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(a) 2 points 
 

The top plate is negative.  
For relating the direction of force or acceleration to the direction of the field  1 point
For relating the direction of the electric field to the sign of the charge on the top 

plate 
  1 point

No points are awarded for identifying that the top plate is negative with no 
attempt to explain why.         

 

 
 
(b) 4 points 
 

For using an appropriate kinematic relation to determine the acceleration of the 
electron while it is between the plates 

 

( )f ia v v= -  

1 point

t    

For using Newton’s second law to determine an expression for the magnitude of 
the force needed to give the electron the calculated acceleration 

 

( )f iF ma m v v= = -  

1 point

t   

For setting eE  equal to the force calculated from Newton’s second law  1 point
For correctly manipulating equations to solve for the magnitude of the electric field 

and arriving at a correct numerical answer with units 
 

( )f iE m v v et= -    

( )31 6 6

19 9

9.11 10  kg 8.02 10  m s 5.40 10  m s
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1.6 10  C 1.49 10 s
E

-

- -
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=
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1 point

( )
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Alternate Solution Alternate Points
For applying conservation of energy for the time the electron is between the plates  

KD D=  
1 point

U   
For using the correct relationship between potential energy and potential 

difference 
 

U e VD =  D   

2 2

2 e f im v v e VD- =  

1 point

( )1   

For using the relation between potential difference, electric field, and plate 
separation 

 

V ED =  d   
2 2

e f im v v e E- =

1 point

( )1
2

d    

For correctly manipulating equations to solve for the magnitude of the electric field 
and arriving at a correct numerical answer with units 

 

( 2 2 2e f iE m v v e d= -  )   

( ) ( ) ( )(
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(c) 1 point 
 

0E Q e=  A   

0Q e=  AE   

For correct substitution of values into the equation to calculate the magnitude of 
charge on each parallel plate 

 

( )( )(12 2 2 28.85 10  C N m 0.25 m 10,000 N CQ -= ¥   )   

82.2 10  CQ -= ¥   

1 point

  

 
 
(d)  

i. 2 points 

 
 

For drawing a reasonably circular path from the point where the electrons leave 
the bottom plate to point X 

 1 point

Note: There is no penalty for starting the path at the tip of the arrow.   
For explaining that the field is always perpendicular to the velocity, so the force is 

also always perpendicular to the velocity which creates a curved (circular) path 
 1 point

 
ii. 1 point 
 

In order for the electron to reach point X, the magnetic field must exert a 
centripetal force on the electron toward the top right corner of the dashed box. 

  

For using the right hand rule and reasoning that the force on a negatively charged 
object is in the opposite direction from the force exerted on a positively 
charged object (or using the “left hand rule”) to conclude that the direction of 
the magnetic field is directed out of the page 

 1 point

Notes:    
No points are awarded for identifying that the direction of the magnetic field is 

out of the page without explaining why. 
  

Credit can be earned for a correct analysis at any individual point on the path.   
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Question 4 
 
Overview 
 
An electron accelerates between two oppositely charged parallel plates and then into a region with a uniform 
magnetic field. Students are asked to determine various quantities such as charge, field, directions of vector 
quantities, and trajectories. 

Sample: P2Q4 A 
Score: 10 
 
This full-credit paper is easy to read and follow the logic and has complete explanations. Note the use of the 
alternate solution in part (b). 

Sample: P2Q4 B 
Score: 5 
 
Part (a) earned 1 point for relating the change in electron velocity to the sign of the charge on the top plate. 
Since there is no mention of the electric field, which was specifically asked for in the question, full credit 
could not be earned. Part (b) earned no credit. Part (c) earned 1 point for full credit for correct substitution 
of values, correctly using the incorrect answer from part (b). Part (d) earned full credit. 

Sample: P2Q4 C 
Score: 3 
 
Part (a) earned 1 point for relating the direction of the electric field to the sign of the charge on the plates. 
Part (b) earned no credit. Part (c) earned 1 point for full credit, for correct substitution of values to calculate 
the magnitude of the charge on each parallel plate. Part (d)(i) earned 1 point for correctly drawing a circular 
path from the point that the electrons leave the bottom plate to point X. Part (d)(ii) earned no credit. 
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