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ABSTRACT: The Chapman function plays a pivotal role as a foundational instrument in delineating the vertical 

distribution of electron density within the ionosphere. Through its mathematical formulation and subsequent 

physical interpretation, it offers invaluable insights into the intricate structure and dynamic behaviour of the 

ionosphere. By elucidating the complexities of this crucial region of the Earth’s atmosphere, the Chapman function 

significantly enhances our comprehension of its functioning and significance in various atmospheric and 

technological contexts. The temperature fluctuations within the ionosphere throughout daylight hours adhere to a 

consistent trend, characterized by swift warming in the morning, reaching peak temperatures around midday, 

followed by a gradual decline in temperature during the afternoon, and transitioning into night time cooling as 

sunset approaches. A comprehensive grasp of these temperature variations is imperative for accurately modelling 

ionospheric dynamics and forecasting electron density profiles, essential for a myriad of applications including radio 

wave propagation, satellite communication, and the operation of navigation systems. 
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I. INTRODUCTION 
 

The ionosphere, situated in the Earth’s upper atmosphere, is renowned for its intricate and ever-changing attributes. 

Within this expansive region, ionospheric irregularities emerge as prominent features, manifesting as fluctuations in 

plasma density, electron concentration, and electron temperature across both spatial and temporal dimensions. Such 

irregularities wield considerable influence, exerting significant effects on crucial aspects like radio wave 

propagation, satellite communication, and the functioning of global navigation systems. Consequently, they present 

formidable challenges for activities reliant on modern technology. 

The fluctuations in temperature within the ionosphere over the course of a day are intricately shaped by a 

multitude of factors, ranging from the intensity of solar radiation to the dynamics of the atmosphere and the activity 

of the Earth’s geomagnetic field. Precisely comprehending the temporal evolution of temperature is paramount for 

constructing accurate models of ionospheric dynamics and forecasting electron density profiles with precision. 

Although the temperature distribution within the ionosphere is inherently complex and subject to variations 

contingent upon factors such as geographical location, seasonal changes, and the level of solar activity, a general 

trend can be discerned through a typical diurnal cycle. 

The Chapman function assumes a central role as a cornerstone tool for delineating the vertical distribution 

of electron density within the ionosphere. Its mathematical formulation, coupled with its subsequent physical 

interpretation, serves as a gateway to invaluable insights into the nuanced structure and dynamic behaviour of the 

ionosphere. By unravelling the intricacies of this pivotal region of the Earth’s atmosphere, the Chapman function 

greatly enriches our understanding of its functioning and significance across diverse atmospheric and technological 

domains. 

 

Chapman Function 
The Chapman function, bearing the name of its pioneering creator Sydney Chapman, stands as a fundamental 

mathematical tool extensively employed in elucidating the vertical distribution of electron density within the Earth’s 

ionosphere. This mathematical expression serves as a succinct yet powerful descriptor, offering insight into the 
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nuanced variations of electron density as a function of altitude across the layers of the ionosphere. The Chapman 

function is commonly formulated as an exponential decay function. 

 
Where: 

Ne(h) is the electron density at altitude h, 

N0 is the peak electron density (maximum electron density at the peak of the ionosphere), 

h0 is the altitude at which the peak electron density occurs, 

 H(T) is the temperature-dependent scale height. 

The temperature-dependent scale height H(T) can be calculated using the following expression: 

 
Where: 

 k - Boltzmann’s constant, 

 T - the temperature in Kelvin, 

m - the mean molecular mass of the atmospheric constituents (typically taken as the mean molecular mass 

of air), 

g - the acceleration due to gravity. 

 
The Chapman function offers a comprehensive depiction of the vertical distribution of electron density 

within the ionosphere, showcasing the arrangement of ionized particles stemming from solar radiation. This 

mathematical construct operates on the premise of photochemical equilibrium, positing a harmonious equilibrium 

between the rates of ionization production and loss within the ionosphere. Consequently, electron density exhibits an 

exponential decline as altitude increases, mirroring the diminishing occurrences of ionization and recombination 

processes as one ascends through the atmospheric layers. 

The parameter peak electron density (N0) signifies the utmost electron density detected at the zenith of the 

ionosphere. This value is subject to the influence of various factors, including solar activity levels, solar zenith 

angle, and the composition of the atmosphere. The parameter peak altitude (h0) denotes the altitude where the 

electron density achieves its highest point. This altitude is commonly situated within the F region of the ionosphere, 

spanning from roughly 150 to 600 kilometres above the Earth’s surface. The parameter scale height (H) governs the 

pace at which electron density diminishes with altitude. It signifies the altitude range over which the electron density 

N e(h) = N 0exp(− h− h0
H (T ) )

H (T ) =
kT

mg
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reduces by a factor of e (approximately 2.718). A greater scale height suggests a more gradual decline in electron 

density with altitude, whereas a smaller scale height corresponds to a swifter decrease. 

Incorporating temperature dependence into the Chapman function enhances its ability to accurately portray 

electron density variations in the ionosphere under diverse thermal conditions. This adjustment allows for a more 

precise reflection of the thermal structure of the ionosphere and its sensitivity to alterations in atmospheric 

temperature. By accounting for temperature effects, researchers can refine ionospheric modelling and prediction 

capabilities, particularly within the realms of space weather forecasting and communication system planning. 

Throughout the day, the temperature variation in the ionosphere is influenced by a myriad of factors, 

including solar radiation, atmospheric dynamics, and geomagnetic activity. Understanding the temporal temperature 

changes is essential for accurately modelling ionospheric behaviour and predicting electron density profiles. While 

the temperature profile within the ionosphere is intricate and subject to variation based on factors such as location, 

season, and solar activity level, a general trend can be observed during a typical day. 

Daylight hours predominantly witness temperature variations in the ionosphere driven by solar heating. 

Solar radiation interacts with the upper atmosphere, instigating ionization processes that culminate in the formation 

of the ionosphere and subsequent heating of gas particles. This heating phenomenon is particularly prominent at 

higher altitudes and in regions characterized by heightened solar activity. The temperature profile in the ionosphere 

typically exhibits the following characteristics throughout the day: 

 
Morning Rise: At the break of dawn, the temperature within the ionosphere undergoes a swift ascent, propelled by 

the onset of solar heating. This surge in temperature is particularly pronounced within the F region of the 

ionosphere, which serves as the focal point for the bulk of ionization processes. The pace of temperature elevation is 

shaped by various factors, including the solar zenith angle, solar flux intensity, and the composition of the 

atmosphere. 

 

Peak Temperature: By midday, the ionospheric temperature attains its zenith, mirroring the crescendo of solar 

radiation intensity and the apex of solar heating activity. This period witnesses the most fervent manifestation of 

solar energy, particularly evident within the F region of the ionosphere, spanning altitudes ranging from 

approximately 150 to 600 kilometres. The pinnacle of temperature during this juncture hinges on several factors, 

including the solar zenith angle, solar flux magnitude, and the density of the atmosphere. 

 

Afternoon Decline: After reaching its zenith, the ionospheric temperature embarks on a gradual descent during the 

afternoon, following the attenuation of solar radiation intensity. Nonetheless, the ionosphere preserves the thermal 

energy amassed earlier, engendering a more leisurely cooling trajectory compared to the pace of heating. The 

swiftness of temperature reduction is contingent upon several factors, including the solar zenith angle, atmospheric 

composition, and the mechanisms governing heat transfer processes. 

 

Evening Transition: At the onset of sunset, the ionospheric temperature undergoes a nuanced transition from 

daytime to nocturnal conditions, instigating intricate thermal dynamics within the ionosphere. With the waning of 

solar radiation, the pace of temperature decline accelerates, precipitating a swift cooling phenomenon within the 

ionosphere. This pivotal shift from diurnal heating to nocturnal cooling exerts a profound influence on the structural 

composition of the ionosphere and the distribution of electron density therein. 

 

Nighttime Cooling: During the nighttime hours, the absence of solar radiation leads to a gradual cooling of the 

ionosphere. Cooling occurs through radiative heat loss and thermal conduction, causing the temperature to decrease 

with altitude. The cooling rate depends on factors such as atmospheric composition, geomagnetic activity, and 

thermal conductivity. 

 

Night time Cooling: During the night time hours, the absence of solar radiation leads to a gradual cooling of the 

ionosphere. Cooling occurs through radiative heat loss and thermal conduction, causing the temperature to decrease 

with altitude. The cooling rate depends on factors such as atmospheric composition, geomagnetic activity, and 

thermal conductivity. 
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II. CONCLUSION 
 

The Chapman function offers a straightforward yet indispensable depiction of the electron density profile within the 

ionosphere, enabling researchers to discern and analyze its structural and dynamic attributes. Through the process of 

fitting observed electron density profiles to the Chapman function, scientists gain valuable insights into fundamental 

features of the ionosphere, including peak electron density, peak altitude, and scale height. This wealth of 

information is crucial for comprehending the variability inherent to the ionosphere, modelling its influence on radio 

wave propagation, and forecasting its behaviour across diverse environmental scenarios. 

 

The Chapman function stands as a pivotal tool in delineating the vertical distribution of electron density 

within the ionosphere. Its mathematical representation and physical interpretation yield valuable insights into the 

structure and dynamics of the ionosphere, enriching our understanding of this crucial region of Earth’s atmosphere. 

While offering a concise portrayal of electron density variations, the Chapman function presents a simplified model 

that may overlook certain facets of ionospheric behaviour. Indeed, the ionosphere demonstrates intricate dynamics 

influenced by geomagnetic activity, atmospheric tides, and solar fluctuations. To address these complexities, 

researchers often employ extensions of the Chapman function, including modified versions incorporating 

temperature dependency or empirical corrections to accommodate deviations from idealized conditions. 

 

Regarding ionospheric temperature variations throughout the day, a typical pattern emerges, characterized 

by distinct phases: rapid morning heating, midday peak temperatures, gradual afternoon cooling, and transition to 

nighttime cooling at sunset. Understanding these temperature fluctuations is paramount for accurate modelling of 

ionospheric dynamics and prediction of electron density profiles. These predictions are indispensable for various 

applications such as radio wave propagation, satellite communication, and navigation systems. However, it’s crucial 

to recognize that these temperature trends are approximate and subject to variations influenced by factors such as 

solar activity, geographical location, and atmospheric dynamics. 
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