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      FB = qvB sin � (1.5)
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   �

 1.4 �1.6�10
�19  

1 5.0�10
6

v

B

�q

Z

X
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S

N

q � 1.6�10
�19 C, B � 1 T, v � 5.0�10

6 m/s � � 90� v B  
FB � qvB sin � 

      � (1.6�10
�19

)(5.0�10
6
)(1) sin 90�

      � 8.0�10
�13 N

8.0�10
�13
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      � 2�10
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x
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� � 90� v B
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      � (1.6�10

�19
)(2.0�10

8
)(5�10

�3
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      � 1.6�10
�13 N

1.6�10
�13
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r � sin
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�2 T, m � 9.1�10
�31 kg q � 1.6�10

�19 C
.
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      � (1.6�10
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      � 
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19 2
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#
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      � 5.69�10
�4 m

5.69�10
�4
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v � 	r � r
T

2f pr
     v � r
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mv2f fp p
T � r
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      � r
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( . )
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2 9 1 10

19 2
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#

#
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-

      � 3.57�10
�9 s
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6  

3.0�10
�3
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q � 1.6�10
�19 C, m � 9.1�10

�31 kg, v � 5.0�10
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�
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      � 
%
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# #

#
- -

-
( . ) ( )sin9 1 10 10#

      � 8.21�10
�3 m

8.21�10
�3

 1.13 3.14�10
�19

2�10
�24  

3�10
6

5

5

q � 3.14�10
�19 C, m � 2�10

�24 kg, v � 3�10
6 m/s, B � 5 T t � 5 s

     Fc � FB

      mv

r

2

 � qvB

     m	 � qvB

     m(2�f) � qvB

     (2�10
�24

)(2)(3.14)f � (3.14�10
�19

)(3�10
6
)(5)

     f � 1.25�10
5 Hz

1 1.25�10
5

5 1.25�10
5
�5 � 6.25�10

5

6.25�10
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�19

9.1�10
�31  

3.0�10
7

A B 

v

A B
10 cm

q � 1.6�10
�19 C, m � 9.1�10
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�2 � 
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9 1 10 3 10

19

31 7

#

# #
-
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     B � 0nI (1.10)

     
B � 0I

L

N  (1.11)

n

   N

   L (m)
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 1.15 35 20  
750 2.1

.

.

A � 35 cm
2 � 35�10

�4 m2
, L � 20 cm � 20�10

�2 m, N � 750 I � 2.1 A
.

B � 0I
L

N

      � (4 �10
�7

)(2.1)
20 10

750

2

#
-f p

      � 9.9�10
�3 N

9.9�10
�3

.

� � BA

      � (9.9�10
�3

)(35�10
�4

)

      � 3.5�10
�5 Wb

3.5�10
�5

 1.16 2.5 2,000 
1 0.8 �10

�4 

d � 2.5 cm � 2.5�10
�2 m2

, N � 2,000 , L � 1 m B � 0.8 �10
�4 T

B � 0I
L

N

     0.8 �10
�4 � (4 �10

�7
)(I)

1

2000f p
     I � 0.1 A

� � BA

      � B( r
2
)  �  B d

2

2f p

      � (0.8 �10
�4

)
.

2

2 5 10

2
2

#
-f p

      � 1.23�10
�7 Wb

1.23�10
�7
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1.6  

(q)  
(L) (t)

v � 
t

S   �  
t

L

I � 
t

q

     q � It

1.5 FB � qvB sin �

sin � � sin 90� � 1 v q

     FB � (It)
t

Lf pB
 
     FB � ILB     (1.12)

1.15

F

B

I
 

4 (I) 
4 (B )

(F
B

) 1.15

� 1.16  

B

I

L

�

1.16
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     FB � ILB sin �     (1.13)

I (A)

   L (m)

   B (T)

   �

 1.17 12 30  
0.9 60  

L � 12 cm � 12�10
�2 m, I � 30 A, B � 0.9 T � � 60�

FB � ILB sin �
      � (30)(12�10

�2
)(0.9) sin 60�

      � (30)(12�10
�2

)(0.9)
2

3f p
      � 2.8 N

2.8

 1.18 5.0 2.0

30 1�10
�4  

B

I

I

Q

P 30�

L � 5.0 cm � 5.0�10
�2 m, I � 2.0 A, FB � 1�10

�4 N � � 30�

FB � ILB sin �

     1�10
�4 � (2.0)(5.0�10

�2
)B sin 30°

     1�10
�4 � (2.0)(5.0�10

�2
)B
1

2
f p

     B � 2.0�10
�3 T

2.0�10
�3
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 1.19 AB 20 12

AB 0.2 3

.

. 4

x
x
x
x

x
x
x
x

x
x
x
x

x
x
x
x

x
x
x
x

x
x
x
x

12 V
5 cm

B

A

R � 3 �

m � 20 g � 20�10
�3 kg, V � 12 V, B � 0.2 T, R � 3 � L � 5.0 cm � 5.0�10

�2 m
.

FB � ILB

      � 
R

Vf pLB

      � 
3

12f p(5.0�10
�2

)(0.2)

      � 0.04 N
0.04

. 4 S � 4 cm � 4�10
�2 m

a F � ma

     0.04 � (20�10
�3

)a

     a � 2 m/s
2

S � ut�
2

1
at

2

     4�10
�2 � (0)t�

2

1
(2)t

2

     t � 0.2 s
0.2 4

 

I1 I2 2
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r

n

d
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2
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     M � NIAB cos �     (1.15)

M (N
m)

   I (A)

   A (m
2
)

   B (T)

   N

   �

 1.20 20 500

0.5 5  
60

A � 20 cm
2 � 20�10

�4 m2
, N � 500 , B � 0.5 T, I � 5 A � � 60�

M � NIAB cos �
      � (500)(5)(20�10

�4
)(0.5) cos 60°

      � (500)(5)(20�10
�4

)(0.5)
2

1f p
      � 1.25 N
m

1.25

 1.21 200 0.5  
2�10

6
30

50 3 r

N � 200 , r � 0.5 mm � 0.5�10
�3 m, B � 2�10

6 T, � � 30 M � 50 3 r N
m

M � NIAB cos �
      � NI( r

2
) B cos 30°

     50 3 r � (200)I( )(0.5�10
�3

)
2
(2�10

6
)
2

3f p
     50 � (200)(0.5)

2
I

     I � 1 A
1
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 1.22 7 100 2  
0.2

.

.

r � 7 cm � 7�10
�2 m, N � 100 , I � 2 A B � 0.2 T

. � � 0�

M � NIAB cos �
      � NI( r

2
)B cos �

      � (100)(2) (7�10
�2

)
2
(0.2)(1)

      � 0.62 N
m

0.62

. 0.62 N
m
.

2

0 62  � 0.31 N
m

M � NIAB cos �
      � NI( r

2
)B cos �

     0.31 � (100)(2) (7�10
�2

)
2
(0.2) cos �

     cos � � 0.50

     � � cos
�1

(0.5) � 30�

30
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I
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F
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1.22
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43

v v

I 1.

 
v
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C
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O
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S

 3. 800  
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N � 800

30 cm
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B
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1.23

  

N

S

I

I
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S

I

  

N

S

I � 0 

. . .

1.23

45

 
  electromotive force)   emf)

(Michael Faraday)

  law of 
   law)

(E) 
��B (A)

 
     E � 

t
Bz

D

D
     (1.16)

E (V)

   ��B (Wb)

   �t (s)

N  
 

 
     E � N

t
Bz

D

D
     (1.17)

 (Lenz’s law)  

 
     E � �

t
Bz

D

D
     (1.18)

N

 
     E � �N

t
Bz

D

D
     (1.19)
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 1.23 200 0.04  
1.0  

1.5 1

N � 200 , A � 0.04 m2
, B1 � 1 T, B2 � 1.5 T t � 1 s

E � N
t
Bz

D

D   �  N ( )

t

BA

D

D

      � NA
t

B

D

D   �  NA
t

B B
2 1

D

-

      � (200)(0.04)
.

1

1 5 1-f p
      � 4 V

4

 

 
     E � BLv sin �     (1.20)

E (V)

   B (T)

   L (m)

   v (m/s)

   �

 
     P � IE � E

R

2

     (1.21)

P (W)

   E (V)

   I (A)

   R (�)
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 1.24 1

PQ TS UR  
PQ 8

PQ

B � 1 T, L � 0.4 m, v � 8 m/s � � 90�

E � BLv sin �
      � (1)(0.4)(8) sin 90°
      � 3.2 V

PQ 3.2

 
 (back emf : e) 1.24

N

S

�
�

E

e

1.24

 
     I � 

R r

E e

+
-

     (1.22)

x x x x x x x
x x x x x x x
x x x x x x x
x x x x x x x
x x x x x x x
x x x x x x x

T

U

0.4 m 5 �

S

R

P

Q
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I (A)

   E (V)

   e (V)

   r (�)

   R ( ) (�)

 
(e) (E e)

 1.25 6 1  
1 0.5  

E � 6 V, r � 1 �, R � 1 � I � 0.5 A
I � 

R r

E e

+
-

     0.5 � e

1

6

1+
-

     6�e � (0.5)(2)

     e � 6�1 � 5 V
5

 1.26 25 0.5

5 5

E � 25 V, r � 0.5 �, e � 5 V I � 5 A
I � 

R r

E e

+
-

     5 � 
.R 0 5

25 5

+
-

     R�0.5 � 4
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