
Common Formulas used in Eddy Current Testing

Conductivity (σ) 
in % IACS

σ% 𝐼𝐴𝐶𝑆 =  
172.41

𝜌
𝜌 = Resistivity in μΩcm

Fill Factor (η)

η =  
ௗଶ

஽ଶ

d = smaller diameter
D = larger diameter

Magnetic 
Permeability (𝝁)

𝜇 =
𝐵

𝐻
𝜇 = Permeability (H/m)
𝐵 = Magnetic Flux Density (Wb)
𝐻 = Applied Magnetic Field (A/m)

Conductivity (σ) 
in MS/m

σMS/m = (σ%IACS)(.58)

Material 
Resistivity (ρ)

𝜌 =  
172.41

σ%IACS

𝜌 = Resistivity   
in μΩcm

𝜌 =  
100

σMS/m

Material 
Resistivity (ρ)

𝜌 = Resistivity 
in μΩcm

Magnetic Relative 
Permeability (𝝁𝒓)

𝜇𝑟 =
𝑢

𝑢0

𝜇𝑟 = relative permeability
𝜇 = material’s permeability in H/m  
𝜇0 = permeability of free space in H/m 
(Constant of  0.000001257)
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Common Formulas used in Eddy Current Testing

Test Frequency Required to 
Achieve 1δ at a Specific Depth

𝑓 =  
1.982 × 𝜌

𝛿2

Standard Depth of Penetration (δ)
When Resistivity is Known

1.98
𝜌

𝑓 × µr
δ (inches) =

𝜌 = Resistivity in μΩcm

𝑓 = Frequency in Hz
µr = Relative Permeability

δ (mm) = 50.3
𝜌

𝑓 × µr 
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Standard Depth of Penetration (δ)
When Conductivity (%IACS) is Known

σ = Conductivity in %IACS

𝑓 = Frequency in Hz
µr = Relative Permeability

𝑓 = test frequency in Hz

1.98 = constant to determine the 
             standard frequency in Hz

𝜌   = the material’s resistivity                                  
         in microhm centimeters (µΩcm)

𝛿   = standard depth of penetration inches



Impedance Phase Angle

𝑡𝑎𝑛Ø =  
௑௟

ோ
or      Ø = 𝑎𝑟𝑐𝑡𝑎𝑛 

௑௟

ோ

Ø = Phase angle in degrees 
𝑋𝑙 = Inductive Reactance in ohms (Ω)

𝑅 = Resistance in ohms (Ω)

𝜃 =
௫

ఋ

x  = Distance below the surface
𝛿 = Standard depth of penetration

Phase Lag (in material)

Z

Ø°

R

XL
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Coil Merit

Q
௑

௟

ோ

Q = merit of the coil 
𝑋𝑙 = the inductive reactance 

in ohms (Ω)
𝑅 = resistance in ohms (Ω)

Current (Ohm’s Law)

௏

ோ

I  = Electrical Current  in 
amperes (amps)

𝑉 = EMF in volts
𝑅 = resistance in ohms (Ω)

Inches/mm Conversion
1 Inch = 25.4 mm
1 Inch = 2.54 cm
1/25.4 = .03937

Convert inches to mm:    inch X 25.4
Convert mm to inches:    mm X . 0.0393701

Inductance

L ଴.଼(௥ே)ଶ

଺௥ାଽ௟ାଵ଴௕

L = coil inductance in microhenries (µH)
𝑁 = number of turns in the coil
r = coil radius in inches
𝑙 = length of the coil in inches
B = depth or thickness of coil in inches

Inductive Reactance (𝑿𝒍)

𝑋𝑙 = 2𝜋 𝑓L

𝑋𝑙 = Inductive Reactance in ohms (Ω)
𝜋 = constant of 3.1416

𝑓 = test coil frequency in hertz
L = coil inductance in henries

𝑍 = 𝑋𝐿
2 + 𝑅2

Impedance

Z = Impedance in ohms (Ω)

XL = Inductive Reactance in ohms (Ω)
R =  Resistance in ohms (Ω)
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F90kHz =  
1.6𝜌

𝑡𝑚𝑚
2

F90kHz =    
.0025𝜌

𝑡𝑖𝑛
2

𝐅𝟗𝟎 𝐅𝐫𝐞𝐪𝐮𝐞𝐧𝐜𝐲 𝐟𝐨𝐫 𝐒𝐮𝐫𝐟𝐚𝐜𝐞 𝐓𝐞𝐬𝐭𝐢𝐧𝐠 (𝐤𝐇𝐳) 𝐅𝟗𝟎 𝐅𝐫𝐞𝐪𝐮𝐞𝐧𝐜𝐲 𝐟𝐨𝐫 𝐒𝐮𝐫𝐟𝐚𝐜𝐞 𝐓𝐞𝐬𝐭𝐢𝐧𝐠 (𝐇𝐳)

F90Hz =  
1600𝜌

𝑡𝑚𝑚
2 F90Hz =    

2.5𝜌

𝑡𝑖𝑛
2

Through

Lift-Off

Near Side

Far Side

𝐅𝟗𝟎 𝐅𝐫𝐞𝐪𝐮𝐞𝐧𝐜𝐲 𝐟𝐨𝐫 𝐓𝐮𝐛𝐞 𝐓𝐞𝐬𝐭𝐢𝐧𝐠 (𝐤𝐇𝐳) 𝐅𝟗𝟎 𝐅𝐫𝐞𝐪𝐮𝐞𝐧𝐜𝐲 𝐟𝐨𝐫 𝐓𝐮𝐛𝐞 𝐓𝐞𝐬𝐭𝐢𝐧𝐠 (𝐇𝐳)

F90Hz = ଷ଴଴଴஡

௧
௠௠

ଶ

F90Hz 
=  ସ.଺ହ஡

௧
௜௡

ଶ
            F90kHz =

ଷ஡

௧
௠௠

ଶ
 ଴.଴଴ସ଺ହ

௧
௜௡

ଶ

Probe Wobble

Shallow I.D Groove Shallow O.D.

            F90kHz =



Scientific Notation
Common Greek Letters (Symbols) used in
Eddy Current Testing Formulas

Frequently in ECT mathematics, frequency and depth of penetration
charts (and various formulas) use scientific notation. For example,
4⦁106 is equal to 4,000,000 whereas 4⦁10-6 is equal to .000004 and so
on. The following tables list some examples of scientific notation:

β “beta”    – Phase Lag (° or rads)

δ “delta”   – Standard Depth of Penetration 

η “eta”       – Fill Factor

θ “theta”   – Degrees

μ “mu”       – Permeability

ρ “rho”      – Resistivity
σ “sigma” – Conductivity
θ “phi”      – Magnetic Flux
π “pi”       – 3.14159 (Math Constant)

Symbols

Multiple Prefix Symbol Sub-multiple Prefix Symbol

1012 tera T 10-1 deci d
109 giga G 10-2 centi c
106 mega M 10-3 milli m
103 kilo k 10-6 micro μ
102 hecto h 10-9 nano n
101 deca da 10-12 pico p
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