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AP Questions
[image: image14.png]A third charge of g is first placed at an arbitrary point A (x = —x;) on the x-axis as shown in the figure
below.
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(¢) Write expressions in terms of ¢, a, % and fundamental constants for the magnitudes of the forces on the
~q charge at point A caused by each of the following.
i. The +q charge
ii. The +2q charge
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3. (10 points)
‘Three particles are fixed in place in a horizontal plane, as shown in the figure above. Particle 3 at the top of the
triangle has charge g, of +1.0 X 10°® C., and the electrostatic force F on it due to the charge on the two other
particles is measured to be entirely in the negative x-direction. The magnitude of the charge g, on particle 1 is
known to be 4.0 x 106 C, and the magnitude of the charge g, on particle 2 is known to be 1.7 x 106 C, but
their signs are not known.

() Determine the signs of the charges g; and g, and indicate the correct signs below.
@ ___ Negative 4, ___Negative
Positive Positive
(b) On the diagram below, draw and label arrows to indicate the direction of the force F, exerted by particle 1
on particle 3 and the force F; exerted by particle 2 on particle 3.





[image: image4.png](©) Calculate the magnitude of F, the electrostatic force on particle 3.

(d) Calculate the magnitude of the electric field at the position of particle 3 due to the other two particles.

() On the figure below, draw a small X in the box that is at a position

‘where another positively charged

particle could be fixed in place so that the electrostatic force on particle 3 is zero.

Justify your answer.
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3. (15 points)

‘Two small objects, each with a charge of ~4.0 nC, are held together by 0020 m length of insulating string as
shown in the diagram above. The objects are initially at rest on a horizontal, nonconducting frictionless surface.
‘The effect of gravity on each object due to the other is negligible.

(a) Calculate the tension in the string.
(b) Hlustrate the electric field by drawing electric field lines for the two objects on the following diagram.

o ©




[image: image6.png](¢) Calculate the magnitude of the initial acceleration of each object.

(d) On the axes below, qualitatively sketch a graph of the acceleration  of the object of mass m, versus the
distance d between the objects after the string has been cut.
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(¢) Describe qualitatively what happens to the speeds of the objects as time increases, assuming that the objects
remain on the horizontal, nonconducting frictionless surface.
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2. (10 points)
‘Two small objects, labeled 1 and 2 in the diagram above, are suspended in equilibrium from strings of length L.
Each object has mass m and charge +0. Assume that the strings have negligible mass and are insulating and
electrically neutral. Express all algebraic answers in terms of m, L, Q, 6, and fundamental constants.

() On the following diagram, sketch lines to illustrate a 2-dimensional view of the net electric field due to the
two objects in the region enclosed by the dashed lines.

(b) Derive an expression for the elecric potential at point A, shown in the diagram at the top of the page, which
is midway between the charged objects.

() On the following diagram of object 1, draw and label vectors to represent the forces on the
object.




[image: image8.png]() Using the conditions of equilibrium, write—but do not solve—two equations that could, together, be solved
for 6 and the tension T in the left-hand string.
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3. (15 points)
Two point charges, g, and ,  are placed 0.30 m apart on the x-axis, as shown in the figure above. Charge
gyhas a value of 3.0 x 10 C. The net electric field at point P is zero.
(a) What s the sign of charge g,?
___Positive ___ Negative
Justify your answer.
(b) Calculate the magnitude of charge g,.
(©) Calculate the magnitude of the electric force on g, and indicate its direction.

(d) Determine the x-coordinate of the point on the line between the two charges at which the electric potential is
zero.

(¢) How much work must be done by an external force to bring an electron from infinity to the point at which
the electric potential is zero? Explain your reasoning.




[image: image10.png]2006 AP° PHYSICS B FREE-RESPONSE QUESTIONS (Form B)

3. (15 points)

‘Three electric charges are arranged on an x-y coordinate system, as shown above. Express all algebraic answers
to the following parts in terms of Q, g, %, d, and fundamental constants.

() On the diagram, draw vectors representing the forces F, and F, exerted on the +g charge by the +Q
and —Q charges, respectively.

(b) Determine the magnitude and direction of the total electric force on the +g charge.

(©) Determine the electric field (magnitude and direction) at the position of the +¢ charge due to the other
two charges.

(d) Calculate the electric potential at the position of the +¢ charge due to the other two charges.

() Charge +q is now moved along the positive x-axis to a very large distance from the other two charges. The
‘magnitude of the force on the +¢ charge at this large distance now varies as 1/x’. Explain why this happens.
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3. (15 points)
Two point charges are fixed on the y-axis at the locations shown in the figure above. A charge of +4 is located
aty = +a and a charge of +2q is located at y = ~a. Express your answers (o parts (2) and (b) in terms of g, @,
and fundamental constants.

(2) Determine the magnitude and direction of the electric field at the origin.
(b) Determine the electric potential at the origin.
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2. (15 points)
Anisolated, solid copper sphere of radius R, = 0.12 m has a positive charge of 64 10 C.
@
i. Calculate the electric potential at a point 0.10 m from the center of the sphere.

i Caleulate the electric potential at a point 0.24 m from the center of the sphere.

(b) On the axes below, sketch a graph of electric potential V versus radius r from the center of the sphere. Label
the value at r = 0 on the vertical axis.
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i. Determine the magnitude of the electric field at a point 0.10 m from the center of the sphere.
ii. Determine the magnitude of the electric field at a point 0.24 m from the center of the sphere.

(d) A second copper sphere of radius R, thatis uncharged is placed near the first sphere, as represented in the

figure below. On the axes below, sketch a graph of electric potential V versus distance along the x-axis
shown, where the center of the first sphere is at x = 0.




[image: image12.png](d) The g charge can also be placed at other points on the x-axis. At each of the labeled points (4, B, and C)
in the following diagram, draw a vector to represent the direction of the net force on the  charge due to the
other two charges when it is at those points.
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3. (15 points)

‘The figure above shows two point charges, each of charge ~20, fixed on the y-axis at y = +a andat y = -a.
A third point charge of charge ~ is placed on the x-axis at x =2a. Express all algebraic answers in terms of
Q. a, and fundamental constants.

() Derive an expression for the magnitude of the net force on the charge ~Q due to the other two charges, and
state its direction.

(b) Derive an expression for the magnitude of the net electric field at the origin due to all three charges, and
state its direction.

(¢) Derive an expression for the electrical potential at the origin due to all three charges.

(d) On the axes below, sketch a graph of the force F on the ~Q charge caused by the other two charges as it is
‘moved along the x-axis from a large positive position to a large negative position. Let the force be positive
‘when it acts to the right and negative when it acts to the left.

F

[





