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Lesson 3.5: Electric Potential Energy and Electric Potential in Parallel Plate (Chapter 7.4) 
 
 
Electric potential energy: is the energy stored in a system of two charges a distance d apart, or is an energy stored in an 
electric field that can do work on a positively charged particle.  
 
Mathematically, 𝑾 = 𝑭$$⃗ ∆𝒅 = 𝒒𝟏𝜺$⃗ ∆𝒅  
 

- W is the work done by electric force, + q has electric force 𝐹,$$$$⃗ 	along the direction of electric field 𝜀 , 
- q has electric force 𝐹,$$$$⃗ 	against the direction of 𝜀. 

- Work done by electric force is independent of the path it takes.  
 
 
Change in electric potential energy:  𝑾𝑬 = −∆𝐄𝐄 = −(𝐄𝐟 − 𝐄𝐢) 
                                                                    
                                           Hence ∆𝐄𝐄 = −𝒒𝟏𝜺$⃗ ∆𝒅 = −𝒒𝟏𝜺$⃗ (𝒅𝟐 − 𝒅𝟏)  
 
 

- Positive ∆E8 indicates electric potential energy is stored in the moving charge.  
 

- In Figure a): You apply a force 𝐹9$$$⃗  by hand to move a +q against the electric field from B to A, and the electric 
force 𝐹,$$$$⃗  is opposite to the displacement.  
 

- So 𝐹,$$$$⃗  is doing a negative work.  
 

- In terms of 𝑊𝑬 = −∆E$$⃗ 8, ∆E8 is positive and so electric potential energy is stored in the charge.  
 

- If the charge does not have any initial kinetic energy, then such movement must need an extra applied force to 
allow it happen, 𝑊9;;<=>?	@ABC>  much be positive.  
 

- If the charge does have an initial kinetic energy, then the decrease of 𝑬𝒌 must balance off the increase of 𝑬𝑬, due 
to 𝐸,= + 𝐸G= = 𝐸,@ + 𝐸G@	𝑜𝑟 − ∆𝐸, = ∆𝐸G = 𝑊,. 

 
- In Figure b): If a +q is moving along the electric field from A to B, 𝐹,$$$$⃗  will do positive work by which leads the 

charge moving faster and ∆E$$⃗ 8 become negative. 
 
 
Question: What if placing a negative charge??? 
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Example 1 (pg348): A charged particle moves from rest in a uniform electric field.  

a) For a proton, calculate the change in electric potential energy when the magnitude of the electric field is 250 N/C, 
the starting position is 2.4 m from the origin, and the final position is 3.9 from the origin.  

 
 
 
 
 
 

b) Calculate the change in electric potential energy for an electron in the same field and with the same displacement.  
 
 
 
 
 
Dynamics of charged particles  

c) Using the law of conservation of energy, calculate the speed of the proton in part a) for the given displacement. 
Assume that the proton starts from rest.  
 
 

 
 

 
 
 

d) Determine the initial speed of the electron in part b), assuming its speed has decreased to half of its initial speed 
after the same displacement, ∆𝒅. 
 
 

 
 
 

 
 

 
 
 

 Practice: pg349. #1 – 3 
Electric Potential (V):   
 
Electric potential: The potential energy per unit positive charge for a point in an electric field. It’s a scalar quantity.  
Equation: 𝑽 = 𝑬𝑬

𝒒𝟏
, unit Volt, V.  

 
Electric potential difference: the work required per unit charge to move a positive charge in an electric field. 
Equation: ∆𝑽 = ∆𝑬𝑬

𝒒𝟏
 

 

Uniform electric field: ∆𝑽 = K𝑾
𝒒𝟏
= K𝑭𝑬∆𝒅

𝒒𝟏
= K𝒒𝟏L$⃗ ∆𝒅

𝒒𝟏
= −𝜺$⃗ ∆𝒅 

                                       
                                         𝜺$⃗ = − ∆𝑽

∆𝒅
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Example 2: An electron leaves the negative plate of a cathode-ray tube and travels toward the positive plate. The 
electric potential difference between the plates is 1.5 × 10R𝑉.  

a) Calculate the speed of an electron as it reaches the positive plate. Assume that the electron is initially at rest. the 
mass of an electron is 9.11 × 10KUV𝑘𝑔. 

b) Calculate the magnitude of the electric field at a distance of 15 cm, which is at the end of the cathode-ray tube.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝜺$⃗ = 𝑭𝑬
𝒒𝟏

 (Unit: N/C) 

𝜺$⃗ = 𝒌𝒒𝟐
𝒓𝟐

  
𝑾 = 𝑭$$⃗ ∆𝒅 = 𝒒𝟏𝜺$⃗ ∆𝒅 = −∆𝐄$⃗ 𝐄  
∆𝐄$⃗ 𝐄 = −𝒒𝟏𝜺$⃗ ∆𝒅 
∆𝑬𝑬 + ∆𝑬𝒌 = 𝟎  
𝑽 = 𝑬𝑬

𝒒𝟏
  

 
∆𝑽 = ∆𝑬𝑬

𝒒𝟏
= K𝑭𝑬∆𝒅

𝒒𝟏
= K𝒒𝟏L$⃗ ∆𝒅

𝒒𝟏
= −𝜺$⃗ ∆𝒅   

𝜺$⃗ = − ∆𝑽
∆𝒅
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Example 3: An electron moves horizontally with a speed of 
1.6 × 10\𝑚/𝑠 between two horizontal parallel plates. The plates have 
a length of 12.5 cm, and a plate separation that allows a charged 
particle to escape even after being deflected. The magnitude of the 
electric field within the plates is 150N/C. Calculate the final velocity of 
an electron as it leaves the plates.  
 
 
 
 
 
 
 
 
 
 
 

    Homework: Textbook pg354. #1 – 10 

𝜺$⃗ = 𝑭𝑬
𝒒𝟏

 (Unit: N/C) 

𝜺$⃗ = 𝒌𝒒𝟐
𝒓𝟐

  
𝑾 = 𝑭$$⃗ ∆𝒅 = 𝒒𝟏𝜺$⃗ ∆𝒅 = −∆𝐄$⃗ 𝐄  
∆𝐄$⃗ 𝐄 = −𝒒𝟏𝜺$⃗ ∆𝒅 
∆𝑬𝑬 + ∆𝑬𝒌 = 𝟎  
𝑽 = 𝑬𝑬

𝒒𝟏
  

 
∆𝑽 = ∆𝑬𝑬

𝒒𝟏
= K𝑭𝑬∆𝒅

𝒒𝟏
= K𝒒𝟏L$⃗ ∆𝒅

𝒒𝟏
= −𝜺$⃗ ∆𝒅   

𝜺$⃗ = − ∆𝑽
∆𝒅

  
 


