Flantvidonetn Wives

8.2 Displacement Current

BEEM (1 mak)

Lo The changing vurrent o avagpin Mo 02 A
What ix the digplacement cuanrent o
platest (Forelgn 2010)

3, A capacitor has been charged by de o

What ate the magnitude of conduction
and displacement carrent, when it i fully
Charged? (Delthi 2010

(2 marks)

A, A parallel plate capacitor of plate aren A cach
and separation o, ix belng Charged by anae
sourve, Show that the displacement current
tnside the capacitor s the same as the current
\ l\a\l‘p.il\p. the ¢ i\l\a\dlnl‘. (Al 201 V)

4. How does Ampere-Maxwell law explain the
flow of current through a capacitor when
it is being charged by a battery? Write the
expression for the displacement carrent in
terms of the rate of change of electric tux,

(Delhi 2017)

5. Why does current in a steady state not flow
in a capacitor connected across a battery?
However momentary current  does flow
during charging or  discharging ol the
capacitor. Explain. (A12017)

6. A capacitor, made of two parallel plates each
of plate area A and separation d, is being,
charged by an external ac source. Show that
the displacement current inside the capacitor
is the same as the current charging the
capacitor, (A12013)

7. When an ideal capacitor is charged by a de
battery, no current flows, However, whenanac
source 1s used, the current flows continuously.
How does one explain this, based on the
concept of displacement current?

(Delhi 2012)

8. A capacitor of capacitance "€y belng
charged by connecting it across a de source
along with an ammeter. Will the ammeter
show a momentary deflection during the

Previous Years' CBSE Board Questions

[y

procenn of chargingt 10 a0, Lioow woiild you
explain this momentary deflection and the
ronttlting continuty af carrent in e clrcunt?
Wilte the expression for the current Inalde
(he capaciton (Al 2017)

m (Y marks)

0, Wiite Maxwell's generalization of Amperes
Clrcnital Law, Show that in the process ol
||I;'.$}J,|II|J' i o, the current |l|lu|lun1
within the plates of the capaciton s

o,

"

where (o bn the electric Hux produced during

charging of the capacitor plates, (Delhi 2016)

[=|

10, Write the exprension for the generalized
form of Amperes clrcultal law, Discuss its
Hip,l\“il‘tlihi* and  dencribe briefly how the
concept of displacement current is explained
“ll'l!ll}-.l,h l‘ll.ll’}.',|li}),/l||!u |ml'|.',l|lp, ol a capacitor
in an electric clrcult, (Al 2015)

8.3 Electromagnetic Waves

(1 mark)

11, Mustrate by glving suitable examples, how
you can show that electromagnetic waves
carry both energy and momentum. (A12019)

12. How I8 the speed of em-waves in vaccum
determined by the electric and magnetic
fieldst (Dethi 2017)

13. Do electromagnetic waves carry cnergy and
momentumt (AL2017)

14, Write the relation for the speed of electro
magnetic waves in terms of the amplitudes of
electric and magnetic hields, (A12017)

15, In which directions do the electric and
magnetic  field  vectors  oscillate Inan
clectromagnetic wave propagating along the
x-axist (A12017)

16, Why arc microwaves considered suitable for

radar systems used fn aircrafl navigation?
(Delhi 2016)
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l?l

18.

19.

20.

21.

22,

Welders wear special goggles or face masks
with glass windows to protect their eyes
from electromagnetic radiations. Name
the radiations and write the range of their
frequency. (Al 2013)
Name the physical quantity which remains
same for microwaves of wavelength 1 mm and
UV radiations of 1600 A in vacuum.

(Delhi 2012)
What are the directions of electric and
magnetic field vectors relative to each other

and relative to the direction of propagation of
electromagnetic waves?

(AI2012)

What is the frequency of electromagnetic

waves produced by oscillating charge of

frequency v? (Delhi 2011C)

In what ways are the directions of the electric

and magnetic field vectors representing an
electromagnetic wave related to each other?

(Delhi 2010C)

Express the velocity of propagation of an e.m.

wave in terms of the peak value of the electric
and magnetic fields. (AI 2010C)

(2 marks)

23.

24.

25.

26.

What do you understand by the statement,
“Electromagnetic waves transport
momentum”? (1/2, 2018)

Name the types of em. radiations which
(i) are used in destroying cancer cells, (ii)
cause tanning of the skin and (iii) maintain
the earth’s warmth.

Write briefly a method of producing any one
of these waves, (Al 2015C)

Answer the following questions:
(i) Show, by giving a simple example, how

€.m. waves carry energy and momentum,
(ii) How are microwaves produced? Why is

it necessary in microwave ovens to selec
the frequency of microwaves to match the
resonant frequency of water molecules?
(iii) Write two important uses of infrared
waves. (Delhi 2014C)
(a) An e.m. wa-\:e isﬂtravelling in a medium
with a velocity ¥V =vi. Draw a sketch showing
e Propagation of the e.m, wave, indicating

27.

28.

29.

30.
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the direction of the oscillating electric and
magnetic fields.

(b) How are the magnitudes of the electric
and magnetic fields related to velocity of the
e.n. wave? (Delhi 2013)

(a) How are electromagnetic waves produced?
(b) How do you convince yourself that
electromagnetic waves carry energy and
momentum? (Delhi 2013C)

Explain briefly how electromagnetic waves
are produced by an oscillating charge. How
is the frequency of the e.m. waves produced
related to that of the oscillating charge?

(Foreign 2012)

Draw a sketch of a plane electromagnetic
wave propagating along the z-direction.
Depict clearly the directions of electric and
magnetic fields varying sinusoidally with =

(AI 2010)
How are X-rays produced? Write their two
important uses. (Foreign 2010)

BINTH G marks)

31.

32.

33.

34,

35.

Prove that the average energy density of the
oscillating electric field is equal to that of the
oscillating magnetic field.  (2/3, Delhi 2019)
How are e.m. waves produced by oscillating
charges ? )
Draw a sketch of linearly polarized e.m. waves
propagating in the z-direction. Indicate the
directions of the oscillating  electric

and
magnetic fields.

(Delhi 2016)
Answer the following questions:
(a) Name the e.m. 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.
() An em. wave exerts pressure on the
surface on which it is incident. Justity.
(Delhi 2014)

gnetic waves produced by

(1/3, Foreign 2013)
(a) When the oscillating electric
fields are along the
respectively.

How are electroma
oscillating charges?

and magnetic
x-and  y-direction

e ——— e
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(1) point out the direction of propagation of

clectromagnetic wave,

(i) express the velocity of propagation in
terms of the amplitudes of the oscillating
electric and magnetic fields,

() How do you show that the e.m. wave
carries energy and momentum?

(AT2013C)

36. How does an oscillating charge produce

c‘lm'tmnmgnclic wave? Explain,

Draw a sketch showing the propagation of

plane e.m. wave along the Z-direction, clearly
depicting the directions of oscillating electric
and magnetic field vectors.
(Foreign 2014, Delhi 20120)
37. Describe briefly how clectromagnetic waves
are produced by oscillating charges,
(1/3, Al 2011C)

8.4 Electromagnetic Spectrum

m (1 mark)

38. The small ozone layer on top of the
stratosphere is crucial for human survival,
Why? (A 2019)

39. Name the electromagnetic radiations used for
(a) water purification, and (b) eye surgery.
(2018)

40. To which part of the electromagnetic
spectrum does a wave of frequency 5 x 10'°
belong? (AI2014)

41. Arrange the following electromagnetic waves
in order of increasing frequency :
Y-rays, Microwaves, Infrared rays and
Ultraviolet rays, (Foreign 2014)
42. Name the electromagnetic wavyes, which
(i) maintain the Earth’s warmth and (i) are
used in aircraft navigation, (Foreign 2012)
43. A plane electromagnetic wave travels in
vacuum along z-direction, What can you say
about the direction of electric and magnetic
field vectors? (Delhi 201 1)
(AT2011)
45. Write two uses of microwaves, ( Foreign 2011)

44. How are radio waves produced?

46. Which part of electromagnetic spectrum has
largest penetrating power? (Delhi 2010)
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47. Name the part of electromagnetic spectrum
whose wavelength lies in the range of 10717 .
Give its one uge, (AI2010)

48. Which part of the clectromagnetic spectrum
is used in satelljte communication?

(Foreign 2010)
lill (2 marks)

19. Why are infrared waves often called heat
waves? Explain, (1/2, 2018)
&

50. Identify the electromagnetic waves whose
wavelengths vary as

@) 10" mer<10®m
) 100" m<rc10 m

Write one use for each. (AI2017)

51. Identify the electromagnetic waves whose
wavelengths vary as

@ 100" m<hc10y
(b) 10" m< )< 10°m

Write one use of each. (AI2017)

52. Arrange the following electromagnetic waves

in the descending order of their wavelengths :

(i) Microwaves

(ii) Infra-red rays

(iii) Ultra-violet-radiation

(iv) Gamma rays

(b) Write one use each of any two of them.

(Delhi 2013C)

53. How are infrared waves produced? Why are

these referred as heat waves? Write their one

important use? (Delhi 2011)
54. Name the constituent  radiation  of

electromagnetic Spectrum which is used for

(i) aircraft navigation.

(i) studying crystal structure.

Write the frequency range for each.

(Delhi 2011C)

55, Arrange  the Ihllowing electromagnetic

radiations  ip ascending  order of their

frequencies ;

(1) Microwave

(i) X-rays

(i1) Radiowave
(iv) Gamma rays
(Delhi 2010)
36, Name one method each for the (i) production
and (i) detection of X-rays.  (Delhi 2010C)
57. Write one method each of (i) production, and
(ii) detection of microwaves. (Al 2010C)
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.MM (3 marks)

58. Identify the part of the electromagnetic
spectrum used in (i) radar and (ii) eye surgery.
Write their frequency range. (1/3, Delhi)

59. Identify the part of the electromagnetic
spectrum which is:
(a) suitable for radar system used in aircraft
navigation,
(b) produced by bombarding a metal target
by high speed electrons.  (2/3,AI 2016)

60. (i) Which segment of electromagnetic waves
has highest frequency? How are these waves
produced? Give one use of these waves.

(ii) Which e.m. waves lie near the high
frequency end of visible part of e.m. spectrum?
Give its one use. In what way this component
of light has harmful effects on humans?
(Foreign 2016)
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61. Name the parts of the electromagnetic
spectrum which is
(a) suitable for radar systems used in aircraft
navigation.
(b) used to treat muscular strain.
(c) used as a diagnostic tool in medicine.

Write in brief, how these waves can be produced.
(Delhi 2015)

62. State clearly how a microwave oven works
to heat up a food item containing water
molecules.

Why are microwaves found useful for the

radar systems in aircraft navigation?
(2/3, Foreign 2013)

63. Give one use of each of the following :
(i) Microwaves
(ii) Ultraviolet rays
(iii) Infra-red rays

(iv) Gamma rays (2/3, AI 2011C)

1. The displacement current is equal to 0.25A, as
the charging current is 0.25A.

2.  Electric flux through plates of capacitor, ¢, = e
3

0

{2)
ddg 2 —0

Displacement current, I, =g, e gy -

Conduction current, I—_-cd_vzo as voltage
becomes constant. dt

So, I = I, = 0 for a charged capacitor.

3. When an ideal capacitor is charged by
dc battery, charge flows till the capacitor gets
fully charged. When an ac source is connected

3 d
then conduction current Ifzdi(tg flows in the
connecting wire. Due to charging current, charge

deposited on the plates of the capacitor changes
with time. Changing charge produces varying
Id between the plates of capacitor.
dt

cement current is proportional to the

electric fi€
Giving Tis€ to displacement current [y =g
[As displa
variation]. -
rate of ﬂllxc feld between the plates is

The elect?

_s_Q
;. AB;
Electric flux, ¢E=EA=& 7
AEO EO
do d(Q) dQ
SO,I =E —E—=€;—— =—=].
d 0 4t OdttEO] dt .

Displacement current brings continuity in the
flow of current between the plates of the capacitor.
4, According to Ampere-Maxwell law,
The total current is the sum of displacement
current and the conduction current, i.e;

) dg
i=g+m=u+ewji

dt
When a capacitor is charged through a battery
then inside the capacitor plates there is no
conduction current, i.e.; i, = 0 and there is only
displacement current, so that iy =i

do E

dt
5. ‘There is no ac voltage applied on a capacitor,
when it is connected across a battery so no
current flow in a capacitor. When a capacitor is
charging, current flows towards the positive plate

The displacement current is, iy = €,
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(as positive charge is added to that plate) and away
from the negative plate. When the capacitor is
discharging, current flows away from the positive
and towards the negative plate, in the opposite
direction.

SN

4—(!—.

Ty
-y

The displacement current within capacitor plates

dog
I;=¢
d 0 dt
where 0y = EA= %A =Ei
0 0
So, Id:E_O@
gy dt
Id=I

7. Refer to answer 3.

8. Yes, ammeter will show a momentary
deflection. The momentary deflection is due to the
flow of electrons in the circuit during the charging
process. During the charging process the electric
field between the capacitor plates is increasing and
hence a displacement current flows in the gap.
Hence we can say that there is a continuity of
current in the circuit.

49
°dt

9. Maxwell’s generalization of Ampere’s circuital
law,

In the process of charging the capacitor there
is change in electric flux between the capacitor
plates.

Expression, I, =¢

——{ —

dp _
dt (EA)

E — Electric field between the plates = 4
Ag,
A — Area of the plate
adp _ q 1dg_
——XA
S0 4t~ dt ( Aty J £ dt aU
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dd doy
dt

10. Generalized form of Ampere’s circuital law :

B-di = p0(1+€0 "’EJ

4§ &

FanY
(g
K

ig=1=§

It
'r

Inconsistency of Ampere’s circuital law

If we observe the current through a charging
capacitor, some of the questions arise.

(a) Current [ enters at the left end of plate P, but
no current at right side of plate P,.

Hence Kirchhoft’s law violated.

(b) Ampere’s law for loop C;

Cll

Cl

' &, P,

|‘ ‘WYL

—|

"I#0 so B#0
For loop C,,
| B-dl =p,o) (- 1=0)
C2
so B=0.

So, magnetic field reduces 0 on right side from
any value on left plate.

But in the actual magnetic field as of continuous
nature.

Modified Amperes law by Maxwell

According to Maxwell,

_[B dl = =W (I +1p) -!.ln[f'*'tn‘::]

Thus, within the plates the displacement current
which is due to changing electric flux in charging/
discharging maintains the continuity of current
and magnetic field also within the plates of capacitor.
11. Electromagnetic waves like other waves carry
energy and momentum as they travel through
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empty space. If light didnt carry energy and
momentum, it wouldn't be able to heat stuff up or
generate photo current in photo cells.

12. The speed of em-wavesin vacuum determined
by the electric (Ep) and magnetic fields (By) is,
K

B,

13. Yes, electromagnetic waves carry encrgy and
momentum.

C

E
14. Speed of electromagnetic wave, ¢ = -

0
Where E, and B, are amplitudes of electric and
magnetic field respectively.

15. When an electromagnetic wave is propagating
along the x-axis then, electric field vector oscillates
in y-axis and magnetic field vector oscillates in
Z-axis. ‘

16. Microwaves have short wavelengths so they
are suitable for radar systems used in aircraft
navigation. They can penetrate through clouds

1

also.

17. Ultraviolet radiations produced during
welding are harmful to eyes. Special goggles or face
masks are used to protect eyes from UV radiations.
UV radiations have a range of frequency between
10'* Hz - 10'° Hz,

18. The speed in vacuum (i.e. ¢ = 3 X 10.ms™)
remains same for both the given wavelengths.
It is because both microwaves and UV rays are
electromagnetic waves.

19. Inan electromagnetic wave E, B and direction
of propagation are mutually perpendicular.

20. Frequency of the electromagnetic wave

produced will be equal to the frequency v of

oscillating charge.

21. The electric field [ and magpnetic field B are
perpendicular to each other.

22, In e.m. waves, the ratio of amplitudes of

electric and magnetic field is always constant and
is equal to the speed of e.fm. Waves. e

c= -EL’ (where E, and B, ar¢ peak values)
0
23 Electromagnetic waves transport momentum.

It means that electromagnetic  waves  carry
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momentum from one place to another as they
travel through medium or space.

24. (a) (i) Gamma rays

(ii) UV rays

(iii) Infra-red radiations

(b) Infra-red waves are produced by hot bodies
and molecules. Infra-red waves are referred to
as heat waves, because water molecules present
in most materials readily absorb infra-red waves
(many other molecules, for example, CO,, NH,
also absorb infra-red waves). After absorption,
their thermal motion increases, that is thev heat
up and heat their surroundings.

25. (i) Consider a plane perpendicular to the
direction of propagation of the wave. An electric
charge, on the plane will be set in motion by the
electric and magnetic fields of e.m. wave, incident
on this plane. This illustrates that e.m. waves carry
energy and momentum.

(ii) Microwaves are produced by special vacuum
tube like the klystron, magnetron and Gunn
diode.

The frequency of microwaves is selected to match
the resonant frequency of water molecules, so that
energy is transformed efficiently to the Kinetic
energy of the molecules.

(iii) Uses of infra-red rays :

(a) They are used in night vision devices during
warfare. This is because they can pass through
haze, fog and mist.

(b) Infra-red rays are used in remote switches of
household electrical appliances.

26. (a) In figure the velocity of propagation ot
e.m. wave is along X-axis v = vi and electric field

E along Y-axis and magnetic field B along Z-axis.

(b) Speed of e.m. wave can be given as the ratio

of amplitude of magnitude of electric field (E,) to

_—

’it

the magnitude of magnetic tield (ﬁo). ie, c=-2
B,
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27. (a) An oscillating or accelerated charge is
supposed to be source of an electromagnetic wave.
An oscillating charge produces an oscillating
electric field in space which further produces an
oscillating magnetic field which in turn is a source
of electric field. These oscillating electric and
magnetic field, hence, keep on regenerating each
other and an electromagnetic wave is produced.
(b) Electromagnetic waves or photons transport
energy and momentum. When an electromagnetic
wave interacts with a small particle, it can exchange
energy and momentum with the particle. The force
exerted on the particle is equal to the momentum
transferred per unit time. Optical tweezers use
this force to provide a non-invasive technique for
manipulating microscopic-sized particles with
light.

28. Refer to answer 27 (a).

The frequency of e.m. wave = Frequency of
oscillating charge.

29. An e.m. wave propagating along z-axis is,

30. Production of X-rays When  high
energetic electrons strike a metallic target of
high atomic weight and high melting point,
X-rays are produced. In production of X-rays
mechanical energy of electrons is converted with
electromagnetic energy of X-rays.

Uses : (i) X-rays are used in medical diagnostics
to detect fractures in bones, tuberculosis of lungs,
presence of stone in gallbladder and kidney.
(ii) They are used in engineering to check flaws in
bridges. In physics X-rays are used to st udy crystal
structure,

3L In an electromagnetic wave, both I and B
fields vary sinusoidally in space and time, ‘I'he
average energy density u of an e.m, wave can be
obtained by replacing £ and B by their rms value

) 1 .2
b= EE(JErrm;+ EE;; Brms
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or = !”I;'gnt Brz,
Ky
%, B Bﬂ]
rms Jk ' Fms =y
2 J2
]
Moreover, E, = cB, and ¢ = ———, therefore
Ho€q
k. 21 2
Up = =€gEy = —€,(cB;)
I 4 00 4 0 0
I B -
Wy | Rg T = 0 = Up

47 Hogg  4ug
32. Refer to answer 27 (a).
A plane electromagnetic wave is said to be
linearly polarized. The transverse electric field

wave accompanied by a magnetic field wave is
illustrated.

7

e

Electric field

Magnetic field ‘,f\

33. (a) Microwaves are suitable for the radar
systtm used in aircraft navigation. Range of
frequency of microwaves is 10* Hz to 10" Hz.
(b) If the Earth did not have atmosphere, then
there would be absence of green house effect of the
atmosphere. Due to this reason, the temperature
of the earth would be lower than what it is now:
(c) An e.m. wave carries momentum with itself
and given by

Energy of wave (U/)

Speed of the wave (¢)
When it is incident upon a surface it exerts
pressure on it
34, Refer to answer 27 (a).
35, (a) (1) Refer to answer 29
(i) Speed of e.m. wave can be given as the ratio of
magnitude of electric field (K,) to the magnitude

E,

of magnetic hield (B,), i.e., ¢ =
B,

(h) Rtfﬁ'l' fo gusypper 27 (h)
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36. (@) Refer to answer 27 (a) and 35 (ii).

For an eom. wave propagating in Z-direction,
electric field is directed along X-axis and magnetic
field is directed along Y-axis.

k=ix)

37. Refer to answer 27 (a).

38. The small ozone layer on the top of the
atmosphere is crucial for human survival because
itabsorbs harmful ultraviolet radiations present in
sunlight and prevents it from reaching the earth's
surface. These radiations can penetrate our skin
and can cause harmful diseases like skin cancer etc.
39. (a) Ultraviolet rays (b) Ultraviolet rays
40. X-rays.

41. Microwaves < Infra-red rays < Ultraviolet rays
< y-ravs.

42. (i) Infra-red rays (ii) Microwaves.

43. The electric and magnetic field vectors
and B are perpendicular to each other and also
perpendicular to the direction of propagation
of the electromagnetic wave. If a plane
electromagnetic wave is propagating along the
z-direction, then the electric field is along x-axis,
and magnetic field is along y-axis.

44. Radio waves are the electromagnetic waves
of frequency ranging from 500 KHz to about
1000 MHz. These waves are produced by oscillating
electric circuits having inductor and capacitor.

45. Uses of microwaves :

(i) In long distance communication
(ii) In radar

46. Gamma rays (frequency range > 3 x 10*' Hy)
has largest penetrating power,

47. The wavelength range of 107'°, Jies in X-rays.
X-rays are used as a diagnostic tool in medicine
and as a treatment for certain forms of cancer,
48. Short radio waves 2. > 0.1 m or v < 3 x 10° Hz
are used in satellite communication,

49. Infrared waves incident on a substance
increase the internal energy and hence the
temperature of the substance. That is why they are
called heat waves.

50. (a) X-rays - used to study atomic structure,
(b) Microwaves - used in radar application,
51. (a) Gamma rays lie between 107" m-10"" .

These rays are used in radiotherapy to treat certain
cancers and tumors.
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(b) Infrared waves lie between 107" m-10"° m.
These waves are used in taking photographs
during conditions of fog, smoke etc as these waves
are scattered less than visible rays.

52. (a) Descending order of wavelength for
given electromagnetic wave are:

Microwaves (10 ' - 10 ])

Infra-red rays (7.5 x 107 - 107)
Ultra-violet radiation (107" - 4 x 107)

Gamma rays (< 10°"%)

(b) Microwaves :

Frequency range — 3 x 10" Hz -3 x 10'' Hz
These are suitable for the radar system, used in
aircraft navigation.

Gamma rays :

Frequency range — > 3 x 10*' Hz.

These wave are used for the treatment of cancer
cells.

53. Refer to answer 24 (b).

Infra-red radiations play an important role
in maintaining the earth’s warmth or average
temperature through the greenhouse effect.

54. (i) Microwave : are used in radar system for
aircraft navigation. The frequency range is 3 x 10°
to3 x 10",
(ii) X-rays are used for stud
of solids. Their fre
3 x 10*' Hz.

ying crystals structure
quency range is 3 x 10'® Hz to

55. Given  electromagnetic radiations  in
ascending order of their frequencies are Radio
wave, Microwave, X-rays, Gamma rays.

56. (i) X-rays are produced in X-ray tube or
inner shell electron. '
(i) X-rays are dected in Geiger tube

or through
photographic film.

57. (i) Microwaves are produced by
vacuum tubes klystron valve.

(ii) Microwaves
contact diodes,

special

are  detected through  paint

58, (a)
Uses Part of ;reql;:‘r;:r
electromagnetic range
1] spectrum
| . —_—
(i) | In radar | Microwaves 3 % 10° Hy
system ¢ 104
| |system o3 x 10"
(i) | In  eye | Ultraviolet 8 x 10" Hy
surgery to 8 x 10" 1,
-—-__-__-_h-_—__
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9. (fl) Microwaves are suitable for radar system
used in aircraft navigation.

(b) X-rays are produced by bombarding a metal
target by high speed electrons.

60. (i) Gamma rays has the highest frequency in
the electromagnetic waves. These rays are of
the nuclear origin and are produced in the
disintegration of radioactive atomic nuclei and in
the decay of certain subatomic particles. They are
used in the treatment of cancer and tumours.

(ii) Ultraviolet rays lie near the high-frequency
end of visible part of e.m. spectrum. These rays
are used to preserve food stuff. The harmful effect
from exposure to ultraviolet (UV) radiation can
be life threatening, and include premature aging
of the skin, suppression of the immune systems,
damage to the eyes and skin cancer.

61. (a) Microwaves are suitable for radar systems
used in aircraft navigation.

These waves are produced by special vacuum
tubes, namely klystrons, magnetrons and Gunn
diodes.

(b) Infra-red waves are used to treat muscular
pain. These waves are produced by hot bodies and

molecules.
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(c) X-rays are used as a diagnostic tool in
medicine. These are produced when high energy
electrons are stopped suddenly on a metal of high
atomic number.

62. 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 GHz. Due to short
wavelength, they have high penetrating power
with respect to atmosphere and less diffraction in
the atmospheric layers. So these waves are suitable
for the radar systems used in aircraft navigation.

63. (i) Microwaves : These are used in Radar

system for aircraft navigation.

(ii) Ultraviolet rays : These are used to destroy the
bacteria and for sterilizing surgical instruments.
(iii) Infra-red rays : These are used to treat
mauscular pain.

(iv) Gamma rays : These are used for the treatment

of cancer.
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