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EM WAVES 
1. 5 GHz vko  fÙk  dh  dksbZ  fo|qr  pqEcdh;  rjax  ml  

ek/;e esa xeu dj jgh gS ftldk vkisf{kd fo|qr 
ijkoS|qrkad vkSj pqEcdh; ikjxE;rk nksuksa gh 2 gSA bl 
ek/;e esa bl rjax dk osx ________× 107 m/s gSA 

2. lwph-I dks lwph-II ls feykb,A 
      lwph-I        lwph-II 
 (a) lw{e rjax vko fÙk  (i) ukfHkd ij jsfM;ks,sfDVo  
      dk L=kksr         {k; 
 (b) vojDr vko fÙk dk   (ii) eSXusVªkWu 
      L=kksr 
 (c) xkek fdj.kksa dk L=kksr (iii) varjd{kh; bysDVªkWu 
 (d) X-fdj.kksa dk L=kksr (iv) ijek.kqvksa vkSj     
          v.kqvksa dk dEiu 
     (v) ystj 
     (vi) RC ifjiFk 
 uhps fn, x, fodYiksa esa ls lgh mÙkj pqfu, : 
 (1) (a)-(vi), (b)-(iv), (c)-(i), (d)-(v) 
 (2) (a)-(vi), (b)-(v), (c)-(i), (d)-(iv) 
 (3) (a)-(ii), (b)-(iv), (c)-(vi), (d)-(iii)  
 (4) (a)-(ii), (b)-(iv), (c)-(i), (d)-(iii) 
3. dksbZ 3 GHz vko fÙk dh fo|qr pqEcdh; rjax 

fuokZr ls fdlh ijkoS|qr ek/;e ftldh lkisf{kd 
fo|qr'khyrk 2.25 gS esa izos'k djrh gSA bl ek/;e 
esa bl rjax dh rjaxnS/;Z ____ × 10–2 cm gksxhA 

4. 8 W ds fdlh cYc ls vkus okys fofdj.kksa }kjk 
cYc ls 10 m dh nwjh ds fdlh fcUnq ij] tcfd 
bl cYc dh n{krk 10% gS vkSj ;g fcUnq L=kksr gS] 

mRiUu f'k[kj fo|qr {ks=k 
10
x  0cm

p
 V

m
 gSA ;gk¡ 

x dk eku ____________ gSA 
5. 1000 W ds cYc }kjk mRlftZr dksbZ fofdj.k 2 m 

nwjh ij fLFkr fdlh fcUnq P ij dksbZ fo|qr {ks=k 
vkSj pqEcdh; {ks=k mRié djrk gSA bl cYc dh 
n{krk 1.25% gSA fcUnq P ij f'k[kj fo|qr {ks=k dk 
eku x × 10–1 V/m gS rks x dk eku _______gksxkA 

 [e0 = 8.85 × 10–12 C2N–1 m–2 vkSj c = 3 × 108 ms–1 

yhft,A] (fudVre laHkkfor iw.kk±d rd) 
6. 500 MHz vko fÙk dh dksbZ lery fo|qrpqEcdh; 

rjax] fuokZr esa y-v{k ds vuqfn'k xfr dj jgh gSA 
eqDr vkdk'k ds fdlh fof'k"V fcUnq ij] B

r
 dk 

eku 8 ˆ8.0 10 zT-´ gSA bl fcUnq ij fo|qr {ks=k dk 
eku gksxkA (izdk'k dh pky =  3  ×  108 ms–1) 
ˆ ˆ ˆx, y, z  Øe'k% x,  y,  z  fn'kk ds vuqfn'k ,dkad 
lfn'k gSaA 

 (1) ˆ24x V / m-  (2) ˆ2.6x V / m  

 (3) ˆ24x V / m  (4) ˆ2.6y V / m-  

7. eqDr vkdk'k esa xfreku fdlh fo|qrpqEcdh; rjax 

ds fy,] fo|qr {ks=k ,oa pqEcdh; {ks=k ds dkj.k 

vkSlr ÅtkZ ?kuRoksa] (Ue) vkSj (Um) esa lEcU/k  

gksxk : 

 (1) Ue = Um   (2) Ue > Um 

 (3) Ue < Um  (4) Ue ¹ Um 

8. fdlh 100 W ds cYc ls mRlftZr fofdj.kksa }kjk 

cYc ls 3m nwjh ij mRiUu fo|qr {ks=k rhozrk E 

gSA bruh gh nwjh  ij 60 W ds cYc ls mRlftZr 

fofdj.kksa }kjk mRiUu fo|qr {ks=k rhozrk gksxh

x
E,

5
;gk¡ x =_________gSA 

9. ,d lery fo|qrpqEcdh; rjax ftldh vko fÙk 100 

MHz gS x-v{k ds vuqfn'k fuokZr esa xfr dj jgh gSA 

le; vkSj eqDr vkdk'k esa fdlh fo'ks"k fcUnq ij] 
r

B  

dk eku ´ –8 ˆ2.0 10 kT  gS ¼tgk¡ k̂ , z-v{k ds 

vuqfn'k ,dkad lfn'k gS) bl fcUnq ij  
r

E  dk eku 

gksxk % ¼izdk'k dh pky] c = 3 × 108 m/s½ 

 (1) 0.6 ĵ V/m (2) 6.0 k̂  V/m 

 (3) 6.0 ĵ V/m (4) 0.6 k̂  V/m 

10. dksbZ lery fo|qrpqEcdh; rjax tks y-fn'kk ds 

vuqfn'k lapj.k dj jgh gS] ds fo|qr {ks=k ( )E
r

 

vkSj pqEcdh; {ks=k ( )B
r

 ?kVdksa dk ;qXe fuEu 

fyf[kr gks ldrk gS% 

 (1) Ey, By vFkok Ez, Bz (2) Ey, Bx vFkok Ex, By 

 (3) Ex, Bz vFkok Ez, Bx (4) Ex, By vFkok Ey, Bx 

11. fdlh fo|qr pqEcdh; rjax ds fo|qr {ks=k lfn'k 

vkSj pqEcdh; {ks=k lfn'k Øe'k% 
r
E = E0 î  vkSj 

r
B

= B0 k̂  gSaA bl fo|qr pqEcdh; rjax dh lapj.k 

fn'kk gksxh: 

 (1)  ( )k̂  (2) Ĵ  (3) ( )ˆ–k  (4) ( )ˆ– j  

12. eqDr vkdk'k esa fdlh fcUnq ij lw;Z ds izdk'k dh 

rhozrk 0.092 Wm–2 gSA bl fcUnq ij pqEcdh; {ks=k 

dk f'k[kj eku gksxk%& (e0 = 8.85 × 10–12C2N–1m–2) 

 (1) 2.77 × 10–8 T (2) 1.96 × 10–8 T 
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  (3) 8.31 T  (4) 5.88 T 

13. ok;q esa dksbZ jSf[kdr % /kqzfor fo|qr pqEcdh; rjax  

 E = 6 ˆ3.1cos (1.8)z (5.4 10 )t i N / Cé ù- ´ë û  

 z  =  a  ij fLFkr fdlh vkn'kZ ijkorhZ nhokj ij 
vfHkyEcor vkiru djrh gSA  

 lgh fodYi pqfu,A  
 (1) rjaxnS/;Z 5.4 m gSA 
 (2) fo|qr&pqEcdh; rjax dh vko fÙk 54 × 104 Hz gSA 
 (3) ikjxr rjax 
  6 ˆ3.1cos (1.8)z (5.4 10 )t i N / Cé ù- ´ë û  gksxhA 

 (4) ijkofrZr rjax 
  6 ˆ3.1cos (1.8)z (5.4 10 )t i N / Cé ù+ ´ë û  gksxhA 

14. ,d izdk'k iaqt E  =  800  sinw
x

t –
c

æ ö
ç ÷è ø

 ls of.kZr 

gSA ,d bysDVªkWu 3 × 107 ms–1 pky ls izdk'k iqat 
ds vfHkyEcor xfr djrk gSA bysDVªkWu ij yxus 
okyk vf/kdre pqEcdh; cy D;k gS\ 

 (1) 1.28 × 10–18 N  (2) 1.28 × 10–21 N   
 (3) 12.8 × 10–17 N (4) 12.8 × 10–18 N    
15. ,d fo|qr pqEcdh; rjax dk pqEcdh; {ks=k lfn'k 

B = cos(kz – wt) ls  fn;k x;k gS]  tgk¡ 

Øe'k% x rFkk y-v{k ds vuqfn'k ek=kd 

lfn'k gSA t  =  0  s  ij nks fo|qr vkos'k 4p dwyke 

dk q1 rFkk 2p dwyke q2 Øe'k%  rFkk 

 ij j[ks x;s gS ftuds leku osx 0.5 c

 gSa] ¼tgk¡ c izdk'k dk fuokZr esa osx gSA½ vkos'k 
q1 ij dk;Zjr cy rFkk vkos'k q2 ij dk;Zjr cy 
dk vuqikr gksxk % 

 (1) :  1   (2) 1 :   

 (3) 2 : 1  (4)  : 1 

16. ,d lery fo|qr pqEcdh; rjax esa fo|qr {ks=k   
E = 50 sin(500x – 10 × 1010t) V/m fn;k x;k gSA 
ek/;e esa fo|qrpqEcdh; rjax dk osx gS %  

 (fn;k gS C = fuokZr esa izdk'k dh pky) 

 (1) 3 C
2

 (2) C (3) 2 C
3

 (4) C
2

 

17. ,d lery fo|qr pqEcdh; rjax 30 esxkgRtZ vko fÙk  
ls fuokZr esa xfr djrh gSA fuf'pr vodk'k rFkk 
le;  ij]  fo|qr  {ks=k 6 V/m gSA bl fcUnq ij 
pqEcdh; {ks=k x × 10–8  Vslyk gksxkA x dk eku 
___________ gSA 

 18. ,d fo|qr pqEcdh; rjax esa fo|qr {ks=k E = (50 
NC–1) sinw (t–x/c) }kjk fn;k tkrk gSA vk;ru V 
ds ,d csyu esa  lfEefyr ÅtkZ 5.5 × 10–12 J gSA 
V dk eku __________cm3 gSA   

 ( )–12 2 –1 –2
0 8.8 10 C N mÎ = ´fn;k gS  

19. vpqEcdh;  ek/;e  esa  lapfjr  lery  fo|qr  
pqEcdh; rjax esa fo|qr {ks=k E = 20 cos(2 × 1010 t – 
200x) V/m ls fn;k x;k gSA ek/;e dk iSjkoS/kqrkad 
dk eku gS : (yhft, µr = 1) 

 (1) 9 (2) 2 (3) 
1
3

 (4) 3 

0. ,d lery fo|qrpqEcdh; rjax esa fo|qr {ks=k 

     
3

110.5 10 rad V ˆE 200cos x 1.5 10 t j
m s m

é ùæ ö´ æ ö= - ´ ´ê úç ÷ ç ÷
è øè øë û

r
 

 fn;k x;k gSA 100 lseh2. {ks=kQy ds ijkorZd lrg 
ij rjax vfHkyEor iM+rh gSA ;fn fo|qr pqEcdh; 
rjax }kjk lrg ij vkjksfir fofdj.k  nkc 10 

feuV ds mPNknu ds nkSjku 9 2
x N

10 m
gks] rks x ds 

eku dks Kkr dhft,A 
 

+
o

ˆ ˆi j
B

2
ˆ ˆi jrFkk

pæ ö
ç ÷
è ø

0,0,
k

pæ ö
ç ÷
è ø

3
0,0,

k

î

2 2 2

2
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SOLUTION 

1. Official Ans. by NTA (15) 
Sol. Given : Frequency of wave f = 5 GHz  
          = 5 × 109 Hz 
  Relative permittivity, Îr = 2 
 and  Relative permeability, µr = 2 
 Since speed of light in a medium is given by, 

 v = 
1

µ Î
 = 

r 0 r 0

1

µ µ ·Î Î
 

 v = 
r r

1

µ Î 0 0

1

µ Î
 = 

r r

C

µ Î
 

 Where C is speed of light is vaccum. 

 \ v = 
83 10

4

´
 = 

730 10
2
´

 m/s 

 = 15 × 107 m/s \ Ans. is 15 
2. Official Ans. by NTA (4) 
Sol. (a) Source of microwave frequency is 

magnetron. 
 (b) Source of infrared frequency is vibration of 

atoms and molecules. 
 (c) Source of Gamma rays is radioactive decay 

of nucleus 
 (d) Source of X-rays inner shell electron 

transition.  
 Option (4) is correct. 
3. Official Ans. by NTA (667) 

Sol. l in vacuum = 
´= =
´

8

9

c 3 10
0.1m

f 3 10
 

 \ l in medium = 
m

0.1
 

 Where refractive index 
       m = m er r  

 Assuming non-magnetic material mr = 1 

 \  m = =2.25 1.5  

 l = = =m

0.1 1
m 6.67cm

1.5 15
 

      = 667 × 10–2
 cm Ans. 667  

4. Official Ans. by NTA (2)  

Sol. I = 1
2

c Î0E0
2 

 ´
p ´ 2

8 1
24 10

 = 1
4

× c × ´
m

2
02

0

1
E

c
 

 E0 = 2
10

 × m
p
0c  Þ x = 2 

5. Official Ans. by NTA (137) 

Sol. 2
avg 0 0

1
I E C

2
= e  

 
( )2

1.25 1000 1
100 24 2

´ =
p

 × 8.85 × 10–12 ×  3  ×  108 × 

2
0E   2

0E 187.4=  

 \ E0 = 13.689 V/m  
 = 136.89 × 10–1 V/m 
 \ x = 136.89 
 Rounding off to nearest integer  
 x = 137 
6. Official Ans. by NTA (1) 
Sol. f = 5 × 108 Hz 

 EM wave is travelling towards ĵ+  

 8 ˆB 8.0 10 zT-= ´
r

 

 E B C= ´
rr r

 = (8 × 10–8 ẑ) × (3 × 108 ŷ )  

 = ˆ24 x V / m-  

7. Official Ans. by NTA (1) 
Sol. In EMW, Average energy density due to 

electric (Ue) and magnetic (Um) fields is same. 
8. Official Ans. by NTA (3) 

Sol. 2
0 2

100
c E

4 3
Î =

p´
 

 

2

0 2

x 60
c E

5 4 3

æ ö
Î =ç ÷ç ÷ p ´è ø

 

 Þ 
x
5

 = 
3
5

 Þx = 3 

9. Official Ans. by NTA (3) 
Sol. E = BC = 6 
 (Dir. of wave) || ( )E B´

r r
 

 ˆ ˆ ˆi j k= ´  ˆE 6j V / m=
r

 
10. Official Ans. by NTA (3) 

Sol. 

  11. Official Ans. by NTA (4) 
Sol. Direction of propagation = ´

r r
E B  = ´ = -ˆ ˆ ˆi k j  

E z

y

x

B
K

B z

y

x E

K
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 12. Official Ans. by NTA (1) 

Sol. 
2

20
avg 0

0 0

B C 1
I & C

2
= =Î

m m
 

 
2

30
0

B
I C
2

= Î  

 0 3
0

2I
B

C
=

Î
 

 B0 = 2.77 × 10–8 T 
13. Official Ans. by NTA (4) 
Sol. Reflected wave will have direction opposite to 

incident wave. 
14. Official Ans. by NTA (4) 

Sol. =0
0

E
B

C
 

 =max 0F eB V  

 = -´ ´ ´ ´
´

19 7
8

800
1.6 10 3 10

3 10
 

 = 12.8 × 10–18N 
 Ans. 4 
15. Official Ans. by NTA (3) 
Sol.   

  

  

 cosp = –1,     cos3p = –1 

  

16. Official Ans. by NTA (3) 

Sol. V = 
K
w

 = 
1010 10

500
´

 = 2 × 108  

 V = 
C
3

2
. 

17. Official Ans. by NTA (2) 

Sol. |B| = =
´ 8

| E | 6
C 3 10

 

 = 2 × 10–8 T 
 \ x = 2 

18. Official Ans. by NTA (500) 

Sol. 
wæ ö= w -ç ÷

è ø
E 50sin t .x

c
 

 Energy density = Î 2
0 0

1
E

2
 

 Energy for volume V = Î 2
0 0

1
E .V

2
 = 5.5 × 10–12 

 - -´ ´ = ´12 121
8.8 10 2500V 5.5 10

2
 

 
´

= =
´

35.5 2
V .0005m

2500 8.8
 

 = .0005 × 106 (c.m)3 
 = 500 (c.m)3 

19. Official Ans. by NTA (1) 

Sol. Speed of wave = 
´ =

10
82 10

10 m / s
200

 

 Refractive index = 
´ =

8

8

3 10
3

10
 

 Now refractive index = e mr r  

 ( )= er3 1  Þ er = 9 

 Option (1) 
20. Official Ans. by NTA (354) 
Sol. E0 = 200 

 2
0 0

1
I E C

2
= e ×  

 Radiation pressure 

 
2I

P
C

=  

 2
0 0

2 1
E C

C 2
æ öæ ö= eç ÷ç ÷
è øè ø

 2
0 0E= e  

 12 28.85 10 200-= ´ ´  

 88.85 10 4-= ´ ´  9

354
10

=  

 Ans. 354.0 
 

 

( )F q V B= ´
ur ur ur

1 0

ˆ ˆi jˆF 4 0.5ci B cos K. – 0
2 K

é ùæ ö+ pæ ö= p ´ê úç ÷ ç ÷ç ÷ è øê úè øë û

ur

2 0

ˆ ˆi j 3ˆF 2 0.5ci B cos K. – 0
2 K

é ùæ ö+ pæ ö= p ´ê úç ÷ ç ÷ç ÷ è øê úè øë û

ur

1

2

F
 2
F

\ =


