[bookmark: _GoBack]Assess Yourself (Answers & Annotations)
Simply, apply Coulomb’s Law
But remember to plug in radius correctly.


Be careful with the angles when doing sin and cos and the Pythagorean theorem. 



You have to calculate the relations and forces between each charges individually before determining the angles and final movements/forces.


With a single sphere (Q), one of the q has to be canceled out in order to calculate the electrons.



Here, it’s necessary to apply both Coulomb’s law and the equation E=F/q.  


The same concepts of electrostatic applies here, but since there’s multiple angles involved, be careful when calculating the sin, cos part. 




Must check the signs of each charge and make an estimate before calculating in order to get a general idea of the resultant force and field.



Not only does the electric forces through Coulomb’s law apply but also the laws of kinematics such as weight equals mg.  
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25. Use Eq. 16-3 to calculate the electric field.
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28] The electric field duc to the negative charge will point ) >0

" = E, 0,>0
toward the negative charge, and the electric field due E,
to the positive charge will point away from the p—
positive charge. Thus both fields point in the same B
direction, towards the negative charge, and so can be a2 2
added.
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The direction is [towards the negative charge] .

(80x10°C+7.0x10°C) = [84x10 N/C]
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37. (@ Thefield due to the charge at A will point straight downward, and the
field due to the charge at B will point along the line from A to the
origin, 30° below the negative x axis.
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38. In each case, find the vector sum of the field caused by the charge on the left (E,, ) and the field
caused by the charge on the right (E._,, )

Point A: From the symmetry of the geometry, in
calculating the electric field at point A only the vertical
components of the fields need to be considered. The
horizontal components will cancel each other.

d =+/(50cm)’ +(10.0cm)”

.1118m
E, zﬂsinszz(sssxxww mz/C’)LOCIsinM_G“ =[asx10°N/c] 6, =[o0]
& (0.1118m)

Point B: Now the point is not symmetrically placed, and
50 horizontal and vertical components of cach individual
field need to be calculated to find the resultant clectric
field.
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‘The results are consistent with Figure 16-31b. In the figure, the field at Point A points straight up,
‘matching the calculations. The field at Point B should be to the right and vertical, matching the
calculations. Finally, the field lines are closer together at Point B than at Point A, indicating that the
field is stronger there, matching the calculations.
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40. From the diagram, we see that the x components of the two fields will cancel each other at the point
P. Thus the net electric field will be in the negative
y-direction, and will be twice the y-component of
cither electric field vector.
kQ

+a

E, =2Esin0=2 sin 0
x

__2%0 a
Toa 7(){, )"

2
_[—2K%__ i1 the negative y direction

(e





image14.png
56. (@) From problem 55, we know that the clectric field is pointed towards the Earth’s center. Thus an
electron in such 2 field would experience an upwards force of magnitude F, = ¢E . The force
of gravity on the electron will be negligible compared to the electric force.

F,=eE=ma —
eE(1602x10"°C)(150N/C)

A - 2638x10° m/s ~[26x10" m/s,
m (9.11x10 "kg) x10°ns 10" nfs )

(b) A proton in the field would experience a downwards force of magnitude F, = eE . The force of

gravity on the proton will be negligible compared to the electric force.
F,=eE=ma —

; (1.602x10°°C)(150N/C
,izwzl.ﬁ%dﬂ'"m/s’ ~[14x10" /5", down]

m (167x107kg)
(0) Fortheclectron: L= M ~[27x10°
g 9.80m/s’
Forthe proton: = L43900" s [
g 9.80m/s*
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62. Because of the inverse square nature of the electric field,
any location where the field is zero must be closer to the
weaker charge (@, ). Also, in between the two charges, ~—d ——— | —=
the fields due to the two charges are parallel to each other and cannot cancel. Thus the only places
‘where the field can be zero are closer to the weaker charge, but not between them. In the diagram,
this means that x must be positive.
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64. The wires form two sides of an equilateral triangle, and so the two charges are
separated by a distance d =78 cm and are directly horizontal from each other. Thus
the electric force on each charge is horizontal. From the free-body diagram for one of
the spheres, write the net force in both the horizontal and vertical directions and solve
for the electric force. Then write the electric force by Coulomb’s law, and equate the
two expressions for the electric force to find the charge.

SF =F,cos0-mg=0 — F, ——%_
o

05 6

6.064x10°C = [6.1x10“C]|
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71. On the x-axis, the electric field can only be zero at a location closer to the smaller magnitude charge.
‘Thus the field will never be zero to the left of the midpoint between the two charges. Also, in
between the two charges, the field duc to both charges will point o the left, and so the total field
cannot be zero. Thus the only place o the x-axis where the field can be zero is to the right of the
negative charge, and so x must be positive. Calculate the ficld at point P and set it equal to zero.
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‘The field cannot be zero at any points off the x-axis. For any point off the x-axis, the clectric fields
due to the two charges will not be along the same line, and so they can never combinc to give 0.
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71. On the x-axis, the electric field can only be zero at a location closer to the smaller magnitude charge.
‘Thus the field will never be zero to the left of the midpoint between the two charges. Also, in
between the two charges, the field duc to both charges will point o the left, and so the total field
cannot be zero. Thus the only place o the x-axis where the field can be zero is to the right of the
negative charge, and so x must be positive. Calculate the ficld at point P and set it equal to zero.
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‘The field cannot be zero at any points off the x-axis. For any point off the x-axis, the clectric fields
due to the two charges will not be along the same line, and so they can never combinc to give 0.
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5.

Use Coulomb’s law to calculate the magnitude of the force.

F= kgt% = (8.988x10" Nem?/C* -
r (35%10"m)
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13. The forces on cach charge lic along a line connecting the charges. Let the
variable d represent the length of a side of the triangle, and let the variable 0
represent the charge at each comer. Since the triangle is equilateral, cach angle is
60°.

F, =F, +F, =0 1",:1;1‘“-;,‘:2&5—@&)":6)53—

= JF+F: :ﬁkf—:fﬁ(s.%xxm’n-m’/cl)wz 83.7N]

(0.150m)’*
‘The direction of F, is in the  y-direction| . Also notice that it lies along the biscctor of the opposite

side of the triangle. Thus the force on the lower left charge is of magnitude [83.7N], and will point

30" below the —x axis|. Finally, the force on the lower right charge is of magnitude [83.7N], and

will point [30°below the + x axis|.
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17. The forces on each charge lic along a line connecting the charges. Let
the variable d represent the length of a side of the triangle. Since the
triangle is equilateral, cach angle is 60°. First calculate the magnitude
of cach individual force.
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Now calculate the net force on each charge and the direction of that net force, using components.

F, =F, +F, =—(0.197N)cos 60° +(0.1498N)cos 60° = -2.495x10°*N
F, =F, +F, =-(0.1997N)sin60° ~(0.1498 N)sin60° = -3.027x10"N
-3027x10"N
., 9510°N

F, =F,, +F,, =(0.1997N)cos 60° —(02996N) =—1.998x10" N
F, =F, +F, =(0.1997N)sin60" +0=1.729x10"N

1.729x10"'N
~1998x10'N
F, =F, +F,, =—(0.1498N)cos60° + (02996 N) = 2.247x10"'N
F, =F, +F, =(0.1498N)sin60° +0=1297x10"N

£
F=\JE+F: =[030N] 4 =tan’ L=t

=[139°

E
E=Evr; <PasN] o=t 2=

F, X107
F= R B =[026N] 6 —tan gy LEDAON
y F, 2247x10°'N
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22. The spheres can be treated as point charges since they are spherical, and so Coulomb’s law may be
used to relate the amount of charge to the force of attraction. Each sphere will have a magnitude O
of charge, since that amount was removed from one sphere and added to the other, being initially

uncharged.
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