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1 Flectric Field

1.1 Electrostatic Force

— electrification - A process getting charge
— static electoricity - static charge
— electoric charge - TI

point charge - charge which can be ignored the size

Electrostatic force is an interraction between charged particles.

419
F| = k=2 (1)

1.2 Structure of Atom

nucleus

- elementary charge 1.6 - 10*° C



1.3 Mechanism of Electrification

Total amount of charge is conserved.

- Coulomb’s law
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F = k—?{j (2)

k depends on type of surrounding substance.
In bacum, k£ ~ 9.0 - 10° Nm? C—2



1.4 Electrostatic Indcuction
Conductor - Substances which can conduct electricity.

ex) metal, carbon
Nonconductor - Substances which cannot conduct electricity.

Semiconductor - Substances which have middle electric resistance

between conductor and nonconductor.
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1.5 Electric Field
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Electric field is vector field.
Let 1 C charge be a test charge at position r, E(r) is the electric force
which the test charge receive.

r

E(r) = kQW (3)

If there are multiple charges, the electric field is equals to sum of each
electric fields made by these charges.



1.6 Electric line of force
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Figure 1: simulator

(it was difficult to draw the figure...)

- thedirection of tangent of line is the same as the direction of the
field’s vector.

— the line appears with plus charge and disappear with minus
charge.

— E lines drawn per 1 m? , as strength of electric field is EN C—1.
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Let N be number of lines,Q amount of charge.
N=FE 4mr? = k% - 4nr?
Thus,
N = 47kQ (4)



1.7 Electric Potential

Let U potential energy of charge which have ¢, V electric potential,

U
V= (5)

Thus, V is potential energy per unit charge.

G

Let infinity be reference level of potential,
V(r)= [Tdr k3 =kQ[—]" = k%

BATTERY |]

Vig = V4 — V3 (reference is B)
Vip is also called voltage ML2T 31 1].

q
electric force (constant)

—reference level of potential

Wig = q(V4y — Vp) (7)



1.8 Relative of Field and Potential

q uniform electric field £
?‘E‘
\ \

istance d
qbd = qV

(8)
<V =Fd

electric potential is proportional to energy, so it’s superpositionis
calculated by sum.

1.9 Equipotential Surface

Figure 2: simulator

- Equiipotential Surface - A surface which was made by joyning

points that have equal electric potential.

equipotential surface is perpendicular to electric line of force.
(if test charge move with a direction perpendicular to electric force
work is W = F - Ax = 0 < potential is same constantly. )

1
imv2 + qV = const. (9)
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1.10 Substance and Electric Field

1.10.a Conductor
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conductor

In conductor, the electric field is 0. (charges contiune moving while
field is not 0,)

It means that electric potential is the same in metal.

- Electric field is perpendicular to surface of metal. (metal distorts
surrounding electric field)

- Electric charges do not appear in internal of metal. (on surface
only)

(why? is notimpossible to make field 0 with it having charges in metal? € S b\ Z 5 b5l HEFADH S
HSEBNICKREICTTE SN0 XDICEBAHHTEHLICER T 28 EIZ% < EBH surface ICREICTEAT
VAEWLL? )

— Electric Shielding - In cavities in conductor, electric field is ~ 0. It

means field in the cavity is not affected by the outside field.

(SNIITRAT??)



1.10.b Nonconductor
In nonconductor, the electric field is smaller thant the ouside field.

(due to the electric field generated by dielectric polarization)

1.11 Capacitor
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Figure 3: parallel-plate capacitor
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Figure 4: charging

C = V (10)

C is called electric capacity [M—'L2T21?

BICTICRTTIE - BRRD XTI >TT > TS EE-- 2 MEXFTEVLW TR 35N

Parallel-plate capacitor makes uniform electric field.
It makes 47kQ lines of electric force .

(EBK /148 > T superposition TE3®D ? uniform T#H 3 Z & I$FED TELRA ?)

K -

Figure 5: superposition of electric field which made by lined charges
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Let

surface area of one side plate S,
amount of electric charge Q,
distance between plates d

+ o+ 4 4 4 +HQg

d | number of lines 47kQ

_ ArkQ
E =%
\J \J \J \J \J \J \/ \
V = Ed = ¥4
1 S
Q=zz3V
1 S
~C = m . E (11)

Electric capacity dependsonk, S ,and d.

Where, lete = ;1 , e is called permitivity [M—*L—3T*1?].
S
— . = 12
C=¢ y (12)

In a lower permittivity substance, strength of the electric field is
smaller. From V =k - %, even with the same voltage, the amount of
charge is greater.

dielectric constant: e, = £

0
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1.11.a Series Connection

amount of charge0 (C T |V

G W2
—Q

\/ \/

The amount of charge is 0, because one side plate of each is connected
by the conductor.

V=V+1
8=8+8(-v=9
~Cl=C7t + Gt (13)

- Vis proportional to C—!

1.11.b Energy of capacitor
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@ 2 g 1@ 1 (14)
W—/o dq V(Q)—/O dq 6—57—562‘/
W= %QV (15)



The work which battery has done :W = QV. ( V=const. ) Therefoe
Work:2QV is wasted.

O

Figure 6: The start of charging
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2 Flectric Current

2.1 Current

Electric Current[I] - A flow of charged particles.

— Direct Current - a current that is one-directional
— Alternating Current - a current that periodically reverses direction

| : current (constant), Q : amount of charge, t: time

1=~ (16)

A=Cs!

2.2 Ohm’s law
Let elementary charge e, speed of charges v, number of charges per

unit volume n , surface of wire S,

S - en
v

Q=e-n-vt-8S
~ I =envS
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There shoud be force kv(k = const.) which against electric force e - ¥,
because velocity of electron v = const.

X energy MMEVALRTE

kvze%

sv=ep (WxE)

sI=en-ef-S (vI=envS)

@I=e2n%-V

Let kL as R,

I=%
~V =RI (17)
V:a.k.avoltage dump
R=_ -+ Let - as p,
R=pr (18)

p is called resistivity and depends on substances. ( resistivity of
alminiumis~ 2.7-1078)

53K HFVD AL D EBD > T-ODEEESNTWLW-Tl=pL—!!
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WESSRMMRFA>TI2TSHLL. field 2B L TESBTEHREFNBARSS. IBICOAMKTFT S
EDBERMFICHESTIIVWEDS. TRRFIBBABD ERNBERIED TOLEEA. BRSITHEAEED ICH
SNTcEVWTL & Sh%

Resistivity also depends on templature due to thermal motion.
This is related to ratio of electron’s moving speed to poisitive ion’s

moiton speed.

constant REEZMTTc5, EEIFKERETZD? 92 ?
p(t) ~ po - (1 + at) (19)
po is resistivity at ¢t = 0, tis templature. « is called templature coeffi-

cient of resistivity.

EICTREBDORE TS DVWIHEREINTE &2 5N LW EBO ORI TV ZAD B3RS . &
WEITH 3

2.3 Joule heat
W : generating heat by current - Joule heat
W =QV =1Vt (20)
- Electrical Energy[MLT 2|(E /=) - Work which is done by cur-
rent(charge)

- Electrical Power[MLT3|(&7]) - work per unit time

HE  BAHEWVWSERIFSNL<HWL, BAFEIS science ICADEL, —Zh

il

P(power) = IV = I?’R (21)

work which done by field W =e- ¥ - vt - nSl = envS -V -t =1Vt

% Thermal energy (. E&EN“ambiguous”BI-OHZEMICITFEZHRV(EVLDIS L)

heat & Tmacroscopic B7IF TEHEATE AL energy D E(energy transfer)] YEHZEINTWVS

“heat "RET R’ VWSEERRHNTES FERABMEIIMAH L S DAZE(Emision R E)Theat EREIHE 3 7H
S5 CBIOBZERICERDNANZ CADRET D, CNZ V21— LALIER,"E VWS ERBRNTES 21XV # ) o
TRRYETERMN L 2 BRVWERFT Y N—T e BUND - ?
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2.4 Composite of Resistors

R,
R:R1+R2

R, Rll + R

2.5 Ammeter and Voltimeter / EiREt » EIELE

2.5.a Ammeter / EiREt

indicates I, = =

/

2.5.b Voltimeter / L&t

’_®_‘ indicates V, = ¥
. ﬁ
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2.5.c How to Determine Electromotive Force
— Electromotive Force - “2E&/”
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V=FE-—rl

Observing multiple (V, I) points, we can determine E and I.

2.5.d How to Determine Resistance
Wheatstone bridge

When current at G equals to 0,

R1[1 - Rzlz
R3Il - R$I2
=

2.6 Charge of Capacitor
When a capacitor is connetced with a battery, charge of capacitor is

proportional to exp(—45) ( R is resistance of circuit, C is capacity )
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3 Semiconductor
— Intrinsic Semiconductor E43E&{K - Simple substance of Si or
Ge. In low templature, they cannot conduct electron. In high tem-
plature, They can conduct electron.
- Extrinsic Semiconductor R~ 4]+ &K - Substance which have
trace amount of P or Alin Si or Ge.

- n-type semiconductor ( negative)

P have 4 + 1 electrons on outermost shell.
= They have extra electrons.

- p-type semiconductor ( positive)

Al have 4 — 1 electrons on outermost shell.

= They have hole of electrons ( positive hole ). (raccnstaaczsn 2022
FHFy RY O BB

3.1 P-N Junction / Diode

recombination
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3.2 Transistor

3.2.a P-N-P Transistor

Emitter Collector
— P N P F
Base
_ E
Emitter Collector
— N P N |
Base

— Base semiconductor is very thin.

(BATINRA Yy F I TES 72 dificult)

20



	1  Electric Field
	1.1  Electrostatic Force
	1.2  Structure of Atom
	1.3  Mechanism of Electrification
	1.4  Electrostatic Indcuction
	1.5  Electric Field
	1.6  Electric line of force
	1.7  Electric Potential
	1.8  Relative of Field and Potential
	1.9  Equipotential Surface
	1.10  Substance and Electric Field
	1.10.a  Conductor
	1.10.b  Nonconductor

	1.11  Capacitor
	1.11.a  Series Connection
	1.11.b  Energy of capacitor


	2  Electric Current
	2.1  Current
	2.2  Ohm's law
	2.3  Joule heat
	2.4  Composite of Resistors
	2.5  Ammeter and Voltimeter / 電流計と電圧計
	2.5.a  Ammeter / 電流計
	2.5.b  Voltimeter / 電圧計
	2.5.c  How to Determine Electromotive Force
	2.5.d  How to Determine Resistance

	2.6  Charge of Capacitor

	3  Semiconductor
	3.1  P-N Junction / Diode
	3.2  Transistor
	3.2.a  P-N-P Transistor



