Ql- Two coins lie 1.5 m apart on a table. They carry identical charges. Approximately how large is the
charge on each if a coin experiences a force of 2 N?

The diameter of a coin is small compared to the 1.5 m separation. We may therefore approximate the
coins as point charges.

Coulomb's Law : Fe=Kquge /7

N 2 N)(1.5 m)°
qi1g =4 = E - [ j[ 3) 3
k 9 % 10° N-m*/C

=5x 10"’

from which g =2 x 107 C.

Q2- A helium nucleus has charge +2¢, and a neon nucleus +10¢, where ¢ is the quantum of charge,
1.60 x 10~ C. Find the repulsive force exerted on one by the other when they are 3.0
nanometers (1 nm = 10~7 m) apart. Assume the system to be in vacuum.

Nuclei have radii of order 10'> m. We can assume them to be point charges in this case. Then

' 2,2, (2)(10)(1.6 x 107" C)
Fr= k9 — (9.0 10° Nom2y2) RUOAE X W07 OF o 15-10 N — 0.51 nN
r (3.0 x 1077 m)~
Q3- In the Bohr model of the hydrogen atom, an electron (¢ = —e) circles a proton (¢’ = ¢) in an

orbit of radius 5.3 x 10~ m. The attraction of the proton for the electron furnishes the centri-
petal force needed to hold the electron in orbit. Find (a) the force of electrical attraction between
the particles and (b) the electron’s speed. The electron mass i1s 9.1 x 10~ kg.

1.6 x 10°1°C)*
(1.6 x ) —82x107" N =82 nN

= (9.0 x 10° N-m*/C*
[ / }(5.3 % 1071 m)~

qq'

(a) Fp=k ;

{h) The force found in (a) is the centripetal force, muzf.r, Therefore,

§2x 107 N="""
.
from which
/(8.2 % 1078 N)(r) f[s 2% 1078 N)(5.3 % 107" m)
- < - < : =22 ® m/s
v=y m V 9.1 107" kg x 107 m/s

Q4- Find the ratio of the Coulomb electric force Fz to the gravitational force F, between two
electrons in vacuum.

From Coulomb’s Law and Newton’s Law of gravitation,
IFE = k—-_, and .F(; = (;F_E
Fp k@ /@ kg
Fo  Gm*/@  Gm?
9.0 x 10° N-m?/C?)(1.6 x 10717 C)’ 2
__00x mf JE - ) — =42 x 10"
(6.67 x 107" N.m? /kg?)(9.1 x 103! kg)~

Therefore

As you can see, the electric force is much stronger than the gravitational force.



QS- Compute (a) the electric field E in air at a distance of 30 cm from a point charge
g, = 5.0 x 10°°C, (b) the force on a charge ¢, = 4.0 x 10" C placed 30 cm from g¢,, and (c)
the force on a charge ¢; = —4.0 x 10" C placed 30 cm from ¢, (in the absence of g1).

9
(a) E=k2 = 9.0x10°N-m2/c) 2210 € s0kn/c
r (0.30m)>

directed away from ¢,.

(b) Fr = Eq, = (500 N/C)(4.0 x 107°C) = 2.0 x 107" N = 0.20 uN
directed away from g,.

() & = Egy = (500 N/C)(—4.0 x 107" C) = —0.20 uN

This force is directed toward g, .

Q6- In Fig. a proton (g=+e.m=1.67x 1077 kg) is shot with speed 2.00 x 10° m/s toward P
from 4. What will be its speed just before hitting the plate at P?

E— 3000 H/D
- - 19 » —
g:ﬁzﬁz (1.60 x 10 C)[iﬂl}ﬂ N/C) —2.88 % 10" m/s?
m om 1.67 x 107" kg
For the problem involving horizontal motion,
1 =200x10°m/s x=015m a=288x10" m/s’ P m e
2 2 | >
We use vj = vj + 2ax to find
v = \/-uf +2ax = \/(2.00 % 105 m/s)? + (2)(2.88 x 10" m/s7)(0.15 m) = 356 km/s L -
—_—

Q7- An electron starts from rest and falls through a potential rise of 80 V. What is its final speed?

Positive charges tend to fall through potential drops; negative charges, such as electrons, tend to fall
through potential rises.

Change in PE; = Vg= (80 V)(—1.6 x 10" C) = -1.28 x 107" ]
This lost PE; appears as KE of the electron:
PEf lost = KE gained

-

1.28 x 1077 J = Loy — L] = muj — 0

e

[(1.28 x 10717 J)(2)
v = =53 % 10° m/s
YT X107 ke < 107 m/s

Q8- (@) What is the absolute potential at each of the following distances from a charge of 2.0 uC:
r= 10 cm and r = 50 em? (b) How much work is required to carry a 0.05 pC charge from the
point at r = 50 cm to that at r = 10 cm?

L, 20x10°%C

PR 9 a2 _ 5
(a) Vip= k== (9.0 107 Nom?/ C) = 1.8 x10° V
10
V’i‘} - E ;’rlo - 36 k\-"

(b) Work = g(Vyy — Vsp) = (5 x 107% C)(1.44 x 10° V) = 7.2 mJ



Q10- The following point charges are placed on the x-axis: +2.0pC at x=20cm, -3.0uC at
x = 30 cm, —4.0 uC at x = 40 cm. Find the absolute potential on the axis at x = 0.

Potential is a scalar, and so

. " 6 - 6 - 6
Vzkziz[9{“mgNlmszEJ(h.uxm C,-30x10°C 4010 c)
I

0.20 m 0.30 m + 0.40 m
= (9.0 x 10° N-m?/C?) (10 x 10°°C/m — 10 x 10°°C/m — 10 x 10°°C/m) = —90 kV

Q11- Four point charges are placed at the four corners of a square that is 30 cm on each side. Find the

potential at the center of the square if (a) the four charges are each +2.0 uC and (b) two of the
four charges are +2.0 pC and two are —2.0 uC.

4)20x107° )
(0.30 m)(cos 457)

i > g 22 5
V =k T=hkE=ET =00 x 1PN C =34 100V
(a) > = k== (9.0 X 10 Nom?/ ) x

20420-20-20)x10°%C
)
(0.30 m)(cos 45%)

(b) V = (9.0 % 10° N-m*/C?) =0

Q12- Asshown in Fig. a charged particle remains stationary between the two horizontal charged
plates. The plate separation is 2.0 cm, and m =4.0 x 10" " kg and ¢ = 2.4 x 10 '"*C for the
particle. Find the potential difference between the plates.

Since the particle is in equilibrium, the weight of the particle 1 9
is equal to the upward electrical force. That is, £ "" £
mg
mg = gl

or g Mg _(40x10 13 kg)(9.81 m/s’)

q 24x10°% C

=163 x10° V/m

But for a parallel-plate system,

V = Ed = (1.63 x 10° V/m)(0.020 m) = 33 kV



Q13- Charge is distributed with uniform volume charge density p throughout
the volume of a sphere of radius R. Determine F everywhere.

Solution Inside:

Gin = P(%W'a) S
$. E-dA:_{s EdA=E § dA = 4nr2E
453
=2 so0dmlE = p(5mr)
0 £p
or Inside Outside
E=—mdr<R
0
. (4737 %)
Outside, Gn=p(37R%), sof E-dA =dnrE=p—r
_ P R __Q _ 3
and E = 35:;? = o r > R, where Q = p (47R°)

Observe that the field outside a spherical charge distribution is that resulting from a point
charge equal to the total charge of the sphere and positioned at the center of the sphere.

Q14- Charge Q is distributed uniformly over a hollow spherical surface of radius R.
Determine E inside and outside the sphere.

i hY
Solution §E.dS =4m-25;%:
Q
IHSide. qh — D, SOET 0‘ a.“dr-t: R
Qutside: Gin = 4, so F = ﬂ"i andr > R -

dreor? Inside Outside



Q15- Deduce Coulomb's from Gauss's law

We can deduce Coulomb’s law from Gauss's
law by assuming a point charge g, to find the
electnc field at pomt or poinis a distance r
from the charge we imagine a sphencal
gaussian surface of radius » and the charge g at
its center as shown i figure

§Edd = 9.

£,

§E coslldd = Ten Because L[ 1=

£o

constant for all pomts on the sphere, 1t can be factored from the mside of the
mtegral sign then

Efaa=1= = E4=I= = Eum=I-

E#" E!" E-.-"
1
. _E — 11
dws, 7*

Now put a second point charge g, at the point. which E is calculated. The
magniinde of the elecimc force that acts on 1t F = Eq,

1 gq.
4z, 7

Q16- Prove the the energy density in electrostatic field equal :

= % PIAD (in joules)

k=1

Suppose we wish to position three point
charges Q,, Q,, and QO in an initially empty space shown shaded in Figure

No work

is required to transfer Q, from infinity to P, because the space is initially charge free and
there is no electric field [ W=0 ]. The work done in transferring Q, from
infinity to P, is equal to the product of Q, and the potential V;, at P, due to Q,. Similarly,
the work done in positioning Q at Ps is equal to Q3(Va, + V), where V3, and V3, are the
potentials at P; due to O, and @, respectively. Hence the total work done in positioning

the three charges is



W.E — Wl -+ Wz -+ W:.|_
=0+ @,Vy + O0a(V3y + Vi) (1)

If the charges were positioned in reverse order,

WE - W3 + W1 + Wl
=0+ Q.Vos + OQ1(Vip + Vi3) 2

where V., is the potential at P, due to Qs, V|, and V) are, respectively, the potentials at P,
due to Q; and Q;. Adding egs. (1) and (2) gives

2We = Q1(Via + Vi3) + Qa(Vyy + Vo) + 03(Vay + Vi)
=V + GV + Q5V;

or
1
Wg = E(Ql"”] + Vo + O5Vs) 3)

where V|, V5, and V; are total potentials at P,, P,, and P, respectively. In general, if there
are n point charges, eq. (3) becomes

We==> QWi (in joules)




