
Ferranti Effect Explained

The “Ferranti Effect” occurs when a transmission line is lightly loaded or has no load at all.
The receiving end voltage of the transmission line will be higher than the sending end voltage.
This high voltage phenomenon occurs because the reactive power generated by the shunt Line capacitance

is greater than the reactive power absorbed by the series line inductance.
Sebastian Ziani de Ferranti (Liverpool, England) 

first observed this phenomenon in 1887 during installation of a 10kV underground cable system.

first consider the total “lumped” impedance and admittance of the t-line:

 𝑍 = 𝑅 + 𝑗𝑋 Ω

𝑌 = 𝐺 + 𝑗𝐵 ℧
𝑑 = 𝑙𝑖𝑛𝑒 𝑙𝑒𝑛𝑔𝑡ℎ (𝑚𝑖 𝑜𝑟 𝑘𝑚)

Since the line could be very long… we will use the long-line model.
(considered to be an exact representation of any length transmission line)

therefore… the “distributed”  impedance and admittance of the t-line is:

 𝑧 =
𝑅 + 𝑗𝑋

𝑑

Ω

𝑚𝑖 𝑜𝑟 𝑘𝑚

 𝑦 =
𝐺 + 𝑗𝐵

𝑑

℧

𝑚𝑖 𝑜𝑟 𝑘𝑚

G or “conductance” is usually ignored

will use these later for 
a “quick” approximation 

of an open-ended line



Ferranti Effect Explained (cont.)
Next… calculate the long-line model parameters
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Ferranti Effect Explained (cont.)

𝑉𝑅 cos𝜃𝑅 − 𝑗𝑉𝑅 sin 𝜃𝑅 − 𝑉𝑅
2 −
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𝐿𝑒𝑡: 𝐶 =
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𝐸𝑞𝑢𝑎𝑡𝑖𝑛𝑔 𝑅𝑒𝑎𝑙 𝑎𝑛𝑑 𝐼𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦 𝑇𝑒𝑟𝑚𝑠:
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𝐴 𝑛𝑢𝑚𝑒𝑟𝑖𝑐 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑖𝑠 𝑛𝑒𝑒𝑑𝑒𝑑 𝑡𝑜 𝑓𝑖𝑛𝑑 𝑡ℎ𝑒 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑉𝑅
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Ferranti Effect Explained (cont.)
Next… 

attempt to show that 
the receiving end voltage of an open ended line
is somewhat independent of line parameters.

𝒁′ = 𝒁
sinh𝜸𝑑

𝜸𝑑
𝜸 = 𝒚𝒛

𝒀′ = 𝒀
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considered lossless:
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Ferranti Effect Explained (cont.)

𝑽𝑅 =
2

2 + 𝑩′𝑿′

𝑽𝑅 =
2

2 +
𝑗2𝐵 1 − cos 𝑏𝑥𝑑

𝐵𝑋 sin 𝑏𝑥𝑑

𝑗𝑋 sin 𝑏𝑥𝑑

𝐵𝑋

𝑽𝑅 =
1

1 −
𝐵 1 − cos 𝑏𝑥𝑑

𝐵𝑋

𝑋

𝐵𝑋

𝑽𝑅 =
1

1 −
𝐵𝑋 1 − cos 𝑏𝑥𝑑

𝐵𝑋

𝑽𝑅 =
1

1 − 1 − cos 𝑏𝑥𝑑

𝑽𝑅 =
1

1 − 1 + cos 𝑏𝑥𝑑

𝑽𝑅 =
1

cos 𝑏𝑥𝑑

𝑽𝑅 =
1

cos 𝑏𝑥𝑑

𝑽𝑅 =
1

cos 𝜔𝐶𝜔𝐿𝑑

𝑽𝑅 =
1

cos 𝜔 𝐿𝐶𝑑

𝑤ℎ𝑒𝑟𝑒:
𝜔 = 2𝜋𝑓
𝐿 = 1𝑚𝑖 𝑜𝑟 1𝑘𝑚 𝑜𝑓 𝐼𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒
𝐶 = 1𝑚𝑖 𝑜𝑟 1𝑘𝑚 𝑜𝑓 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒
𝑑 = 𝑙𝑖𝑛𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑚𝑖 𝑜𝑟 𝑘𝑚
ℎ𝑜𝑤𝑒𝑣𝑒𝑟:

𝐿𝐶 =
1

𝑐
𝑤ℎ𝑒𝑟𝑒:

𝑐 = 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡
𝑚𝑖 𝑜𝑟 𝑘𝑚

𝑠𝑒𝑐

𝑠𝑜:

𝑽𝑅 =
1

cos
2𝜋𝑓𝑑

𝑐

𝑐 = 186282
𝑚𝑖

𝑠𝑒𝑐
= 299792

𝑘𝑚

𝑠𝑒𝑐

the open ended line voltage depends 
mainly on frequency and length



Questions or Comments …

contact us

http://www.3phaseee.com/contact

