A

20.

21,

Calculate the minimum thickness of a soap-bubble film
(n =1.88) that will result in constructive interference in the
reflected light if the film is illuminated by light with a
wavelength in free space of 602 nm.

(a) 98 nm (b) 113 nm

(c) 125 nm (d) 25 nm

22,

A ground receiver station is receiving a signal at 100 MHz,
transmitted from a ground transmitter at a height of 300m

located at a distance of 100km. Then [N, =10 per m?]

23,

(a) signal is coming via space wave
(b) signal is coming via sky wave
() signal is coming via satellite transponder

(d) None of the above

24. The output waveform (Y)of AND gate for the following inputs
Aand B given below is
il 3 ts :fe
g, ] > ;
A ;
Inputs
B

2050

26.

27,

28.

JEE Main PhySiCS in Just 40 DayS
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(@)

ty

(]

Bl

5 G

t )

(®)
(©)

s |

t
t

b
1
;

:

(d)

A sled and its rider together weigh 800 N. They move down
on a frictionless hill through a vertical distance of 10.0 m,
Use conservation of mechanical energy to find the speed of
the sled at the bottom of the hill, assuming the rider pushes
off with an initial speed of 5.00 ms-. Neglect air resistance

(@ 21.5ms" (b) 14.9 ms- (©) 49ms" (d) 20.3 ms-

Satellite dishes do not have to change directions in order to
stay focussed on a signal from a satellite. This means that
the satellite always has to be found at the same location with
respect to the surface of earth. For this to occur, the satellite
must be at a height such that its revolution period is the
same as that of earth, 24 h. At what height must the satellite
be so to achieve this? 3

-2 1/3 -2 3
(@) [W GM, ] (b) [Tnz GM, j r
> 1/2 1/3
(© (% GMeJ (@) [# GMe)

Water with a mass of 2.0 kg is held at constant volume in a
container while 10.0 kJ of energy is slowly added by a flame.
The container is not well insulated, and as a result 2.0 kJ of
energy leaks out to the surroundings. What is the
temperature increase of water? > |
(a) 0.28°C (b) 27°C (c) 0.96°C (e 2 © i

A 20 g bullet s fired horizontally with & speed of 600 ms- in
a7 kg block on a table top. The buflet lodges in the block
If the coefficient of kinetic friction between the block and
table top is 0.4, what is the distance the block will slide?

(=3
b

(@ 0.5m
(¢) 0.37 m

®) 1.2m
(@) 0.85 m

MWW, N0VADC O[]
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29. A uniform rope, of mass m Per unit length, hangs vertically
from a.sypport so that the lower end just touches the table
top. If it is released, then at the time a length y of the rope
has fallen, the force on the table is equivalent to the weight
of the length k y of the rope. Find the value of k.

@ 1 (b) 2
&) 3 (o)) &5

30. Two converging lenses are placed 20.0 cm apart, as shown
in figure. If the first lens has a focal length of 10.0 cm and 0o R e
the second has a focal length of 20.0 cm, locate the final
image formed of an object 30.0 cm in front of the first lens.

(@) 6.67 cm left (b) 6.67 cm right
(c) 15.0 em left (d) 15.0 cm right

»

Answer vith Solutions

1. @ If we moultiply 12.71 m by 3.46 m, we will get an answer of 4. (d) Let particle is projected with speedu, so total time of flight
43.9766 m". In this example, we have only three significant e {Zu
figures in our least accurate measurement, so we should express X \?
our final answer as 44.0 m?. Note that in the answer given, we 0 i ! e
used a general rule for rounding off numbers, which states that a § =2x maximum height
the last digit retained is to be increased by 1 if the first digit =D ﬁ B f
dropped was equal to 5 or greater. 20 @
. 1 itor i i < 2
2. (b) Charge of capacitor is the charge on facing surfaces of the If there is no gravity than s’ =ux T = 20~ s
plates of capacitor g
9 —q
Q= (—1 > = j If gravity is not there, it will never fall back.
2 =A-7Z=197-79=
_[o 2( 2)J:6“C 5. (O N=A-Z=197-79=118
6. (c) Density of every nucleus is same =2.29x10!7 kgm™
Potential difference across the capacitor =12 V ;
& C:Q: (6_><1O_6)_|F:OSHF 7. (@)lln L% Z =8 N=A—Z——3=4
’ V ' ~.Mass of nucleus =Z,,,, + (A~Z)m,
=3x%1.007825 + 4x1.008665=7.058075amu
3. (b) Given, speed of man (v,,,)=4 km/h The actual mass of nucleus is slightly less than this calculated
Speed of river (v, )=3 km/h value.
Width of the river (@)=1km 8. (R = ol e _/“ Bl = /
SRR 4KA
Req = (Bl ey Ry
Ry + Ry
o /?
| KA2KA s | eKEAR
Time taken by the man to cross the river (fig.) & i e 4KA| | 211  4KA
o Width of the river KA 2KA 2KA
Speed of the man o, b S e G S
ekl 3KA 4KA 12KA  12KA
:lkm/h 5 [as rods 1 and 2 are in parallel and equivalentis in series with 3].
=05 min 9. (c) Applying energy conservation law,
. mv®  GMm
Distance travelled along the river =v, x t i = =0
i 3 2 R+
=8 = = )
g4 mv® _ GMm GM
3000 = AR Gy b
sres 750 m 2 2R R

Print to PDE without this message by purchasing novaPDFE (hito://www.novapdf.com
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10. (© E= 29V, o BT S b o
L____ﬁ_u_w__ =1.67x1072" x9x10'®J . i o
2x1.60218x10~19 = 16
= el (_331 L _1.67x10"" x9x10 [+ 1Mev=1.6x10"
9.1%10 16x10-13 v

=\/1‘1‘2‘.680><1—65x 6x107°

Se 6 =

=10.61512 x10°% x 6105 16. (a) Find acceleration

=63.69072 x10! 2ma = mg sin 53° — u mg cos 53°
=636.9072 Vm™' =637 Vm™! — mg sin 837° — . mg cos 37° 3
Then, use v =u? + 2as, v=0u=1ms

=931 MeV.

11. (b) Let aresistance B is connected in s

. eries with the battery and
wire.

On solving, we get s = 0.45m
+—100 cm, 30— 17. (a) The rotational and translational kinetic energy of the ball at the
bottom will be changed to gravitational potential energy, when
the sphere stops. We therefore write
R 2 2
(M_V 4 /&J = (Mgh),.
2 2 start
2V For a solid sphere,

: 2 Mr?
Voltage drop across wire = 1x 10 x 100 = 01V /=

Let current in circuit is /.

Also, @ = Y. Then, above equation becomes
01=/x3=3x _2

r

R+3 1 i e v)?
— M2 + = (= pr2 WA = Mok
= 5 =97 ) 2 - 2 (5 J (f ) g
12. (@) The number of beats per second is equal to the difference in or T2y 1 =(9.8)h
frequency between the two sound sources. Inthis case, because 5

one of the source frequencies is 440 Hz,

Using v =20 ms-!, gives h = 28.6 m
4 beat/s would be heard if the frequency of the string (the second

source) were either 444 Hz or 436 Hz. 18. (b) The initial elastic potenti1al energy of the compressed springis '
. PES=— e i
13. (c) The work done by gravity is the work done, as if all the mass SS90 < )
i conpentratec; at”t]he cEtntrfe of tr:as\;:é;hgovrz/zrz naeiﬁzfs?g/jio Because the block is always at the same height above earth's 4
- thg qb;ect AN ogg (; 5 Sth eh bithro gh whigh thg surface, the gravitational potential energy of the system remains
2 L R 9 constant. Hence, the initial potential energy stored in the springis
BB s naied, converted to kinetic energy at x = 0. That is
W =180 (9.8) (1.7)= 3.0 kJ ,
Dz = 1 mv?
14. (d) The horizontal range S A
g u?sin2e Solving for v, gives

g i
- L0163 2 =
Time of flght T = 2“;'” b L= \[; NS T 20X 10)=050 ms

Range is maximum when 6 = 45° 19. () The angle between magnetic field and area vector s 90°,
So that, $in26 = sin 90° = 1 the flu?< assomateq with coil is zero. Although magnetic field
e changing but flux is remaining constant equal to zero, so
Rinex = — induced and hence, current in the loop is equal to zero.
Time of flight is maximum when 6 = 90° 20. (b) Resistance of coil = ILC - 2=050
So that, sin® = sin 90° = 1 5 be
72U In'an AC circuit, the current is in phase with emf. This me
g = T

g the net reactance of the circuit is
the resistance, i.e., Z = 05 Q

Rms current = 'MS Voltage

zero. The impedance it ot
15. (b) Substituting m=1amu =1.67x10"" kg and c=3x108m/s, :
- in the Energy-mass equivalence relation
E=me®

=0 i
OB


http://www.novapdf.com/
http://www.novapdf.com/

Day 39 Mock Test 2

21. (d) If the upper wire is to float, i

action of two forces : the force of gravity i
: . and magnetic i
The weight per unit length here 1.0x o Nm‘1g mustrzzucleso:zgi

and opposite the magnetic force ;
Per unit le
currents are the same, we have ngth. Because the

o 00 ol
[ I 2nd
ke LEx 107 (%)
2m)(010)
We solve for the current to find
=T

22. (b) Because2nt = & we have
2

o b B0p

4n  (4)(133)

=113 nm

23. (0

Maximum distance covered by space wave communication
= 2Rh =2 6.4x 10° x 300 = 62 km

Since, receiver-transmitter distance is 100 km, this is ruled out for

signal frequency.

Further £, for ionospheric propagation is

£ =9 Nnax)"? = 9% (10%)"2 = g MHz

So, the signal of 100 MHz (7£ ) comes via the satellite mode.
24. (b) Fort <t,;; A=0,B=0:Hence Y = 0

Fort, tot,; A=1,B=0; Hence Y = 0

Fort, tots; A=1,B=1;Hence Y =1

Fort, tot,; A=0,B=1;HenceY =0

Fort, tots; A=0,B=0;Hence Y =0

Forig totg: A=1,B=0;HenceY =0

Fort >ts; A=0,B=1,HenceY =0

Based on the above, the output waveform for AND gate can be
drawn as given below

7] f3
- S 7

25. (b) The initial energy of the sled-rider-earth system includes
kinetic energy because of the initial speed

%mv,2+mgy,-=%mvf2+mg)’f

s 1
or Zlvf+gy[=§v,2+gy,

If we set the origin of our coordinates at the bottom of the incline,
the initial and final y coordinates of the sled are y; = 100 m and
¥; = 0. Thus, we get

i o 1 2

— Vi gy ==Vf+0

2V/ gyt 2 1 )
vZ =v? +2gy,=(5.00f + 2 (9.80)(10.0)
v, =149 ms™

26. (@) The force that produces the centripetal acceleration of the
satellite is the gravitational force, so

G Mem _mv?

e r

)

where M, is earth’s mass and ris the satellite’s distance from the
centre of earth.

Also, we find the speed of the satellite to be
_d_2mr

Vi—=<i—h=detl

T R ]
where T is the orbital period of the satellite.

Solving Egs. (i) and (ii) simultaneously for ryields
72 1/3
= (m GM, ]

(¢) Recall that an isovolumetric process is one that takes place at
constant volume. In such a process the work done is equal to
zero because there is no change in volume. Thus, the first law. of
thermodynamics gives

AU =Q

This indicates that the net energy Q added to the water goes into
increasing the internal energy of the water. The net energy added
to the water is

Q=100-2.0=80kJ

Because Q = mc AT, the temperature increase of the water is
@) 800

me  (2.0)(4.186x 10%)

27

= 0.96°C

28. (c) By conservation of momentum, the momentum of the block

bullet system just after the interaction is P = mv. where mis the
mass of bullet and v is its velocity before striking the block.

Hence, the kinetic energy of the system just after the lodging of
bullet into the block is
2
Y =

2 (M + m)

(mv)?

2 (M + m)

()

The friction force does work

Wi =—fi=—p, (m+ M)gs (D)
in stopping the block where s is the di~tance traversed by
block-bullet system on the table top.
From work-energy theorem.

AK =W,
0-K=—p, (m+ M)gs

Substituting values in Egs.(i) and (i), we get
: s=0.837m

Also the rest mass of. photon is zero.

29. (c) The descending part of the rope is in free fall, It has speed

v =,2gy at the instant all its points have descended a distance

y. The length of the rope which lands on the table during an
interval at following this instant is vat. The increment of
momentum imparted to the table by this length in coming to rest
is m(vdt)v. Thus, the rate at which momentum is transferred to
the table is :
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7| Z—’t’=mv2=(2my)g

<
<
o

and this is the force arising from stopping the downw:
FV the rope. Since, a length of rope y of the weight (my)g, al
= i 0 on the tabletop, the total force on the table
] LI @my)g + (my)g = (3my) g, or the weight of a length 3y of
So, K=38

30. (a) First we make rav di -
3 y diagram , ,
6. T grams roughly to scale to see where the image from the first lens falls and how it acts as the object for the sec

'he locati i i
cation of the Image formed by the first lens is found via the thinlens equation
. e S
30.0 v, 10.0

Vi=+ 15.0 cm

\4

(7

15.0 cm =

10.0 cm

—»>| 6.67 cm [«—

[€——30.0cm——>»<«——20.0cm e
Lens 1 Lens 2

The image formed by this lens becomes the object for the second lens. Thus, the object distance for the second
20.0 cm— 15.0 cm= 5.00 cm. We again apply the thinlens equation to find the location of the final image.
1 1 1
+

lens

500 v, 200
V, = —6.67 cm
Thus, the final image is 6.67 cm to the left of the second lens.

= Y

glomieoahes x- Noeoutinlice S SR wsml
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(Based on Complete Syllabus)

Instructions

1. The test consists of 30 questions.

treated as wrong response.
R ——

An organ pipe of length /, open at both ends is bound to
vibrate in its first harmonic when sounded with a tuning fork
of 480 Hz. What should be the length of a pipe closed at one
end, so that it also vibrates in its first harmonic with the
same tuning fork? [NCERT Exemplar]

L L 2L
(@) L,=2L, (b) Lc:§0 (©) LC=_20_ (d) Lc=~3—°
A hill is 500 m high. Supplies are to be sent across the hill

using a canon that can hurl packets at a speed of 125 m/s
over the hill. The canon is located at a distance of 800 m
from the foot of hill and can be moved on the ground at a
speed of 2 m/s, so that its distance from the hill can be
adjusted. What is the shortest time in which a packet can
reach on the ground across the hill? Take g = 10m/s?.

[NCERT Exemplar]
(@) 31s (b) 27 s (e)8r's (d)45s
. A motor cyclist starts from the - :

bottom of a slope of angle 45°

and travels along the slope to 45°
jump clear of the valley AB ©
shown in figure. The width of

the valley is 160 m and the

length of the slope is 160+/2m.
The minimum velocity with which he should leave the bottom

0, so that he can clear the valley, is (nearest to in ms)
(a) 50 (b) 56 (c) 60 (d) 70

o PDE without this message by purchasing novaPD

2. Candidates will be awarded marks for correct response of each question. 1/4 (one-fourth) marks will be
deducted for indicating incorrect response of each question. No deduction from the total score will be made if
no response is indicated for an item in the answer sheet.

3. There is only one correct response for each question. Filling up more than one response in each question will be

4. Choose the correct alternative.

(a) Gravitational potential at curvature centre of a thin
hemispherical shell of radius R and mass M is equal toGM/R

(b) Gravitational field strength at a point lying on the axis of a thin
uniform circular ring of radius R and mass M is equal to
—G_Mx—,where xis distance of that point from centre of
(R2 + X2)3/2
the ring

(c) Newton's law of gravitation for gravitational force between
two bodies is applicable only when bodies have spherically
symmetric distribution of mass

(d) None of the above

5. A thin wire of length L and uniform linear mass density p is

bent into a circular loop with centre at O as shown. The
moment of inertia of the loop about the axis XX* is

NWW.N0VADJ O[]
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6. If a drop of liquid breaks into smaller droplets, it results in
lowering of temperature of the droplets. Let a drop of radius
R, break into N small droplets each of radius r. Estimate the

drop in temperature.
S 2SR ] 3S 1 1 251 N1
Sk il i ]
R W (C)ps A (d)ps A7

Ps PsLi R

7. A man beats a drum at a certain distance from a mountain.
He slowly increase the rate of beating and finds that the
echo is not heard distinctly when the drum beating is at the
rate of 40 per min. He moves by 80 m towards the mountain
and finds that the echo is again not heard distinctly when
the rate of beating of the drum is 1 per sec. What is the
original distance of the man from the mountain?

(@ 120 m (b) 240 m (c) 270 m (d) 340 m

8. A coil, a capacitor and an AC source of rms voltage 24 V are
connected in series. By varying the frequency of the source,
a maximum rms current of 6 A is observed. If this coil and

capacitor is connected to a battery of emf 12 V and internal
resistance 4 Q, the maximum current through it will be

@24A (b) 1.8 A © 1.5A @ 1.2A
9. Pressure versus temperature graphs of an ideal gas are as
shown in figure. Choose the wrong statement.
P P

i T
(i) (ii)

e

(iii)
(a) Density of gas is increasing in graph (i)
(b) Density of gas is decreasing in graph (ii)
(c) Density of gas is constant in graph (i)
(d) None of the above

10. Two non-ideal batteries of unequal emf's are connected in -

parallel. Consider the following statements.
(A) The equivalent emf is smaller than either of the two emf's.
(B) The equivalent internal resistance is smaller than either of
the two internal resistances.
(a) Both A and B are correct  (b) A is correct but B is wrong
(c) B is correct but A is wrong  (d) Both A and B are wrong
P

Print to PDFJmQut this message by purchasing novaPDF (http://www.novapdf.com/)
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11. A solid conducting sphere of radius a has a net positive

charge 2Q. A conducting spherical shell of aner radius p
and outer radius ¢ is concentric with the solid sphere anqg

has a net charge —Q.
The surface charge density on the inner and outer surfaces
of the spherical shell will be

P

20 @ e T
2 4nb?" 4mc? 2 4mb?  4nc?
(©)0 g (d) None of these

4mc?

Directions (Q. Nos. 12 to 14) Each of these questions contains
two statements : Statement | (Assertion) and Statement Il (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the codes
(@), (b), (), (d) given below

(a) Statement | is true, Statement i is true: Statement Il is the
correct explanation for Statement |

(b) Statement | is true, Statement Il is true; Statement Il is not

the correct explanation for Statement |
(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true

12. Statement | Time period of oscillation of two magnets when
like poles are in same direction (in a vibration
magnetometer) is smaller, than the period of vibration when
like poles are in opposite direction.

Statement Il Moment of inertia increases in same position.

13. Statement |
energy of sea water to operate its engine.

Statement Il A heat engine is different from a refrigerator. -

14. Statement | A tennis ball bounces higher on hills than i

plains.

Statement Il Acceleration due to gravity on the hill is great
than that on the surface of the earth. ’

15. In the circuit shown, the coil has inductance and resista
When Xis joined to ¥, the time constant is T during grov
current. When the steady state is reached, heat is p
in the coil at a rate P. X is now joined to 7

T IS VR e a—

E

|

1

i 8

It is impossible for a ship to use the intemal
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16.

17.

18.

19

Day 40 Mock Test 3

F———sy
X
V4
(@) the total heat produced in the coil is Pt
(b) the total heat produced in the coil is % [P

(c) the total heat produced in the coil is 2 Pt

(d) the data given is not sufficient to reach a conclusion

The permanent magnet is made from which one of the
following substances?

(a) Diamagnetic

(b) Paramagnetic

(c) Ferromagnetic

(d) Electromagnetic

Match List | (Phenomenon) with List Il (Principle) and select
the correct answer using the codes given below the lists.
List | List Il
(Phenomenon) (Principle)
I. Blue colour of a sky A. Total internal reflection
Il.  Glittering of diamond B. Dispersion of light
lll.  Formation of rainbow C. Scattering of light

In the evening when the sun
goes down below the horizon,

|\, it continues to remain visible
for some time

D. Refraction of light

Codes

(@) I-C, ll-A, III-B, IV-D

(b) I-C, II-A, lII-D, IV-B

() I-A, II-C, IlI-B, IV-D

(d) I-A, II-C, [lI-D, IV-B

A metal wire of linear mass density of 9.8 gm™" is stretched
with a tension of 10 kg-wt between two rigid supports which
are 1m apart. The wire passes through the middle poinFs
between the poles of a permanent magnet and it vibrates in
resonance when carrying on alternating current of frequency
n. The frequency n of the alternating current is

(a) 25 Hz (b) 50 Hz
(c) 200 Hz (d) 100 Hz

In a given process of an ideal gas, dW =0and dQ < 0.Then,
for the gas

(a) the temperature will decrease

(b) the volume will increase

(c) the pressure will remain constant
(d) the temperature will increase

. o LA o —
Directions Q. Nos, 20 and 21)
The circuit shown in figure contains 4
a resistance of R =6 connected

with a battery of emf 6 V. __*‘
e ]
Given n= number of 27

electrons per volume =102° /m?, length of circuit =10 cm
_ Cross-section A =1mm?

’

20. The energy absorbed by electrons from initial state of no
current (ignore thermal motion) to the state-of drift velocity is
[NCERT Exemplar]

@15x1078 y (b)815x 10712 J

@217 J (d) 3% 107" J
21. Electrons give up energy at the rate of R/2 per second to the

thermal energy. What time scale would one associate with
energy in guestion (20)?

(@) 83x 107 s (b) 41x 107" s (c) 2.4% 1077 s (d) 29% 1072 s

22. The potential energy of a particle of mass m is given by

< x<
U(x):{EO OF<xE<al
0 x> 1

Ay and A, are the de-Broglie wavelengths of the particle, when
0 <x <1and x > 1, respectively. If the total energy of particle is

2 Ey, the ratio il will be
Ao

1
a) 2 b) 1 )2 ) —
(@) (b) ©) (@) 7
23. Two radioactive nuclei Aand B have their disintegration

constant A, and Ag, respectively. Initially, N, and Ng
number of nuclei are taken, then the time after which their
undisintegrated nuclei are same is

_ Mg [N byl jn[Ne
ontin)  onmili
Aol = [,/YE.J @b By [MB_)
(7*13 =) 7\-A) NA 0‘A ™ }‘B) NA

24. A student constructed a vernier callipers as shown. He used
two identical inclines and tried to measure the length of line
PQ. For this instrument determine the least count,

>
(a) (1208 O) (b) —— units
cos 0 cos 6
1-cosO .
(c) /(1 = cos 8) units (@) = units
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25. A cubical block of side | rests on a rough horizontal surface
with coefficient of friction . A horizontal force Fis applied on
the block as shown. If the coefficient of friction is sufficiently
high so that the block does not slide before toppling, the
minimum force required to topple the block is

F

(&) infinitesimal (b) %
=" (A mg(1-p)

26

A double star consists of two stars having masses
Mand 2 M. The distance between their centres is equal to r.
They revolve under their mutual gravitational interaction.
Then, which of the following statement(s) is/are correct?

(a) Heavier star revolves in orbit of radius 2r/3

(b) Both of the stars revolve with the same period which is equal
2n 3/2
to

\J2 GM/3 ‘

() Kinetic energy of heavier star is twice that of the other star
(d) None of the above

27. The fundamental frequency of a sonometer wire of length / is
fo- A bridge is now introduced at a distance of A/ from the
centre of the wire (A/ <</”). The number of beats heard if
both sides of the bridges are set into vibration in their
fundamental modes, are

Al
(@) o o) o
o1, Al 47, Al

e d
(©) - (d) ”
28. A mason is supplied with bricks by his assistant who is 3 m
below him, the assistant tossing the brick vertically up. The
speed of the brick when it reaches the mason is 2 sl
What percentage of energy used up by the servant serves
no useful purpose ?

(2) 9.8%

(c) 5.6%

29. To plot forward characteristic of p-n junction diode, the
correct circuit diagram is

@ El -

(b) 4.9%
(d) 10%

JEE Main Physics j» s+ 40 Days

a
—
L V' (0-2)V /jé
(b) = =
>
NI
D
&
_ =
5 + o
o e : V@2V A S
o= 3
>
11
N
©
3 “(0-2) Vv /Fé
@ E= 3 V(e )
1 i: 3
>

30. In determining resistance of galvanometer by using half
deflection method, the following readings are noted down.

S.No. | Resistance (R) Deflection Shunt for
(ohm) (div) 0 2
3 200 80 0Q
2 280 60 2R
3. 300 50 @8
4, 450 40 45Q
5 620 30 4630
The circuit diagram g also  shown fO'r“

Galvanometer hag total
current upto 10 mA. The |
(@) 10 mA

(b) 1 mA

(©) 0.1 mA

(d) Information i insufficient

100 divisions and it
east count of galva
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Answer vith Solutions

i,
Ly ’

Vundamental =

Lo

Y

2L,

and frequency of open Pipe, v, =frequency of closed pipe v,
or s L

= :_0
2Ue5 AL & 2

The fundamental frequency, Vo= sy

2. (d) Given, height of the hill (h) = 500 m

u=125m/s
To cross the hill, the vertical component of the velocity should
be sufficient to cross such height.

u, 2 +2gh>,2x10x500 >100m/s

But e
.. Horizontal component of initial velocity
Uy = JuZ —u2 = (1257 — (100 = 75 mys

v
Time taken to reach the top of the hill
— s
[’:/?ﬂ: 2><500:1OS
Vg 10

Time taken to reach the ground from the top of the hill
i =i =
Horizontal distance travelled in 10 s
x=U,xt=75x10 =750m
. Distance through which canon has to be removed
= 800 — 750= 50 m
Speed with which canon can move =2 m/s

0
Time taken by canon = %—

=258
. Total time taken by a packet to reach on the ground
= e A
=25+ 10+ 10=45s
3. (d) Velocity of take-off from Ato clear the valley is given by
2
R= Y sin2a
’ 1
o= 45°, U =4+/gR =40ms"

Velocity to start from lowest point (due to retardation on inclined

plane, g sina), vi =u® +2g sina.x s

Ve = [(40)2 +2x10x71_2_x160x45

- /4800 =70ms”’

o PDE without this message by purchasina novaPD

4. (o) Because every element of hemispherical shell is at a distance
R from curvature centre, therefore gravitational potential at its

centre = — gﬁ—, i.e., option (a) is wrong.

Gravitational field strength at a point, lying on the axis of a thin
GMx

(R2 e X2 )3/2

uniform circular ring of radius R is

S0, option (b) is wrong.

Newton's law of gravitation is applicable to only those bodies
which have spherically symmetric distribution of mass. So,
option (c) is correct.

(d) Mass of the ring, M = pL

S

Let R be the radius of the ring.

Then, L=2nR or R:L
21

Moment of inertia about X X” (from parallel axis theorem) will be
given by . = % MR + MR = g MR?

: 3 L2 il
Putting values efi M and R, [ = = (el (===
2 ¢ [4n2J 8 n2

2

(c) When a big drop of radius R, break into N droplets each of
radius r, the volume remains constant.
Volume of big drop = N x Volume of small drop

gnRS =N><§1tf3 or R®=Nr

3
r

Now, change in surface area = 4nR? — N4nr® = 4m(R® — Nr®)
=S X AA (where, S = surface tension)
=S x 4(R? — Nr?)

Due to releasing of this energy, the temperature is lowered.

If pis the density and s is specific heat of liquid and its
temperature is lowered by A8 then,

Energy released = msA6

S x 4m(R? — Ni?) = (%x RS p)SAG

or

Energy released

B W
M=l
gnﬁspxs pS |R R

ULl o =§§[l_1]
T R3 ps LR r

7. (b) The echo is not heard distinctly when the echo and the qext
beat fall on the ear simultaneously, i.e., time per beat = time
taken by the reflected beat to reach the man.

2d -80) _ 1

40582 %

d =240m

Hence,

This gives,
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e e il e,

—20b

8'

9.

10.

11.

12

13.

14.

up, till its ve!

(¢) Let R be the resistance of cojj + capacitor
Then, Gt 40

6
In the second case lit = _ 12

max R + 4 = E = 15 A

(@ As, p=PM
RT

Density p remains constant when p /T or volume remains
F:onstar?t. In graph (i) volume is decreasing, hence density is
Increasing; while in graphs (ii) and (jii) volume is increasing
hence, density is decreasing. Note that volume would have‘

been constant in case the straight line |
ght line in graph
e honcin g (iii) had passed

(@) In parallel,
Eeq_—.M:[; M:EQ ht EfEy-rp
Vi + ht 1 A+

Now, if E; = E,. Then, Eq = E
if E, > E,.Then, Eq > Ejand E < E,
Similarly, if £, > E,. Then, Eeq > Ep DUt £ < E,

(c) Case I When the like poles of two magnets are placed in
same direction, then the time period of vibration is expressed as

(a) Due to induction inner surface of
spherical shell has charge — 2Q,

So, surface charge density on inner
—2Q

4nb?

and surface charge density on
outer side Gyer =

side Sinner =

4mc?

(e :
T =ik oo S AlEEE s ()
(M; + M,)B
Case Il When the like poles of two magnets are placed in
opposite direction, then period of vibration is expressed as

L+ 1y

T b ()
(M, — M,)B

=2

It is clear from Egs. (i) and (ii) that el

internal energy of sea water to operate the
the internal energy. of the sea water hgs to be
nergy. Since, whole of the internal
mechanical energy, a part has
Since, no such body is
er cannot be used to

(b) For using the
engine of a ship, ‘
converted into mechamc;’[aldeinto
annot be converte
teon f)er?);ecj?ected to a colder body (sink).
available, the internal energy of the sea wat
operate the engine of the ship. : :
Note that a refrigerator is @ heat engine WorKin

direction.

that the tennis b .
(© S“pposelocﬁy becomes zero. If h is the h

“ees on the hill, then ,
rises 02 - UE =2(=a/)h

g in the reverse

; ity It will go
ounces with a velocity U It will ge
o eight upto which it

15.

16.

17.

18.

19.

Print to PDFE without this message by purchasing novaPDFE (http://www.novapdf.com/) EEEE s
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where g”is acceleration due to gravity on the hill
2
=
2

Since, the acceleration due to gravity on the hill (g*) s less thaﬂ
that on earth (effect of height), it follows that tennis ball will
bounce higher on hills than in plains. :

(b) As, Pl R
ie., (Iy)? =g

U:lL/S:l(q:R)(B):lP-:

2 2 RS2

Hence, © =time constant.

(¢) If a magnet retains its attracting power for a long time it is said
to be permanent, otherwise temporary. Permanent magnets are 1
made of ferromagnetic substances. ]
(a) Blue colour of a sky — Scattering of Light

Glittering of diamond — Total Internel Reflection

Formation of rainbow — Dispersion of Light

It continues to remain visible for sometime — Reflection of Light
(b) Since, the tension T= 10 kg-wt =10x 98=98N and
m=98x10"kg-m",L = 1m , so we get

n:i lzix —98_=50HZ
2L\m 2x1 V98x1073

i
(a) From first law of thermodynamics 4
dQ =aU + dw )
dQ =qduU (ifaWw =0)
Since, dQ <0 ]
Therefore, du<0 ]
or Vtina < Uisita

or temperature will decrease.

(c) Given,V=6V,R=6Q, A =1x10°m?
and/=10cm=01m

Use the relation / = ne Av,

Drift velocity of electrons,
/ 1

neA 10® x16x10 9 x1x 10

= UE 10~*m/s
16

Vg =

The energy of electrons, (KE) = % mv?

X My X vg x Volume x Number of electrons per volume

RS =9 (o) =

2
—4
x9.1x10"31x(110—6.J X AXIXn

_ e Mass of etectroh s

. obeE : :
2x16x 16

— BhetOR

x 107 x 01x 10%°
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22. (O KE=2E, - Ey=E,

23. (c) After disintegration, N, e™4! = N e8!

PDFE without this me

Day 40 Mock Test 3

21. (@) Energy loss in the circuit= 2R = 12 x 6 = 6 Js

All of the KE of electrons lost

5 Total KE 2T
Energy loss per second 6

=333x107'8s

(For0< x<1)

So, el :

' mE, <l

Again KE=2E, (For x > 1)
h

s s
2 \/—2[7’)TEO ...(“)

From Egs. (i) and (i), we get% B
2

(Foro < x <)

or cXa=Ralt Ng. 0
Ny

N 1 N
(lB—AA)tzln(_sz t= In(_Bj
\NA )“B T 7\'A NA

24. (a) Let6be the angle of incline. Here the incline kept horizontally

is working as main scale while the other incline kept on
horizontally placed incline is treated as vernier scale.

unitand 1 VSD =/

From the figure, it is clear that, 1 MSD =
cos 6

unit, so LC of instrument is,

IO oDE (vsD) =l ) = =008 0) s
cos 6 cos 6
25. (c) At the critical condition, normal N
reaction N'will pass through point P. ~
The block will topple when F g T
Te > Tpg i g L2 i
o FL>(mg)= - F>— A L
r > (mg) > > fe— -
" N
Therefore, the minimum force required mg
mg

to topple the block is F = =

26. (b) The centre of mass of the double star system remains

stationary and both the stars revolve round in circular orbits
which are concentric with the centre of mass.

The distance of centre of mass from the heavier star
_ Mr+2Mx0_r
T M+2M 3

; : s B =
Hence, the heavier star revolves in a circle of radius = while the

lighter star in a circle of radius

i is not correct.
So, option (a) % % o =2_/\£
Reduced mass of the system = Ty

r3/2

———

| 2n
Period of revolution of the double star system = ————\/m
3

27

28

29

where r is the distance between two stars.

So, option (b) is correct.

KE of a star = —21- mv?

2
KE of heavier star ~ E; = % x 2M x (% m)

2
-and that of lighter star £, = ! M (2—; m)

2
So, kinetic energy of lighter star is two times that of heavier
star. So, option (c) is wrong.
@) i
2/
1% v

2[1—/3/) 2(1+A/)
2 2
2, N ]zzfo,[ﬂ]zm

= (! -
(0)[/—2AI I+2Al 2 I

Beat frequency = £ — f, =

(c) Once the bricks leave the assistant’s hands the only force that
acts on them is gravitational force. Since this produces a
constant acceleration a=-g=-32fts, the kinematic

equation, v = v3 —2a(x - X;)

can be used to describe the motion. Theinitial velogity v, is found
by putting known values in the above equation,

V2 = 36 + 2x 32 X 10/=1676 = Vo= 26 fis!

The kinetic energy given to each brick and supplied by the
assistant is

E :%mvg =%xmx 676 = 338m ft2s™

If the brick layer's assistant supplied only just enough energy to
reach the required level and no more, the initial velocity being u,
they would have zero velocity at the Mason's hand.

L u?=0+2g(x—x))=2x32x10=640 = u = 8J10 fts™
KE supplied in this case, E, = % mu? = 320m ft?%s

-. Wasted energy = E; — E,

% waste = L=l

1

_ 338320

x 100 x 100 = 5.6%

(b) For forward bias mode the p-side of diode has to be at higher

potential then n-side. The meters used are DC, so we have to be
careful while connecting them w.r.t. polarity.

Last point is to decide the range of meters, the range of meters
has to be in such a way that we can have the readings which
leads to plot on realistic scale. If we take 0-20 A ammeter, then
reading we read from this is tending to 0 to 5 divisions which is
not fruitful.

30. (c) Least count of galvanometer is the current it can measure

when the galvanometer needle deflects by 1 division.

16 =19 i Tt
100
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