THE EDUCARE (SIROHI CLASSES) TEST SERIES 2018

XI1 PHYSICS TEST
(RAY+WAVE) TEST
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1)

How does the angular separation between fringes in single-slit diffraction experiment change
when the distance of separation between the slit and screen is doubled? (1)

2) Ray optics assumes that light travels in straight lines. Light, however, bends round the edges of
obstacles and apertures (diffraction). Yet, ray optics correctly locates images in optical
instruments. Justify the validity of ray optics. Estimate the distance for which ray optics is good
approximation for an aperture of 4 mm and wavelength 400 nm . 2

3) Two slits are made 1 mm apart and the screen is placed 1 m away. What is the fringe separation
when blue green light of wavelength 500 nm is used ? 2

4) A beam of light converges to a point P. Now, a lens is placed in the path of the convergent beam
12 cm from P. At what point does the beam converge if the lens is (a) a convex lens of focal
length 20 cm, and (b) a concave lens of focal length 16 cm ? )

5) The following data was recorded for values of object distance and the corresponding values of
image distance in the experiment on study of real image formation by a convex lens of power
+5D. One of these observations is incorrect. Identify this observation and give reason for your
choice:

S.No. 1 2 3 4 3 6
Object distance 25 30 35 45 50 55
(cm)
Image distance 97 61 37 35 32 30
(cm)
. )

6) Define Brewster angle and write the expression for it in terms of the refractive index of the
medium. 2

7) An object AB is kept in front of a concave mirror as shown in the figure.

A
(a)Complete the ray diagram showing the image formation of the object. T
(b)How will the position and intensity of the image be affected if the lower half B ¢ F

of the mirror's reflecting surface is painted black?

(c) A concave mirror, of aperture 4cm, has a point object placed on its principal axis at a distance of

10cm from the mirror. The image, formed by the mirror, is not likely to be a sharp image. State the

likely reason for the same.

OR

Use the mirror equation to show that
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(a) An object placed between f and 2 f of a concave mirror produces a real image beyond 2f.
(b) A convex mirror always produces a virtual image independent of the location of the object.
(c) An object placed between the pole and focus of a concave mirror produces a virtual and enlarged

image. 3)

8) (a) Why do we not encounter diffraction effects of light in everyday observations ?

(b) In the observed diffraction pattern due to a single slit, how will the width of central maximum
be affected if

i) the width of the slit is doubled:;

ii) the wavelength of the light used is increased ?

Justify your answer in each case. 3)

9) State the condition under which the phenomenon of diffraction of light takes place. Derive an
expression for the width of the central maximum due to diffraction of light at a single slit.  (3)
10) (a)Derive Lens maker’s formula for a convex lens. Also mention the assumptions made in the
formula.
(b) A convex lens of glass (n = 1.50) continues to behave as a convex lens when immersed in
water (n = 1.33) but behaves as a concave lens when immersed in carbon disulphide (n = 1.63).
Explain. (5)
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SOLUTIONS

1) How does the angular separation between fringes in single-slit diffraction experiment
change when the distance of separation between the slit and screen is doubled? Q)

A
SOL: Angular width 8 oc g; @ is independent of separation between slit and screen.

Angular separation continue to be the same.

2) Ray optics assumes that light travels in straight lines. Light, however, bends round the edges
of obstacles and apertures (diffraction). Yet, ray optics correctly locates images in optical
instruments. Justify the validity of ray optics. Estimate the distance for which ray optics is
good approximation for an aperture of 4 mm and wavelength 400 mm . 2

SOL: When a light beam passes through a narrow slit of width a (say), it broadens due to diffraction

at the slit and the broadening increases with increasing distance from the slit.

However, up to a certain distance, the broadening remains smaller than the width of the slit. Since the
wavelength of light is very small (=5 x10 'm), the light beam can travel several metres without
significant broadening even if the slit is quite narrow ( = few mm). Thus, ordinarily light travels in

straight lines and ray optics is valid.

The distance for which ray optics is good approximation for an aperture 'a' and wavelength ' 4" is

2
. . a
called the Fresnel's distance, given by Zr = 7

Givena=4mm=4x10°m, k=400nm =4 x 10 'm

(4x10° )
Zr :W =40m.

3) Two slits are made 1 mm apart and the screen is placed 1 m away. What is the fringe
separation when blue green light of wavelength 500 nm is used ? )

SOL: Here,d=1mm=103m

D=1mA=500nm=500x10"m=5%10"m
Fringe separation = fringe width, § = ?

_AD _5x1077x1

: 0 =5%10% m = 0-5 mm

B
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4) A beam of light converges to a point P. Now, a lens is placed in the path of the convergent
beam 12 cm from P. At what point does the beam converge if the lens is (a) a convex lens of
focal length 20 cm, and (b) a concave lens of focal length 16 cm ? (2)

SOL: In this problem, the object is virtual.

@ u=+12cm,f=+20cm,v="
11 1 11,1 1.1
fvuorvu,f—]220
132 _2
v 240 15
15
U=Ecm=7.5cm

Image is real and at 7.5 cm from the lens on its right side.

(b) u=+12cm,f=-16cm,v="?

1 1 1 1 1 » —-*1’,
—_= — 4+ - = — - — =T

v u f 12 16 -

1 1 = 12 cm o
o 48 or v=48 cm

Image is real and at 48 cm from the lens on its right side.

5) The following data was recorded for values of object distance and the corresponding values
of image distance in the experiment on study of real image formation by a convex lens of
power +5D. One of these observations is incorrect. Identify this observation and give reason
for your choice:

S.Ne. 1 2 3 4 3 6
Object distance 25 30 35 45 50 55
(cm)
Image distance 97 ol 37 35 32 30
] (cm) (2)

SOL.: Power of convex lens, P ==5 D, Focal length of lens f = % =+20cm.
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Third observation is not correct , because its show that for the objective placed between f an d2f

image is also formed between f and 2f which is incorrect. Image should be formed beyond 2f.

5 /]
Az‘\ i
2F, B F F) 2F, |B
20 cm
e > A'

6) Define Brewster angle and write the expression for it in terms of the refractive index of the
medium. )

SOL: BREWSTER'S LAW

It states that when light is incident at polarising angle at the interface of a refracting medium, the

refractive index of the medium is equal to the tangent of the polarising angle.
If i, is polarising angle and s is the refractive index of the refracting medium, then

according to Brewster's law,

When light is incident at polarising angle, the reflected light is found to be completely plane
polarised.

sin ip
U= i, (2)
sinr

When light is incident at polarising angle ip on a refracting medium of refractive index s, let r be

the angle of refraction. Then, according to Snell's law,
From the equations (1) and (2), we have

Sin Ip B Slnlp

—— = - [r=180—-(90+i,)=(90-i,)]
sinr  cos i,

cos i, =sinr or  sinr=sin(90°—i ) or r=90"—i,

H 0
r+i, =90
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Now, angle of reflection i.e. £/ NBC = ip, the angle of incidence. Since r + ip = 90°, it follows that

Z CBD =90° i.e. reflected ray BC is perpendicular to refracted ray BD.

Hence, when a ray of light is incident at polarising angle, the reflected ray is at right angle to the

refracted ray.

7) An object AB is kept in front of a concave mirror as shown in the
figure.

(a)Complete the ray diagram showing the image formation of the object.

V—> >

Oe
Te

(b)How will the position and intensity of the image be affected if the lower

half of the mirror's reflecting surface is painted black?

(c) A concave mirror, of aperture 4cm, has a point object placed on its principal axis at a
distance of 10cm from the mirror. The image, formed by the mirror, is not likely to be a sharp

image. State the likely reason for the same.

SOL: (a)The ray diagram showing the image formation of the object

(b) The position of the image remains same whereas intensity of image reduces.
(C) The incident rays are not likely to be paraxial.

OR

Use the mirror equation to show that

(a) An object placed between f and 2 f of a concave mirror produces a real image beyond 2f.
(b) A convex mirror always produces a virtual image independent of the location of the object.

(c) An object placed between the pole and focus of a concave mirror produces a virtual and

enlarged image. (3)
so: 4oL ) vt i)
v u f u-—f

(@) Since 2f > u > f and u and f are both negative, v is negative and > 2f (if we put u = 2f , then v =
2f).

Thus, image is formed in front of the mirror beyond 2f .

The magnification is
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Since v > 2f and u > f (but less than 2f), | m | > 1.

Thus, when the object lies between the focus and the centre of curvature, a real, inverted and

magnified image is formed beyond the centre of curvature of the concave mirror .

(b) For a convex mirror, f is positive while u is always negative (for all real objects). Therefore v is
‘positive’, that is, the image is formed behind the minor, irrespective of the position of the object.

The magnification is

f
m=——
f-u
1 T-u_ vy
m f f

because u is always negative while f is positive. m< 1,

that is, the image is virtual (because m is positive) and smaller in size than the object.
f-v

further m — or v=@1-m)f

But m < 1, therefore v < f, that is, the image is formed between pole and focus.

Thus, a convex mirror always forms a vertical, erect and smaller (than the object) image behind it
between the pole and the focus, irrespective of the position of the object

(c) When object is placed between focus and pole (i.e. u< f )

u < f. From the mirror formula, we have

uf
V=——
u-—f
Since u < fand u and f are both negative, v is 'positive’, that is, the image is
formed 'behind' the mirror. The magnification is

f

>1 (ru<f)
f-u

m=

A positive magnification corresponds to a virtual', erect image.
Thus, when the object lies between the pole and the focus of a concave mirror, a virtual, erect and

magnified image is formed behind the mirror.

8) (a) Why do we not encounter diffraction effects of light in everyday observations ?
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(b) In the observed diffraction pattern due to a single slit, how will the width of central

maximum be affected if

iii) the width of the slit is doubled;

iv) the wavelength of the light used is increased ?
Justify your answer in each case. 3)

SOL.:(a) The diffraction of waves becomes noticeable only when the size of the obstacle, or aperture,
is of the same order as the wavelength. Since the wavelength of light ( ~10° m) is very small
compared to the size of the obstacles/apertures around us (walls, doors, windows), we do not observe
diffraction of light in daily life.

(b) (i) Width of principal maxima of a diffraction pattern

2DA
180:2y1: a
1
yoc—
a

[If other parameters say , Aand D remains constant] therefore; with increase in slit width, width
of central maxima is decreased.
(it) Further, from the above equation

yocd

Therefore, increase in A is going to increase the width of central maxima again increases.

9) State the condition under which the phenomenon of diffraction of light takes place. Derive
an expression for the width of the central maximum due to diffraction of light at a single
slit.  (3)

SOL.:

DIFFRACTION OF LIGHT

The phenomenon of bending of light round the sharp corners of an opaque object or aperture and

spreading into the regions of the geometrical shadow region is called diffraction.
Wave length of light should be comparable ( or greater ) than the size of the object and aperture.
The phenomenon of diffraction is more commonly observed in sound as compare to light.

Fresnel diffraction:- It is the type of diffraction that takes place at a slit, when the source of light lies

at a finite distance from it.
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Fraunhofer diffraction:- It is the type of diffraction that takes place at a slit, when a plane wavefront

is incident on it and the wavefront emerging from the slit is also plane.

DIFFRACTION AT A SINGLE SLIT (Fraunhofer Diffraction)

Consider that a monochromatic source of light S, emitting light waves of wavelength A, is placed at
the principal focus of the convex lens L;. A parallel beam of light i.e. a plane wavefront gets incident
on a narrow slit AB of width a as shown in Fig. The diffraction pattern is obtained on a screen lying at

a distance from

SCREEN
P
L, '{
Yy
5 > 0 '+'
PLANE
WAVE FRONT

the slit and at the focal plane of the convex lens L,.

According to rectilinear propagation of light, a bright image of the slit is expected at the
centre O of the screen. But in practice, we get a diffraction pattern i.e. a central maximum at the
centre O flanked by a number of dark and bright fringes called secondary maxima and minima on

either side of the point O.

The diffraction pattern is obtained on the screen, which lies at the focal plane of the convex

lens L,..It is found that

(i) the width of the central maximum is twice as that of a secondary maximum and

(ii) the intensity of the secondary maxima goes on decreasing with the order of maxima.

These observations can be explained on the basis of the phenomenon of diffraction as below :

Central maximum: According to Huygens' principle, when light falls on the slit, it becomes a source

of secondary wavelets. These wavelets are initially in phase and spread out in all directions. Let C be
the centre of the slit AB. The wavelets which fall on the lens in a direction parallel to CO meet at

point O in the same phase. This is because, the wavelets are initially in phase and their optical paths
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between the slit and the point O are also equal. Therefore, the wavelets reinforce each other and give

rise to the central maximum at point O.

Positions and widths of secondary maxima and minima: Consider a point P on the screen at which

wavelets travelling in a direction making angle 6 with CO are brought to focus by the lens. The
wavelets from different parts of the slit do not reach point P in phase, although they are initially in
phase. It is because, they cover unequal distances in reaching the point P. The wavelets from points A

and B will have a path difference equal to BN.
From the right angled A ANB, we have
BN =ABsin ¢
or BN=asind ..................... (1)

Suppose that the point P on the screen is at such a distance from the centre of the screen that BN = A

and the angle # = 6. Then, the equation A=a sin # gives

A=asinf,
or sin671:i .......................... (2)
a

Such a point on the screen will be the position of first secondary minimum. It is because, if the slit is
assumed to be divided into two equal parts, then wavelets from the corresponding points of the two
halves of the slit will have a path difference of A/2 i.e. wavelets from the two halves will reach the

point P on the screen in opposite phase so as to produce minimum.

Similarly, if the point P on the screen is at such a distance from the centre of the screen that BN = 2

and angle 6 = 6 ,, then from the equation (1), we have

2A=asinéf,
sin 6, _2A
a

Such a point on the screen will be the position of second secondary minimum. In this case, the slit
maybe assumed to be divided into four equal parts and wavelets from the corresponding points of the
two adjacent parts of the slit will possess path difference of A/2. As the wavelets reach in opposite

phase, minimum is produced at the point P on the screen. In general, for nth minimum at point P,
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If y, is the distance of the nth minimum from the centre of the screen and D is the distance between

the slit and the screen, then from right angled A COP, we have

tan 6, = op
CO

Y
ortan @ = L 4
h D 4

Incase @ issmall, sin 6 =~tan 6,

Therefore, from the equations (3) and (4), we have

Yo _N4
D a
nDA
Y, = — (5)
a

The width of the secondary maximum,

nDA (n-1)DA
ﬂ:yn_yn—lz _( )
a a
DA
= i, 6
p== (6)

Since B is independent of n, all the secondary maxima are of the same width . On the other hand, if
the point P on the screen is at such a distance from the point O that the path difference BN = 3 A/2 and
angle 8 = 64", then from the equation (1),

we have

sinHl':%
2a

Such a point on the screen will be the position of the first secondary maximum. In this case, the slit

may be assumed to be divided into three equal parts ; the wavelets from the first two parts will reach

SIROHI CLASSES PH- 9810272244/9810252244 Page 11



the point P in opposite phase, cancelling the effect of each other. The wavelets from the third part of

the slit remain un-cancelled and produce the first maximum at the point P.

Similarly, corresponding to path difference BN = 5 A/2 and angle # = 6 ,', the second secondary

maximum is produced. For the second secondary maximum,

sinez':z—i

In this case, the slit may be assumed to be divided into five equal parts ; the wavelets from first four
parts cancel the effect of each other, while the wavelets from the fifth part produce the second

secondary maximum at the point P.

In general, for the nth maximum at point P,
SiNG,"'=————— ... (7)

If y,," is the distance of nth maximum from the centre of the screen, then the angular position of the

nth maximum is given by

In case @, is small, sin 8, tan 8,

Therefore, from the equations (7) and (8), we have

Yo' = @A 9)
2a
Br=y, -y = ;1) DA_{2(n-1)+13DA
a 2a
DA
Bl=—=.....(10)
a

The width of the secondary minimum,

Since B' is independent of n, all the secondary minima are of the same width f.

Further, from the equations (6) and (10), it follows that § = B ' i.e. all the secondary maxima and
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minima are of the same width.

Width of central maximum: The central maximum extends upto the distance

(the distance of first secondary minimum) on both sides of the centre of the screen.

Therefore, the width of the central maximum, 4 = 2y;

In the equation (5), setting n = 1, we have

DA
STy
Therefore S, = % ................... (11)

It follows that B, = 2 f i.e. the central maximum is twice as wide as any other secondary maximum or

minimum.

The angular position (6;) of the first secondary minimum is called the half angular width of the

. o . . A
central maximum. It is given by the equation sin g, = —
a

Therefore, angular spread of light in the form of central maximum takes place in the angle + 6;.

In diffraction from a single slit, the secondary maxima and minima are of equal width.

However, the intensity of light of a secondary maximum goes on decreasing with the order of the

maximum. It is because, the intensity of the central
maximum is due to wavelets from all parts of the slit, the
first secondary maximum is due to wavelets from one
third part of the slit only (first two parts send wavelets in
opposite phase), the second secondary maximum is due to
the wavelets from the fifth part only (first four parts send
wavelets in opposite phase) and so on. Hence, the

intensity of secondary maxima goes on decreasing .

In the diffraction pattern produced by a single slit,
intensity of secondary maximum goes on decreasing with

the order of the maximum.

DA 2DA

.-"4Afa

~~d3/a

SECOND MAXIMUM -
b2 Ala

THIRD MAXIMUM

FIRST MAXIMUM

4 /a
CENTRAL /

| MAXIMUM ™ o
L Ala
FIRST MAXIMUM
‘ b2 A a
SECOND MAXIMUM
L 3 A/a
THIRD MAXIMUM il

From the equations  =—— and 5, =—— , it follows that the width of a secondary maximum or
a a
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the central maximum is directly proportional to A. Therefore, greater the wavelength of the light used,

greater is the width of the maximum.

. DA . . . -
From the equation S =—— |, it follows that the width of a secondary maximum is inversely
a

proportional to a, the width of the slit. Therefore, as the width of the slit is increased, the secondary
maximum will become narrower. In case of a sufficiently wide slit, the secondary maxima and
minima become invisible and only the central maximum is obtained, which corresponds to the sharp
image of the slit. In other words, the distinct diffraction pattern will be obtained only in the case of a

narrow slit.
With the decrease in wavelength, the diffraction bands become narrow and crowed.

The intensity of central maximum is independent of the slit width .However ,the slit width
affects the width of the central maximum . The wider the slit is the narrower is the central diffraction

maximum.

10) (a)Derive Lens maker’s formula for a convex lens. Also mention the assumptions made in
the formula.
(b) A convex lens of glass (n = 1.50) continues to behave as a convex lens when immersed in
water (n = 1.33) but behaves as a concave lens when immersed in carbon disulphide (n =
1.63). Explain. (5)

SOL: (a) LENS MAKER'S FORMULA FOR THIN LENS

Lens Maker's formula is a relation which connects the focal length of a lens to the radii of curvature
of the two surfaces of the lens and the refractive index of the material of the lens.

Assumptions made in deriving Lens Maker's formula :

() The lens is so thin that distance measured from the poles of the two surfaces of the lens can

be taken as equal to the distances from the optical centre of the lens.

(ii) The aperture of the lens is small.
(i) The object is a point object lying on the principal axis of the lens.
(iv) The incident and refracted rays make small angles with the principal axis of the lens.

New Cartesian Sign Convention:

() All distances are to be measured from the optical centre of the lens.
(i) All the distances measured in the direction of the incident light are taken as positive. The
distances measured in a direction opposite to that of incident light are taken as negative.

Convex Lens:
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Consider a point object O on the principal axis of a thin convex lens. Let y , represent the absolute
refractive index of the material of the lens. Let g, be the absolute refractive index of the medium
surrounding the lens. Suppose i< w,. So, the medium surrounding the lens is rarer than the
material of the lens. The refractive index £ . of the material of the lens with respect to the surrounding

medium is given by

u="te (D)
t

The image formation by a double convex lens can be visualised in terms of two steps :

(i) The first refracting surface XP, Y forms the real image I of the object O.

(if) The image I, acts as a virtual object for the second surface XP,Y that forms the real image at I.

Derivation of lens maker's formula for convex lens

A convex lens is made up of two convex spherical refracting surfaces. The final image is formed after
two refractions. In Fig., P,, P, are the poles, C;, C, are the centres of curvature of two surfaces of a

thin convex lens XY with optical centre at C. Let u , be the refractive index of the material of the

lens and u ; be the refractive index of the rarer medium around the lens.

- _ ~
o 1 ¥
Y
o U P E— e
e s = |
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Consider a point object O lying on the principal axis of the lens. A ray of light starting from O and
incident normally on the surface XP; Y along OP; passes straight. Another ray incident on XP; Y
along OA is refracted along AB. If the lens material were continuous and there were no second
surface XP,Y of the lens, the refracted ray AB would go straight meeting the first refracted ray at |,.
Therefore, I; would have been a real image of O formed after refraction at XP; Y.
IfCl; = Pili=v;
CC,~P;Ci=R; ;CO=P;0=u
then as refraction occurs from rarer to denser medium, therefore,
e R N St N Q)

u v, R,
Actually, the lens material is not continuous. Therefore, the refracted ray AB suffers further refraction
at B and emerges along BIl, meeting actually the principal axis at L Therefore, I is the final real
image of O, formed after refraction through the convex lens.
For refraction at the second surface XP,Y, we can regard I, as a virtual object, whose real image is
formed at I.

u==Cly = Py =v; LetCl=P, 1 =v

Let R , be the radius of curvature of second surface of the lens.
As refraction is now taking place from a denser to a rarer medium, therefore,

e B Y o N N B
vV, V R, -R,

Adding (i) and (ii) , we get

_%4_%:(#2_‘%){%1_%2) or M(l_%j:(ﬂz_ﬂl)[i_i]

or l_lz &_1 i_i
V u gy R R,

put £z = o refractive index of material of the lens w.r.t. the surrounding medium.
H

1 1 1 1
———Z(,U—l) - =
vV u R R,

When object on the left of the lens is at infinity, image is formed at the principal focus of the lens.
i.e. when u = oo, v = f = focal length of the lens.

%_1:(ﬂ_1)(i_i]

== (,u _1)[___j This is the required lens maker's formula.
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(b) The focal lengths of a glass lens in water and in carbon disulphide are given by _

1 1 1 .
7 = (W — !)[RI - Rz] (1)
| | 1
and —=(n, - DN|—0—-—1| (0
7= 0 &) !
_ g _ 150 _da 150
Now, Wit . 133 1-1128 and n, = 163 0-920.

Substituting these values in eq. (i) and (ii), f,,, comes out to be positive while f.. comes out to be
negative.
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