


q

q

W = –ΔPE

q

ΔPE
W = –ΔPE

W ΔPE
ΔPE W

W = –ΔPE W
ΔPE. ΔPE W

W = Fd cos θ F



F = qE
ΔPE q.

V

V = PE
q .

V = PE
q

q q V q
ΔPE ΔV

ΔV = VB − VA = ΔPE
q .

VB – VA
q

1 V = 1 J
C

VB - VA q

1 V = 1 J
C

ΔV = ΔPE
q and ΔPE = qΔV .

ΔV = ΔPE
q and ΔPE = qΔV .

ΔPE = qΔV



ΔPE = qΔV

q = 5000 C ΔV = 12.0 V

ΔPEcycle = (5000 C)(12.0 V)
= (5000 C)(12.0 J/C)
= 6.00×104 J.

q = 60,000 C

ΔPEcar = (60,000 C)(12.0 V)
= 7.20×105 J.

ΔV = VB –VA = +12 V q
ΔPE = qΔV q

ΔPE = qΔV
ΔPE = –30.0 J

ΔV = +12.0 V

q ΔPE = qΔV



q = ΔPE
ΔV .

ΔPE ΔV

q = –30.0 J
+12.0 V = –30.0 J

+12.0 J/C = –2.50 C.

ne

ne = –2.50 C
–1.60×10–19 C/e– = 1.56×1019 electrons.

ΔPE = qΔV ,

1 eV = ⎛
⎝1.60×10–19 C⎞

⎠(1 V) = ⎛
⎝1.60×10–19 C⎞

⎠(1 J/C)

= 1.60×10–19 J.



1 eV = ⎛
⎝1.60×10–19 C⎞

⎠(1 V) = ⎛
⎝1.60×10–19 C⎞

⎠(1 J/C)

= 1.60×10–19 J.

30,000 eV ÷ 5 eV per molecule = 6000 molecules

KE + PE = constant

KE + PE = constant

KEi + PEi= KEf + PEf ,

KEi = 0, KEf = ½mv2, PEi = qV , and PEf = 0.

KEi + PEi= KEf + PEf.

qV = mv2
2 .

v

v = 2qV
m .

q, V , and m



v =
2⎛
⎝–1.60×10–19 C⎞

⎠(–100 J/C)
9.11×10–31 kg

= 5.93×106 m/s.

E
ΔV

ΔV E ΔV
E ΔV E

E ΔV E

V E E = V / d ΔV = VAB

–ΔV = VA – VB = VAB

q

W = –ΔPE = – qΔV .

–ΔV = – (VB – VA) = VA – VB = VAB.



W = qVAB.

W = Fd cos θ cos θ = 1 W = Fd F = qE
W = qEd

qEd = qVAB.

VAB = Ed

E = VAB
d

⎫
⎭
⎬(uniform E - field only),

d

1 N / C = 1 V / m.

VAB = Ed

E = VAB
d

⎫
⎭
⎬(uniform E - field only),

d

3.0×106 V/m

E d
VAB = Ed

VAB = Ed.

E d

VAB = (3.0×106 V/m)(0.025 m) = 7.5×104 V

VAB = 75 kV.



0.500 μC

E = VAB
d F = q E

F = q E

E = VAB
d .

VAB

E = 25.0 kV
0.0400 m = 6.25×105 V/m.

F = qE.

F = (0.500×10–6 C)(6.25×105 V/m) = 0.313 N.

1 V/m = 1 N/C

E V
E V V



E = – ΔV
Δs ,

Δs ΔV E

E = – ΔV
Δs ,

Δs ΔV E

ΔV Δs

q
r Q

⎛
⎝W = – qΔV ⎞

⎠ V

V = kQ
r (Point Charge),

9.0×109 N · m2 /C2

V

V

V = kQ
r (Point Charge).

V E

E = F
q = kQ

r2 .

V E

V
E

(nC) ⎛
⎝μC⎞

⎠

−3.00 nC

V = kQ / r



V = kQ
r

= ⎛
⎝8.99×109 N · m2 / C2⎞⎠

⎛
⎝–3.00×10–9 C

5.00×10–2 m
⎞
⎠

= –539 V.

V = kQ
r .

Q

Q = rV
k

=
(0.125 m)⎛⎝100×103 V⎞

⎠
8.99×109 N · m2 / C2

= 1.39×10–6 C = 1.39 μC.



h = 0 PEg = mgh

r V = kQ / r
r

Q

ΔV = 0
W = –ΔPE = – qΔV = 0.

E
E

W = Fd cos θ = qEd cos θ = 0.

E F
q E d cos θ θ 90º

E





+Q – Q
Q

+Q
– Q

Q

Q

Q



Q

E ∝ Q,
∝

V = Ed

V ∝ E.
V ∝ Q

Q ∝ V .

C Q C

Q = CV.

C V C

C = Q
V .

C



C = Q
V .

1 F = 1 C
1 V.

⎛
⎝1 pF = 10–12 F⎞

⎠
⎛
⎝1 mF = 10–3 F⎞

⎠

A
d V

Q A d

C A
C d

d A

A d C



C = ε0
A
d .

C = ε0
A
d

A d ε0

ε0 = 8.85×10 – 12 F/m

C2 /N · m2 ε0

1.00 m2

3.00×103 V

C C = ε0A / d C
Q = CV

C = ε0
A
d = ⎛

⎝8.85×10–12 Fm
⎞
⎠ 1.00 m2

1.00×10–3 m
= 8.85×10–9 F = 8.85 nF.

Q = CV

Q = CV = ⎛
⎝8.85×10–9 F⎞

⎠
⎛
⎝3.00×103 V⎞

⎠
= 26.6 μC.

3.00×106 V/m

–70 mV
Na+ Na+

E = V
d = –70×10–3 V

8×10–9 m
= –9×106 V/m.

d



E = V / d

d d

C = ε0
A
d κ

C = κε0
A
d (parallel plate capacitor with dielectric).

κ κ

κ

κ

3×106

24×106

8×106

12×106

14×106

16×106

24×106

14×106

15×106

8×106

60×106

E = V / d

V = E ⋅ d
= (3×106 V/m)(1.00×10−3 m)
= 3000 V.

60×106



Q = CV
= κCair V

= (2.1)(8.85 nF)(6.0×104 V)
= 1.1 mC.

κ

d

V = Ed V Q C = Q / V
C

κ = E0 / E



⎛
⎝H2 O⎞

⎠



C = Q
V

Q
V

Q
d

C = Q
V V V = Q

C V1 = Q
C1

V2 = Q
C2

V3 = Q
C3

V = V1 + V2 + V3.



CS

V = Q
CS

= V1 + V2 + V3 .

V1 V2 V3

Q
CS

= Q
C1

+ Q
C2

+ Q
C3

.

Q CS

1
CS

= 1
C1

+ 1
C2

+ 1
C3

+ ...,

CS C1 C2

Cs

1
CS

= 1
C1

+ 1
C2

+ 1
C3

+ ...

μF

1
CS

1
CS

= 1
C1

+ 1
C2

+ 1
C3

1
CS

= 1
1.000 μF + 1

5.000 μF + 1
8.000 μF = 1.325

μF

CS CS = μF
1.325 = 0.755 μF

Cs

1
CS

= 40
40 μF + 8

40 μF + 5
40 μF = 53

40 μF,

CS = 40 μF
53 = 0.755 μF.

Cp
V

Q



Q = Q1 + Q2 + Q3.

Q = CV Q = CpV Q1 = C1V
Q2 = C2V Q3 = C3V

Cp V = C1V + C2V + C3V .

V Cp

Cp = C1 + C2 + C3 + ....

Cp = 1.000 μF+5.000 μF+8.000 μF = 14.000 μF.

Cp

Cp = C1 + C2 + C3 + ...

C1 C2 CS CS
C3 CS C3



C1 = 1.000 μF C2 = 5.000 μF C3 = 8.000 μF

C1
C2 CS C3

C1 C2
1

CS
= 1

C1
+ 1

C2
+ 1

C3

1
CS

= 1
C1

+ 1
C2

= 1
1.000 μF + 1

5.000 μF = 1.200
μF .

CS = 0.833 μF.

Ctot = CS + CS
= 0.833 μF + 8.000 μF
= 8.833 μF.

Q V
ΔPE = qΔV

ΔPE q ΔV

ΔV = 0 ΔV = V
V V / 2

q V / 2 Ecap

Ecap = QV
2 ,



Q V QV QV / 2
C Q = CV Ecap

Ecap = QV
2 = CV 2

2 = Q2

2C ,

Q V C

Ecap = QV
2 = CV 2

2 = Q2

2C ,

Q V C

4.00×102 J 1.00×104 V

Ecap V C
Ecap



Ecap = CV 2
2 .

C

C = 2Ecap
V 2 = 2(4.00×102 J)

(1.00×104 V)2 = 8.00×10 – 6 F

= 8.00 μF.

1.00×104 V

VB – VA q

ΔV

ΔV = ΔPE
q and ΔPE = qΔV .

1 eV = ⎛
⎝1.60×10–19 C⎞

⎠(1 V) = ⎛
⎝1.60×10–19 C⎞

⎠(1 J/C)

= 1.60×10–19 J.
KE + PE.



VAB = Ed

E = VAB
d

⎫
⎭
⎬(uniform E - field only),

d

E = – ΔV
Δs ,

Δs ΔV E

V = kQ / r

Q

C

C = Q
V .

C = ε0
A
d ε0

C = κε0
A
d ,

κ

1
CS

= 1
C1

+ 1
C2

+ 1
C3

+ ...

Cp = C1 + C2 + C3 + ...

Ecap = QV
2 = CV 2

2 = Q2

2C ,

Q V C



C V



K+

Cl–

Na+



1.67×10 – 27 kg.

6.64×10–27 kg.

⎛
⎝1.5×107 ºC⎞

⎠

1.00×102 MV

15ºC

2.50×102 g 2.00×102 g
20.0ºC 90.0ºC

2.00×102 m
5.00×102 N

1.00×10–12 m

1.50×104 V

7.50×104 V/m

4.50×103 V/m

3.0×106 V/m
5.0×103 V



3.0×106 V/m

2.00×106 V/m

0.530×10–10 m

1.00 μC
2.00×102 V?

–2.00 V

5.00×102 V

2.00×10 – 14 m

3.0 μC

q

– 3 q

q1 q2



–1.00 nC/m2

180 μF

2.00 μF
3.10 μC



3.00 μC

5.00 m2

1.50 m2

80.0 μF

4.00 m2

5.00 μF 8.00 μF

8.00 μF
5.00 μF

10.0 μF
9.00×103 V

8.00 μF

165 μF

2.00 μF
7.40 μF



1.00×102 m2

Volume = A · d

9.60×103 J


