| Tt ali | el
5) A displacement current s & (5'1’15) s 1 exdsta only 1 eleetiie fiel

it ‘ i et ol vl inya
6) C During welding, o highsntensity electrle ire 18 nmwmlml.wl!luh witille D

. u ittt gt |y
7) D Frequency of un electomugietie wive doss nol ehaige whei 1 fises llulllll :;::t’d:“t““”“’ i !
8) D because pamma rays has hipghest Neguency so s eierey will e (he |‘j{"|t4|‘l““|" dlectile elinigs ot
9) B The source ol an electiomagnette wave 11 alwiys agoctuted with nneve LR 39\
oseillating charge.
10) B speed of taht I8 e=1i/D
' : ASSEIIION AND HEASON QUISTIUNS
For ench question, select the correct option T
(2) Both Assertion and Renson ure true, id Rewson B the coneet explunation vl A“j'""' i
(L)Both Assertion and Rewson e trae, but Reason 15 not the correet explantion ol Aaeitli
(e) Assertion s true, but Reason by Hilse,
(d)Assertion is false, but Reason 1y true,
QLAssertion (A): Bleetromagnetie waves do not requiie o matertal e fur lllgell m“.'m"m“““'_, i
Reason (R)r Blectromagnetie waves conslst ol oselllating electile amd el e, which e well:
sustaining in vacuum,

5 H i { 4
Q2. Assertion (A): In wn electromupnelle wave, e eloetrle uid mugnetle Melds wre always perpendiculir to
cach other,

Reason (R): “The directions ol eleetrle and mognetle Melds I an 1EM wave are Independent of the
direction of wave propagation,

Q3. Assertion (A): ‘The speed ol eleetromugrietic waves [ vacuum Is equul (o lA/ UL

Reason (R): The values of jo and eo determbng the properties of vacuum with respect to magnetle fitiel
clectric fields, respectively
Q4. Assertion (A): Xerays can be used (o deteet Tractures 1 bones,
Reason (R): X-rays huve controlled penetrating power und are absorbed differently by different tastes,
QS.Assertion (A): Ultraviolet rays are more energetie than infrared FuyH,
Reason (R): The frequency of ultrviolet rays I8 greater tan that of Infrared rays,
Q6.Assertion (A): Gamma rays have the longest wavelength I the electromagnetie spectrom,
Reason (R): Gamma rays have the lowest frequency mmong all 1M waves,
Q7.Assertion (A): Microwaves are sultable for radar systems used In afreralt navigatlon,

Reason (R): Microwaves cun penetrate through the fonosphiere and rench long distiunces w)thout
significant attenuation,

QBAssertion (A): Electromagnietic waves carry both energy aixl momentum,
Reason (R): The energy and momentunt In M waves are carrled by (he magnetle fleld only,
XERCISE QUESTIONS-SOL UL ;
1.(a) EM waves are self-propagating due to mutual nduetion of 15 and 13 fields and do o need nomedium,
2, (¢) The fields are perpendieular to each other and to the direetion of wave propugation they are not
independent, ,
3. (a) Speed of EM wave in vacuum is derived using these constants,
4. (a) Bones absorb more X-rays than sofl tlssue, producing contrast,
5. (a) Energy E = I higher frequency = higher energy.
6. (d) Gamma rays have the shortest waveleng(h and highest frequency, )
7. (n) Microwaves arc used in radar as they can travel In the atmogphere and refle
8.(c) Energy is shared by both electric and magnetic fields, not just magnetie,
9. (1) IR is emitted due to heat and used for thermal fmaglng,
10. (d) EM waves are transverse, not longltudinal; E field Iy perpe

¢t from objects,

ndicular (o propugation,



. YERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
Q1 Why does microwave oven heats up a food item containing water molecules most efficiently?
goL: Microwave ovens efficiently heat food containing water because microwaves excite the rotational

motion of polar water molecules, and the resulting molecular friction generates heat. Foods with higher
water content heat up faster and more uniformly.

Q2 A variable frequency a.c source is connected to a capacitor., How will the displacement current change
with decrease in frequency?
SOL: Displacement current is directly proportional to frequency. As frequency decreases, the rate of change
of voltage across the capacitor decreases. Therefore, the displacement current also decreases.
(E*EE) =g
€o\"ae
For current in capacitor : I4= C dV/dt
V=Vesinwt,solsawandw =2 nfsolgaf

Q3 The magnetic field of a beam emerging from a filter facing a floodlight is given by Bo= 12 # 10" sin (1.20

x 107 z—-3.60 x 10'5 t) T. What is the average intensity of the beam?
2

Sol: Iy =3 052 = 23 10° x (12x10%) 1.26 x 10= 1.71 W/’

Q4 Professor C.V. Raman surprised his students by suspending freely a tiny light ball in a transparent vacuum
chamber by shining a laser beam on it. Which property of EM waves was he exhibiting? Give one more
example of this property.

Sol : EM waves exert radiation pressure. Tails of comets are due o solar radiation.

Q5 How are Infrared waves produced? Why are these waves referred to as heat waves? Give any two uses of
infrared waves.

Sol: Infrared radiations are produced by hot bodies and vibrations of molecules. They are referred to as heat

waves because they are rapidly absorbed by water molecules and increase their thermal energy and heat
them.

Uses: i) dehydration of fruits ii) In green house effect iii) In remote switches
Q6 An E.M. wave, Y1, has a wavelength of 1cm while another e.m. wave, Y2, has a frequency of 10"* Hz.
Name these two types of waves and write one useful application for each.
Sol: Y: has a wavelength of | cm, which lies in the microwave region.
Y- has a frequency of 10" Hz, which falls in the ultraviolet (UV) region.
Yi:Microwave
Application: Used in microwave ovens for cooking food.
Yz:Ultraviolet (UV)wave
Application: Used for sterilizing medical instruments.
SHORT ANSWER TYPE QUESTIONS (3 MARKS)

ks Electromagnetic waves of wavelengths yi, y2 and y3 are used in radar systems, in water purifiers and in
remote switches of TV, respectively.

Identify the electromagnetic waves, and Write one source of each of them.
Sol: yi: Microwaves, y: : Ultraviolet (UV) rays , ys: Infrared (IR) rays .
Microwaves: Klystron or magnetron tubes (used in radar and microwave ovens) Ultraviolet rays: Mercury
vapour lamps or sunlight.
Infrared rays: Heated objects or infrared LEDs (used in remote controls)
Z. ldentify electromagnetic waves which
(i) Are used in radar systems. (i) Affect a photographic plate. (iii)Are used in surgery.
Write their frequency range.
Sol: Electromagnetic waves used in radar systems is Microwaves, Frequency Range: 10° - 10" Hz .
Electromagnetic waves that affect a photographic plate is Ultraviolet (UV) rays, Frequency Range: 1015 —




ased i thergwal catttertzation and heating, o goetimes Nerays I &

ot Uz ntiand (IR RQS E} "I 1
eeh L e Nrequencles ghven below, Wilto one applicatloy

angery Pqueney s JE= 8 08 G o
3 k@ﬁs\\ e Rollowing e!x\rtt\»\\\x\ggxe‘ie mﬁa\ﬁ‘(\ﬁ :;‘;; i
e © ' puant cotls, 1) Miorowuves, Used i gy,

. Ny b

ofaach. (W WV H2 S dastroy i
ke o) O Ravs U A caneer “~;\’\l‘\\(l\\!\\\l\} {0 ey ~ . ' N ,

ok ) u;mli::; ::;\\ll\\x’\; \we“\\‘ fur cooking, €) Used in PV romote controls and tlm}nml tnaglog,

AVATHINY AT RRCTON o i A kil

4 Identitd the part atthe eloactinmagietiv speciin i\\.md;‘ or T the atmosphere,

0 Produces hewting eftvet - () s alsorbod By the vEone ke 1 TR ~

() s used o stadyng crystal striehne

| Nob @) Intarad mdiations, TROwvaves ae

C cansing a heating offet, ) Ultraviolet {
3. Arrange the ollowing electiomagnetic W

abworbed by natter and tnorense the Kinetle energy of pivtloleg,
UV) s, @) N s

aves 1 the onder of thete
() radio waves

nereasing wavelongtht

QR (1) NHerowaves (©) Netady sy 4 :
How are infhared waves producad? What tole does inbared radiation play in (Dmaintaining the earth's waryy
and (1) physical thevapy? ‘ 4 par ]
SnX*\‘{\\‘S‘-\i\‘lNl\)\\'t\\‘k\\“LR&\‘dl(\ WAVESR

Solt a) Under (nancasing wavelength) ystay

) Indiared (R waves we prodused by vibrations and rotattons of atoms and mateeules i body, All objects

Al rmparatiie above abwolute e emit IR radiation due to thelr theemal mation, :
) Maintaining warath of earth and Physical therapy IR adiation is used in heat lamps and therapeutie devices

1o relieve musele painy, inersase bload cireulation, and promote Lhealing by penetrating deep into tissues,

& (2) Which one of the following electiomaguetic tadiations has teast frequencys
UV radiations, Namys, Micnowaves

{DIHOW do You show that electramagiietic waves earry energy and momentum?

() HW are electtomagnetic waves produced by oscillating ehavges?

(@)State clearly how a microwave oven works to heat up w tood item containing water moleculos.

() Why are microwaves found useful for the tadar systems in atrevall navigation?

Sol: 2) Microwaves has least frequency and highest wavelength Microwaves < UV < Xerays

Produced by klystrons, maguettons, or Gunn diodes, which generate high=frequency electromagnetie
ascillations. ;

b, EM waves consist of ascillating eleetrie and magnetic tields that can exert force on charges, trangferting
energy. The energy cartied is proportional to the square of the amplitude of electric and magnetic felds.
The force exertad by the BM waves is given by Feple,

¢) When charges accelerate (2.8. i an alternating current), they produce changing electric felds. A times
varving electrie field creates a ime-varying magnetie field, and vice versa, These changing fields propagate
outward as electromagnetic waves. 7

7. Elactromagnetic wave with wavelength
() Auis usad in satellite communication,
(i) A2 is used to kill germs in water purifier,
(1i1) Az is used to detect leakage of el in underground pipelines,
(iv) )*u‘is used 1o improve \*is‘ibilily in runways during fog and mist conditions.

Q)ldcuuty and name the part ot clectromagnetic spectrum to which these radiations belong,

{b)Amange these wavelengths in ascending onder of their magnitude,

() Write ene more application of each.

Sol: A Satellite communication Microwaves
Az Kill germs in water puritier Ultraviolet (UV) rays
A Detect leakage in underground pipelines Infiaced (IR) rays Paity
b L N

ha Improve visibility during fog/mist Radio waves (or NeareIR) T
2 ‘. N\ :
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ing order of wavelength: Aa(UV)<), (IR : - :
scending Of - 3 (IR)< Mi(Microwaves)< % (Radio/Near-IR
. abicro“.avcs (M): Used in microwave ovens for cooking food, )< M ( )

b Unra\’il’lc‘ rays (A2): Us?d in sterilizing surgical instrume
pfrared rays (M): Used in rcmote' controls and therm
Radio waves/Near-IR (A): Used in AM/FM radio broadeasting and night vision cameras.
. CASE STUDY BASED QUESTIONS
| Maxwell, in 1865‘. polm.lcd out l.hm When cither an clectric or a magnetic field is changing with time, a
field of the other kind is |'nduccd i adjacent regions of space. From this Maxwell concluded that variation
ofclectric and maguetic field vectors perpendicular to cach other leads to the production of electromagnetic

disturbances which show properties of waves and can travel in space even without any material medium.
These waves arc called clectromagnetic waves,

nts.
al imaging,

Flectromagnetic waves with macroscopic wavelengths were first produced in the laboratory in 1887 by the
German physicist Heinrich Hertz, Seven years afler Hertz, Jagdish Chandra Bose, working at Calcutta (now
Kolkata) succeeded in producing and observing clectromagnetic waves of much slower wavelength (25mm

to Smm). Ataround the same time, Gugliclmo Marconi in ltaly followed Hertz's work and succeeded in
transmitting electromagnetic waves over distances of many kilometers.

Electromagnetic waves have a broad frequency range 10°Hz to Y
102Hz. They can travel with speed of light(c) in vacuum. They
obey the relation ¢=vA, where v is frequency and A is wavelength,
(i) Which of the following eclectromagnetic wave in order of
increasing {requency.

(a)Microwaves<Infrared <Ultraviolet < y-rays

(b)y-rays < Ultraviolet < Infrared < Microwaves z

(c)Ultraviolet < Infrared < Microwave < y-rays

(d)y-rays < Microwave < Infrared < Ultraviolet
(i)  Light wave contains
(a)Electromagnetic waves (c) Longitudinal waves
(b)Mechanical Waves (d) magnetic waves

(iii)  If we want to produce electromagnetic waves of wavelength 500 km by an oscillating charge the
frequency must be

Envelope of L

Eavelape of B

(@)600 Hz (b) S00Hz (c) 167THz (d) 15Hz
(iv)  The angle between E and B in an electromagnetic wave is
(a) 180° (b) 120° (c) 90° (d) 45°

Q2 Radio waves are produced by the accelerated motion of charges
in conducting wires. Microwaves are produced by special
vacuum tubes. Infrared waves are produced by hot bodies and
molecules also known as heat waves. UV rays are produced by
special lamps and very hot bodies like Sun.

(i) Solar radiation is
(a) transverse electromagnetic wave
(b) longitudinal electromagnetic wave
(c) both longitudinal and transverse electromagnetic waves
(d) None of these

(ii) What is the cause of greenhouse effect?

Thermosphere

(a) Infrared rays (b) Ultraviolet rays (c) X-rays (d) Radio waves
(iii) Biological importance of ozone layer is

(2) it stops ultraviolet rays (b) It layer reduces greenhouse effect

() it reflects radio waves (d) None of these

—




(iv) Earth's atmosphere is richest in . .
{2) ultraviolet (b) infrared (c) X-rays (d) micTaiwaves Consid Bt

Q3 Acconding to Maxwell, an accelerating charge produces electromagnetic waves. onsider Z wHAIEE
osciilatinu}\amxonicall\' with time. This is an example of an accelerating charge. _Th'? charge PRIFTEE= Il
oscillmin:: electric field in its neighborhood. This field, in turn, produces an osc:llaltm:g magnetic field in
its n-:igh!;eﬂmod. The process continues because the oscillating electric ar.ld magnetic helt{s set as s'ou;c]es
of each other. Hence an electromagnetic wave originates from the oscillating charge. The t'requenC) ofthe
electromagnetic wave is equal to the frequency of oscillation of the charge. The energy cam.cd. by the wavi
comes from the source which makes the charge oscillating. An electric dipole is a basic source o
electromagnetic waves. An LC-circuit containing inductance L and capacitance C produces
electromagnetic waves of frequency, f = .

2m'Lc
(i) Electromagnetic waves are produced by
(2) Accelerated charged particle (b) Charge at rest
() Charge in uniform motion (d) None of these. '
(ii) Light can travel in vacuum due to its
(a) Transverse nature (b) Electromagnetic nature
{©) Longitudinal nature (d) Both (a) and (¢).

(iii) If a source is transmitting electromagnetic waves of frequency 8.2x10¢ Hz, the wavelength of electro-
magnetic wave transmitted from the source is
(2)36.6 m (b) 18.8 m (c)42.8m (d) 58 m
(iv) (A) Wavelength of infrared radiations as compared to UV radiations is
(a) shorter (b) longer (c) no comparison (d) same
OR
(B) The quantity l:’m represents
(a) speed of sound (b) speed of light in vacuum
(c) speed of electromagnetic wave in medium  (d) inverse of speed of light in vacuum

8)? Name the type of radiation that has used in luggage security checks at airports.
(a)y-rays (b) X-rays (c) Microwaves (d) [nﬁ;ared rays
(ii). Some y-rays emitted from a radioactive source hsas wavelengthl.0x 10"2m . The frequency of the y-rays
(@) 3x 10°Hz  (b) 2x 10'2 Hz (©) 2.5x.10 Hz - (d)3.3x 10 Hz
(iii). Why does a microwave oven heat up a food item contam_mg water molecules most
(a) Microwaves are heat waves, so zflways.produce heating
(b) Infrared waves produce heating in a microwave oven

efficiently?




(iv) Earth's atmosphere is richest in
(a) ultraviolet (b) infrared (c) X-rays (d) microwaves

Q3 According to Maxwell, an accelerating charge produces electromagnetic waves. Consider a charge
oscillating harmonically with time. This is an example of an accelerating charge. This charge produces an
oscillating electric field in its neighborhood. This field, in turn, produces an oscillating magnetic field in
its neighborhood. The process continues because the oscillating electric and magnetic “eldf SRR
of each other. Hence an electromagnetic wave originates from the oscillating charge. The t‘rcquenc_\* of the
electromagnetic wave is equal to the frequency of oscillation of the charge. The.energ:v camed- by the wave
comes from the source which makes the charge oscillating. An electric dipole is a basic source of
electromagnetic waves. An LC-circuit containing inductance L and capacitance C produces

: 1
electromagnetic waves of frequency, f = e
A}

(i) Electromagnetic waves are produced by
(a) Accelerated charged particle (b) Charge at rest
(c) Charge in uniform motion (d) None of these.

(ii) Light can travel in vacuum due to its
(a) Transverse nature (b) Electromagnetic nature
(c) Longitudinal nature (d) Both (a) and (¢).

(ii1) If a source is transmitting electromagnetic waves of frequency 8.2x10° Hz, the wavelength of electro-
magnetic wave transmitted from the source is
(a)36.6 m (b) 18.8 m (c)42.8 m (d)58m

(iv) (A) Wavelength of infrared radiations as compared to UV radiations is

(a) shorter (b) longer (c) no comparison (d) same
OR
(B) The quantity 1/,/jio€, represents
(a) speed of sound (b) speed of light in vacuum
(c) speed of electromagnetic wave in medium (d) inverse of speed of light in vacuum

8)4 Name the type of radiation that has used.in luggage security checks at airports.
(a)y-rays (b) X-rays (c) Microwaves (d) lni]‘r’a:ed rays
(ii). Some y-rays emitted from a radioactive source hsas wavelength1.0x 102, Ti:e frequency of the y-rays
(a)3x 102°Hz  (b) 2x 10'2 Hz (c) 2.5x 10° Hz o (d)3.3x 10" Hz
(iii). Why does a microwave oven heatup a food item contam‘mg water molecules most
(a) Microwaves are heat waves, so a:lways.produce heating
(b) Infrared waves produce heating in a microwave oven

efficiently?




(iv) Earth's atmosphere is richest in g
ot (b) infrared (c) X-rays @ ’”"?’f’f”””; Conider 4 chasge |

Q3 According to Maxwell, an accelerating charge produces 5’93“‘7“?33%’@:’@%; c%iz;ﬂ"' prodeices 4
oscillating harmonically with time. This is an example of an aceelerating chzxge,J & " e m‘io‘ (o3 1
oscillating electric field in its neighborhood. This field, in turm, produces @n m"?”i’i fgfg;ﬂ sy
its neighborhood. The process continues because the oscillating e’mfc md ﬁwﬁjﬁﬂ ,rf’,' Ww : gf‘g{,};.. '
of each other. Hence an electromagnetic wave originates from the oscillating c?wrgg. j" :Z’; &; g;:; ngﬁ’:
electromagnetic wave is equal to the frequency of oscillation of the ctmg&:ﬂ’“ﬁ'ﬂ?’g? “'f”; T o6 {;’— 1
comes from the source which makes the charge oscillating. An electric dipole i 4 | @é yfi}%@ |
clectromagnetic waves. An LC-circuit comtaining inductance L and capacitance proines 3
electromagnetic waves of frequency,f =

2nIC
(1) Electromagnetic waves are produced by
(2) Accelerated charged particle (b) Charge 2t rest
(c) Charge in uniform motion (d) None of these. .
(if) Light can travel in vacuum due to its
(a) Transverse nature (b) Electromagnetic nature
(c) Longitudinal nature (d) Both (a) and (c).

. vz > s ; lenpth of electso-
(iii) If a source is transmitting electromagnetic waves of frequency 8.2« 10° Hz, the wavelength of
magnetic wave transmitted from the source is

(a) 36.6 m (b) 18.8 m (c)428m (dj58m
(iv) (A) Wavelength of infrared radiations as compared to UV rediations is
(2) shorter (b) longer (c) no comparison (d} same
OR
(B) The quantity 1/, fpge, represents

(a) speed of sound (b) speed of light in vacuum
(c) speed of electromagnetic wave in medium  (d) inverse of speed of light in vacuum
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(i). Name the type of radiation that has used in luggage security checks 2t zirports.
(a)y-rays (b) X-rays (c) Microwaves (d) Infrared rzys

(if). Some y-rays emitted from a radioactive source hes wavelengih] 0x 1672

s TR frequency of the y-rays
(@)3x 10°°Hz (b)2x 10V Hz (c)2.5x 10° Hz (dy33x 16" Hy

(iii). Why does a microwave oven heat up 2 food item contzining water molecules o Fiicieutly?
(a) Microwaves are heat waves, so always produce hezting BCRZz
(b) Infrared waves produce heating in a microwave oven
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GIST OF THE CHAPTER

peflection of" 'htj - The bouncing of light back into the same medium from a surface is ['E] |~ E
clled reflection ol light. L
\ | . . « q ‘ #
Laws of reflection: - i) Angle of incidence is equal to the angle of incidence. 5.;’ e A
) . it (PR a Pz SN 'R N 1 I3 (4
ii) The incidence ray, the reflected ray and normal to the surface at the point of incidence E].:é
-

ol lie in the same plane.
pes of spherical mirrors: Concave and Convex, The relation between object distance, jmage distance and
the focal length of a mirror is called mirror formula, The ratio of size of image 10 the size of object 15 called
(he magnification produced by the mirror.

™ Derivation of mirror formula: ABYAB =PB7PB .....(2) ]
AdBCand AA’B’Care similar Compare cqn (1) and (2) ...
A'BVAB = B'C/CB= PC-PB'Y (PB-PC) | PBY/PB = (PC-PB'Y (PB-PC)
..... () wieu o= @f v v ) (ue2f) or
AABP and AA "B P are also similar 2uv=2vf+2ul
T.:_:;‘\; b \'; Dividing by2uvf on both sides we get,
) "1“.::1"1;.;;,_ /i =g

e medium to

-

Refraction of light: - Bending of light from its actual path, when it passes obliquely from on

another having different optical densities.
(]

Incident Rarer medium Incident ray o cer medium

ray

Denser medium  Refracted ray ~ Rarer mediurri: S
Deviation 8= ({—r) Deviation &= (r —17)

2. An object under water (any medium ) appears to
be raised due to refraction when observed inclined
n = (Real depth / Apparent depth) and Shift in the

Snell's Law: -The ratio of the sine of the incident
angle to the sine of the refracted angle is a constant.

sini np _

sint n, = position (apparent) of object is x = t(l —-‘-)
- | ey 2 . n

nysint = nzsinr Where t is the actual depth of the medium

ORv, sini = vy sinr
Examples :- 1.Sun can be seen before actual sunrise

-
Critical angle (ic): - The angle of incidence in denser medium for which the angle of refraction in rarer medium
i5 90° is called the critical angle. . N
sini; = Naw = m LL A
Note:- If rarer medium is not air then sinie = ,-l:'; ,l - b :
c; Water
A / 5
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ens maker’s formula. The relation connecting the focal length of the lens with the radii of curvature ol iy

ywo surfaces and the refractive index of the material of the lens is called lens makers formula, Muthematicully:

-L -(n—-l)(-—'-_..]_.

J R, R,

Lens equation. The relation between the focal length, the object and image distances is called lens equation,
Mathematically:

1 1 1

S v u
Linear Magnification. The ratio of the size of the image (formed by the lens) to the size of the object is
called lincar magnification produced by the lens.

m:L v S SV
Mathematically, O u [f+u [
power of a lens. 1t is defined as the reciprocal of the focal length of the lens in metre.

p=L l’=(n-—l)(—|———l—)

Mathematically, f or R R,
In the above two formulae, f, Ry and R; are measured in metre. A
Two thin lenses placed in contact. When two lenses of focal e \-?-A\-_-\.,
lengths fi and f3 are placed in contact, the focal length of the 04_____._“_..4.-’-,» s S §
combination is given by & g ramey
—l— = -l— + : Goosasissnsrsrn [T O S TR
f L L
Power of equivalent lens: P =P+ P2 A
Magnification produced by equivalent lens: =y Xy, L
Refraction through a prism A ray of light incident on one face i .h";-:.,
of the prism suffers refraction successively at the two surfaces Py "—‘:"“ "R .
and then emerges out of it. Mathematically, L ~ 1_/.. ' -
A=n+n, A+td=i+e . r ’/’

. sin(f-*’Ts'l) if_“.._____ —
Prism formula: g = ——5—

sin -;)

Simple microscope. A convex lens of small focal length is called a ¢4
simple microscope or a magnifying glass. S Y
The magnifying power of a microscope is defined as the ratio of the | f2 «L ot it
angle subtended by the image at the eye to the angle subtended by the ' e

object seen directly, when both lie at the least distance of distinct vision. | D

M= (l +—)
Mathematically: 4
Here, D is the least distance of distinct vision
Compound microscope. A compound microscope is a

Ay i |

“:_‘\ y )' “vepicce
two-lens system (object lens and eye lens of focal 7 '{ o l{h_ Tk e 'i‘i?
lengths f, and f.). Its magnifying power is very large, as ' ) B !

. ¥ Ohjl;clavc A adl ) e b
compared to the simple microscope. X

Mathematically:

M=i(l+—0-}=——’-‘-(1+£} L " o
u, ./:v -fu /; K

[~ e e - e e b S SR
|




j Vor i h of the tube of the
is distance of the object from the object lens and vo=L, (lj ::s[the lengt iy lcm
e st i bject.
sh’tll:‘c' gz)smncc at which the object lens forms the image of the obj a

ical telescope. [t is a two-lens system and is used to observe distant heavenly objects, [ i calleg
Astronomi cle .

cfracting type astronomical telescope.

: i t ive Pt
Normal adjustment- When the final image is formed a __Obfective | s

e —— @* Eyepiece
is sai in normal adjustment. g K=t

infinity, the telescope is said to be in no ; : i

nifying power of a telescope in normal adjustmen — N A
The magnilying p he imogo nt kO N w B o
is defined as the ratio of the angle subtended by the imag > el — l",_,," J” /\9
the eye as seen through the telescope to the nngl.c subtended % N
by the object seen directly, when both the object and the Y

image lic at infinity.
Magnifying power in normal adjustiment,

M =—Lo

7 ¢

When the final image is formed at the least distance of distinct vision,
Magnifying power of the telescope,
L ( L. )
M=—2to| 4l
e

D
Reflecting type telescope. In a reflecting type telescope, the
objective is a concave spherical mirror of large aperture in place of
a convex lens.

The expression for magnifying power of a reflecting type telescope
is same as that for refracting type astronomical telescope.

MULTIPLE CHOICE QUESTIONS

I. A beam of light is incident at 60° to a plane surface. The reflected and refracted rays are perpendicular to
each other. What is the refractive index of the surface?

@ 1N3 (b) V3 () 1/3 (d)3 ;
2. A concave mirror of focal length f produces a real and virtual image of an object of magnification m (m>
1) when placed at two different positions. The distance between the positions of the object is :
(@ (m-1)f ®) A —m)f (©) % (d) zero
3

The refractive index of the material of a prism i

surfaces of the prism is made a mirror. A beam
face retraces its path, after reflecti

s V2 and its refracting angle is 30°. One of the refracting
of monochromatic light entering the prism from the other
on from mirror.surface. The angle of incidence on prism is:
(a) 0° (b) 30° (c) 45° (d) 60°

4. Anastronomical refractive telescope has an objective of focal length 20 m and an eyepiece of focal length

2 cm. Then in normal adjustment;

(2) the magnification is 1000

(b) the length of the telescope tube is 20.02 m

(¢) the image formed is of inverted nature,

(d) all of these
s .

(a) 16 cmv/ sec. (b) 1 cm/sec.

. , o and

6. You are given four sources of light each one providing a light of a single colour — red, blue, 8“"‘\2‘2»
?'ellow. Suppose the angle of refraction for a beam of yellow light corresponding to a particular ang
incidence at the interface of two media

" . 3 ; Sgurk'f
1s 90°, \thch of the following statements is correct ,gm___‘e




of yellow light is replaced with that of other lights without changing the angle of incidence?
o beam Of red light would undergo total intemal reflection.

(;; The beam of red light would bend towards n.ormal while it gets refracted through the second medium.
o) The peam of blue hght would undergo total internal reflection.
The beam of green light would bend away from the normal as it gets refracted through the second medium
7. The optical density of turpentine is higher than that of water 1 2 g 4
" whileits mass density is lower. Fig shows a layer of \\ \ \
turpentine floating over water in a container. For which one of Alr

he four rays incident on turpentine in Fig the path shown s Turpentine \\ \ \

Gt Water * \ \ *

(a) 1 (b) 2 (©)3 (d) 4 . _
g. If1isthe image of a point object O formed by spherical mitror, then which of the following statement s
incorrect:

a) 1f O and I are on same side of the principal axis, then they have to be on opposite sides o|: the m?rror.

b) If O and | are on opposite sides of the principal axis, then they have to be on same side of the '-u.rror.

¢) If O and I are on opposite side of the principal axis, then they can be on opposite side of the mirror as
well at same side of the mirror.

d) 1f O is on principal axis then I may not lic on principal axis.

9. A prism having an apex angle of 4° and refractive index of 1.50 is located s

in front of a vertical plane mirror as shown. A horizontal ray of light is

incident on the prism. The total angle through which the ray is deviated is

a) 4°clockwise b) 178° clockwise )

¢) 2°clockwise d)8° clockwise

10. A plano concave lens of focal length 10 cm is placed on a pape

its actual position does the coin appear to be?

r on which a coin is drawn. How far above

a) 10cm b) 15cm c) 50 cm d) none of these
SOLUTIONS:
i ini ;
1. (b)Herei+r=90.n=f::—'r=§;';—'l:=tant=tan60°=\/5
; ; 1 1,1 1 1 1 _ (-m)f
2. (c)Forreahmage,v=—um.;=-;-l—;,-_—f:-_-l-l-;+;.u——;—
1 1 1 -(1+m)f
For virtual image, v = u’m,%= '1‘;+'1% ; '_-_?= m-l-;,u' = i
i
u—u'=—
. » . . 1n
3. (A=30",r=30",n===>2= ShL > = 45°
4. dm= % =1000,L = |f,| + |f;| =20.02 m, Image is always inverted
1 1 . : . i
5 (b -}-: %— i- T %-— V= —45 cm, Now differentiate both sides of mirror formula
i i _ (2E)dvy (b)eu
with rzspect to time, we gdet 0= (vz) m + (u?) T
u __ __u o
Here, -~ = 4cm/s So,—-=1lcm/s
6. (c) Order of wavelength: Red > yellow > green > blue
Order of refractive indices: Red < yellow < green <blue andi, 1

refractive index

7. (b)2
& (o)

9, 6= (u—1)A,6 = 2° Total deviation = 180° — 2° = 178°
10._Use lens makers formula and get position at 10 cm above its a

e ctual position




—

ASSERTION-REASON TYPE QUESTIONS
‘or these Questions  two statements are given one labelled Assertion (A) and other lab
ielect the correct answer to these questions from the options as given below
A.  If both Assertion and Reason are true and Reason is correct explanation of Assertion,

B.  Ifboth Assertion and Reason are true but Reason is not the correct explanation of Assertign,
C.  If Assertion is true but Reason is falsc.

D.  Ifboth Assertion and Reason are false,
. Assertion: A real image of a very intense virtual light source can burn a paper.

Reason: A virtual image is onc when light rays seem to be meeting at a point after reflection/refraction ang
for real image they actually meet,

2. Assertion: In passing through a lens or prism, the phase difference

Reason: The optical path lengths of all rays are same when me
3. Assertion: A convex lens may be diverging,

Reason: The nature of a lens depends upon the re
medium besides its geometry,
4. Assertion: When a glass prism is immersed in water, the
Reason: Refractive index of glass prism relative to water is less than relative to air.
5. Assertion: Hollow prism forms no Spectra as a solid equilateral prism of glass.

Reason: Neglecting the thickness of hollow glass surface. The media is same. So, dispersion is not to take
place.

6. Assertion:
or lenses.

elled Reason (R),

between two waves does not change,
dium is same. '

[ractive indices of the material of lens and surrounding

deviation caused by prism decreases.

The images formed by total internal reflections are much brighter than those formed by mirrors

Reason: There is no loss of intensity in total internal reflection.

7. Assertion: When light enters inside perfectly spherical water droplet it should not show total internal
reflection inside the water droplet.

Reason: When light enters non perpendicular to spherical water droplet it is internally reflected.
8. Assertion: Law of reflection is applicable for all type of mirrors.

Reason: Rays which are parallel to principal axis are known as paraxial rays

SOLUTIONS/HINTS

L.B A real image, being formed by actual convergence of light rays, reason does not explain why a real image
can burn paper.

2. A When a lens or prism forms an image without aberration

on the object to the corresponding point on the ima
difference.

3. A A convex lens can act as a diverging lens if the refractive index of the surrounding medium is greater
than that of the lens material. This is precisely explained by the reason.

4. A. The deviation produced by a prism depends on the relative refractive index. When immc.:rsed in water,
the relative refractive index of glass with respect to water is less than that with respect to air, leading to a
decrease in deviation 3 ‘ | |

5.A The hollow prism acts as if light is passing through a uniform rr.\edlum, thus no d|§pem|0n oceurs.
Dispersion requires a change in refractive index with wavelength, which happens when light passes from

i ith di rties.
ne medium to another with different prope ‘ ‘ - |
6 Aolma es formed by total internal reflection are indeed brighter because there is ideally no loss of light
. 'ntensgity during total internal reflection, unlike reflection from mirrors or refraction through lenses where
l .
3 ight i orbed or transmitted. ' ‘ |
C?mell!g:1 t1':1521?I:cseﬂt:ction does not take place in perfect spherical drop.Intemnal reflection occurs when light
7.CTotal inte

S m—

. ]

, the optical path length for all rays from a point
ge is the same. This implies no change in phase
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e law of reilection halds trie fi Lol
gCIhe s el ‘ OF ALY pes oF mivmas, Prasial rays are rys elose to and moking sl
angles with the prneipal axis, not just Pivallel vy Nl rays are rys elose o an 0

SHORY ANSWER TV QUi

Almetiy s of di ML ANALLILLYEE QUUESTIONN

I\ N\Q \'\‘“E\L“\“Q h\\k\\ ol ﬁl“““ﬂ“\,‘ iﬁ “\“\\h nreatey I'H\l\ “\m \\f\\[\l“mt\‘ uh\;m‘ I n\m fal ol some use oW
Jiamond euttere ‘

3. Does e apparent depth of a tank of watep change {1 viewed obliguely ot different angles? 180, does the
apparent depth ineveae o devyense?

3, Pora glass prism (1= V) the angle of winiwm dovintion Is equal 1o the angle of the prisim. Find fhe nngle
of the prisi.

3, Justy using a cliagam *To T an image using o lens all typos of rya eannot be wsed,”
$.Wl\t‘l\ the ﬂh_](‘\:l is at distances & the h\\“ﬂ\‘r‘i formed h;. the Nlm\k; lons wre renl and virtual ruxpuuli\‘nl,\'
and of the same size, Caleulate focal length of the lons?

6. Wil the Tocal length o lens Tor red Tight be more, same or fess tan that for blue Tight? Justiy?

7, The Toeal length of an equiconves Tens is equal to the rdivs of curvature ol elther free, Wit s the value of
relractive index ol the matertal of the lens?

§, Write advantages of rellecting type telescope over refineting type teleseope,

9, Show that for a material whth veliaetive index poz V2, light incldent st any angle shall be pulded along o
length perpendicutor (o the fneldent hee, ,
10, A ray ol light is incident on a parallel slab of thickness £ and relinetive fndex 1P the angle of incldence O
s small, Express the displacement in the Ineldent and emergent ray?

\

SOLUTIONS/INTS
1. No, there is no relationship , iUs due to it hardness,
2. Decreases as Hght ray traveling from denser 1o rarer medium (bending of light away from norimal)
3. Use prism formula, A = 60°
4, Paraxial rays and marginal rays shall not be included because they do not meel at ahe point i.e, focus,

. " “ ) TTRRL
S Jmy] = |yl use lens formula for real and virtual Image formations, / -JT‘

0. refractive (ndex o , Use lens maker's formla | freq = Totunl

1
wavelength
7, Use lens maker's formula, no= 1,5
8. No chromatic aberration, casy to provide mechanieal support, can easily minimize spherical aberration
9, Use Snell’s law tnd condition of total internal reflection ;

n=
i

10, Use Snell's formula and upproximation for small angle, Lateral displacement = t0 ==

3

s‘ ( 0 " '! LA 1} A
I.A convex lens of focal fength £ is placed x metre npart

-
from a plane mirror, As shown in figure an object s placed ’
at x distance from the lens away [rom the mirror get o 7/ﬁ\ i
relation between x and 1 for following conditions —“Q\W y
a) I final image s formed ot x. (at the position of  @tyeel LS g
object itsel) i tads

,

b) if no images formed.

¢) if virtual images are formed. ' ' ‘ .
2, A convex lens and o concave lens have power in ratio 3:2 when placed in contact effective focal length of

combination is found 30 ¢m. We get real image of an object which is placed at 15 cm In front of convex




lens. This image is shifted by 20 cm when same concave lens is ntroduced BRIwesi COnvex leis i i
Calculate the position of the lens introduced. He

3.You have a concave mirror placed horizontally on
real image coincide with itself*. This mirror is filled w
at Dy if this liquid is replaced by another liguid of refractive index my

give a relation between Dy and Da with proper justification using a dingram,
4.A prism with angles 30°,90°,60" is placed with smallest face vertical. When o laser toreh is s Hog bt ly

at its vertical face, angle of deviation is found 30", Using a dingram explain how thia ningtle ol deviiiw
would be changed If the torch is rotated a) slightly clockwise, b) slightly antl elockwise,

5.A curved mirror forms five times magnified virtual image of an object il distance between object afid fmages
is 25 cm identify its nature and calculate its focal length.

6.In case of a concave mirror magnification is found to be - 0.5 for a certain position of object, whin abjeci j4
displaced by 5 em from its position, magnification becomes 0.25. What will be the focal lengih of jhe

mirror? Draw ray diagram to support your answer.
7.You have two mirrors one is concave other is convex focal of each mirror is 30 ¢ are placed D th apatt agely
that their principal axis are common to each other. An object is placed between them at a point I which
is 45 cm from concave mirror. It is found that final images formed on object itsell Deaw probable ray

diagram and calculate value of D?

nee draw necessary ray diogiai,

a Floor. An all pin whei pluced ab dymieter thove iy, jjy
ith a liquid of refractive FAdeN ) AV IR 1 fhy)
new image i3 foumd ot Dy 1y sy,

SOLUTIONS/HINTS

l.a) x = 2f and f, b) not possible ou>f => x>2f
.1.+.’.=.1-=>/1 =10cmand fy = =15cm

= fiifa =2:3, using formula
h . 30
use lens formula to calculate the position of image formed by convex lens v = +30 ¢m
On introduction of concave lens, image will be shifted by 20 cm towards right. From lens formula position of
concave can be calculated. Answer- 10 cm(approx..) from first image
3.Based on the experiment “to find refractive index of the liquid using concave mirror”.
' 4. Using the concept of total intcrnal reflection find critical angle (60°).
a) for clockwise, i > i. (TIR takes place) b) for anticlockwise, { < i (Refraction takes place)
5. Solution/Hint: Concave mirror, m= 5 and use mirror formula to find object and image distance u =

Bem,v=23cm,f="Ecm
4 T o
6. vy = 0.5u,,v, = 2f = u; — 30, using mirror formula f =30 cm
. sini D/2H D D D D
7. Use Snell’s law, n = =— = —— = — => x = —, Now x xan be these can be =, D, D + =, and many more.
sinr x/H 2x 2n 2 A

LONG ANSWER TYPE QUESTIONS

1. a)Draw a labeled ray diagram of a simple microscope in normal adjustment.
b) A thin pencil of length (f/4) is placed coinciding with the principal axis of a mirror of focal length . The

image of the pencil is real and enlarged, just touches the pencil. Calculate the magnification produced by

the mirror.
2. a)A convex lens is placed in contact with a plane mirror. A point object at a distance of 20 cm on the axis

of this combination has its image coinciding with itself. What is the focal length of the lens?
b) Calculate the angle of minimum deviation of an equilateral prism. The refractive index of the prism is

\3.Calculate the angle of incidence for this case of minimum deviation also.
3. a) Draw a schematic arrangement of a reflecting telescope (Cassegrain) showing how rays coming from 2

distant object are received at the eyepiece.

b) A ray of light is incident on a refracting face AB of a prism ABC at an angle of 45°. The ray emerges from
face AC and the angle of deviation is 15°.The angle of prism is 30°.Show that the emergent ray is normal
1o the face AC from which it emerges out. Find the refractive index of the material of the prisxr;.

4. 2) For the same value of angle of incidence, the angles of refraction in three media A, B and’ C are 15°.25°




b) A rectangular glass slab ABCD (n, = 1.5) is surrounded by a A *V‘)' i
transparent liquid (n, = 1.25)as shown in the figure. A ray of’ fiite ] 5
light is incident on face AB at an angle i such that it is refracted 252533 alui
out grazing the face AD. Find the value of angle i. : gg : g;

5. a)An optical instrument uses eye-lens of power 20 D and the ====5

objective lens of power 50 D. Name the optical instrument and
calculate its magnifying power if it forms the final image at infinity.
b)Three lenses Ly La, La cach of focal length 30 cm mu‘
placed co-axially as shown in the figure. An object is
held at 60 cm from the optic centre of Lens L. The
final real image is formed at the focus of La. Calculate
the separation between A e C
(i) (L and La) and (ii) (L2 and L3).

l b

SOLUTION/HINTS
s -7

1. a) refer to the gist b) position of the other end u = --4-[. m= 7—_%: = =4/3

2. a) light rays from the object must fall on plane mirror normally. For this f = 1 = 20 ¢m
b) use prism formula to find § = 60° and theni+e = A+ 8 (i = 60°")
3. a) refer 1o the gistb)i + e = A + § =>e = 0%=>r, = 0°

speed of light in vacuum
speed of light in th medium

0 5 it 2 5 . Vil =
b) Use the relation sin i, =ni =3, sinr === Use Snell’s law to find{ = sin
12

4.a)Use snell’s law and the relation, n

(Ans: Medium A)
-1 411
A4

. A D
5. a) Compound microscope, calculate f.For image is at infinity, m = r

b) Use lens law to find the image distance at first place, v, = 60 cm, then the light rays must be parallcl
between L, and L3.Use this concept to find the answer. (i) > 90 cm (ii) any value

CASE STUDY/PASSAGE-BASED QUESTIONS
1. A prism is a portion of a transparent medium bounded by two plane faces inclined to each other at a suitable

angle. A ray of light suffers two refractions on passing through a prism and hence deviates through a certain
angle from its original path. The angle of deviation of a prism is, - o=(n- 1) A,

Through which a ray deviates on passing through a thin prism of small refracting angle A. If p is refractive
sin()

sin(—'—z‘—)
(i) For which color, angle of deviation is maximum?
a) Red b) Yellow c)Violet d)Blue

index of the material of the prism, then prism formula i is,u =1

(ii) When white light moves in gravity free region
a) all colors have same speed b) different colors have different speeds
c) violet has more speed than red d) red has more speed than violet.
(iii) The deviation through a prism is maximum when angle of incidence is
a) 45° b)70° ¢)90° d)60°
(iv) What is the deviation produced by a prism of angle 6°? (Refractive index of the mate
1.644).
a) 3.864° b)4.595° €)7.259° d)1.252°

rial of the prism is




(v) A ray of Vight falling at an angle of S0 is refracted through a prism znd suffers minimum deviation. If the
angle of pristn is G, then the angle of minimum deviation is

a) 457 . by75% c)s0” dyo°
2, An optical fibre is 4 thin tube of transparent material that allows light to pass through, without being
f total internal reflection. These fibres are

refracted into the air or another external medium. It make use 0
fabricated in such a way that light reflected at one side of the inner N
surface strikes the othier at an angle larger than critical angle. Even, if / 2
fibre is bent, light can easily travel along the length. e
(i) Which of the follswing is based on the phenomenon of total internal i ;,/1
reflection of light? T
a)Sparkling of diamond b) Optical fibre communication
oyinstrument used by doctors for endoscopy  d)All of these
(ii) A ray of light will undergo rotal internal reflection inside the optical fibre, if it
a) goes from rarer medium to denser medium
b) is incident at an angle less than the critical angle
c) strikes the interface normally
d) is incident at an angle greater than the critical angle

(1ii)y If in core, angle of incidence is equal to critical angle, then angle of refraction will be

a) 0° by45° )90’ d)180°
(iv) In an optical fibre correct relation for refractive indices of core ( ny) and cladding (nz) is
a)ng =n; b)ny > nz cni <n2 dn;=2
[ reflection from given optical fibre, then speed of light

(v) If the value of critical angle is 30° for total interna

in that fibre is

a) 108 mg¢! d)4.5x10*ms’

b)1.5x 10°ms’! )6 x 105m s’

SOLUTIONS /HINTS:
ii. a)a gravity-frec region is essentially a vacuum for the purpose of light

; ; 1
. “_———-——
1. i. c)Deviation eI

propagation
jii. ¢)The deviation is maximum when the ray either just enters the prism (grazing incidence) or just exits
the prism (grazing emergence).iv.a) usc formula & = M-DA
v) dyuseformulal+e=46 + A
2.i.d) ii. d) iii. c) iv. ¢) For TIR, light must travel from a denser medium to a rarer
medium  v. b) Using formula sin i, = ;:—'and then use Snell'sformula
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WOV
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i)
Bk c o e
In triangle AABC and ADCB From AABC, sini =BC/AC
2BAC=2CDB (Each 90) From AADC, sinr = AD/AC
BC=BC Snt  BC Bt
as e — nslnrmdl) vt
ii) | AC=BD (each equal to ct) sinl _ v _ ! tnctive Index of second
~AABC = ADCB Or o = o = Haa(relractive T
Hence £i=4r medium wrt first medium)
TNATENT ©
Note-for denser to rarer medium

8.Coherent and Incoherent Sources-Two sources arc coherent il they have the same frequency and with a
rence is not constant.

constant phase difference. They are incoherent if phase diffe
9.Interference of light-When two light waves of the same frequency and having constant phase
ach other, the intensity gets redistributed,

difference(coherent), travelling in the same direction superpose ¢
and minimum at others, this phenomenon is called interference of light.

becoming maximum at some points
ree of light be y; = asinwt and y, = b sin (wt + ©)

Let two waves from two coherent sou
Where a and b are amplitudes and @ is the phase difference

Soy =y + yzafter solving we get y = Asin(wt + 0)
Where A is the resultant amplitude so  Ayet = y (a% + b2 + 2abcosd

And Resultant intensity is ~ Inee =11 + I + 241113 cos®




. Resultant amplitude when a =b

. Resultant intensity when Li=12=1

iy el
Aot = 20 COSY

02 B
I""l =2 ‘Il ‘»"n" 2

NOTE- Ratio of maximum intensity to minimum intensity

Lin —=>b

10.Types of Interference-

' —]
Ly - ((l + b)£ . (ﬂ? | ‘[L‘f.)

JIi

s.n0 | Constructive interference

Destructive Inforference

| Point where resultant Intensity is max

o

* Fop apmx 7 05 v+
s Phase Mffjeverce
PE O, 2747 LA
Ohrve (= Oyl Ay
v Padh o fener~ce
A= ONLA ceanD
’ AWK.’ a-b
e Torex = @IS

Point where resultant intensity is
minimum

ey o .

[}

* Fop Tamin “ Cotd m-d
o Phase chdf joverce

b on , HA L B = DDA

corrve e hiudee

v Podhy sl v

A = 'év‘l)a 9'3’.’ ‘-__’O-":l%:lﬁ
¢ Amfn. = a.b 4,
e T = @ -033)

3 Resultant intensity at a point is
maximum when the phase difference is
even multiple of 7 or path difference is
an integral multiple of wavelength

Resultant intensity at a point is minimum
when the phase difference is odd multiple
of 7t or path difference is an odd multiple
of wavelength M2

11.Young’s Double Slit Experiment-It is the practical verification of interference. In this we get two

coherent source by dividing wavefront, We always get bright fringe at the center of the screen and both side

alternately bright and dark fringes are made.
a) Fringe width in YDSE-

: inp =2k — &
InAS,S:L sine = e

Now in ADOP tane = %
If o is small sino =tano =~ 0
A X

So7=3%

b)Path diffecrence A= -’%'-

c¢)Position of n™ bright fringe Xy = 3%& where  n=0,1,2,3...
d)Position of n™ dark fringe % =Q“_'2"1l)_"}. where  n=1,2,3...
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SOLUTIONS/HINTS

Ld  use the formula 42 = 43 + A3 + 24,4, cos b

| 2.bThe optical path difference introduced by the film is {n—1)t. where n is the refractive index and t is the
thickness. The central maximum (where the path difference is zero) will shift to a point where the path
difference due to the film is compensated by the path difference due to the geametrical shift

Optical path difference introduced by the film =(15-1)x2x10™° m=0.5x2x10"* m=1x 10" m.

Wavelength 2=500 nm=500x10"* m=0.5x10"® m.

Number of fringes shifted, N=A Optical path difference=0.5%10" m %10~ m=2. N ‘

3.b Use formula, B=AD/d If the separation between the slits (d) is gradually increased, then the fringe Width

(B) will decrease. As the fringes become narrower, they become harder to distinguish, a
will disappear

nd eventually, they

4.c path difference,302 as (1 + :i‘-)};—condition for dark fringe
5.d Use the formula f = I + I, + 2T, 1 cos &

. A cp
6.a) use the formula B 7= 1;-‘—;
7.¢ condition for the first minimum is asin@ = A4

8.c use the formula y = %

ASSERTION-REASON QUESTION

For thess Questions  two statements are given one labelled Assertion (A) and other labelled Reason (R).
Select the correct answer to these questions from the options as given below

A. If both Assertion and Reason are true and Reason is correct explanation of Assertion.

B. Ifboth Assertion and Reason are true but Reason is not the correct explanation of Assertion.
C. If Assertion is true but Reason is false.

D. If both Assertion and Reason are false.

L. Assertion: In YDSE if a monochromatic source of light is placed in front of one slit we do not get any
interference pattern.

Reason: in YDSE source shall be
Z. Assertion: Two equal wavelen

spot at the point of meeting.

Reason: Two waves moving in opposite directions meet in opposite phase.

3. Assertion: The two slits in YDSE are illuminated by two different sodium lamps emitting light of same
wavelength. No interference pattern will be observed.

Reason: Two independent light sources (except LASER) cannot be coherent.
4. Assertion: In calculating the disturbance

can add their intensities.

placed at equal distance from two slits.

gths meet at point when coming from opposite direction may give brightest

produced by a pair of superimposed incoherent wave trains, you

Reason: 1=1 + 12+2(Ii2)"cosO. The average value of cos © = 0, for incoherent w
3. Assertion: Thin films such as soap bubble or thin lay
illuminated by white light. :
Reason: It is due to interference of Sun’s light reflected from upper and lower surfaces of the film.
6. Assertion: In YDSE central fringe may not be a bright fringe.
Reason: If path difference at central fringe is zero then it will be a bright fringe.
1. Assertion: Fringe width in single slit experiment depends upon refractive index of the medium.,
Reason: Refractive index changes optical path of ray of light forming fringe pattern also changes.
§. Assertion: In YDSE a monochromatic source of light is placed symmetrically in front of two slits placed
in vertical line at small separation. If lower half of the setup is filled with water no pattern is obtained at

thg screen, :

Reason: Due to water wavelength of light ca ne no

==

aves.
er of oil spread on water show beautiful colors when

pattern is seen.




ANSWERS
. D, both are wrong, General concept
. C, Direction of motion do not have definite relation with phase difference
. D, both are wrong, only coherent sources can produce interference
< A, can be calculated, Correct explanation
. A, both are correct, General concept, Correct explanation
. A, both are correct, General concept, Correct explanation
< A, B ad & & depends on p, Correct explanation
. D, both are wrong, no interference but another pattern will be seen

Ao ) 1) wme

w) o

s

VERY SHORT ANSWER TYPE
- Three wavelength At & 2 & 2 are used in YDSE experiment respectively. If Ni, N2 & Nj are number of
fringes obtained at the screen respectively. 1Ny - N2 = 2N: and 3 N3 - Ni = 2 No. Armange M, h2& M sin
ascending onder.

2.1f a monochromatic source of light is placed symmetrically near two slits of slightly unequal width. Explain
pattern of fringes obtained at the screen? How would it be changed if monochromatic source of light is
placed asymmetrically?

3.When white light is used in YDSE we say Central band is white surrounded by colored bands with inner
edge as red and outer edge violet. justify it, as well as explain pattern of width of fringes obtained.

4.In a singleslit diffraction experiment, the width of the slit is made double the original width. How does this
affect the size and intensity of the central diffraction band. What happen if it is made extremely narrow

S.Answer the following questions: (i) In what way is diffraction from each slit related to the interference
pattern in a double slit experiment? (ii) When a tiny circular obstacle is placed in the path of light from a
distance source, a bright spot is seen at the center of the shadow of the obstacle. Explain, why.

6. (2) The ratio of the widths of two slits in Young's double slit experiment is 4: 1. Evaluate the ratio of
intensities at maxima and minima in the interference pattern.
(b) Does the appearance of bright and dark fringes in the interference pattern violate. in any way.
conservation of energy?

7. Two plane monochromatic waves propagating in the same direction with amplitudes A and 2A and differing
in phase by 7/3 superimpose. Calculate the amplitude of resulting wave.

8. Two spectral lines of sodium Dy and D2 have wavelengths approximately 5890Aand 5896A. A sodium lamp
sends incident plane wave on to a slit of width 2 micrometer. A screen is located 2m from the slit. Find the
spacing between the first maxima of two sodium lines as measured on the screen.

' SOLUTIONS/HINTS
1. For same distance,N; 1, = N4, = N3A3,by solving we get N, = S5N;and Ny = 7N;
=S N, >N, >Ny = 23>0,>4
2. 1f width is unequal I, # I, — Bright and dark fringe (bands) have less contrast

Central band may not be bright
3. Since white light is a combination of all visible colors, the superposition of all colors at the central maximum
results in a bright white band. Also the position of bright fringe is directly proportional to the wavelength

of light. Thus, the first order bright fringe will be a spectrum with violet light at the inner edge and red light

a1 the outer edge.
4. For small angles, 6?% So, the angular width cc-:;. If the slit width 'a' is doubled, the angular width of the

I

central maximum will be halved. The linear width of the central maximum= %D- So, the central band
becomes narrower. ] o A? o« a? central band becomes four times more intense. If the slit is made extremely
narrow (i.e., a=). or a<2.), the condition for the first minimum (a sinB=3) implies that sin @ becomes large,
The intensity of the diffracted light will be very low because the amount of light passing through an
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CASE STUDY/PASSAGE-BASED QUESTIONS i
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