






∣ qe ∣ = 1.60×10−19 C.
q e

1.00 C× 1 proton
1.60×10−19 C

= 6.25×1018 protons.

6.25×1018
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F = k |q1 q2|
r2 .

F q1 q2
r k

k = 8.988×109N ⋅ m2

C2 ≈ 8.99×109N ⋅ m2

C2 .

⎛
⎝F ∝ 1 / r2⎞⎠

1016



F q1 q2 r
q1

q2

0.530×10−10 m

F = k |q1 q2|
r2

F = k |q1 q2|
r2

= ⎛
⎝8.99×109 N ⋅ m2 / C2⎞⎠×

(1.60×10–19 C)(1.60×10–19 C)
(0.530×10–10 m)2

F = 8.19×10–8 N.

8.99×1022 m / s2

FG = GmM
r2 ,

G = 6.67×10−11 N ⋅ m2 / kg2 m M

FG = (6.67×10 – 11 N ⋅ m2 / kg2)×(9.11×10–31 kg)(1.67×10–27 kg)
(0.530×10–10 m)2 = 3.61×10–47 N

F
FG

= 2.27×1039.



F = k|q1q2| / r2 F = k|qQ| / r2 Q
q r

Q q

Q
Q q1 F1 q2 q1

F2 F1
q1 q2 Q

Q q

E

E = F
q ,

F q E
F q

q F = qE Q

q F = k|qQ| / r2

E

E = |Fq | = k| qQ
qr2| = k |Q|

r2 .

E = k |Q|
r2 .



Q r
q

E

E = kQ / r2

Q = 2.00×10−9 r = 5.00×10−3

E = k Q
r2

= (8.99×109 N ⋅ m2/C2 )× (2.00×10−9 C)
(5.00×10−3 m)2

= 7.19×105 N/C.

Q
Q

–0.250 μC

E = F / q F = qE

q = −0.250 μC E = 7.20×105

F = −qE

= (0.250×10–6 C)(7.20×105 N/C)
= 0.180 N.

q



Q

q

Q

q

E = k|Q| / r2 r2

q1 q2

E1 E2 Etot



q
E1 E2

q1 E1

E1 = kq1
r1

2 = ⎛
⎝8.99×109 N ⋅ m2/C2⎞⎠

⎛
⎝5.00×10−9 C⎞

⎠
⎛
⎝2.00×10−2 m⎞

⎠
2

E1 = 1.124×105 N/C.

E2

E2 = kq2
r2

2 = ⎛
⎝8.99×109 N ⋅ m2/C2⎞⎠

⎛
⎝10.0×10−9 C⎞

⎠
⎛
⎝4.00×10−2 m⎞

⎠
2

E2 = 0.5619×105 N/C.

E1 E2
E1 E2

E1 E2
Etot

Etot = (E1
2 + E2

2 )1/2

= {(1.124×105 N/C)2 + (0.5619×105 N/C)2}1/2

= 1.26×105 N/C.

θ = tan−1⎛⎝
E1
E2

⎞
⎠

= tan−1⎛⎝ 1.124×105 N/C
0.5619×105 N/C

⎞
⎠

= 63.4º,

63.4º



q1 q2



F ∝ 1 / r2

2qe 0.3×10−9

H2 O

Na+ , K+ , Cl–



H2 O
δ− δ+

H2 O

E
E∥ F∥

q F∥ = 0



3×106



F∥
F∥











F E

4.00×10–15 kg 3.20×10–19 C

3.00×105 N/C

w = mg.

w = (4.00×10−15 kg)(9.80 m/s2 ) = 3.92×10−14 N.

F = qE.

3.20×10–19 C

F = (3.20×10−19 C)(3.00×105 N/C) = 9.60×10−14 N.



a = Fnet
m .

Fnet = F − w

a = F − w
m

= 9.60×10−14 N − 3.92×10−14 N
4.00×10−15 kg

= 14.2 m/s2.
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∣ qe ∣

∣ qe ∣ = 1.60×10−19 C.

F = k |q1 q2|
r2 ,

q1 q2 r k ≈ 8.99×109 N · m2 / C2

r

E
E = F

q,
F q E

E Q



E = k |Q|
r2 .

r Q E



q



−2.5×10−6 +2.5×10−6

q

qa qb qc qd q

qa = qd qb = qc

q q qa = qc
qb = qc



qa = qd qb = qc q

q

qa = 0 q



–2.00 nC

0.500 μC

1.80×1020

3.75×1021

∣ qe ∣

1.0000×1012

1.00×1016

2.00 μC

1012

0.700 μC –0.600 μC

+2 μC
+6 μC +4 μC

+6 μC

qtot

8.00 μC

5.00 μC –3.00 μC



q1 q2 3.00 m
20 μC

2.00×10-5 N –1.75 μC

3.50 μC

5.00×106 N/C

4.80×10−17 N

+q
–3.00q

q1 q2



x = 8.00 cm
q = 1.00 μC

x = 1.00 cm
q = 5.00 nC

x = 11.00 cm

x = 5.00 cm
q = 1.00 μC

–2q

x = 4.00 cm
q = 1.00 μC

q
qa = qb=+7.50 μC qc = qd = −7.50 μC

q
q = 2.00 μC

qa = qb = −1.00 μC
qc = qd=+1.00 μC

q

qa
qb = qc = qd=+2.00 nC

q = −1.00 nC
q

q = 1.00 μC qa = 2.00 μC
qb = −3.00 μC qc = −4.00 μC qd =+1.00 μC



qa
qb = +10.00 μC qc = –5.00 μC

qa qa = +1.50 nC

qa =+2.50 nC qb = −8.00 nC qc =+1.50 nC

qa = qb = qc

2.00 μC

2.50×104 N/C

25.0 μC 45.0 μC

q1 q2
q1 q2

ω

0.530×10–10 m



5.00×106 m/s
2.00×105 N/C

3.00×106 N/C

3.00%

1.00 μC

8.00º

3.00×106 m/s

1.00 μm 920 kg/m3

qe



q
Q m

d
q

Q m d
m


