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AP® PHYSICS C: ELECTRICITY AND MAGNETISM 
2016 SCORING GUIDELINES 

Question 3 
15 points total Distribution 

of points 
(a) 1 point 

For selecting "Left" 1 point 

(b) 
i. 2 points 

For selecting "Less than" 1 point 
For a correct justification 1 point 
Example: Because as the bar falls the flux at point C is increasing, the emf 

generated must create a magnetic field to oppose this change. Therefore , it 
will create a magnetic field to decrease the flux and thus decrease the 
magnetic field. 

No points are earned if the wrong answer is selected. 

ii. 2 points 

For selecting "Greater than" 1 point 
For a correct justification 1 point 
Example: The field at point C, which is above the bar, is less than the original 

magnetic field , and point D is on the other side of the bar. Therefore , the 
direction of the magnetic field from the bar at point D is the opposite of the 
direction at point C, so the net magnetic field at D when the bar is falling must 
be greater than the original magnetic field. 

No points are earned if the wrong answer is selected. 

(c) 4 points 

For correctly applying Newton's second law to the motion of the bar 
Fner = - = -Mg FM Mg BIL  
I e= / R   

1 point 

For attempting to use Faraday's law to obtain an expression for the emf in the bar 
e = =F ( )

1 point 

For correctly using the expression for emf to obtain an expression for the current 
I ( )
= =

BL dx/ dt BLv  
R R 

Ma = -

a = -g 

1 point 

For writing the acceleration as dv/ dt  
2 2dv B L v

= -gdt MR

1 point 
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Question 3 (continued) 

(d) 2 points 

For setting the net force at terminal velocity equal to zero 
B2L2vT 

= -0 Mg R 

=

1 point 

For an answer consistent with part (c) 
MgR 

VT  B2L2 
=

1 point 

(e) 1 point 

For a correct or consistent substitution in an appropriate power equation 
P = =J2R or V JR 

=

=

1 point 

Alternate Solution Alternate points 
For a correct or consistent substitution in an appropriate power equation 

P = 12R 
Mg BIL  =

I =

p  =

1 point 
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Question 3 (continued) 

(f) 3 points 

Using the equation from part (c) 
dv 

= -
B2L2v 

dt g MR 
 

dv 
V 

dt 
- æ ö

= -
è ø

For attempting separation of variables 
dv -

=

-

B2L2 

MRg MR dt  
V 

B2L2 

1 point 

For attempting to integrate with the correct limits or the correct constant of 
integration 

V ' V 

ò ò
( )

è ø
-

æ ö
=

-
= =

= =

t 1 t' I 
B2L2 , dv' MR dt 

v ' 0 t' 0 

MRg 

=

-é ù
- =

ê úë û

=v' v t 
ln v'  

B2L2 v' 0 

( )

æ ö-
ç ÷ -
ç ÷
ç ÷
è ø

1 point 

For a correct answer 1 point 

Using a trial solution in the differential equation and verifying its correctness is 
also acceptable. 
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM 
2016 SCORING COMMENTARY 

Question 3 

Overview 

The intent of this question was to elicit students’ knowledge of how current is induced in response to a 
changing magnetic flux, of how this induced current can create a magnetic field, and how that induced field 
can affect the existing magnetic field. The question also assessed the students’ knowledge of motional emf, 
terminal velocity, power dissipated in a resistor, and setting up and integrating Newton’s second law in 
order to find velocity as a function of time. 

Sample: E Q3 A 
Score: 15 

Part (a) earned 1 point for selecting “left.” Part (b)(i) earned 2 points for selecting “less than” and explaining 
how the induced current creates a magnetic field out of the page at point C, which decreases the overall 
magnetic field. Part (b)(ii) earned 2 points for selecting “greater than” and explaining how the induced 
current creates a magnetic field into the page at point D, which increases the overall magnetic field. Part (c) 
earned 4 points for using the correct equation for emf, obtaining an expression for the current, correctly 
applying Newton’s second law, and for writing acceleration as dv/dt. Part (d) earned 2 points for showing 
that the net force is equal to zero by setting the gravitational force equal to the magnetic force and for having 
an answer consistent with part (c). Part (e) earned 1 point for having a correct substitution in an appropriate 
equation for power. Part (f) earned 3 points for separating variables, integrating with the correct limits, and 
for the correct answer.   

Sample: E Q3 B 
Score: 10 

Part (a) earned 1 point for selecting “left.” Parts (b)(i) and (b)(ii) earned no credit for selecting the wrong 
answers. Parts (c), (d), and (e) earned full credit. Part (f) earned 2 points for separating variables and 
integrating with the correct limits, but the exponent on the answer is incorrect.   

Sample: E Q3 C 
Score: 4 

Part (a) earned 1 point for selecting “left.” Parts (b)(i) and (b)(ii) earned no credit for selecting the wrong 
answers. Part (c) earned 2 points for correctly applying Newton’s second law and writing the acceleration as 
dv/dt, but there was no attempt to use Faraday’s law to find the emf or correct expression for the current. 
Part (d) earned 1 point for stating that the net force would be zero, but the answer is not consistent with part 
(c). Part (e) earned no credit because there is no substitution into an equation for power. Part (f) earned no 
credit because there is no separation of variables, attempt to integrate, and no answer.   
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