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Question 2

15 points total

@

i,

3 points

For writing the appropriate expression for the electric potential, given the spherical
symmetry of the situation
vk

r
‘The electric field inside a conducting sphere in equilibrium is zero, so the potential
inside the sphere is constant, uniform, and equal to the potential at the surface.

For correct substitutions
(9:0x10° Nem?/c?)(64 x 10 C)
y o \POX107 Nem'/C7){64 X107 C)

012m
For the correct answer
V=480V

2 points

For writing the appropriate expression for the electric potential
vt
r

(9:0x10° Nem?/C?)(64x10 C)
V= 024m

For the correct answer calculated from a correct expression showing substitutions
V=240V

Distribution
of points

1 point

1 point

1 point

1 point

1 point
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v ,
4%0 vV -
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r
0 ry
For labeling the potential at r = 0 with the value from part (a) i 1 point
For drawing a horizontal line from 7 = 0 to r = R, that is continuous with the other 1 point

‘part of the graph
For drawing a reasonable curve for the /7 dependence in the region beyond R; 1 point
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Question 2 (continued)

2 points

r=010m<0l2m=R,
‘There is no electric field inside a conducting sphere in equilibrium.
For the correct answer

E=0N/C

2 points
r=024m > 0.12m = R, 50 the charge can be treated s a point charge at the center
of the sphere.
For writing the appropriate expression for the electric field
;- ka
ek
)

. [9.0 x10° N-mz/Cz)[éAx 107 c)
B (024m)?

For the correct answer
E =1000 N/C

Distribution
of points

2 points

1 point

1 point
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Sample Sketch

0

For a horizontal line inside the second sphere, with a nonzero value and continuous with 1 point
the parts of the graph on either side

For 1/r curves in the regions on either side of the second sphere, with the curve in the 1 point

region to the right at lower values than the curve to the left

Note: Except for the stipulation above for the 1/ curves, the relative values of the
‘potentials of the two spheres are not scored. The sample graph shows an acceptable
answer that does not include exact relative values.
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Question 3
10 points total

@ 1 point

For an indication that g, is negative and g, is positive

®) 2 points

For force F, drawn and labeled correctly

For force F, drawn and labeled correctly

Notes: The force vectors must either originate or terminate on g5.
Forces on other particles are ignored.

Distribution
of points

1 point

1 point
1 point
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3 points

For a correct statement or use of Coulomb’s law 1 point
Applying Coulomb’s law to determine the magnitude of the forces F, and E,:

(9x10° N-m*/c?)(4.0x10°° C)(1.0x 10 C]
:*‘ﬂ‘gl:[ /) - ) ) aasxiox
LB (40 m)
9x10° N-m?/C?)(1.7x10° C€)(1.0 x10°¢ C]|
- tan ( /e - ) ) 170x10° x
s (3.0my
For any indication that F is the vector sum of the two forces: F = F, + F, 1 point

Since F, and F, are at right angles to each other, the magnitude can be found using the
Pythagorean theorem.

F=FT B = 225107 N)’ + (170 x107 N
Alternate solution: The y components cancel, so the magnitude of F is the sum of the x
components.
F=F, +F, = Fcos37°+ Fycos53°
F =(225x107 N)cos37° +(1.70 x 107 N)cos53°
F=18x107 N+10x10° N
For the correct answer with units 1 point
F=28x10°N
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Distribution
of points
@ 2points
For substituting the value of F from part (c) and using the correct value for g 1 point
_F _28x10°N
@ 10x10°C
‘This point could also be earned for substituting £, and F; from part (c) into E = F/q,
and then calculating the magnitude of the vector sum, or calculating E, and E,
from E = kq/r® with correct ¢’s and #°s and then calculating the magnitude of the
vector sum.
For a calculated answer with correct units 1 point
E=28x10° N/C
© 2 points
Foran x in the correct position as shown above 1 point
For a correct justification that refers to forces 1 point

For example: Positive charges repel and a force to the right would cancel force F .
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Question 3
15 points total Distribution
of points

@ 2 points

Applying Newton’s second law to one of the objects

ma=T-ki*/r* =0

For a correct expression for the tension 7 1 point

T = kg*/r*

7 =(90x10° Nem? ’cz)(mo X107 c)z/(umu m)*

For the correct answer, with units 1 point

®)

T=36x10"N

4 points
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Distribution
of points
© 3 points
‘The acceleration is caused by the electrostatic force, and initially that force has the same
‘magnitude calculated in part (a).
ma=kilr=T
For a correct force equation 1 point
ma=T
a=T/m
For correctly substituting the value of T from part (2), and mass m, 1 point
a= [3.6)( 10% N)/(omo kg)=12x102 m/s?
For correctly substituting the value of T from part («), and mass m, 1 point

a; = (36x10 N)/(0.060 k) = 6.0 x 107 m/s?

@  3points

d
% borom

For beginning the graph at a value d that s clearly greater than zero 1 point
For a concave upward curve

1 point
For acceleration approaching zero as d approaches infinity 1 point
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For indicating that the speeds increase 1 point
For indicating that as the objects move apart, their speeds increase at a slower rate 1 point
the acceleration decreases)

For indicating that the speeds approach a constant value as d approaches infinity 1 point
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Question 2
10 points total Distribution of points
@ 3 points
For the direction of all field lines away from the source charges 1 point
For the correct shape, symmetry, and curvature of the field lines 1 point
For a clear indication that the net field about point 4, the point midway between the two 1 point

charges, is zero; example: an absence of field lines in the area around point A

() 2points
For clearly showing the addition of both contributions to the potential at point 4 1 point
_ kg | kg 1 (Q Q) .
V=Tha Tl OR Vg (G4 Q) OR cquivalent
For a correct expression in terms of the given quantities 1 point

_ 20 20 Q
= Lsin6 R TreLsing ON Zrelsing

OR equivalent




[image: image12.png]Notes:
« The answer with no work shown carned 1 point.
« The following expression or its equivalents, with no other work shown, earned both

points:
_k k0
Lsin6 " Lsing
©  2poins
For all three vectors correctly drawn, with arrowheads, and no extraneous vectors 1 point

For appropriate labeling of vectors (only if first point was awarded) 1 point
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Question 2 (continued)

Distribution of points
3 points
For an expression indicating that the x-component of tension is equal to Fy. 1 point
T, ~F; =0 OR Tsin6 = F; OR equivalent
For an expression indicating that the y-component of tension is equal to mg 1 point
T, -mg =0 OR Tcosf = mg OR equivalent
For stating the two equations in terms of the given quantities 1 point
2
Tsing = 2 or Qj +— Or ;L HQZ — OR equivalent
4sin’6 167€yl? sin> 6 4rey 41%sin’ 0
Tcos6 = mg
Notes:

Correct statement of both of the final two equations, in the absence of any other
expressions, eamed full credit.
One point was deducted if sine and cosine were interchanged at any point.
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Question 3
15 points total Distribution
of points
(@ 2 points
For checking “Positive” 1 point
For a correct justification (point only awarded if “Positive” checked) 1 point

®)

Example: Al point P, the electric field due to charge g, points to the right because electric
fields point toward negative charges. The field from g, must point to the left, i.e., away
from the charge, to cancel the field from g, So g, must be positive.

Point is not awarded if the justification is “charges cancel each other out.”

4 points

For a correct equation for electric field strength of a point charge 1 point

1 4

E=
ey

For showing that the sum of the electric fields at P is zero 1 point

e, la
dney df - 4ney dj
1o 14
dne, i 4ne, d?
&
@
For correct substitution of values
(040 m)*
(010 m)*
For the correct answer
g, =+48x10° C

Q==

a=- (-3.0x10” €

1 point

1 point
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3 points
For writing Coulomb’s law 1 point
- L ag
4ne, 1
For correct substitution of given values and the charge found in part (6) 1 point
(3010 ¢)(48x10” ]
F=(90x10° Nom?/C?) >
(030 m)’
F,=14x10° N
For a direction consistent with the answer to part (2) 1 point

The elecric force on g, is to the left (or to the right if the answer to part (a) is “Negative”)
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of points
(d 4 points
For showing that the sum of the potentials is zero 1 point
V4V, =0
For using the point charge formula for electric potential 1 point
v=—a_ or v=kZ
aneyr r
L, la,

inen dmen
For correctly substituting values into the equation above, including g, the value of g, from 1 point
part (b), and distances in the denominators that sum to 0.3 m and include a
valid distance variable
Example:

1 -30x10°C 1 48x10°C
4ne, (030m-d)  4ne, d
4(-30x10 €)=-(030 m- a)(48x10? )
4(3.0x10” €)= (030 m - d)(48x10” C)

(48107 C+30x10? C)d = (030 m) 4810 C)
(030 m)(48x10 C)
" (s8x10” c+3.0x10° )
d=028m
For finding a value for x within the range ~0.1 m <x <02 m 1 point

Note: This point was only awarded if the substitution point was awarded
x=0.20 m-0.28 m=-0.08

d
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2 points

For stating that net work done is zero
For a correct justification

1 point
1 point
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Question 3
15 points total Distribution
of points
(@ 2 points

For indicating the correct direction for the force due to the +Q charge (F; as drawn above) 1 point
For indicating the correct direction for the force due to the —Q charge (F, as drawn above) 1 point
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6 points

For any indication that the magnitudes of F; and F, are the same
The x-components of F, and F, cancel.
For any indication that the magnitude of the net force is the sum of the y-components
of F; and F, , which are equal
Example: F,, = F, cos6 + Fy cosd = 2Fcos, where 6 is the angle between the
y-axis and the dashed lines in the figure
For a correct expression for cos§
cos6 = =&
(e
For a correct substitution for F into the above expression for Fy,
ok _ k0
2 P +d
kqQ d

Frpas =2
SRR N o

For the correct magnitude of the total force
(x* +a?)
For indicating the correct direction for the total force, e.g., negative y-direction,
toward the bottom of the page, eic.

or equivalent

1 point

1 point

1 point

1 point

1 point

1 point
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Question 3 (continued)

2 points

‘The field can be found from the force.
E=Foald
For the correct magnitude of the electric field
__ 2kod
(2 +a)”
For indicating the correct direction for the electric field, e.g., negative y-direction,
toward the botiom of the page, elc.

2 points
“The total potential is the sur of the individual point charge potentials.
kQ kQ
Vevi+v =L, KO
TS L

For indicating that the electric potential is zero
Note: One point partial credit could be earned for only recognizing that the potentials
from the two charges must be added.

3 points

For any indication that as x gets large, the hypotenuse and x are approximately equal or
dis negligible compared to x

For indicating that the above implies that Vx% +d2 = x

For indicating that substituting the approximate equality into the answer from part (b)

yieds Fy = 2424

Distribution
of points

1 point

1 point

2 points

1 point
1 point
1 point
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Question 3
15 points total Distribution
of points
@ 4 points
For use of the correct formula for the electric field £ 1 point
1 g
E=k%  OR E=-1 4
” 4ney 2
For adding the two E vectors from the charges 1 point
2 q
£y = [42)+ (2
o a® @
For the correct (positive) expression for the magnitude of the field 1 point
9
Ep=kL
0=k 3
For any indication that the field is in the +y-direction 1 point
®) 3 points
For use of the correct formula for the potential ¥ 1 point
v=kl Or =14
r ine 1
For adding the two potentials 1 point
Z 624 19
Vo= kL +kd
For the correct (positive) answer 1 point

L)

Vo=2,




[image: image22.png](©(@and (i) 4 points

For determining the distance r between charges in terms of %, and a in either part (i) or (ii)

r=y +ad*
For use of Coulomb’s law in either part (i) or (i)
- ;9%
Fekt
For both correct substitution of charges into Coulomb’s law and correct substitution of the
‘previously determined expression for r in either part (i) or (i)
For correct (positive) answer for both part () and (ii)

For part (i):

For part (i): F,

1 point

1 point

1 point
1 point
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Question 3 (continued)

4 points

Distribution
of points

ﬂfnq

For having all three vectors on the same side of the x-axis (i.c., recognizing that the
vertical components should all be in the same direction)

For a single resultant vector from 4 pointing down and to the right, toward a point
below the x-axis and above +2g.

For a single resultant vector from C pointing down and to the left, toward a point
below the x-axis and above +2q

For a single resultant vector pointing straight down from B

‘Magnitudes of the vectors and any components that may have been drawn were not
evaluated.

1 point
1 point

1 point
1 point
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Question 3
15 points total Distribution
of points
@ 4 points
For any mathematical statement indicating that the force on the ~Q charge is obtained by
the addition of forces due to the other two charges 1 point
For any of the following three statements or expressions 1 point
 The y components of the forces due to the two ~2 charges cancel.
 The magnitude of the net force equals the sum of the magnitudes of the
x components.
o rg=r,=\a+(2a) =Ba
For the correct expression for the magnitude of the net force 1 point
2
£ =3
5454
For the correct indication of direction 1 point

Force is directed to the right, OR force is in the =x direction, OR explicit use of an
arrow to show direction.




[image: image25.png]®) 3 points
For any indication that the contributions to the field from the ~20 charges cancel
For the correct expression for the magnitude of the field due to the - charge

K| ‘,,(,g)
21~ [y

r

E= % (point awarded even with a minus sign)

For the correct indication of direction
Field is directed to the right, OR field is in the +x direction, OR explicit use of an
arrow to show direction.

1 point
1 point

1 point




[image: image26.png](©) 5 points

v=ikpd
7

For any indication of the need to use superposition for the electrical potential (or showing
three terms in the expression)
One point awarded for each correct term, including the minus sign, in the following
expression
(20) , K(20) , k-Q)
a a 2

yo 40 K _ 80 k0
a 22 2a 2
For the correct simplified answer with correct sign
_ %0
T2
@ 3 points

For having F = 0 at x = 0 with |F| increasing gradually going away from the origin
‘This point was not given for a spike function at the origin.

For having the graph positive on the right and negative on the left

For having a single maximum of |F| on each side of the origin and having the curve

‘monotonically and asymptotically decreasing to zero as x — w

1 point

3 points

1 point

1 point
1 point
1 point




Apply the force equation that consists of two charges. You end up with one charge for electric potential (V) b/c of their relations.





V is the same within the sphere b/c the electric potential within in constant, therefore the radius (r) is constant. 





If the concept of electric potential applies to the 1st sphere, then it should be the same for the 2nd one. 





The forces are in different angles; therefore you have to calculate them separately before combining them as vectors.





Think about which way the electric field lines would travel and take into consideration: lines go from positive to negative.





Apply Coulomb’s law to Newton’s second law.





When drawing the field lines, remember is points into the negative spheres.





Use Coulomb’s Law as well as applying the electric potential concepts.





When drawing the free body diagram, remember the electric forces.





Use Coulomb’s law correctly by substituting the right charges.





Also make sure you are using the right distances.





Think about which way the attracting and repelling nature of the charges before drawing the direction of the forces.





Simply plug in F to the E=F/q equation, then remember combining the angles to get the final direction.





In order to find the radius in Coulomb’s Law, use Pythagorean theorem to solve for r.  





Try to find the best approximation for the vectors and try to take into account the magnitude of force from each charge based on q. 





Here, you want to combine Coulomb’s Law with E=F/q in order find the correct expression and be careful when determining the direction.








