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AP PHYSICS C: ELECTRICITY AND MAGNETISM 2026 n FREE-RESPONSE QUESTIONS

Question 4

4.	In Scenario 1, a square conducting loop with side length s has total resistance R. The loop is 
held fixed in the xy-plane in an external, uniform, time-varying magnetic field that is initially 
directed in the +z‐direction, as shown. The z-component of the magnetic field changes as a 
function of time t as described by cosB B t

t
2z 0

1
r= a k, where B0  and t1  are positive constants.

Part A

Indicate whether the induced current I in the loop is clockwise, counterclockwise, or zero 

during the time interval t
t

0
4

< < 1  by writing one of the following.

•	 I is clockwise.
•	 I is counterclockwise.
•	 I is zero.

Justify your answer without only manipulating equations.

Part B

Derive an expression for I as a function of t in terms of s, R, B0 , t1 , t, and physical constants, as 
appropriate. Begin your derivation by writing a fundamental physics principle or an equation 
from the reference information.
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AP PHYSICS C: ELECTRICITY AND MAGNETISM 2026 n FREE-RESPONSE QUESTIONS

Part C

In Scenario 2, a new square conducting loop with side length s2  and total resistance R2  is 
placed in the same external, uniform, time-varying magnetic field as in Scenario 1.

Indicate whether the maximum induced current I2  in Scenario 2 is greater than, less than, or 
equal to the maximum induced current I1  in Scenario 1 by writing one of the following.

•	 I I>2 1

•	 I I<2 1

•	 I I2 1
=

Briefly justify your answer by referencing the expression you derived in part B.

STOP
END OF EXAM
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Question 4 Qualitative Quantitative Translation (QQT) 8 points 
 
General Scoring Notes  
NR (No Response): A score of NR is only assigned to responses that are blank. 

 
A  For indicating that I is counterclockwise Point A1 

  For indicating that the magnitude of the magnetic field is decreasing Point A2 

  For indicating that the induced magnetic field will oppose the changing flux through the 
loop 

Point A3 

  Example Response 
During the time interval, the magnetic field is directed in the +z-direction and is 
decreasing in magnitude. To oppose this change in flux through the loop, the induced 
magnetic field must also be directed in the +z-direction. Therefore, a counterclockwise 
current is induced in the loop. 

 

B  For a multistep derivation that includes B B dAΦ = ⋅∫


, Bd
dt

ε Φ
= − , or 

VI
R
∆

=   

Scoring Note: Vector notation is not required for this point to be earned. 

Point B1 

  
For substituting 0

1

cos 2 tB
t

π
 
 
 

 for B into an equation for magnetic flux 
Point B2 

  
For a correct expression (e.g., 

2
0

1 1

2 sin 2s B tI
t R t
π π

 
=  

 
) 

Scoring Note: Sign will not be considered when awarding this point. 

Point B3 

  Example Response 

2
0

1

B

2
0

1

2
0

1 1

2
0

1 1

cos 2

cos 2

2 sin 2

2 sin 2

B

B

B dA

tB s
t

d
dt

d tB s
dt t

s B t
t t

VI
R R

s B tI
t R t

π

ε

ε π

πε π

ε

π π

Φ = ⋅

 
Φ =  

 

Φ
= −

  
= −      

 
=  

 

∆
= =

 
=  

 

∫

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C  For indicating 2 1I I>  Point C1 

  For a justification that correctly references the functional dependence of the current on s 
and R in the expression derived in part B 

Point C2 

  Example Response 

2 1I I>  

The side length and the resistance of the loop doubles. The derivation in part B shows 
that the current is proportional to the square of the side length and inversely 
proportional to R, so the current increases. 

 

 
  



Sample 4A Page 1 of 2



Sample 4A Page 2 of 2



Sample 4B Page 1 of 2



Sample 4B Page 2 of 2



Sample 4C Page 1 of 2



Sample 4C Page 2 of 2



Sample 4D Page 1 of 2



Sample 4D Page 2 of 2



Sample 4E Page 1 of 2



Sample 4E Page 2 of 2



Sample 4F Page 1 of 2



Sample 4F Page 2 of 2



AP PHYSICS C: ELECTRICITY AND MAGNETISM 2026 ▪ SCORING COMMENTARY 

© 2026 College Board. 
Visit College Board on the web: collegeboard.org. 

Question 4 

 

Sample Identifier: PCEM Sample 4A 
Score: 8 

• Point A1 was earned. The response indicates the induced current is counterclockwise. 
• Point A2 was earned. The response indicates "B field is decreasing". 
• Point A3 was earned. The response indicates "the induced current creates a B field opposite 

of the change in ΦB.” 
• Point B1 was earned. The response uses Faraday's law, Ohm's law, or magnetic flux in a 

multistep derivation. 
• Point B2 was earned. The response substitutes the magnetic field function into an equation 

for magnetic flux. 
• Point B3 was earned. The response indicates a correct expression for the induced current. 
• Point C1 was earned. The response indicates that I2 > I1. 
• Point C2 was earned. The response indicates the correct functional dependence of the current 

on s and R in the expression derived in part B. 
 
 

Sample Identifier: PCEM Sample 4B 
Score: 7 

• Point A1 was earned. The response indicates I is counterclockwise. 
• Point A2 was earned. The response indicates "B field is decreasing". 
• Point A3 was not earned. The response does not include any reference to the induced 

magnetic field opposing the changing flux. 
• Point B1 was earned. The response uses Faraday's law, Ohm's law, or magnetic flux in a 

multistep derivation. 
• Point B2 was earned. The response substitutes the magnetic field function into an equation 

for magnetic flux within Faraday's law. 
• Point B3 was earned. The response indicates a correct expression for the induced current. 
• Point C1 was earned. The response indicates that I2 > I1. 
• Point C2 was earned. The response indicates the correct functional dependence of the current 

on s and R in the expression derived in part B. 
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Sample Identifier: PCEM Sample 4C 
Score: 6 

• Point A1 was earned. The response indicates the induced current is counterclockwise. 
• Point A2 was not earned. The response does not indicate the magnetic field is decreasing. 
• Point A3 was not earned. The response does not include any reference to the induced 

magnetic field opposing the changing flux. 
• Point B1 was earned. The response uses Faraday's law, Ohm's law, or magnetic flux in a 

multistep derivation. 
• Point B2 was earned. The response substitutes the magnetic field function into an equation 

for magnetic flux within Faraday's law. 
• Point B3 was earned. The response indicates a correct expression for induced current. 
• Point C1 was earned. The response indicates that I2 > I1. 
• Point C2 was earned. The response indicates the correct functional dependence of the current 

on s and R in the expression derived in part B. 
 
 

Sample Identifier: PCEM Sample 4D 
Score: 4 

• Point A1 was not earned. The response indicates the induced current is clockwise, instead of 
counterclockwise. 

• Point A2 was not earned. The response does not indicate the magnetic field is decreasing. 
• Point A3 was not earned. The response does not connect "opposing" to induced magnetic 

field and changing flux. 
• Point B1 was earned. The response uses Faraday's law, Ohm's law, or magnetic flux in a 

multistep derivation. 
• Point B2 was earned. The response substitutes the magnetic field function into an equation 

for magnetic flux. 
• Point B3 was earned. The response indicates a correct expression for the induced current. 
• Point C1 was earned. The response indicates that I2 > I1. 
• Point C2 was not earned. The response indicates the correct functional dependence of the 

current on s, but does not reference the relationship between current and resistance. 
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Sample Identifier: PCEM Sample 4E 
Score: 3 

• Point A1 was earned. The response indicates the induced current is counterclockwise. 
• Point A2 was not earned. The response does not indicate the magnetic field is decreasing. 
• Point A3 was not earned. The response does not include any reference to the induced 

magnetic field opposing the changing flux. 
• Point B1 was not earned. The response does not include magnetic flux, Faraday’s law, or 

Ohm’s law in the multistep derivation. 
• Point B2 was not earned. The response does not substitute the function for magnetic field 

into a magnetic flux equation. 
• Point B3 was not earned. The response indicates an incorrect expression for induced current. 
• Point C1 was earned. The response indicates "the induced current in scenario 2 must be 

greater than in scenario 1". 
• Point C2 was earned. The response indicates the correct functional dependence of the current 

on s and R in the expression derived in part B. 
 

 

Sample Identifier: PCEM Sample 4F 
Score: 2 

• Point A1 was earned. The response indicates the induced current is counterclockwise. 
• Point A2 was not earned. The response does not indicate the magnetic field is decreasing. 
• Point A3 was not earned. The response does not include any reference to the induced 

magnetic field opposing the changing flux. 
• Point B1 was not earned. The response does not include magnetic flux, Faraday’s law, or 

Ohm’s law in the multistep derivation. 
• Point B2 was not earned. The response does not substitute the function for magnetic field 

into a magnetic flux equation. 
• Point B3 was not earned. The response indicates an incorrect expression for the induced 

current. 
• Point C1 was not earned. The response indicates I2 = I1. 
• Point C2 was earned. The response indicates the correct functional dependence of the current 

on s and R in the expression derived in part B. 
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