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Proximity Sensor

A simple passive inductive sensor can detect ferromagnetic objects 

moving through its magnetic field. Construct such a passive sensor 

and investigate its characteristics such as sensing range.
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BASIC EXPLANATION
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I. effect – Eddy currents



II. effect - Magnetization of the ferromagnetic material
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POSSIBLE THEORETICAL CONSIDERATIONS

𝑃 =
𝜋2𝐵2𝑑2𝑓2𝑉

6𝜌𝑘

I., Using power dissipation of Eddy currents

P is the power lost (W),

B is the peak magnetic field (T),

d is the thickness of the sheet or diameter of the wire (m),

f is the frequency (Hz),

k is a constant (1 - thin sheet, 2 - thin wire)

ρ is the resistivity of the material (Ω m)

V is the volume of the material (kg/m3).

[1] F. Fiorillo, Measurement and Characterization of Magnetic Materials, Elsevier Academic Press, 2004, p. 31

[1]



𝑃 =
𝜋2𝐵2𝑑2𝑓2𝑉

6𝜌𝑘
= 𝑐1 ∙ 𝐵

2 = 𝑐1 ⋅ 𝑐2 ⋅ 𝐼0
2 ⋅ cos2(𝜔𝑡)

𝑊𝑙𝑜𝑠𝑠 =
𝜋𝑐1𝑐2
4𝜔

⋅ 𝐼0
2 = 𝐾 ⋅ 𝐼0

2

Δ𝑊𝑖𝑛𝑑 = 𝑊0 −𝑊′ =
1

2
𝐿𝐼0

2 −
1

2
𝐿𝐼′2 =

1

2
𝐿(𝐼0

2 − 𝐼′2)

𝐼′

𝐼0
= 1 −

𝜋𝑐1𝑐2
2𝐿𝜔

Energy loss due to eddy currents in a quarter cycle:

𝑈 𝑡 = 𝑈0 ⋅ sin𝜔𝑡 𝐼 𝑡 = 𝐼0 ⋅ cos𝜔𝑡The voltage and current of the inductor:

Inductor’s change of energy:

𝐾 depends on the distance of the target! 𝐾(𝑑)

𝑐2 depends on the distance of the target! 𝑐2(𝑑)
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Theoretical:

𝑑 → 0.01 𝑚, 𝑓 → 100
1

𝑠
, 𝑉 → 0.06 ⋅ 0.02 ⋅ 0.01𝑚3, 𝜌 → 9.7 ⋅ 10−8Ω𝑚, 𝑘 → 1, 𝐿 → 4.5 H, μ𝑟 → 50,

N → 1200,

Measured decrease:
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II., Change of inductance
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Magnetic field strength at the end of a solenoid: 

𝑀 magnetization

ΔΦ = N න𝐵magnet 𝑑𝐴

magnetic flux change inside the solenoid
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LC circuit:

𝐿 = L0 +
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ΔΦ is dependent on the distance of the subject (𝑑)!
𝑑

Given the 𝛿𝜔 (the precision of the measuring device) a 

formula for sensing range can be calculated.

d1 < d2 → ΔΦ1 > ΔΦ1



SETUP

oscillograph



Air Coil

+ light, stable, durable

+ no hysteresis loss

- limited sensitivity (low inductance)

Ferromagnetic core

+ higher sensitivity

- less stable, nonlinear

- more energy loss



Measuring frequency (𝑓) → reaches threshold value → LED turns on
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Energy loss due to eddy currents in a quater cycle:

𝑈 𝑡 = 𝑈0 ⋅ sin𝜔𝑡 𝐼 𝑡 = 𝐼0 ⋅ cos𝜔𝑡The voltage and current of the inductor:

Inductor’s change of energy meanwhile:


