Coulomb’s Law Problems and Solutions Physexams.com

The force exerted by a point charge ¢; on another point charge ¢s located at a distance r away
is given by the following formula

F= k|¢11(2]2\

TA

where  is a unit vector points from ¢; toward gs.
Note that |Coulomb’s law gets only the magnitude of the electric force between two point charges.

These questions are intended for the college level and are difficult. For simple and more relevant
practice problems on Coulomb’s law for the high school level, refer to herel

Buy 500 solved physics problems for high school and college students only $4.

1 Coulomb’s Law: Problems and Solutions

1. Compute the electric force between two charges of 5 x 107 C and —3 x 103 C which
are separated by d = 10cm.

Solution: the magnitude of the electrostatic force between two point charges is given by
Coulomb’s law as

912
F=k 2
5% 1079)(—3 x 1078
(9 x 10%) (0.1)2
=135x107° N
where |- - - | denote the magnitude of the charges.

Note that in Coulomb’s law force formula, the sign of charges is not included only its absolute
values must be entered.

2. Two spheres located at distance of d = 5cm attract one another with a force of
F = 3mN. If one of them has three times more charges than the other, find the
electric force between them?

Solution: let one of charges be qg; =7 and the other ¢ = 3¢;. Then using Coulomb’s law
formula and solving for the unknown charges, we have

lq142|
F=k"p
3(11\
5= (9 x 109) [0 301
(9%10%) =555

, (3% 1073)(0.05)
T HT 9109 x 3)

=05x 10"
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Taking square root from both sides gives

¢ =0.75%x10""C

Thus, the magnitude of the charges are ¢ = 0.075 uC and g2 = 0.225 uC.

3. A point charge ¢; = 2 uC located at origin and another point charge ¢ = —5uC is
on the coordinate (z =3,y = 4) m.

(a) Find the electric force on charge ¢.

(b) Is the force attractive or repulsive?

Solution: the distance between two point charges is found using distance formula (Pythagorean
theorem) as below

d=+/(v2 —21)2+ (y2 — 11)?

d=+/32+42=5 m

(a) Now, use Coulomb’s law formula to find the magnitude of the force between two point
charges as below

which gives

|q1q2]
F=k=0
oy [(2x1076)(=5 x 1079)]
= (9 x 10%) =
=36x10"° N

(b) Coulomb’s law gives only the magnitude of the electric force. Being repulsive or attractive
depends on the signs of charges. Like charges attract and unlike charges repel each other.

Here, the two charges have opposite signs so the electric force between them is attractive.
4. Three point charges are fixed in place in the right triangle shown below, in which

q1 = 0.71 uC and g2 = —0.67 uC. What is the magnitude and direction of the electric
force on the +1.0 uC (let’s call this ¢3) charge due to the other two charges?

q;
\\
\\10.0 cm
\\\
\\

\\\

\,
€, D)

a, +1.0 uC
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Solution: First, find the electric force due to each charge on the ¢3, then use the superposition
principle to do the vector sum of them.
In the figure below, all forces on g3 are sketched. Recall that the like charges repel each other
and unlike charges attract.

q;

[

10 cm

8cm

mTa

qz 23 q3 0

The magnitude of Coulomb’s forces on the charge g3 is obtained as below

2 ,€|611|2|(13\72

Fi3 13
13
71 x107%) (1 x 1076
— (9 X 109) (O X © 1>)§ ~ ) (cos@ &+ sinf(—y))
=0.639 N

Where 713 is the unit vector (a vector whose length is unity) along the line connecting the two
charges and decomposed as shown in the figure.

y
A
I
O31 cos©
_____ ’ X
A o | X8
Y £
@ A
ris

Since ¢; > 0 so the electric field lines are along the line between ¢; and g3 and directed away

from g3. From the geometry we see that sinf = 1% and cosf = Y 10120_82 = %. Therefore,

Fi3 = 0.639(0.62 + 0.8 (—3))
= (0.383¢ — 0.511j) N
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Now find the electric force due to the ¢ on g3 i.e. Fhs

Foy — pleellasl
723

—0.67 x 107%] (1 x 107°)
(10> - 82) x 10~ * m?

= 9 x10°)] )
=(-1675¢9) N
Therefore, the resultant force on the ¢3 is

ﬁ3 = ﬁ13 + ﬁ23
= (0.383% — 0.5119) + (—1.6757)
=(0.3832 —2.186y) N

The direction of the net force with the x axis are determined by tana = |F,|/|Fy|, so

2.058
o = tan_l (0511) = 76050

Since F3, > 0 and F3,; < 0, the net force lies in the fourth quadrant.

Using Pythagorean theorem, its magnitude is also found to be

‘fg‘ = \/(0.511)2 +(—2.058)* =2.12 N

5. Two small insulating spheres are attached to silk threads and aligned vertically as
shown in the figure. These spheres have equal masses of 40 g, and carry charges ¢
and g2 of equal magnitude 2.0 uC but opposite sign.The spheres are brought into
the positions shown in the figure, with a vertical separation of 15 cm between them.
Note that you cannot neglect gravity. What is the tension in the lower threads?
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»
0
=

15cm

<_—_—_——_

o]
N

Solution: There are three forces acting on go. The attractive electrostatic force F. due to ¢,
tension force in the thread, and gravity. Thus, its free body diagram is as follows

F

e

ty

mg
T

The system is in equilibrium so the net force on the gs is zero i.e.

(XF), =0
=F.-T-mg=0

k
o klal |§2| .
(15)

2x107%) (2x 107°)
(0.15)

:>T:9><109<

—(0.040 x 9.8) = 1.208 N

6. Four identical particles, each having charge +¢, are fixed at the corners of a square
of side L. A fifth point charge —@Q (at P point) lies a distance 2z along the line
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perpendicular to the plane of the square and passing through the center of the
square. Determine the force exerted by the other four charges on —Q.

_fl.l_

+q D 7

Solution: Because the magnitude and distance of all charges are equal so consider

lqQ)|

|F1| = |Fy| = |F3] = |Fy| = k=

By symmetry consideration, F; = Fy, = 0. So the direction of one of the forces is:

_ a9l i) = _xl19l g
2=k cost (k) =~k Lk

Where we have used from the geometry of the problem cosf = z/r. By symmetry Fi, =
Fo. =Fs. = F, = —kl%;)‘zk So
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In terms of the parameters of the square and using the Pythagorean theorem, we have:

(S

(=2+ (£2)")

7. Three point charges are located at the corners of an equilateral triangle an in
the figure. Find the magnitude and direction of the net electric force on the 7 uC
charge.

y 7.00 pC
+
0.500 m
60.0°
i B x
2.00 nC =4.00 pC

Solution: Same as the previous problem, first we must calculate each of the electric forces
due to the 2 uC, —4 C charges exerted on the third charge then use the superposition principle
to determine the net electric force on it.
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ﬁ?l _ k|(I12(Jz\7g21
12

2x107%x7x107%_

=9 x 10° © 5)2 T21

= 0.504 791 N

791 is the unit vector points from ¢s toward ¢; so if one decomposes it, we get

. 1 3
Fyy = 0.504 (255 + {y) N

(Notation: Fjs is the force exerted by point charge g;on point charge go)

Fy = k118l

13
7x 1076 x (—4) x 1076

(0.5)?
= 1.008 <1:13~+ ﬁ(—g)) N

=9x cos60° & +sin60° (—g)) N

2 2

Using superposition principle: 131:}:31 +ﬁ32, we obtain
3 1., V3, 1 V3
F1 =0.504 <2$ + 2y> + 1.008 <2x + - (y))
=0.756 & — 0.437 § (N)

And its magnitude is

‘FZ‘ - \/(0.756)2 +(~0.437)% = 0.873N

And also the direction of the resultant force with the horizontal axis (x) is

L (1-0.437]
= t 1 —_ - 30.020
@t ( 10.756]

Since Fi; > 0 and Fyy < 0 so the net force lies in the fourth quadrant.

8. Four point charges are at the corners of a square. The distance from each corner
to the center is 0.3 m. At the center, there is a —g point charge. What is the
magnitude of the net force on this charge?
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Solution: Note: the electric force vector between two point charges located at distance r from
each other is F' = qui—gﬂﬁ

When there is a system of point charges and we want to find the net force on one of the charges,
we must use the superposition principle i.e. the vector sum of the individual electric forces on
the desired charge: ﬁnet:ﬁ1+ﬁ2+ﬁ3 + ... So we must vector sum the individual forces due
to four point charges on the —¢g in the center.

The drawing below shows the direction of the individual forces.

— qe: 9 Tq
s\x F2 e
F,
a
F
,/" F, ™
+q ‘o’ s. - q
a
[(=q) (+9)| kq?
) (— 2
Byl = 1y = KOGl
(0.3) 0.09
Because the Fy, F, and F3, Fy are separately in opposite directions to each other (i.e. ﬁl = —ﬁg

and Fy = —F)}) so the net force is

Frop=Fi+ Fy+ F3+ F, =0

9. A electron is fixed at the position z = 0, and a second charge ¢ is fixed at = =
4 x 107 m (to the right). A proton is now placed between the two at z’ = 1 x
1072 m. What must the charge ¢ be (magnitude and sign) so that the proton is in
equilibrium?

Solution: The magnitude of the electric force between two point charges ¢ and ¢’ located at
distance r from each other is given by the Coulomb’s law as follows

Where k = 9 x 10° N-m?/C2. The directions of forces the two charges exert on each other
are always along the line joining them.

The figure below is a free-body diagram for the proton. Let us consider the charge ¢ to be
positive. In such a case, F is the force exerted on the proton by the electron, and F” is the force
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<= >
X
—— —=2 > ® » X
1
-e F +e F q

exerted by the charge ¢ on it. Now compute these forces and use the superposition principle
to find the total force acting on the proton.

oy = F 1 F = 119 (10l (_g>+k(|(+€)q|2 (H)

:Z:‘/2 x _ I/)
Since the charge ¢ is in equilibrium state so the total force exerted on it must be zero

ﬁtot =0, equilibrium condition

plEe) (o)l (<5) + (Cre)al (+1) =0
x (x —2')

lq|

e N 2
= /2:7/2:>6(1’7$> =lqlx
x (x—2)

e(4 nm — 1nm)? = |¢| (1nm)?
= |q| = 9e
If we assume that the charge ¢ is negative, we get the same result.
10. Four point charges lie on the corners of a square of side L = av/2. What is the
magnitude of the net Coulomb force at the place of charge —¢?

Solution: Similar to the previous problem, first find (using the definition of Coulomb’s law) each
electric force on charge —¢q then form the vector sum of them and determine its magni-
tude. Charges g1 and g3 (in the figure below) have the same magnitude and are at equal
distances from ¢4 so the magnitude of their Coulomb forces acted on ¢4 are equal.

/
Coulomb’s law : F =k ‘q|d‘2q |
gl [ — 4l
Fy = Fay =k 21 2
14 34 a\/ﬁ
lq?
— 14
2a2

Since the two charges have the opposite signs so the electric force (attractive) on g4 due to ¢;
is to the left and due to g3 is downward as shown in the figure. Therefore, the net force of
them, F, is ﬂF14 or \@F34.
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Similarly, find the electrostatic force Fy due to charge g2 on qy.

lq| | — 4l
Fyy = k14
24 (2(1)2
_ 1 klg)?
T4 2

The distance between go and ¢4 is the diagonal length of the square which is obtained using
the Pythagorean theorem.

The charges g2 and g4 have opposite signs, so the Coulomb force between them is attractive
and directed inward along the diagonal of the square.

The magnitude of the net Coulomb force on g5 is determined by adding the other magnitudes
since they are directed in the same direction along the diagonal of the square. Thus,

Fy=F+ Fy

1kl
202 4 a2

lg? (11
:l{ji — —
a? 2+4

3 2
_ 3, 1d"
4 a2

11. Four point charges are located on the corners of a square shown in the figure. If
the net Coulomb force on ¢ is zero, what is the ratio of %?

1
s = _EQ

4; =4
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Solution: Since |q1| = |¢g3] = ¢ and placed at a equal distance of charge g2 so Fio = F3o. We
know that the resultant vector of two perpendicular and equal vectors F is given as v/2 F so,
in this case, the magnitude of the net force acting on charge g due to ¢; and g3 is F = v/2 F5
along the diagonal (g2 — q4) of the square and directed outward as shown in the figure.

The total electric force on charge @2 is the vector sum (superposition pr1nc1ple) of Fy = F+Fys
since said that it is zero F2 = 0 so the electrostatlc force of g4 on ¢ i.e. F42 must be equal
in magnitude and opposite in direction with F. Therefore, by equating the magnitudes of the
forces i.e. F' = F45 we obtain

F=Fyp

V2 Fyy = Fyy

NGT! l1llge| i |qa] g2
(V2a)?

q1Q _ 15Ql1Q)|
V2 1 : 2
é%zll\@

12. In The configuration of three point charges, as shown in the figure below, the

Coulomb force on each charge is zero. Determine the ratio of charges ¢3 and ¢

g3

ie. L,
q2
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13.

20 cm 10 cm
L & &

9 > ds

Solution: Since the ratio of the q—z is required and the net force on each charge is zero we
must balance the forces on the charge ¢q; because in this case, the magnitude of ¢; cancels from
both sides as below,

Iy = F3
g1/ [g2| _ a1 [gs]
k =k
(20) (30)2
2| _ las]
400 900
lasl _ 9
|QQ| 4

Note: since the expression above is an equality so no need to convert the units to SI.

F.,, Fu 20 cm 10 em
» &

I_

qy q- q

(M

Now that the ratio of the magnitudes of the charges is obtained we must determine its signs.
As you can see in the figure because the forces F3; and F3s are in the opposite directions (to
produce a zero net force on ¢1) so the charges g2 and g3 must be unlike.

The exact sign of charges can not be determined as long as at least the sign of one charge is
given. See the later problem.

Two point charges ¢ = +2uC and ¢ = +8uC are 30cm apart from each other.
Another charge ¢ is placed so that the three charges are brought to a balance.
What is the magnitude and sign of the charge ¢?

30 cm
L &

g, =2 ul g,= +38ucC

Solution: To find the location of the third charge, place a positive (or negative) test charge g3
somewhere between ¢ and go. Since all charges here are positive (negative), by Coulomb’s law,
the electrostatic forces on the test charge are repulsive (attractive) and to the left (right) and
right (left) of it. Consequently, the net electric force can be zero between them at a distance
of say = from charge ¢;.
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13 g.= +8ul
Now, balance the magnitude of the forces on the test charge g3 as below to find the location
of it

Fi3 = Fog

k 1] [gs] —k lg2] [gs|

x? (30 — x)?

=z =10cm

In above, the required charge g3 is canceled from both sides and one can not find its sign and
value. To find the magnitude and sign of g3, balance the forces on another charge, say ¢, as

below
F3 = F5
plallesl ) lellal
(10)2 (30)2
sl _ 8
100 900
= lal = 5
q3| = 9

The electric force ﬁgl is repulsive and directed to the —z axis. Since the net force on each
charge is zero the charge g3 must be negative to provide an attraction force in the opposite
direction of Fy; that is to the +x axis.

Therefore, the third charge is negative, located at a distance of 10 cm between the two other
charges.

14. In the corners of a square of side L, four point charges are fixed as shown in the
figure below. What angle does make the net Coulomb force vector on the charge
q located at the point B in the upper right corner with the horizontal?
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Solution: In this problem, there is no need to do any explicit calculation, only justify the
desired direction.

The electric force vector on the charge ¢ at the corner B is the vector sum of the forces acting
by the other charges —q on it. Therefore, using superposition principle, we have

ﬁB = ﬁAB + ﬁDB + ﬁCB

+y
-~
A F.. +x
. ML B ___r
-q q
E “‘F:."
]
]
]
]
- ]
]
]
]
]
]
-q q |
. ®
D C

Similar to the previous problems, since the magnitude and distance of charges located at A
and C are equal and the same so |Fap| = |Fop| = F. On the other hand, those forces are
attractive and directed to the points A and C' as shown in the figure. Thus, their resultant
electric force lies along the diagonal of BD points inward with the magnitude of v/2 F.
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The force between charge —q at point D and ¢ at point B is also attractive, lies along the
diagonal of BD, and points inward. Therefore, Adding these three force vectors gives a resul-
tant Coulomb force vector F directed with an angle of (1804 45)° along the BD diagonal as
shown in the figure.

15. Three equal point charges are placed at the vertices of an equilateral triangle of
side a. What is the magnitude and direction of the Coulomb force on the charge
q at the point A? (¢ =10xC and a = v/3m).

A q

(10 x 1076)2

= (9 x 10%) 7

9
=" x107'N
V3

Since the distance to ¢4 and the magnitudes of ¢g and ¢ are the same so Fga = Foa = F.
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Now find the direction of the electrostatic forces above using vector components. Fg 4 makes
an angle of 60° with the +x direction and Fo4 an angle of 60° with the —x direction. Thus,
the above forces can be written in the following vector form

Fpa = |Fpal <cos60°%+sin60°j)
——
F
Foa = |Foal (cos 60° (—2) + sin 60° j)
~——
F

The z-components will add up to zero which gives the xz-component of the net force on the
charge on the position A. The sum of the y-components also gives

Fyy = F sin60° + F sin 60°

= 2F sin 60°

:2Fx<\é§>
=V3F

9 —1
:\/gx%xlO

=09N
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Therefore, the resultant Coulomb force on ¢4 directed upward and is written as Fy = 0.97.

16. Four unknown point charges are held at the corners of a square. Suppose ¢, is at
equilibrium and Let ¢; = g3 = —5uC then what is the magnitude of the charge ¢
and the sign of the ratio of 2.

Q
=

L &
g1 4

q. .
L q’.

Solution: Since ¢4 is at equilibrium, the net electric force on it must be zero. Applying the
superposition principle at point 4 we get

—

Fnetfon7q4 =0
Fiy+ Foy+ Fyu =0
= Fiy+ Fyy = —Fy
Let’s consider first the charge g4 is positive. Because of being negative of the charges ¢; and

qs3, their forces on ¢4 are attractive, to the right and up direction which gives a net force F
along the diagonal of the square and directed inward.

In this case, the electric force ﬁ24 must be diagonally and directed outward to cancel the
contribution F' (See the right figure). This result tells us that the force between ¢o and ¢4
must be repulsive, or they must have like charges.

Because we assumed g4 > 0, so ¢o is also positive. Thus, Z—z > 0 for this situation.

Similar reasoning can be also applied for the case of a negative g4 charge (left figure). Conse-
quently, g4 and ¢ are unlike charges or its ratio is g—i < 0.

Consequently, this analysis tells us that ¢ must be always positive.
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4, q: d, g:

g, Is negative Q. is positive

g, must be positive g-. must be negative

Since |q1| = |g3] = |¢| and are at an equal distance to g4 so their forces on g4 due to these
charges are also equal with magnitude (using Coulomb’s law formula)

Fiyy=F3y =

_ k|Q1 07"23\|Q4|
a
lq| g4l

Pythagorean theorem gives the net electric force on ¢4 due to ¢; and g3 as

= \/F124+F124

=V2Fy

Now we proceed to determine the magnitude of g5 by applying the equilibrium condition on
charge g4 (the magnitude of the forces along the square diagonal (F' and Fy4) must be equal)
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17.

as below

F=Fy

|92 [g4]

V2Fi, =k Via)

a2 (\/EG)Q

\@(5>< 107%) lga|

a? 2a2?

= |g2| = 10V2 uC
the first equality is the equilibrium condition. Therefore, the charge ¢» has a magnitude of
10v2 uC |

Two point charges of ¢y = +2uC and ¢ = —8uC are at a distance of d = 10cm.
Where must a third charge g3 be placed so that the net Coulomb force acted upon
it is zero?

Solution: Put a positive (or negative) test charge g3 between them and examine whether the
net Coulomb force on it is zero or not. In this case, the net electrostatic force on the positive
(negative) test charge due to the charges ¢; and go is to the right (left). Thus, there is no
space between them to balance a test charge.

Now place that test charge g3 outside them, say in the left of the charge ¢; at a distance z
from it. One can see that, in this case, the forces on the g3 can be balanced and canceled by
each other. Therefore, apply Coulomb’s force law and find the unknown z as below,

F13 :F23
k \q1|\2QS| —k |q2| |gs|
x (10 + x)?
|2x107% | —8x 1079
x? (104 x)2
1 4
22 (10 + z)2
IR
4 (z+10)2
z 1

- — =
z+ 10 2
In the fifth equality, the square root is taken from both sides. Solving the last equation for z,
we get x = 10 cm.

18. In the figure below, what is the magnitude and direction of the net Coulomb

force vector acted on the charge go = ¢ by the eight other charges placed on the
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circumference of a circle of radius R = 100cm. Let ¢y = +20 1C and other charges
be

G=Q=g@=q@u=q¢=q7=qs=q=50uC
d6 = —q
The charge ¢ is held at the center of circle.

g,
P * ------ Sy
Ha . -~ ‘h‘*.
ﬂ"'h """'lu q-‘
PN N
J’ ‘1"'-. I_-r'"f %
/ o A
’ , ¥ 1
¥ “‘ s "
] ", o |
; N A4S :
q.%® . 3 *
' A .
] - e
1!" ..-""l‘I I‘I""‘-. |IIJ
4 ’f’ ‘-,\‘
y - -, g
1 I "’g u\“ :‘f
L“ .-"r' 1"'.‘_;'
K |
s . g,
Ry S
g

Solution: Using the symmetry of the charge configuration, one can realize that the electric

forces due to a pair of charges (¢1,4¢5), (¢2,9s) and (g3, g7) on the charge at the origin go are
equal in magnitude and opposite in direction, so cancel each other. Consequently, the net force

on the charge ¢ at the center is only due to the charges g and g2 which its magnitudes (Fio
and Fgo) are computed by applying Coulomb’s law as below

F=Fio = Fso
F—Fk g1 gl —k 96! gl

R2 R2
lq| q] | —qllq|
F=kipy =k —pp
lq|?

B 9, (50 x 1079)(20 x 1076)
= (0> 10) =50 % 10-2)2

=9N

The charge g¢ attracts and ¢ repels the charge ¢ at the center so the magnitude of the net

electric force at point O is 2 times the magnitude of the force between gg or ¢; and g at center
ie. |Fo|=2F =19N.
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The resultant electric force Fo lies on the third quadrant, points radially outward, and makes
an angle of (180 + 45)° with the positive x axis or 45° with the —x axis. Its vector form is
written as follows

Fo =18 (cos45° (—17) + sin 45° (—j))

More Problems about all topics of electrostatic are also provided herel
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