


I

I = ΔQ
Δt ,

ΔQ Δt
Δt = t

I = ΔQ / Δt

1 A = 1 C/s

I = ΔQ / Δt

I = ΔQ
Δt = 720 C

4.00 s = 180 C/s
= 180 A.

I = ΔQ / Δt Δt



Δt = ΔQ
I = 1.00 C

0.300×10-3 C/s
= 3.33×103 s.



I A

Ielectrons = −0.300×10−3 C/s (e−)

–1.60×10−19 C

Ielectrons = ΔQelectrons
Δt = –0.300×10−3 C

s .

e–
s = –0.300×10 – 3 C

s × 1 e–

–1.60×10−19 C
= 1.88×1015 e–

s .

108 m/s



10−4 m/s

vd

vd



n
Ax nAx ΔQ

qnAx q q

−1.60×10−19 C Δt

I = ΔQ
Δt = qnAx

Δt .

x / Δt vd x Δt

I = nqAv d,

I A n
q vd

t vd = x / t

8.80×103 kg/m3

I = nqAvd I = 20.0 A

q = – 1.60×10 – 19 C
A = πr2, r

8.80×103 kg/m3,
6.02×1023 atoms/mol, n,

m3 n

n = 1 e−
atom×6.02×1023 atoms

mol × 1 mol
63.54 g×1000 g

kg ×8.80×103 kg
1 m3

= 8.342×1028 e− /m3 .



A = πr2

= π⎛⎝2.053×10−3 m
2

⎞
⎠

2

= 3.310×10–6 m2 .
I = nqAvd

vd = I
nqA

= 20.0 A
(8.342×1028/m3)(–1.60×10–19 C)(3.310×10–6 m2)

= –4.53×10–4 m/s.

10−4 m/s 1012

108 m/s

V

V

I ∝ V .

R

I ∝ 1
R.

I = V
R .

R V I
Ω

I = V/R R = V/I

1 Ω = 1V
A .



R

I = V/R

I = V/R

R = V
I = 12.0 V

2.50 A = 4.80 Ω.

1012 Ω 105 Ω
103 Ω 10−5 Ω

I = V/R V ,
V = IR.

V I
IR IR

PE = qΔV q



R L

R
A

L A
A

ρ R
ρ ρ R

L A ρ

R = ρL
A .

ρ





ρ 20ºC

ρ Ω m

1.59×10−8

1.72×10−8

2.44×10−8

2.65×10−8

5.6×10−8

9.71×10−8

10.6×10−8

20×10−8

22×10−8

44×10−8

49×10−8

96×10−8

100×10−8

3.5×10–5

(3.5 − 60)×10–5

600×10−3

(1 − 600)×10−3

2300
0.1–2300

5×1014

109 − 1014

>1013

1011 − 1015

75×1016

1013 − 1016

1015

>1013

108 − 1011



0.350 Ω

R = ρL
A A

R = ρL
A

A = ρL
R .

ρ

A = (5.6×10–8 Ω ⋅ m)(4.00×10–2 m)
0.350 Ω

= 6.40×10–9 m2 .
D

A = πD2
4 .

D A

D = 2⎛⎝A
p
⎞
⎠

1
2

= 2⎛⎝6.40×10–9 m2
3.14

⎞
⎠

1
2

= 9.0×10–5 m.

ρ

100ºC
ρ ΔT

ρ = ρ0(1 + αΔT),

ρ0 α α
α ρ α

α



α
α

3.8×10−3

3.9×10−3

3.4×10−3

3.9×10−3

4.5×10−3

5.0×10−3

3.93×10−3

3.9×10−3

0.000×10−3

0.002×10−3

0.89×10−3

0.4×10−3

−0.5×10−3

−50×10−3

−70×10−3

α

ρ

R0 ρ



R = ρL / A L A R
ρ

L A
ρ

R = R0(1 + αΔT)

R0 R
ΔT

ρ = ρ0(1 + αΔT) R = R0(1 + αΔT)
100ºC

20ºC
2850ºC

R = R0(1 + αΔT)
R0 = 0.350 Ω ΔT = 2830ºC

R

R = R0(1 + αΔT)
= (0.350 Ω)[1 + (4.5×10–3 / ºC)(2830ºC)]
= 4.8 Ω.



PE = qV
q V

P = PE
t = qV

t .

I = q / t Δt = t

P = IV.

P
1 A ⋅ V = 1 W

P = IV = (20 A)(12 V) = 240 W
1 kA ⋅ V = 1 kW

P = IV I = V/R
P = (V / R)V = V 2 /R V = IR P = I(IR) = I 2R

P = IV

P = V 2
R

P = I 2R.

P

P = V 2 / R

P = V 2 / R



P = IV
P = V 2 / R

P = IV = (2.50 A)(12.0 V) = 30.0 W.

0.350 Ω

P = V 2
R = (12.0 V)2

0.350 Ω = 411 W.

P = I 2R

I = P
R = 411 W

0.350 Ω = 34.3 A.

P = E / t

E = Pt

P t P
t kW ⋅ h

E = Pt

1 kW ⋅ h = 3.6×106 J
E



E = Pt

E = Pt = (60 W)(1000 h) = 60,000 W ⋅ h.

E = 60.0 kW ⋅ h.

cost = (60.0 kW ⋅ h)($0.12/kW ⋅ h) = $7.20.

P = IV



V V
V = V0 sin 2π ft

V = V0 sin 2π ft,

V t V0 f
I = V/R

I = I0 sin 2π ft,

I t I0 = V0/R

I = V/R

P = IV I V
P = I0V0 sin2 2π ft



I0 V0 (1 / 2)I0 V0

Pave

Pave = 1
2I0 V0.

(1 / 2)I0 V0
Irms Vrms

Irms = I0
2

Vrms = V0
2

.

Pave = IrmsVrms,

Pave = I0
2

⋅ V0
2

= 1
2I0 V0,

Irms Vrms Pave
Vrms

Irms Pave = 1.0 kW

Irms = Vrms
R .

Pave

Pave = IrmsVrms,

Pave = Vrms
2

R ,

Pave = Irms
2 R.



Vrms Pave Vrms = V0
2

Vrms = V0
2

V0 Vrms

V0 = 2Vrms = 1.414(120 V) = 170 V.

–170 V

P0 = I0V0 = 2⎛⎝12I0 V0
⎞
⎠ = 2Pave.

P0 = 2(60.0 W) = 120 W.

1.00 Ω



Pave = 100 MW Vrms = 200 kV R = 1.00 Ω
P = IV P = I 2R

Pave = IrmsVrms

Irms = Pave
Vrms

= 100×106 W
200×103 V

= 500 A.

Pave = Irms
2 R

Pave = Irms
2 R = (500 A)2(1.00 Ω ) = 250 kW.

% loss= 250 kW
100 MW×100 = 0.250 %.

r P = V 2 / r V r
0.100 Ω



r P = V 2 / r

r P = V 2 / r

P = I 2Rw Rw
I I Rw

Rw = 2.00 Ω 0.100 Ω
P = I 2Rw = 200 W

0.100 - Ω
P = 1000 W



I



f f = 0



I = V/R

200 k Ω I = (120 V) / (200 k Ω )= 0.6 mA
10.0 k Ω

20 μA

f = 0



Na+ K+ Cl-

K+ Cl- Na+

K+ Cl-



K+ Cl-

Na+

Na+

Na+, K+

E = V / d

Na+

Na+

Na+ K+



Na+ K+

Na+ K+



IR





Irms = I0 / 2

Vrms = V0 / 2



I

I = ΔQ
Δt ,

ΔQ Δt

1 A = 1 C/s.

vd
I vd I = nqAvd I

A n q
vd

1012

I V R
I = V

R .

Ω 1 Ω = 1 V/A
IR V = IR

R L A R = ρL
A ρ

ρ
ΔT ρ = ρ0(1 + αΔT) ρ0

α
α

R R = R0(1 + αΔT) R0
R

P

P = IV,

P = V 2
R ,



P = I 2R.
P t E = Pt

V = V0 sin 2π ft V t
V0 f

I = V/R I = I0 sin 2π ft I t I0 = V0/R

Pave = 1
2I0 V0

Irms Vrms Irms = I0
2

Vrms = V0
2

Pave = IrmsVrms

Irms = Vrms
R

Pave = IrmsVrms Pave = Vrms
2

R Pave = Irms
2 R

A ⋅ h

vd = I
nqA n

IR

IR



R = R0(1 + αΔT) R
ρ = ρ0(1 + αΔT) ρ

P = V 2 / R
P = I 2R



Na+



0.250 μC
1.00 μs

0.500 - μs

P = I 2R

500 Ω

6.02×1023

He++

He++

He++

3.60 Ω

140 Ω



0.0600- Ω

0.300 Ω

1.00×109 Ω .

0.200 Ω 20.0ºC

1.00 × 103 V

20.0ºC

20.0ºC

100ºC 20.0ºC

–10.0ºC to 55.0ºC

77.7 Ω
20.0ºC 150ºC

20.0ºC

0.500 Ω 20.0ºC
0.525 Ω

α = – 0.0600 / ºC

37.0ºC
α

12×10−6 / ºC

1.00×102 MV
2.00 × 104 A

6.00×102 C

0.0600 - Ω

0.300 Ω .

P = IV



1 V2 / Ω = 1W
P = V 2 / R

1 A2 ⋅ Ω = 1 W
P = I 2R

1 kW ⋅ h = 3.60×106 J

1.00×102 kV

12.0 cents/kW ⋅ h

9.0 cents/kW · h

10 cents/kWh

1.00 A ⋅ h

12.0 cents/kW ⋅ h

1.00×102 A

1.00×102 MV

18.0ºC

3.00×102 g 20.0ºC
90.0ºC

37.0ºC 100ºC



8.00×103 A

2.00×102 -m

5.00×102 N

5.00×102 N

5.30×104 kg

0.0580 Ω / km

1.00×102 -g
20.0ºC 95.0ºC

10.0ºC 40.0ºC

9 cents/kW ⋅ h

1.00×102 MW

1.00 - Ω

1.00×102 MW



2700ºC 2600ºC

1.00 - Ω

9.00 cents/kW ⋅ h

5.00mm2

500º C

t = 0
V0 / 2

V0

t = 0
Vrms

−Vrms

0.250 Ω

0.100 - Ω

300 k Ω
4000 k Ω

4000 Ω

20.0 μA

300 Ω

0.500- Ω

0.200 cal/g⋅ºC




