CONCEPTUAL QUESTIONS

A.

Things to note about Figure 1:
e Direction given for every line: Direction
is away from both positive charges
e Field lines meet each sphere at 90
degrees and never cross.
e The ratio of field lines is the same as
the ratio of their charge 5:10 = 1:2.
e Bis stronger so the lines leaving B take
up more space than the lines leaving A.

Figure 1: Electric field line diagram of charges A and B, where B is twice as strong as A. The green highlighted area
shows the region in which there is a location where a third charge would experience zero net electric force.

ii. Athird charge will feel no electric force at a position where there is no net electric field. This is
somewhere along the green region highlighted above on the axes between the two charges. To
show why, do the following:

e Draw the electric field vectors* from each of A and B at the 4 different possible regions:
left of AB, between AB but closer to A, between AB but closer to B, and right of AB.

Figure 2: The field vectors of A and B at the 4 regions along the axis separating A & B..

e From this vector diagram, we can see that the only place where the two field vectors can
possibly cancel out is in between both charges but closer to A, the weaker charge.
*Instead of drawing 4 vector diagrams, you could draw 4 FBDs showing E) and F_B) onon
a third charge (+ or -). The end result would be the same.

iii.
Things to note about Figure 3:
e Direction is given for every line and is away
from + and towards -.
e Field lines meet each sphere at 90 degrees
and never cross.
e The ratio of field lines is equal, like their
charges: 10:10 = 1:1.
e The charges have equal strength and so the
diagram is symmetrical.




C.

Figure 3: Electric field line diagram of charges A and B, where B is twice as strong as A. The green highlighted area
shows the region in which there is a location where a third charge would experience zero net electric force.

There is NO LOCATION where a third charge would experience zero net electric force, because
there is no location where the net field is zero. To show why, draw the two field vectors for each
possible region: left of AB, between AB, and right of AB.
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Figure 4: The field vectors from A and B at the three possible regions along their axis.

Figure 4 shows that outside of both charges the fields point in opposite direction BUT one will
always be bigger so they can never cancel out. Inside of both charges, the field always points to
the left so they can never cancel. There is therefore no regions where the net field is zero.

c) down.

To understand why, draw the field vectors at point P, for a few points from both the positive and the
negative sides. Make sure you choose symmetrical positions to see how they combine. You will find the
horizontal (left and right) components cancel each other out, but the vertical components combine in the
downward direction.

Figure 6: Field vectors at point P, generated by the charge at locations 1, 2, 3 and 4.

d) it is non-uniform.

A uniform field causes constant acceleration, resulting in a parabolic trajectory. This trajectory is not
parabolic, therefore the acceleration is not constant and the field is not uniform. According to the
sketch, the negative charge’s acceleration first points up and later down. That means the electric field
points down in the left area, changing to up on the right side.

a) the trajectory is unchanged.

The acceleration from an electric field is proportional to the charge to mass ratio: a = E% . In this

situation, both g and m are doubled, so the ratio doesn’t change, and neither does the acceleration. The
trajectory will not change. Importantly, the charge remains negative. If the charge had changed signs,
what would happen to its acceleration and trajectory?



E. e Fgong=—Fpona

This is the Third Law of Motion and can not be broken. It doesn’t matter that they have different charges.
Remember, that the force between them is proportional to the product of BOTH of their charges. So if

one has a bigger charge, they will both experience a bigger force, but no matter what, the forces between
them are equal and opposite.

F. No, itis not possible. Electric field is the force per charge: E=

Q|

. If the field is zero, then by definition,

there is zero electric force on a charge at that position.

G. e)lnquadrantIV:270° < 0 < 360°

To approximate the direction of the next force, draw a FBD on the particle on which the force is acting.

@

\ ~ .
96 }\»/

\ ZF

E

<

1

(%] 3
= N

Figure 7: FBD of both electric forces on the -3q charge. From this, you can see that the net force will point down and to the right,
which is in the fourth quadrant.

H. To create a uniform electric field, we need two plates of opposite charge, where the separation distance
between them is much smaller than the length of the plates. Requirements are:

d<< L.

Field lines are parallel and evenly spaced except at ends, pointing from + to -.
Field lines touch charged plates at 90°

Near edges, the lines curve out and become less dense but still meet plates at 90°.

Figure 8 is an example. I've chosen 0.5 cm << 30 cm, but anything reasonable is fine.

+ + +++++ 4

<, YV V VY

N
> id=0.5cm
V. V. V. V V V V V V V. VYV VvV VvV Y Y Y Y Y YY \Y4

L=30cm

Figure 8: configuration of charges that will produce a relatively uniform electric field.



PROBLEMS

QUESTION 1
a) Draw a FBD (Figure 9). The electric force must point up to counteract the downward gravitational force. This
means the electric field must point down (remember, the drop is negatively charged).
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‘F Figure 9: FBD of negatively charged oil drop in static equilibrium.

9

b) qarep = —3¢ = —4.80 x 10719 C.

Since the charge is at equilibrium, the electric force and gravitational force are equal and opposite.
® ﬁE = —ﬁc

* [p=F;

e [q|E=mg

e 4.80x1071°(8.17 x 10%) = 9.81m

e m=4.00x10"1kg

c) If the mass increases, the gravitational force increases while the electric force remains unchanged. The new
FBD would look like Figure 10, resulting in a downwards acceleration. The drop will fall down.
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Figure 10: FBD of oil drop when mass is increased.

d) If the mass stays the same* instead, and the negative charge becomes stronger, the electric force increases
while the gravitational force remains unchanged. *the mass of some excess electrons (x1073! kg) is insignificant
compared to mass of the oil drop (x1022 kg). This results in the drop having an upward acceleration.
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Figure 11: FBD of oil drop when charge is increased.



QUESTION 2
a) We have two unknowns (ga and gg), so we will need two unique physical relationships between them.

The force each charge experiences from the other is always equal in magnitude.
o |Fap| =|Fga| =1.00N

The magnitude of the force between two point charges can be calculated using Coulomb’s Law:

o 1.00 = (899 x 10%) 19495l - Ignore absolute value since both charges are +'ve.
2.00% Now let’s isolate one of the charges.
_ 4.45x10710 (Equation 1)
® qu T

We also know the sum of the two charges:
e qu+qp=500x10"°C (Equation 2)

Substituting Equation 1 into Equation 2 gives:
4.45x10710
qB

e 445x1071% + g% = (5.00 x107%)qy > Solve this quadratic equation

+qp =5.00%x 1075

e p=2384x10"°Cor1.16x1075C - qp must be the weaker one and q 4 is the stronger

qs=3.84x10"°C, qz= 1.16x107°C

b) To neutralize A, we must add as many electrons as it takes to equal —q4. The charge of an electron is —e.

-3. 5S¢
o #electrons = =222 "C _ 2 40 x 10 electrons



QUESTION 3

Draw the electric field vector at R, S and T. Remember:
e A negative charge creates an electric field pointing towards itself.
e The field strengths at R & S are the same because R & S are equidistant from the source charge.
e Position T has a weaker electric field because it is further from the source charge.

Figure 12: Field vectors at each position, with source charge at the origin.

For each position, calculate the strength of the electric field at R, using the equation for the field due to a point
charge, using your diagram (Figure 12) to ascertain the direction.

N-m2Y\ 4X1076

o Egp=(899x10%%2 = 4.00 x 107N/C > Ep = —4.00x 107 jN/C
R cz /) 0.032
> Es = +4.00 x 107 i N/C

e Eg=ER=4.00x10"N/C

—6 . .
. E = (8.99 % 109,\,.6,,212) (':;?042) = 1.44 x 10’N/C - Need a diagram to find the polar angle

Opotar = 270°— 0

i) ii)

Figure 13: Sketch i) shows the triangle that can be used to calculate the angle between T’s electric field vector and the -y axis, 6. Sketch ii)
shows the full polar angle and its relationship with the smaller angle, 6.

Use your diagram (Figure 13) to calculate the polar angle of T’s electric field vector:
4

* Opotar = 270°— tan~* (3)

®  Opo1ar = 270° = 53.1° = 216.9° - Use polar angle to put in component form.

o E;=144%107(c0s216.9°1 + sin216.9°j) > Er = (—1.15E7i — 8.65E6j ) N/C



QUESTION 4
The force and the electric field are related by the definition of field as the force per charge: E= S S>F= qFj
o Fr=(—e)Er =—1.60x1071°-(—4.00 x 107)) = +6.40 x 10"12j N

o Fg=(—e)Eg=—1.60x10"1"(4.00 x 107{) = —6.40 x 10712 i N
o Fr=(—e)Er=-1.60x%1071"-(—1.15 x 107 — 8.65 X 10°j) = (1.84{ + 1.38 /) X 10’ N

Before you go: Are the directions of these vectors what you expected? If the test charge placed in the E-field is
positive, what would happen to the direction and magnitude of the force acting on it?

QUESTION 5
As always, draw a FBD. Either charge will do so I'll draw the +'ve charge (g, = 5.00 x 1078 C).
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i) All forces acting on q.. ii) With tension in components

Figure 14: FBD of positive charge.

The charge is in equilibrium so we can balance forces along both axes. Start with the simplest: the y-direction.

[ ) Z Fy = 0
[ ) Ty _— Eg = 0
= Use FBD (sketch i) to understand why the y-component of
e Tcos§ —mg =0 tension uses the cosine of 6°.
o T= mgg = Equation 1 (good practice to leave it in symbol form)
Ccos

Now that we have an expression for tension, let’s balance forces along the x-axis.

[ ] Zszo

o _Tx_F12=0

Euniform

o |qy|E— % (sinf) — qui—;hl =0 - Equation 2 (remember T, = T'sinf and Equation 1is T)



Equation 2 can be solved for the uniform electric field strength E, if we know the distance between the two
spheres, r. To find this, we should draw a diagram.
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e r=2d=2Lsin6
E— o—k—11__
* gt —mgtan (2Lsin§)2

e 5x1078E —0.002-9.81 - tan10°— 8.99 x 10°

Figure 15: Geometry of hanging charges, showing that r = 2d, where d can be
found using triangle trigonometry.

= This is now ready to insert into Equation 2.

. . pe ; H ' 0
-2 I've simplified the tension term using tanf = i:: 9

|sx1078|”

— = =0
(2:0.10-sin10°)?

e 5X1078E—-346x10"3-251x10"2=0

e E=492x10°N/C

>E=4.92x10%iN/C



QUESTION 6
a) To find the net force on ion A from its immediate neighbours, I'll first find the net electric field at A’s
position, then use that to find the net force. If you prefer, you can use Coulomb’s Law to find the net force
directly. Both approaches make sense. But first... a diagram!

i) one edge of one plane of the crystal ii) Electric field vectors at ion A’s location.

Figure 16: Simplification of crystal to explore the effects of the other electric fields on the edge ion A.
Use Figure 13 to find the direction and strength of the electric field of each of the negative ions B, C ,& D.
= = = ke
o |Es| = |Ec| = |Ep| = 3

= ke, = ke . = ke .
° EB=_F]’ EC=+;], EC=+;l

Use Figure 13 to find the direction and strength of the electric field of each of the positive ions E & F.

= = ke
o |Ee|=|Er| =5
o Ep = (c0s225° + sin225%), Ep = (c0s135° + sin135°)

Now sum all field vectors to find the net electric field that will exert a force on ion A. Notice that the vertical
components of B and C, as well as E and F cancel out as shown in Figure 16.

= e . ~, ke, ke 02 . on ke op . on
o YE= _/C;sz +/f§/1 +Fl+ﬁ(605225 1+sm/%{])+2dz(c05135 i + sin135°))
= ke ke ° ke o) ¢ o _ o] — o 1
e YE= (F-I_ECOSZZS +ﬁc05135 )1 - We know c0s45° = |cos135°| = |cos225°| = NG
= ke ke 1 ke 1\, __ E_ ke \ .
c SE=(Frenwn)i=(Eme)
e YE =E(1 —i)i Equation 1

The net field given in Equation 1, points to the right, into the crystal. lon A is a positive ion, and so will experience
a net force also to the right, into the crystal.

BB
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b)

c)

lon A experiences a force that pulls it into the crystal, thus helping to hold the crystal together. Our
analysis has showed that the attractive forces are stronger than the repulsive forces, resulting in the ions
being pulled towards each other, not forced apart. This shows that the electric forces help to hold the

crystal together.

Yes, this approach is reasonable. We have only considered the nearest ions because the force is strongest
along the shortest distances between the atoms in the crystal. At other distances, the force is smaller and

S . . = 1
won’t have enough of an effect to change the direction of the net force on any given ion: F « =



