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TOSS

(i)
(ii) (iii) (iv)

(i) : 

(ii) : 
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(iii) : 

(iv) : 

(v) : 

(vi)  : 

15.1.1  

AB F O

A B 

M

 (a) (b) A OBM
A OB





 
 

 
.
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 ,   

tan
tan

M 


 (15.1)

s A OB  , AOB, 
A B A B
AO D


   

    tan A B AB
A O D


 

 


.

 tan  tan 

A BA B ABM
D D AB

  
 

(b) s  AOB A OB 

    
A B A O
AB AO
  

 (15.2)

A O D  

        AO u

    
A B D
A B u
 

 (15.3)

f 
1 1 1

u f

 
  

 

,D u u f f     , we get

1 1 1
D u f
 

 

   
1 1 1
D u f

  

D 

1D D
u f
  (15.4)
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1A B D
AB f
 

 

1 DM
f

  (15.5)

D 

D

(a) D 

     

M 


  

 ,   

tan
tan

M 




 i.e.    
1

AB AB
AO AO



1AO D
AO f

 

 
DM
f

 (15.6)
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 15.1

 :

15.5 

1 DM
f

 

D =  f  = 2.5 

251 1 10 11
2.5

M     

15.1.2  

F, 2F 2F 

M

M 






7

-2

 ,   

tan
tan

M 




A B ABM
D D
 



       .A B A B A BM
AB A B AB
     

 
 

2s A B O   and 2A B O   

2

2 e

A OA B D
A B A O u

 
 

  

1s A B O  , ABO  

o

o

A B
AB u

 


e
A Bm
A B
 


 

 o
A Bm
AB
 



. o
e o

e o

vDM m m
u u

   (15.7)

      
1 1 1

e e eu f
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e e e

e e eu f
  


 

       1e e

e eu f
 

 

  fe  e D 

  1e
e

e e

Dm
u f


   (15.8)

1o

o e

DM
u f
  

   
 

 AB  

0o f 

A B 

ou L

0

1
e

L DM
f f
 

  
 

(15.10)

o eM m m 

o

o e

D
u f
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 15.2

 :

 fo = 2 cm fe = 5 cm  fe = 5 cm, 30e   cm. 

eu  

1 1 1

e e eu f
 

30 cm
7eu  .

30 11020 cm
7 7o   

1 1 1

o o ou f
   

1 1 1
110 / 7 2ou

 

   
110 cm
48ou 
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110
487

110 7
48

o
o

o

m
u


  



30
1 730
7

e
e

e

m
u




  


  o eM m m

             
48 (7) 48
7

 
   
 

1. (i)  (ii) 

2.

3.

4.

5.
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(fo)

(fe)

(a)



M 
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M 




 ,   

tan
tan

M 




2 1

1 2

/
/

AB AO AO
AB AO AO

 

o

e

f
f

 (15.11)

 (fo + fe)

(b)



AB 

D 

M 




            
t a n
ta n






D
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2 1

1 2

/
/

AB AO AO
AB AO AO

 

o

e

f
u

 (15.12)

1 1 1

e e eu f
 

1 1 1

e e eu f
 

  
1 1 e

e e

f
f 

 
 

 


1o o e

e e e

f f fM
u f 

 
   

 
(15.13)

fo = + fo, e  = –D,   fe = + fe ,

1o e

e

f fM
f D
 

  
 

(15.14)

15.2.2  

faint
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 fo   fe  

o

e

fM
f



D  d 

B = D2/d 2

Cassegrain

A2 

2

4
DB 



D  d B 
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2 2

2 2

/ 4
/ 4

D DB
d d




 

1.

(a)

(b)

2.

3.

4.

Rayleigh’s Criterion



16

TOSS

15.3.1

 D

θ Rayleigh’s criterion

1.22θ =
D


 
1.

1.22T

DR P
 

 (15.15)

(1842 – 1919)

(a) θ (b) θ  
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Seismology Electronic signal processing

 15.3

 = 5.5   10–7 m.

 :    =  5.5   10–7  D = 3 = 3   10–2 

7
5

2

1.22 1.22 5.5 10 2.236 10 rad
3 10

m
D m









 
   





=α

3
52mm 2 × 10= = = 2.5×10 rad.

80m 80m




-52.5×10  = -52.236×10  

15.3.2  



θ
n
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  2 sin θ
d

n


 (15.16)

 m

2 sin θR.P n


 (15.17)

2n sin  Numerical Aperture

N.A

N.A 

1.

2.

3.

4.

visual angle

1 DM
f

  , D  f 

o eM m m 

1 .e
Dm
f
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1o

o

v DM
u f

 
  

 

vo uo  D
fe

 (i)  (ii) 

 o eM f f

fo  fe 

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.
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15.1
1.

2.

3. 11, 1 .e
DM M
f

     D = 25 f = 2.5  

4. o

e

fm
f

 .

5. 1
o e

L DM
f f
 

  
 

.  fo  fe 

M 

15.2
1. (a)  

(b) 

2. 50 25
2

o

e

f cmm
f cm

  

3.

4.

5.

15.3
1.

2.

3. RP ,
1.22

D


  

8. 21 9. 400 10. 9 times.
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t = 0 
AB 
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AB a, b, c, d 
AB 

a, b, c, d 
r = vt 

 v t
CD, t = T 

t = 0 O
A, B, C …, 

 t = T 

A, B, C … 

T 

1. relative orientation 

2. t = 0  t = 3 t = 6 

Thomas Young
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(Thomas Young (1773-1829)

astigmatism

S
S

S1, S2

S
S1, S2

S S1, S2 

S1, S2 

C 

(a) Constructive Interference

C
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(b) (Destructive Interference) 

(c) (Intensity of fringes) 

δ P 
 y1, y2

1 siny a t

 2 sin δy a t 

δ  

y = y1 + y2

sin sin ( δ)a t a t   

[sin sin ( δ)]a t a t   

   
δ δ2 sin cos
2 2

a t   
     

   

       
δsin
2

A t 
  

 

A 

 2 cos δ 2A a
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P 

2I A  

 2 24 cos δ 2a (16.1)

 :  δ 0, 2π, 4π,..., 2 πn  

I = 4a2 cos2 0

  = 4a2

 :  When,  δ π, 3π, 5π,......, 2 1 πn   

I = 4a2 cos2  δ 2

  = 0

4a2 

π

(d)  (Phase Difference and Path Difference) : 

S1, S2

P

2 1S P S P  

2 π  

δ   

Δ =
2





 
 
 

(16.2)

2n
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 Δ = 2 ; 0, 1, 2,...
2

n n n 
   


 


(16.3)

(Δ) = ( 2 ) (2 1)n   

 2 1 ; 0,1, 2,...
2

n n
   (16.4)

Δ D
(d) P 

2 1 2Δ sin θS P S P S A d   

θ  

sin θ tan θ θ 

    sin θ /x D

sin θ dd x
D

   (16.5)

n( )d x n
D

 

n( ) ; 1, 2, ...n Dx n
d

 


(16.6)

n
1( )
2

d x n
D

 
   



n
1( ) ; 0,1, 2, ...
2

Dx n n
d

 
    


(16.7)

(e) (Fringe width) : 
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3( ) 3 Dx
d




  2( ) 2 Dx
d




β

     3 2β = ( ) ( ) Dx x
d

 


(16.8)

n

4a2
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1.

2.

3. S1, S2 

4.

(a)

(b)

10–6 
10–6 
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16.3.1  
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QPR ...  Q

P
P Q, R 

Q, Q

‘a’ 

 O 
 O

 O
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 O O

P

λ

2


P 

P 
P 

2 λ

2


λ

P P1 P

3
2


P 

P
1
3 P O

P O P

1.
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2.

3.

S1, S2 

a
S1 S2  S2 

S2 S1  
S2 b

S2 

 O 
a

a b
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AO 
OR OT 

r ip 

sin sin
sin sin (90 )

p p

p

i i
r i

  


  
sin

tan
cos

p
p

p

i
i

i
 

ip 
ip = 53° 37° 

quinine iodo sulphate
dichoric

1.

2.
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3.

4.

ms–1

3.8  10–7 m 5.8  10–7 m

AB AC 
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AB

AC
PQ (Vio-
let Indigo Blue
Green Yellow Orange
Red VIBGYOR

MR MV 

MR, MV PQN

v, r 

 16.1

nm 
nm nm nm

 :  

v
c

 

c v 

 c = a,  v = m 

a, m  

a a

m m

v
v
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384 nm 

9

1 9

600 10 1.56
384 10

m
m







 



589 nm 

9

2 9

600 10 1.02
58.9 10

m
m







 



760 nm 

9

3 9

600 10 0.8
760 10

m
m







 



(

–


)

(

–


)








 

16.5.2  

i  A
ABC AB PQ

QR AC RS 
A = BAC AB,  AC NQ,
MR O

NQP
= i, MRS = e, RQO = r1,
QRO = r2 

AB  AC 

PQ
RS D

()
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MDR =  QDR 

 = DQR + DRQ 

=  (i – r1) + (e – r2)

 = (i  +e)  – (r1 + r2) (16.9)

360°  AQOR 

AQO = ARO = 90°, NQ, MR  AB AC 

QAR + QOR = 180°

A + QOR = 180° (16.10)

QOR 

OQR + QRO + QOR = 180°

r1 + r2+ QOR = 180° (16.11)

r1 + r2= A (16.12)

i + e – A

i + e = A +  (16.13)

i 
 i 

i 

m

e
e = i

 m

e = i

i 
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(16.13)   m 

2
mAi  

   (16.14)

e = i, 

r1 = r2  =r 

(16.12) 

      2
Ar 

  (16.15)

    

sin
sin 2
sin sin

2

mA
i

Ar





 
 
   (16.16)

(16.16) 

m m 

A i, r

sin i = i, sin r = r, sin e = e 

1 1

sin
sin

i i
r r

  1i r 

2 2

sin
sin

e e
r r

   2e r 

     i  +e  =   (r1 + r2)

(16.17), (16.18)

A = A + 

 ( ) A (16.17)



v R 
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v > R

v > R  

16.5.3  

v – R 

Y

() 

v R

Y

δ δω =
δ


(16.17)

.           
v R

v

(μ 1) A (μ 1) Aω =
(μ 1) A

    

 

 
v R

Y 1 -1
  

 

 
 


(16.18)

 16.2

30

 :

 A 

1 0.6δ = (1.6 1) 0.3 18
2 2


     

 16.3

A A/2
A = 60o

 :  

mA +δsin
2μ =

sin (A/2)
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m A/2 

.

/ 2 3 3sin sin sin
2 4 4 2 1.4

sin  ( / 2) sin sin
2 2

A A A A

A AA


     
     
         

   
   
   

1.

2. 

3.

4.

16.18(a) 

Descartes

 137°29 42°31

43° 

 41° 16.18 (b)



42

TOSS

231° 234° 
51° 54°

16.19

16.20

(a)

137°29
 (b)
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exposed

90° 

4

1I 


I 
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 16.4

3934Å, 5890Å 
6867Å 

 : 4

1I 


 3934Å 

X

IIS Indian Institute of Science, Bangalore

(A)

 16.5 

 :
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(B)

5000Å

(C)

90° 

16.22

1.

2.

3.

4.
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 = 2n , 
= (2n +1) .

   

(VIBGYOR). 
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4

1I 


 
 
 

. 

1.

2.

3.

4.

5.

6.

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

7. 2 mm 
100 cm. 

5 cm 

8.

9.

10.

11.
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12. 60° 

13.

14. i + e = A +  

15.

16.

17.

18. 60° 39°. 

19. 2.84°, 3.28°,
3.72° 

20.

C = 1.6444, D = 1.6520, F = 1.6637, C, D & F 

21.

22.

16.1

1. ( = /2)

2. ½

16.2

1.

2. 2

3.
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S1, S2 

4.

(a)

(b)

(c)

16.3

1.

2.

3.

16.4

1.

2.

3. 90° or 270°

4.

16.5

1.

2. r > v 

3.

4.
sin 60 3 1.732
sin 30
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16.6

1.

2.

3.

4.

7. 0.1 mm

12. 1.73

13. 54°

18. 1.5

19. 0.27

20. 0.03
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17
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 (Frictional Electricity)

a
b

a b
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17.1 a

17.2 b
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e

Q Q = +Ne N

e e

e e

–e +e

e

Q = +Ne

Q1 = 1 × 1.6 × 10–19 = 1.6 × 10–19 C

Q2 = 2 × 1.6 × 10–19 = 3.2 × 10–19 C

Q3 = 3 × 1.6 × 10–19 = 4.8 × 10–19 C 

2 × 10–19 C  3 × 10–19 C  4 × 10–19 C 

1. q = +3.2 × 10–17 C.

(i)

(ii)
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2. A, B A +Q 

(i) B 

(ii) A, B B  B 

3. q = 4.8 × 10–16 C. 

(Take e = 1.6 × 10–19 C).

 q1 q2 r

– 1 2F (q q ) 

– 2

1F
r



–

–

F

1 2
2

q × qF = k
r (17.1)

k k q1, q2, r 

1 2
2

0

q ×q1F =
4πε r

 
   (17.2)

0

1k =
4πε

 0 

1k =
4πε

.  
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1 2
2

1F
4

q q
r
 

   

SI (C)

SI k
2

9
2

0

1 N mk = = 9 ×10
4πε C (17.3)

0 = 8.85 × 10–12 C² N–1 m–2.

9 × 109 N

e  = –1.60 × 10–19 C

1 2
2

q × qF = k
r

 
  

   9
2

1 × 1= 9.0 × 10 ×
1

   = 9.0 × 109  1010 N

kg mg = (5000 × 10) N

= 5 × 104 N.
g  10 m s–² 
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5 × 104 × 10,000

= 5 × 108 N

 5 × 108 × 10 = 5 × 109 N  1C 

5000 kg 

Q = 1 C

n = ?

e = 1.6 × 10–19 C

Q = ne

1C = n × 1.6 × 10–19

19

19

1 1 × 10n = =
1.6 × 10 1.6

1810n = × 10
1.6

18100n = 10
16



n = 6.25 × 1018

n = 625 × 1016 

SI

q1, q2 r

0

ε
ε
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0
r

0

F ( ) ε ε
F( ) ε

 

r 

q1, q2 r q1  q2 

F12 q2 q1 F21 q1 q2 

12

 
r̂ (a)

1 2
122

12

q q
 

ˆ= k
r12F r

(17.4)
17.3(b) 

1 2
122

12

q q
 

ˆ= k
r

21F r (17.5)

F12 = – F21 (17.6)

1 2
2

q q
 

ˆ= k
r

 
  12 12F r (17.7)

r q1 q2 (a) 
(b) 
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q1, q2, q3, q4, 

q1 

1 2
2

12

q q
 

ˆ= k
r12 12F r

1 3
2

13

q q
 

ˆ= k
r13 13F r

1 4
4 42

14

q q
 

ˆ= k
r1 1F r (17.8)

q1 F

F = F12 + F13 + F14 + … (17.9)

 17.1

+q1 = 12C +q2 = 6C

4.0 m 

q1, q2  q3 

q3 

 :

q3 q1, q2 q1 x q3 q1

q2 q1, q2

q3 q1  

1 3
31 31 12

31

q q
 

ˆ= k q
r

F r


3 1

31 2

q q= k
x

F

q1, q2 q3



60

TOSS

q3 q2 

 
3 2

32 22

q q= k q
4 x

F

q3 F31 = F32

 
3 3

22

12q 6qk = k
x 4 x

  
     

6q3k 

 
22

2 1=
x 4 x

2 (4 – x)2 = x2

 x2 – 16x + 32 = 0

x = 2.35 m x =  13.65 m x =  13.65 m q3

q2 q3 q1 q2 q3 q1

m

q1 q2 q1  q3

q2  q3

 17.2

6.0 × 10–10 C 2.0 m 

 :

1 2
2

q qF = k
r


q1 = q2 = 6.0 × 10–10C  r = 2.0 m 

9 2 2 10 2

2 2

(9×10 N m C )×(6.0 ×10 C)F =
2 m

 

  
9 209 × 10 × 36.0 × 10= N

4



   = 81 × 10–11 N
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1. q1 = 16µC q2 = 9µC, 12 m

q1 q2

q2 q1 

2. – q +q +q 

AB = AC – q

q0 F

q0  E 

0

=
q
FE (17.10)

g = F/m0

E F E

0q 0
0

= lim
q

FE (17.11)

SI 

SI NC–1 F

E

q0 infinitesimally q

q0(< < q) (a) 
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A, B, C, D
q0 F q ~ q0

17.6 (b) 
q0 F 'F

q0 q q0

'F F 

q r  q0 q0

0
2

qq
 

ˆ= k
r

F r (17.12)

2

q
 

ˆ= k ×
r

E r (17.13)

q E q q 

E q

(a) (b) 
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q1, q2, q3, ..., P

1 2
1 22 2

1 2

q q
 

ˆ ˆ= k × , = k ×
r r1 2E r E r  3

32
3

q
 

ˆ= k ×
r3E r (17.14)

P 

E = E1 + E2 + E3 + …

N
i i
2

i=1 i

 
ˆq= k

r
rE (17.15)

P qi i

 
r̂

 

î
q P

E q 

F = qE (17.16)

 17.3

 q = 3.5µC 8.5 × 10–4 N

 :

4

6

F 8.5 × 10 NE = =
q 3.5 × 10 C





  = 2.43 × 102 NC–1

 17.4

P

 :  P

q0 

P

P
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1. + Q 

P 

(a) + x-   (b) + y-  (c) x = 4   y = 4 

2.  ABC  AB = AC = 40 cm A 

30°.  2 × 10–6 C 

B, C 

 A 

3.

4. D

H2O +q

–q 2l

P 

P = q × 2l (17.17)

SI 

P

P
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end-on A, B –q +q 2l

AB O r P

P B +q

 
2

q= k ×
r l1E   AP  

P –q E2

 
2

q= k ×
r + l2E   PA  

[E1 E2  P E E1 (r – l) (r + l)

]

2 2

kq kq=
(r ) (r + )l l




E

   
2 2

1 1= kq
r r +l l

 
 

  

   

 

2 2

22 2

r + r
= kq

r

l l

l

 
 

 
 
 

 
22 2

4 r= kq ×
r

l

l

 

 
22 2

2 q 2r
= k

r

l

l

 
22 2

2 r= k
r l

P

 P = 2lq; k = 1/40, 

 
24 2 2

0

2 r= ×
4πε r 1 / rl

PE

r >> l, 
2

2r
l

 l
2

2r
l
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3
0

2=
4πε r

PE (17.18)

P

Broad-on

O r P 

AB = 2l OP = r AO = OB = l (a) 

PAO PBO

2 2AP = BP = + rl

P +q  B

2 2

q= k
+ rl1E  BP 

P –q 

2 2

q= k
+ rl2E  PAA

E1, E2 

AB E1, E2 AB 

E1 cos  E2 cos 

 (a) P b
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AB E1 sin  E2 sin 

P

[ 17.12 (b)]

E = E1 cos  + E2 cos 

  2 2 2 2

q q= k cosθ + k cosθ
+ r + rl l

 2 2
cosθ  =  .

+ r

l

l
 P

   
2 2 2 2

kq 2E = ×
+ r + r

l
l l

   
3/22 2

2 q= k
+ r

l

l

   
3/23 2 2

2 q= k
r 1+ / r

l

l

P = 2lq
0

1k =
4πε

;  r2 >> l2  
2

2r
l

 

3
0

E =
4πε r

P
(17.19)

P

‘E’ 3

1
r

End - on   Broad - on 

End-on  Broad-on 



68

TOSS

17.13 

x-  +q

 qE +x – q –x

      =  × 

= qE × y

= qE × 2l sin 

= pE sin 

 = p × E (17.20)

–  = 0, 

–  = 90°, pE 

 17.5

6.0 × 10–6 C, 6.0 × 10–6 C

4 × 10–10 m. E = 3.0 × 102 NC–1

30° 
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 :     p = qd

= (6.0 × 10–6C) × (4.0 × 10–10 m)

= 24 × 10–16 Cm.

 = pE sin , 

  = (24 × 10–16 Cm) × 3.0 × 102 NC–1) sin 30°

   1472= × 10 Nm
2



   = 36 × 10–14 Nm

–q +q

a
b
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(a)

P

(b) 

r +q 

2

qE = k×
r

(a) 
(b) 
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s

s s

 s  E 

= E . s



i

N

E
Δs 1

=


 i iE Δs (17.21)

E s 

E 2

q= k × Σ Δs
r



4r2

    2
E 2

q= k × × 4π r
r



= 4  k × q

k = 
0

1
4  

E
0

1= × 4πq
4πε



    = q/0 (17.22)

 q 
0

1
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 (Electric Field due to a Point
Charge)

r

E 

s E

N

E 0
i = 1

= = q/ε  i iE .Δs

cos  = 1 E 

E = E × 4r2

q/0 = E × 4r2

 2
0

qE =
4πε r (17.23)

E q0 q0 

F = q0 × E

0
2

0

qqF =
4πε r (17.24)

+q 
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 (Electric Field due to a Long Line
Charge)

l 

+q 
r P

E
s l

q = ll 2 rl.

(cos
90° = 0) 

   E = E. s

= E × 2 rl

E = q/0 

E × 2 rl = 
0 0

q ll


 

0

σE =  
2πε r

l
(17.25)

r E 
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1.

(a)

(b)

(c)

2. 3.0 × 106 NC–1 

5.0 cm

3. (a) (b) 

kV

W

W
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1 2
2

q × q
 

ˆ= k  
r

F r

9 2 2

0

1k = = 9.0 × 10 Nm C
4πε



e = 1.60 × 10–19 C

e

q q0

0 2

q
 

ˆ= /q = k ×
r

E F r

|p| = qr, p



76

TOSS

end-on 

broad-on 

3
0

1 2=
4πε r

pE

3
0

1= .
4πε r

pE

E

E = E. A.

0

1
ε

 

l

0

σE =  .
2πε r

l

1.  x x =20 cm + 12 C x = 29 –18  C (– q) 

18C 12C 

2. 3.0 m q1, q2 16 × 10–15 N

6.0 m 

3. A, B x +q

F +q

x 

4. 10–13 m 
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5. 16 cm

7.5 × 10–10 N k = 2.5 

6. x

1.60 × 10–19 C 1.67 × 10–27 kg

G = 6.67 × 10–11 Nm2kg–2.

7. +q

q0

8.

9. 6.4 × 10–7C

10. q = 3.0 × 10–6 C 2l = 4 × 10–10 m

r = 6 × 10–6m

11. 3.0 mm –q = 15 × 10-6 C

r =15 cm

9.0 mm

12. 20 cm +15C

13. E = 8.0 × 104 NC–1

14. q1, q2 3.0 cm (q1 + q2) = 20

C 750 N q1, q2

17.1

1. (i) (ii) = 3.2 × 10–17 C.
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2. + Q  A  A, B 

(i) (ii) + Q/2

3. q = 4.8 × 10–16

Ne = q 

16
3

19

4.8×10N = = 3.0 × 10
1.6×10



  

17.2

1. Q1 = 16 C, Q2 = 9 µC  r = 12m

1 2
2

0

q q1F =
4πε r

    
 9 2 2 6 6

2

(9×10 Nm C )(16×10 C)× 9×10 C
=

144m

  

 = 9 × 10–3 N

(i)   q2 q1 

(ii)  q1 q2 

2. B A 
2

1 2

qF = k
a

AB = a.  AB = AC 

B A 

2

2 2

qF = k
a

2 2 2 2
1 2R = F + F = 2F

45° R =  F 2

17.3

1. (a) E + x 

(b) + y 

(c)  x 45° 
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2. AB = AC = 40 cm

 9 2 2 6

2 2

9×10 Nm C × 2×10 Ckq= = =
r (0.40m)

 

1 2E E

    5 1= 1.125×10 NC

E1, E2  BC 

R2 2 2
1 2 1 2= E + E + 2E E cos150

 = 2 E2 + 2 E2 cos (180 – 30)

2 2 2 3= 2E 2E × cos 30 = 2 E 1+
2

 
  

 

10 2= 4.723×10 N C

BC BC 

3. E 

4.

17.4

1. (a) (b) (c) 

2. 2
0

QE =
4πε r

2
0Q = 4πε r E

      
 

 6 1 4 2
9 2 2

1= 3 × 10 NC 25 10 m
9×10 Nm C

 


  

     = 8.3 × 10–7 C

3. (a) F = 0,  = 0

(b) F  0  = 0

1. x– 240N, +12 µC +x 

2. F = 4 × 10–15 N

3.
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4. 92.16 × 10–3 N

5. 3 × 10–10N

6. 1036 

7.

8.

9. 4 × 1012 

10. 12 × 10–16 Cm. 0.5 × 1015 NC–1

11. 6 × 10–6 NC–1 

12. 1.7 × 106 NC–1 m2

13. 7.6 × 1012 ms–2

14. 15µC 5 µC.
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(E) (V)

18
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A, B q0 

A B

WAB = q0 (VB – VA) (18.1)

A, B 

AB
AB B A

0

WV = V V =
q

 (18.2)

VA, VB A, B 
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SI volt

O +q P 
OP = r.

P q
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P

p 2
0

1 qE = ×
4πε r (18.3)

A 

A 2
0 A

1 qE =
4πε r (18.4)

P, A EP, EA EAP 

AP A pE = E × E

2 2
o A o

1 q 1 q= ×
4πε r 4πε r

0 A

1 q=
4πε r r (18.5)

q0 

0
AP o AP

0 A

q q1F = q E =
4πε r r (18.6)

 q0  A P 

AP AP APW = F × r

 o
A

0 A

q q1= × r r
4πε r r



0

0 A

q q 1 1= ×
4πε r r

 
 

 
(18.7)

rAP  A, P 

B A 

0
BA

0 A B

q q 1 1W = ×
4πε r r

 
 

 
(18.8 a)

C B 
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0
CB

0 B C

q q 1 1W = ×
4πε r r

 
 

 
(18.8 b)

P 

0

0 A A B B C

q q 1 1 1 1 1 1 1W = × + + ...+...
4πε r r r r r r

 
    

 

0

0

q q 1 1= ×
4πε r

 
 
 

0

0

q q=
4πε r (18.9)

P
0

WV =
q

   
0

1 q=
4πε r (18.10)

q
 q

q1, q2, q3,…, 

     V = V1 + V2 + V3 + ...

i

i=1 0 i

q=
4πε r



 (18.11)

A, B A – q B +q 2l  

O r,  P

P 
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OP = r, BOP = , AP = r1 BP = r2

A, B P 

 
1

0 1

q1V = ×
4πε r



2
0 2

1 qV = ×
4πε r

P 

V = V1 + V2

0 2 1

q 1 1V =
4πε r r

 
 

 
(18.12)

A, B  OP AC BD

 BOD OD = l cos ,  OAC OC = l cos 

AB<<OP PB = PD PA = PC 

PA = PC.

r1 = r + l cos 

r2 = r – l cos 

   0

q 1 1V =
4πε r cosθ r + cos θl l

 
 

  

 

 2 2 2
0

2 cosθq=
4πε r cos θ

l
l

 
 

  

2
0

q × 2 cosθ=
4πε r

l

l << r l2 cos  r2 

P (P = q × 2l )

2
0

cosθV =
4πε r
P

(18.13)

P
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I : P q (= 0)

cos 0 = 1

2
0

V =
4πε r

P
(18.14)

II : P q (= 180°),

cos 180° = –1

2
0

V =
4πε r


P

(18.15)

III : P AB 

 = 90°, cos 90° = 0

V = 0 (18.16)

a b
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q1 r1

P1 q2

q2

r2 P2

P1P2 = r12

P1 q1 P2

1
2

0 12

q1V =
4πε r (18.17)

q2 P2

W = (P2 ) × 

q1, q2 U

1 2

0 12

q × qU =
4πε r (18.18)
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1 3 2 31 2

0 12 13 23

q q q qq q1U = + +
4πε r r r

 
 
 

(18.19)

U = Vq = – pE cos = – p.E (18.20)

P E  p E

E r A, B 

A, B V A

B

V = ( ) × (AB)

     = E. r = E (r) cos 180O

     = – E r

ΔV=
Δr

E (18.21)

ΔV
Δr

potential gradient

A BV VE =
d


(18.22)

VA, VB d A, B
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 18.1

1.6 × 10–19 C 

 :

VAB  = WAB / qO

VAB  = 10 V, q0 = 1.6 × 10–19 C, 

WAB = (10V) × (1.6 × 10–19C)

      = 1.6 × 10–18 J

 18.2

q x

400 V 150 NC–1 x q 

 :
VE =
x

400150 =  
x

 x = 2.67 m

2
0

1 qE =  
4πε x

9 2 2 1

0

1 = 9× 10 N C m , E =150 N C , x = 2.67
4πε

   

   
21

9 2

150 N C × 2.67 m
q =

9×10 N C





= 11.9 × 10–8 C

1. +q R

r ( > R) 
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2. q r 

3. V E

4.

5.

(a) ABCD
FGHK 

  (b) 
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E (a)
ABCD 

FGHK 
ABCD FGHK E1 

E E E1 FGHK ABCD
10–16 s

cavity (b)

enclosed

metallic body

+Q,  – Q

V

Q V

Q = CV

C = 
Q
V (18.23)

C 



93

-2

 V

SI  farad (F)

11 =
1 (18.24)

F pF

10–6  F 

10–12 pF 

r q V

0

1 qV =  
4πε r

C = 
q
V , 

0 9
0

q rC = = 4πε r =
q/4πε r 9×10 (18.25)

9 × 109 

0.18 m 

90.18C = × 10 F = 20pF
9
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A A q V

A C  =
q
V q

B A

B

A +q B

a B

A B A

B b B

A B

A

B A

A d

battery +q

–q

E 

d
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0 0

σ qE = =
ε ε A

V = Ed

d

0
0

q qC = =
V qd / ε A

0ε A=
d (18.26)

0k ε AεAC =  =
d d



K

C = KC0 (18.27)

(Relative Permittivity or Dielectric Constant)

q1, q2  r 

1 2
v 2

0

q q1F =
4πε r (18.28)

0
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1 2
m 2

q q1F =
4πε r (18.29)

 

v̂
r

m 0

F ε= = ε
F ε (18.30)

r K

  0

K =  

   
m

0

C=
C

Cm = KC0 (18.31)

K =  K  6,  K = 3.6
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V 

q1, q2, q3 

q1 = C1V

q2 = C2V

q3 = C3V (18.32)

q

q = q1 + q2 + q3

q = (C1 + C2 + C3 + …) V (18.33)

Cp

q = Cp V

q = CpV = (C1 + C2 + C3)V

n

n

p 1 2 3 i
i=1

C = C + C + C = C (18.34)

V C1 +q 
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q

q

V1 V2 V3

1 2 3
1 2 3

q q qV = , V = , V =
C C C      (18.35)

Cs 

s

qV =
C

V = V1 + V2 + V3 (18.36)

s 1 2 3

q q q q= + +
C C C C

s 1 2 3

1 1 1 1= + +
C C C C (18.37)

n Cs 

n

i=1s i

1 1=
C C

1.

(a)
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2.

(b)

3.

A C

(a) (b)
(c) 
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 18.3

22.0 µF 

d
d
2 K = 5

 : 

0
0

ε AC = = 22.0 μF
d

0 0
1 0

K ε A 2K ε AC = = = 2KC
d/2 d

0 0
2 0

ε A 2ε AC = = = 2C
d/2 d

C 

1 2

1 1 1= +
C C C

1 2

1 2

C CC =
C +C

  
0 0

0 0

2 K C × 2C=
2KC + 2C

  
02KC=

K + 1

  
610 × 22 × 10 F=

6



   = 36.7 f
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1.

2. E d 

3. C0, E0, V0

K C, E, V 

4. 50 cm 
1.0 µF

q
V

0+ V V q= =
2 2 2C

 W = × 

   
2q 1 q= q =

2C 2 C

U

2
21 1 q 1U = qV = = CV

2 2 C 2
(18.38)
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(a)

CO2 

(b)

NH3, HCl

E

p

p =  0 E



ABCD

E
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Ep E

E  = E - Ep (18.39)

C = 
q
V  V = Ed 

Gold leaf electroscope
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 1. C1 = 12 mF C2 = 4 mF 

(a) (b) 

2.

3. C = 8 mF 12V 

(a) Q

(b) K = 5 

(c)

(d)

4. C0 

V0 K

(a) 

(b) 

(c) 
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K

1. q = 20 C 30 cm P 

2. 200 C q1, q2, q3 
A, B, C 10 cm

3. 3 mm 12.0 V
E 

4. +e, – e 4.0 × 10–10 m

5. A, B 15 V
(m = 1.67 × 10–27 kg) A B B
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6. Vq (½) mv2

7.

8. r +q

9. C0

V0 +q0 d

K = 3 

(i) (ii) (iii) (iv)

10. A, B 16V

 C1 = 2 F, C2 = 4 F, C3 = 8 F,

C4 = 3 F, C5 = 3 F

(a) A, B 

(b) 

(c) 

11. 8 F

K1 = 3.0,
K2 = 6.0.

12.

13. 3.0 F 12.0 V

K = 7

B
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14. E = 2.0 × 104 NC–1 P = 3.5 × 10–15 Cm

60° (a)

(b)

15.

12 F 8 mm

18.1

1. r (r > R) 

0

1 qV =
4πε r

2.

3.
dVE =
dr

   V  E = 0.

A BV VE = .
d


  VVA = VB, E = 0

4. . E = 0 

5.

18.2

1.
Q

Q Q× QC = = =
V

2Q=
N.m.
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QA =
s

2 2 2Q = A s  
2

m= kg
s

2 2 2 2 4

2 2

2

Q A s A s= = =
mNm kg mkg
s

   = A2 s4 (kg m2)–1

2. E 

VA – VB = E × d.

3. C0, E0, V0 

C, E, V 

0 0

0

V ECk = , k = k = .
C V E

4. C = 1.0  F = 1.0 × 10–6 F.

d = 50 cm = 0.5 m.

0ε AC =
d

0

A = .Cd


   0 = 8.85 × 10–12 

6

12

1.0 10 0.5A
8.85 10





 




   
7

12

5 10
8.85 10










   = 0.56 × 105 m2

18.3

1. (a) 3 mF (b) 16 mF

2. 12.2 F

3. (a) 96 mC (b) 96 mC (c) 2.4 V (d) 40 mF
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4. (a) 2
0 0

1 C V
2 (b)  

 
2

0 0 2
0 0

0

C V1 1= C V
2 C R 2k

(c)  

1. 6 × 105 V

2. 1.08 × 104 J

3. 4 × 103 Vm–1

4. – 5.76 × 10–19 J

5. 1.49 × 109 ms–2

10. (a) 
37 μF,
14

(b)  
128 128 128μC, μC, μC, 24μC

7 7 7

(c)  
64 32 16V, V, V, 8V, 8V
7 7 7

11. 36 F.

12.
16 μF
5

13. 1 : 7

14. (a) 3.5 × 10–11 J (b) 6 × 10–11 Nm.

15. 32 F
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e.m.f.

19
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A

t 

q 

av
ΔqI =
Δt (19.1)

dqI =  
dt (19.2)

A
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1.

2.

SI A :

11 =
1 (19.3)

1 mA = 10–3 A   1 A  =

10–6 A

Holes

A x 

A x n 

nAx e q =

nAxe d t x = dt q

x 

q = nAe d t

d
Δq = I = nAeν
Δt (19.4)

A d

x nAd t
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I
V

I V

V  I

V = RI


V = R
I (19.5)

R

 I–V (a)

(a) (b)
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SI  

I–V (b)

1.

2.

3.

4.

5. (a) P1, P2  

(b) 

(c) 

6. I–V 
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I–V

l1, l2, l3

A, B l1 I1  

l2, l3

I2, I3 l–1, I 

 (a)

I–V 
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R  l (19.6)

A1 , A2 , A3 
A, B 

I1, I2, I3 I, A 

19.7 (b)

1R
A

 (19.7)

R
A
l



R = ρ
A
l

(19.8)



RAρ =
l (19.9)

l = 1 m, A = 1 m2  = R 

m 

(a) I 1 l (b)
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1σ =
ρ (19.10)

 19.1

220 V  0.2 A

 :

V 220 voltR = = = 1100
I 0.2amp.



 19.2

6.0 × 1016

 :

Q = ne = 6.0 × 1016 × 1.6 × 10–19 C = 9.6 × 10–3C



3ΔQ 9.6 ×10 CI = =
Δt 1s



  = 9.6 × 10–3 A

  = 9.6 mA

 19.3

A, B A B

 :

A 2
A

R = ρ
π r

l
  B 2

B

R = ρ
πr
l



118

TOSS



2
A B

2
B A

R r=
R r

A = 2 × B ,  rA = 2rB.

 B A 

 19.4

 60.0 m .5 cm 5.0 V 

2.5 A 

 :

V 5.0VR = = = 2.0Ω
I 2.5A

= 0.5 cm = 5.0 × 10–3 m

A = R2 = 3.14 × (5.0 × 10–3)2 m2 = 78.5 × 10–6 m2



-6 2
62.0 × 78.5 × 10 Ωmρ = = 2.6 × 10 Ωm

60.0m


1. (a) l  I

(b)

2. l A 2 × 10–8 m 2l

2A 

3. 3 m 2 cm2 8 V 

0.15 A 

4.

5.

5 × 1017 
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R1, R2 

A, D V

 I R1, R2 V1, V2

V1 = IR1, V2 = IR2 V1, V2 V 

 V = V1 + V2 = I R1 + I R2

 R 

V = IR = I (R1 + R2)

 R = R1 + R2

R = R1 + R2 + R3 + R4 + . . . (19.11)
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n nR 

V
n

 V = V1 + V2 

V = IR1 + IR2 = (R1 + R2)I

V = (R1 + R2)I

1 2

VI =
R + R

R1 V1 = IR1

 
1 2

VI =
R + R

 

1
1 1 1

1 2 1 2

RVV = R V = V
R + R R + R

   
    

   

R2 

2 2
1 2

VV = IR but I =
R + R

2 2
1 2

VV = R
R + R

 
 
 

dc source
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2

2
1 2

RV = V
R + R

R1, R2 V

I R1, R2  

I1, I2

 I1, I2 I 

 1 2
1 2

V VI = I + I = +
R R

R,  V = IR or I = V/R:

1 2

V V VI = = +
R R R


1 2

1 1 1= +
R R R (19.12 a)
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or
1 2

1 2

R RR =
R + R (19.12 b)

a

1 2 3 4

1 1 1 1 1= + + + +...
R R R R R (19.13)

2  2 V

A 2  

 2 A

mains

 I = I1 + I2

1
1

VI =
R 2

2

VI =
R

1 2

V VI = +
R R

main supply 220 V 
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1 2

1 2

R +RI = V
R R

 
 
 

1 2

1 2

R RV = I
R + R

R1 1 2
1

1 1 2 1

R RV 1I = = I ×
R R + R R

2
1

1 2

(R )II =
R + R (19.13 a)

1 2
2

2 1 2 2

R RV 1I = = I ×
R R + R R

1
2

1 2

(R )II =
R + R (19.13 b)

 19.5

I2 R2 

 : R1, R2 

R 

1 2 2

1 2 2

R R 10RR = =
R + R 10 + R

50R = 5
10

 


2

2

10 R = 5
10 + R

  10 R2 = 50 + 5 R2 R2 = 10 

R1, R2 

 I2 = 5A
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 19.6

e \ j áÖ “ ¿ì  a, d 

 :

15 , 3 

1
15×3 45 5R = Ω = = = 2.5Ω
15+3 18 2

5, R1 = 2.5, 7 a, d

R = (5 + 2.5 + 7) = 14.5

  19.7

network (i)  b c  (ii)  c d

(iii) a e 

 :

(i) (5, 10 and 30) 

1

1 1 1 1 6 +3+1 10= + + = = Ω
R 5 10 30 30 30

R1 = 3
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(ii) 2, 4 

R2 = (2 + 4) = 6

(iii) 7, 3 

3

1 1 1 3 + 7 10= + = =
R 7 3 21 21

 
 
 

3
21R = Ω = 2.1Ω
10

R1, R2 

R4 = R1 + R2 = (3 + 6) = 9

R4, R3 

5 4 3

1 1 1= +
R R R

    
1 1=
9 2.1


1 10 37
9 21 63

  

    5
63R = Ω = 1.70Ω
57

(iv) R5, 3 

R = (1.70 + 3) = 4.70 

1.

2. 220 V 300 V
TV 

3. A, B 

4.
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colour
R = AB × 10C , D

A, B, C

–

–

– tolerance

Colour codes

B 0 1

B 1 101

R 2 102

O 3 103

Y 4 104

G 5 105

B 6 106

V 7 107

G 8 108

W 9 109

For color code remember BBROY Goes to Bombay Via Gate Way.



127

-2

BB Roy  Goes to bombay  Via  Gate Way

(blue) (Grey) (Green)

(Silver)

(Blue)

(Grey)

(Green)

Silver 

68 × 105 ± 10%

= 68 × 105 ± (68 × 105 × 10/100)

= 68 × 105 ± 68 × 104

= (6.8 ± 0.68) M

 = 0 [1 +  (T – T0)] (19.14)

 T, T0, , 0 °C

  °C K
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yttrium
–181°C (Tl2 Ba2 Ca2 Cu3O7)

 = 0 + 0  (T – T0)

 

 
0

0 0 0

ρ ρ 1 Δρα = =
ρ T T ρ ΔT





  = ( – 0), T = T – T0

T

19.14(a)

R = R0 [1 +  (T – T )] (19.15)

T1, T2 

R1 = R0 [1 +  (T1 – T0)] (19.16)

R2 = R0 [1 +  (T2 – T0)] (19.17)

2 1

0 2 1 0

(R R ) 1 ΔRα = =
R (T T ) R ΔT




(19.18)

R0 = 1, (T2 – T1) = 1°C,  = (R1 – R2).

0° C 1

(RTD) 

(a) 
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~10–6 °C–1

19.14(b)

emf

R K  (a)

K

K

E

K

r

I 

(b) 

19.15 (a)
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r Ir e.m.f.

E – Ir = V
E = V + Ir (19.19)

19.15 (b)

Vab = E + Ir

19.15 (c) 

 Vab = E – Ir

e.m.f.

–

–

–

e.m.f.

 19.8

0.5 A 20 V

2.0 A 16 V 

 :

E, r I 

Ir

19.15 (b)

19.15(c)
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V = E – Ir

I = 0.5 A, V = 20 V 

20 = E – 0.5 r (i)

I = 2.0 A, V = 16 V 

16 = E – 2r (ii)

(i), (ii)

2 E – r = 40

E – 2r = 16

E = 21.3 V and r = 2.67

spectroscopy

(i)

: 
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A  A

I = I1 + I2 + I3

I – (I1 + I2 + I3) = 0      (19.20)

(ii)

e.m.f

IR = E (19.21)

Electrical network A D C B A

I1R1 – I2R2 = E1 – E2
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DHGCD 

I2R2 + (I1 + I2) R3 = E2

 AHGBA 

I1R1 + I3 R3 = E1

D   I1 + I2 = I3

 19.9

I1, I2, I3

 :

C, 

I1 + I2 – I3 = 0 (i)

 ACDBA  GCDFG 

5I1 + 2I3 = 12 (ii)

3I2 + 2I3 = 6 (iii)

(ii) (iii)  

5I1 – 3I2 = 6 (iv)

(i)  2 (ii) 

7I1 + 2I2 = 12 (v)

(iv)  2 (v)  3 

31I1 = 48

I1 = 1.548 A

 (v) 

I2 = 0.582 A
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(i) 

I3 = I1 + I2 = 2.13 A

19.7.1 

(i) P, Q  AB, BC 

(ii) R 

(iii) S 

(iv) BD K2   G 

(v) AC K1  E 

K1 K2 G

B, D

(i) D B B D

(ii) D B D
B 

(iii) B, D
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P  R B, D

I1P = I3R (19.22)

I1 = I2 + IG

I4 = I3 + IG (19.23)

B, D (IG = 0)

I1 = I2

I3 = I4 (19.24)

 Q S 

I2Q = I4S (19.25)

(19.22) (19.25) 

31

2 4

I RI P =
I Q I S (19.26)

(19.24) 

P R=
Q S (19.27)

(19.27) S 

QRS =
P

P R=
Q S

19.19 (P, Q, R, S)  (19.27)

PS = RQ

P R=
Q S
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(i) (19.27) V

e.m.f.

(ii)

 19.10

50

19.20 R

 : 50

 50 

20 40=
10 R

40 × 10R = = 20Ω
20

1. AB, AD, BD 
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2.

 I1, I2, I3 

A, B K S CD

l  E
 A 

I AB 
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VAB = RI

r

k

R = rl

E = kl

Ek =
l

l1 

1 1 1
EV = kl l
l

        (19.28)

V A

K V > E

E (> V)

K, K1 A,  B 

K1 A B Y' AY

V V AY'XA 

AY'

AY''

V  Y''

AY'' AY'

Y' Y'' Y

AY V X,

Y 

A, Y l1 

1
1

EV = k ll
l

 (19.29)
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V

19.8.3   

E1, E2

K1 E1

E E1, E2

Y1 

AY1 = l1

K2 E2

Y2 

AY2 = l2

E1 = kl1   E2 = kl2

k AB potential gradient

1 1

2 2

E =
E

l
l (19.30)

19.8.4

E1, E2
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E1 ‘r’

R 

K1 

K K

AB I 

K1

E1 Y1

AY1 = l1

E1 = kl1 (19.31 a)

K1 E

E1RK1E1 I1 

1
1

EI =
R + r

r V1 E1 I1r 

V1 

1
1 1

EV = I R = R
R + r

V1 I 

Y2

AY2 = l2. 

V1 = kl2 (19.31 b)

19.31 a, b

1 1

1 2

E R + r=
V R

l
l


1

2

r = R 1l
l

 
 

 
(19.32)

R1, l1, l2,  r 
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19.11

5 m e.m.f.

100 cm 7 m 

 :
 E 5 m 

1
1

Ek = Vm
5



7 m 

1
2

Ek = Vm
7



l2  

1 2 2 2
EE = k
7

l l

2
E E=
5 7

l

 l2 = 7 / 5 = 1.4 m

electron gas 106 ms–1

x x
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10–4 ms–1

106 ms–1

e m E eE

e=
m
Ea



d
ev = τ
m
E

19.4

dI = neAv

  
eE= neA τ
m



  
2Ane E= τ

m


VE =
r

 
 
 

 

2ne A VI = + τ
m l

(19.33)

 2

V m= = R
I ne τ A

l
(19.34)

19.34



143

-2

19.9

2

1 mρ = =
σ ne τ (19.35)

‘t’ ‘R’ ‘i’ ‘q’ 

‘V’ ‘q’ 

W = qV

 qi =
t

  q = it

W = V it.

 V = iR.

2
2 VW = Vit = i Rt = t

R

(J).

2
2 VW = Vit = i Rt = t

R

R 

a b
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 Q

ΔU ΔQ= V = VI
Δt Δt (19.36)

I V 

R 

P = VI

V = IR, 

P = I2R = V2/R (19.37)

SI (W).

(i) 

(I) , (ii) (R)  (iii) (t)

Q = I2 Rt, 

 19.12

220 V 60W 

 :    I = 
P
V   


60 W 3= = = 0.27 A
220V 11

VR =  
I

   
220 V=
3/11A

   
220 11 807

3


   

60 J 60 Wh.

60 × 24 = 1440 Wh
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= 1.440 kWh

1.

2. 20° C 30 40° C 16 

3. 5.0 V R 4.5

a, b 3.0 V 

r 

4. A 45 cm
1.02 V 

30 cm E 

5. E1, E2 

E1, E2 30 cm , 45 cm E2 = 3.0
V E1 

6. 500 0.30 A

7. 40
W, 220 V 100 W, 220 V 220 V 

A 
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V
I R  .

S P, Q, R

P R=
Q S

 d
eEv = τ.
m



2
2 VP = VI = I R = .

R

1.

2.
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3.

4.

5.

6.

7.

8. R1, R2, R3 (i)  (ii) 

9. e.m.f.

10.

11.

12.

13.

14. e.m.f.

15.

16. 1 m 0.1 mm 100

17. 4 m 1 mm2 2 A 

1029

18. 30
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19. 6.0 V 1 

5.8 V 

20.

I R 

21.

22.

(a)  R 

(b)  AB, DC 

19.1

1. (a)  

(b)  

2.

= 2 × 10–8 m

3.
V 8 800R = = = = 53.3Ω
I 0.15 15

4
4

4

ρ 800 3 800 2 10R = ρ ρ 35.5 10 m
A 15 2 10 15 3
l 
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4.

5.
17 19

3n e 5 10 1.6 10qI = = A 0.8 10 A = 0.8 mA
τ t 1


  

  

19.2

1.

2. Voltage stablizer

3.
2 3

1 4
2 3

R RR = R + + R
R + R

   
10= 2 +  7
3


   = 12.3 

4.

19.3

1.
P 6 1= =
Q 12 2   

R 3 1= =
S 6 2

P R=
Q S



 VB = VD I2 = 0

1
V 12 2I = = = A
R 18 3

1
12 4I I = = A
9 3



2. ABCDA 

2I1 + 4I1 + 3I3 = 24

6I1 + 3I3 = 24 ... (1)  2I1 + I3 = 8 ..... (1)
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DCEFD 

–3I3 + 6I2 = 12  2I2 – I3 = 4 ..... (2)

D 

I2 + I3 = I1

(1) 

2I2 + 3I3 = 8

2I2 – I3 = 4

4I3 = 4

I3 = 1A

(2) 

2I2 = 5  I2 = 2.5 A

19.4
1. V = E – Ir

I  V 

2. R20 = R0 (1 + 20 )

R40 = R0 (1 + 40 )

40

20

R 1 + 40α=
R 1 + 20 α

1 + 40α 30.16 0.16= = 1 +
1 + 20α 30 30

20α 0.161 + = 1 +
1 + 20 α 30

  600  = 0.16 + 3.2 

4 10.16 2.68 10 K
596.8

α    

3.
V 3 30 2I = = = = A
R 4.5 45 3

2V =  E Ir 3 = 5 r
3

  

2 3r 3
2
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4.
2 2

1
1 1 1

E 1.02 30 3E 0.51 1.53V
E E 45 2

l
l

      

5.
2 2

1 1

E
E

l
l



1E 2=
3 3

E1 = 2 V

6. P = I2R

= 0.3 × 0.3 × 500

= 45 W.

7. 1
P 40 2I = I = = A
V 220 11

   2
100 5I A
220 11

 

2

1
V 220 220R , R 1210
P 40


    

2
220 220R 484

100


  

16. 3.14 × 10–6 m

17. 32 ms.

18. (i) 90

(ii) 10

(iii) 45

(iv) 20

19. 29

20. I = 1A, R = 12

22. (a) R = r = 1 (b) I = 2.5 A
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(Fe3O4) 

(Fe3O4). 
 

20
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1.

.

2.

3.

4.

5.

magnetic induction

B
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 20.3 : 

B

B

S1 S2

S1 S2

S1 

S2

S1

S2

P 
Q

Closed curve

1.

2.

3.

 20.2 : 
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l m (N-S) B



(mB) (mB) 

() 

  =  × 

. 20.4 ,  l sin 

 = (l sin ) × (m B)

= (ml) B sin  (20.1)

 M (= ml).

= MB sin  (20.2)

,

τ = M × B
  

(20.3)

mU = MB sin θ dθ

Um = –MB cos  (20.4)

 20.4 : B 
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 = 0° (= –MB) , = 180°

(= +MB) 

B B

(B) SI 

B
  SI 

T).

(B)

(B)

 A


B A

B = B . A = BAcosθ


(20.5)

A ΔA


ΔA


 B

B . AB  
 

 B


ΔA


A ΔA


A

 20.5 : B 

 A 

A 
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S N

S N
S N S N

(a) 

 20.7

(b) 

B B . A  
 

(20.6)

B B . A 0   
 

(20.7)

B 

m  l 
. 20.7 (a)

[M = (2m)l = 2 (ml)]

. 20.6 : 
 A.
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. 20.7 (b)
 M = m (2l) = 2 (ml) 

(I) 

=

MI =
V (20.8)

V M

M = ml.

m m mI =  = =
V A × A

l l
l (20.9)

 A 
(I) 

(M) CGS  ,  (I) 

(I) SI  .

H 
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0

B BH =  = M
μ μ

 (20.10)

  0

H 
B

0B = μ (H + M) (20.11)

H, M  .  M

H B H
B B

20.10  

B(μ) =
H

(20.12)

(I) (H)
  .

I=  
H

 (20.13)

 20.12, 20.13 

 = 0 (1 + ) (20.14)

 0 
 (r) .

r
0

μ(μ ) =
μ

(20.15)

(i)   (ii)
(iii)
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20.7.1

1.

m < 0.

2.

3.

4.

5.

6.

20.7.2
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1.
m > 0.

2.

3.

4.

5.

6.

20.7.3

 20.8 : 
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. 20.8 (a) 

. 20.8 (b) 

[ . 20.8 (c)]. 
20.8 (d)

. 

Tc .

1.  m > 1.

2.

3.

4.

5.

6.

7.
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RR1

MM1

o

  

a. dip  b  Declination c

BH

20.8.1 ()

 20.9 : 
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PCDE

P

magnetic

meridian

PABC

geographic

meridian

P

PR

PR  P

20.8.2 ()

PCDE PR P

PCDE PABC 

20.8.3  (BH)

PR P
PE PF

P B

BH = B cos  (20.16)

BV = B sin  (20.17)

(20.16), (20.17) 

2 2 2 2 2 2 2
H VB + B = B cos δ + B sin δ = B

 20.10 : 
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 (20.17) (20.16) 

V

H

B = tan δ
B (20.18)

M  B


 = MB sin  

(B) 

B 

 SI  / 2 ( ) .

 (i) 
 (ii)  (iii) 
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()

.

 ()

B BH = B cos .

1.

2.

3.

4.

5.

6.

7.

8.

N S N S

N S S N

9.
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10.  cm cm2 102 A/m

11.

12.

(a)

(b)

13.

14. 10 A m. 
0 

20.1

1.

2.

3.

9. 20 

10. 1.02 × 10–2 Am

13.

14. 2.3 × 10–6 T
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 1820 

21
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B

(a)
(b)

(c)

(d)

(a) (b)
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(c)  (d)

(Biot-Savart’s Law)

B 

l

l

B0 

1. I 

2. l

3. P

4. P

l
P
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0 2

I Δ sin θ|ΔB |
r
l



0
0 2

μ I Δ sin θ|ΔB | =
4π r

l
(21.1)

0 4 × 10–7 Wb A–1 m–1

0 

B =  B0.

  

B : B

21.4(a)

21.4 (b)

21.3.1  

(a) (b)
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21.5 I  r  

O l 

l r 90° l

O 21.1

0
2

μ|ΔB| = I sin 90
4π r

l


0
2

μ|ΔB| = I ( sin 90 1)
4π r

l
 

B 

0 0
2 2

μ I μ I|B| = Σ|ΔB| = ΣΔ = (2πr)
4πr 4πr

l

I r 

0μ I|B| =
2r (21.2)

n


0μ nI|B| =
2r (21.3)

End-rule 21.6 (a), (b) 
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 B

1. (i) (ii) 

2.

3.

Happy at last

End-rule
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I r

21.7 

B  ‘I’  0   

0B.d = μ Il (21.4)

‘dl’

21.4.1  

(a)
: 21.8 

POQ  I 
r

B. dl = B (2r)

B. dl = |B| (2r) = 0I

0μ I|B| =
2πr (21.5)



175

-2

Soft

(b)
21.9 I

L
n

Ie=I (nL)

B.L = 0 Ie

B.L = 0 I (nL)

|B| = 0 nI

|B| = 0 nI 

B 

0μ nI|B| =
2 (21.6)
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 21.1

50 cm 250 

 2 cm 4.0 A (a)

(b) (c)

B

 :

a)

     |B| = 0 nI

7 3 250= 4 π 10 4
0.5

 
  

= 16 × 1500 × 10–7 T

= 24 × 10–4 T

b)

4
ends centre

1 1B = B = (24π × 10 T)
2 2



= 12× 10–4 T

c)

 21.2

12 A 

3 × 10–5 T

 :

0 0μ I μ I|B| = r =
2πr 2πB



7

5
4π 10 12r 0.25m
2π 3 10





 
 

 

1.  (a)  (b) 
(c)  (d) 

2.
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3.

(i) ,

(ii)   (iii) 

4. 3 A 10 cm 

0.002 T

Lorentz force +q B v

F = q (v × B)

|F| = q v B sin     (21.7)

v, B  F 

21.12

F 

B 

F = qvB.
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B 

l 

I vd

F = e vdB.

N

F = N e vdB = (nA l) e vdB (21.8)

 n 

 neAvd = I.

F = I l B (21.9)

21.13 (c) B 

|F| = I l B sin  (21.9 a)

21.13 (a) = 0

21.13 (b)

= 90° F = I l B 

(a) (b) (c) 


(b) (c)(a)
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=
IΔl
FB

F I l B N A–1m–1

(T)

r I1, I2  

r 0 1
1

μ IB =
2πr

r 0 2
2

μ IB =
2πr

l

0 1
2

μ IF = BI I
2πr

l l

0 1 2μ I IF
2πrl

 (21.10)

21.10

I1 = I2 = 1 A, l = 1 m, r = 1 m

70μF 2 10 N
2π
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2 × 10–7 N m–1 .

v

21.15

R 'qvB'
2mv

R
 
 
 

 

2mvqvB =
R

mvR =
qB (21.11)

(mv)

T 

2πR 2πmT = =
v Bq (21.12)

m, B, q v R
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(a) B (b) B (c) (d) B

(e) (f) B

(g) R  T

 21.3

5 m 10 A, 15 A

 :  

7
4 10 1 2μ I IF 4π 10 × 10 × 15 10 Nm

5 2πr 2π 0.3


 

  


    F = 5 × 10–4 Nm–1

 21.4

0.2 T 3 × 107 ms–1 

 :  
mvR =
qB

 

 me = 9 × 10–31 kg, e = 1.6 × 10–19 C, v = 3 × 107 ms–1  B = 0.2 T.

31 7
4

19

9 × 10 × 3 ×10R 8.5 × 10 m
0.2 × 1.6 × 10





 

1.

2.

3.
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0μ IB =
2r

2r2 

2
0

2

μ I 2πrB =
2r 2πr

 
 
 

0
3

μ 2IAB =
4π r

0
3

μ 2MB =
4π r (21.13)

A M (= AI) 

21.17

21.17(a) 

180°
21.17(b)

r 



183

-2

3
o

1 2PE =
4πε r (21.13 a)

r 

0 0
3 3

μ μ2 NIA 2MB = =
4π r 4π r (21.13 b)

 M 

M = NIA (21.13 c)

0
3

μ 2MB =
4π r (21.13 d)

0
3

μ MB =
4π r

 (21.13 e)

21.13 c 

M 

P 

0

0

μ1E B, P M,
4πε 4π
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 21.5

Bohr Magneton B
ehμ =

4πm

 :

 19 34
24 1

B 31

1.6 10 C (6.6 10 Js)ehμ = = 9.34 10 JT
4πm 4 3.14 (9 10 kg)

 

 



  
 

  

B L & b 

B 

( 21.18 (a)

'PS', 'QR' B 

'PQ', 'RS' B 'PQ',  'RS' 

|FPQ| = |FRS| 
FPQ, FRS 

21.18 (b) 
= B I L b sin 

(a) (b) (c) 
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21.18 (b) & (c)  PQRS I 
B (n


) 

 = N B I L b sin 

N

|| = N B I A sin  

A = L × b

|| = B (NIA) sin 

  || = |B| |M| sin  (21.15)

M (= NIA)

 B, A, I, N,  

21.19)

Frame

pivots
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21.20



k

NBIA sin  = k

= 90°  sin = 1 

NBIA = k
kαI =

NBA 

k
NBA

α I

N, B, A, k

α
I  sensitivity

0.1 A

N 

B 

N, A N, A 

B 
k
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(a)

range

G N 

k figure of merit

Ig = Nk

 I 

A, B

VAB = Ig G = (I – Ig)S

g

g

I G
S =

I I
(21.17)

 S 

G, S 

R 

GSR =
G + S (21.18)

(b)
21.22 

Range
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R

A, B V 

G + R 

Ig (G + R) = V

g

VG + R =
I

g

VR =  G
I
 (21.19)

R 0 Volt   V

(Ig × G) V

RV = R + G (21.20)

 21.6

8.0 cm 30 6.0 A 

1.0 T 

90° 

counter torque

 :

N = 30, I = 6.0 A, B = 1.0 T,  = 90°, r = 8.0 cm = 8 × 10–2 m

2 2 2 2 222A = πr (8 10 ) 2.01 10 m
7

     

 = N I A B sin 

= 30 × 6 × (2.01 × 10–2) × 1 × sin 90°

= 3.61 Nm
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 21.7

12.0  2.5 mA

(a) 0 – 2A (b) 0 – 10

 :

(a) G = 12.0 ,   Ig = 2.5 mA = 2.5 × 10–3 A, I = 2A

21.17

g

g

I G
S =

I I

3
3

3

2.5 10 12 15 10
2 (2.5 10 )






 
   

 

0 – 2A 15 × 10–3 

(b)  R 

21.19

g

VR = G
I


   3

10 12 4000 12 3988
2.5 10

     


3988  

1.

2. (Core)

3.

4. 20  20 mA
3A 
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0
0 2

μ I Δ sin θ|ΔB | =
4π r

l
.

0μ I|B| =
2r

.

0B .d = μ Il
0μ I|B| =

2πr
.

|B| = 0 nI

 0μ nI|B| =
2

.

q F = q (v × B) 

 B l I 

F = I l B.

I1, I2  

 0 1 2μ I IF =
2πrl .

1 m

 2 × 10–7 N m–1 

mvR =
qB

.
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M (= AI).  A I 

|| = B (NIA) sin  = |B| |M| sin 

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13. 5T 
1 m

10  
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14. 48 cm

15. 3m 0.05 m
5 A

16. 50 cm 8.0 A
4.0 × 10–2 NA–1 m–1

17.

18. 20  0.005 A 1 A

19. 5 × 10–11 m 7.0 × 1015

B 

20. 0.16 m 200 

21. 21.23 A, B, C 

21.1

1. (i)    (ii) 

2.
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3.  l1 = 2r.

 l2 = (2r2) × 2 = 4r2.

   l1 = l2

2 2
r2πr 4πr r
2

   

 0μ nI|B| =
2r  

0
1

μ I|B | = ,
2r

o o
2 1

μ .2. I 2μ IB 4Br r2
2

  



B

21.2

1. C

2.

3. (i) B, (ii) A, (iii) C.

4.
7

0
n 10 × nB μ I 4π × ×3A 0.002
l 0.1m



  
70.002 × 10n 50

12π
 

21.3

1.

2.

3.

21.4

1.
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2.

Sensitivity

3.

4. Rs 

3
g

s 3
g

GI 20 (20 10 )R 0.13Ω
I I 3 (20 10 )





 
  

  

13. 5 N

14. 5 N

15. 10–4 N m–1

16.
625

π  

18. 0.1 

19. 4.48 T

20. 1.2 mT

21. BA = 2 × 10–7 T, BB = × 10–7 T   BC = 10–7 T
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ac dc 

22
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G 

(a)  (b)

22.2 (a)

22.2 (b)
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x,  y

22.1.1

B  

22.3 (a) ds 
ds 

ds d B 

dB = B.ds (22.1)

dB = B.ds (22.2)

ds 
dB = B.ds
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SI (Wb),

1 Wb = 1 Tm2.

22.3 (b)

Bd|ε | =
dt


(22.3)

(Wb), (V) 

1V = 1Wb s–1.

 N 

B
r

d|ε | = N|ε| = N
dt
 

 
 

(22.4)

B

  22.1

35 mm 75 

250 milli second 25 mT 50 mT 

 :

B = BR2

R (22.4)
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2
2 2B 2 1d B Bd (BπR ) dB| ε | N N = N π R = N πR

dt dt dt t
  

   
 

|| = 75 (0.035 m)2 (0.10 Ts–1) = 0.30 V = 30 mV

 22.2

8 cm2 22.4 (a) 22.4 (b)

B(t) = B0 sin 2t B0 

1.2 T  50 Hz.  R = 1.0 

r  

 :

B = B0
 sin 2tA

    B
0

dε = = 2πAB cos 2πνt
dt


= 2 . (50 s–1) (8 × 10–4 m2) (1.2 T) cos 2t

= 0.3 cos 2t volts

= 0.3 cos 100t volts
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 I = R


(0.3cos100πt)I = volts
(1.0Ω)

  = + 0.3 cos 100 t A

1. 5 cm (a) 1 s  (b) 1 ms 
10 T 0

2. B (t) = A+ Dt2

A = 3 Wb D = 15 Wbs–2 (a) 
 = (2ND)t (b) t = 0 s, t = 3.0 s

3. 

S dB/dt
 = (dB/dt) S cos 

S  (a) (b)

22.1.2  

22.5 (a)
O Z 

Configuration
 Z

N
dB/dt 

 I 

(a) , (b) 

v v
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22.5 (b)

dε =
dt


 (22.5)

22.2

1. 22.6 A B 
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2.  22.7

B = 0

3.

(Motional Electromotive Force)

 XY  PQRS

 B 

22.8 

 B 

XQRY 

 XY 

 l   XY, t  x X'Y'  

lx .

  = Blx

 B Δx=
Δt
l

    = Blv

 
Δxv =
Δt

 
 
 

 XY 

Δε = B v
Δt

l
   

PQ

SR

B

B
Y

X X'

Y'

x
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B l  v 
Blv 

1. l v B 

2.  (N-S) 

(Eddy Currents)

22.9(a)

Circulate
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22.9 (b)

(Laminations of metal) 

 laminated core

22.3.1

(i)  : 

(ii)  : 

(iii)  : 
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1.

2.

3.

4.

(Inductance)

22.4.1  

B
d = B. ds

(I)

   I  or   = LI (22.6)

L

 

Iron Core

Geometry
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(a)  (Faraday’s Law in terms of Self-Inductance):

(22.5) (22.6)

d dIε = = L
dt dt


  (22.7 a)

   2 1I I= L
t
 

    (22.7 b)

I1, I2 t = 0, t = 

(22.7 b)

L =
dl/dt

    =  = 

H

 (10–3 H)

 (10–6H) 

back emf

Instantaneous change (22.7 b)

(b) (Self-inductance of a solenoid) : A l

N 
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|B| = 0nI

n = N/l I 

N 
2

0μ N AI= N | |A
l

 B (22.8)

2
0μ N AL = =

I l


(22.9)

1. 1 m 20 cm 

2.5 A 1.0 ms 

2. l

non-inductive resistor

22.10

3. 9.7 mH 35 mV 

22.4.2 (Mutual Inductance)

B 

A 22.11

2   1   I1   2 = MI1 (22.10)

22.10
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 M

2
dε =
dt




2 1I IdIM M
dt t

 
     

 
(22.11)

A t I1 I2 

SI  (H)

 22.3

340 mH 15 ms 23 mA 
57 mA 36 mA 16 mA 

 :

15 ms 

11di 57 mA  23 mA 2.3 As
dt 15ms


 

12di 16 mA  36 mA 1.3 As
dt 15ms


  

(22.11)

1 = – (340 mH)  (2.3 As–1) = – 0.78 VV

2 = (340 mH)  (1.3 As–1) = 0.44 VV

(22.11) 

1. 22.11 

(a) i1
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(b) i2

2. 22.11 

(Power Generator)

A.C. (Alternator) 

D.C. 

22.5.1  A.C. (Generator or Alternator)

22.12

22.12 

 
ˆ(t) . A  B n

B  A 
 
n̂

.  (t) 

 (t) = AB cos 

i1 i2
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 = t (22.12)

  (t) = AB cos t

dε (t) = ω ABsin ωt
dt


  (22.13)

N 

(t) = N  AB sin t (22.14)

    = 0 sin t

where 0 is maximum emf

A.C. 22.13  (i) 
(Armature), (ii)  (Field magnet), (iii) (Slip-rings), (iv) (Brushes).

ac

B1  B2 (
22.13)



211

-2

AHCD, B 
22.14 (a).

AHCD 

90o 22.14 (b)

180o ( 22.14 c
DCHA 

270o ( 22.14 d

22.5.2  (DC )

(a)     (b)   c d e

22.14

B

N

0o

90o 180o 270o 360o
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(i) 
(ii) (iii) (iv) 

 
ac 

ac 

ac
 ac 

dc 

polarity

fluctuating

dc ac
ac

22.15 (a)
R1, R2 

B1, B2

dc 22.15 (a) DCHA
B1 L B2 22.15 (b)

dc 
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AHCD R1 B1 B2

22.15 (c)  dc 

Unidirectional

/2 22.15 (d)

fluctuations

22.15 (e)

1. ac dc 

2. dc

3.

4.

Bdε =
dt


B 
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A  N   l 

2
0μ N AL =

l

1. S = 9.0 × 10–2 m2. (a)
7.5 V (b)

45° 

2. (a) 22.16 (a) F 
B 

(b) 22.16 (b)
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3. (a)

(b)

3.0 A 24

kV    0.10

ms 

4.

5.

6.

7.

8. 9 × 10–2 s 10 H 7 A 10 A

9.

10. 80 cm  4 m/s 

64 mV  B 

11.

12. a.c. 

13. d.c 

14. 2 web/m2  10 cm  4 m/sec 
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22.1

1. N = 1000, r = 5 × 10–2 m B1 = 10 T  B2 = 0T

(a) t = 1 s 

     
 2 1 2B B

|ε| = N πr
t


 2(10 0)1000 π(0.05)
1




4 410 π 25 10   

= 25 V

= 25 × 3.14 = 78.50 V

(b) t = 1 ms 

   
3 4

3
10 10π 25 10ε

10





  


= 78.5 × 103V

2. 2(t) = A + Dt  1
dε = = 2Dt
dt


  = N1  = 2N Dt

  = 2 × 250 × 15 t = 7500 t

t = 0  1 = 0   = 0 V

t = 3 s   = 22500 V

3.  = B.S = BS cos 

d|ε| = N
dt


dB|ε| = NS cosθ θ
dt



(a) || 

cos  = 1   = 0 
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(b) || 

 = 90 

22.2

1. A B

2. E 

3.

22.3

1.  (e) 

BlV 

2.

22.4

1.

2.

3.  (Sinusoidally) 

4. (i)

(ii)

22.5

1.
 2

2 1I IdI N Aε = L ω
dt tl




 7 2

3

4π 10 π 10 2.5 0
1 10

 



    




= 10–6 V

e

o t
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2.

3. 3 3 dI3.5 10 9.7 10
dt

    

   1dI 3.5 0.36 A s
dt 9.7

  

22.6

1. (a) i1

O
B A

(b) i2

C D 

2.

22.7

1. (i) a.c. d.c.

(ii) a.c. d.c. 

2.

3. a.c. d.c.

4.

1. (a) 3 × 10–2 Wb s–1 (b) 0.47 T s–1

3. (a) (b) 0.8 H

8. 333.3 V

10. 0.2 Tesla

14. 0.8 Volts
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50 Hz 

ac (i)   (ii)  (iii) ac 

LC 

23
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cosmV V t (23.1)

cosmI I t (23.2)

Vm, Im Peak values V,  I  

rms

0.707
2
m

rms m
VV V  (23.3)

0.707
2
m

rms m
II I  (23.4)

V, I (i)

(ii) (iii) 

George Westinghouse

dc ac

inventor

automatic railway

20 km
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VI
R



  
cosmV t
R


 (23.5)

Vm/R 

23.5 Vm/R Im 

  I = Im cos t (23.6)

23.3

 Vm = 310V,  = 50 Hz, R = 10  we get

 310cos 2 50V t

 
310 cos 100
10

I t

 31cos 100 At

V, I  cos  t

P = I2R
I 2 I 2 cycle

P 

ac
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2

2 2
av av

I + 0P = I R = R I = R
2

m

2
2m

av rms
IP = R = R I
2

 
 
 

(23.7)

mI
2 dc m

2
V

mI
2

m

2
V

rms 

Vm = 310V rms

rmsV = 220V
2
mV 

220 V a.c 

 310 V 

1. ac Cycle

2. 25 W  220 V, 50 Hz 

rms 

3. ac 

Inductor

‘ ω ’
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t1 Vm sin ω t1, Im sin ω t1 Vm , Im 

Vm sin ω t, Im sin ω t 

23.4 (a)
23.4 (a)

V, I 

ac 

  
π
2  

 23.4(b) 

I V   
π
2  



ac 
π
2

 23.4(c) V 

I, 
π
2  

 AC

ac 

q = CV

(a) 

(b) 

(c) 

ac
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cosωmq CV t (23.8)

I = dq/dt, we can write

ω sin ωmI CV t  (23.9)

V, I 23.6 

I V 

 /2 90° 

90°

(23.9) 

   
sin

1/
mVI t
C




  (23.10)

(23.5) (23.10) 1/ ω C 1/ ω C

XC

1
ωCX

C


  
1

2 vC
 (23.11)

Capacitive reactance
ac 

ac 
23.7 I = V/R 

V, I 
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rms

rms
C

VI
X

 (23.12)

P = VI

  2ω sin ω cos ωCV t t

  21 ω sin 2ω
2

CV t    (23.13)

P  P

P V, I P 



2 

 23.1

220V 50 Hz ac 100  F

rms ac 

 :  

  1 6

1 1 31.8
ω 2 50 rads 100 10 FCX

C   
   



220cosω cos ω
31.8C

VI t t
X

 

 6.92cosω At 

V, I P
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rms

m
rms 2

II 

       
6.92

2


        = 4.91A

1. ac 

2. (Vm) ac 

3.

4. TV

 AC 

ac

23.9 V 

 
  cosωm

dI t
V t L V t

dt
  (23.14)

23.14

cosωmVdI t dt
L

 

cos x sin x 

  sin ω
ω

mVI t t
L

  (23.15)

t = 0, I = 0 

  sin ω
ω

mVI t t
L

 (23.16)

ac
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V (t), I(t)  Vm = 220V,

ω  = 2 (50) rad s–1,  L = 1 H 

V(t) = 220 cos (2  50t) 

     
220 sin 2 50 0.701sin 2 50

2 50
I t t t  


 

23.10 V I

π /2

90 

23.16

m cos ω
ω 2
VI t

L
 

  
 

V = Vm cos ω t I (– π /2) π /2

23.16 ω L 

Inductive reactance

XL

ω 2πLX L vL  (23.17)

XL ohm

Inductive reactance
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ω 0

23.1 dc 

dc

XL

23.11 

(Frequency response of passive circuit elements)

R R R

1
ωCX

C
  0

XL = ω L 0 

R I = V/R

rms
rms

L

VI
X

 (23.18)

P = VI

  
2 2

sin ω cos ω sin 2ω
ω 2ω

m mV Vt t t
L L

  (23.19)

V, I P 23.12 

(XL
= 2 π vL) 



229

-2

 23.2

25 cm 2.5 cm 

1.00  100 Hz 

 :  

2 2
0N aL

l
 



N a l

     
2 27 1 24π×10 Hm 1000 0.0125 m

L =
0.25m

 

3= 2.47×10 H

100 Hz 

 32 100 2.47 10L
radX L H

s
   

   
 

    = 1.55 

100 Hz R 

L = 2.47 H,  R = 1.00 
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1. ac

2. 23.2

ac

  LCR  AC 

23.13 L C R

E = Em sin ω t

ac

(i) VR = I0R

(ii) VC = I0 XC 

 /2 

(iii) VL VL = I0XL

 /2

Phasor diagram

23.14

Reactive components

VL – VC

 
2 2

0 L C RE V V V  

     22 2
0 L CI X X R  

 LCR 

LCR 
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2 20

0
L C

E X X R
I

  

LCR impedance

      2rms 0

rms 0
L C

E EZ X X R
I I

    

     
2

212
2

vL R
vC

 
    




  (23.20)

LCR  rms 

rms
rms

EI
Z



LCR 

 23.14 ’

0 0

0

tan L C L C L C

R

V V X I X I X X
V RI R


  

   (23.21)

Phasor diagram  R, XL, XC, Z 

23.15

ac (XL) 

(XC) XL = XC  vr

i.e.,
12

2r
r

v L
v C






1
2rv

LC
  (23.22)

Zmin = R

  = 0

LCR

Z 
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23.16 

LCR

23.16

LCR

Variable capacitor L-C 

LCR 

ac reversibly

ac 

ac 

P = VI

V  I, 

 cosω cos ωm
m

VP V t t
Z


 

  
 

 2 2cosω cos ω
2

m t tV
Z




       
2

cos cos ω
2 2

mV t
Z




  
    

  
(23.23)

(i) 100R  ,  (ii) 200R  

LCR 
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Z

 
2

cos
2

mV
Z

  (23.24)

rms rms. cos cos
2 2
m mV V V I

Z
   (23.25)

cos  

 
22

cos
L C

R R
Z R X X

  

 
(23.26)

 XL = XC Z = R, cos 1R
R

  

  = 0 Pm = Vrms Irms

R = 0, cos   = 0  = 90° 

 P = 0

  LC 

LC 

LC
LC 
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t i q 

q/C (emf) Ldi/dt

 (emf)

0q diL
C dt
  (23.27)

2

2

d q 1 dq+ q = 0 i =
dt LC dt

 
 

 
 (23.28)

 
2

2
02 0d q x

dt
   

0
1
LC

  (23.29)

 0cosmq q      qm, q  

 
dqi
dt

  

0sin ,mi i t    0m mi q

LC 

- 23.2 : 

 (m)  (L)

 (x) (q)

 v dx
dt

 
 

 
 

dqi
dt

 
 

 

2 21 1 v
2 2

E kx m 
2

21 1
2 C 2

qU Li 
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ac  
RL

flux leakage

23.18

(a)
d /dt Np
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p p
dE N
dt




NS 

s s
dE N
dt


  ; 
p p

s s

E N
E N

 (23.30)

(b) IS IP

RL 

p p s sE I E I

p ps

s p s

I NE k
I E N

   (23.31)

k

1
k  

23.8.1 

(i) Step-up transformer

23.19 (a)

(ii)

23.19 (b)

(a) (b)
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23.8.2  

100% 

        100% 

(a)

(b)

(c)
hysteresis loss

(d) Flux leakage

ac dc

15 kV 

330 kV

R V P
I = P/V I 2R = P2R/V 2 V

V 
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400kV 

2500 A 200 kW 

0.02% 

dc 

ac 25 kV dc 

Rs. 50,000 

 23.3

1880 W 1730 W 

 : P = 1880W P 1730W

p
= ×100

P

            
1730W= ×100=92%
1880W

92%

 23.4

 120 V  3 A

 :   N1 = 100, N2 = 500 ,   V1 = 120V and I1 = 3A

2
2 1

1

500NV = × V = × 120V = 600V
N 100

1
2 1

2

100NI = × V = × 3A = 0.6A 
N 500

1. dc 

2.
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3.

4.

LC ω 0 

0
1ω
LC



 V = Vm cos t,  m=  cos ωI I t 

ac

2

2
m

av
I RP 

ac 90° 

ac 90° 

LCR 
 

1
22 2

m m
m

L C

V VI
Z

R X X
 

  
 

Z : Z = [R2 + (X L – XC )2]½

XL – XC = 0, m
m

VI
R

 ,

0
I
LC

   

2. .av rms rms rmsP V I I R 
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s s

p p

V N
V N



1. (a) ac  rms 

(b) ac 2.5 F I = – 4.71 sin 377t  A

2. (i) 25 Hz,  (ii) 50 Hz C = 2  F  L = 2 mH 

3. R = 580 , L = 31 mH, C = 47 nF LCR ac 

65 V  33 krad/s.

(a) (b)

(c) (d)

(e)

4.

5. LCR LCR 

6.

7. (TV) 15,000 V A.C. 

230 V 

8.
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9. ac  10 V 2 V A.C.

10.

11.

12. 240 V 400 A 

3A 

13. 240-V, 400W 120-V 

14. 125 220 Vac 

15,000 

15. 220

Vac 

16. 120 Vac 

3.5 A

17. 220 Vac 

40 mA 

(a)

(b)

(c)

23.1

1.  50 Hz
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2. (i)
220 8.8
25

rms
rms

E VI A
R

  


(ii) m 2 1.4 8.8 12.32rmsI I A   

 = I0 sin 2 π vt = 12.32 sin 100 π t

(iii)

3. ac 

 rms 

23.2

1.
1

2CX
vC

 , C  XC  I 

2.

Vm

3.

4.
1

2CX
vC

 . v  XC 

23.3

1. ac

ε dlL
dt

 .

2.
rms

rms
L

RI
X

 , XL (= 2 π vL)  Irms 
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23.4

1.

2.

3.

4.

1. (b)  5 × 10–2V

2. (i)  41 10

  (ii) 41 10

2
 

(i)  0.1π (ii)  0.2 

3. (a)  26.7 10  (b)  99 (c)  813.9

(d) 4 rad (e)  0.16 A (f)   

12. 1.8 V

13. 1 : 2, 
10
3 A

14. 8522 

15. 2200 

16. 25 ,  0.14 A

17. (a)  16000 (b)  
20
11 A (c) 400W
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(1831-1879)

1885

24
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i B


 

. oB dl i
 
 (24.1)




i 

: 

:  (emf) R),

C,  S  24.1 (a) . 
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l 

S1 , S2 

S1 S2

l, S1

. oB dl i
 


l, S2

. 0B dl 
 
  

24.1  R.H.S 

id 

ε ,E
o

d
dt


 o 

E  

. ( ) E
o d o o

dB dl i i i
dt


  
 

    
 


 
 (24.2)

 id  i 

q 

o

qE
A

 (24.3)

A 

S1

C
i

. 24.1 (a)

S2
l

i

S

R
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1

o o

dE dq i
dt A dt A 

   (24.4)

 
dqi
dt

 
 
 

 o
dEi A
dt



 E
d o

di
dt




, E EA 

 d o o
d dEi EA A
dt dt

    (24.5)

 i, id,  id  =  i

24.1 (b) 

 (i) 

(id) .

. E
o o o

dB dl i
dt


   
 
 (24.6)

ii

. 24.1 (b)
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1. .
o

qE ds



 
 ( )

2. . 0B ds 
 
 ( )

3. . BdE dl
dt



 
 ( )

4. . B
o o o

dB dl i
dt


   
 
 ( )

(1016 Hz
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 z-

Ex x- z

By y-  z .

Ex, By z-

Ex 

 sinx oE E kz t  (24.7)

By 

 siny oB B kz t  (24.8)

 k  k 

2k 


 (24.9)

 k


.

Ex ,  By ck   

0 0

1c
 



0
0

EB
c

 (24.10)

. 24.2 : 
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24.2.1






1v


 .

 E
2

2
oE

B 

 
2

2 o

B


 x-

24.3.1

500 kHz  1000 MHz 

(AM) 
530 kHz  1710 kHz  (FM)  88 MHz  108 MHz 

 54 MHz  890 MHz 
54 MHz 

(UHF) 
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24.3.2

(1 GHz to 1000 GHz) 

24.3.3  
300 GHz  400 THz ( ) 780 nm

 1 mm 

. 24.3 : 
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TOSS

Near) 
far) .

physical therapy) 

24.3.4

  144 10 Hz   147 10 Hz  
700  400 nm 

24.3.5  

1014 Hz  1016 Hz 
400 nm  0.6 nm. special lamps),

24.3.6 X-

X- 1016  1020 Hz, 10–8 m (10 nm) 
10–13 m(10–4 nm) 

X- X-

X- X-
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24.3.7  

1026 Hz 10–10 m  10–14 m 

 - 24.1: 

 

1. 500 KHz to > 0.1 m  
1000 MHz

2. 1 GHz to 0.1 m 
1000 GHz 1 nm

3. 300 GHz to 780 nm to
400 THz 1 nm

4. 41014Hz to 700 -
71014Hz 400 nm

5. 1014 Hz to 400 nm to
1016 Hz 0.6 nm

6. X- 1016 Hz to  10 nm to
1020 Hz 10-4 nm

7. > 1020 Hz 10-10 to
10-14 m
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 24.1

 x-
 

ˆE = 9.6 V/mj , B 

 :

EB
c



8
8

9.6 V/mB 3.2 10 T
3 10 m/s

  


 24.2

12 W/cm2 
 30 cm2 

 :

U = 12 × 30 × 20 × 60 J

54.32 10 JU  

5

8
4.32 10 J
3 10 m/s

UP
c


 



31.44 10 kg m/sP  

3

3

1.44 10
1.2 10

pF
t


 



61.2 10 NF  

1.

2.

3.
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4.

5.

6.

7. 0.5 A 

 0.B dl i .

 0
E

d
di
dt


 .

 0 0 0. EdB dl i
dt


    .

 0 sinxE E kz t  ,  0 sinyB B kz t    Ex, 

By 

 2k 


 .

  k


0 0

1c
 

 .

0
0

EB
c

 .

x-

1.  7 3 11
yB 3 10 sin 0.4 10 1.6 10x t     .

(i) (ii) 
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2.  900 N/C, y -
x - 

3. 60sin N/C.xE t
c


 

  
 

 12 2
0 8.85 10 C/Nm   .

4. B0 = 620 nT.  

5.  E0 = 90 N/C  40.0

MHz. B0,  .

6. 3.0 W/m2 

 12 2
0 8.85 10 C/Nm   .

1.

2.

 0
E

d
di
dt




3. X-

.

4.  1014 Hz  1016 Hz

400  0.6 nm .

5.

6.

1.  

2.  
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3.  

4.   (Physical therapy)

7.

0.5 A .

1. 3 3

2 2 3.4 1.57cm
0.4 10 0.4 10





  

 

7 8
0 0 3 10 3 10 9 10 90 U/mE B c        

 3 1190sin 0.4 10 1.6 10 V/mzE x t   

2. Eo =  900 N/C

60
0 8

900 3 10
3 10

EB T
c

   


y- x-

z-

3. = 2
0 0

1
2

E

 121 8.85 10 60 60
2

    

8 31.6 10 J/m 

4. 9 8
0 0 620 10 3 10 =186N/CE B c     

5.
30

70
0 8

90 3.0 10 T
3 10

EB
c

 
   

 

6 8222 2 40 10 2.5 10 Hz
7

f       

6.
4

0 12 8
0

2 2 3.0 0.225 10
8.85 10 3 10

IE
c 

  
   

   

     =  47.3 N/C
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pulses

Photo cell

Photo electric effect

Burglar alaram

space-time

25.3 

Retarding potential

25
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p 

Hertz

25.1.1

C
A A C

C  A
A 
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TOSS

C A C 

Accelerating potential

25.2(a)

I : C A 

C A

C A

A 

A

A

Saturated 

25.2 (b)

 Vs

 II : C A 

C A C

retarding potential A

C A

A C

25.2(a) 

25.2(b) 
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 V0  stopping potential

V0 W eV0 e

2
0 max

1 v
2

eV m

V0  

Millikan

V0  

 v0

cutoff

Threshold

frequency

 A (threshold frequency) v0  

(v > v0) A 

B  v'0  B 

  (v > v'0)   .

(V0)
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25.4 v3>v2>v1  V03 > V02 > V01

(v0)

10–9

(~10–9 s)

1.

(a)

(b)

(c) v0 

2.  x, y-

3. (–V0) 

'
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E

E = hv (25.2)

v h

hv 

0 Work function 

eV (v0)

0 (eV) v (Hz)

2.5  6.07 × 1014

2.3  5.58 × 1014

3.4  8.25 × 1014

4.8 11.65 × 1014

5.9 14.32 × 1014

Robert A. Millikan

Ph.D
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Ryerson Laboratory A.A. A.A. Michelson

falling oil drop

E ( > 0 )

E 0

(E – 0 ) = Kmax 

    hv = 0  + Kmax (25.3)

Albert Einstein

Wurttem

berg

Wurttemberg
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0 0hv 

        2
max 0

1 v
2

K m h v v   (25.4)

Kmax  v  vo

Kmax, (v – vo) 

v 

v0 

 25.1

 2.3 eV  (i) 

(ii) 5 × 10–7 m

(iii) h = 6.6×10–34 J s, c = 3×108 m s–1,

1 eV = 1.6 × 10–19 J m = 9.1 × 10–31 kg

 :

(i) hv0 = 0 . h = 6.6 × 10–34 Js  

0  = 2.3 eV = 2.3 × 1.6 × 10–19 J.

0
0v

h


   
19

14
Z34

2.3 1.6 10 J 5.6 10 H
6.6 10 Js





 
  



(ii)

2
0 max 0 max

1 v
2

hv K m    
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cv




 2
0 max

1 v
2

cE h m


   

 c  

  34 8 1

7

6.6 10 Js 3 10 ms

5 10 m
E

 



 
 



193.96 10 J 

19 19 2
max

13.96 10 = 2.3 1.6 10 + v
2

m    

         19 2
max

13.68 10 v
2

m  

        
19 19

2
max 31

2 0.28 10 2 0.28 10v
9.1 10m

 



   
 



19
5 1

max 31
0.56 10 Jv 2.5 10 ms
9.1 10 kg







  



(iii) V0 

 2
0 max

1 v
2

eV m

   
19

0 19 1

0.28 10 J 0.18
1.6 10 JV

V V


 


 



1. v 

2.

3.
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E = mc2

p  E = pc

    
h
p

  (25.5)

p = mv, 

    v
h

m
  (25.6)



p h/p

 h/ 

Ph.D



 V 

E

21 v
2

m qV (25.7)
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2v qV
m



v 2m p qmV  (25.8)

2
h h
p qmV

   (25.9)

h = 6.625 × 10–34 Js, q = 1.602 × 10–19 C,  m = 9.11 × 10–31 kg

   

34

19 31

6.625 10 Js

2 1.602 10 C 9.11 10 kg V




 




    

    
1012.3 10 m

V
 

    
12.3 A

V




(25.10)

100V 

      
12.3 A
100

 


12.3A


100 eV

 
1/22

h
meE

 

100 eV X
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Louis Victor de Broglie

25.3.1

F

D

DT
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 50° 54 eV 

 

34

1/231 19

6.62 10 Js

2 9.1 10 kg 54 1.6 10 J




 



     
 

  
o

1.67 A

F. F. 

British Asso-
ciation for the Advancement of Science

G.P. Thomson
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 25.2

182 V 

 :  12.3 A.h
p V

  


  V = 182 V

12.3 12.3A 0.91A
13.5182

   
 

 25.3

v = 1015 Hz 

3.4 eV

 :  0 maxhv K 

h = 6.625×10–34 Js, v = 1015 Hz,

E = hv = 6.625 × 10–34 × 1015 = 6.625 × 10–19 J

0 = 3.4 eV = 3.4 × 1.602 × 1019 J = 5.4468 × 10–19 J

  19 19
max 0 6.625 5.447 10 J =1.178 10 JK E         

1.

(a)

(b)

(c)

2. 50 g 20 cm s–1

h = 6.625 × 10–34 Js

3.
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hv  h  v 
 [

]. 
h ,
c
v

 c 

 x-

1.

2.  hv  hP =
c
v    h 

v c 

3.

4.

5.

v0 
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v h

h/p

p

1.

2.

3.

4.

5. 5 × 1014 Hz 6000 A


6.

7.

8.

9.

10.

(a) (b) potential

11.

12.

13. 0 maxhv E K 
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14. v = 1 × 108 ms–1

= 9.1 × 10–31 kg, h = 6.6 × 10–34 J.s

15.

16. V 

12.3 A
V

 


 

25.1

1. (a)  (b)  (c) 

2. x – 

y –  (0), e 

0 0
h hV v v
e e

  , 
h
e

 

3.

25.2

1. /
h h h hvp
p c v c




    

2. /E hc 

  , E 

3.
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25.3

1. (a)   (b)  (c) 

2. v, hP m
p

 

 m = 50 g = 0.05 kg  v = 20 cms–1

326.6 10 m   

3. (25.6)  m   

14. 7.25 A
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John Dalton

26
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J.J. Thomson

Plum

Pudding

Lord Rutherford Niels Bohr James Chadwick Pauli
Schrodinger

26.1.1 

 Pencil Rays S1  S2 
(T) Gold  foil  ZnS

Fluorescent 
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(M)

T



90°

°











180°



Avogadro’s
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 10–5



(i)

~10–15 m

(ii)
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TOSS

1.

2. -

3.

(i)

2 2

2
0

mv 1 Ze=
r 4πε r (26.1)

Z

(ii)

h/2

nh= mvr =
2π

L (26.2)

L mvr h 

n 

(iii)
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(iv) Ef Ei

Ei Ef

)

E = Ef – Ei = h (26.3 a)

E = Ei – Ef = h (26.3 b)



Niels Henrik David Bohr (1885-1962)

26.2.1  

rn n 26.1 
2 2
n

2
n 0 n

mv 1 Ze=
r 4πε r

vn 
3
nmr

2 2 2 2
n n n

0

1m v r = m Ze r
4 π ε

(26.2)
2

2 2 2 2 2
n n n2

0

h mm v r = n = Ze r
4π 4πε (26.4)
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n 
2 2

n 0 2 2

n hr = 4πε
4π mZe

   
2 2

0
2

n h ε=
Ze mπ

n = 1, 2, 3, ... (26.5)

1 : 4 : 9 : 16 

Z = 1 a0

5.3 × 10–11 m, a0

rn = n2a0

(26.5) rn (26.2) n 
2

n 2 2
n 0

nh nh Ze mπv = =
2πmr 2πm n h ε



2

0

1 Ze=
2 ε nh (26.6)

r

n

2

2r
0

1 ZeU = dr
4πε r



 

   
n

2

0 r

1 Ze=
4πε r




 



   
2

0 n

1 Ze=
4πε r

 (26.7)

2
2
n

0 n

1 Ze = mv
4πε r
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n

2
nU = mv (26.8)

2
n

1K.E. = mv
2 (26.9)

n

E = K.E + U

  2 2
n n

1= mv mv
2



  2
n

1 mv
2

 

 26.6 

22

0

m 2πZeE =
2 4πε nh
 

  
 

  
2 4

2 2 2
0

m Z e=
8ε n h

 (26.10)

  
2

2

RZ= ; n =1, 2,3...
n

(26.11)

4

2 2
0

meR =
8ε h

(26.12)

R Rydberg’s constant 26.11

1.

2.

26.12

m = 9.11 × 10–31 kg, e = 1.6 × 10–19C,



 = 0.85 × 10–11C2N1m–2, h = 6.62 × 10–34Js

R = 2.17 × 10–18J = 13.6 eV, 1eV = 1.6 × 10–19J.

26.11 n eV
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n 2
13.6E = eV
n



E1 = –13.6 eV

En = 0

–13.6 eV

26.6 E = 0

n m

 mn

2

mn 2 2
RZ l l=

h m n


 
 

 
(26.14)

Wollaston

Chromosphere
~6000°C
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1.

2.

3. (i) (ii) 

4.

5. E0 E1 

6. n

7. n

m = 1

n = 2, 3, 4 .....

ln 2 2
R 1 1=
h l n


 

 
 

n
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n = 3, 4, 5...   (m = 2)

2n 2 2

R 1 1= ; n > 2
h 2 n


 

 
 

n = 4, 5, 6...

m = 3

3n 2 2

R 1 1 ; n >3
h 3 n


 

  
 

n = 5, 6...

m = 4

4n 2 2

R 1 1 ; n > 4
h 4 n


 

  
 

 n = 6, 7,... m = 5

5n 2 2

R 1 1 ; n >5
h 5 n


 

  
 

1. ______________

2.

______________
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3. ______________ 

4.

5.

______________

(I) = nh/2

2 2
0

n 2

n h εa =
Ze mπ

a = 0.53Å.

n
4 2

n 2 2 2
0

e m ZE =
8h ε n



Ei Ef 

mn 2 2

R 1 1=
h m n
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1. -

2. -

3.

4.

5. SI 

6. 1096700 m–1 

7.

8.

9.

10. n

11.

12. n = 3 n = 2 

  R = 1.097 × 107 m–1.

(i)

(ii)

(iii)

26.1

1. -

2.

3.
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26.2

1.

2.

3. (i) 

(ii) 

4. E1 = – 13.6eV, E2 = –3.4 eV., E3 = –1.51 eV.

5.  = hc / (E1 – E0)

6. n2

7. e4

26.3

1.

2. = ½ n (n – 1) = ½ (4) (4 – 1) = 6

3.

4.

5. h / 

4. 9 : 4

6. s = 911.4 Ao, l = 1215 Ao

7. 6.57 × 1015 Hz.

12. (i)   6563 Ao

(ii) 

(iii) 
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27
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ames Chadwick

A

Z

N = A – Z N > Z, A N–Z

lithium Z =  3

Z =  7

(A)

1.67 × 10–27 kg A

1.67 × 10–27 kg

4.0 × 10–25 kg

Ze e

1.6 × 10–19C Z

Transuranic Z
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R

R = r0 A
1/3

r0 Fermi
10–15 m Enrico Fermi

10–15 m fm
A = 1 fm
A = 238 r = (4/3) R3 A 

10–15 m 10–10 m
10+5

1.673 × 10–27 kg 1.2 ×10–15 m 

 

27
17 3H

H 33 15
H

M 1.673×10 kgd = = = 2.3 × 10 kg m .4π 4πR × 1.2 × 10 m
3 3






 RO = 3 × 10–15 m MO = 2.7 × 1026 kg 

dO = 2.39 × 1017 kg m–3

103 kg m–3

13.6 × 103 kg m–3

184 m = 6 × 1024 kg
10 km

X A
Z X A

Z 35
17 Cl  

A Z Isobars
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A = 40 Z = 20 A = 40 Z = 18 Z

Z A

Isotopes Z =17, A = 35

Z = 17, A = 37 Z

Isotones

A = 23, Z = 11 A = 24, Z =12 

 238
92 U  

 : 238
92 U

Z = 92 = 

 A = 238 = =

= A – Z
= 238 – 92

= 146.

12 27 39 22 76 40 76 14
6 13 19 14 32 20 34 6C, Al, K, Si, Ge, Ca, Se, C

 : Z 12
6 C 14

6 C

A - Z 27
13 Al 28

14Si 39
19 K 40

20Ca

A 76
32 Ge 76

34Se

16 207 12 40 3 7 76 76 3 40 7 2
8 82 6 18 1 3 32 34 2 20 4 1O, Pb, C, A, H, Li, Ge, Se, He, Ca, Be, H,

14 235 206 18 239 1 23 27 27 28 37 35
6 92 82 8 92 1 11 13 12 14 17 17C, U, Pb, O, U, H, Na, Al, Mg, Si, Cl, Cl
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27
13 Al

(i) (ii) (iii)

Unified Atomic Mass

mp me

mn

27.1

12
6 C

u 12
6 C

1.99267 × 10–26 kg

   1u = (1/12) × A = 12 

= (1/12) × (1.99267 × 10–26 kg)

= 1.660565 × 10–27 kg

= 1.66 × 10–27 kg

 mp  = 1.6723 × 10–27 kg mn = 1.6747 × 10–27 kg

u

27

p 27

1.6723 × 10m = u = 1.00727 u
1.6606×10





27

n 27

1.6747× 10m = u = 1.00865u
1.6606 × 10
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u E =

mc2 c

       
227 8 1lu = 1.66 × 10 kg 2.9989 × 10 ms 

= 14.92 × 10–11J

11

13

14.92 10 MeV
1.60 10









 = 931.3 MeV

Mass Defect and Binding Energy

Mass-defect

deuterium

1.6723 × 10–27  kg 1.6747 × 10–27 kg

3.34709 × 10–27 kg 3.34313 × 10–27 kg

3.96242 × 10–30 kg

3.96242 × 10–30 kg m A
Z X

= Zmp + (A–Z)mn

 m = [Z.mp + (A–Z)mn] – M (27.1)

M

E = mc2

BE = mc2 joules (27.2)

BE = (3.96242 × 10–30 kg) × (2.998 × 108 ms–1)2

= 35.164 × 10–14 kgm2s–2

= 3.5164 × 10–13 J

= 2.223 × 106 eV

  1 eV = 1.602 × 10–19 J
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2.223 MeV

 B= m c2/A

  2
p nZm + A Z m M c

B =
A

    (27.3)

12
6C, Z = 6, A = 12, (A – Z) = 12 – 6 = 6

M = 12u, (1 u = 931.3 MeV)

 p n6m 6m 12 931.3
B MeV

12

  


   = 7.14 MeV

mp = 1.00727 u mn = 1.00865 u 

A = 4 A = 56 B MeV

A = 238 MeV



297

-2

4 12 16 20
2 6 8 9He, C, O, Ne

A < 20 B  2
1He MeV

4 12 16
2 6 8He, C, O

Boron 10
5( )B 10.811 u kg 

 : u = 1.660565 × 10–27 kg,

10.811 u = 10.811 × 1.660565 × 10–27 kg

  = 17.952368 × 10–27 kg

7
3 Li 6.01513 u

mp = 1.00727 u.; mn = 1.00865 u  1 u = 931 MeV

8
4 Be  R = r0 AA

1/3 ; r0 = 1.2 × 10–15 m

MeV

10–39
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(~10–15m) 
short range

B

Saturation property

critical

(a) (b)
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A.H. A.H. Becquerel Fluorescence

Chemical fractionating

Polonium

Lord Rutherford



 P. Villars
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,  , 

,  , 

, , 

Radioactive

decay

, 

Mutation

, , 

(i) 

  4
2 He

Zinc sulphide Platino cyanide



0.02 mm 



1.4 × 107 ms–1 2.05 × 107 ms–1   

, 
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(ii) 

-

[Pt(CN)4]
2–







 2 MeV 3 MeV
0.33 c 0.988c c

(iii) 



free space

,  

,  



 

Marie Curie

Joliot
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Z A X

A 4 A 4
Z 2 Z 2

αX He + Y
(α- )








A 0 A
Z Z 1

βX e + Y
(β- )

 




 A A
Z Z

γX * X + γ


*

t = 0 N0  t N (t)

 dt  dN

t + dt N – dN

 dN t
N,

dt


 
 

dN t
= λN t

dt
 (27.4)
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 dN t1λ =
N t dt

 (27.5)

 

 

 

dN t
= λ dt

N t


N(t) = –t + k

t = 0, N(t) = N0

 k = In N0

N(t) – In N0 = –t

 
n

0

N t
I = λt

N
 

  

antilog

N(t) = N0 exp (–t), (27.6)

t = 

 N 

() 

N0 N(t)
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activity SI

(Bq) = 1 

(Ci) = 3.7 × 1010 

(Ra) 

(Rd)

1 Rd = 106 

 (T1/2)

(T1/2)

t =  T1/2 N = No/2

27.6 

N0/2 = N0 exp (– T1/2)

T1/2 = loge2

   e
1/2

log 2T =
λ

102.303 log 2=




0.693


 (27.7)

14
6 C 0.5 g 

0.5 / 2 = 0.25 g 0.25

g 
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 27.4

14
6 C

 : 14
6 C

N (t) = N0 exp (–t)

N/N0 = exp (–t)

9/15 = exp (–t)

 loge (9/15) = –t

e
15log = λt
9

 
 
 

 t = 1/ [loge (15/9)] 

    T1/12 = 0.693/ = 5730 

t = 2.303 × (5730/0.693) [log1015 – log109]

t = 4224.47  

–14 4224.47

4225

,  

a, b

(i) A 4 b
Z 2 aX = He + Y + γ

(ii) A 0 b
Z 1 aX = e + Y + γ



10 g 2.5 g
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1. cobalt 

Tracer technique

2. 

3.
12C

14
6C

14C

12C

Carbon-dating

 238U 206Pb

lead

4. -

-
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TNT (tri nitro toluene)

TNT

                 C + O2  CO2 + 4.08 eV (27.8)

eV 

CO2

eV CO2

CO2 + 4.08eV  C + O2 (27.9)

CO2 eV 

CO2 C O2 eV 
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m E = mc2

19
36

16

4.08 × 1.602×10Δm = = 7.26 ×10 kg
9×10




(27.10)

10 eV 

10–35 kg

transmutation
MeV

10–15 m

27.6
3 MeV 20 MeV
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3 MeV 

transmutation
7.7 M eV 

4 14 17 1
2 7 8 1He + N O + H (27.11)

6.5 MeV 1.2 MeV

7.7 MeV  10.7 MeV

27 4 30 l
13 2 14 lAl + He Si + H (27.12)

Input energy
3 MeV



0.0253 eV

6 1 3 4
3 1 2 2Li + H He + He (27.13)

10 2 4
5 1 2B + H 3 He (27.14)

10 7 4
5 3 2B +n Li + He (27.15)

27.13 7 = 3 + 4 = 6 + 1

27.13 4 = 3 + 1 = 2 + 2
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(a) 19 1 16
9 1 8F+ H O +?

(b) 27 1 4
13 0 2Al + n ?+ He

(c) 234 234
90 91Th Pa +?

(d) 63 2 64
29 1 30Cu + D zn +?

10 2 4
5 1 2B + D 3 He +Q

   10 2
1m B = 10.01294u; m D = 2.014103u   4

2m He = 4.002604u  

14
7 N   17

8 O

     14 17 4
7 8 2m N = 14.003014 u; m O = 16.999138u; m He = 4.002604 u;

 1
1m H = 1.007825u ,   = 7.7 MeV..

Z





238 1 239 0
92 0 93 1U + n Np + e + Q (27.16)
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Otto Hahn Fritz Strausmann

200 MeV

Nature

Lise Meitner Otto Frisch

Biological cell division

Bohr Wheeler

Enrico Fermi

Fermi–Dirac statistics

27.5.1 

235
92 U ,  237

92 U  

27.7 235
92 U

235 1 141 92 1
92 0 36 36 0U + n Ba + Kr + 3 n + Q (27.17)
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MeV Q 200 MeV

10–17 

10–14  
235
92 U 40

27.17 235
92 U  

80 140

125 – 150

95 80 – 110 235
92 U  

(Binding energy (BE)) 
235 U

6.8 MeV 

27.7

236U 
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235
92 U

233 233
92 92Th, U 239

93 Pu
235
92 U

235U 235.0439 u 141
56 Ba 140.9139 u

1n 1.008665 u 92
36 Kr 91.8973 u

3 × Vn 3.025995 u

236.052565 u 235.837195 u

0.21537 u

0.21537 × 931 ~ 200 MeV

235
92 U



314

TOSS

fast breeder research reactor

27.5.3 

20,000 MW 

 7 × 105 
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Vessel Pressure vessel

238
92 U 

238 141 239 12
92 6U, Ba, Pu, C  

235
92 U  
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(BE/A) 27.2

1D
2 + 1D

2  2He4 + Q

BE1 = 2 × 2.22 = 4.44 MeV

BE2 = 28.295 MeV

Q = (BE2 – BE1) ~ 24 MeV

(BE/A)

BE/A (MeV )

2D 1.11
3T 2.827
3He 2.573
4He 7.074
6Li 5.332

7Li 6.541

24/4 = 6 MeV

(200/238 = 0.83 MeV) 
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Kwh

1 4 0
1 2 +14 H He + 2 e + Q

26.8 MeV 

235
92 U 200 MeV 26.8

MeV
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(a) 1 7 4
1 3 2H + Li He + Q (b) 2 2 3 1

1 2 1 1H + H H + H + 4 MeV

Q

     2 4 1
1 2 1m H = 2.014103u, m H = 4.002604u, m H = 1.007825u

 7
3m Li = 7.015982u

UNESCO 
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Dr.  H.J.

Pressurised Heavy Water Reaction

(PHWR)

U-233 breeder

Fast Breeder Reactors 

Fissile material

2 × 1010 kW h 

20 GW

TNT 235
92 U

1 g of TNT, 1000

27.7.2
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TOSS



RBE (Relative biological effective-

ness) RBE

RBE

X- - - 1

2 5

10

-  O, N 10 20
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,  

  

T1/2

N(t) = N0 exp (–t)

1 eV

MeV 

200 MeV

233Th, 233U, 235U 239Pu 
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  (i) (ii) (iii)

 (iv) (v) (vi)

(vii)

         (i) 23

11 Na; (ii) 2

1H; (iii) 238

92 U; (iv) 35

17 Cl

(i) 4
2 He; (ii)  7

3 Li; (iii) 14
7 N;

1 u = 1.660566 × 10–27 kg = 931 MeV

= 1.007276 u.

= 1.008665 u
4
2 He   = 4.00260 u

7
3 Li  = 7.01601 u

14
7 N  = 14.00307 u

238U
235U 1378: 1, 238U = 4.5 × 109 235U 

7.13 × 108
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moderator absorber

235U

2 2 4
1 1 2D + D He + 24 MeV

 4 12
2 63 He C

- = 4.00263u.

27.1

1.  (Isotopes) (Isobars) (Isotones)

12 14
6 6C & C 76 76

32 34Ge & Se 2 3
1 2H & He

1 2 3
1 1 1H & H & H 40 40

18 20A & Ca 14 18
6 8C& O

16 18
8 8O & O 76 76

32 34Ge & Se 23 24
11 12Na & Mg

35 37
17 17Cl & Cl 3 3

1 2&H He 27 28
13 14Al& Si

206 207
82 82Pb & Pb 7 7

3 4Li & Be 27 28
13 14Al & Si

238 239
92 92U & U
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2. 3. 4.

5. 14 6. 7. (ii) 

27.2

1. m = 1.041358 u; 969.5 MeV.

2. 2.4 × 10–15 m.

27.3

1. , 

, 

2.  >  > 

  <  < 

3. (i) a = Z – 2 and b = A – 4

(ii) a = Z + 1 and b = A.

4. 10 5

27.4

1. a) 18 1 16 4
9 1 8 2F + H O + He; b) 27 1 24 4

13 0 11 2Al + n Na + He;

c) 234 234 0
90 90 1Th Pa + e; d) 63 2 64 1

29 1 30 0Cu + D Zn + n

2. 17.9 MeV

3. 14 4 17 1
7 2 8 1N + He O + H + 6.5 MeV.

27.5

1. n/p 

 

2. 239 Pu

3. 200 MeV.
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27.6

1. 0.84 MeV/u 6.7 MeV/u 

2. (a) 17.3 MeV, (b) 2.69 MeV.

27.7

 1. (Pressurized Heavy Water Reactor)

2.

9. (i) 12, 11, 11 (ii) 1, 1, 1 (iii) 146, 92, 921 (iv) 18, 17, 17

10. (i) 0.034, 28MeV (ii) 0.044, 37.86 MeV (iii) 0.10854, 101MeV

11. 6.0 × 109 

12. 20 

18. 30.6 kg

19. 146.6 g

23. 7.35 MeV
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Solar Pannels

Photo diodes) LEDs RAM ROM

SSDs

p n

pure semiconductor p

n p n p n 

Solar Cell Photodiode Light

emitting Diode), Transistor

Power systems

Logic gates

n p

p n

p n I-V 

28
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Input and Output 

Boolean Algebra

(Resistivity) 

(i) (Metals) : 

 ()  10–2  10–8 m) 

  ( = 1/)  102  108 Sm–1 m) 

(ii) (Semiconductors) : 

 ()  10–5  106 

() 105 10–6 m)–1 Sm–1

(iii) (Insulators) :  

 ()  = 10 11  1019 m)

 () = 10–11  10–19 Sm–1

Energy-band

 (Energy-band theory)
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‘N’ 
‘N’ 

band
allowed energy bands

forbidden

 (Valence band)

 (Conduction band)

 (Forbidden band or forbidden gap)

 :  (Valency) 

28.1

 : 

 : 

(eV)

1 eV = 1.6 × 10–19 J
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28.1 

 : 28.1 (a) 

 (electrical conduction) 

 :  28.1 (b) 

(Eg) 

 (Eg > 3 eV) 

 :  28.1 (c) 

 (Eg) 

 (Eg   1 eV)

1. ————— 

2.  ——————

a b c

Eg=0
o

EC

Eg > 3eV EC

EVEV

Eg 1eV

a b c
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3.  ——— .

4.  ————

5.  3 eV ————.

28.2.1

 (intrinsic) 

(bonds) 

(hole) 

zig-zag

28.2 (a) A 

 (drift) 

B 

  A  A 

B  28.2 (c) B 

 A  A  B 
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B C

 C B B C  

Parent atoms

300 K 2.5 × 1019 m–3 (charge density) 

sensitive
II

Zn

Cd

Hg

III
Al

Ga

In

IV
Si

Ge

Sn

V
P

As

Sb

VI
S

Se

Te

III
V
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doping

dopant

III

  V

28.3 

III V

28.2.3 n  p

(Si) 1s2, 2s2, 2p6, 3s2, 3p2

Si Si

1s2, 2s2, 2p6, 3s2, 3p6, 3d10, 4s2, 4p2

28.4 

Si

28.4 (a)

n

n n

 (a) n
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28.4

(b) p

n

p

p

p

majority charge carriers

1. 300 K 1.5 × 1016 m–3 

2. n

(i) (ii)  

(iii) (iv)  

3. ________________ 

  _________ 

4. n p _________ 

5. _________

(b) p
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TOSS

 p - n

n p

n p

28.3.1  p-n

 p-n

n

p p

n diffuse recombination

n p

accumulate

recombinations

0.5 mm depletion region

space-charge

28.6 

diffusion

0.3 V, 0.7 V 

p-n
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28.7 (a) A

p  B n

p-n 28.7 (b)

0.6 eV

1.0 eV A 1.0 eV 

1.3 eV B

A detection diode B

variable capacitance diode E (tunnel) diode Y

Z

BY127 BZ148 

28.7

(b) p-n n 

(a) p-n
(b) p-n

n
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(a) p-n diffuse

(b) uncompensated

(c) V V.

(d) p-n n p
p n

(a) p-n

(i)

(ii)

(iii)

(iv)

(b) p-n

(i)

(ii)

(iii)

(iv)

(c)

(i)

(ii)

(iii)

(iv)
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p-n 

p-n

n p

 p-n

p-n

1. p n forward bias

28.8 (a)

2. n p reverse bias

28.8 (b)

p n

10  30 

p-n p n

(a) (b) p-n
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p-n p-n

(a.c.) 

p-n

breakdown voltage

(i) 

 (ii) 

(a)   p-n 

(b) p-n 

(c)  p-n

(a)

(i) n p

(ii)

(iii)

(iv) n p

(b)

(i)
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(ii)

(iii)

(iv)

p-n

p-n 

I-V

I–V 

28.9 (a) p-n (B)

p

mA

R

p-n I-V 28.9 (b)

exponential

0.7 V 

(a) p-n I-V
(b) 
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p-n

knee voltage p-n 

0.7 V p-n 0.3 V 

mA 

28.5.2  

p-n 28.10 (a)

I-V 28.10 (b)

(i)

(ii) A

p-n I-V 28.10 (b)

28.9 (b) 28.10 (b) p-n 

p-n 

(sharp) 

p-n 

n p

p-n 

(a) p-n I-V (b)

A
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(ac) (dc)
 CD

recharge

knee voltage

(a)

(b) p-n

(c) Reverse saturation current

(a) p-n I-V 

(i)

(ii)

(iii)

(iv)

(b) p-n

(i)

(ii)

(iii)

(iv)

p-n
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p
n 

p-n

p-n TV VCR, AC

p

LED

(Electrolu-
p-n minescence)

GaAsP InP (display
devices)

(Solar  p  n
cell)

p-n
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(a)

(i)

(ii)

(iii)

(iv)

(b)

(i) p-n 

(ii) p-n 

(iii) p-n 

(iv) p-n 

(c)

(i)

(ii)

(iii) constant current device

(iv) constant voltage device

(a)

(b)

(c) p-n 

(d) LED

(e)

(f) LED

(g) LED

(h) LED

(i)

(j)
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speed regulator

p-n 

ac

ac
(dc)

(a) (Half-Wave Rectification)

ac
T

X Y
X Y

p-n D 
RL 

 220 V

ac
Y  

X 

28.12 (a)

T/2 A, B

RL T/2 T

a ac b
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28.12 (b) p-n 

Vm

Peak Inverse Voltage PIV
PIV ac PIV

RL dc Vdc

Vdc = Vm/ (28.1)

Vm dc

dc m
dc

L L

V VI = =
R πR (28.2)

dc

(b) Full-Wave Rectification

28.13 D1 D2 p-n 

Y X

Y Z
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RL Y
D1 D2

X Z X Z
X Z

28.14 (a) (b)

Y X Z D1

D2

B Y RL RL

28.15(a)

Y X Z

D2

D1

RL

B Y 

28.15 (b)

RL 

28.15 (c)

 dc Vdc dc Idc 

dc mV = 2 × V /π (28.3)

dc m
dc

L L

V 2VI = =
R πR (28.4)

RL dc 

RL  (a) D1

(b) D2

(c)

D1 

D2 
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Filter

28.16

C 

Filtering

t = T/4 D1

Vm T/4 < t

< T/2

discharge

28.17

dc

Filter capacitor

AC C  L  LC  C-L-C 

Filters

1. Filter capacitor

 p-n  

1934 C 

 28.18

(Avalanche Breakdown) : 
p-n 



348

TOSS

p-n 

(Vz) 6V 

(Zener Breakdown) : (Vz)

28.8.1  V-I 

28.19 V-I 

28.8.2

Filters

dc

Filter capacitor discharge

ac 

sound amplifier

dc

I-V
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28.20 
Vz VO

Rs

Anode
Cathode Rs

Rs

Vi

Vz

Rs Is

Is = (Vi – Vz)/Rs (28.5)

IZ  IL

Is = Iz + IL

Iz = Is – IL (28.6)

IZ min 

 IL Is

IZ min 5 mA 20 mA

IL Is

Vo Vz

IL IZ

Vz ac

Vi

28.5 Is Is Vi 

Rs Vz Vo

Pd = Vz × Iz (28.7)

dc 
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 28.1

16.5 V 21 V 

mA 100 mA

6 V 

 :

6 V  Iz min = 5 mA 
(100 + 5) mA = 0.105 A.

Rs

minZ

max

V V 16.5V VR 100
I 105mA

z
s

  
   

21 V IL = 0 

Imax = (21V – 6V)/100  = 0.15 A.

6 V × 0.15A = 0.9 W.

6 V 1 W 100 

6 V 

28.8.3

(Light energy) 

(a)

(b)  (LED) 

(c)  (Photovoltaic devices) 

 solar cells)



351

-2

(a) : 

 28.21 (a) 
.

 p-n 
 (h)

 28.21 (b) 

(i)

(ii) (Eg) 
 (h)  28.21(b) 

(iii)

(iv)  n-  p-

(v) n-  p-
 (emf) 

(vi)

(vii)

28.21 (a) 

28.21(b) 

28.21 (c) 
I-V 
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 I-V  28.21 (c) 

(b) (Light
emitting diode) : 

p-n 

(AlInGaP)
(InGaN)  (LED) 

28.22 (a)

LED 

(i) LED p-n 

(ii)  (spontaneous radiation) 

(iii)

(iv)  LED n  p  p  n 

(v)

(vi)

(vii)

(viii)

(ix)

LED  I-V 

Threshold voltages

LED  5V 

28.22 (a) 
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 LED

LED  1.8 eV

 LED 

 (GaAs1–x Px).  LED GaAs0.6 P0.4 (Eg ~ 1.9

eV) LED  GaAs (Eg ~

1.4 eV) LED 

  (Optical communication) 

Incandescent Low Power Lamps

LED operational

voltage linewidth

100 Å 500 Å 

ON-OFF 

(c)  (PV) (Solar cell) : 
p-n (solar radiation) emf

p-n  (light)  (h > Eg) 

 28.22 (b) p-n 

p-  (300 m )
 (~0.3 m) n-

p-Si
  n-Si 

(metal
finger electrode) (metallic
grid) 

 (
15% ) 

28.22  (b)  p-n 
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 (i)   (ii)  (iii) 

(h > Eg)  p-n e-h 

n-  p-

 n-  p-

p- n- 

28.22 (c)

(IL)  I-V  28.22 (d)

 I-V 

 1.5 eV 

(Eg = 1.1 eV), GaAs (Eg = 1.43 eV), CdTe (Eg = 1.45 eV), CuInSe2 (Eg = 1.04 eV) 

(i)  (~1.0  1.8 eV)

(ii) (~104 cm–1)

(iii)

 : 

28.22 (d) I-V 28.22 (c) 
p-n 
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1.  28.1 

2.

(a)  ______ 

(b)  ______ 

(c) p-n  ______ 

(d) LED ______ 

(e)  ______ 

(f) LED  ______ 

(g) LED  ______ 

(h) LED  ______ 

(i) ______ 

(j) ______  ______ 

p-n 

Bipolar junction transistor

(a) n-p-n (b) p-n-p
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p n p
28.23 E B C

p n

n-p-n  
n-p-n 

n-p-n

28.24 n-p-n p-n-p 

n-p-n 

p-n-p 

(William Bradford Shockley) (1910 – 1989)

W.B.

(Dislocation theory)

28.24 a n-p-n b p-n-p
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p-n 

n-p-n 

28.25 

25°C 0.7 V

0.3 V

  I.   n-p-n 

28.26 (a)

n-p-n

n-p-n a
b c

d
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28.26 (b)  VBE 0.6 V 0.7 V

28.26 (c)

lead

VBE > 0.7 V 

28.26 (d)

Ic IE



C

E

Iα =
I (28.8)



 

C

B

Iβ =
I (28.9)

 

IE = IC + IB

IC 
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E B

C C

I I= 1 +
I I (28.10)

 

1 1= 1 +
α β

αβ =
1 α (28.11)

 II.   p-n-p 

npn  pn p 

 p-n-p 28.27 

n-p-n p-n-p

VEB VCB

0.7
V 9 V

p
n

IC

IE (28.8) (28.11)

(a)

(i)

28.27
p-n-p 
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(ii)

(iii)

(iv)

(b)

(i)

(ii)

(iii)

(iv)

2.

(a)

(b)

(c)

(d)

(e)

(f)

28.28 

(CE)

28.28 (a)

(CB)

28.28 (b)

(CC)

28.28 (c)
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CE

CB 

CC

(Impedance matching) 

a

b c

CE VCE IB IB IC

VBE IB VCE IC 

CB VCB IE IB IC

VBE IE VCB IC



CC VCE IB IB IE

VCB IB VCE IE

Leads

(i)

(a) CE (b) CB (c) CC 
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(ii) 28.29

(iii) p-n

A 

B

C D

F

AC (AF) 

I-V 

CE

n-p-n CE

28.30 n-p-n CE 

VBB 

0-3 V VCC 

0-15 V 

R1 R2 RB

VBE

CE VCE VBE IB

VCE VCC  VBE

IB CE n-p-n

28.31

npn CE
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VCE

p-n VBE<

0.5 V IB = 0

VBE > 0.6V IB

Rie 20-100 

VCE Rie

CE

BE
ie

B V

ΔVR =
ΔI (28.12)

IB VCE 

IC

IB 10

A  VBB 

VCE 0 10 V 0.5 V 

IC

IB= 20 A, 40 A, 60 A, 80 A

28.32 

IB VCE IC  
VCE IB IC hoe

C
oe

CE

ΔIh =
ΔV (28.13)

28.10.2 p-n-p CE

n-p-n
p-n-p 28.33 p-n-p

CE npn

CE npn
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CE

IB

IC VCE

VCE VBE IB 

R1 

VCE

VBE V

= –2V,

 2V VBE

VCE VBE

CE VCE VCE = – 6V, –10 V

28.34 CE

p-n

 ~0.7 V

p-n-p

CE

CE p-n-p

CE p-n-p
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slope ac 

CE ac

CE

EB
in

B V =  

ΔVR =
ΔI (28.14)

Rin k

IB VCE

IC VCE VBE

IB VBE  IB VCE

IC

IB = 50 A
50 A VBE 
VCE  IC

VCE  IC

IB = 50 A 
IB = 10 A, 20 A

28.35 CE
p-n-p 

(a)

(b)

(c)

(d)

CB p-n-p 
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 (Transistor Applications)

28.11.1 (Transistor as an Amplifier)

Diaphragm

Vi

VO

O
V

i

VA =
V

(28.15)

O
I

i

iA =
i (28.16)

O
p

i

PA =
P (28.17)

28.36 n-p-n

CE

VCC RL 

IB

IC

IB

IC

IB IB

IC IB

CE n-p-n 

= VCE
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IB

VBB

operating point

vs VBB

VBB vs dc IB ib

ib IB

cut off saturation region

noisy

ib = vs/ri (28.18)

ri impedance ib 

ic 

ic= ib =  vs/ri (28.19)

 = ac =ic / ib

28.19

vs = ic × ri /  (28.20)

28.36

VCC = VCE + ICRL (28.21)

28.21

dVCC = dVCE + dIC × RL

VCC dVCC = 0 

dVCE = –dIC × RL

v0 dVCE ic dic

v0 = –ic × RL (28.22)

AV 

AV = vo / vs = – (ic × RL)/(ic × ri/)

= – × RL / ri (28.23)



368

TOSS

 /ri Transconductance gm

28.23

AV = vo / vs =  – gm × RL (28.24)

180° 

AP= AI × AV =  × AV   
C

I
B

i A
i

 
    

 (28.25)

Madison

Third grade Junior high school

Gulf Oil Company
Ph.D Princeton

Walter Brattain
(Bardeen Brattain 

Shockley

Leon C Cooper R. R. Schieffer 
Super conductivity

28.11.2 

switch on off

on off

28.37 (a) cut-off

IB = 0

cut-off
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VCC 
VCE

VCC

(IB)

(VCE)

RL

IC = VCC / RL

 =

IC = Vo/R

28.37(b) 

ON 

OFF 

VBB

IBRB + VBE – VBB = 0   (28.26)

VBB = 0 IB= –VBE / RB     (28.27)

IB VCE = Vo

ON  OFF

28.11.3  

Oscillator

LC feed-

back L C

28.37 (a)

28.37 (b) 

12V

OV



370

TOSS

feedback

A,  28.38

A < 1 Vo A  > 1 Vo

A = 1 Vo

CE

180°

–A

A = 1 

 –A–1

180°

28.39 LC CE

Colpitts’s

C1, C2 L

CE

C2 (feedback) C1

180° 180°

C2
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1. CE  Vi = 20 mV, Vo = 1V 

2. P0 Pi  200 

3. CE  RL = 2000 ,  Ri = 500 ,  = 50 

(Logic gates)

digital signal 28.40 

0  Zero 5  
2 V noise

0 V + 2 V 5 V – 2 V

bit
(pulse)

Boolean algebra

(a) (b) (c) 
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A × 0 = 0 (28.28)

A + 1 = 1 (28.29)

Logic gates

(Basic Logic Gates)

Boolean

logic

AND OR NOT

AND AND Gate

AND

AND

28.41

(a)

AND

A B

Y

ON

OFF

A B ON

A B Y 28.41 (c)

Truth Table  

(a) AND (b) AND
(c) AND (d) AND
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AND

Y = A.B = AB = A × B.  A AND B

1. AND 

 DDL Diode–Diode Logic

28.41 (d) AND D1

D2 5 V 5 k

A B

A B 

0.7 V 5 V

5 V

OR OR Gate

OR OR

28.42 (a)

OR 

OR 

28.43 (b)

A B 

Y
ON

OFF

A B

ON OR

28.43 (c)

(a) OR (b) OR 
(c) OR (d) OR
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OR Boolean

Y = A + B. A B

OR OR 28.4 (d)

D1 D2 5 k

A B

A  B 5 V

5 V

0 V

3. NOT NOT Gate 

NOT

NOT 1

1  NOT 28.43 (a)

NOT 28.43 (b)

NOT 
28.43 (c) A

OFF  VCC 5V Y A ‘1’ (5V)
Y

Y = NOT (A)

= A

(a) NOT (b) NOT (c) NOT 
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28.12.2 Combination Logic Gates

1.  NAND [NOT + AND]

2.  NOR [NOT + OR]

NAND NOR OR AND

NOT

1. NAND

28.44 (a) AND NOT NAND

AND Y NOT

Y 28.44 (b) NAND

28.44 (c) NAND

AND

1

NAND

NAND

Y=A.B

NOR 

28.45(a)

OR

NOT

NOR

OR 

Y NOT

Y' 

(a) NAND
(b) NAND (c) NAND

(a) NOR  (b) NOR
 (c) NOR 
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28.45 (b) NOR NOR 28.45

(c) OR NOR 

1 NOR

Y = A+B

NAND NOR

AND OR NOT NAND

28.12.3 NAND

NAND

(a) NOT 28.46 NAND

NOT

A = A

(b) AND NAND AND

28.47 (a) NAND NAND

NOT 28.47 (b) AND

(c)  OR NAND OR

28.48 NAND NAND

OR

NOT NAND

NAND ANDAND NAND
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1. OR 28.48 

A B A' B' Y

0 0 – – –

0 1 – – –

1 0 – – –

1 1 – – –

 (Integrated circuits)

(Integrated circuit - IC).  
 (R), (L),  (C) 

 (Soldering) 

 (shock proof) 

(IC) 

(Monolithic integrated circuits).  
(Monos) Lithos 

 1 mm × 1 mm  
 28.49 

OR NAND

28.49 
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 IC (integrated circuits) 

IC  IC  IC 

 (processes) 

IC 

(Operational amplifier).

 IC 

 IC : (i) SSI : Small scale

integration - logic gates <10) (ii) LSI : Large scale integration - logic

gates < 1000) (iii) VLSI - 

(very large scale integration). 1000 

(Si) (Ge) 

p n 

p-n n p

p-n 
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p-n 

p-n 

p-n 

p-n (ac)  (dc) 

dc dc (ac) 

n-p-n p-n-p

CC CB

CE

CE

 AND, OR, NOT.

NAND  NAND 
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1. p-n 

2. p-n 

3. p-n 

4.

 (i)  

(ii)   

5. p-n-p, n-p-n 

6. ,  

7. IE  4 mA,  = 0.998 IC 

8.  p-n  (PIV)

9. dc 

10.

11. NOR 

28.1

1.

2.

3.
4. eV

5.

28.2

1.
2. (ii)

3.

4.

5.
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28.3

1. (a) (b) 

(c) 0.7, 0.3 (d) 

2. (a) (iii) (b) (iii) (c) (i)

3.

28.4

1.

2.

3. (a) (b) (c) 

4. (a) (iv) (b) (iii)

5.

28.5

2. (a) 0.7 V, 0.3 V (b) (c) 

3. (a) (iii) (b) (ii)

28.6
1. (a) (ii) (b) (i) (c) (iv)

28.7

1.  28.16 

D1, D2  C Vmax 

 PIV  2 × Vmax.

28.8

1. Rz = 100, Rs = 100, R = Rz + Rs = 200

21I = = 0.105A
200

 V = IR = 0.105 × 100 = 10.5 V

2. (a) (b) (c) 

(d)  III-V (e) (f) 
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(g) (h) (i) 

(j) 

28.9

1. (a) (i) (b) (ii)

2. (a) (b) 

(c) 

(d) 

(e) 

(f) npn, pnp

28.10

1. (a) (b) 

(c) (d) 

28.11

1. Av = V0 / Vi = 1 V/20 mV = 50

2. AP = Po / Pi = 200

3.
 L

v
i

β × R 50 × 2000ΩA = = = 200
r 500Ω

Ap =  Av = 50 × 200 = 10000

28.12

A B A' B' Y

0 0 1 1 0

0 1 1 0 1

1 0 0 1 1

1 1 0 0 1

7. 3.992 mA
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Speech

20 Hz 20 kHz

4000 Å – 7000Å

Speech

Printing press

On-line learning

Noise

29
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Analog Digital

Sensor transducer

Transmitter

Medium/chan-

nel 

Receiver Ac-

tuator transducer

Visual or

photo

20 Hz – 20 kHz 4 kHz 

 1 kHz

(i)  (Transmitter),  (Receiver) : (Input) 

(ii)  (Signal) : 

(Analog) 



385

-2

 (0 1) 

(iii) (Noise) : 

(iv) (Attenuation) : 

(v) (Antenna)  (Aerial) : 

(  AM / FM 

)  ( )

(vi) (Sensitivity) :  (output) 

 (input) 

 (S/N )

(vii) (Selectivity) : 

(tuner) (Sharpness) 

(viii) (Fidelity) :  (output) 
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Input signal Voice Music

30 kHz – 300 MHz

Antenna Aerial

Broadcast

Amplify

Medium

Carrier

Analog Digital

Coded Un-coded 
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Deterministic Random

Analog Digital

29.2 (b) 29.2(c)

Sinusoidal

Pulsed wave

Analog and Digital

Digital format BITS Binary digits

‘ON’  ‘OFF’ (1  0) 0

Discrete-time 

CD Compact disc Music Sound

DVD Digital Video Disc

Flexibility

Ethernet Cellular phone

a b c Pulse 
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Cells (Subasinghe-Dias)

(1992)

Range of spectrum 

bps (bits per second)

Sound 29.1

Speech

AM

10 kHz FM

15 kHz FM

Quality AM

CD (Compact Disc) 20 KHz 4.2

MHz 6 MHz

 Modem 

32 kbps, 64 kbps 128 kbps

(Hz) (kHz)

(a, e, i, o, u)

 Dr. J.C. G.

AM

FM
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AM – FM 

Noise

Drop

E = E0 sin (kz – t)

H = H0 sin (kz – t)

Detect 25 mm

5 m

Guglielmo Marconi
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TV AM 
FM

TV

TV

< 30 Hz > 10,000 km

Extremely Low

Frequency (ELF)

3 - 30 kHz 100 – 10 km SONAR
Very Low Frequency

(VLF)

30 - 300 kHz 10 – 1 km

Low Frequency (LF) marine navigater

300 kHz - 3 MHz 1 km – 100 m Medium wave radio (MW)

3 - 30 MHz 100 – 10 m Short wave radio (SW)

High Frequency (HF)

(m)
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30 – 300 MHz 10 – 1 m FM radio
Very High Frequency
(VHF)

300 MHz – 3 GHz 1 m – 10 cm TV

Ultra High Frequency RADAR

(UHF)

3 – 30 GHz 10 – 1 cm
Super High Frequency TV

(SHF)

(i) (530-1700 kHz) : AM 

(ii) (144-351 kHz) : 

AM 

(iii) (3-30 M Hz) : 

(Jagadish Chandra Bose) (1858 – 1937)

Rayleigh

B.A B.Sc.
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Thermal ionization

M.N.

Galena 

Lord Rayleigh 2.5 cm - 5 mm

Fellow of the Royal Society

30 MHz 
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Ts  s
s

1f  =
 T

 

Nyquist rate

AM FM (PM)

PCM

(AM and FM) (PCM)

20 kHz 

1.

2.
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pulsed) 

phase

(AM) 

 (FM).

29.5 (a)

29.5 (b)

 29.5 (c)

a(t) = ao sin at (29.1 a)

c(t) = co sin ct (29.1 b)

(a) 

(b) 

(c) 
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a c ao co

co a co ao aA (t) = ν + ν (t) = ν + ν sin ω t

ao
co a

co

ν= ν 1 + sin ω t
ν

 
 
 

(29.2)

mod ao
c c co a c

co

νν (t) = Asin ω t = ν 1 + sin ω t sin ω t
ν

 
 
 

(29.3)

29.3

ao /co

ma 

29.3 

  mod
c co a a cν = ν (1 + m sin ω t)sin ω t

co c co a a c= ν sin ω t + ν m sin ω t sin ω t

co a co a
co c c a c a

ν m ν m= ν sin ω t + cos (ω ω )t cos (ω +ω ) t
2 2

  (29.4)

29.3

(i) 29.5 (c)

(ii)
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29.6 (a)

AM

AM

29.6 (b)

500 W 50 kW

530 – 1700 kHz

3 – 30 MHz AM FM

AM

AM 

FM TV

(b) AM

AM
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FM 29.7

FM

LC

(PCM) 

Ts

PCM 

(PCM) 

 (a)

(b) 

DC & AF AF

RF 
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29.8

(a) 

 RF L1, L 

 LC 

LC C RF

RC1 

RF C1  RF 

RF dc  R 

 CB AF CB

(output) 

29.8 (b) 

 (wireless) 

  (i) 

(ii) 

60 km C C 3 kHz – 300 kHz
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80 km D D

(3kHz – 300kHz) 

 (300 kHz – 3MHz)   (3 – 30MHz) 

110 km E

180 km F1-

F2  300 km 350 km ) 30MHz

 12 km 

290 K (

)  220 K 

50 km 

 15 km  30 km 90 km 

 180 K.  350 km 

 1000 K 

 D, E, F1 

F2 D   109 m–3  1011 m–3 F2 

1012 m–3 

sky wave  propagation
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(i) :  29.9 

E B 
k  (E),  (B)  

(300 kHz – 3 MHz) 

(ii)  
3 MHz – 30 MHz 

 . 29.10).

 2010  3000 km 

6.8  10 ms

  5 

10 MHz 

 10 MHz 
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(iii) : 

29.11 

VHF (30 MHz –

300MHz) 

(iv) : 

29.12 

(amplify) 

10 MHz 

30 MHz 

50 - 1000 MHz TV 
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36,000 km  

Ground

(i) 

90°  1000 km  (ii) 

63° .

1.

(a)

 (i)

(ii)

(iii)

(iv)

(b) AM

(i)

(ii)
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(iii)

(iv)

2.

3.

(a) UHF

(i)

(ii)

(iii)

(iv)

(b)

(i)  (<30 MHz), 

(ii) (<30 MHz) .

(iii)  (> 30 MHz)

(iv)  (>30 MHz)

EDUSAT

 (ISRO), (DoS) 

 EDUSAT 

KU 2240 GHz

1.
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EDUSAT NIOS

LC 

(rf) 

29.13 

Fax

 Fax Fax 

RFA

AFA

 29.13
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Fax 

Fax Fax 

Fax 

Fax 

(Modem)

(i)  (ii) 

 (iii) 

(Pulses)

AM  1. 144 – 351 kHz 

,  2. 530 – 1,700 kHz 

3.  3 – 30 MHz 
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Ts 

 fs = 1/Ts 

Ts 

(AM)

 (FM) 

 (PCM) 

 (109 Hz) 

(1014 Hz) 

 1 MHz 

(Low)  (Medium)

300 kHz – 3 MHz 

3 – 30 MHz  

VHF, UHF 
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1 km – 50 km cells cell 

1. elements

2.

3.

4.  ‘bit’ 

5. VHF  30 – 300 MHz 

VHF 

3 × 108 ms–1 

6.

7. TV 

8.

9.

10.

29.1

1. 30 kHz - 300 MHz

2.



408

TOSS

29.2

1.

2.
8 1

6 1
c 3 10 msλ = = = 10m
ν 30 10 s





 
 

 

3. 1014 to 1015 Hz

29.3

1. (a) iv (b) (iii)

2.

3. (a) iv (b) (iv)

2. 10 m - 1 m
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