
        /.      

1

700

  

 .electron

Magnesia

Magnetite .

“Hans Orested"1820

.1831

) ( .

1873(James Clerk Maxwell)

.

1888Heinrich Hertz

.

.



        /.      

2

:Electric Current

                                            .

 .

V

  

  E

.E

)e(

F=-eE

E

)1(v .            .

I

.

dqdtI

:

dt
dqI = (1)

I       .

 /

A.

s
CA 11 =



        /.      

3

n) (

dtS

nSvdt .dqdt:

                                            (2)dtSendq v=

I:

                                           (3)vSen
dt
dqI ==

                                    

) (.

:Current Density

 .

JI

S:

                                                       (4)
S
IJ =

J.(A/m2)

(3)(4):

                                                       (5)venJ =

J.

ResistivityElectrical Conductivity:

 .

E



        /.      

4

v .

                          .

 .

.:

)6(
J
E

=ρ

(  m).

.:

)7  (
E
J

==
ρ

σ
1

-1-1( -1 m-1).

1

0.785 mm2          

1.0 A5.86 x 1028\3 .

.            

1.602 x 10-19.

:

26
6 /10274.1

10785.0
0.1 mA

S
IJ ×=

×
== −

sm
en

J /10357.1
10602.11086.5

10274.1v 4
1928

6
−

− ×=
×××

×
==



        /.      

5

2

2mm       10.0 A

8.47 x 1028\3 .      

1.56 x 10-8 .m1.602 x 10-19

 .

:

-J.

-v .

-E.

:

-

( )
25

232 /109.7
10214.3

10 mA
r
I

S
IJ ×=

××
===

−π

-

sm
ne

J /108.5
1047.8106.1

109.7v 5
2819

5
−

− ×=
×××

×
==

-

mVJE /1023.1109.71056.1 258 −−− ×=×××== ρ

ResistanceOhm s Law:

 . .

R.:



        /.      

6

                                                                      (8)
I
VR=

(ohm) .

          l      

S

 .:

(9)
S

R l
ρ=

.

)8 (V

                         I

R.

               

)2 (

)6v ((mA)

I)V (

VR

.

IV

              V

I



        /.      

7

)3(R.

(Temperature Coefficient of Resistivity):

t

)4.(

 .:

)10     (( )tot αρρ += 1

:tt
o

.)9()10 (

RttRo

:

)11                                                           (( )tRR ot α+= 1

         

)5 (

Rtt
oC.

L2,  L1,  R

Rt



        /.      

8

 :

1

2
L
LRRt =

Rt

)6(

Ro

Ro

.

3

1m1mm

2V :

 .

 .

       1.6×10-8 Ω.m .

:.

:

mVVE /2
1
2

===
l

NEeF 1919 102.32106.1 −− ×−=××−=−=

( )
Ω=

××
×===

−

− 005.0
10114.3

1106.1 23
8

2rS
R

π
ρρ

ll



        /.      

9

4

20m0.4mm

20oC   .

1.56 x 10-8 .m

4.3 x 10-3 oK-1.

:

( )
( ) m

tot

.1069.120103.411056.1

1
838 Ω×=××+×=

+=
−−−

αρρ

( )
Ω=

××
×===

−

− 68.0
104.014.3

201069.1 23
8

2rS
R

π
ρρ

ll

5

2m0.3mm2

0oC100oC

.                                              4.9 x 10-7 .m

0.1 x 10-3 oK-1.

:

Ω=
×

×== −
− 27.3

103.0
2109.4 6

7

S
R oo

l
ρ

( ) ( ) Ω=×+=+= − 28.310010127.31 4tRR ot α

Ω=−=−=∆ 01.027.328.3ot RRR



        /.      

10

Electric Power

P

W:

)12 (
dt

dWP =

/(J/s).

IR

 .V

dq:

dqVdW =

dq)1 (:

(13)dtVIdW =

:

(14)tVIW =

)12()13 (:

VIP =

)8:(

)15                                                      (
R

VRIVIP
2

2 ===

6

32 .

8

.



        /.      

11

WVIP 256328 =×==

hKW
J

sW

tPW

.56.2
10216.9

.10216.9

606010256

6

6

=
×=

×=

×××==

7

2500 W220V . :

.

  

.

)15(:

( )
Ω=== 36.19

2500
220 22

P
VR

hkWhWtPU .750.75000010302500 ==××==

.



        /.      

12

1

IR

 ."

QRI".

WQ

J4.2/:

)16           (calJ
Q
WJ /2.4==

          

)7(

s1m1

m2

s2

R

.T1

RIV.

tT2.

:

tVIW =

WQ:

( )( )122211 TTsmsmQ −+=

:



        /.      

13

( )( )122211 TTsmsm
tVIJ

−+
=

8

205

10 .

JtRItPW 522 1036010205 ×=×××===

calorie
J

WQ 4
5

101.7
2.4

103
×=

×
==

9

1016

2.5.

( ) ( ) calTTsmQ 53
12 104.81610011010 ×=−×××=−=

JouleJQW 65 105.32.4104.8 ×=××==

hour
P

Wt 39.0sec1400
105.2
105.3

3

6
==

×
×

==

2Peltier Effect:

1834

.
)(.



        /.      

14

3Seebeck Effect:

1836 .

.
.

4Thomson Effect:
 .

 .
5Thermoionic Emission:

 .
.

Electrolysis

  

        

)8(

(anode)

cathode

.

(Cu++)(So4 --)



        /.      

15

 .

 . :

1 .

2 .

" "

" "Electrolytes

 :

m

Q )×(

.:

)17(t C Im =

/(gm/colm).

                   

)8(    m1     .                  

  I              .          

   .             m2.  

   mm1m2.     C

)17.(



        /.      

16

.:

)18(tcons
M
m

M
m

M
m tan.....

3

3

2

2

1

1 ====

m1, m2, m3 ,M1, M2, M3, 

.

 :

MQαm
.

)19(MQFm =∴

F .)17 ()18 (:

)20(
C
MF =

"

"F              

96500 .

10

                  1973

5 .      

96500 .



        /.      

17

       :

67.65
3

197
==M

41081.6
96500

67.65 −×===
F
MC

Amp
tC

mI 3
4

3
1004.2

606011081.6
105 −

−

−
×=

××××
×

==

  

 . .

 .

ε :

dq
dW

=ε

dWdq .

ε

.



        /.      

18

 .

.

:

"."

0=∑ I

.

"

"

RI∑=∑ε

)

(

.                                 

                           .

 .


