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1 ���
1.1 ���¨¢��	�
+�H

→
W ��� ��
 S f
� r��
� ������� �
J 92� r�� � 9:�:h�C)
+

→
+�H���� r �
 h
4M6��*3d/ 
 9 w�� � A@9�C ( � )�� �
!VJ#" r�$ A )

1.2 ���¨¢&%'�
1.
+�H�(*) h +�H�+-, �/. )

, 0�1 , 2 3
2.
+�H�3dp54 r76�8 � 6�9 4M6;:�< X 9 �
 r7= 9�C

3.
+�H �
��> ��?�@

1.3 �A�	B ¢�CED
1.3.1 F GIHIJLK�M�N/G�HIJLK

• O P +�H�Q → R +�H � rSO�P +
H A@9 .

( T )
W ���VUjS r7W�X 4M/ ) 9 .

��Y�) / �-Y r ) 9 .
J#"

• c P +�H�Q → R +�H �ªhVZV[V� X 9 \V�V� r +�H 4 , ] � ��� � km)I^ / ^#_ A@9 .

( T ) `Ia �VYcb 9 ��Y h `�a � ���:9 �-d r +�H 4 ,
)
^R�0wB� 6 `Ia�elrf� � 9 .

��Y h ��d � k �cg
rh� � 9 .

J#"

1.3.2 i�jcK , k�lmjLK , n�o-K
1. pI� Q

→ p��lrI] � L�LM+�H A@9

2. qLr � Q
→ s�t � r |�u S Y 6 X�r;q�r h`A@9
( T )

� �IX ) f*v#w���x J#"

3. yIz Q
→ s�t �ªh�� X�rh� � 9 ( X ��{5| 4 W q�r h
4 J 8 )

( T ) }ctL~-� ~ fs
hm�-�o� ~-� ~ fx

hD� Xc~L� ∆f( � p <��-� � ~-� ~ ) r +�H 4 ,
�-��� ~c� ~

(fx = fs + ∆f) r�� � 9 .

( �c� ) � ��� t [ =5� " � 5 � 5
\ � ;�� � � ) h ,

�-�
a
�/�IU rV�
� 4M6 , ] � X�r�� � 9B� W , y

z Q����

1.3.3 ���I���;�
HIJLK�M/�
��l
�VHIJLK
1.
35� x 4�qB+�H�Q
+BH elrSO�P ~ e /;���

2. �/� r-¡ +�H�Q¢�£ ) � )�¤RJ#" /;¥�¦�4 [ �@/;���
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1.4 ���������
	
� X ε = M − T rightarrow � � e ��
 A@9 +�H e � |�b� X�� = ε/T

y�� α = −ε����/ �
M : Measurement T : True value

1.5 ���£¢����������������
	
� X � �V�
��� 8
6 ��� =�� ����H A@9:�:h � / 
	J 8
i �! Q*� w��MJD��� i�"$# k b 9�C
1. %�& � X'�(*) �2� �
��> ��+-,�c�eR8 ��)I^ c�eR8 ��.0/ x
� ) �
2.
+BH�¤ � � X
qLr21 ��3@8 ,

)
¤ ��4�5
, 68789�: �

3. ;�< �@w 9 � X
~>=@?�A &CB A �8D�E ��F >$G�HV�8D�E

4. I /KJD� � X
:�L�M �@w 9 `�a �8N k@O

� XlrI] �2P$Qd/2� t 9Vh $ >�� � X , h $SR�T � X , ��� t k b 9�C
A J�UWV�� $ >�� � X , hM8 � � ���+�H������ p K rM# � S Y 9 � X �V�:h7/ XjK�� $XR�T � X ,@� >�� � X�r�Y 8 [�Z5W[ �\ h�4M60]l9 � X ��:h7/ X 9�C

1.6 �A� ¢�^ª���
���
	
1.6.1 _�` ( aK_�b )

� [@wVK � ��
 S�/@c-d
( ��e � k � |�b )

C

1.6.2 e�` ( e$f
b )

g k���
 � ��
 S�/@c-d
(
��hdf }It-p�X )

C
i T$j Q���� +�H T / �
�-Y�) A

h �-Y�)
B
�&"�VVk i0k A i0l@8
� ? ( m�n h ��h r�� � 6$,:9 )�

1: o$p�q � ��Y�) r 3:8
6 � 5.0 A
� ��Y elr 10 r +�H

1 r 2 r 3 r 4 r 5 r 6 r 7 r 8 r 9 r 10 r m�n�-Y�)
A 5.5 4.7 4.3 5.6 5.0 5.8 5.7 5.1 4.3 4.8 5.1�-Y�)
b 5.1 5.0 5.2 5.3 5.1 5.2 5.1 5.1 5.3 5.2 5.2
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2 ���������	��
 ��
���� ����������� �������
2.1 �A������ ]¢"! �$#&%�' ��� �
	
2.1.1 (*),+
+�H e � x1, x2, · · ·, xn

� m�n-e x
���

x =
x1 + x2 + · · · + xn

n
(1)

2.1.2 -/.�M10/2
i43
}�t-p�Xlr σ(

��h �
σ2
h �0A

)
h`A@9Vh �

σ =

√

y2
1 + y2

2 + · · · + y2
n

n − 1
(2)

[65 4 �
y2
1 , y2

2 , · · ·, y2
n

���67�+
H e � m�n-e � k � |�b r Xlk U 4M6�8d9�C=98 �B��+�H r ~ r;: � A b g �$h@i=<FS �`J 9 (
� X i=<5S ��J 9 )

i �
10 %  />d�
J 9Vh XdL�K@?�� iJ5��J 9�C

2.1.3 ACBEDF-HG
I /KJD��J � X � 1
# ? � � =98 �B�JI"K�� �JL �NM � C I"K�� �JLPORQV� �����! Q�� w�� � � Y 9�C

y =
h√
π

exp(−h2x2) (3)

[65 4 �
h
��H
~ / X 9�C

2.2 S�TVUXW�B
Y + e y

�2
 A@9 ��e T
� X � 2 Z6[lr]\ < � A@9�Cd8 L�� x, y r +�H 4M6 �  Q*�V�@i = k b0[ h�A@9�C�

2: x
��
 A09

y
� +�H��I�

1 r 2 r 3 r · · · n r
x
� e x1 x2 x3 · · · xn

y
� e y1 y2 y3 · · · yn

8 L_^V���
x
h

y
i  Q*� w�� �

1 ` � /;�:Ao�:h7i�/ 
 9Vh`A09�C
y = ax + b (4)

�	� � �
x
�

x1, x2, x3, · · ·, xn r;a6b 4M6 = k b 9 elr y′

1, y′

2, y′

3, · · ·, ′

n

h�A@9Vh �
Σ(yn − y′

n)2 = Σ(yn − (axn + b))2 (5)

i \ < �
J 9 a
h

b r�� �Sb g l@8�Cc6d Tlr  Q � �0ADC � (5) r cJd �B� � � 9Vh �
Σε2

n ≡ Σ(yn − y′

n)2 = Σ(yn − (axn + b))2

= (3.6 − (a + b))2 + (7.2 − (2a + b))2 + (9.5 − (3a + b))2

+(15.5− (4a + b))2 + (18.1− (5a + b))2 (6)
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�
3: \ < 2 Z Q � c6d T

1 r 2 r 3 r 4 r 5 r
x
� e 1 2 3 4 5

y
� e 3.6 7.2 9.5 15.5 18.1

h J 9�C��	� L
L�)
^ A@9?� ����� � < 4 Z#" 8�C
Σε2

n

i \ < �
J 9 a, b r�� ��b g l:8*� 5 � km� a
h

b
/

p�� ��4 [�� i 0
�
J 9

a, b r�� � 9:�:h�h`A@9�CL;|��
a
/ p�� �:A@9Vh �

∂

∂a
Σε2

n = −2(3.6− (a + b)) − 2× 2(7.2 − (2a + b)) − 2 × 3(9.5− (3a + b))

−2 × 4(15.5− (4a + b)) − 2× 5(18.1− (5a + b))

= 110a + 30b− 398.0 = 0 (7)

` ��� b
/ p�� �:A@9Vh �

∂

∂b
Σε2

n = −2(3.6− (a + b)) − 2(7.2 − (2a + b)) − 2(9.5− (3a + b))

−2(15.5− (4a + b)) − 2(18.1− (5a + b))

= 30a + 10b − 107.8 = 0 (8)

�
(7), (8) r ¥�@�S Y 6 6 � h �

a = 3.73

b = −0.41

h J 9�C�� b r�¡�I�y u 4 [@W �?i ��� (1)
/ X 9�C

� b]k � �	� r W���
 4 � =,8 u A@9�C
� (2)
��� 8
6 �
�

(6)
� \
� >�� �@wVK��

∂

∂a
Σε2

n =
∂

∂a
Σ(yn − (axn + b))2

= −2Σxn(yn − (axn + b))

= −2Σxnyn + 2aΣx2
n + 2Σxnb = 0 (9)

∂

∂b
Σε2

n =
∂

∂b
Σ(yn − (axn + b))2

= −2Σ(yn − (axn + b))

= −2Σyn + 2aΣxn + 2nb = 0 (10)

��� � ���0/;� Y g �
[

2Σx2
n 2Σxn

2Σxn 2n

][

a

b

]

=

[

2Σxnyn

2Σyn

]

(11)

4 [ i � 6 �
[

a

b

]

=

[

2Σx2
n −2xn

2Σxn −2n

]

−1 [

2Σxnyn

2Σyn

]

(12)

( ������� ) ���� ���
�	�� �!
y = ax2 + bx + c

� Z [#"�$�%'&(! \ < 2 Z Q �*)�+ a, b, c ,���- )/.
( 6�0 )

5



0

5

10

15

20
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�
1: y = ax + b

� ¡�I�� � Fit ������T

�
4: \ < 2 Z Q�� �������
1 r 2 r 3 r 4 r 5 r

x
� e 1.0 2.2 2.9 4.1 5.0

y
� e 2.0 5.2 10.5 17.0 27.5

6



� #�� b ��� �����	�*% ) � ��
98 u
�  ��- %�.���� U V !
∂

∂a
Σε2

n =
∂

∂a
Σ(yn − (ax2

n + bxn + c))2

= −2Σx2
n(yn − (ax2

n + bxn + c))

= −2Σx2
nyn + 2aΣx4

n + 2bΣx3
n + 2cΣx2

n = 0 (13)

∂

∂b
Σε2

n =
∂

∂b
Σ(yn − (ax2

n + bxn + c))2

= −2Σxn(yn − (ax2
n + bxn + c))

= −2Σxnyn + 2aΣx3
n + 2bΣx2

n + 2cΣxn = 0 (14)

∂

∂c
Σε2

n =
∂

∂c
Σ(yn − (ax2

n + bxn + c))2

= −2Σ(yn − (ax2
n + bxn + c))

= −2Σyn + 2aΣx2
n + 2bΣxn + 2cn = 0 (15)

��� � ����� � � g !






2Σx4
n 2Σx3

n 2Σx2
n

2Σx3
n 2Σx2

n 2Σxn

2Σx2
n 2Σxn 2n













a

b

c






=







2Σx2
nyn

2Σxnyn

2Σyn






(16)

� � "��  (!






a

b

c






=







2Σx4
n 2Σx3

n 2Σx2
n

2Σx3
n 2Σx2

n 2Σxn

2Σx2
n 2Σxn 2n







−1 





2Σx2
nyn

2Σxnyn

2Σyn






(17)

2.3 ����������� �
!#"#$ �&%(' "�! \�) �&*,+ �.- � )0/1�&2#3 , ��)�45��6
.

(1) 7 - %98*"�!;:=< � 8 x1, x2

� [ ( > �#? ' )
��@ � %BADC
y = x1 + x2 (18)

E	F � ? %(' ,�GDH �#%BA !
y + ∆y = (x1 + ∆x1) + (x2 + ∆x2) (19)

� � "��� �! ∆y = |∆x1| + |∆x2| (20)

%5' ?&I �����DJ,K �#%�.
( L�� ) A M �&N(O ? 58 ± 2 kg

!
B M �&N,O ? 75± 3.5 kg

� $	� � .
A M A B M , ��P ��� N,O �Q%(' ASR#T %(' ,17�- )/.

(2) 7 - %98*"�!;:=< � 8 x1, x2

�&U0��@ � %BADC
y = x1 × x2 (21)

E	F � ? %(' ,�GDH �#%BA !
y + ∆y = (x1 + ∆x1) × (x2 + ∆x2)

= x1x2 + x1∆x2 + x2∆x1 + ∆x1∆x2 (22)� � "��� �! ∆y = |x1∆x2| + |x2∆x1| + |∆x1∆x2|
' |x1∆x2| + |x2∆x1| (23)

7



( L � ) ��� V
A ��� I , !#" � � A���� ! V = 100± 0.5 V, I = 20± 0.1 A

� $�� � . �	� �&%(' A RT %(' ,17�- )/.
( 
�0 )

P = (100± 0.5)(20± 0.1)

= 2000 + 100× (±0.1) + 20 × (±0.5) + (±0.5)(±0.1)

∆P ' ±|(±10)|+ |(±10)|
= 2000± 20 (24)

��� �Q%(' ? , 40 w
�

,
R,T %(' ? 40/2000 = 2 %.

(3) 7 - %98*"�!;:=< � 8 x1, x2

�
����@ � %BADC

y =
x1

x2

(25)

E	F � ? %(' ,�GDH �#%BA !

y + ∆y =
(x1 + ∆x1)

(x2 + ∆x2)

=
x1(1 + ∆x1

x1
)

x2(1 + ∆x2

x2
)

(26)

' x1

x2

{

1 +
∆x1

x1

}{

1 − ∆x2

x2

}

(27)

' x1

x2

{

1 +

∣

∣

∣

∣

∆x1

x1

∣

∣

∣

∣

+

∣

∣

∣

∣

∆x2

x2

∣

∣

∣

∣

}

(28)

� � "��  �! ∆y =

∣

∣

∣

∣

x1

x2

∣

∣

∣

∣

{∣

∣

∣

∣

∆x1

x1

∣

∣

∣

∣

+

∣

∣

∣

∣

∆x2

x2

∣

∣

∣

∣

}

(29)

( L�� ) 6 %
�Q%(' ,�� < 25 Ω

�
��� �
150 ± 3 V

� ��� ,��
� � � . �	�  �� % ��� �Q%(' ASR#T %' ,17�- ) .

( 
�0 ) 25 Ω
�

6 % ? 1.5 Ω
� $�% � �

,

I =
150± 3

25 ± 1.5

=
150

25

{

1 ±
(

3

150
+

1.5

25

)}

= 6.0± 0.48 (30)

2.4 ���������! #"%$��'&)(!&
*,+�-�. �*%�/�0*"21�3��

5
�
4 � ? , 5 � /76 ��8 � "�9�/��,��% )0/ �
: +<;	=	%D62> + +  #% .

L 6�? , 23.5
� ADCA@�/�B	C � , *,+�-�. � � ? 24

�,��%
.

26.5
� ADC ? @�/�B	C � , *,+�-�. � � ? 26

�,��%
.

2.5 D�EGFIHJ�! #"%$
32500

� -#ALKNM5APO�Q�/�0*"	RS3��,���1� �
. 3.25× 104

�.-#ALKNM
.
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2.6 �����
2.7 �����G&	��

2.7.1 ��
������������
$�%����

( � � ) ! �
. � � ��, Pin, "S� � ��, Pout

A �*%BA � �$#�% G ? ,

G =
Pout

Pin
[ & ] (31)

= 10 log10

(

Pout

Pin

)

[dB] (32)

[ L�� ]

10 mW
�S. � � � , 40 W > � '�(�� � . �	�$#�%B?*) [dB]

6
.

2.7.2 ��+,�����������
$�%����

( � � ) !�- . � ��� , Vin, " ����� , Vout

A �*%�A ����#�% Av ? ,

Av =
Vout

Vin
[ & ] (33)

= 20 log10

(

Vout

Vin

)

[dB] (34)

[ L,. ]

2.7.3 dBm �������
� � P , 10 log10 P [dBm]

��@ � ��/$0 .
� �$1 �32 1mW ? 0dBm 4 �65 .

10 log10 1 = 0 dbm (35)

2.8 SI 798�:��' " $
;,< /$0�= [m], [kg], [s], [A]

A,>@? /$0�A

9



3 ������ A ?�� → � ! >
	0/(A�� 5�T�
�C
� -����

3.1 ����� ( ������� �!��� , "�#%$'&)(*��� )

���9=,+.-0/���1�2 13��4�5!687�9!+�:9= � 5��	A 4 	�;32=<�>35 ���<�>35 ��� ����- 2 ?A@�B ?
ē2 = 4kTRB (36)

T : C T!D!E
R :
� � $

k : F3GIH�J�K " /
B :
�
� -�L!M /AN KPO (

[
ORQ . � ��� � � ] S,-,�3� 4
T�U 2 � �3� -�VWK!X=YRZIK\[ = Z

A T 8 ? Z ]3^!_a`,� 5\b!c �!� � �

e

R

d
e

Z

Z : fhgjilknmpo       qhknksr

2

?�� ( t�u 19 v�w )

P =
ē2

4R
(37)

A 7 5�x
y (36) ={z . � � ? �
P =

ē2

4R
= kTB ≡ Ni (38)

A 7 5�x � - Ni = ORQ . � ��� � � A U /|x

3.2 �}��~h(��%�
�
����� 4 	�5 /��!1�2�-��!: 4 	3;32=<�>35 ��� - �	A�x @�B�����1A� > ]W�A��2 / 10� ��U�]!U 5 ?��

4�� 5�x

3.3 �n��~��8��� (1/f ��� )

� - ��� -0�a��Y
[
�W����G�?�L!M / 4��!�(L � 5�x � �0?�� ���#NA���!��NR� N V�[�7 - ]=� ! `,� 5��8 ]A7 M �����! �-!¡¢�¤£ 5BA�� �¦¥¨§
© -�ªP«¬�!­�-�� �=®=7 -�¯ ]3°��<� 5BA U P � 2 U 5�x�!��NI� N V�[!]�?�� �!��N «¬± - *8²  �³ -�4�´!µ�4 	�5!¶�·�¸¬¹ -�� �=®*13º�» A G 6 �<� 2 U 5�x

10



3.4 �����s����� (SN � )

����� � Ps

A ��� �	� Pn

A -0� ={��� T ��� � (SN � )
A U / . �	� 4 ��

� G ] @ � �	A 1
�.U x

3.5 ����� F
→ ����- ����� Q = @ ��x. �A]6- SN � A "
�A]6- SN � - � = @ ��x	����� 4#?�� 1 ] ¡ 5�x

F =
Si/Ni

So/No
(39)

3.6 � &��%(�� �
!�" @�B A$#�% @�B 1
& > U 4 "(' G�)�Y�O � 1 ¡ 5 A U /|x
L 6�? , � < - ��� R -+*�,�-
��� V1 = !," >.- 8 , 5,- #/% @�B�=17 �65BA

V = lim
T→∞

1

T

∫ T

0

V1(t)dt (40)

A 7 5 . > ? , n 0�- ��� R1,R2, · · ·, Rn -!¡ 51#+2 t1 4
T 8 5 *�, -
��� - !�" @�B ? ,

〈V 〉 = lim
N→∞

1

N

N
∑

n=1

Vn(t1)dt (41)

A 7 5 .

V = 〈V 〉 (42)

143�5 � 5�ADC ,
' G�)�Y�O � 1 ¡ 5BA U / .

1

n

V (t)n

t
0 Tt

V (t)

S 2: Noise -3£'�=®
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4 �������
��� ]	?
��� � 7
	���4 < U 2 ? , ��� $ , ��� $ ,

��� $
, L�M / 7 - 1

8U�� 6 - . 5�� C
� 
WU
� 6 -��- A�> 2 , �'` ,

# %
, � 8 7 - 1 ¡ 5 .

# % ? , � 
���� º�2�-!¡ 5 �60 % -���� 4 	�;32 0 "�� `,� 2 U5
. > ? , �a`D? ,

#�% A���� ]�� > 5 . � 8�� 8 ?�µ � " / 7 - =� 4!� �65 �	A 1!] C�" , #%$IK\[64�¡ 5& ¶%'�( $ � º/�*) 4 	�;32 �.> ;32 U 5 .

4.1 +-,/.10
2 �RS - 	�/ 4�3�465$4 1 m - %87 ]3@:9:; � `�� ?�<�= 4>�.U 2

< - �#N 4>?A@ C 4�� >�c�C ` -,����1
�	� 2 U 5�A�� 5�x �a` 1 m B A 4�C 4 > "ED � 1 2 × 10−7 N ] ¡ 51# -,��� = 1 A

AGF � � 5�x

I=1A

-7 N

1 m

1m

I=1A

F=2x10

S 3: 1A - F �

4.2 .H0EIEJ
4.2.1 K�L�M%N:O
	�� ��� ��-�P�Q
◦
� ��R 18S F

◦
� ��R - D!E%T�/ 1 @ `0U

◦ U 4 TR� 5 9!��� � 1 @ `0U
J�K�V:W�K*-!¡ 5YX�Z - ����R =Y	�� A,> 2 U 5 . (Cu 84%, Mn 12%, Ni 4%)

4.2.2 M%N%[�\]K�L
^ Y=G Q�_ =�#*` .

12



H

B

Ib

d

a

z

x
V

- +

S 4:
^ Y0G Q%_

Bz � @�-���� 4 5$4 2 �% �#N ==T C � 4��	��
 � @ 4,��� Ix = � �0x � 4�� ����4 �
� ��5 ��� Ey � �
Ey =

h

q2

1

n
I (43)

h : ��$RK���- F�/
q : �������
n = 1, 2, 3 · · ·

^ Y=G ��� RH = h
q2 = 25812.807 Ω = ��� �!2�	�� � > 2 `RU 5 .

4.3 .H0 +��
4.3.1 K�L����
� I�����O	� ��� ��� (

� � [��,K ��� � ��U D ) - 20 ! 4
T 8 5 ��� ��= 1.01864 V
� � � 5�x

4.3.2 "$#&%('*)�+-,*\
S - 	 D 4�� 2 .6-0/21 ��3 - % 45426 407RU98�:�;�==<?> � ��@ ��A�22B�198�:�;�=DCFEHGJI 5=K�
!x2L�M
� #*N�KO�
2�4 ��P ���9=9Q*I ?	# ��A2R – A P�S � = � 5 � A2R?T�[�UWV0� Z(X ��Y �?Z�x n []\0^3[�UWV��
A�R9= Vn

� �_Z � �
nf =

2e

h
V n

?���> � e � A�22A�/!� h � �%$RK3� F ` x 2e
h � F�` ]A¡ Z ^3]=�ba5c XI	 E��
L�M ` =5d F �?Z a � XI	 E �A�R9=Y� ��Z a � T!] @ Z�x 2e

h = 483597.9 GHz/V T�e�f ��X�g h `0c�i�U Z�x

13



S 5:
LbM � # N!KD��2

4.3.3
�������	��

�����

4.3.4 K�L������������
4.4 ��� � .H0

14



5 ��� �������
	��
5.1 
�� �����������
d���A�R(^���� �"! V (t) #%$ Z # , & P�'�(*)

V (t) = A sin ωt (44)

#,+-$Wa.#DT�/ @ Z . a2a0/ ,

A : 1-2
t : �43
ω : 5�6 ' ` (= 2πf)

798 � Vav (Average) #,:�;4� Vrms (Effective Value <9= )?>�@�A�B 798 #DC?EGF →Root Mean Aquare))
, H�I�^KJ-F X ��LNM0c Z .

Vav =
1

T

∫ T

0

|A sin ωt|dt (45)

Vrms =

{

1

T

∫ T

0

A2 sin2 ωtdt

}1/2

(46)

=

{

A2

T

∫ T

0

sin2 ωtdt

}1/2

=

{

A2

T

∫ T

0

(

1

2
− cos 2ωt

2

)

dt

}1/2

=

{

A2

T

(

∫ T

0

1

2
dt −

∫ T

0

cos 2ωt

2
dt

)}1/2

=

{

A2

T

(

[

1

2
t

]T

0

−
[

sin 2ωt

4

]T

0

)}1/2

=

{

A2

T

(

T

2
− 0

)}1/2

=
1√
2
A (47)

OKP ' ^RQ4S ,
'�T � ( U V�WX� , peak value) #,1.2 )�Y[Z /�\ Z . & P A2R�^0:�;4�]# ) , ^�_4` X & P A

R�^?6�a]#,b�cXE��434d�I9e P A P T P c-=[# @ X , f�^?6�a[g X ^�_4`K/�h�iGM0c Z e P A.j X b]cXElknmo !p^�_4` X?q�r MRs Z & P A2R-/�\ Z .

5.2 t�u]v�wyxNz
5.2.1 {9|
��}-~D� ( � �K��� ~D� ) �R��������4���n�

JIS �KJR�-� , 0.2 � , 0.5 � , 1.0 � , 1.5 � , 2.5 ��� 5 �.�l���NMR��EK� . 0.5 �]# ) , � � �
( ���*�?�-��� ) �?��cp� 0.5% �?����!X .$K�¡#pENF�¢.#£/�\n� . ¤K¥n� 2.5V �0¦4§"! 1.0 �¡�0¦4§4¨©� 3Vª�« ¬ /�­��.$��-� , �9��® )

3 × 1.0

100
× 1

2.5
× 100 = 1.2% (48)

15



2.5V �0¦4§"! 1.0 �¡�0¦4§�¨©� 10V
ª�« ¬ /�­��.$��-� , �9��® )

10× 1.0

100
× 1

2.5
× 100 = 4% (49)

#���� . ������� ­����¡���©E ª�« ¬ /	��
¡¢.#
�?���*����� .

5.3 t�u]v�wyxNz����������
�	����� �l¨�`-/ ) , �� �¦"!4¨�`¡� 3 #"$©� %'&�(�)+*	, > %.-�/�)�*0, > %.-�(�)�*	,1�32+465 �©� . %7&

(�)�*	, ) ��8[!�(:9�$.=�;4��&�(=<?>*W�! q�r MRsK��)�* . %.-�/�)�*	, ) ��8"!�@K��AB*4��C*f[F�#%$K�
-�/D<?>©W�! rFE �G)B*9/ , ��8 ) &�(D<?>¡W-#H-�/=<I>¡W���JLK S6M�=�A�*9/�N�O-$-� . %P-�( (Damping) ,)"Q ª V"R��K¢.#£/ , -�(F�	ST�?¢.#R�KJ�KU��8¡��(WV-#YX�ZB[4�]\"�	ST� .

5.4 ^ ��v�wyxNz ( _D`�aLb+c�xNz ) �Bd�e
5.5 t�u]v�wyxNz��Wfhg�ikj=lTm�nBoqp
r +6st���t� %'u�(wv	x	>ty",�#z%'u�(�{�|�y�,

5.5.1 }�~+�]�t�t��~D�7 bB�]���*g9��u�(wv	x3>*!G����cR= ( �?¨�`"!�u�(wv3x	>ty4¨�`�#���FU� 7 b���� )?>���� ���"���©�Fv
x	>�/	�[���
5.5.2 }�~	���"��~D�
v	x3>K�-J0M?� r Z =����*g9��{�|"!3*h��#0f9��{�| ) ���GMp��\¡!G�������-f��	\ )?> ¦��©� 2

B �]�9¤$K����¢ �1v	x	>�#H{�|���!1\©!��"��c0=��t� > u�(�{�|�yn¨�`-/�\4���

16



5.6 v �������
5.6.1 �������©�	��

��
 s9�R¦��¡�?­�� )?> ¦���¨[!��.E�H�In�����KJ-FX�����.$K���

r

R
I

AV
+

-

� 6: e]��¦��¡�?­��

I =
V

R + r
(50)

¦��4¨©�?­������-!����-$K��� )?> ����`"!��.EK���9¤K¥n� >���� ^�_ r = 0.1 Ω, ���4­���¦"� 10mA �¦��4¨[!���E�� 100 mA, 1 A, 10 A �0¦��"!X­��.$K��� )�� F $��-�KJ?E�9t�

10 mA
V

BR

r

A

I

Bi

� 7: ����`
¦"�4¨¡�3�.$"¢.#G��/�V9�X¦1��� ) 10 mA /.\n����/ > ¦"�n¨¡�t9�9-�0���4¦n§ ) 0.1 × 0.01 = 0.001 V/�\n��� I = 100 mA <�/�­��-/�V��.J-FX��$K�9� ) > iB = 90 mA #����-J-FX� RB !� B;D�K�KJ?E0��cX=
�BMl� > RB = 0.001/0.09 = 0.0111 Ω #
�����Y"! � > 1 A, 10 A ��#0V )l> f �$#�� > iB = 990 mA RB = 0.001/0.99 = 0.00101, Ω, iB = 9990 mA

RB = 0.001/9.99 = 0.0001 Ω #������
5.6.2 %������©�	��

&��9¦�����&���¦4§©�?­��©� )0>'& ��`[!��.E?&��[!De��¡�(��)-$-�+*�#:��\4��� & ��`¡� ) ��
 s9� )-,
x�..V0/ �0�.EW5 � > f�� (�1 � )�24'�& ��y�#43 '�& ��y���\n���

17



5.6.3 �������©�	��

1 �����b��
	��./�

� −→ :������-/�
��3�

5.7 v�� �����
5.7.1 �������*�	��

��
 s9� )�� Swv	x	>�¨�`:�0�.EW5 � > ¦4§�� �n�����*� )?>�� ®�`"!��.E.���

V

R

R v

m

V

v

� 8: e]��¦�§¡�?­��
� ®4`"! �.En=0Q4S¡�0¦4§ )0>���1 #������

v =

(

1 +
Rm

Rv

)

Vv (51)

5.7.2 %������*�	��

pp.92

& ��¦4§�¨¦���¦4§�¨¦���¦4§�¨©��� � V Q �D�nE9� > �! ¬#" >�¦4§4¨ −→ ­���¦4§"! A/D ��)�cp�D¨�$�+� -$K���
5.7.3 %��&�*�	��

'�( ��§�`"!*)��n$K���nE.< >�+�, �0¦4§"! Vx #%$K�������0¦4§4¨ )?> N�¦�¦4§4¨*!p+-$]�'3 '�( ! C /+-$N#

1

C
=

1

C1

+
1

C2 + Cv

C1 �R¦�-�# (C2 + Cv) �0¦�- ) b]cXE0� Q = CV J�K >
C1V1 = (C2 + Cv)V2

V1 + V2 = V

18



���������
xV

V

C

C

v

1

C 2
2V

V 1

� 9:
( ��§�`

c0=t�BMl� > ¢X��5?!	����� >
V2 =

C1

C1 + C2 + Cv
V (52)

#������
5.7.4 ��
��.~�
�������

¦�A9��¨ )���� ¦��©���9¦1\G# ����c£�?¦�§[! O�� �0­*�X­���`./n\4� �R¦�§ ) ¦�§�¨K�-J	MR�©C ­4�K�]� >¦4§�¨ )�� E 99/�\4�	�l¦��"!G��c����w5,­���$K����/ > ¦4§4¨*!l�1�9End-¢.#%/�$�/��0¦�§¡�0�:����c ���cp��cl<[F ��¢X�-�?��c�¦1A��n¨ ) ­��
	��:9h5 ¦��"!	 L5G��E�/ O!� �?­n�.$K��)�*�/�\n��� � 10 �#"4E

G

B A

E

E
PP

V

S

I

EX

S

2 1

1

R

   

   

   

   

rr2

� 10: ¦�A��n¨©�%$�&
� > u���^�_ VR !	' & cp� > ^�_!( AB � � ��¦�� I !���cX��" � �#)�*,+"x.-0/ S ! ES 1 �%2�c >�3
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8"!���(GMXsn�����4¨ G �0¦��:�	���F��E©J-FX�%' & c > P1 #%$K�¡# ��1 �����-$K���
ES = I · r1 (53)

� c > r1

)
B · P1 34�0^�_-/�\n��� � � S ! EX 1 ��2�c >	��
 ����¨ G �0¦��:�3���F��E©J-FX� >�3 8!���(�c > P2 ���:MD=*#%$��-� (54)

1 ������$K���
EX = I · r2 (54)

�
(53),(54)

1 J�K EX !�
�;��K# � (55)
1 #������

EX =
r2

r1

· ES (55)

� M?� >��(1 J�K ¦�� I ! � �©���.�¡¢�#X�KJBK�� � ¦�§ ES ��� , �65p� > EX

)R> ^�_"�N# ES /�
B;4�¢.#
��/�VD���

20



6
� ����������	�
�� �

6.1 
�� �]�
6.1.1 �������������������! �
�������

" x�V < +q< « Q$# - ¬ ) ^�_¡��%'&�­9�©�0�NC�(q� ��Ew5 �n��"hK > � 12 �  �cR=-J�Fp� > ­��9¦�) ( ¦

� ) E #+* � �R` ( ���4¨ ) G # ��, 4 �4�0^�_ (Ra, Rb, Rx, Rs) #�9 5��FM?��E.� �*¢l�X^�_¡�0�"! �-¥��-
N , P 3��0¦�A���!.**�*c > f �¡!�� �R` G /�� �l$K����¢ � 7'/�0�1 �KC.#£/ )?> M , N 34�0¦4§32nI)
M , P 34�4f �-�0b]cpE�9 5 >�� �KJ-FX�������

IabRa = IxsRx (56)Y	! � >
IabRb = IxsRs (57)

�"�hK%=D�t��c0=t�BMl� >
Ra

Rb
=

Rx

Rs
<9= ) RbRx = RaRs (58)

#������ 3 �.�R^�_ Ra , Rb , Rs ��� , /�\��-� >�+&, ^�_ Rx

)
(58)

1 9 5 >
Rx = Rs

Ra

Rb
(59)

/54©¥W5 �K���$1� �76R> " x4V�< +T< « Q8# - ¬ �KJD�X^�_*�?­�� ) 3 ��� � , ^�_*�KJ�Ml�!9B� � � > � �R`¡�;:�< >=?> � );@BADC /.\n��� ���R` ) 7'/ - !�� � $©�9���;E4���DF�G�H.IWM?�nE��-�KJ�� > f��;%JGLK (59)
1

�����LMK���

  G

N

O

P

M

S

S

R R

R R

a b

x s

1

2

I

E
I

ab

xs

  

� 11:
" x�N�< +T< « Q8# - ¬
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6.1.2 �������������������! �
����������K�	��

Rx �!,����*�
	�� ��
 M9�-������9���� / H��n�.��� Rs �������������n�9�!K������! 4��(:�DI-�"��� r

� @�# K�V]�h� �����!$-¢�K�� +"x.-0/ K H 1 �����&%�'�(*)+� 2 ������%�'�(¡� 2 	l­�,8H 9�� 
 �
K H 1 �����&%-	.���

P

Q1

=
RS

r + RX
(60)

K H 2 ������%
	.���
P

Q2

=
r + RS

RX
(61)

)0/LM[¢&)���K�V�����¢X��5�1BK2� r H�3�4LM9�-���
RX =

P + Q1

P + Q2

· Q2

P
· RS (62)

)������

  D

A

P

R

R Rr

Q=
Q

Q

1

2

s x

h

K
1 2

  

� 12:
" xJN�< +T< « Q8# - ¬ �51D� ,����*�?­�,

6.1.3 6 ��� �����! �
�������

" x�N�< +T< « Q8# - ¬ K���� / H 2 G*)0�+*�#:��74�	�"�"¢X� H98":<;p� 1 G¡�9� / K ­�, MK��1 
 �=;
%��t� ,�Q > Q8# - ¬ K�7n���
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3

D

A

P

R

R R

Q

s x

h
  

r

I

I I
I

1

2 2

� 13:
,�Q > Q8# - ¬

6.1.4 %������	��

6.1.5 %��$�����! 
6.1.6 LCR � ���
6.2

���	��

� �����	���	������� �
7 ��� , ���! #"
7.1 $&%('�)�*(+
7.1.1 ,.-0/0132
 54�6�,87 −→ 9�:*);9�<>=?6�, ; � P = V I KA@�B3C5DE4�F�G5HJI=��� 2 K8L 7JC5D

IR
A

V

a

A

VvV

V

R

(a) (b)

I

r rVr

r I r

Vr

I

M
14: 3JN893OE6�,�G�%8B�G8P.Q
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(a) G�'�(�G�3JN89 O�= Pa, (b) G�3JN09 O�= Pb ) M&C=)+� ��� � (a) G�'�(!���
P = IrVr

= Ir(V − RaIr)

= IV − I2Ra (63)

)����2� I2Ra �
	�� )�� C5D (b) G�'�(!���
P = IrVr

= (I − V/Rv)Vr

= IV − V 2

Rv
(64)

)����2� V 2

Rv
�
	�� )��3C5D

7.1.2 
 -0/0132
9�<3O����J9 O�� =��&� C���)��51��2���54J93O�=?6�,����EC5D

7.2 � %�� ' )�*�+
9�:*);9J<��! #" �$� ���9'�(

v = vm sin ωt (65)

i = im sin ωt (66)

G-	 G&%�	59 O��&')( G51 
 � @�B+*-,�C5D

P =
1

T

∫ T

0

vidt

=
1

T

∫ T

0

vmim sin2 ωtdt

=
1

T
vmim

∫ T

0

[

1 − cos 2ωt

2

]

dt

=
1

T
vmim

[

1

2
t

]T

0

=
1

2
vmim

=
vm√

2

im√
2
≡ vrmsirms (67)

9�:*);9J<�G! #" �$� φ G�.
v = vm sin ωt (68)

i = im sin(ωt + φ) (69)
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P =
1

T

∫ T

0

vidt

=
1

T

∫ T

0

vmim sin ωt sin(ωt + φ)dt

=
1

T

∫ T

0

vmim sin ωt(sin ωt cosφ + cosωt sin φ)

=
1

T

∫ T

0

vmim(sin2 ωt cosφ + sin ωt cosωt sinφ)

=
vmim

T

∫ T

0

sin2 ωt cosφdt +

∫ T

0

sin ωt cosωt sinφdt

=
1

T
vmim

∫ T

0

[

1 − cos 2ωt

2

]

dt cosφ

=
1

2
vmim cosφ

=
vm√

2

im√
2

cosφ

= vrmsirms cosφ (70)
��� 9 O )�� � 9 O

P = vrmsirms cosφ [W] = ��� 9 O )����
	���
�3JN��>= /*;���� C5D��� 	 Q = vrmsirms sin φ [Var] =�� � 9�O )���� D�� � 9&O��������� "!$#%�$��&JN('�,�C?9&O �)	"*  �G
Var �+	 Volts amperes reavtive G�,ED
S = vrmsirms =

√

P 2 + Q2 =�-#"89 O�./��� D
'$*��+	 cosφ �+	3O)01./���
	 cos = P/S �3C�2$3 �%4 �65�70D

7.3 3 '18:9�; �(<>=
3 ?�G 9�: ��G+@BAC. 1 7 G+D�E���
BF *HG�I$�%&8NJ'�,�C�&JN89 O P = @�B3C���. � ���EC5D

G�IJ9�:K.HG�IJ9�<�G! #" � = φ .ML�CB.�	 cosφ � O%0 � �3C5D

9�:K.;9 <�G! "N2$3O� M 16 GBP����#��QR�S� C%TSU *-,�C8G��%	�V�<J9 O (
��� 9 O )P � 9�:K. 9�<�G+W

� O)0 =
F"X�,�Y+ZB� D
P = V1I cosφ = V1

V2

R
cosφ (71)

')( GBP���� O)0 = @�B3C5D M 16 G! #"N2$3(P��[	
V 2

3 = V 2
1 + V 2

2 − 2V1V2 cos(π − φ)

= V 2
1 + V 2

2 + 2V1V2 cosφ (72)

��,CP��\	 O)0 = @�B3C���. � ���EC5D
cosφ =

V 2
3 − V 2

1 − V 2
2

2V1V2

(73)

]
(71) ^NPR_ (73) P��\	893O P �+	

P =
V 2

3 − V 2
1 − V 2

2

2R
(74)
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R
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1

2

3

�

V V

V

M
15: 3 9�: �87�G���� M

φ
φ

O

V

V

V

I

π -

M
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7.4 3 ' % 9�; �(<>=
3 9�< �87O�+	���� D

7.5 ��� � % (3 � � % ) ���
	
�
�
7.5.1 �������������������� "�G&% .��O�+	

v1 = Em sin ωt (75)

v2 = Em sin(ωt − 2π

3
) (76)

v3 = Em sin(ωt − 4π

3
) (77)

.! �L ��. � ���EC5D �O���
	" �#$�"�+	
v̇1 = E (78)

v̇2 = Ee−j 2

3
π (79)

v̇3 = Ee−j 4

3
π (80)

.��3C5D%$ � � QR�%	
&1

2

3

1

2

3

v
P

P

1

2 '

i

i

i

v

v

M
17: (#"�V�<89 OE6�)
v1 + v2 + v3 = 0 (81)

�%4 � 5�7ED+*-,�� 9�<��/.0$ �21M	
i1 + i2 + i3 = 0 (82)

.��3C5D

7.6 354768� � % ��' )(*(+
9 O P = @�B3CO.�	

P =
1

T

∫ T

0

(i1v1 + i2v2 + i3v3)dt (83)
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=
1

T

∫ T

0

(i1v1 + i2v2 + (−i1 − i2)v3)dt (84)

=
1

T

∫ T

0

i1(v1 − v3)dt +
1

T

∫ T

0

i2(v2 − v3)dt (85)

= P1 + P2 (86)

.�� C5D $ � � Q+�%	 M (17) G/,���� ��L�C ��.��BP��[	 2
� G
*�"09 O�� =���� C��".��BP��\	�( "893O �

6�)����EC D
� �&')(�GBP����2$��0O)0 = @�B3C���. � ��� C5DE9�: – 9J<�G! #" � = φ .ML�CO.�	

12

V

V V

I

I

I

1

1

2
2

3

3

φ
π

6

3
2π

V

M
18: (#"�V�< �O���
	 M

P1 = V12I1 cos(
π

6
+ φ) (87)

P2 = V32I3 cos(
π

6
− φ) (88)

P = P1 + P2 P��\	
P = P1 + P2 (89)

= IV
{

cos
(π

6
+ φ

)

+ cos
(π

6
− φ

)}

(90)

= IV

(

cos
π

6
cosφ − sin

π

6
sin φ + cos

φ

6
(−φ) − sin

π

6
sin(−φ)

)

(91)

= IV

(√
3

2
cosφ × 2

)

(92)
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=
√

3IV cosφ (93)

��� 	
P1

P2

=
cos
(

π
6

+ φ
)

cos
(

π
6
− φ

) (94)

=

√
3/2 cosφ − 1/2 sinφ√
3/2 cosφ + 1/2 sinφ

=

√
3 − tanφ√
3 + tanφ

(95)

tan φ = @�B3CO.�	
P1

√
3 + P1 tan φ = P2

√
3 − P2 tan φ (96)

(P1 + P2) tan φ = (P2 − P1)
√

3 (97)

tan φ =

√
3(P1 − P2)

P1 + P2

(98)

=
√

3
1 − P1

P2

P1

P2
+ 1

(99)

.
���&�%	
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8
���������

�
	���

Bz G ����� �)^�F�, ���
� ��� ��� ��� � 9�< Ix =?<0$ ����� 	 9�<K.����#�5I��#���J9 O VH

��� � C5D �AG VH =�!#" 	E9�:K.���� D+��,��+	 ���$� =&%�'�L�C?9�I �)( "+*%!-, O�=/. X 	89�I �10 C
��.��BP�� � � C5D n ��� ��� . p �
� ��� �"�+	�2 � L&C1!#" 	E9�: VH G-3�4 ��5 �3C5D6�7 ��� � 9�8 G n ��� ��� G�.&=
TSU C5D

H

-

-

-
--

-
-

- -
- -

-

V

I

Bz

F

M
19: !#" 	 ��9 n � (

M G-:�G 9�< ��
 ��; � C )

6�7 ��� � 9�8 G p ��� ��� G�.&=
TSU C5D
0 Q � 9�8�	 ��� �<!=" 	 G�>@? 9�I��BP�� �A� C 9 � = EH .ML&CO. 	+�AG 9 � �BP�� 9�I q � .OX�C5O

qEH . ( "+*%!-, O��BP C.O qvBz � 7 �CBC� D $ � � QR�%	
qvBz = qEH (100)

.����\	
EH = vBz (101)

.��3C5D �
D $/	 v �+	89�I G�E 
 �#B C5D ��� 	F!#" 	<�J9 O�= VH .ML�CO.�	
VH = EHb (102)

= vBzb (103)

.��3C5D�� � 	"*� � W@B � �[	89�I G-G
8 � n ?@B CO.&� 	89�< I �+	
I = qnvbd (104)

.��3C0G��
	F!#" 	E9�: VH �
VH =

1

nq

BzI

d
(105)

.����\	 1/nq =�!#" 	�3
H RH .��J� D
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H
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+ +

+

V

I

Bz

F

M
20: !�" 	 ��9 p �

H

B

Ib

d

a

z

x
V

- +

M
21: !#" 	 ��9
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9 ���������  #"
9.1 '��
	���
 9
��	���
 GA6�)��S�+	89�8 ]���	 �>=��B� C5D���� ����� 	�G�� H = N 	����SW>= A . L�C.D '��#�����

	 � =��� �L&C �
	 Φ ��!�" L ,�Y+	89 �$# � G57�%��BP��&�'� 	$� 9�: ��� � C5D Φ G�.�? !�" = dΦ

dt 	 �
� C?9�:>= V1 	(��� 	�G'�<H = N 	 �
	��

 = B .ML�CO.�	

V1 = −N
dΦ

dt
= −NA

dB

dt
(106)

.��3C5D�� ')�#�&��� 	�= 9�8 ]��
	 ��� 4�F0$/	)*8G,+.O��$W��J'�,�C5D�L)��-/.�	

M
22: ')�#�&��� 	

-

+

M
23:
�
	 �

V0 = − 1

RC

∫

V1dt

= − 1

RC

∫

−NA
dB

dt
dt

=
1

RC
NAB (107)$ � � QR�%	

B =
RC

NA
V0 [T] (108)

.��3C5D
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9.2 ������� � *�+
9.2.1 ���	�

H

M
24: 
�� � G �
	���



�� � G �
	���
 = Bi .M^�
).
Bi = µ0µsH (109)

= µ0H + M (110)

(111)

µ0 : �
> G�� � 0
µs : ��� � 0
M :
� " G��N'

M � �
> � G ��� .����0$/	�� U � ���!"���$��S� C5D
µsµ0H = µ0H + M (112)

P��\	
M = (µs − 1)µ0H (113)

��� 	 ; ] P��
µ0µs = µ0 +

M

H
(114)

M

H
≡ χm (115)

.����\	 χm = � " 01.��J� D

9.3 ����� � � �!� *(+
M

9.3 G�P"� ��"�#%$�&�G 1
��' � N1 P$	 2

�%' � N2 G'� � =)(0$ � $�& =���*"L C D 1
��' G,��� 	��$	

"+#�$�&�� ��� =
F�X�C � B�G���� 	)�#B C0G��%	�, � �'� 	 .���� D�"+#�$�&�G�-('0= l .ML�CO.�	�, � �
� 	$�BP�� � � C ��� H �/.10 ��2�" 	�G57�%JP��\	

H =
N1I

l
(116)
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.��3C5D 2
��' � � � C?9�:O�+	

E1 = −N2

dφ

dt
(117)

W��0$��
φ =

∫

−E2

N2

dt (118)

$ � � QR� " G����SW>= A . ^�
). �
	���
 �
B = Aφ = − 1

AN2

∫

E2dt (119)

.! �L ��. � ���EC5D

� �

� �

1

I

N

1

E

φ

2N

1 E 2

M
25: "�#�$�&�G � " 6�)

9.4 ���	��

���	����� ��� ��� � � � ��� *(+
M

9.4 ���+	��$#�� ���)# 	 "���= #�L.D��! � ��� 	!"! � �
	��

 = #�L.D * ,$#�,&G&%�'�G�*�(��&'

Hc

Bs

Hs

-Bs

-Hs

Br
b

d

f

a

-Br
e

o

M
26: ��#)� ���)# 	 "*�

( G � � �=B C5D
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Bs : ��� �
	���

Br : ��� �
	���

Hs : ��� ��� G��O'
Hc : � � O
' ( ��	+0 � ( #/�1"�����PAC�V�< � "�� 4�G 6�)���	>= #�L.D
VJ<E9�
 ( �#�����)#
�������R�8=�� � ) �

R

X Y

2 �1 �

�����������

��� �

R

C

i 1

2i

N N1 2

r

V
V1

2

1

2

M
27: 0 � ( # � "����BP C "+#�$�&�G � " 6�)

P��\	�V�<09�<>=?<�L(. "+#�$�& � � " '�,�C5D+0 � ( # � "*�0G x  � � � C?9�:O�+	
Vx = i1 × R1 (120)

.��3C5D�"�#(��� 	�G���!>= r . ^�
).�	 1
��' G���� 	��BP�� 2 � L�C ��� �

H =
N1i1
2πr

=
N1i1
2πr

Vx

R1

(121)

$ � � QR�
Vx =

πrR1

N1

H (122)

.����\	 H � Vx � �#"�L�C5D
2

��' G 9�:O�+	
V2 = N2

dΦ

dt
(123)

�#B C5D 2
��' G$��
K.��"!%$ ! �)�%W���P.Q>='& 4 $���^ �\	 0 � ( # � "*�EG y  G 9�:O�+	

Vy =
1

CR2

∫

V2dt (124)

=
1

CR2

N2

∫

dφ

dt
dt (125)
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=
N2Φ

CR2

(126)

=
N2AB

CR2

(127)
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10 ��������� �
	���
 ���

0 � ( #/� ")���$	��������������8I ���=B�C x  � .�?  1. ��Q+��^ �\	 ���.I ���=B C y  N� 9J:! K.
��QR�S� C D� �#���� ���+	������S!! >=���� � 1AG .�	�"$# =���� � 1AG � B C5D
9�:���G!�86����+	 � ( "%�J=���� C5D

10.1 � ���'& �)( ��*
0 � ( # � "*���+	,+ �,- O)��
 1MΩ -3O/.J9�021 20 ∼ 80 µF = � L�C5D%$ � � QR�%	J6�)�L�C43!'�

�65 G +.O��O!�7�" ��!�# �98 � ./	;:,<��56 )����&��� D)*EG#. ���R	 M 29 GBP����>=;?�� ( "%���65.=
� ��L�C5D �AG ��� �+	 10:1 G "��#B C � 	 100:1 @ 1000:1 �65"1�B C5D

9 MΩ
1 MΩ10 M   Ω

11.2 PF

20-80
PF

Rin=

Cin=10 pF

A/B)C�DFE;G H�I�D�JLK>E2C

 

M
28: 10:1 � ( "%�
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10.2 ���������	��

���
� ( "%��
'����L��������+	����$� ( "%������
��! #"$��%�&#B��('

1 MΩ10 M   Ω

20-80
PF

Rin=

Cin=10 pF

)+*-,#.0/�1 2�34.�5768/�,

 

R2 C2

C1=11.2 PF

R1=9 MΩ

9
29: � ( "%�;:����
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10.3 �������(9��
0 � (�� ��"�� ������:
	���&� #�
������������ ��'C���  �& :�*���� & 1 V/div ��B��! ;�  �:$*"�"� &

1 mS/div �=B�� �
�$#�%'&)( VP−P � 4V
#+*$,-(

T = 6 mS �=B �(' * 	 H (�# f = 1/T = 1/6× 103 = 500

Hz �� �('

9
30:
*�,�#$* 	
H #$%.& :�/$0
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10.4 ��� �����
2 ��: :�� 	8:	��

�#
����+� �;� ("#������ :�0 ��� ����� � 
(��� #�� � � ��!�
#"�$.����'%"�$ 
 �& � � � ��!
	$��&��'��:	'8�; )( &+*�, #.- :/��

� ("#

sin θ =
a

b
(128)

�� ��'

o
2a 2b

y

x
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11 ��� � �����	��
���
��

������� : * 	�� �����������! �#"���
 �!��'� %$�&�& * 	���� #�' �#&�& %.& 
 ")( #

41



12 ���������
*�,	�  "	$� (

( ��
 � ) + (cos 	$�
� � ) + (sin 	$��� � )

�  ���� #
y(t) = a0 + a1 cosωt + a2 cos 2ωt + a3 cos 3ωt + · · ·

+b1 sinωt + b2 sin 2ωt + b3 sin 3ωt + · · ·

= a0 +
∞
∑

n=1

an cosnωt +
∞
∑

n=1

an sin nωt (129)

� ".�	��� &���� ��'
a0, an, bn 
"�'��:�� "�� ( ����� ��'
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13 �������
�

–1. 0	� � /$08:�
-� 

����� � '
Ans. 0�� � ("#�� :�:�� ��

����& #�� ����:��	�8�� ����
 ��� � ��� '
/$0 � ("# 0	�	���+

 �! ��(�� "��'��� � � "�� ��� �'� '

�
–2. �#" 0	�	$ �
%#" 0��	$8:�
-�'&)(+*,&.-0/ � :�1 � .

( 2+3 ) 4 �6587 � 1.3.1 &)9 � .

�
–3. :��	$ #	;	< $ #'= �/�	$?>��)�$�A@B1	�)C
�

–4. 5.0 V :�D+E,& 3 F�G�:�D+E /'� 5 H�I��+0	�)( &,J # "�:��BK
>�L)( & C �'�NM � >#3PO��)C
$6Q R�S+T
�

D+E / A (V) 4.5 4.8 4.7 5.0 4.5

D+E / B (V) 5.5 5.0 4.8 4.7 5.3

D	E / C (V) 5.5 5.4 5.4 5.3 5.6

(a)
- �PU+�'M $�Q �VR�S+T
�8& ��� # "8&�W � 
X� �YC

(b) Z �Y[	\ (
[	] 
 ) M#^���0	� (0_ M�D+E /��a`�L)( &+*�, ��C�b0c � ����� �)C

(c) d \ MAe6f�g��NM (0_ M"0	�'��Chb,c � ����� �)C
(d) i	j+k �lMAe�f�� ���NM (0_ �N�hC�b,c � ����� �YC

( 2+3 )

(a)
- �PU+�'M $�Q+m,& av1, av2, av3 � �'n � #

av1 =
4.5 + 4.8 + 4.7 + 5.0 + 4.5

5
= 4.70 ' 4.7

av2 =
5.5 + 5.0 + 4.8 + 4.7 + 5.3

5
= 5.06 ' 5.1

av3 =
5.5 + 5.4 + 5.4 + 5.3 + 5.6

5
= 5.44 ' 5.4

�
L�n#Co & #.- �PU��'M ��p & σ2
1 , σ2

2 , σ2
3 � �Pn � #

σ2
1 =

(av1 − 4.5)2 + (av1 − 4.8)2 + (av1 − 4.7)2 + (av1 − 5.0)2 + (av1 − 4.5)2

(5 − 1)
= 0.045

σ2
2 =

(av2 − 5.5)2 + (av2 − 5.0)2 + (av2 − 4.8)2 + (av2 − 4.7)2 + (av2 − 5.3)2

(5 − 1)
= 0.113

σ2
3 =

(av3 − 5.5)2 + (av3 − 5.4)2 + (av3 − 5.4)2 + (av3 − 5.3)2 + (av3 − 5.6)2

(5 − 1)
= 0.013

q (�� #.- �'U+�'M ��� � & /6r)( #
σ1 =

√
0.045 = 0.2121

σ2 =
√

0.113 = 0.3361

σ3 =
√

0.013 = 0.114

����n ��� "?M�s �
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$6Q R�S+T
� ��p ( ��� )

D�E / A (V) 4.5 4.8 4.7 5.0 4.5 4.7 0.21 0.045

D+E / B (V) 5.5 5.0 4.8 4.7 5.3 5.1 0.34 0.11

D+E�/ C (V) 5.5 5.4 5.4 5.3 5.6 5.4 0.11 0.013

(b) DNE / C � 0+�)( & *�,�� #�[+\ ��(�� ( Z � ^��6C�b c (�# R	SNT
� � e6f�� 
�� # q (��	�
���
 � e6f�� 
���� J C
(c) D+E / B � 0	�)( &+*�,�� # d \ � Z � g-�hC�b,c ("#�� M#m 5.0 V >�Z ��� ��� J C
(d) D+E / C � 0	�)( &+*�,�� # i	j+k � � Z � � ���hC�b,c ( #�� m �XM+� � Z � � ����� J C

�
–5.
� M#m 100 V M � � # 0	�	m � 93 V ���
L)( & C
(a) k �
(b) k ���
(c)
;��

& �����)C ( 2	3 )

(a) k � ε = 93− 100 = −7 V

(b) k ��� = |ε/T | = | − 7/100| = 0.07

(c)
;��

α = −ε = 7 V

�
–6. �Nn�H��?> 10 V M�DNE,&��?O &�� � � # 5 A M�D�
 � 
�� & C�D+E	ml> ( 3 % Mak
�8&! #" # D�
	m
> ( 5% Mak%�8&! �$���%Bn � �Pn � #�&�' D � > ("# � W Mak �8&! �(���C
( 2+3 )

10 V M�D+E�>) �(Ak � ( 10× 0.03 = 0.3 V ��� � # 5 A M�D+E�> ( 5× 0.05 = 2.5 A Mak%�8&! *$��
%Bn#C�( &+� (�, &�' D � ("#

(10 ± 0.3)(5± 0.25) ' 50 ± 4

( &+� (�, # k � ( 4 W.

�
–7. -�.NM0/�1,&�2����.C3 0+m y

� � m T
� M (1) M 2 4�58&
Z6�l>	7�naC�% o08 x, y &
0+� (!, 8 -*.�M+" ��9 J � &:�

7Pn#C
" 5: x >);*7'n y M"0	�	�6�

1 H 2 H 3 H · · · n H
x M#m x1 x2 x3 · · · xn

y M#m y1 y2 y3 · · · yn

% o=< > 8 x
�

y
� -�.	M��'K
> 1 >�?�@ "�7	� �A� @���n � 7Pn#C

y = ax + b (130)

�AM0?lM x > x1, x2, x3, · · ·, xn &!B � (�, 9 J ��nXm,& y′

1, y′

2, y′

3, · · ·, ′

n

� 7Pn � 8

Σ(yn − y′

n)2 = Σ (2) (131)
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� Z��?>�L�n a
�

b & �������#^�%�C
( 2+3 )

(1) �
(2) (yn − (axn + b))2

�
–8. �Nn 0��,&)`�L ( &�� ���)D+E x >);�7Pn y M#m � "lM ��K)L#���?>�L ( & C y = ax + b L�n����?>��
n � � 8 a, b &)Z�� � 4+$,&	�6%�,������)C
x [V] 0 1 2 3 4

y [A] 1.0 3.0 7.0 8.0 13.0

( 2+3 )

 � ���

�
–9. � 
�
 2.5 MXD 
��PM 10mA �����+&��6%	,AD

0&��6��( &�� ��� 8 2mA &#$ ( & C �aM��+M � MXD 
� 8 _ M	���N>��NnA��C o & 8 �	�	m?>0;*7Pn�k �lM	� , � � % ��C

( 2+3 )

k � � 8 10× 0.025 = 0.25 mA @��+n6M+@ 8�� M�D

	m � 8 2± 0.25 mA M	���	>��Nn�C o & 8 - Mak
�lM	� , � 8 0.25/2 ∗ 100 = 12.5 %.

�
–10. �Nn
D	E,& 8 2.5 �?M�D�E��l&	��%A����D	E 10V M ������@��	��( &lJ 8"!�# � �%$�K _ 3V & $�( & C

�AM � �A o ��n�k%� � � % ��C
�

–11. ����@ � �	�0& %���>�`�L8KY� ��& '?>'�	�)( �)* M	+�,��Nn ��- 8 7�L ����.�/!��- ��0�1 L�2��8&
� & 7AC�-�.NM�3	465�r8&
`�L)(�, 8 .6/�7 � k �lM	���B& AAAA±BBBB M�8�?�@ $B��C
(a) 3.142 + 2.53

(b) 3.142− 2.53

(c) 3.142× 2.53

(d) 3.142÷ 2.53

( 2+3 )

(a) (3.142± 0.0005) + (2.53 ± 0.005) = (3.142 + 2.53)± (0.0005 + 0.005)

= 5.672± 0.0055 = 5.67± 0.006

(b) (3.142± 0.0005)− (2.53 ± 0.005) = (3.142− 2.53)± (0.0005 + 0.005)

= 0.612± 0.0055 = 0.61± 0.006

(c) (3.142± 0.0005)× (2.53 ± 0.005)

= (3.142× 2.53)± (3.142× 0.005 + 0.0005× 2.53 + 0.0005× 0.005)

= 7.949± 0.01697 = 7.95± 0.017

(d)
3.142± 0.0005

2.53± 0.005
=

3.142
(

1 ± 0.0005
3.142

)

2.53
(

1 ± 0.005
2.53

) =
3.142

2.53

(

1 ± 0.0005

3.142

)(

1 ± 0.005

2.53

)

= 1.2418(1± 0.00016)(1± 0.00197)

' 1.2418(1± (0.00016× 1 + 0.00197× 1))

= 1.2418± 0.002645

' 1.24± 0.003
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�
–12. �Nn����l>����'n
D+E � - M����l> 
���n
D�
0& �	�)( & � ��� 8 -�.NM+"lM �'K)La���?>�L)( & C�3��� � (�, ������-6.
	�� � o @������.C

x [V] 0.00 1.05 2.23 3.15 4.11 4.95

x M�3 �
� � m
y [A] 1.02 3.05 7.15 8.06 13.54 16.85

y M�3 �
� � m

( 2+3 )

x [V] 0.00 1.05 2.23 3.15 4.11 4.95

x M�3 �
� � m 0.0 1.0 2.2 3.2 4.1 5.0

y [A] 1.02 3.05 7.15 8.06 13.54 16.85

y M�3 �
� � m 1.0 3.0 7.2 8.1 13.5 16.8

�
–13. -�.NM �+m?M'.�/�� & � 8
� ,�� 7?>�L (�,�%Bn#C6.�/!��- � � �'n �'K
>�� �
�h��C

(a) 325000

(b) 0.0000123

(c) 1210

(d) 0.0002

�
–14. -�.NM �+m?M+�8& �����)C��)( 8 k �lM����'& $B��C

(a) 1.25
�

1.260

(b) 0.860 V
�

8.5 × 102 mV

(c) 177.50 cm
�

1.77 m

�
–15. ZN� � � 72 W M������ � , � ��� ��� � 
 8 Ω M 
 � �� >�""!$#0�6,6%Bn . Z	�+D�
 I , Z+�ND+E

V & ����� .

( 2+3 ) I2R = 72 �&% , I=3 A. ( &+� (�, , V = 72/3 = 24 V.

�
–16.

��� D � Ps = 250 mW, '�(	D � Pn = 10 mW M � � 8 SN ) � 8 � dB ��C
( 2+3 ) 10 log10

250

10
= 14 dB

�
–17. � � 30W M����+* � � �
� �,� � 
 20Ω M 
 � �
 >�"�!-#=�6,�%Bn#C����+*?M�D � " 9 8 D+E!" 9� - �PU � 35dB, 45dB M � � 8 ���+*?M �%� D+E � ��� D � & �����)C
�

–18. 1 mW
� 8

dBm >
�+7 � % � J >6L�n���C
�

–19. .NM�.�>+/�%	, 8 √
ē2
� '
(6D+E0& " ( 8 R

� - M,021����,& " (A,�%Nn � 7'n#C o & 8 Z
�43
5 M
�

�
� �,� � 
 @��Nn�C�-�.NM�6 � 3PO��.C
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e

R

�

�

Z

Z : �������
	��       
������

2

(a) Z @ &	' #=��n
D � Pn & �����)C
(b) '
(	D � � Z�� � L�n � ��M Z & �����)C
(c)

- M � ��M�Z���'
(	D � & �����.C
( 2+3 )

(a) Z > 
���n
D�
,& I , Z >��	�'n
D+E,& Vn

� / � �

I =

√
ē2

R + Z
, Vn =

√
ē2 × Z

R + Z

( &+� (�, 8�&�' D � Pn

� 8

Pn = I × Vn =

√
ē2

R + Z
×

√
ē2 × Z

R + Z
=

ē2Z

(R + Z)2

(b) '
(�D � � 8�� ??M � / % 8 Z M�� �?>�L (),�%Nn#C ( &�� (), 8 Z @�� � (�,�����m,& �����)�
^�%hC Pn & Z @�� � 7Pn � 8

dPn

dZ
= ē2

R − Z

(R + Z)3
= 0

Z = R

(c)
��� M����,& Pn M0?l>)B � 7����#^�%NM+@ 8

Pmax =
ē2R

(R + R)2

=
ē2

4R�
–20. .�� ��� '
(	D � >��6%�,h����� �)C
�

–21. �Nn �"!+> 8 1 mW M ��� & ��� ( &�� ��� 1 W
o @���� #=� & C

(a) D � ��� �8&�( 5$#�� m�@�3PO��.C
(b) �aM � � �%� '�(�D � &��6��( &�� ��� 10 µW @6��( & � 8&% � '�(�D � � 20 mW @6��( & C4'
( ! � � % � J ��C
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�
–22.

! $	D����
�?M�� 1�� &)-0/ - �PU �?&
����� �)C
( 2+3 )
! $	D����
�?M 3

1�� > � ���
	 �"!�� 8 ��
�� �"!�� 8 ��
�	 � !�� � -0/ J ��n .
����	 �"!�� � !�# & 	 ��7�� �+M ��	 ��� � &��
� #X�Pn �"! .
��
�� � !�� � ! # &���M�� !+>����0K � 7�n 
�� ��� � &��PIPn �"!	@ ,

! # ����	 ��� � � 
�� �
� � M�� %! #"$���&!	@&%�'�7Pn .
�(
�	

(Damping) � ��) ��* 
 M�� � @ ,

�	 ��+ � � � >��&% !�# M 	 � �-,�.0/ M � ��+ � .

�
–23. V = A sin ωt M�(�/+m,& ����� ( 3PO�1���@ � L � 8 ��r�?8&�2�7	� � ) C
�

–24. 3
4
5�>76h�+��,	%�n)D
8:9 �)4%� � ( ; �hD�8 ) MXD	E � 8 100 V
� % �	��,�%NnXCXZ��	m � % � J �hC

( 2+3 )

100×
√

2 = 141 V

�
–25. (�/+m�� V M�<�
�=�88& @���n>1�� � d?>�? �#L #�%hC
�

–26.
! 2	D����
�?>�/�%	, 0�1 L�@BA ��* *�> � � � �Nn���C 3 ��-0/�,����PU �?&X����� �.C
( 2+3 ) 4 �6587 � 5.3 &
9 � .

�
–27. �Nn
D�
�m,& Class 2.5 M�D�
��l&	��% 8 10 mA ���'��@����)(C�AC ! 2+m � 2 mA @���"$��D� 8��

M�D�
 � _ M	���N>��Nn���C o � 8 k>E��8& �����)C
( 2+3 )

k>E = 10× 2.5

100
= 0.25 mA (132)

(�� � "�, 8 D�
�� � � 8 2 ± 0.25 mA
� L�n#C o � 8 k>E	� �

0.25

2
× 100 = 12.5 (133)

�&% 8 12.5 %
� L�n#C

�
–28. 0�1��"� Rv @ 8 �+�	DBE 1 V M#D�E �,&'��%6, 10 V M�D�E8&��N��7�n�> � 8 _ M��PK�>+7�� ��^

%���C

Vo

Rn

RvV
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( 2+3 ) .�M��'K
> Rn &+���?>�� � 7Pn�C Rn
� -�.+M��'K
> ����n#C

Rv

Rv + Rn
× 10 = 1q "�, 8 Rn = 9Rv (134)

�
–29. Z������ 10 mA, 0 1���� 10 Ω MXD�
��l&	��% 8 Z����	� 1A & ! 2$#
� �'K � 7Pn�> � 8�_ M�
 J %

M�� ��#�M � 
�� �
��1 ��C ( �6r�? � 2�7	� � C )

( 2+3 )

. .�M��'K
>�"�!*7'n � �+OBn � 8 R > 
���n
D�
 � 990mA @��Nn6M+@ 8

R × 0.99 = 10 × 0.01

R = 0.10101

�&% 8 R = 0.101 Ω

A

10 Ω 10 mA

R

�
–30. D��?M���D � &)D��>E �*@��	��(�� � ��� 1.31 V @���"$�AC o � 8 D+E��6@��	��(�� � ��� 1.25 V @

��"$�AC�D��?M,0 1
���8& �����)CB��1�( 8 D+E���M,0 1
��� � 8 60 Ω
� 7'n#C

( 2+3 )

D��
E�� � 8�� ����D���>XD�
0& 
-#aL	%�� J 8 �aM
D���M � M��	D � � 1.31 V @��+n�CaD	E��P> 
��
n
D�
	m � i = 1.25/60 @�� % 8 � � � ��M o	o H��?> 
��'n
D�
	m?>�� (!%NM�@ 8

1.31 = r · i + 60 · i
(�� � "�, 8 r =

1.31− 60 · i
i

=
1.31

i
− 60

= 1.31× 60

1.25
− 60

= 2.88 Ω

� L�n#C
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1.31 V r

V
60 Ω

1.25 V

i

�
–31. e�� � L��"��* � 
 � � )���� �N&�.�>C2 ( 8 $	� ���,& �����)C
�

–32. .�M
�
�
* � 
 � � )���� �h>
/	%+, 8�
�� ��� RX & ��� � C ��( 8 Ra = 10 Ω, Rb = 100 Ω Rs = 260

Ω
� 7Pn#C

  G

N

O

P

M

S

S

R R

R R

a b

x s

1

2

I

E
I

ab

xs

  

( 2+3 )

$	� ���
Ra × Rs = Rb × Rx (135)

�&%

Rx =
Ra × Rs

Rb
=

10× 260

100
= 26 Ω

� L�n#C (136)

�
–33. . � 8�� ���8& �	��7Pn>� �+>��"��* � 
 � � )���� ��>����8&�� (�� � M�@��Nn#C .�M�H���>�/�%�,
	� �
� Rx & ��� �)C ��1 ( 8 Q M#m � 8 
 � ��� & 1 >���(�� � � Q = Q1, � ��� & 2 >���(�� �

50



� Q = Q2 @6�Nn#C

  D

A

P

R

R Rr

Q=
Q

Q

1

2

s x

h

K
1 2

  
�

–34. . � 8 R�S������?M ����H���@��Nn#C����?%+M
� �
�&* � � 
 � 8

Z =
1

1

R+jωL + jωC
=

R + jωL

1 − ω2LC + jωCR

@��Nn#C��?> 8	� =������ � ωL � R, ωCR � 1 L J � 8

Z ' R + jω(L− CR2)

� L�n#C�(�� � "�, 8 R
� ���
����@�� % 8 (a)

� ��� � � ����* � 
 @��Nn#C

R L

C

�AM���� � � ����* � 
 & R @��#"$�#m (b) & �
���?M6�A��� � %8K C
(a)

(b)

�
–35. .�M 2 F�GlM�H��?> /�%�, 8 D	E���M,0 1��
�8& Rv, D�
���M,0 1����8& Ra

� (�, 8 -�.+M � >#3PO
�)CB��1 ( 8 R

� 
	� ��� � 7Pn#C
(a) I M�H��?>�/�%�, 8 D

���> 
*��n
D�
	m,& I1 [A], D+E���>��	�'n
D+E,& V1 [V]

� (�, 8 ��� R

> 
���n
D�
0& �����)C
(b) I M�H��?>�/�%	,
��� R @ &	' #=��n
D � & �����)C
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V

A

V

I II

A

R R

(c) II M6H���>�/�%�, 8 D

��P> 
6��n.D�
�m,& I2 [A], D+E��P>����'n)D+E0& V2 [V]
� (�, 8 �
� R

>��	�'n
D+E0& �����)C
(d) II M�H��?>�/�%�,
�
� R @ &�' #!��n
D � & �����)C
(e)
3
5 ��� R M#m � � ��%�� � 8 _ � J M�H��,&�� �67�1	�#��C�b,c � 3PO��)C
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�
–36. D+E��01���@ ��� D � & �	�*7Pn . $?>C�	D+E���$ � �Nn�C�-�.NM � >#3PO��.C

(a) -�.NM�1��B&��*% 8 H�� .N&�2B�6C

V1 V2 V3

R
 

E  ���

(b)
3
5 @�M &�' D � � 8 -�.NM0?�@���O J ��n � � & 2B��C

P =
1

2R
(V 2

3 − V 2
1 − V 2

2 )

(c)
� � � -�.NM=?�@	��O J ��n � � &�2B��C

cosφ =
V 2

3 − V 2
1 − V 2

2

2V1V2�
–37. 3 D+E��	$?>�� % ��� <�
�DNE,& �	� (�� � ��� 8 V1 M ! 2 � 150[V], V2 M ! 2 � 100[V], V3 M ! 2�

80[V] @���"$�AC �AM6�NM ���+m � 50Ω M � ��M
D � & �����)C
�

–38. .6>C2*7 ��K)> 8 3 
PMXD 
��PM���" I1, I2, I3

��
 � M �
� R � J 3�5 @ &	' #!�Pn)D � >�� (A, 8 -
.NM � >#3PO��)C

�
�

R

I

3

I

A 1

I
A

A 2

2

13

V

(a)
3
5 D�
 İ1

��3
5 D+E V̇ �&%!� � φ 1����*�6,�%�n � 7Pn � (���D� 8 İ1, İ2, İ3, V̇ M #������
.N&�2B��C

(b) I1, I2, I3 M��	�+?8&�� % � �)C

(c) <�
�D � P / ��� � � cosφ & �����)C
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�
–39. '
(�8?M Noise D+E ( '
(�8�D+E )

� √
e2 @�� % 8 0 1���� � R @��Nn��+-�.	M � >#3PO��)C

R

Z

Noise

e2

(a) Z (Ω) @ &�' #=�'n '
(	D � P & �����)C
(b) Z M�� �
# � % � �BM6�aZ	��'
(	D � � L�n���C
(c) Z	��'
(	D � � % � �+��C��)( 8 e2 = 4ktRB

� 7Pn#C
�

–40. �B* � �!� 20 [mV/mA · T · mm], ��# 0.25 [mm] M���* � � ��& 0.4 [T] M���� ]N\�� >
/*%�, 8
0.5[mA] M�D�
,& 
)(C��D� ?> 9 J ��n � D � & �����)C ( 2	3 )

VH =
20 × 0.5× 0.4

0.25
= 16 mV

�
–41. 0.5 Wb M���� ��	 � 10 H	M�
 %�9 � � � &
� ��%	> −0.5 Wb

o @A:���(C� � 7'n � 8 ��� �l&.s��
7Pn
D 5%� % � J �hC��)( 8 ��� ��M � ��� � 10 Ω

� 7'n#C
( 2+3 )

s��	D 5%� 8

Q = It

=
n∆φ

Rt
t =

n∆φ

R
(137)

n = 10, ∆φ = 0.5 − (−0.5) = 1, R = 10 &!B � (A, 8

Q = 1 [C]

� L�n#C
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�
–42. �+n�D���M ���0&�����7Pn D� 8 
 %C9
� � &���%�n�C 
 %�9�� � M����	�l& S, 
 %�9
� � M 	 � �8&

N , 
 %C9 � � M����+m,& R
� (�� � � 8 ��� ]�\ B

� 8

B =
QR

SN� L�n � � &X�����	�)C��)( 8 Q
� 9 � � &)s�� (�� � D 5 �8&�2�7aC

( 2+3 )

 

���
 �

e

i

B


 %C9 � � > ��� Φ
��� < (�� � ��M���D � e

� 8

e = N
dΦ

dt� L�n#C�(�� � "�, 8 9 � � > 
���n
D

 � 8

i =
e

R
=

N

R

dΦ

dt� L�% 8 s�� (�� � D 5%� 8

Q =

∫

idt =
N

R

∫

dΦ

dt
dt

=
N

R
Φ

� L�n#C
Φ =

QR

N

�&% 8
B =

Φ

S
=

QR

SN� L�n#C
�

–43. � � H��,&	�*%Bn � � >��>"�, 8 ��� � �	��@���n
b,c+&
����� �)C
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� �
� �

1

I

N

1

E

φ

2N

1 E 2

( ��� )

�
–44. �	��
 
 9�*���
��*%�� B − H �����	��� �"!�.�
)-6.���2�7�����������@ B −H ����� 9 � �"!$#% 
'&"(*),+-� ( ��� )

R

X Y

2 .1 .

/10$2131465

798�:

R

C

i 1

2i

N N1 2

r

V
V1

2

1

2

;
–45. �	��
 
 9$*��<�*=?>���@�8A��B�2 #'C�D�E�!1F�G ��HJI � @<K IML	N (VP−P ) 
-O�P"+-�B��1RQSGUTV�W�X

2V/div, 5mS/div Y?Z�! I6[ !��
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( ��� )

;
–46. �����*@��R������� N G��
	�����
 F���G��
	1>���
 F���� ��E�D���� +-�
;

–47. ����
��B9$*��1������� I���� ���*=�>��A+�� ��� � �"!#��!%$'&*@)(+*,
%,'-?!�� θ = 0, π/6, π/3, π

� I/. �10�243 W65)7 ��
-O�P"+-�
;

–48. ����
��48�3��9���+��� I9��� �"�+:�C'; C�� G<=�>��	+��-�)<>=@?9@<K��"!4��!A$'&�@R
%,4-�B IC. G
:��ED+F�G θ � sin θ = b/a Y�O
H�!�� I 
AI�)<�

o
2a 2b

y

x

( ��� )

���)� I��#� �R�+J", [ !K(�*,
�=?>��	+'�$���"P?!��
ex = E sin ωt (138)

ey = E sin(ωt + θ) (139)
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�
(139) 
�� � Q-D ωt 
���� [ ! I G

ey = E sin(ωt + θ) = E sin ωt cos θ + E cosωt sin θ (140)

E cosωt sin θ = ey − E sinωt cos θ (141)

�
(138) 
��	� Q-D*G

E cosωt sin θ = ey − ex cos θ (142)

cosωt =
ey

E sin θ
− ex cos θ

E sin θ
(143)

cos2 ωt =
e2

y

E2 sin2 θ
− 2

exey cos θ

E2 sin2 θ
+

e2
x cos2 θ

E2 sin2 θ
(144)

�
(138) +#
 G sin2 ωt =

e2

x

E2 
�

��-�! I G

cos2 ωt + sin2 ωt =
e2

y

E2 sin2 θ
− 2

exey cos θ

E2 sin2 θ
+

e2
x cos2 θ

E2 sin2 θ
+

e2
x

E2
(145)

1 =
e2

y

E2 sin2 θ
− 2

exey cos θ

E2 sin2 θ
+

e2
x cos2 θ

E2 sin2 θ
+

e2
x

E2
(146)

E2 sin2 θ = e2
y − 2exey cos θ + e2

x cos2 θ + e2
x sin2 θ (147)

= e2
y − 2exey cos θ + e2

x (148)

E
X��	��� Y?Z�!<�9Y�G E = a, H)B�G ex = 0 � I/. ey = b

I���� ��G

E2 sin2 θ = b2

Y?Z�!<�9Y*G
sin θ =

b

aI �?!��
;
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