Physics 2212 GH Quiz #1 Solutions
Spring 2016

. (14 points) Two positively-charged particles are located on the x axis y
as shown. The first particle carries charge g = +5.0nC and is located
at x1 = —7.0cm from the origin. The second particle carries charge g1 - ol SN g2
g2 = +8.0nC and is located at x5 = +3.0 cm from the origin. At what —O O T
location is the total electric field zero (other than infinity)? T

Since both particles carry charge of the same sign, the fields they create are in opposite directions between
them. At x > x4 or & <3, however, they create fields in the same direction. The two fields can only add to
zero between the charges, where they have opposite directions. The two fields must have the same magnitude
at that point. In terms of magnitudes, then

Ei=E = KL_-gZ
1 T3

where r; and r, are the distances of the point in question from ¢; and g3, respectively. Let d represent the
distance between the charges, 10.0cm. Then ro = d — r1, and

K% -k = q1(d— r1)2 = qor? = d* —2dry + 1?3 = @r%

U (d—r)? @

which is quadratic in 7.

(qz—1>r%+2dr1—d220
Q1

Using the quadratic formula,

—B++vB% - 4AC q2 8.0nC
Ty = where A== -1= -
2A q1 5.0nC

B =2d = 2(10.0cm) = 20.0 cm
C =—d? = —(10.0cm)* = —100 cm?

which yields
ry =4.4cm or r;=-38cm

but since the point of zero field must lie between the two charged particles, it cannot be 38 cm from particle
1. The point between the particles that is 4.4 cm from particle 1 lies at

r=x1+1r =-70cm+44cm = —2.6cm
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IT. (18 points) A flexible rod is bent into an circular arc of radius R as y
shown. The arc subtends a total angle of 7/3. It is charged and carries +Xo
a uniform positive linear charge density +Ag. Find an expression for the —7/6 é% /6
magnitude of the electric field E, at the origin, in terms of parameters |/
defined in the problem and physical or mathematical constants.

An element of charge dq makes an element of field dE. Since the element of charge is point-like, the magnitude

of the element of field is J
dE = K1
r

As the rod is symmetrical about the y axis, the x components of the field cancel.

EO:/dEy:/dEsin¢:/K%sin¢

Since the arc is circular, » = R, a constant. The element of charge can be related to ¢ through an element
of arc length ds.

d
A=Y o dg=Ads= ) Rdo
ds
So
7 Rd K Ex |7
E, = /K ORQ ¢sinq§: RO /sinqbd(b: _R Ucosqﬁﬂ/3
/3 w/3
=KX, cos 2£ ~ cos (E) =KX 71 71 K\
R 3 3/ R 2 2| R
1. (5 points) An arc similar to the one in the problem above, but carrying Y
a uniform linear charge density of opposite sign — )\, is added as shown. T A
0

Both arcs share the same center. What is the magnitude of the new

found in the problem &%

The original positive arc on the +y axis makes field in the —y direction
at the origin (a positive probe charge at the origin would be repelled). T
The new negative arc on the —y axis also makes field in the —y direction

at the origin (a positive probe charge at the origin would be attracted.)

Since these fields are in the same direction, their magnitudes add.

electric field ‘E}‘ at the origin, compared to ‘EO

above?

<——>

—Xo

5| =2|5,

Quiz #1 Solutions Page 2 of 7



2.

1171

(5 points) What is the direction of the electric field at the
location of the charge ¢/, due to the other two charges?
Note: All three charges are positive.

The electric force magnitude between two point charges
(Coulomb’s Law) is

F:qugQ
T

The particle on the left has twice the charge as the particle
on the right, but it is also v/2 times farther away from the
particle with charge ¢’. Thus, the particle on the left and the particle on the right each exert the same force
magnitude on ¢’. Since the angles 6 are the same, the x components of these forces cancel, and the net force
on ¢’ must be entirely in the +y direction. That is,

Directly along an axis.

(18 points) In the question above, ¢ = 2.0nC, ¢’ = 5.0nC,
L = 3.0mm, and 0 = 41°. Calculate the magnitude of the
net electrostatic force on charge ¢'.

Let us first use Coulomb’s Law to find the magnitude of the force on ¢’ from the charged particle on the
right.

/
Foq = K% = (8.988 x 10 N-m*/C?) (

2.0 x 1079C) (5.0 x 1079 C)

5 =9.99 x 107°N
(3.0 x 10-3m)

The y component of this is
Fyuq, = Fyq cos6 = (9.99 x 107 N) cos (41°) = 7.54 x 107> N
and the total force from both particles is twice that from one, so

Fiotal = 2Fq =2 (754 x 107°N) = 1.5 x 107 *N
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3. (5 points) Two small balls, each with mass m, hang from massless cords
of length L. One ball has charge ¢ and hangs at an angle a from the
vertical. The other ball has charge 4¢ and hangs at angle S from the
vertical. In the figure, « = 2. Is that the actual relationship between
a and 7 If not, what is the relationship? (On Earth. Do NOT neglect
gravity!)

The balls have the same mass, and therefore there is the same grav-
itational force on each. Remembering Newton’s Third Law, the elec-
trostatic force must be the same on each ball. Since the cords are the
same length, the forces on each ball are symmetric, and the geometry
must be, too.

No, a = B.

4. (5 points) A negatively-charged particle follows a parabolic trajectory. Which elec-
tric field is responsible?

Remembering the analogy with projectile motion, a parabolic trajectory is the result
of moving under the influence of a constant force. In this case, that force must be .
to the right. A constant force is a consequence of a uniform field. Since the particle {r ajectory
has negative charge, the force on it is opposite the electric field.

Parabolic

—

D
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5. (5 points) How could two identical conducting spheres be given equal non-zero charges?

Start with the spheres touching. Bring a charged object nearby, as shown. Then ...

As soon as the charged object is brought nearby, the combined two-sphere object is polarized, sphere A
negative and sphere B positive, with equal magnitudes. Grounding sphere B briefly will remove its charge.
When the charged object is removed, the charge on sphere A will distribute itself equally between the spheres.
So,

briefly connect sphere B to ground, remove the charged object, and separate the spheres.

6. (5 points) A thin insulating rod of length L lies on the = axis, with its center at the origin, as shown. The
rod has a non-uniform linear charge density A that depends on position x according to

A = Ao sin (w%)

where )\, is a positive constant. What is the direction of the electric field, if any, at a distance d from the
rod on the +y axis?

The sine function is odd, so for every element of charge dgq at position +z, there is an element of charge
with the same magnitude but opposite sign at position —z. Since A, is positive, the charge on the +z axis
is positive, and the charge on the —z axis is negative. The elements of field produced by these elements of
charge are shown. Note that the y components cancel.

The electric field is in the —z direction.

y
dE
d
d
{ [A) X
\ \/
-Lj2  -dq tdg  4L)2
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7. (5 points) In situation (i), an electric dipole is released near a fixed particle with positive charge +¢. In
situation (i), an electric dipole is released near a fixed particle with negative charge —g. The two situations
are separate (that is, the particles and dipoles do not interact with those in the other situation). After each
dipole is released and is free to rotate and/or translate, how does each move?

In situation (), the negative end of the dipole is attracted to the charged particle and the positive end is
repelled. A net torque is the result, aligning the dipole with the field. In situation (i), the positive end of
the dipole is attracted to the charged particle and the negative end is repelled. Once again, net torque is
the result, aligning the dipole with the field. Then in both situations, the field due to the charged particle
is non-uniform, with the attracted end of the dipole now in greater field strength. The net force on each
dipole is attractive.

Both dipoles rotate and move toward the fixed charge.

(i (id)
®

©

8. (5 points) A H™T ion is hovering stationary in space when an electric field is switched for 0.50 seconds. After
the field is switched off, the H ion’s speed is measured. The procedure is then repeated with a Ca?* ion,
which is exposed to the same electric field for the same length of time. What is the relation between the H'
and Ca?* ions’ speeds? The ions are far enough apart that you can ignore any interaction between them.
my = 1m, and mc, = 40m,,.

Remember Newton’s Second Law, and the relationship between electric force and field.

E
F=ma=qFE SO a= ki
m
For constant acceleration,
vy =v; +alt
In this case, the initial velocity is zero.
At — ’Uif _ ’UiH _ UCa - UH _ UCa N VHTMH _ VCaMCa
a ag  aca qmuE/mn  qcal/mca qu qca
vy (m vca (40m
= (1) = ca ( v) = vg = 2000,

e 2e
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9. (5 points) A very small copper sphere and a very small iron sphere are initially neutral. 10 million electrons
are transferred from the copper sphere to the iron sphere. If the two spheres are 2.0 um apart, what is the

electrostatic force between them?

Find the charge on each sphere,

q = (10 x 10° electrons) (1.602 x 107" C/electron) = 1.602 x 10~"* C

and then use Coulomb’s Law

(1.602 x 1072 C) (1.602 x 1072 C)

5 =58x107°N
(2.0 x 10-5m)

9192
F = K=73= = (8.988 x 10° N-m?/C*(

10. (5 points) An uncharged ball of aluminum foil is hanging from a string. Which of the situations below will
produce a force of repulsion on the foil ball?

A neutral object, like the aluminum foil ball, will become polarized in an external electric field. If the field is
uniform, there will be no net force on the object. If the field is non-uniform, there will be a net force toward
greater field strength. Since field strength cannot increase with distance from a charged object,

There is no way to repel a neutral ball using a charged object.
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