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When a charged particle of mass (𝑚) and charge (𝑞) is placed in an electric field (𝐸), 
it experiences an electrical force.
If this is the only force on the particle, it must be the net force.
The net force will cause the particle to accelerate according to newton’s second law.
• ∑ 𝐹⃗ = 𝑚𝑎⃗

• 𝐹⃗௘ = 𝑚𝑎⃗

• 𝑞𝐸 = 𝑚𝑎⃗
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Motion of a Charged Particle in 
a Uniform Electric Field

𝑎⃗ =
𝑞𝐸

𝑚

Motion of Particles, cont
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If the field is uniform, then the 

acceleration is constant.

The particle under constant 

acceleration model can be applied to the 

motion of the particle.

 If the particle has a positive charge, 

its acceleration is in the direction of 

the field.

 If the particle has a negative charge, 

its acceleration is in the direction 

opposite the electric field.

𝑣௙ = 𝑣௜ + 𝑎𝑡

∆𝑥 = 𝑣௜𝑡 +
1

2
𝑎𝑡ଶ

∆𝑥 = 𝑣௙𝑡 −
1

2
𝑎𝑡ଶ

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎∆𝑥

∆𝑥 =
1

2
𝑣௜ + 𝑣௙ 𝑡

3
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A proton is projected in the positive x direction into a region of a uniform electric field 𝐸ሬ⃗ = −6 × 10ହ  𝑁 𝐶⁄ , 𝚤̂

at 𝑡 = 0. The proton travels 7 𝑐𝑚 as it comes to rest. Determine:
the acceleration of the proton,○

its initial speed, and○

the time interval over which the proton comes to rest.○
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Solution:

the acceleration:

𝑎 =
q𝐸

𝑚
⎯⎯⎯=

1 ⋅ 6 × 10ିଵଽ × 6 × 10ହ

1 ⋅ 67 × 10ିଶ଻
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 5 ⋅ 76 × 10ଵଷ 𝑚 𝑠ଶ⁄

So: 𝑎⃗ = −5.76 × 10ଵଷ 𝑚 𝑠ଶ⁄ , 𝚤̂

its initial speed

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎Δ𝑥

0 = 𝑣௜
ଶ + 2(−5 ⋅ 76 × 10ଵଷ)(0.07)

𝑣௜ = 2 ⋅ 84 × 10଺ 𝑚 𝑆⁄

So: 𝑣௜ = 2.84 × 10଺ 𝑚 𝑠⁄ , 𝚤̂

the time interval

𝑣௙ = 𝑣௜ + 𝑎𝑡

0 = 2 ⋅ 84 × 10଺ − 5 ⋅ 76 × 10ଵଷ × 𝑡

𝑡 = 4 ⋅ 93 × 10ି଼𝑠
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The figure shows two oppositely charged parallel plates that are separated by a 
distance 𝑑 = 1.5 𝑐𝑚. Each plate has a charge per unit area of magnitude 𝜎 = 4 𝜇𝐶 𝑚ଶ⁄ . 
An electron is released from rest at 𝑡 = 0 from the negative plate.

Calculate the electric field between the two plates.○

Find the resultant force exerted on the electron?○

Find the acceleration of the electron.○

How long does it take the electron to strike the positive plate?○

What is the speed and kinetic energy of the electron just before striking the 
positive plate?

○
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Solution:

the electric field is:

𝐸௡௘௧ = 𝐸ା + 𝐸ି =
𝜎

2𝜀଴
⎯⎯⎯ +

𝜎

2𝜀଴
⎯⎯⎯ =

𝜎

𝜀଴
⎯⎯

𝐸௡௘௧ =
4 × 10ି଺

8.85 × 10ିଵଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ = 4.52 × 10ହ 𝑁 𝐶⁄

𝐸ሬ⃗ ௡௘௧ = 4.52 × 10ହ 𝑁 𝐶⁄  , 𝚤̂

the resultant force is:

𝐹⃗ = 𝑞𝐸ሬ⃗ = −1 ⋅ 6 × 10ିଵଽ × 4 ⋅ 52 × 10ହ = −7.23 × 10ିଵସ𝑁 , 𝚤̂

the acceleration is:

𝑎⃗ =
𝐹⃗

𝑚
⎯⎯=

−7 ⋅ 23 × 10ିଵସ

9.11 × 10ିଷଵ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= −7 ⋅ 95 × 10ଵ଺ 𝑚 𝑠ଶ⁄ , 𝚤̂

The time it take to strike the positive plate is:

Δ𝑥 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

−0.015 = 0 −
1

2
⎯⎯× 7 ⋅ 9 × 10ଵ଺ × 𝑡ଶ

𝑡 = 6.14 × 10ିଵ଴𝑠

The final speed is:
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The final speed is:

𝑣௙ = 𝑣௜ + 𝑎𝑡 = 0 − 7 ⋅ 9 × 10ଵ଺ × 6.14 × 10ିଵ଴ = −4 ⋅ 88 × 10଻ 𝑚 𝑠⁄

𝑣⃗௙ = −4 ⋅ 88 × 10଻ 𝑚 𝑠⁄  , 𝚤̂

The final kinetic energy is:

𝐾௙ =
1

2
⎯⎯𝑚𝑣௙

ଶ =
1

2
⎯⎯× 9.11 × 10ିଷଵ × (4 ⋅ 88 × 10଻)ଶ = 1.08 × 10ିଵହ𝐽
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