Voltage gradient and human risk (step potential)
Teacher lesson plan

Lesson objective

Students will be able to:

¢ Explain voltage gradients using electric field
concepts.

e Apply Ohm’s Law (V = IR) to the human body.

e Describe how current flows through the body
during step potential.

Step 1: Thought experiment
Teacher says:

¢ When a power line touches the ground,
electricity spreads through the earth.

e [f you're near the downed power line, why
does step size matter?

* Imagine the ground isn’t the same everywhere.
What if one side of your body had more
electrical energy than the other?

Activity:

e Have students stand with feet together.

e Then take a big step and move their feet apart.
Teacher says:

¢ Which position might be more dangerous near
electricity?
Why?
Students can guess which position might be
more dangerous to build curiosity before the
explanation.
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Step 2: Introducing the big idea
Teacher says:

e When a power line hits the ground, electricity
spreads outward like ripples in water.

e The ground doesn’t have the same energy
everywhere. This is called a voltage gradient.

e The voltage is highest near the contact point
and decreases with distance.

¢ [f your feet are in different places, they can be at
different voltages.

e Electricity moves when there is a difference in
voltage, and your body can become the path.

Step 3: Visual model

Teacher draws on the board:
* A dot to represent a downed power line.
e Circles spreading outward like a ripple.

¢ Label “higher voltage” near the center and
“lower voltage” farther away.

Teacher says:

¢ |f one foot is here and one foot is here, what'’s
different? (The first foot is near the center, the
second farther away.)

Students say:
* The voltage.
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Step 4: Connect behavior to risk
Teacher says:

¢ A bigger step means a bigger difference between high-voltage and low-voltage areas. It’s safer to
keep your feet together to minimize the voltage difference.

e \When a person runs, the person is constantly changing positions. If you shuffle or hop, you minimize
differences in voltage.

e The danger isn’t just the wire, but how your body interacts with the ground. Never approach ground
that could be energized.

Step 5: Introduce the physics of step potential
Teacher explains the following physics concepts:
1. Voltage difference between feet:
AV=(voltage gradient) (step distance)
The change in voltage is equal to the voltage gradient times the step distance.

The farther apart your feet are, the bigger the difference. Even small voltage differences can be deadly
if resistance is low.

2. Current through the body:
I Vv

R

The current through a body is equal to voltage divided by resistance.
That difference pushes electricity through your body.

e \Wet ground can increase danger because it lowers resistance. Dry skin has a higher resistance
compared to wet or sweaty skin.

¢ Livestock are more vulnerable because they have four points of contact with larger spacing.
As the current passes through livestock, it can pass through vital organs.

Teacher says:

e Step potential is really about differences, differences in voltage across distance. When your feet are
far apart, the difference gets bigger and that allows current to pass through your body. That’s why we
shuffle — because no distance means no difference, and no difference means no current.
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Visualizing voltage gradients

Materials:
e Conductive paper
e Low-voltage power supply
e \oltmeter probes

Instructions:
1. Apply voltage to a central point.
2. Measure voltage at increasing distances.
3. Draw equipotential lines.

Explain your observations.
1. How did the voltage change as you increased the distance from the power supply?

2. Is the voltage gradient equal as you move away from the source?

3. Is it more dangerous near the contact point? Why or why not?

4. How could step length affect voltage difference?

5. What safe behavior can minimize injury?
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