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Chapter 25

Obtaining The Value Of The Electric 
Field  From The Electric Potential
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Recall that:

Which tells us how to find ∆𝑉 if the electric field 𝐸 is known.
What if the situation is reversed?
Assume, to start, that the field has only an x-component. Then:
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Obtaining the Value of the Electric Field  
from the Electric Potential

∆𝑉 = න 𝑑𝑉
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𝑑𝑉 = −𝐸 ȉ 𝑑𝑠

𝐸௫ = −
𝑑𝑉

𝑑𝑥

Obtaining the Value of E from V, cont.
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Given 𝑉 (𝑥, 𝑦, 𝑧) you can find 𝐸𝑥, 𝐸𝑦 and 𝐸𝑧 as partial derivatives:

Equipotential surfaces must always be perpendicular to the electric field lines passing 

through them. Because:

The motion through a displacement 𝑑𝑠 along an equipotential surface:

𝐸 and 𝑑𝑠 (and Equipotential surface) must be perpendicular.

𝐸௫ = −
𝜕𝑉

𝜕𝑥
          𝐸௬ = −

𝜕𝑉

𝜕𝑦
          𝐸௭ = −

𝜕𝑉

𝜕𝑧

𝑑𝑉 = 0

𝐸 ȉ 𝑑𝑠 = 0
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E and V for an Infinite Sheet of Charge
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The equipotential lines are the dashed 

blue lines.

The electric field lines are the brown 

lines.

The equipotential lines are everywhere 

perpendicular to the field lines.

E and V for a Point Charge
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The equipotential lines are the 

dashed blue lines.

The electric field lines are the brown 

lines.

The electric field is radial.

𝐸𝑟 
= − 𝑑𝑉 𝑑𝑟⁄

The equipotential lines are 

everywhere perpendicular to the field 

lines.
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In a certain region, the electric potential due to a charge distribution is  given by the equation 
𝑉(𝑥, 𝑦, 𝑧) = 3𝑥ଶ𝑦ଶ + 𝑦𝑧ଷ − 2𝑥𝑧ଷ, where x, y, and z are  measured in meters and V is in volts. 
Calculate the electric field vector at  the position (𝑥, 𝑦, 𝑧) = (1, 1, 1).
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𝐸௫ = −
∂𝑉

∂𝑥
⎯⎯⎯= −

∂

∂𝑥
⎯⎯⎯(3𝑥ଶ𝑦ଶ + 𝑦𝑧ଷ − 2𝑥𝑧ଷ) = −6𝑥𝑦ଶ + 2𝑧ଷ

𝐸௬ = −
∂𝑉

∂𝑦
⎯⎯⎯= −

∂

∂𝑦
⎯⎯⎯(3𝑥ଶ𝑦ଶ + 𝑦𝑧ଷ − 2𝑥𝑧ଷ) = −6𝑥ଶ𝑦 − 𝑧ଷ

𝐸௭ = −
∂𝑉

∂𝑧
⎯⎯⎯= −

∂

∂𝑧
⎯⎯⎯(3𝑥ଶ𝑦ଶ + 𝑦𝑧ଷ − 2𝑥𝑧ଷ) = −3𝑦𝑧ଶ + 6𝑥𝑧ଶ

At (𝑥, 𝑦, 𝑧) = (1,1,1)

𝐸௫ = −6 × 1 × 1ଶ + 2 × 1ଷ = −4𝑉 𝑚⁄

𝐸௬ = −6 × 1ଶ × 1 − 1ଷ = −7𝑉 𝑚⁄

𝐸௭ = −3 × 1 × 1ଶ + 6 × 1 × 1ଶ = 3𝑉 𝑚⁄

In unit vector notation:

𝐸ሬ⃗ = ൫−4𝚤̂ − 7𝚥̂ + 3𝑘෠൯ 𝑉 𝑚⁄
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