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1. Need for Displacement Current

Ampere’s circuital law for conduction current during charging of a capacitor was found inconsistent.
therefore Maxwell modified Ampere’s circuital law by introducing displacement current. It is given by

dog
la =07
Modified Ampere’s circuital law is:
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where ¢y = electric flux.

2. Electromagnetic Waves
The waves propagating in space through electric and magnetic fields varying in space and time
simultaneously are called electromagnetic waves.

3. Origin
The electromagnetic waves are produced by an accelerated or decelerated charge or LC circuit. The

frequency of em waves is
|

Zn\/ﬁ

4. Characteristics of Electromagnetic Waves
(i) The electromagnetic waves travel in free-space with the speed of light (c =3 x 10% m/ s) irrespective

V=

of their wavelength.

(if) Electromagnetic waves are neutral, so they are not deflected by electric and magnetic fields.

(ili) The electromagnetic waves show properties of reflection, refraction, interference, diffraction and
polarisation.

() In electromagnetic wave the electric and magnetic fields are always in the same phase.

(V) The ratio of magnitudes of electric and magnetic field vectors in free space is constant equal to c.

E: 1 =C;3X108 m/ s

B Juoto
(V) The speed of electromagnetic waves in a material medium is given by
&
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(Vi) In an electromagnetic wave the energy is propagated by means of electric and magnetic field vectors

In the direction of propagation of wave.
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where n is the refractive index.
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(ix) The electric vector of elect
vector,

5. Transverse Nature of Electromagnetic
The electromagnetic waves are transverse in
fields are mutually perpendicular and also perpe
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ght handed set (K is propagatio

Waves

- = - .
E, B and K form a 11

6. Electromagnetic Spectrum

The electromagnetic waves have a
radiowaves. The orderly distribution o
The complete spectrum is given in the

continuous W

following table:

c wave the average values of electric energy density and magnetic energ

i

romagnetic wave is responsible for optical effects and is alsq Called gy,
g

nature. In electromagnetic waves the electric ang
ndicular to the direction of wave’ propagation ;f:h e
" SN they

n vector along the direction of Propagatiop)

avelength starting from short gamma rays 6
f wavelength of em waves is called the electromagnetic spmh“;

r_é, No. Name ______Wavelength Range (m) F“‘l“encrwmz)“
i. Gamma rays 10713 —10710 3x10%-3x108
=30 X-rays 'WH._TO—:'—“_—TO:E 3x10%-3x101 |
ii. mu-aviole_t_r_a;sm _"_M.B_g —4x107 3x 10"°-75x10"
iv. Visible light 4% 10-7;#3._5 x 107 7.5x 10" -4x 10"
v. Infra red light _*M?_.'_sh; _19:7__7: 10-" _________________ 4% 10" -3x 10"
vi."_- M-;o—m;v_cs N 10°2 107! 3% 10" - 10"
vii. Radio waves 10! -10* : 10" - 3% 10*

7. Wavelength Range of Visible Spectrum
Visible light has a continuous wavelength
into 7 colours.

\Y Violet 400 nm — 420 nm
I Indigo 420 nm — 450 nm
B Blue 450 nm — 500 nm
G Green 500 nm — 570 nm
Y Yellow 570 nm — 600 nm
0] Orange 600 nm — 650 nm
R Red 650 nm — 750 nm

8. Uses of Electromagnetic Spectrum

(i) y-rays are highly penetrating, they can penetrate thick iron blocks. Due to high

starting from 400 nm to 750 nm; for convenience it 15

divided

used

, they &°
energy ssed

[n medicine: they ¥

to initiate some nuclear reactions. y-rays are produced in nuclear reactions.
of

to destroy cancer cells.

(fi) X-rays are used in medical diagnostics to detect fractures in bones, tub
stone in gallbladder and kidney. They are uséd in engineering to chec .

X-rays are used to study crystal structure.

(iii) Ultraviolet rays provide vitamin D. These are harmful for skin an
drinking water and surgical instruments. They are used to detect inv

finger prints in forensic lab and to preserve food stuffs.
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) Infrared rays are produced by hot bodies and m .
W photography and for therapeutic purposes. olecules. These waves are used for long distance

Radiowaves are used for broadcasting programmes to dist )
o they are divided into following groups istant places. According to frequency range,

1) Medium frequency band or medium waves 0-3 to 3 MHz
(2) Short waves or short frequency band 3 MHz — 30 MHz
(3) Very high frequency (VHF) band 30 MHz to 300 MHz

(4) Ultrahigh frequency (UHF) band 300 MHz to 3000 MHz

(vi) Microwaves are produ_ced by special vacuum tubes, namely; klystrons, magnetrons and gunn diodes.
Their frequency range is 3 GHz to 300 GHz.

They are used in RADAR systems for air craft navigation and microwave used in homes.

EEEEEEEEE IMPORTANT QUESTIONS [N

Memembering & Understanding-based Questions

Very Short Answer Questions | (1 mark)

Q1 Why did Maxwell introduce displacement current in Ampere’s circuital law?

Ans, Ampere's circuital law was found inconsistent when applied to the circuit for charging a capacitor.
Therefore Maxwell added displacement current to usual conduction current.
The displacement current is
Iy =g —
d 0 d
where ¢ is electric flux.

0.2, What is the origin of displacement current?

Ans.  Displacement current does not arise due to motion of charge carriers but it arises due to time variation of
electric flux,
03 A capacitor has heen charged by a dc source. What are the magnitudes of conduction and
displacement currents, when it is fully charged? [CBSE Delhi 2013]
Aus, During charging of a capacitor by a dc source,
eodj
Ipo=ly ==K
T
When capacitor is fully charged than (pg) = Max
o So I,=1,=0
*4 The wavelength of electromagnetic radiation is doubled. What will happen to the energy of the
bhoton 2
Ang, 1
Energy of 4 photon E =hv =E{-',f-e-. E Uci'
. When wavelength 2 is doubled, the energy of photon will be reduced to half.
3 .
What is the unit of ratio E‘.’
Ans,
-
The unit o £ ;g volt/ampere or ochm.
Q¢ -

Wha! are the directions of electric and magnetic field vectors relative to each other and relative to
Ang, ¢ direction of propagation of electromagnetic waves? [CBSE (Al) 2012]
Omh electric field and magnetic fields are electromagnetic waves. These waves are perpendicular to each

€T and perpendicular to the direction of propagation.
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Q. 7.

Ans.

Ans.

Q. 9.

Ans,
Q. 10.

Ans.

Q. 11.

Ans.

Q. 12.

Ans.

Q. 13.
Ans.

QO 14.
Ans,

Q. 15.
Ans.

Q. 16.

Ans.

Q. 17.

Ans,

Name the physical quantity which remains same for microwaves of wavelength 1 a\‘:
radiations of 1600 A in vacuum. (CBSE p, q ypy

!hfzﬂ
Velocity (c = 3x10% m/s) 12)
This is because both are electromagnetic waves.

. . F . . 1
The speed of an electromagnetic wave In a material medium is given by » “,/IT;”‘ being N

permeability of the medium and ¢ its permittivity. How does' its frequf:ncy change? [CBsE (41) 29
The frequency of electromagnetic waves does not change while travelling through a medjyy, <14

Name the characteristics of electromagnetic waves that
(i) increases (if) remains constant.
in the electromagnetic spectrum as one moves from radiowave region towards ultraviolet region,
(i) Frequency increases. (i) Speed in vacuum remains constant.
Which of the following can act as a source of electromagnetic waves
(i) A charge moving with a constant velocity
(i) A charge moving in a circular orbit
(#ii) A charge at rest
Give reason.
Only an accelerated charge can radiate electromagnetic waves. As charge moving in a circular orbjj is
accelerated, so it can radiate electromagnetic waves.
What physical quantity is the same for X-rays of wavelength 1079 m, red light of wavelength 6800 §
and radiowaves of wavelength 500 m? [NCERT]

X-rays, red light and radiowaves are all electromagnetic waves. The speed of propagation in vacuum is the
same for all these waves. This speed is equal to ¢c=3x 108 m/s.

A charged particle oscillates about its mean (equilibrium) position with a frequency of 10° Hz
What is the frequency of the electromagnetic waves produced by the oscillator? [NCERT)

According to Maxwell’s theory, an oscillating charged particle with a frequency v radiates electromagnetic
waves of frequency v.

So the frequency of electromagnetic waves produced by the oscillator is v=10° Hz.
Long distance radio broadcasts use short wave bands, why? [NCERT)

Radio broadcasts use the reflection of transmitted waves through different ionospheric layers. These layers
reflect short wavelength bands.

It is necessary to use satellites for long distance T.V. transmission. Why? [NCERT; CBSE Delhi 204
T.V. signals are not properly reflected by ionosphere. Therefore, signals are made to be reflected t0 carth
by using artificial satellites.

Optical and radiotelescopes are built on the ground but X-ray astronomy is possible only from 2
satellite orbiting the earth, why? [NCERT; CBSE (A) 20%)

The visible radiations and radiowaves can penetrate the earth’s atmosphere but X-rays are absorbed by the
atmosphere.

Some sciefltists have predicted that a global nuclear war on the earth would be followed by “_se,:f]:c
nuclear winter’ with a devastating effect on life on earth. What might be the basis of this Pre[‘;:,g;:m

- : . the
Scnent:nst_s think that in case of a global nuclear war, the clouds produced would cover almost the whole of
sky. So infrared radiation emitted by the sun would not reach earth, this would cause a nuclear winter "

- o = ” H io“ 4
:V}uch :;l‘ the following radiations are (i) heat radiation and (i) used for long distance transmis®
nirared rays, gamma rays, ultraviolet rays, microwaves.

Infrared v . .
rays are heat radiation, Microwaves are used for long distance transmission.
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/ i of electromagnetic spect _
Which part pectrum does the wavelength 10~ 10 m correspond to?

N 0 18.
ADS J;:ii; of the following has the least wavelength ? G 2 :
o1 Jitraviolet radiation. - Gamma rays, blue light, infrared radiation and
P Gamma rays have the least wavelength,
A . ollowing has the mini . :
o2 Blu::;g;l;,ﬁil:fiared ragySs gammaul]'l;::,n;r‘:ed:e::gnhgtt.h Al Rt i v Elongie 3
o g:::u :u:nhe wgai::]l::n‘;?h\fdenglhs gamma rays have the minimum wavelength and infrared rays have the
02 A plane electronfagnetic Wave.tPaVEls in vacuum along z-direction. What can you say about the
"“ girection of electric and magnetic field vectors ? [CBSE Delhi 2011)
Flectric field vector along X-axis
hw: Magnetic field vector along Y-axis.
0.2 Which part of the electromagnetic spectrum has the largest penetrating power? [CBSE Delhi 2010]
ps,  YIays
3_ 53, To which part of the electromagnetic spectrum does a wave of frequency 5 x 10'? Hz belong?
[CBSE (Al) 2014]
Aps,  X-rays of y-Tays.
Q.24 How are infrared waves produced?
Aps. Infrared waves are produced by hot bodies and molecules.
0.25. To which part of the electromagnetic spectrum does a wave of frequency 3 x 10" Hz belong?
[CBSE (AI) 2014]
Ans. Infrared radiation
Q.26. Identify the part of the electromagnetic spectrum to which the following wavelengths belong:
)10 ' m Gi) 1072 m [CBSE (AI) 2008)
Ans. (i) 10" ' m=10cm belongs to short radiowaves.
(i) 10~ "2 m = 0.01 A belongs to gamma rays.
Q. 27. Name the part of the electromagnetic spectrum of wavelength 1072 m and mention its one
application. [CBSE Delhi 2008]
Ans.  Microwave.
Application : Used in RADAR system for aircraft navigation.
Q.28 Identify the part of the electromagnetic spectrum to which the following wavelengths belong:
(i) 1 mm ()10 "' m [CBSE (AI) 2008]
Ans, (5 wavelength 1 mm belongs to the microwaves.
(ii) wavelength 10~ ! m = 0.1 A belongs to gamma rays.
E;:.g- Khich part of the elec.tmmagnelic spectrum is used in operating a RADAR? [CBSE Delhi 2010)
030 “;crowaves .are used in operating a RADAR.
Xia. ) M'hy are microwaves used in RADAR ?. |
1crqwaves are electromagnetic waves having wave length o.f the f}rder Qf a .few Il?lllimctrcs. They are
Q31 :;:i In RADAR because they can be transmitted as a beam in a given direction without any bending.
' ich part of the electromagnetic spectrum is absorbed from sunlight by ozone layer?
Ang, Uiibiet ot [CBSE Delhi 2010]
A3 oy lolet light 1slabsorbcd by the ozone lay‘er. . .
: l'adiai:: wear special gogg'l&;. or face masks with glass wmdoyvs to protect their eyes from electromagnetic
ng, ns. Name the radiations and write the range of their frequency. [CBSE (Al) 2013]

Ultraviolet radiations or Radiations above violet (in VIBGYOR)
Fre(]I.Iency range 1015 ‘-IOI?HZ.
Hing.

Ak Fr equency of visible light is of the order of 10" Hz,
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Q.33. Name the electromagnetic radiations used for studying the crystal structure of solids, (CBsE ¢y -'

Ans.  X-rays. Al)

Q. 34. Name the electromagnetic radiations used for viewing objects through haze ang fog,

Ans. Infrared rays are used for viewing objects through haze and fog.

Q. 35. Name the part of electromagnetic spectrum which is used for taking photographs of carty
foggy conditions from great heights. u

Ans. Infrared radiation.

Q. 36. Name the electromagnetic waves that have fre

quencies greater than those of ultraviglet sht
ut
than those of gamma rays. l&s.

Ans.  X-ray. . . .
Q. 37. Name the electromagnetic waves, which (7)) maintain the Earth’s warmth and (ii) are used j, &
navigation. [CBSE (F) )

Ans. (i) Infrared rays (if) Microwaves.

Q.38. Why are infra-red radiations referred to as heat w

aves? Name the radiations which are next 1o g,
- - m
radiations in the electromagnetic spectrum having

(i) shorter wavelength (ii) longer wavelength,
[CBSE (F) 2013,

Ans. [Infrared waves are produced by hot bodies and molecules, so are referred to.as heat waves.

(i) Em wave having short wavelength than infrare
(ii) Em wave having longer wavelength than infrared waves are microwaves, radio waves.

Q. 39. What is the ratio of speed of infrared rays and ultraviolet rays in vacuum?

d waves are visible, UV, X-rays and y-rays.

Ans.  All electromagnetic waves travel in vacuum with the same speed.

Cinfrared

Ratio = =1

Cyitraviolet

Q. 40. What is the ratio of speed of y-rays and radiowaves in vacuum 4

Ans. _‘_’ﬂy.’i_ =1
€ radiowaves
Q. 41. Nan:ne t'he part of the electromagnetic spectrum of wavelength 10~ 2 m and mention its one
application. [CBSE Delhi 2008]

Ans.  Wavelength 10~ 2m belongs to microwaves. It is used in RADAR.
Q. 42. Name the part of electromagnetic spectrum of wavelength 10% m and mention its one application.

{CBSE Delhi 2005, 2008]
Ans.  Wavelength 10? m belongs to radio-waves. This is used to broadcast radio programmes to long distances-
eigisidisie n. ey (CBSE (A]) 2011)

Ans.  X-rays are produced when high energetic electron beam is made incident on a metallic target of high

melting point and high atomic weight.
Q.44. The following table gives the wavelength range of some constituents of the electromagnetic spectriit

S. No. Wavelength Raﬁge

I mm to 700 nm
400 nm to 1 nm

1 nm to 10~ nm

1

2
.
4

<107 nm

Select the wavelength range and name the electromagnetic waves that are

(xj widely use.d in the remote switches of household electronic devices.
(ii) produced in nuclear reactions. [cBSE D‘”’”
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Ans- (ii) Gamma rays (wavelength range <1073 nm),
ecial devices, like the Klystron valve o
6 45. jel::t S isgaetic waves. Natie thie waves and arls ;h:rri;.:af::tr::;] Yalve, are used for production of
o - :
Name: Microwaves. eir applications. [CBSE Delhi 2008C)
A Use: For cooking in microwaves ovens.
ncy of oscillation of 2
o 4. The fl'ﬂl:'f:s t:e N :f‘:; l;le E.lecmc field vector of a certain electromagnetic wave is 5 x 10
Hz. Wha REICY 0% X atlc:n of the corresponding magnetic field vector and to which part
of the electromagnetic spectrum does it belong? [CBSE (AI) 2008C]
Ans- Frequency Of oscillation of magnetic field vector is same as that of electric field vector i.e.,
v=5x10" Hz
[t lies in visible region. _
o 47, From the following, identify the electromagnetic waves having the (/) Maximum (if) Minimum
frequency-
(a) Radio waves (b) Gamma-rays
(¢) Visible light (d) Microwaves
(e) Ultraviolet rays, and (f) Infrared rays.
ADS. (i) The waves of maximum frequency are gamma rays.
(ii) The waves of minimum frequency are radio waves.
Q. 48. Write the following radiations in ascending order in respect of their frequencies: X-rays,
microwaves, ultraviolet rays and radiowaves and gamma rays. [CBSE Delhi 2010}
Aps. In ascending order of frequencies : radiowaves, microwaves, ultraviolet rays, X-rays and gamma rays.
Q.49. Give a reason to show that microwaves are better carriers of signals for long range transmission than
radio waves.
Ans.  Microwaves are short wavelength waves, so they go straight in a specified direction without any bending.
' 50. Which out of the following are electromagnetic waves : X-rays, sound waves and radiowaves?
Q
Ans.  X-rays and radiowaves are electromagnetic waves.
Q.51. Is the ratio of frequencies of ultraviolet rays and infrared rays in glass more than, less than or
equal to 1 ?
Ans.  Ultraviolet rays have more frequency than infrared rays hence ratio is :
Vultraviolet S 1
Vinfrared
Q.52 Which of the following has the shortest wavelength?
Microwaves,  Ultraviolet rays, X-rays [CBSE (Al) 2010}
Aus, X-rays has shortest wavelength.
Short Answer Questions (2, 3 marks)
QL 4 capacitor of capacitance ‘C’ is being charged by connectir!g it across a dec source .along with an
ammeter, Will the ammeter show a momentary deflection during the.prt.)cess of chargl.ng? If so, h(.)w
w“'fld you explain this momentary deflection and the resulting continuity of current in the circuit?
Ang, Write the expression for the current inside the capacitor. [CBSE (AI) 2012]

0] Infrared waves (wavelengh range 1 mm to 700 -

Yes, because of the production of displacement current between the plates of capacitor on account of
changing electric field.
d 4

dt

Current inside the capacitor is given by: Ip =€¢

oudlllicu vy vailliouvaliicel



Q.2. A capacitor, made of two parallel plates each of plate area A and separation d, is being “hﬂrggd\
an external ac source. Show that the displaceme
current charging the capacitor.

Ans. In Fig. conduction current is flowing in the wires,
+g

nt current inside the capacitor is the same
causes charge on the plates 13)

E
—

i - (i)

v lates
According to Maxwell, displacement current between p ]

(i)

I; =gg PE where ¢ = Electric flux
t

Using Gauss's theorem, if one of the plate is inside the tiffin type Gaussian surface, then

_% ...(iii)
dt

From equation (¢) and (iii),

Both conduction current and displacement currents are equal.

Q. 3.  Write the generalised expression for the Ampere’s circuital law in terms of the conduction current
and the displacement current. Mention the situation when there is: :

(1) only conduction current and no displacement current.
(#}) only displacement current and no conduction current. [CBSE (F) 2013]
Ans.  Generalised Ampere’s circuital Law—

-5 o d
¢B-dl=pylc +l1030—grE

Line integral of magnetic field over closed loop is equal to pg times sum of conduction current and
displacement current.

() In case of steady electric field in a conducting wire, electric field does not change with time, conduction

- - . - _b -Hb
current exists in the wire but displacement current may be zero. So, ¢$B-dl=polc.

where there is no conduction current, but there is only a displacement current
due to time varying electric field (or flux). So, 4,_9:22 =1oto dog

(ii) In large region of space,

Q. 4. Considering the case of a parallel

. plate capacitor bei is required {0
generalise Ampere’s circuital law to | P ing charged, show how one q

Ao nclude the term due to displacement current. [CBSE (A 21

A

Y

I(t)
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. ourig charging C capacitor, a time varying current I(r) flows through the conducting wire,

ok so on applying
A mpere’s circuital law (for loop A) {JB.(H =u,I()

.. (D)

Now we consider a pot like surface enclosing the positively charged plate and nowhere touches the
conducting wire,

ﬁ.&?:o

From equation (i) and (if), we have a contradiction

240

lft)

- . . 1
If surfaces A and B forms a tiffin box, and electric field E is passing through the surface (B); constitute an
electric flux

o} 0] () ... (iii)
= =2 1Al=—=-|A|=—
o=l lal= A= A=

If the charge on the plate in the tiffin box is changing with time, there must be a current between the plates.

From equation (iii)
dQ d _ . dd

=E =E(50¢) =£p dt
This is the missing term in Ampere’s circuital law.
The inconsistcncy may disappear if displaceme.rll current 15
So generalised Ampere’s circuital law can be given a5

- = dé
§Bdf =“01{1‘) +!-l()fd ;—'uﬂl(” +HoE0 -ﬁ_f;

included between the plates.

i ? Draw a diagram showing the
i f electromagnetic waves howi
Q.5 :th is meantf by th;e t;‘an;\;gs:t;atxzi: along X-direction, indicating clearly t[lgs g?,it;fzn;gg;‘
ropagation of an electro ; o
“sci':la%ing electric and magnetic fields associated with it.
Ang, :

agnetic Waves _ _ o
'l['l'ansverse Nitoa o Elec:or:i ,::tric and magnetic field vectors oscillate, perpendicular to the direction
N an electromagnetic wave, the

i ve.
of préipagition of wave, This s called transverse nature of electromagnetic wave
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Q. 6.

Ans.

Ans.

Q. 8.

Ans.

Q.9.

Ans.

In an electromagnetic wave, the three vectors Y '

- - - ,
E,B and K form a right handed system. Efkdiopa e
Accordingly if a wave is propagating aiong
X-axis, the eclectric field vector oscillates
along Y-axis and magnetic field vector
oscillates along Z-axis. Diagram is shown in
figure.

Zz —
Envelope of B

(@) How does oscillating charge produce electromagnetic waves?

(b) Sketch a schematic diagram depicting oscillating electric and magnetic fields of an en
propagating along + z-direction. | | (CBSE B ;"Gﬂ;\'e

(a) An oscillating charge produces an oscillating electric field in space, which produces gy i
magnetic field. The oscillating electric and magnetic fields regenerate each other, and this e
production of em waves in space.

(b) Electric field is along x-axis and magnetic field is along y-axis.

sults in the

-_) -~
(a) An em wave is travelling in a medium with a velocity v =vi. Draw a sketch showing the
propagation of the em wave, indicating the direction of the oscillating electric and magnetic fields

(b) How are the magnitudes of the electric and magnetic fields related to the velocity of the em wave?
[CBSE Delhi2013]

-5
The direction of propagation of electromagnetic wave is given by E X B

For diagram refer to SAQ 1.

N AN
(a) i=jxk.
(b) The speed of electromagnetic wave| ¢ | = {E_U%
0

What do electromagnetic waves consist of 2 Explain on what factors does its velocity in vacil
depend? '

. . i
Electromagnetic waves consist of mutually perpendicular electric and magnetic field vectors. Its veloctty

vacuum is given by

vHoEo

In other words its velocity in vacuum does not depend on any factor.

Give two characteristics of electromagnetic waves. Write the expression for veloci
waves in terms of permittivity and permeability of the medium.

Characteristics of electromagnetic waves:

c=

is same for all electromagnetic waves.

ty of electrﬂ“”gnem

(i) Electromagnetic waves travel in free space with speed of light ¢ =3 x 10 m/s.

(i1) Electromagnetic waves are transverse in nature.,

Expression for velocity of em waves in vacuum, ¢ = l
L

VHoEo
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0 0. A plane electromagnetic wave travels in vac

the magnitudes and (ii) the direction, of its ] i, along the ¥-direction. Write down the (i) ratio of

ectric and magnetic field vectors. (CBSE Delhi 2004C)

i (i) % =speed of light (c =3 x 10% m/ s)

5 - )
(ii) K, E. B form aright handed system. As wave propagation vector (;{)) is along Y-axis; electric field (E)

; . -
must be along Z-axis and magnetic field B along X-axis.

Q.11 When can a charge act as a source of electromagnetic wave ? How are the directions of electric and
magnetic field vectors, in an electromagnetic wave related to each other and to the direction of
propagation of the wave?

Which physical quantity, if any, has the same value for waves belonging to the different parts of the
electromagnetic spectrum?

Aps.  Source of Electromagnetic Waves : The source of electromagnetic waves is an accelerated (or

. ' N K —
decelerated) charge or an oscillating LC circuit. In an electromagnetic wave, the electric field vector E and
._>

magnetic field vector B are mutually perpendicular and also perpendicular to direction of wave

. " - s s
propagation such that wave propagation vector K, electric field vector E and magnetic field vector B, form
a right handed orthogonal system.

The speed of waves in vacuum is the same for different parts of electromagnetic spectrum.
Q.12. (a) How are electromagnetic waves produced by oscillating charges?
(b) State clearly how a microwave oven works to heat up a food item containing water molecules.

(c) Why are microwaves found useful for the radar systems in aircraft navigation? [CBSE (F) 2013]

Ans. (a) If a charge particle oscillates with some frequency, produces an oscillating electric field in space, which

produces an oscillating magnetic field, which inturn, is a source of electric field, and so on. Thus

oscillating electric fields and magnetic fields regenerate each other, and an electromagnetic wave
propagates in the space.

(b) In microwave oven, the frequency of the microwaves is selected to match the resonant frequency of water
molecules so that energy from the waves get transferred efficiently to the kinetic energy of the molecules.
‘This kinetic energy raises the temperature of any food containing water.

(¢) Microwaves are short wavelength radio waves, with frequency of order of few GHz. Due to short
wavelength, they have high penetrating power with respect to atmsophere and less diffraction in the
atmospheric layers. So these waves are suitable for the radar systems used in aircraft navigation.

Q. 13. Identify the following electromagnetic radiations as per the wavelengths given below.
@102 nm  3) 103 m (c) 1 nm .
Write one application of each. [CRIE A1) 2068]
AmS. (2) 107 nm gamma-radiation.
Application: Radic therapy or to initiate nuclear reactions.
() 107 m — microwaves
Application: In RADAR for aircraft navigation.
(©) 1 nm — X-ray.
Q. 1q Alfplication: In medical science for detection of fractures, stones in kif:lney: gallbladder etc.
entify the following electromagnetic radiations as per the frequencies given below:
@10 ¥, gy 10°Hz (o) 10" Hz
Ans, :Vrite;)ne application of each. [CBSE aL)3000]
4107 Hg —>Y-radiation.
Application: For treatment of cancer,
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(b) 10° Hz — Radiowaves

Application: For broadcasting radio-programmes (o long distances.

(c) 10'! Hz —> Microwaves
Application: For cooking in microwave ovel.
Q. 15. Name the part of the electromagnetic spectrum whose waveleng

one use.
Ans. The electromagnetic waves having wavelength 1

X-rays are used to study crystal structure.
Q. 16. Experimental observations have shown that X-rays
(/) travel in vacuum with a speed of 3 x 10% ms™ L.

(i) exhibit the phenomenon of diffraction and can be polarised.
sion can be drawn about the nature of X-rays from each of these observationg?

th lies in the range 1¢-10
: [CgsEm’ Give j,
0719 m are X-rays. (1) 2019)

What conclu
Ans. (i) X-rays are electromagnetic waves.

(i) X-rays are transverse in nature.
Q. 17. Which constituent radiation of the electromagnetic spectrum is used

(i) in RADAR,

(ii) to photograph internal parts of a human body, and

(iii) for taking photographs of the sky during night and foggy conditions?

Give one reason for your answer in each case.
Ans. (/) Microwaves are used in RADAR because they go straight and are not absorbed by the atmosphere,

(ii) X-rays are used to photograph the internal parts of human body because they can penetrate light
elements (flesh).

(iii) Infrared radiations are used for taking photographs of sky during light and foggy conditions because
they penetrate fog and are not absorbed by the atmosphere.

Q. 18. Write the order of frequency range and one use of each of the following electromagnetic radiations:
(i) Microwaves (ii) Ultraviolet rays (iif) Gamma rays [CBSE (AlI) 2006]
Ans. (i) Microwaves: Frequency range —3 x 10'' Hz —1x 10® Hz. These are suitable for the RADAR systers,
used in aircraft navigation.
(i) Ultraviolet rays: Frequency range — 1x10'® Hz — 8x10'* Hz. They are used to detect invisible
writing, forged documents and finger prints,
(fii) Gamma rays: Frequency range =5 x 10%° Hz—-3 x10'° Hz, They are used for the treatment of cancer cells.
Q.19. Name the constituent radiation of electromagnetic spectrum which [CBSE (F) 2006, 2010
(a) is used in satellite communication.
(b) is used for studying crystal structure.
(c) is similar to the radiations emitted during the decay of radioactive nuclei.
(d) has its wavelength range between 390 nm and 700 nm.
(e) is absorbed from sunlight by ozone layer.
(/) produces intense heating effect.
Ans.  (a) Short radi -
owaves A <10 m or v>30 MHz are used in satellite communication.
(b) X-rays are used for studying crystal structure.

() y-radiation is similar to the radiation emitted during the decay of radioactive nuclei.
(d) Visible radiation has a wavelength range of 390 nm-700 nm
(e) Ultraviolet light is absorbed from sunlight by ozone layer |
(/) Infrared radiation produces intense heating effect. "
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10 which regions of the electromagnetic spectrum,
0'1“' [00['0 A and 1-0 A.
?

2,000 A — Ultraviolet radiation 5,000 A — Visible light

¥ 00004 — Infrared radiation 08  — X

Write the following in descending order of wavelength:

Gamma rays, Hertzian waves, yellow light, blue light, infrared radiation,
x_rays, '1(-]'3)'5.

Hertzian waves, infrared radiation, yellow light, blue light, ultraviolet radiation, X-rays, y—rays.
Answer the following questions:

the following wavelengths belong? 2,000 A, 5,000 A,

o2

ultraviolet radiation,

(a) Name the em-waves which are produced during radioactive decay of a nucleus. Write their
frequency range.

(b) Welders wear special glass goggles while working, Why? Explain.
(c) Why are infrared waves often called as heat waves? Give their one application. [CBSE Delhi 2014]
pps,  (a) emwaves: y-rays
Range :10'° Hz 010 Hz

(b) This is because the special glass goggles protect the eyes from large amount of UV radiations produced
by welding arcs.

(¢) Infrared waves are called heat waves because water molecules present in the materials readily absorb the
infra red rays get heated up.

Application: They are used in green houses to warm the plants.
Q.23. Answer the following:
() Name the em waves which are suitable for radar systems used in aircraft navigation. Write the
range of frequency of these waves.
(b) If the earth did not have atmosphere, would its average surface temperature be higher or lower
than what it is now? Explain.
() Anem wave exerts pressure on the surface on which it is incident. Justify. [NCERT; CBSE Delhi 2014]
Ans.  (a) Microwaves

Frequency range : 10'° Hz t010'? Hz

(b) Average surface temperature will be lower. This is because there will be no green house effect in absence
of atmosphere.

() Anelectromagnetic wave exerts pressure on the surface on which it is incident because these waves carry
both energy and momentum.

U Answer the following:
(@) Name the em waves which are used for the treatment of certain forms of cancer. Write their
frequency range.
(%) Thin ozone layer on top of stratosphere is crucial for human survival. Why?
©) Why s th d by the em waves incident on the surface so small?
e amount of th mentum transferred by
Ang s [CBSE Delhi 2014]

(a} X rays or ¥ rays
Range:10'® Hz 10102 Hz.

%) Ozone layer absorbs the ultraviolet radiations from the sun and prevents it from reaching the earth’s
Surface,
(e
) Momentum transferred, p =
c
Where

b =energy transferred, and ¢ = speed of light
“UE to the large value of speed of light (c), the amount of momentum transferred by the em waves

Incid
Nt on the surface is small.

Scanned by CamScanner



Short Answer Questions %

Q.1

Ans.

Q. 2.

Ans.

Q. 3.

Ans.

Ans.

Q. 5.

Ans.

19 ¥,
Find the wavelength of electromagnetic waves of frequency 5x 10™ Hz in free space, Gjy, oo

applications. ;
3x10° _¢y107 2 m

5x10"

These are gamma rays. . - -
These are used for : (i) Nuclear reactions (i) Radiotherapy.

12 .
Find the wavelength of electromagnetic waves of frequency 6x 10°" Hz in free space. Give j, tw
[CBSE Deip; 2017

c
Wavelength A v =

applications.

I 3x 108
avelen =—=
& v ﬁxlO12

This wavelength corresponds to infrared waves.

Applications of Infrared Rays
(/) They are used in green houses to warm the plants.
(i) They are used in taking photographs during fogs. ;
Find the wavelength of electromagnetic waves of frequency 4x 10” Hz in free space. Give its tw,

=5x107° m.

applications.

Wavelength, A=~ =———=—m=—cm="7.5 cm.

This wavelength corresponds to microwave region (or short radiowaves).

These are used in (i) RADAR (ii) Microwave ovens.

When an ideal capacitor is charged by a dc battery, no current flows. However, when an ac source is
used, the current flows continuously. How does one explain this, based on the concept of displacement
current? [CBSE Delhi 2012

When an ideal capacitor is charged by dc battery, charge flows (momentarily) till the capacitor gets fully
charged. .

When an ac source is connected then conduction current ¢ = | keep on flowing in the connecting wire. Due
dt

to chgnging current, charge deposited on the plates of the capacitor changes with time. This causes changein
electric field between the plates of the capacitor which causes the electric flux to change and gives rise 02
displacement current in the region between the plates of the capacitor.

As we know, displacement current

d
i E . : :
ig =€g >y and I4=1I. at all instants,

Explain briefly how electromagnetic waves ar R
e produced by an oscillating charge. How IS
frequency of em waves produced related to that of the oscillating charge? [CBSE (F) a0t

An oscillating or accelerated' charge is supposed to be source of an electromaenetic wave. Al oscillating
chgrge .producgs an oscillating electric field in space which further produces ai oscillating magnetic field
which m.rum 1s a source of electric field. These oscillating electric and magnetic field, henceé keep O
regenerating each other and an electromagnetic wave is produced s ,
The frequency of em wave = Frequency of oscillating charge

A plane electromagnetic wave trav
directions of electric and ma
wavelength ?

; th
els in vacuum along Z-direction. What can you s3¥ a:zttltis
W

gnetic field vectors ? 1f the frequency of the wave is 30 MHZ, [NCERn
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[n an electromagnetic wave’s propagation vector K, electric field vector -}E and magnetic field vector 3 form

ApS- : ded system. As th ' :
a right han y . € propagation vector is along Z-directi . .
X-direction and magnetic field vector will be along Y-direc%i 5 irection, electric field vector will be along
Frequency v =30 MHz =30x10° Hz
Speed of light, ¢ =3 x 10® ms™!
8
Wavelength, A = = -_—ifi]_ =10 m
v 30x106
0.7 A radio can tune into any station in the 7.5 MHz to 12 MHz band. What is the corresponding
wavelength band ? [NCERT]
ADS. Speed of wave ¢ =3 x 108 ms~1,
8
When frequency vi =7.5 MHz =7.5 x 108 Hz, Wavelength A, = € _3x10” =40 m
Vi 7.5x10°
8
When frequency v, =12 MHz, wavelength A, = L 2l 25 m
v 12x10°

Wavelength band is from 25 m to 40 m.

(.8, The amplitude of the magnetic field of a harmonic electromagnetic wave in vacuum is By = 510 nT.
What is the amplitude of the electric field part of the wave ? [NCERT]

Ams.  The relation between magnitudes of magnetic and electric field vectors in vacuum is

= Ey =By
Here, By =510nT=510x10"° T, e=3x10® ms™",
Ey =510x10"° x3x10® =153 N/C.
Q9. Suppose that the electric field amplitude of an electromagnetic wave is Eg =120 N/C and that its

- -
frequency v = 50.0 MHz. (a) Determine B, ®, k and A (b) Find expressions for E and B. [NCERT]
A, Wehave£0 o o py B0 120 __4i077 T
By ¢ 3x10°

=2y =2x314x50x10°
=3.14x10% rads™!

8
g0 _34x107 _ s dm™!
¢ 3x108
Wavelength 3 = € ___._3ﬂoi_ =6.00 m.
v 500x10°

K wave is propagating along X-axis, electric field will be along Y-axis and magnetic field along Z-axis.

-
E =E, sin (kx - 01 3 where x is in /1 and £ in s.
- pu: '
E =120 sin (105 x —314 x 10% t) JN/C
-3
B =By sin (kx - 01 k
=(4x1077) sin (105 x —314x10° ) k tesla.
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Q. 10.

Ans.

Q. 11.

Ans.

Q. 12.

Ans.

|
In a plane electromagnf::ic wave, the electric field oscillates sinusoidally at a frequency of - mm“l :.
and amplitude 48 Vm .

(@) What is the wavelength of a wave?

(b)) What is the amplitude of the oscillating ma
(¢) Show that the average energy density of the

field.[c=3x 10 ms™"] Weer

gnetic field ?
electric field equals the average energy density o th

8
3107 151072 m
2x10'°

(a) Wavelength A =E =

Eo __ 48 _16x1077 tesla

b) B =—=
® o= =500
(¢) Energy density of electric field
1 eo E2 i)
U, =-2— &g E
Energy density of magnetic field
VR By ...(ii)
2ug
1 2 _ 1 7 57 E=cB
Now, U, o goE #an (cB)“ (" E=cB)

__1 g
2u9
% u, =lp
About 5% of the power of a 100 W light bulb is converted to visible radiation. What is the average
intensity of visible radiation:
(a) at a distance of 1 m. (b) at a distance of 10 m from the bulb?
Assume that the radiation is emitted isotopically and neglect reflection. [NCERT)

Power in visible radiation, P =% x100=5W

. : ; P .
For a point source, intensity I = s where r is distance from the source.

41:;
(@) When distancer =1m, I = s 3 =04 W/ m?
an()?> 4x314 m
(b) When distancer =10 m, ] = 3 =0.004 W/ m?2

4 (10)2 4x314x 100
Figure represents a capacitor made of t

; wo circular plat
each of radius r=12 ¢cm and separated by d = S.OP:n:lS
The capac.ltor is being charged by an external source'
Tl.le charging current is constant J = 0.15 A N
(©) Calculate the rate of change of electric field between

the plates.
(@) Find the displacement current acro

(i) Is Kirchhoff’s first rule valid

. at
_ capacitor? Explain. [;?ER;)':ME of | /
() Let C be the capacitance of capacitor and q the |I=f

instantaneous charge on plates, then

ss the plates,
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Q.13.

Ans,

qg=CV

L L
dt dr
If E is the electric field between the plates, then V = E4
dq d
i S G )
dt dr( 4
dE
; I=Cd—
ie. dt
dE _ 1 I 1 I
d[ Cd Eid EGA 80 nr 20 .--(l)

d
Here, [ =015 A, r =12 cm= 12)(10—2 E

. Rate of change of electric ficld between the plates

dE 015 o -1 -1
e T =374%x10"" Vm " s
dr 885x107'° x314x(12x10™ %)
. dE
(if) Displacement current /; =¢g A i gpA —IA- =1 = conduction current= 0-15 A.
€p

(iii) Yes, Kirchhoff’s law holds at each plate of capacitor since displacement current is equal to conduction current.

A parallel plate capacitor (fig.) made of circular plates each

of radius R = 6.0 cm has a capacitance C = 100 pF. The :
capacitor is connected to a 230 V ac supply with an angular

frequency of 300 rad/s.

(a) What is the rms value of the conduction current?

(b) Is conduction current equal to the displacement current?

(c) Determine the amplitude of magnetic field induction B at a
point 3-0 cm from the axis between the plates. [NCERT]

)
(&

Given R = 6.0 cm, C =100 pF=100x10~'2 F=10""" F, ©=300 rad/s, V,,, =230V
(a) Impedance of circuit Z = capacitance reactance X¢ = =

V
Root mean square current, /,,,,; = —-g’—‘ =Vims X ©C

~230x300x10" 0 =69x10"6A=69 pA
(b) Yes, the conduction current is equal to the displacement current.
(¢) The whole space between the plates occupies displacement current which is equal in magnitude to the

conduction current.

Magnetic field p oMol
ZnRz
Herey = _ ¥ o -2
rer=3cm=3x10"? m R=6cm=6x10""m

Amplitude of displacement current = Peak value of conduction current =I =1, ¥2

Amplitude of magnetic field
B =p010r _ polm,ﬁr

2mR? 2R’
_4nx1077 x 69x10”° x1.41x (3% 10™2)

2ax(6x1072)?

=1.63x1071' T
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Long Answer Questions 4] Maryq
e Conty

i be
Q.1.  Given below are some famous num .
in physics. State the part of the electromagnetic spfac ‘
(@) 21 cm (wavelength emitted by atomic hydrogen In interesteller space) .
(b) 1057 MHz (frequency of radiation arising from two close) energy levels in hydrogen, kg

Lamb shift). . .
(¢) 2.7 K (temperature associated with the isotopic radiation filling all space thought to he 5 Telic of g,

big-bang origin of the universe).
() 5990 A — 5898 A (double lines of sodium). . | |
(e) 14.4 keV (Energy of a particular transition in °’ Fe nucleus associated with a famous hih
resolution spectroscopic method. (Massbauer Spectmseopy?- [NCER]]
Ans. (a) 21 cm belongs to short wavelength end of radiowaves (or Hertizan waves).

(b) Wavelength A= L= —3@—
v 1057x10°
This also belongs to short wavelength end of radiowaves.
(c) From relation A,,T =029x10™ > K,
029x107% K _029x1077
v 5 27
=0107x10"2 m=0107 cm
This corresponds to microwaves.

(d) Wavelength doublet 5990 A — 5896 A belongs to the visible region. These are emitted by sodium vapour
lamp.

rs associated with electromagnetic radiation mm
trum to which each belongs: Con 1

=028 m=28 cm

Am

(e) From relation E = h—; .

~34 g
we have 7\,=E - L= 6.63x107 " x3x10
& 144%10% x L6 x 10~ 19

It belongs to the X-ray region of electromagnetic spectrum.
Q.2.  Suppose that the electric field of an electromagnetic wave in vacuum is

m=086x10"1" m=086A

iy
E ={(3.1N/C)cos[(L8 rad/m) y + (5.4 x 10® rad/s) 8 ;
(@) What is the direction of propagation?
(b) What is the wavelength 2?
(c) What is the frequency v?
(d) What is the amplitude of the magnetic field part of the wave? 1]
(¢) Write an expression for the magnetic field part of the wave, [NCER
Ans.  (a) Wave is propagating along negative y-axis.

(b) Standard equation of wave is E =Eqy cos(ky+ @r)

Comparing the given equation with standard equation, we have
Eg =3.1N/C, k= 1.8 rad/m, ©=54 x 10° rad/s,

Propagation constant :H
A
L= 2n 2x314
D el .l
k 18
=349 m
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© We have w=54 x106 rad/s
uency, V= i —M Hz 5
Froquency: V= or = axa1g o oox 107 Ha
Ey 31

@ Amplitude of magnetic field, By =— =

— =1.03x 10°8 T
c 3)(108

(¢) The magnetic field is vibrating along Z-axis because K, E, E form a right handed system

~

—jxi=k
-, Expression for magnetic field is
3:30 cos (ky + of) k
=1.03x1078 T cos {18 rad / m) y + (5.4 x10° rad / s) 1} 1 k

C] HOTS (Higher Order Thinking Skills)

Very Short Answer Questions (1 mark)
L5 Rt
Q.1 Whyis the orientation of the portable radio with respect to broadcasting station important?

[NCERT Exemplar)

Ams. As electromagnetic waves are plane polarised, so the receiving antenna should be parallel to
electric/magnetic part of the wave.

Q.2 The charge on a parallel plate capacitor varies as g = gq cos 2nvt. The plates are very large
and close together (area = A, separation = d). Neglecting the edge effects, find the

displacement current through the capacitor? [NCERT Exemplar]
Ans. Conduction current /¢ = Displacement current Ip
Ic =Ip =fﬂ =—‘-i—(q0 cos 2mvt) = —2mqqV sin 2nvt
dt dt

Q.3. A variable frequency ac source is connected to a capacitor. How will the displacement current
change with decrease in frequency? [NCERT Exemplar]

Ans.  On decreasing the frequency, reactance Xc =_!E will increase which will lead to decrease in conduction
®

current. In this case I = I¢ , hence displacement current will decrease.

Q- 4. 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

i exhibiting? Give one more example of this property- [NCERT Exemplar]
Electromagnetic waves exert radiation pressure. Tails of comets are due to solar radiation.

§
&h{f—rl{\_'l_s_‘ier Questions ' (2, 3 marks)

Sl?ow.that the magnetic field B at a point in between the plates of a parallel-plate capacitor during
charging is (symbols having usual meaning). [NCERT Exemplar]

A,
Let Iy be the displacement current between the parallel plate

: I
E:Pat:;tur. The magnetic field at a point between the plates of 8
Apacitor at a perpendicular distance r from the axis of plates is
Biven by |
p=Fo2ip _ Ho dog '
47r 2nr 0 ar
~HoEg d 5. Mg €or dE
WSS (HRR ) W =
2nr dt( ) 2 dt
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Q. 2.

Ans.

Q. 3.

Ans.

Ans.

Electromagnetic waves with wavelength
(i) A, Is used in satellite communication.
(ii) ), is used to kill germs in water purifier. o
(iii) L5 is used to detect leakage of oil in underground pipelines. . -
(iv) A4 is used to improve visibility in runways during fog a-nd mist conditions. :
_ (a) Identify and name the part of electromagnetic spectrum to which these radiaﬁ%
belong.
(b) Arrange
(c) Write one more application of each. [NCERT E‘?mplar]
(@ M — Microwave,A, = uv
A; = X rays, A, — Infrared
(b) }“3 <7‘-2 <)'4<?"l
(c) Microwave — RADAR

UV - LASIK eye surgery
X-ray — Bone fracture identification (bone scanning)

these wavelengths in ascending order of their magnitude.

Infrared — Optical communication
In a plane electromagnetic wave, the electric field oscillates with a frequency of 2 x 1010 -1 and an
amplitude of 40 Vm™!

(/) What is the wavelength of the wave?
(ii) What is the energy density due to electric field?

8
(i) Wavelength A=5= Ll =15x10"2 m=15cm
vV 2x 1010
(if) Given Ey, =40 Vm™!
| 1 1 (EoY 1
Energy density due to electric field = 5 SOE,%M = 5 €0 (-J_%} =Z EOE{%

=%x8-86x10'12 x (40)2 =3.5x 10~ ° I/m’

The oscillating electric field of an electromagnetic wave is given by
E, =30sin(2x 10" ¢+ 300nx) Vm ™’

(a) Obtain the value of wavelength of the electromagnetic wave.
(b) Write down the expression for oscillating magnetic field. [CBSE Delie ]
(a) Given equation is
Ey =30sin (2x 10" 1 +300 nx) V™!
Comparing with standard equation

Ey =Eq sin (of + kx) Vm™',  we get

Eg =30Vm'l,m=2x10“ rad s~ !
2n
k=-1-=3007cm_1

Wavelength,

2n

l='————m=._l__ —_ e
T T T *m
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wave is propagating along X-axi . .
(b) The ey g along A-axis, electric field is oscillating along Y-axis, so according to right hand
system of ( E, B, K )the magnetic field must oscillate along Z-axi
& s is.
By=—= =10"" T,
C 3x108

Equation of oscillating magnetic field is
Bz =Bg sin (ot + kx) T
o N =10"" sin (2x 1011 +300 mx) T

The oscillating magnetic field in a plane electromagnetic wave is given by

¢? B, =(8x 10~ %)sin[2x 10" £ +300 i T

(i) Calculate the wavelength of the electromagnetic wave.

(i) Write down the expression for the oscillating electric field. [CBSE Delhi 2008]
s @ Standard equation of magnetic field is

By, =By sin (ot + kx) T
Comparing this equation with the given equation, we get

By =8x107° T,
(o=_2><10“ rads™! .
k= 2% ~3007m ™!
A
wavelength, A= 25 m
300 150

(ii) Eg =Boc=8x10"% x3x10° =24x10° vm™L.

- o =
According to right hand system of E, B, K, the electric field oscillates along negative Z-axis, so

equation is
E; =—24x10? sin (2x 10! ¢ +300mx) V!

—

tor, the rate of change of charge on each

Q.6. Show that during the charging of a parallel plate capaci
» linked with it. What is the name given to

plate equals ¢, times the rate of change of electric flux ‘bg

the term ¢, .%?
t

Ans, Charge on each plate of a parallel plate capacitor
gi)=c(@) A
But o(f)=¢gq E(1)
Q(l) = E{)AE(I)
where (1) =instantaneous charge per unit area
E(r) =electric field strength
But E(¢) A =electric flux ¢¢ ()
q(t) =g 9g (1)
“Rate of change of charge
dg(ry  dop@)
AV g B
dr dr
.'_Rat.e Of changc Of charge - ED % rate (jf Change Of electron flux ! ¢E|

The Quantity g, M is named as displacement current.

dr

Scanned by CamScanner



[D] Value-based Questions

i first Indian Astronaut in spacm
Q. 1. In the famous conversation, Rakesh Sharma, the {ir . o S T whic,hw:s i e
then Prime Minister Indira Gandhi as to how India lo € replig Ay
Jahan Se Achcha’ (better than the whole world). .
i i the above passage:
Answer the following questions based on : ag
(i) Which mode of communication enabled the Prime Minister to speak to the Astronay¢, Hoy
i d?
these electromagnetic waves produce N . . .
(i) Which value was displayed by the Prime Minister in expressing her desire to speak 1 ¢,
Astronaut and in the question she asked? 4 .
(iii) Which two values were reflected by the Astronaut in his l"ep .y.
Ans. (i) Radio wave communication mode was used for th.e communication. |
Radio waves are produced due to accelerated motion of charged pamc-les. |
(i) Promotion of national prestige, technological advancement in the service of mankind.
(iii) Patriotism, love for the country, presence of mind. '
Q.2. Anurag fractured his leg by chance while playing. His parents toook l'lll'l'l.tﬂ a doctor for treatmey,
v The doctor advised that an X-ray of the leg needed to be done for diagnosing the problem. Op seeing
X-ray photograph, Anurag was amazed and excited to know that the photograph was so clear, He
requested the doctor to explain how it happened. The doctor gave a brief explanation of his questiop
happily and appreciated Anurag’s nature.

are

Answer the following questions based on the above information:

(i) Which property of X-rays make it suitable for use in diagnosing and identifying the fracture in
bones? Write two other uses of these rays.

(i) Which two personal qualities of Anurag are reflected in his behaviour?
(i) Which two values are displayed by the doctor in responding to Anurag’s questions?

Ans. (i) The property of X-rays to easily pass through flesh but unable to pass through bones is used to take
X-ray photograph.

Two other uses of X-ray are:

(a) Study of crystal structures.

(b) Inengineering — for detecting cracks, faults etc.
(ii) Curiosity _

Scientific temperament of asking questions and knowing more.
(#ii) Readily sharing knowledge

Providing encouragement to others.
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