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Penetration Depth

Penetration Depth is defined as the depth at which the intensity 
of the radiation in the atmosphere falls to  1/e  (~37%) of its 
original value of the surface.

The equation of the intensity; ( ) ( ) h
eIhI

−
= 0

Where  alpha  is some constant.

Penetration Depth = 
1







The graph of Penetration Depth vs wave-length of the Radiation comes from the Sun



Regular and Irregular Variations 
of the Ionosphere

The ionosphere we have described up to now and the 
numerical values we have given refer to an average, or 
typical as some people prefer to call it, ionosphere. 
In practice these values vary by more than an order of 
magnitude with time and location. 
some of these changes follow a known pattern, 
whereas others come and go on an irregular basis.



Regular Variations of the Ionosphere

• The Latitudinal Dependence

The latitudinal dependence of the ionospheric parameters, mainly due to 
the change of the solar zenith angle with latitude, but also due to 
the change in the dip angle of the Earth's magnetic field. There is 
also a small longitudinal variation because the Earth's Magnetic Field 
various with longitude along any given geographic latitude. The  Nm  
(Molecular Number Density - electrons) can easily vary by an order of 
magnitude from the polar to the equatorial regions.

• The Diurnal Variation

The diurnal variation of the ionosphere which includes the peaking of the 
electron density usually in the early afternoon, the sharp changes near 
sunrise and unset, and the disappearance of the lower layers during 
the night. The  Nm  can again vary by an order of magnitude between 
night and day.



The Diurnal Behaviour of the        
E- Region and F-Region



Regular Variations of the Ionosphere

• The Seasonal Variation

The seasonal variation, which is also due to the change in the average 
zenith angle of the Sun as we move between the summer and winter 
solstices (සුර්ය නිවෘත්තිය).

•  The 27 Day Cycle

The 27 day cycle due to the intrinsic (true) rotation of the Sun. This cycle is 
especially noticeable during periods of high solar activity when a very 
activity region might last for more than one rotation of the Sun.

Active regions also have a tendency (willingness) to form in the same general 
area of other past active regions so that there is often a long lasting 
longitudinal asymmetry of activity on the Sun.



Regular Variations of the Ionosphere

• The 11 year Solar Cycle

The 11 year solar cycle, which represents the fairly regular increase and 
decrease of the solar activity and therefore of the ionizing radiation from the 
Sun with a period of approximately 11.1 years (may be 11.2 years). The 
last solar maximum occurred in 2008 !

?





Regular Variations of the Ionosphere

• The 11 year Solar Cycle

The fact that all these variations follow a rather well-prescribed pattern does 
not necessarily mean that these patterns follow the predictions of the simple 
Chapman layer theory. According to the Chapman theory, for example, the 
highest  F0, F2 and the lowest  hm  must occur when the Sun reaches the 
smallest zenith angle, which naturally occurs at noon. The Chapman theory 
also predicts lower critical frequencies at higher latitudes and for the same 
latitude lower critical frequencies in the winder hemisphere.

All the variations of the ionosphere that do not follow the predictions of the 
Chapman Theory came to be known as anomalies and over the years 
many anomalies of this kind have been reported and diseased in the 
literature.

Thus we have:
• The Equatorial or Geomagnetic Anomaly
• The Seasonal Anomaly 
• The December Anomaly
• The Diurnal Anomaly



Regular Variations of the Ionosphere

• The 11 year Solar Cycle

The equatorial or geomagnetic anomaly, because the  fo f2  varies 
with the geomagnetic rather than with the geographic latitude 
plus the fact that the noon values of the  F0 F2  show a decrease 
along the geomagnetic equator at the equinoxes (clinic).

• The Equatorial or Geomagnetic Anomaly

The seasonal anomaly, because at mid-latitudes the noon values 
of the  F0 F2  are higher in the winter than in the summer 
hemisphere.

• The Seasonal Anomaly



Regular Variations of the Ionosphere

• The 11 year Solar Cycle

The December anomaly, because on a worldwide basis the  F0 F2 
values of the ionosphere are in general higher around December.

• The December Anomaly

The diurnal anomaly, because the diurnal variation of the  F0 F2 is 
not always symmetric around the local noon.

• The Diurnal Anomaly

This phenomenon is especially pronounced at mid-latitudes 
during the summer months when the evening and early night 
values of the  F0 F2  approach and often exceed the 
corresponding noon value. The segment of high critical 
frequencies around noontime which is missing from the diurnal 
plot of the  F0 F2  has been given the descriptive name midday 
bite out.



Regular Variations of the Ionosphere

• The 11 year Solar Cycle

People have tried to account for these so called anomalies by 
including effects that were neglected by the simple Chapman theory.

• The Diurnal Anomaly

Some of the most important ones are:

1. Ambipolar diffusion in the presence of the Earth's 
magnetic field.

2. The coupling between the ionosphere and the 
plasmasphere.

3. The dragging of ionospheric plasma by neutral winds in the 
upper atmosphere.

4. The change with temperature of the production rate the 
loss rate and the scale height at any given attitude.



Irregular Variations of the Ionosphere

Besides the different anomalies which we have discussed above, the 
ionosphere shows also the following structural irregularities.

The sporadic-E, which is the frequent formation of a thin 
layer (1-5 km) of excess ionization at an attitude of about 
110 km. The electron density of this layer can exceed by more than 
a factor of two the ambient electron density of the E-region.

• The Sporadic - E

The sporadic-E has been studied extensively both from the 
theoretical and the experimental point of view, but still there 
is no general agreement on the cause of this phenomenon. 
According to one of the more widely discussed theories, the 

appearance of the sporadic-E is due to strong shear winds 
which often develop near the maximum of the E-
layer.



Irregular Variations of the Ionosphere

Ionograms occasionally show a large spread in the 
equivalent height from which the F-region echoes are 
returned. This time spread, which is much broader than the time 
width of the transmitted radio pulses, is produced either by a blobby 
structure of the F-region which causes in depth multiple scattering, 
or by a wavy structure of the F-region which permits the reflection of 
the radio waves by curved surface at different distance from the 
vertical. This phenomenon might last sometimes for several hours 
and is usually a good indication of disturbed conditions in the 
ionosphere.

• The Spread F

The ionospheric irregularities, which represent local 
perturbations (කැළඹීම්) by a few percent in the electron density 
of the ionosphere. These irregularities are often elongated (long) 
along the lines of the Earth's Magnetic Field and their dimensions are 
of the order of 1 to 10 km.

• The Ionospheric Irregularities



Irregular Variations of the Ionosphere

These are large size perturbations of the electron density 
extending sometimes over 1000 km. They have been observed 
to travel with speeds of the order of 300 ms ̄ ¹ over large distances 
and occasionally to make a full circle around the globe. The 
mechanism causing these large scale disturbances is not well 
understood. One possible suggestion is that they are produced by 

the sudden precipitation (running down) of a large number of energetic 

particles either in the polar regions or in the vicinity of a magnetic 
anomaly.

• Travelling Ionospheric Disturbances

This is a minimum in the electron densities of the ionosphere which 
develops primarily during the night time at a geomagnetic latitude 
(dip latitude) of approximately 60 degrees.

• The Mid-Latitude Trough



Irregular Variations of the Ionosphere

These are caused by the enhanced ultra-violet and X-ray 
radiation from the Sun during solar flare events. They occur 
only in the Sun-lit side of the Earth and they last, like the 
solar flares, from a few minutes to about one hour.

• Sudden Ionospheric Disturbances ( S I D )



Irregular Variations of the Ionosphere

These are closely associated with geomagnetic storms and 
can last from one to four days affecting the ionosphere over 
the entire globe. Observations of the unusual behavior of the 
ionosphere during these storms have been made and continue to be 
made by many groups around the world.

• Ionospheric Storms

Many diurnal, seasonal 
and latitudinal storm 
effects have been 
discovered and serious 
efforts have been made 
for their theoretical 
interpretation.



The Magnetosphere

The Earth’s Magnetic Fields
The Dipole Magnetic Field
Motion of charged particles in a Dipole Magnetic Field
The Radiation Belts
The boundary and the tail of the Magnetosphere



The Earth’s Magnetosphere

NASA ScienceCasts : Earth's Magnetosphere



The Earth’s Magnetic Field

Present theories believe that the Earth’s 
magnetic field arises (appears) from electric 

currents flowing in the molten metallic core of 
the planet, which has a radius approximately 
one-half the radius of the Earth

The currents are attributed to a dynamo mechanism operating inside the 
core. Recent discoveries suggest that the strength and orientation of the 
terrestrial magnetic field have changed considerably over geological periods. 
There is also strong evidence that the Earth’s magnetic field has reversed its 
direction several time during the life time of our planet.

Million of years



The Earth’s Magnetic Field

The Earth’s magnetic field resembles a di-pole 
magnetic field. Large scale regional departures 
from the dipole field are called geomagnetic 
anomalies and are attributed to irregular or eddies 
in the dynamo current system.

?

There are also smaller size anomalies 
due to local mineral deposits which 
are called surface magnetic 
anomalies and are helpful in locating 
these deposits of ferromagnetic 
materials.

A very small components (less 
than 0.1%) of the terrestrial 
magnetic field is due to currents of 
charge particles in the outer 
atmosphere of the Earth.



The Earth’s Magnetic Field

The sq-currents, eg: which circulates between the 
Sunlit and the dark hemisphere, is responsible for 
the small, regular diurnal (daytime) variations of 

the magnetic field observed on the ground.

After a large solar flare, the enhanced flux 
of energetic particles from the Sun can 
produce strong ring currents of the charged 
particles around the Earth that can produce 
large fluctuations (occasionally as high as 
3%) of the terrestrial magnetic field. These 
magnetic disturbances, which might last for 
several days, are described by the different 
indices of geomagnetic activity.



The Earth’s Magnetic Field

The magnetic field of the Earth can be represented to a good 
approximation, by a dipole-field with a magnetic moment  
M = 8.05 ± 0.02 x 10²⁵ Gauss cm³. The intensity of the field at the equator 

is ~0.3 Gauss  and at poles ~0.6 Gauss.

(T) Tesla 10 x 1 ~   )(G  Gauss 1 -4=

The Earth magnetic 
field intensity at the 
equator ~40,000 nT.



The Earth’s Magnetic Field

The centered dipole (its axis passes through 
the center of the Earth) which fits best the 
Earth’s magnetic field has its axis directed 
along the line    (79°N, 290°E)  to (79°S, 
110°E). These are referred to respectively as 

the north geomagnetic pole and the 
south geomagnetic pole.

θ

The actual magnetic 
poles are 
asymmetrically 
(unsymmetrically) located at 
(73°N, 262°E)  to (68°S, 
145°E).

The Earth magnetic poles 
are changing with time !



The Earth’s Magnetic Field

The coordinates of the dipole field are called the geomagnetic latitude and 
the geomagnetic longitude. The angle the magnetic field makes with the 
horizontal is called the inclination or dip of the magnetic field, and the 
angle its horizontal component makes with the local geographic meridian 
(Earth Centre line from North Pole to South Pole ) is called the declination (drop) of 
the magnetic field.





The Dipole Magnetic Field

d

+m -m

Magnetic Dipole Moment, M

dmM =

Magnetic Dipole Moment

A measure of the magnetic strength of a magnet is set with its axes
perpendicular to the magnetic field



The Dipole Magnetic Field

Let us consider the magnetic field at a point  O, at distance  r1  and  r2  
from the two poles of a magnetic dipole. Let  m  be the strength of each of 
the two poles and  d  the distance that separate them. The product  m d  is 
called the Magnetic Dipole Moment (M). 

r

r1

r2

O

d

H1

H2

+m

-m

21
14 r

m
H o =




2

2

2
4 r

m
H o =





The magnetic field at  O  will have the two components,

and



The Dipole Magnetic Field
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(As seen from the above diagram, the distance  r  
of the point  O  from the center of the dipole is 
given by the above expressions)



The Dipole Magnetic Field
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The Dipole Magnetic Field

When  r1 ≈ r2 » d,  the angles  α1  and  α2  tend to zero and the respective cosines 

to unity. 
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The Dipole Magnetic Field

When  r1 ≈ r2 » d,  the angles  α1  and  α2  tend to zero and the respective cosines 

to unity. 
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The Dipole Magnetic Field

The radial component  Hr of the magnetic field at a point  O  a large 
distance from the dipole is given by :  
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And the tangential component  Hθ of the magnetic field at a point  O is 
given by :  
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The Dipole Magnetic Field Hr

Hθ
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The line connecting the two poles of the dipole defines the axis of the north 
and south magnetic poles. Therefore, the angle θ  represents the 
geomagnetic co-latitude. At the poles, where  θ=0,  the magnetic field  
HP  is all in the radial direction and is given by the expression,
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The Dipole Magnetic Field Hr
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While at the equator, where  θ=90°,  the magnetic field  HE  is entirely in 

the tangential direction and is given by the expression,
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Thus the magnetic field at the poles has twice the intensity of the magnetic 
field at the equator !

   i.e.;  HP = 2 HE



The Dipole Magnetic Field

Total Magnetic Field

Now we can compute the intensity of the total magnetic field at any 
geomagnetic co-latitude, θ from radial and the tangential components 
we have already obtained,
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The Dipole Magnetic Field

Total Magnetic Field

The above equation shows that the intensity of the dipole magnetic field 
decreases with distance as the third power (r³) of the radial distance and for 
the same  r  varies, as we have seen already, by a factor of  2  from the 
poles to the equator. Using the above derived equations, we can express the 
total magnetic field at any given value of  θ  in terms of the equatorial 
magnetic field at the same radial distance.
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The Dipole Magnetic Field

Total Magnetic Field

From the radial (vertical) and the tangential (horizontal) components of the 
magnetic field, we can also find the inclination angle,  ω  (dip) of the 
field.
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The above equation shows that the dip of the magnetic field is independent 
of the radial distance and therefore, the magnetic field at any altitude 
above a given station will always be parallel to the magnetic field 
on the ground.

( ) ( )r =



The Dipole Magnetic Field

Total Magnetic Field
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An imaginary line to which the magnetic field is always tangential is 
called a line of force or a field line. For such a line as seen from the 
above figure we have,
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The Dipole Magnetic Field

Total Magnetic Field
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Boundary Conditions :

If  θ=π/2 and  r=ro  then  c=ro

2sinorr =



The Dipole Magnetic Field

Total Magnetic Field
r
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Where  ro  is the radial distance of the field line at the equator. The above 
equation is a very important relation because it gives the geometry of the 
field lines of the dipole field. The magnetic field at the equatorial crossing of 
a given field line is usually denoted by Ho  and it is very important 
parameter because by knowing  Ho  we can determine the magnetic field at 
any point along this field line. 
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The Dipole Magnetic Field

Total Magnetic Field
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The above equation is probably the most useful expression in the 
Mathematical description of the dipole magnetic field ! 



The Earth Magnetic Field

The Earth's magnetic field ranges between approximately 
~25,000 nT and ~65,000 nT (0.25–0.65 G).



Min -

Max

The Earth Magnetic Field



Earth magnetic Field



The Magnetosphere

The Earth’s Magnetic Fields
The Dipole Magnetic Field
Motion of charged particles in a Dipole Magnetic Field
The Radiation Belts
The boundary and the tail of the Magnetosphere



Motion of Charged Particle in a Dipole Magnetic field 

A charged particle moving with velocity V  at an angle  ψ,  called patch 
angle, to a magnetic field will experience the Lorentz Force  F.

V
ψ

V cosψ

V sinψ

B

xOF



Thank You !
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