Section 7.5: Electric Potential and Electric Potential Energy Due to

Point Charges

Tutorial 1 Practice, page 360

1. (a) Given: ¢; =+6.0x 10 °C; 2 =-3.0x10°C; ¢3=-3.0x 10°C; r=3.0 m;

k=8.99 x 10° N-m*/C*

Required: Vi; V5; Vs

Analysis: The potential at each midpoint is the sum of the potentials due to the three charges.

Use V = kq to calculate the potential due to each charge. The distance from a midpoint to an

r

endpoint is 0.57, and the distance from a midpoint to an opposite vertex is 0.5\/§r .
Solution: Calculate the potential between ¢, and g, Vi:

_ kg, N kq, N kq,
" 057 0.5r ()_5\/51»

k 2
=—|2q,+2q,+—F
”( hrh \/5%]

8.99x10° JCJZ“ 2
T 30m (2(6-0“0‘6 €)+2(-3.0x10° g)+$(_3.0><10_6 g)]

V, = 7.6x10° J/C
Calculate the potential between ¢, and g3, V>:
_ kg, N kq, N kq,
> 0.5 0.5\/51” 0.5r

k 2
=—|2q,t+—F=q,+2
”( & \/ng qzj

8.99x10 L2

-6 2 -6 -6
[2(6.0><10 z)+$(—3.0><10 Z)+2(-3.0x10 ;/f)j

3.0 m
V,=7.6x10"J/C
Calculate the potential between ¢, and g3, V3:

- kg, N kq, N kg,
0_5\/51» 0.5 0.5r
k

2
=—| —=¢q,+2¢q +2q]
V{\/g : 2 }

8.99%10° 1 ML

2 2 6 -6 -6
- 3.omc (£(6.0><10 Z)+2(-3.0x10° £)+2(-3.0x10 ﬂ))

V. =-1.5x10* J/C
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Statement: The potential between ¢; and ¢», V1, is 7.6 x 10° J/C. The potential between ¢; and
g3, Va, is 7.6 x 10” J/C. The potential between ¢, and g3, V3, is —1.5 x 10* J/C.

(b) Given: ¢, =+6.0x10°C; ¢,=-3.0x10°C; ¢3=-3.0x 10° C; r=3.0 m;

k=899 x 10° N-m*/C?

Required: Ex

Analysis: The total electric potential energy is the sum of the three electric potential energies of

ki
a pair of charges. Use E, = 09, to calculate the electric potential energy for each pair of

r
charges.
Solution: Calculate the electric potential energy between ¢, and ¢», Ek;:
r kg,
El 7

[8.99><109 Mj(6.0><10‘6 Z)(-3.0x10° ¢

e
3.0 pr

E, =-5.394x107J (two extra digits carried)

The electric potential energy between ¢q; and g3, Eg, is equal to Eg; because ¢» = ¢s.
Calculate the electric potential energy between ¢, and g3, Egs:

E — kq2q3

E3

r

(8.99><109 J'm)(—3.0><10-6 ¢)(-3.0x10° £)

o
3.0

E_ =2.697x107 J (two extra digits carried)
Calculate the total electric potential energy, Eg:
E =E, +E,+E,
=(-5.394%x107 I)+(-5.394x 107> J)+(2.697 x 107 J)
E, =-81x10717
Statement: The total electric potential energy of the group of charges is —8.1 x 107> J.
2. Given: ¢=4.5x10°C; s=1.5m; k=8.99 x 10’ N-m*/C*

Required: V at the centre of the square
Analysis: The potential at the centre is the sum of the potentials due to the four charges. Use

ki . . .
V=4 (5 calculate the potential due to each charge. The distance from a vertex to the centre is

r
%\/Es,or

% .
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Solution: V' = 4ﬂ
r

_ 4kq
S

N
46[8.99x 10° Jcmjm 5%10° &)

1.5 pr
V=15%10°J/C
Statement: The electric potential at the centre of the square is 1.5 x 10> J/C.

3.Given: g=-1.6 x 10" C; ri=5.0x 10" m; m=9.11 x 107" kg; k= 8.99 x 10° N-m*/C*
Required: v¢

ke
Analysis: Determine the initial electric potential energy using the equation £ = % The final
r.

1

kinetic energy of each electron is Emvf . The initial kinetic energy and final potential energy are

both 0. Use the conservation of energy to determine the final speed of each electron.
Ey+E =E,+E;

ki
qq2+0 O+1mv +1mv2
2 2

f
Solution: v, /
M m?

2
899x10° 8 |(—1.6x10™" &)

Yeud
(9.11x107" kg )(5.0x107 )
v, =7.1x10° m/s

Statement: The final speed of each electron is 7.1 x 10° m/s.

1

qu
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4. Given: ¢=1.6x 10" C; v; =23 x 10° m/s; v, = 1.2 x 10° m/s; m = 1.673 x 10’ kg;
k=8.99 x 10° N-m?/C?

Required: 7¢

kq,q,

Te

Analysis: Calculate the final electric potential energy using the equation E_ = . The initial

kinetic energy of each proton is Emv2 , and the initial potential energy and final kinetic energy

are both 0. Use the conservation of energy to determine the final separation of the protons.
Ey+Eg=Ey+ B

k
0+—mv, +=my, = M 4
2 2 v
2 2 qu2
mv. +mv. =
il i2
B
f
2kq’
y=—
f 2 2
mv, +mv,
Solution:
2kq’
=" 2
mv-. +mv;
il i2

%.?.y/ 2
21 8.99x10° — 5 (1.6><10-19 ;/f)

_ e
2 2
(1.673%107 yg)(zsxloﬁ %) +(1.673%107 yg)(l.leo‘) %}

r=41x10" m

Statement: The separation of the protons when they are closest to each other is 4.1 x 107 m.

Section 7.5 Questions, page 361

1. (a) The proton moves to a region of lower potential energy and lower electric potential.

(b) The electron moves to a region of lower potential energy and higher electric potential.

2. Two particles that are at locations where the electric potential is the same do not necessarily
have the same electric potential energy. The potential energy equals the product of the charge
and the electric potential. If the particles have different charges, then they have different
potential energies.

3. No work, or 0 J, is required to move a charge from one spot to another with the same electric
potential. The work done equals the change in kinetic energy, and the change in kinetic energy
equals the negative change in potential energy if energy is conserved. If the electric potential
does not change, then the electric potential energy does not change. Therefore, the kinetic energy
does not change, and no work is done.
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4. Given: ¢ =4.5%x10° C; g2 =8.5x 10" C; Eg =40.0 J; k= 8.99 x 10’ N-m*/C>
Required:
kq,q,

r

_ kg,

Analysis: £ =

r

k
Solution: » = 4.9,

E

[8.99><109 ;j(4.5><105 Z)(8.5x10° £)

40.0 X -m

=0.86 m

r =86 cm
Statement: The distance between the charges is 86 cm.
5.Given: ¢ =4.5%x10°C; ¢2=8.5x 107 C; r;=2.5m; r¢= 1.5 m; k= 8.99 x 10° N-m?*/C?
Required: AEg

Analysis:
AE, = ka9, _ka,9,
oo
11
AE. =kqq,|———
E q1q2[rf ]”lj
. 11
Solution: AE, =kq,q,| ———
R
Tt . § 1 1
=18.99%x10° —— |(4.5x107° £)(8.5x107 )| ——-
( Q’/J( gl g)(l.Sm 2.5mj
AE, =92]

Statement: The electric potential energy increases by +9.2 J.

6. Given: ¢; =3.5x10°C; g2=7.5x10° C; 1y > o0; r¢=2.5 m; k= 8.99 x 10° N-m*/C>
Required: W

Analysis:

_kaq, k49,

oo

/4

_kaq, _

Te

0

_ kg,

Te

/4
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kqq,

Solution: W =
rf
[8.99><109 J;f](&smo-‘” ¢)(7.5x10% &)
h 2.5 m
W=94x1071]

Statement: The work required to bring the point charges together is 9.4 x 1072 J.
7. Given: ¢ =-1.6 x 107 C; ¢2=1.6 X 107" C; 1y=5.00 X 10" m; ry — oo;
k=899 x 10’ N-m*/C?

Required: W
Analysis:
W = %_ kqlqz
I"f rl
_ o ka4,
l"i
W:_kqlqz
I"i
ki
Solution: W:_%
Y.
[8.99><109 J';](—lﬁxlo‘” 2)(1.6x10™ &)
i 5.00x107"" pr
W=46x10"17

Statement: The work required to separate the electron and the proton is 4.6 x 107'% J.

8. (a) Given: 7= 15cm=0.15m; V=-8.5x 10* V; k= 8.99 x 10° N-m*/C?
Required: ¢

Analysis: V = kq ;g = v
r k
r

7
Solution: g = =

(—8.5><104 1)(0.15 o)

4
(8.99><109 Icf’fj

g=-1.4x10°C
Statement: The charge on the sphere is —1.4 x 10 C.
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(b) Given: 7¢=0.15m; V=-8.5x 10"V

Required: ¢
Analysis:
kq
£=—
rZ
V
e=—
r
Solution: €= K
,
(—8.5>< 10* N—mj
~ (015m)

£=-5.7x10° N/C

Statement: The magnitude of the electric field near the surface of the sphere is —5.7 x 10° N/C.

(¢) By convention, the electric field points radially inward from the surface of a negatively

charged sphere.
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