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Topics:
• Lightning & The Earth’s 

Electrostatic Field.
• Measurement Issues.
• The “Field Mill”.
• Circuit Design and Operation
• Calibration.



Lightning & The Earth’s 
Electrostatic Field.

The following slides give a resume of an earlier 
talk about the detection of Lightning and the 
“Whistlers” and “Tweeks” that frequency 
dispersion causes.

Lightning discharge and the processes that 
cause the build-up of charge in the atmosphere 
leading to lightning  are the effects that this talk 
will examine.
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LIGHTNING
• Lightning Discharge Process
• Common Types of Lightning
• The Global Electric Current
• Lightning Detection from Space
• Sprites and Jets
• Lightning Safety
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Lightning History During 1752 in Pennsylvania 
Benjamin Franklin performed the first 
systematic experiments to prove the 
electrical nature of lightning. One of 
these experiments involved Franklin 
standing on an electrical stand, 
holding an iron rod with one hand to 
obtain an electrical discharge 
between the other hand and ground. 

Thomas Francois D’Alibard had already successfully performed this 
experiment in May 1752. (Franklin in America was unaware of this.) He 
observed sparks jumping between the rod and ground during a storm. The 
Swede, G.W.Richmann working in Russia during July 1753 proved that 
thunderclouds contain electrical charge. Sadly, he was struck by lightning 
and killed.

Benjamin Franklin

If the storm clouds were electrically 
charged then sparks would jump 
between the iron rod and a 
grounded wire held by an insulating 
candle.
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Before Franklin accomplished his 
original experiment he thought of a 
better way to prove his hypothesis 
about the nature of lightning.

He replaced the iron rod with a kite that 
could be flown anywhere and reach a 
higher altitude. During a Pennsylvanian 
thunderstorm in July 1752 the most 
famous kite in history flew. 

Sparks jumped from a key tied to the 
bottom of a damp kite string to an 
insulating silk ribbon tied to the 
knuckles of Franklin’s hand. Franklin’s 
grounded body providing a conducting 
path for the electrical currents 
responding to the strong electric field 
build-up in the storm clouds.
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Flying The Kite
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As well as showing that 
thunderstorms contain 
electricity by measuring 
the sign of the charge 
delivered to the kite 
apparatus Franklin was 
able to infer that while 
the thundercloud was 
overhead the lower part 
of the thunderstorm was 
generally negatively 
charged.
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Lightning as a Fashion Statement

The popularity of 
lightning research 
by Franklin et al. 
prompted some 
bizarre fashions in 
the late 1700s.

Don’t try this 

at home kids!
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The Thunderstorm
• Occurs when moist, warm air rises quickly and unchecked 

forming a characteristic, anvil-shaped storm cloud.

• This can occur in two ways:

[1] After a long hot spell in summer there is moist, humid 
air around. This is heated and forms a rising, moist bubble 
of air.

[2] On a cold front a mass of cold air forces moist, warm 
air to rise sharply upwards creating the same effect.



12

Anvil Cumulonimbus Cloud

Electrical charges are present in all clouds. In thunder clouds there is 
massive turbulence, strong updrafts and currents, swirling the charges 
about. With ice, water droplets and water vapour present simultaneously 
the phenomenom of charge separation occurs. Ice balls the size of  
oranges are held in the updraught. These collide with ice crystals and the 
rubbing produces charge. An increasingly large positive differential begins 
to build at the top of the cloud and a similarly large negative charge 
accumulates at the bottom of the cloud.
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Lightning Discharge Process



14

Mactra

It was decided that the equipment used to wash the insides of the tanks with 
water had somehow ignited the dangerous mixture of air and gas left when 
the crude oil had been pumped out. 

Perhaps it was just a spark caused by metal grinding on metal, but one 
theory held that the massive tanks of these vessels could create their own 
weather conditions. It is possible that the equivalent of a thunderstorm had 
occurred, with catastrophic results. 

As a result, tank-cleaning equipment was modified. In addition, an inert gas -
carbon dioxide from the ship`s engines, which will not support a fire - is 
pumped into the hold during tank cleaning
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Common Types of Lightning

• Cloud to ground
• Intra-Cloud (Also known as Sheet Lightning)

Lightning may be classified into two, broad types.

The ratio of cloud to ground and intra-cloud lightning 
can vary significantly from storm to storm.

Storms with greater vertical development produce 
more intra-cloud lightning. Some studies suggest that 
at higher latitudes there are more cloud to ground 
strikes.
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Cloud To Ground
Leaders from the cloud seek the path of 
least resistance to the ground. Weakly 
luminous plasma streams launch 
“positive streamers” upwards. Anything 
can launch a streamer – a metal tower, 
a tree, shrubs.

Lightning always strikes twice. It may 
seem to flicker as it drains charged 
areas from around the original area.

What we actually see is the return
stroke from the positively charged Earth 
to the cloud.

The lightning potential may be up to 100 MV. The heat generated (circa 25,000o Celsius)
disrupts the air particles causing the thunder clap which is heard a short time after witnessing 
the lightning strike. The return stroke follows the same path as the downwards stroke.

Lightning doesn’t stop at the ground. If conductivity is poor (eg sandy soil) the lightning may 
penetrate quite deeply, melting the sand to form glass fulgerites. In good conductivity soils 
the voltage gradient extends to over 50 m from the strike point.
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Intra-Cloud
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Intra-Cloud & Cloud to Ground

A strike starts with a leader working down from the cloud towards the 
ground. The leader doesn’t “know” that the ground is there until it is 
about 200m from the ground. Then a stream of electrons starts 
followed by a stepped leader and connection with the ground.
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Triggered Strikes
Small rockets trailing a grounded wire are launched into 
clouds to trigger a strike.



20

Global Electric Current
During fair weather a potential 
of between 200 kV and 500 kV 
exists between the Earth’s 
surface and the Ionosphere. 
This drives a current of about   
1 or 2 picoamps/square metre. 

This current is probably due to 
global thunderstorm activity –
about 2,000 simultaneous 
storms

Present measurements indicate that about 1 Ampere of current flows into 
the Stratosphere during the active phase of a typical thunderstorm. This 
implies that to keep the fair weather global electric current flowing about two 
thousand storms must be active at any given time.

Space measurements are needed to eliminate the uncertainties about 
global activity.
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Lightning Detection From Space
(Optical Transient Detector OTD)

The OTD operates similarly to a TV system. It can detect lightning 
from space both during daytime and night time.



22

Output from OTD



23

Tropical Storms

Tropical storms – ie those that occur within 23 degrees 27 minutes 
North or South of the Equator, are always present somewhere on the 
Earth.  They provide the principal signal source for whistlers received in 
the UK.
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Storms Nearer To Home
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RED SPRITES AND BLUE JETS
Red Sprites are energetic 
emissions above the 
storm. They can extend 
up to 95 kms above the 
Earth. They are 
ephemeral and very 
difficult to see from 
ground level.

Blue Jets are similar discharges.
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St. Elmo’s Fire
St. Elmo’s fire is a 
coronal discharge. Most 
commonly associated 
with the tips of masts and 
spars of sailing ships 
passing under a charged 
cloud.
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Aircraft Static Wick
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The Six Most Dangerous Activities 
Associated With Lightning Strikes

• Work or play in open fields. (eg. Radio Club Field Days!)
• Boating, fishing and swimming.
• Working on heavy farm or road equipment.
• Playing golf.
• Talking on the telephone (fixed line).
• Repairing or using electrical equipment.

If caught in the open and the hair on your head or 
neck starts to rise (this really happens) go inside the 
nearest building. If this is not possible crouch down 
immediately in the lowest possible spot and roll up 
into a ball with your feet on the ground.
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Lightning Strikes
In the United States 20% of people who are struck by lightning 
are playing golf.

The average airliner is hit once each year.

The average discharge current in a strike is 15,000 Amps.

The most powerful strikes generate about 200,000 Amps.

Lightning fixes about 1/3rd of the nitrate requirements for plant 
life.

Life on Earth could have had its origins – or have been 
accelerated – by lightning discharges in the early atmosphere.

Lightning observed on Jupiter.
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In General…….

If you see the

and hear the    BANG  

-it’s missed you!
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Whistler Receiver (S.P. McGreevy’s Bare Bones Basic Receiver Mk 4)

Antenna: 1 to 3 metre whip
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L1 can be made from a common audio transformer. A 1k primary, centre-tapped, 8Ω secondary audio transformer is 
suitable. One half of the primary is about 160 mH. 

L2 is optional. It will help reduce 50Hz hum when switched in. A small fixed inductor is suitable. You may need to 
experiment a bit with inductance values in this area. The circuit should be enclosed in a metal case for best performance.

The antenna can be a length of 15mm diameter copper pipe or thick wire. Grounding is not critical. If using a recorder a 
200mm ground spike might help eliminate any feedback. Again a bit of experimentation is probably needed.

100nF
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Signals Received at M0DCV QTH
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Global Electric Current

During fair weather a potential of between 200 kV and 500 kV exists 
between the Earth’s surface and the Ionosphere. This drives a current of 
about 1 or 2 picoamps/square metre. 

This current is probably due to global thunderstorm activity – about 2,000 
simultaneous storms



The Charge Receiver
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Capacitive Disk Receiver
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Field Mill
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The rotating vanes cover 
and uncover the fixed 
vanes. This causes a 
sinusoidal charge-
discharge of the capacitor 
that they form. The 
discharge current – which 
is a function of the electric 
field strength can be 
extracted and measured.



The “Inspiration”
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This design appeared 
in the “Amateur 
Scientist” section of 
Scientific American 
some years ago.

It uses household 
objects to make a 
Field Mill.



Model of Earth’s ES Field
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Below 1km radioactivity 
ionises the air to make it 
conductive. About 10 million 
ions are created every 
second per cubic meter. 
Above 1km solar radiation  
and cosmic rays produce the 
ionisation.

In fair weather conditions a 
few metres above the ground 
the field is about 100 V/m
Air conductivity varies by 6 
orders of magnitude between 
ground level and 50 kms.

There is a global charge 
movement equivalent to 
about 1kA globally.

The balancing mechanism to 
keep this going is charge 
injection from thunderstorms.



The Vertical Field in Action
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Variation in Field Lines Around 
An Obstacle
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Field Reversal During Lightning Strikes
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Synchronous Detector

42

Definition:

A detector sensitive only to signals close 
to or at a particular frequency that is the 
same as the frequency of a control signal 
applied independently. The synchronous 
detector also is phase-sensitive and is 
used in bridge and other null circuits as 
an anti-noise device.



Synchronous Detector
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Phase Sensitive Detector 
(Switching Mode Detector)

Signal
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www.precisionstrobe.com

45

The site with the construction details.

Optical slot to generate 
reference signal

Rotating vane

Fixed vane


	MEASURING THE EARTH’S ELECTROSTATIC FIELD
	Slide Number 2
	Topics:
	Lightning & The Earth’s Electrostatic Field.
	LIGHTNING
	Slide Number 6
	Slide Number 7
	Flying The Kite
	Slide Number 9
	Slide Number 10
	The Thunderstorm
	Anvil Cumulonimbus Cloud
	Slide Number 13
	Mactra
	Common Types of Lightning
	Cloud To Ground
	Slide Number 17
	Slide Number 18
	Triggered Strikes
	Global Electric Current
	Lightning Detection From Space�(Optical Transient Detector OTD)
	Output from OTD
	Tropical Storms
	Storms Nearer To Home
	RED SPRITES AND BLUE JETS
	St. Elmo’s Fire
	Aircraft Static Wick
	The Six Most Dangerous Activities Associated With Lightning Strikes
	Lightning Strikes
	In General…….
	Slide Number 31
	Signals Received at M0DCV QTH
	Global Electric Current
	The Charge Receiver
	Capacitive Disk Receiver
	Field Mill
	The “Inspiration”
	Model of Earth’s ES Field
	The Vertical Field in Action
	Variation in Field Lines Around An Obstacle
	Field Reversal During Lightning Strikes
	Synchronous Detector
	Synchronous Detector
	Slide Number 44
	www.precisionstrobe.com

