AP® PHYSICS B
2013 SCORING GUIDELINES

Question 6

15 points total

(a) 2 points

For the correct substitution of the values of u, I, and r into the correct expression
for the magnetic field around a wire

Cupl (4w <107 Tem/A)(65 A)
2 (27)(0.025 m)
For the correct answer
B=52x10"*T

i. 4 points

For an expression of equilibrium between the magnetic and gravitational forces on
the wire

For correct expressions for the magnetic and gravitational forces
mg = BIL

For a correct expression for the current in terms of the linear density

m\g
I=(—|%
75
For correctly substituting the answer from part (a) into the above equation to solve
for the current
(9.8 m/ 52)

I=(56x107 kg/m)m

I =106 A (or108 A using g =10 m/sz)
ii. 1 point
For selecting “To the right”
(c) 2 points

For stating that the wire would move upward
For stating that the wire would accelerate with a correct justification

Example
As wire Y is moved closer to X, the magnetic field from X will increase. This

will create an upward net force on Y that will accelerate Y upward toward wire
X.

(d) 1 point
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2013 SCORING GUIDELINES

Question 6 (continued)
Distribution
of points
For stating that the direction of the current in one of the wires must change 1 point

Examples
e The current must be reversed in one wire, but not in the other.

e Reverse the current in wire X.
e (Change the direction of the current in wire Y.

i. 3 points

For a correct statement of either Faraday's law, or the motional emf formula 1 point
A¢ AA

E =BvL OR &= A (since € = _BE = —BvlL , with the minus sign

irrelevant since the question asks for a magnitude )
For a correct expression for, or determination of, the value of the magnetic field 1 point

Method 1) Taking half the value determined in part (a), because the wires are
now twice as far apart

B = %(5.2 x 1074 T) —26x107*T

Method 2) Using the formula for the magnetic field around a wire
-7
ol _ (47 x 107 Tem/A)(65 A)
2xr (27r)(0.050 m)

For substituting correct values of [, and v and any value of B into a correct 1 point
expression

€=026x10"T)(3.0 m/s)(1.2m) =94 x10™* V

=26x10*T

ii. 2 points

For selecting “The right end” 1 point
For a correct justification 1 point

Example
Using the right-hand rule, positive charges moving upward in the magnetic
field, which is out of the page, would experience a magnetic force to the right.
Thus, the right end of wire Y develops a positive charge and the left end
develops a negative charge.
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6. (15 points)

Two long, straight horizontal wires are near each other and parallel, with one directly above the other as shown
in the figure. Wire X is fixed in place and connected to a battery (not shown) so that it carries a current of 65 A.
Wire ¥, which is part of a second circuit, is free to move vertically and is suspended at rest by the magnetic force

between the wires. The mass per length of wire Y'is 5.6 X i kg/m . Neglect effects from the parts of the
circuits that are not shown.

(a) Calculate the magnitude of the magnetic field produced by wire X at the position of wire Y.

e GSA
%“’;’%’% . i@w‘;;%}’
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(®)

i. Calculate the magnitude of the current in wire Y.

M4 = BI L 3
~s3) = .Y Y T Y Im
(5.0007 1gl~f© 153) = (5% X X

T @10

ii. Indicate the direction of the current in wire Y.

To the left X To the right Neither left nor rigﬁt, since there is no current

(c) Now wire Y is moved to a new position that is closer to wire X, but wire Y is still below wire X and is still

carrying the same current as determined in part (b). Wire Y is released from rest. Describe the initial motion
of wire Y. Justify your answer.
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(d) Suppose wire Y is moved to a position 0.025 m above wire X. What changes in current, if any, must occur to
; maintain equilibrium?
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(e) With wire Y still above wire X, the circuit connected to wire Y is removed. Wire Y, which is 1.2 m long, is
then moved vertically up and away from wire X at a constant speed of 3.0 m/s.

i. Calculate the magnitude of the induced emf in wire ¥ when the wires are 0.050 m apart.
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ii. Indicate which end of wire Y is at a higher electric potential.
X _ The left end - - Theright end

Neither end, since they are at the same electric potential
Justify your answer.
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6. (15 points)

Two long, straight horizontal wires are near each other and parallel, with one directly above the other as shown
in the figure. Wire X is fixed in place and connected to a battery (not shown) so that it carries a current of 65 A.
Wire Y, which is part of a second circuit, is free to move vertically and is suspended at rest by the magnetic force
between the wires. The mass per length of wire Yis 5.6 X 1073 kg/m . Neglect effects from the parts of the
circuits that are not shown.

(2) Calculate the magnitude of the magnetic field produced by wire X at the position of wire Y.
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i. Calculate the magnitude of the current in wire Y.
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ii. Indicate the direction of the current in wire Y.
Totheleft N\~ To the right Neither left nor right, since there is no current

(c) Now wire Y is moved to a new position that is closer to wire X, but wire Y is still below wire X and is still
carrying the same current as determined in part (b). Wire Y is released from rest. Describe the initial motion
of wire Y. Justify your answer. .
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B6 B2

(d) Suppose wire Y is moved to a position 0.025 m above wire X. What changes in current, if any, must occur to
maintain equilibrium?
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(e) With wire Y still above wire X, the circuit connected to wire Y is removed. Wire Y, whichis 1.2 m long, is
then moved vertically up and away from wire X at a constant speed of 3.0 m/s.

i. Calculate the magnitude of the induced emf in wire ¥ when the wires are 0.050 m apart.
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ii. ‘Indicate which end of wire Y is at a higher electric potential.

___The left end The right end
%/ Neither end, since they are at the same electric potential
Justify your answer.
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6. (15 points)

Two long, straight horizontal wires are near each other and parallel, with one directly above the other as shown
in the figure. Wire X is fixed in place and connected to a battery (not shown) so that it carries a current of 65 A.
Wire Y, which is part of a second circuit, is free to move vertically and is suspended at rest by the magnetic force

between the wires. The mass per length of wire Y'is 5.6 X 107 kg/m . Neglect effects from the parts of the
circuits that are not shown.

(a) Calculate the magnitude of the magnetic field produced by wire X at the position ¢
=
I~ 008 m

no. T (axdd)(55N)
L\ihg)e Ko lfﬁl C VLAY 61(97.5)m

)

i. Calculate the magnitude of the current in wire Y.
1A
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ii. Indicate the direction of the current in wire Y.

To the left To the right AE Neither left nor right, since there is no current

(c) Now wire Y is moved to a new position that is closer to wire X, but wire Y is still below wire X and is still
carrying the same current as determined in part (b). Wire Y is released from rest. Describe the initial motion

of wire Y. Justify your answer.
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(d) Suppose wire Y is moved to a position 0.025 m above wire X. What changes in current, if any, must occur to
maintain equilibrium?
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(e) With wire Y still above wire X, the circuit connected to wire ¥ is removed. Wire ¥, which is 1.2 m long, is
then moved vertically up and away from wire X at a constant speed of 3.0 m/s.

i. Calculate the magnitude of the induced emf in wire ¥ when the wires are 0.050 m apart.
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ii. Indicate which end of wire Y is at+a higher electric potential.

___ Theleftend ¥ _The right end
Neither end, since they are at the same electric potential
Justify your answer.
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AP® PHYSICS B
2013 SCORING COMMENTARY

Question 6
Overview

This question assessed students’ knowledge of magnetostatics and electromagnetic induction, including
the right-hand rules.

Sample: B6-A
Score: 12

The correct substitution into Ampere’s law and the correct answer earned full credit in part (a). Full
credit was earned in part (b)(i) for a correct substitution into the equation for equilibrium and an answer
consistent with part (a). The direction of the current is correctly indicated in part (b)(ii). One point was
earned in part (c) for correctly stating that wire Y would move toward wire X, but does not make it
explicitly clear that wire Y is accelerated. Full credit was earned in part (d) for stating that the direction
of the current must change in one of the wires. Full credit was also earned in part (e)(i) for calculating
the induced emf. No credit was earned in part (e)(ii) for incorrectly selecting “The left end.” Because

the selection was incorrect, the justification was not considered.

Sample: B6-B
Score: 7

Full credit was earned in part (a). No credit was earned in part (b)(i) because the student takes the answer
to part (a) and uses Ampere's Law to recalculate the original current in wire X. Part (b)(ii) earned full credit
because “To the right” was correctly selected. Credit was not earned in part (c) because the description of
the motion of the wire is incorrect. Part (d) correctly indicates that the current in only one wire would
change direction. Full credit was earned in part (e)(i). Part (e)(ii) earned no credit because “The right end”
is not selected.

Sample: B6-C
Score: 4

One point was earned in part (a) for a correct substitution into Ampere’s Law. The answer is not calculated
correctly. No credit was earned in part (b)(i). Credit was not earned in part (b)(ii) because “To the right” is
not selected. Part (c) earned no credit because the motion of the wire is described incorrectly. Credit was
not earned in part (d) because no change in current is indicated as being necessary. Two points were
awarded in part (e)(i) because the motional emf equation is used correctly but with an incorrect value for
the magnetic field at the wire’'s new location. One point was earned in part (e)(ii) earned because “The
right end” is correctly selected, but the justification is not correct.
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