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ABSTRACT: 
In order to analyze the pulse characteristics of infinitesimal dipole & loop antennas, this paper induced the 

related expressions using the incident wave reconstruction technique (IWRT), and analyzed the derived results. 

The techniques proposed in this study have the advantage of being able to obtain easily the expressions for the 

radiated fields & the near-fields that represent the pulse characteristics of the antenna. The derived field 

expressions valid in all distance will be widely used to study the near-field & far-field characteristics of the 

antenna for arbitrary input current. 
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I. Introduction 
In general, when the field characteristics of 

infinitesimal(ultra-small) dipole & loop antennas are 

studied, they are interpreted in the frequency 

domain, and the properties are very well known. 

Field expressions for electric and magnetic fields are 

also well-interpretably expressed in frequency 

domains. However, the field characteristics of ultra-

small dipole & loop antennas for arbitrary input 

current in the time domain are shown in several 

books [1], but the process or results of obtaining 

those characteristics are very difficult. Also, with the 

development of UWB technology, it is very 

important to understand the pulse characteristics of 

the antennas. Since 2002, with an increased interest 

in UWB technology, it has become very important 

to understand the pulse characteristics of several 

antennas well. In this paper, as is well illustrated in 

various literature, we would like to obtain the field 

expression of the infinitesimal dipole & loop 

antennas by arbitrary input current by using the field 

expression in the well-known frequency domain. 

The techniques used are very simple techniques 

using the incident wave reconstruction technique 

and k  and ω  operators [2]. We have already 

proposed the above technique and utilized for the 

field derivation of infinitesimal dipole antenna in [3]. 

The derived field expressions for the antennas valid 

in all distance can be used for the antenna design 

and EMI/EMC applications. 

 

II. Basic Idea and Field Derivation (Dipole 

Antenna) 
When an input current I(t) = 𝐼0cos(𝜔𝑡) is applied 

to a ultra-small dipole antenna of length l , the 

radiation field is expressed as follows [4]. The 

expression is a field expression obtained when the 

input current is a time-harmonic function. We would 

like to use the following expression, which is 

already well known, to induce fields by arbitrary 

input current. 

 

�⃗� (𝑟 , 𝑡) = 
𝜔𝜇0𝑙

4𝜋𝑟
𝐼0 sin(𝑘𝑟 − 𝜔𝑡) sin 𝜃 �̂� 

 

where  𝜇0is the permeability of the free space, c is 

the speed of light, and  kis the wave number. Here, 

using the relational expression of 𝑘𝑛 =
𝜔𝑛

𝑐𝑛 , 𝜔𝑛 =
(−1)𝑛+1𝑑𝑛

𝑑𝑡𝑛 (𝑛 = 1, 2, … ) and using the incident wave 

reconstruction technique [2], we obtained the 

following field expression.  

 

�⃗� (𝑟 , 𝑡) = 
𝜇0𝑙

4𝜋𝑟

𝑑

𝑑𝑡
[𝐼(𝑡 −

𝑟

𝑐
)] sin 𝜃 �̂� 

 

It can be seen that the obtained field 

expression is also consistent with the results given 

in reference [1, Table 7.1]. In other words, the 

approach for field derivation is different but the final 
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result is the same. The derivation procedure of [1] is 

very long and difficult to obtain the final field 

expression. But the procedure of the proposed 

technique is very short and simple to obtain the final 

field expression. Therefore, we can simply obtain 

the radiation field of the ultra-small dipole antenna 

by arbitrary input current. If the current distribution 

is a Gaussian pulse with period T, I(t) = 𝐼0𝑒
−(𝑡/𝑇)2  

such as an input current, it is possible to obtain a 

radiation field very easily using the above 

expression.  

It is also possible to derive the full electric 

and magnetic fields at any distance, rather than 

limiting them to the radiation fields. The induction 

process is similar to the process of obtaining a 

radiation field, so it is omitted, and the final results 

are summarized as follows. The following equations 

[4] are the fields of the small-dipole antenna in the 

frequency domain when the current distribution is 

the time-harmonic function. 

 

�⃗⃗� (𝑟 , 𝑡) = −
1

𝑐

𝜔𝑙

4𝜋𝑟
𝐼0sin(𝜔𝑡 − 𝑘𝑟) sin 𝜃 �̂� +

𝑙

4𝜋𝑟2
𝐼0cos(𝜔𝑡 − 𝑘𝑟)sin𝜃�̂� 

 

�⃗� (𝑟 , 𝑡) = −
𝜔𝜇0𝑙

4𝜋𝑟
𝐼0sin(𝜔𝑡 − 𝑘𝑟) sin 𝜃 �̂� + 

𝜂0𝑙

4𝜋𝑟2
𝐼0 cos(𝜔𝑡 − 𝑘𝑟) (sin 𝜃 �̂� + 2 cos 𝜃 �̂�) 

+
1

𝜔𝜀0

𝑙

4𝜋𝑟3
𝐼0sin(𝜔𝑡 − 𝑘𝑟)(sin 𝜃 �̂� + 2 cos 𝜃 �̂�) 

 

Where 𝜂0 is the intrinsic impedance of the free space and k is the wave number. The next expression indicates 

the electric and magnetic fields by arbitrary input current at any distance from the antenna. 

 

�⃗⃗� (𝑟 , 𝑡) = 
1

𝜂0

𝜇0𝑙

4𝜋𝑟

𝑑

𝑑𝑡
[𝐼(𝑡 − 𝑟/𝑐)] sin 𝜃 �̂� +

𝑙

4𝜋𝑟2
I(𝑡 − 𝑟/𝑐)sin𝜃�̂� 

 

�⃗� (𝑟 , 𝑡) = 
𝜇0𝑙

4𝜋𝑟

𝑑

𝑑𝑡
[𝐼(𝑡 − 𝑟/𝑐)] sin 𝜃 �̂� +

𝜂0𝑙

4𝜋𝑟2
𝐼(𝑡 −

𝑟

𝑐
)(sin 𝜃 �̂� + 2 cos 𝜃 �̂�) 

+
1

𝜀0

𝑙

4𝜋𝑟3
∫𝐼 (𝑡 −

𝑟

𝑐
)𝑑𝑡 (sin 𝜃 �̂� + 2 cos 𝜃 �̂�) 

 

If it is very close to the antenna, it can be 

thought of as quasi-static, and from the above 

expression, this is the third field term of the above 

electric field. The third field shows that it is an 

electric field by an electric dipole moment that we 

know well. We can use the above expression to study 

the characteristics of electric fields according to the 

distance from the antenna. And also this field 

expressions can be used for the study of pulse 

characteristics by any pulse-like current distribution. 

The proposed method for the field derivation has an 

advantage of simplicity using the already well-known 

fields in the frequency domain. 

 

III. Field Derivation (Loop Antenna) 
When an input current I(t) = 𝐼0cos(𝜔𝑡) 

is applied to an infinitesimal loop antenna with radius 

a, the field is calculated using a phasor, especially 

the radiation field is simply expressed as shown in 

the following expression [4]. This expression is a 

field expression obtained when the input current is a 

time-harmonic cosine function.  

 

�⃗� (𝑟 , 𝑡) = 
𝜂0𝑘

2𝑎2

4𝑟
𝐼0 cos(𝑘𝑟 − 𝜔𝑡) sin 𝜃 �̂� 

 

where 𝜂0 is the intrinsic impedance of the free space 

and k is the wave number. 

We would like to use this expression to induce an 

entire field or a radiation field by arbitrary input 

current. Here, the relational expression of 𝑘𝑛 =
𝜔𝑛

𝑐𝑛 , 

𝜔𝑛 =
(−1)𝑛+1𝑑𝑛

𝑑𝑡𝑛  is used and organized using the 

incident wave reconstruction technique given in 

reference [2], which is expressed as follows. 

 

�⃗� (𝑟 , 𝑡) = −
1

𝑐

𝜇0𝜋𝑎2

4𝜋𝑟

𝑑2

𝑑𝑡2
[𝐼 (𝑡 −

𝑟

𝑐
)] sin 𝜃 �̂� 

 

Therefore, we can simply obtain the 

radiation field of the infinitesimal loop antenna by 

arbitrary input current. Furthermore, it is possible to 

apply this technique to the entire electric and 

magnetic fields at any distance, rather than limiting 

this technique to the radiation fields. The induction 

procedure is similar to the procedure of obtaining a 

radiation field, and the induction procedure is very 

long and thus omitted here, and the final results are 

summarized as follows. 
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�⃗� (𝑟 , 𝑡) = −
1

𝑐

𝜇0𝜋𝑎2

4𝜋𝑟

𝑑2

𝑑𝑡2
[𝐼 (𝑡 −

𝑟

𝑐
)] sin 𝜃 �̂� −

𝜇0𝜋𝑎2

4𝜋𝑟2

𝑑

𝑑𝑡
[𝐼 (𝑡 −

𝑟

𝑐
)] sin 𝜃 �̂� 

 

The expression shown above represents an 

electric field at any distance from the antenna. If the 

distance is very close to the antenna, the second term 

expression will be the most important term and if the 

distance is far from the antenna, the first term will be 

the most important term. In the antenna applications, 

the first term is used, but in the EMI/EMC 

applications (in the near/medium field), the second 

term is used. We can see that the field characteristics 

between them have a different function with respect 

to time. We can use the above expression to study the 

characteristics of electric fields according to the 

distance from the antenna.  

The expression induced in this paper is 

meaningful in that fields can be obtained for arbitrary 

input current. Also, the procedure of obtaining is very 

simple and easy, so there is a difference from other 

existing methods of induction [1]. In UWB 

technology, the pulse characteristics of the used 

antenna is necessary, thus the derived field 

expression is used for that study. 

 

IV. Conclusion 
In this paper, we have used the incident 

wave reconstruction technique and k  and ω 

operator for the field derivation. When arbitrary input 

current distribution is applied to the infinitesimal 

dipole & loop antennas, its radiation field and the 

whole field are simply obtained. The obtained field 

expression could be widely used to study field 

characteristics for arbitrary input current. The same 

technique can be used for the full field as well as the 

radiation field, and the results obtained will be 

available to study the field characteristics at various 

distance of the infinitesimal dipole & loop antennas. 

As a future research project, we would like to 

conduct a pulse characteristic study on the array of 

infinitesimal dipole & loop antennas. 
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