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1 2sin( ); sin( )y a kx t y a kx t    

1 2 sin( ) sin( )

2 sin cos

y y a kx t a kx t

y a kx t

 



    



2 3
0, , ,

2 2 2
x

  
 ....

3 5
, ,

4 4 4
x

  


V =
T

m
…………(1)

A
A A

A A

A

A A A

A A A
N N

A A A A

A A A A

A A A A A

A A A A A

N N N

N N N N

N N N N N

A A A A A A

A A A A A A

(a)
Fundamental

or first harmonic

(b)
second harmonic

(c)
third harmonic

(d)
fourth harmonic

(e)
fifth harmonic

(f)
sixth  harmonic

N

N N

0x 

1



Basic Learning Material2

2

l

p




2l

p
 

2

V Vp

l



 

2

p T

l m
  

1

1

2

T

l m
  

2 2 1

2
2

2

T

l m
     

3 3 1

3
3

2

T

l m
     

1 2 3: : 1: 2 : 3   

2.

Ans:

l
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1

1

2
l


    1 2l 

1

1

V





1
2

V

l
 

2

2
2

2

2
l


 

 
22 1

2

2
2

2

V V V

l l
 


    12

3

33

2
l


 3 2 3l 

   3 1

3
3

2

V

l
  
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                         1 2 3: : ...... 1: 2 :3:........   

3.

Ans:

 4
4

l l


  

                      1 1
4

v v
n n

l
  
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l



 
3 4

4 3

l
l


  

                                 3 3 1

3
3

4

v v
n n n

l
   

l 

5 4

4 5

l
l


  

                                 5 5 1

5
5

4

v v
n n n

l
   

1 3 5 1 1 1: : .................. :3 :5n n n n n n

= 1: 3: 5 .........

4.

Ans.

beat 1 2=   
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y
1 

y
2

n
1 

n
2 

x = 0

y = y
1
+ y

2 
= 

1 2sin sina t a t 

   
1 12 v   

2 22 v 

1 2sin 2 sin 2y a v t a v t  

1 2 1 22 cos 2 sin 2
2 2

y a t t
   

 
    

    
   

1 2sin 2 ,
2

y A t
 


 

  
 

 
1 22 cos 2

2
A a t

 


 
  

 

 
1 2

2

  
 
 

 
1 2

2

  
 
 

 1 22 cos 2
2

a t
 


 

 
 
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1 22
2

t k
 

 
 

 
 

 k = 0 , 1, 2,..... 

1 2 1 2 1 2

1 2 3
, , .......

       

= 
1 2

1

 
 

 = 
1 2 

 
1 2cos 2

2
t

 


 
 
 

 i.e. 0.

  = 
1 2

1

 
 

 =  
1 2~  .

Special Effects

1. cm m/s.

Ans.   l = 70 

    v = 331 1

   

    
4

331
118.2

4 0.7

v
n

l

Hz



 

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2.

Hz

Ans.     n =  320 Hz

 l
1
= 20 cm

 l
2
 = 73 cm

 v = 2n( l
2
  l

1
) = 2   320 ( 73  20 )

 v = 640   53 = 33920 cms1 = 339 ms1

3. cm cm

m/s

Ans.   l
1
 = 65 cm

l
2
 = 70 cm

1 2

1 2

v v

2 2
n n n

l l
   

2

330 1 1 1
18H

2 65 70 10
z



 
    

 
.
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  (2 )

1.

Ans.  (f) : 

(f).

 (R): 

 (R).

2.

Ans.

3.

Ans.

turpentine

4.

Ans:

P= 
f

1

2
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5.

Ans: i)

ii)

6. ?

Ans:

7.

Ans: i)

ii)

                

8.

Ans:  A=40, D
m
= 2.480

, 
n

21
=?

D
m    

= ( n
21
1) A

2.48= ( n
21
1)4

n
21   

=1.62
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9. cm

Ans:  f = 30 cm ;  m = 1 / 10

v 1
u 10v

u 10
m    

  
1 1 1

u vf
 

1 1 1

30 10v v
 

1 9v

30 10v v

  v 27

u  = 10v

u  = 270 cm

 


 



 (4 )

1. A

Ans. PQ i e

  0A QNR 180   ...........(1)

QNR 
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r
1
 + r

2
 + 0QNR 180    ...........(2)

 ; r
1
 + r

2
 = A  .................(3)

        (i
1
  r

1
) + (i

2
  r

2
) = (i

1
 + i

2
) – ( r

1
 + r

2
)

 i
1
 = i

2
   r

1
 = r

2

     i
1
 + i

2
   A 2i A   

   i , A 

  
A

i
2


  ..............(4)

b)  r
1
 + r

2
  = A r

1
 = r

2
 

  r
1
 + r

2
  = 2r = A 

A

2
r 

 
2

21

1 21

sin sin
sin

sin

n i i
n r

n r n
   

 
21

sin
2

(Or) sin

A

r
n

 
 
 

  r = sin1 
21

sin
2

A

n

   
  
  

 
  

2.

Ans:

o 
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i=C

C

3.

Ans:
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4.

5.
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 1
D

m
f

 
  
 

6.

An:

  1
D

m
f

 
  
 

 m =  
D

f
.

m

f = D/m = 25/5 = 5cm
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 (4 )

1.

Ans:

2.

Ans:

AB AA

A i

V

V

3
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B D t D V
1
t

A V
2
t E

ED t 

V
2
>· V

1
 V

2
t >· V

1
t 

r >·i i = C r = 900

i >· C

3.

Ans:

S
1

S
2

P

S
1

P 1 cosy a t

S
2 

P  2 cosy a t  

P 

1 2 2 cos cos
2 2

y y y a t
 


   

      
   

2 cos
2

A a
 

  
 

= 
2 2 24 cos

2
I A a

 
   

 

 0, 2 , 4 ,....... 2n              n = 0,1,2,3…..

    I
max.

 = 4a2
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 , 3 ,....... 2 1n         n = 0,1,2,3…..

   I
min

= 0

4.

Ans:
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 (4 )

1.

Ans:

q
1
 & q

2 
‘r’

1 2F q q

2

1
F

r


1 2

2
F

q q

r


1 2

2

0

1
F

4

q q

r




0

2.

Ans:

F
E

q


Q r p

P q
0

2

0

1
F

4

qQ

r




4
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2

0

F 1

q 4

Q

r



 …………………. (1)

 
F

E
q

  ……........ (2)

P  2

0

1

4

Q
E

r




3.

p E

+q +qE q qE

2 sin

2 sin

( 2 )

qE a

qaE

p E p qa

 





 



  





  


4.

Ans:

 
2

0

1

4

q
E

r a
 



 
2

0

1

4

q
E

r a
 



   
2 2

0

1

4

q q
E E E

r a r a
 

 
    
   


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p = q x 2a

 
2

2 2

0

2P r

4 r a






   r a

3

0

2P

4
E

r




5.

Ans: P q q

2 2

0

2 2

0

1

4 ( )

1

4 ( )

q

q

q
E

r a

q
E

r a















P .



2 2 3/2

0

3

0

( )cos

1
2 cos ( )

4 ( )

1
( )

4

q q

eq q q

eq

E E E p

p
E E E E

r a

p
E r a

r








 

 

 

    


  



6.

Ans:

0

1



Formula : 

0

1
.E E ds q


 

 


1.

2.

3.
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 (4 )

1.

Ans: Q r P P

Q Q r' A q
0

 
2

0

1

4 '

q
E

r




2 2

0 0

1 1
1 1

4 ( ') 4 ( ')

Q
F E

r r 
    

 

A q
0
 d

x

2

0

1
'

4 ( ')

Q
W F r r

r

 
       

 

q
0
 P

0 0 0

1 1 1 1
W

4 ' 4 4

r
Q Q Q

r r r  

   
      

      

V(r) =   
1

W W
V

q

 
 

 


5
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 0

0

1

4 1
V(r)

1 4

Q

r Q
V r

r





 
 

  
  



2.

Ans: q
1

q
2

r A, B

q
1

q
1 

r
 

B
1

0

1
,

4
B

q
V

r




B V
B

q
2 

B

W = q
2
V

B

1 2

0

1 .
.

4

q q
U

r




3.

Ans:  E P 

sinPE 



. sindW d PE d    

1 2

2

1

W dw





 

2

1

sinW PE d





  

2

1

inW PE s d





    sin cos  
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  2

1

cosW PE



 

 2 1cos cosW PE    

 1 2cos cosU PE   

4.

Ans:

 A  d

Q Q

 = 
Q

A
 

=  
Q

A
 

0 0 0 02 2

Q
E E

A

  
    

   

 

0

1 Qd
V Ed V

A
  



C

Q
C

V
  0 A

C
d



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5.

Ans: E
0

E
0 

E
i

E
0

E = E
0
 – E. E

0

V
V

V

0E
E 

K

0V
V


K

K

6.

Ans:

q
1
 = q

2
 = q

3
 = q

1 2 3V V V 

V
1
, V

2
, V

3

1 2 3

1 2 3

, ,
Q Q Q

V V V
C C C

  
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C

Q Q
C V

V C
  

1 2

1 2 3

3V V V V

Q Q Q Q

C C C C

   

  

1 2 3

1 1 1 1

C C C C
  

n

1 2 3

1 1 1 1 1
......

nC C C C C
    

7.

Ans:

V 

1 2 3V V V 

  Q
1
   Q

2
   Q

3

Q
1
 = C

1
V

Q
2
=C

2
V

Q
3
= C

3
V

C

Q
 
= Q

1
+Q

2
+Q

3

CV=C
1
V + C

2
V + C

3
V

CV=V(C
1
+C

2
+C

3
)

C=C
1
+C

2
+C

3
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1.

Ans:

i = 0

v = 0

P, Q, R, S

C, D G

 A, B

I
1

A I
1
, I

2

P,R I
1

C I
3
, I

g
Q, G

D I
2
, I

g
 I

4 
S B I

4
,

I
3
 I

C

I
1
 = I

3
+ I

g
 …………….(1)

D

I
4
 = I

2
+ I

g 
…………(2)

I
g
=0

ACDA

I
1
P+I

g
G = I

2
R ……….(3)

6
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CBDC

I
3
 Q = I

g
G+ I

4
S ……… (4)

I
g
= 0

  I
1
= I

3 
,  I

2
 = I

4

  I
1
P= I

2
R……..(5)

I
3
Q= I

4
S ……...(6)

1 2

3 4

(5)

(6)

I P I R

I Q I S
       

1 3

2 4

I = I

I = I

 
 
 



P R

Q S
 . 

2.

Ans:

V   l

V = l


1
, 

2

K
1


1

l
1


1
=l

1
………….(1)
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
2

l
2


2
=l

2
………….(2)

1 1

2 2

l

l

 

 


1 1

2 2

l

l






l
1

l
2 

3.

Ans:

V   l

V = l

K

1) AB l
1

 = l
1
………..(1)

K R 

AB

l
2

V = l
2
………..(2)
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2)

1

2V

l

l


 …………….(3)

 = I(r + R)  V = IR

V

r R

R

 
  ……………(4)

1

2

r R l

R l




1

2

1
l

r R
l

 
  

 

l
1

l
2

1. V cm

cm

Ans: Here, E
1
 = 1.25V;  = 35.0cm; l

2
 = 63.0cm

As   
2 2

1 1

E l

E l


E
2
   = 

1 2

1

E l

l

E
2
  = 

1.25 63

35



E
2
  = 2.25V

2. m V

cm emf

Ans: Given E
1
=6V,     l

1
=5m, l

2
 = 180 cm = 1.8m

2 2

1 1

E l

E l


E
2
   = 1 2

1

E l

l

6 1.8

5


2E  E

2
= 2.16V
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  (2 )

1.

Ans:

2.

Ans:

B

I 0

0.B dl I
dB

i dl

dl,  r

0

34

Idl r
dB

r










 
0

34

I dl r
dB

r








 

3.

Ans:  

2

0

2 2 3/ 22( )

nir
B

r x






 
0B ( 0)
2

ni
x

r


 

7
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4. r N i

Ans: M= NiA M=Ni(r2).

m   22n l I r

r N I

5. l i B

Ans:- (i)   F =  Bil sin

(ii) = 900 

6. q v B

Ans : i)   F= qvB sin

ii)   = 900 

7.

Ans:-

8.

A.

 i 

 = NIAB.
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9.

A. 106 1012 amperes

10.

Ans:

11.

Ans:

12. 
0


0

Ans:-         
0 0

1
C

 

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13.

Ans.

I(A B).  
  

14.

A. A

15.

Ans.

 (4 )

1.

Ans: dB i

dl dl,  r

XY

i dl 

r p

dB

r, dl 
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dB  i

dB  dl

dB  sin

2

1
dB

r


3

Id
dB

l r

r






0

3

Id
dB

4

l r

r









  0

3

d
dB

4

i l r

r




  



2.

Ans: B

I 0

B.dl

0. cos
2

I
B dl B dl rd

r


 


  
 

&B dl
  0.

2

I
B dl d







 

0 0
0.

2 2

I I
B dl d d I

 
  

 
    

 
 

0.
2

AB

I
B dl







 

0.
2

CD

I
B dl







 

0 0. ( .....) (2 )
2 2

AB CD

I I
B dl

 
  

 
    
 

dl

0.B dl I 
 

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3.

Ans:  i

r P r

B 

dl

0B.dl i

0Bdlcos i 

0Bdl ( 0)i   

0Bdl i

02 ( 2 )B r i dl r     

0

2

i
B

r






4.

Ans: 1. O r i

2 O dl

3. dl B

dB =   
dl r  = 90°.

4.

B dB 
0

24

i
B dl

r




 
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0

2
2

4

i
B r

r







0

2

i
B

r




5.

Ans: O R I

O x P

P dl

P

0

34

i dl r
dB

r






    r2 = x2 + R2

dl r rdl 

0

2 24 ( )

idl
dB

x R








X-

cosxdB dB   
2 2 1/ 2

cos
( )

R

x R
 



0

2 2 3/ 24 ( )

Idl R

x R




 


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P  

2

0

2 2 3/ 22( )
x

iR
B B i i

x R


 



6.

A : r v

2r 

I = 
e

T
………………….. (1)

T =   
2

v

r
……..(2)

I =  
v

2 r

e


 …………………..(3)

 M=NIA   N=1 ,

I =  2

v

2 r

e
r




I (r2) =  
v

2

e r

I A = 
v

2

e r

           
v

2
l

e r
 

7.

Ans:
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8.

A.
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  (2 )

1.

Ans:

B
H
=0

B
H
=0

Dip needle

2.

Ans:

3.

Ans: A-m2

 Tesla

4.

Ans:

8
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5.

Ans:

6.

Ans: B
E

B
H
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 (4 )

1.

Ans:  PQRS 

PQ v PQ

PQRS 
B
= Blx x

 e

e= (Blx)

e= -Bl( )

e=  .

2.

Ans:

9
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AC

3.

Ans:

l A S
1 
, S

2 

n
1
, n

2
 

S
1 

 B
1 

1 0 1 1B n i

 S
2
  S

1
 M

12
, 

1 1
12

2

M
N

i




12 0 1 2 1M n n lA   ………………….(1)
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S
2 

 B
2

2 0 2 2B n i

S
1
  S

2
 M

21
, 

2 2
21

1

M
N

i




21 0 1 2 1M n n lA   ……………………..(2)

M
12

 = M
21

 = M

0 1 2 1M n n lA

4.

Ans:

2

2

0

0

2

2 2

0 0

0

2

0

1

2

1
(since )

2

1
( ) (since )

2

1

2

BU LI

B
L B nI

n

B
n Al L n Al

n

B Al




 






 
  

 

 
  

 


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  (2 )

1. V ac V ac

Ans:-  V
P
= 200V

V
S
=2000V

N
P
=10 

S

P

S

P

N

N

V

V


10010
200

2000


P

P

S

S
N

V

V
N

2. V

Ans: V Step down transformer

3.

Ans:

4.

Ans:

  

 s s

p p

V N

V N


5. i ii

Ans:   X
L 
= L

  X
C 

 =  
1

C

10
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6.

Ans: (i)  

(ii)  90o or 
2


Radians.

(iii) 90o or  
2


Radians.

7. LCR 

Ans: LCR

LCR 

2

2 1
Z R L

C




 
   

 

1
L

C





 Z = R
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  (2 )

1. X

Ans: nm

2.

Ans:

1 2 1
2

2 1

2
2,

2

hc
E

E E
E

E



 

 



   

 - 

3.

Ans:

4.

Ans:

5.

Ans: E
0
=CB

0

E
0
 – 

B
0 
– C – 

6.

Ans:

11
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7.

Ans:

8.

Ans:
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  (2 )

1.

Ans:

2.

Ans:-

  Q=

3.

Ans:-

4.

Ans:

5.

Ans:

6.

Ans:

h  = 
0
 + K

max

h - 


0  

-  

K
max 

 -  

12
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7.

Ans:-
h h

p mv
  

 - 

h – 

P – 

m –

v –

8.

Ans:

.
2

h
x p


   

x

p
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 (4 )

1.

Ans: 

b





b 

b = 0 

 b 

=0

2.

n

Ans:

e cF F

2 2

2

0

1

4

e mv

r r


2
2

0

1

4

e
mv

r


13
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2
2

0

1 1 1

2 2 4

e
KE mv

r
 

2

0

1

8

e

r


2 2

2

0 04 4

r
e dr e

U F dr U
r r 



 
    

( )

  2

0 0

1

4 4

e e e
U

r r 

 
 

n r U

n U

3.

Ans:

1)

2)

3)

hvEEE  12

4)

2

nh
mv r




m v 

 r n = 1, 2, 3, ......,

   h
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4.

Ans:

 Z  Z >

5.

Ans. 

b 

b = 0 

 b 



        

2
2

0 0

1 (2e)(Ze) 1 2Ze
K= mv =  = 

2 4π d 4π d


 

    

2

0

2Ze
d

4π k




 

d

 KE

 d



d
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6.

 Ans:



7.

Ans:

m m

m

8.

Ans:

i)

ii) V
e
 = E

1
 – E

0

iii)

iv)

:

i)

ii) V
i
 = E  – E

0

iii)

iv)



Physics  II 55

: 

9.

Ans:

a) n = 1

n
1
 = 1 n

2
 =  2, 3, 4, …..

n = RC , n=2,3,4……………

b) n = 2

n
1
 = 2 n

2
 =  3, 4, 5, …..

n = RC , n=3,4,5……………

c) n = 3

n
1
 = 3 n

2
 =  4, 5, 6, …..

n = RC n=4,5,6……………
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d) n = 4

n
1
 = 4 n

2
 =  5, 6, 7, …..

n = RC n=5,6,7……………

e) n = 5

n
1
 = 5 n

2
 =  6, 7, 8, …..

n = RC  n=6,7,8……………

10.

Ans:

n

 2r
n. = 

n

2r
n. = 

n

(2)
n

h h

p mV
    

2
2

n n n

n

nh nh
r mV r L

mV



   

 
2

nh
L



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 (8 )

1.

Turbines

14
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2.

A.

 K

1 12 13

1 6 7H C N ray   

13 13 0

7 6 +1N C e (neutrino)  

1 13 14

1 6 7H C N ray   

14 1 15

7 1 8N H O   

15 15 0

8 7 +1O N e   

1 15 12 4

1 7 6 2H N C He                         

   1 4 0

1 2 14 H He 2 e 3 2 26.70MeV     

1
H1 

2
He4

Mev

1 1 2

1 1 1H H H  

  

2 1 3

1 1 2H H He  

3 3 4 1 1

2 2 2 1 1He He He H H   

1
H1 MeV

1 4

1 24 H 2 He 2 6 26.7 MeVe      

1 4

1 2(4 H 4 ) ( He 2 ) 2 6 26.7 MeVe e        
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1.
92

U235

Ans: M = 1g =10-6g = 10-9Kg

E = Mc2 =10-9 x (3 x 108)2

=10-9x9x1016E=9x107J

2.
92

U235 kWh 

MeV 

Ans. M = 2g;  

23
212 6.023 10

(n) 5.1256 10 atoms
236

 
  

 200 MeV = 6 19 13200 10 1.6 10 J 200 1.6 10 J     

    113.2 10 J 

'Q' = 21 11 85.1256 10 3.2 10 1640.2 10 J    

1 kWh = 51000 60 60 36 10 J   

 kWh  'Q' = 

8
4

5

1640.2 10
4.55 10 kWh

36 10


 



E = Mc2
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  (2 )

1. n 

Ans: i)  n

 ii)  n

2.

Ans: i) 

ii) 

3.  p

Ans: i)   p

ii)   p

4. p-n 

Ans:  p-n 

p-n p-n

5. p-n 

Ans: i) P n 

15
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ii) n p

6.

Ans.

7.

Ans.

 

8.  p - n i ii

Ans: i

ii

9. p-n-p , n-p-n 

Ans:

    p-n-p   n-p-n 
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10.

Ans:  NAND, NOR 

11. NAND   AND 

Ans.     NAND 

NAND  AND 

 (4 )

1. n p

Ans. n 

n

p

p

p n

p p n 

p n

p n n p
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2. p-n 

Ans. p n

p n p n p n

p n n p 

n p p n

3. I-V

Ans: p-n V X (I)  Y

p n p n

V

V Ge V Si V

V

OA
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p-n p n

V

p n

V

V Vb

4.

Ans:

R
L

DC AC

dc


ac

L

f L

0.406×R

r +R


a.c d.c
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5.

Ans:

D
1

D

D

D

D

D  AC

DC

 AC

dc



ac 
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0.812 L

f L

R

r R





a.c d.c

6.

Ans:

a.c. a.c.

d.c.

7.

Ans.

I
 
 = I

e
+ I

h
.

8. LED 

Ans:  LED Light Emitting Diode 

n p

p n
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LED

A A

Switching 

9.

Ans. E (B)

C

CBC

CEC

CCC

                                                                                                 

E,B

B,C

E,B

E,C 

B,C

E,C
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10. NAND, NOR 

NAND AND NOT NAND

NAND = NOT + AND

A B Y=A.B Y = A.B

  0  0 0 1

0 1 0 1

1 0 0 1

1 1 1 0

NOR- OR  NOT NOR

A B Y = A+.B Y = A+B

  0  0 0 1

0 1 1 0

1 0 1 0

1 1 1 0

11. NOT 

Ans: NOT 

NOT

Input Output

A Y

0 1

1 0
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  (2 )

1.

Ans: i) 

ii) 

iii) 

2.  (WWW) 

Ans:

3.

Ans: Hz Hz

4.

Ans: MHz MHz

5.

D km km

E upto km

F
1

kms kms

F
2

6.

Ans:

16
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7.

Ans:

AM

FM

PM

8.

Ans:
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