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Unit –II 

Antenna Array 

The study of a single small antenna indicates that the radiation fields are uniformly 

distributed and antenna provides wide beam width, but low directivity and gain. For example, 

the maximum radiation of dipole antenna takes place in the direction normal to its axis and 

decreases slowly as one moves toward the axis of the antenna. The antennas of such radiation 

characteristic may be preferred in broadcast services where wide coverage is required but not 

in point to point communication. Thus to meet the demands of point to point communication, 

it is necessary to design the narrow beam and high directive antennas, so that the radiation 

can be released in the preferred direction. The simplest way to achieve this requirement is to 

increase the size of the antenna, because a larger-size antenna leads to more directive 

characteristics. But from the practical aspect the method is inconvenient as antenna becomes 

bulky and it is difficult to change the size later. Another way to improve the performance of 

the antenna without increasing the size of the antenna is to arrange the antenna in a specific 

configuration, so spaced and phased that their individual contributions are maximum in 

desired direction and negligible in other directions. This way particularly, we get greater 

directive gain. This new arrangement of multi-element is referred to as an array of the 

antenna. The antenna involved in an array is known as element. The individual element of 

array may be of any form (wire. dipole. slot, aperture. etc.). Having identical element in an 

array is often simpler, convenient and practical, but it is not compulsory. The antenna array 

makes use of wave interference phenomenon that occurs between the radiations from the 

different elements of the array. Thus, the antenna array is one of the methods of combining 

the radiation from a group of radiators in such a way that the interference is constructive in 

the preferred direction and destructive in the remaining directions. The main function of an 

array is to produce highly directional radiation. The field is a vector quantity with both 

magnitude and phase. The total field (not power) of the array system at any point away from 

its centre is the vector sum of the field produced by the individual antennas. The relative 

phases of individual field components depend on the relative distance of the individual 

clement and in turn depend on the direction.  

 

ARRAY CONFIGURATIONS  
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Broadly, array antennas can be classified into four categories:  

(a) Broadside array  

(b) End-fire array  

(c) Collinear array  

(d) Parasitic array 

Broadside Array- This is a type of array in which the number of identical elements is placed 

on a supporting line drawn perpendicular to their respective axes.  

Elements are equally spaced and fed with a current of equal magnitude and all in same phase. 

The advantage of this feed technique is that array fires in broad side direction (i.e. 

perpendicular to the line of array axis, where there are maximum radiation and small 

radiation in other direction). Hence the radiation pattern of broadside array is bidirectional 

and the array radiates equally well in either direction of maximum radiation. In Fig. 1 the 

elements are arranged in horizontal plane with spacing between elements and radiation is 

perpendicular to the plane of array (i.e. normal to plane of paper.) They may also be arranged 

in vertical and in this case radiation will be horizontal. Thus, it can be said that broadside 

array is a geometrical arrangement of elements in which the direction of maximum radiation 

is perpendicular to the array axis and to the plane containing the array clement. Radiation 

pattern of a broad side array is shown in Fig. 2. The bidirectional pattern of broadside array 

can be converted into unidirectional by placing an identical array behind this array at distance 

of λ/4 fed by current leading in phase by 900.  

    
Fig. 1 Geometry of broadside array    Fig. 2 Radiation pattern of broadside array 

 

End Fire Array- The end fire array is very much similar to the broadside array from the 

point of view of arrangement. But the main difference is in the direction of maximum 

radiation. In broadside array, the direction of the maximum radiation is perpendicular to the 
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axis of array; while in the end fire array, the direction of the maximum radiation is along the 

axis of array.  

 
Fig. 3 End fire array 

Thus in the end fire array number of identical antennas are spaced equally along a line. All 

the antennas are fed individually with currents of equal magnitudes but their phases vary 

progressively along the line to get entire arrangement unidirectional finally. i.e. maximum 

radiation along the axis of array.  

Thus end fire array can be defined as an array with direction of maximum radiation coincides 

with the direction of the axis of array to get unidirectional radiation. 

 

Collinear Array- In collinear array the elements are arranged co-axially, i.e., antennas are 

either mounted end to end in a single line or stacked over one another. The collinear array is 

also a broadside array and elements are fed equally in phase currents. But the radiation 

pattern of a collinear array has circular symmetry with its main lobe everywhere normal to 

the principal axis. This is reason why this array is called broadcast or Omni-directional 

arrays. Simple collinear array consists of two elements: however, this array can also have 

more than two elements (Fig. 4). The performance characteristic of array does not depend 

directly on the number of elements in the array. For example, the power gain for collinear 

array of 2, 3, and 4 elements are respectively 2 dB, 3.2 dB and 4.4 dB respectively. The 

power gain of 4.4 dB obtained by this array is comparatively lower than the gain obtained by 

other arrays or devices. The collinear array provides maximum gain when spacing between 

elements is of the order of 0.3λ to 0.5λ; but this much spacing results in constructional and 

feeding difficulties. The elements are operated with their ends are much close to each other 

and joined simply by insulator.  
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Fig. 4 (a) Vertical collinear antenna array (b) Horizontal collinear antenna array 

Increase in the length of collinear arrays increases the directivity: however, if the number of 

elements in an array is more (3 or 4), in order to keep current in phase in all the elements, it is 

essential to connect phasing stubs between adjacent elements. A collinear array is usually 

mounted vertically in order to increase overall gain and directivity in the horizontal direction. 

Stacking of dipole antennas in the fashion of doubling their number with proper phasing 

produces a 3 dB increase in directive gain. 

Parasitic Arrays- In some way it is similar to broad side array, but only one element is fed 

directly from source, other element arc electromagnetically coupled because of its proximity 

to the feed element. Feed element is called driven element while other elements are called 

parasitic elements. A parasitic element lengthened by 5% to driven element act as reflector 

and another element shorted by 5% acts as director. Reflector makes the radiation maximum 

in perpendicular direction toward driven element and direction helps in making maximum 

radiation perpendicular to next parasitic element. The simplest parasitic array has three 

elements: reflector, driven element and director, and is used, for example in Yagi-Uda array 

antenna. The phase and amplitude of the current induced in a parasitic element depends upon 

its tuning and the spacing between elements and driven element to which it is coupled. 

Variation in spacing between driven element and parasitic elements changes the relative 

phases and this proves to be very convenient. It helps in making the radiation pattern 

unidirectional. A distance of λ/4 and phase difference of π/2 radian provides a unidirectional 

pattern. A properly designed parasitic array with spacing 0.1λ to 0.15λ provides a frequency 

bandwidth of the order of 2%, gain of the order of 8 dB and FBR of about 20 dB. It is of great 

practical importance, especially at higher frequencies between 150 and 100 MHz, for Yagi 

array used for TV reception.  
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The simplest array configuration is array of two point sources of same polarization and 

separated by a finite distance. The concept of this array can also be extended to more number 

of elements and finally an array of isotropic point sources can be formed. 

 

Based on amplitude and phase conditions of isotropic point sources, there are three types of 

arrays: 

(a) Array with equal amplitude and phases  

(b) Array with equal amplitude and opposite phases  

(c) Array with unequal amplitude and opposite phases  

 

Two Point Sources with Currents Equal in Magnitude and Phase 

 
Fig. 5 Two element array 

Consider two point sources A1 and A2, separated by distance d as shown in the Fig. 5. 

Consider that both the point sources are supplied with currents equal in magnitude and phase. 

Consider point P far away from the array. Let the distance between point P and point sources 

A1 and A2 be r1 and r2 respectively. As these radial distances are extremely large as compared 

with the distance of separation between two point sources i.e. d, we can assume,  

r1= r2 = r  

The radiation from the point source A2 will reach earlier at point P than that from point 

source A1 because of the path difference. The extra distance is travelled by the radiated wave 

from point source A1 than that by the wave radiated from point source A2. 

Hence path difference is given by,  

Path difference = d cos ʋ        ...(1) 

The path difference can be expressed in terms of wavelength as,  

Path difference = (d cos ʋ) / λ       

 ...(2) 
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Hence the phase angle ʋ is given by, 

Phase angle ʋ = 2π (Path difference) 

 

 

But phase shift β = 2π/λ, thus equation (3) becomes, 

  

Let E1 be the far field at a distant point P due to point source Al. Similarly let E2 be the far 

field at point P due to point source A2. Then the total field at point P be the addition of the 

two field components due to the point sources A1 and A2. If the phase angle between the two 

fields is ʋ = βdcosʋ then the far field component at point P due to point source A1 is given 

by,  

 

Similarly the far field component at point P due to the point source A2 is given by, 

 

Note that the amplitude of both the field components is E0 as currents are same and the point 

sources are identical. 

The total field at point P is given by,  

 

 

Rearranging the terms on R.H.S., we get,  

 

By trigonometric identity,  

 

Hence equation (7) can be written as, 
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Substituting value of Ψ from equation (4), we get,. 

 

Above equation represents total field in intensity at point P. due to two point sources having 

currents of same amplitude and phase. The total amplitude of the field at point P is 2E0 while 

the phase shift is βdcosʋ/2 

The array factor is the ratio of the magnitude of the resultant field to the magnitude of the 

maximum field.  

 

But maximum field is Ernax =2E0 

  

The array factor represents the relative value of the field as a function of ʋ defines the 

radiation pattern in a plane containing the line of the array. 

Maxima direction 

From equation (9), the total field is maximum when is maximum. As we know, the 

variation of cosine of a angle is ± 1. Hence the condition for maxima is given by,  

 

Let spacing between the two point sources be λ/2. Then we can write,  
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If n = 0, then 

 

Minima direction  

Again from equation (9), total field strength is minimum when  is minimum 

i.e. 0 as cosine of angle has minimum value 0. Hence the condition for minima is given by,  

 

Again assuming d = λ/2 and β=2π/λ, we can write  

 

Half power point direction: 

When the power is half, the voltage or current is 1/√2 times the maximum value.  

Hence the condition for half power point is given by, 
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Let d=λ/2 and β=2π/λ, then we can write, 

 

 

 

The field pattern drawn with ET against ʋ for d=λ/2, then the pattern is bidirectional as 

shown in Fig 6. The field pattern obtained is bidirectional and it is a figure of eight.  

If this pattern is rotated by 3600 about axis, it will represent three dimensional doughnut 

shaped space pattern. This is the simplest type of broadside array of two point sources and it 

is called Broadside couplet as two radiations of point sources are in phase. 

 
Fig. 6 Field pattern for two point source with spacing d=λ/2 and fed with currents equal in magnitude and 

phase. 
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Two Point Sources with Currents Equal in Magnitudes but Opposite in Phase 

Consider two point sources separated by distance d and supplied with currents equal in 

magnitude but opposite in phase. Consider Fig. 5 all the conditions are exactly same except 

the phase of the currents is opposite i.e. 180°. With this condition, the total field at far point P 

is given by,  

 

Assuming equal magnitudes of currents, the fields at point P due to the point sources A1 and 

A2 can be written as,  

 

Substituting values of E1 and E2 in equation (1), we get 

 

 

Rearranging the terms in above equation, we get, 

 

By trigonometry identity, 

 

Equation (4) can be written as, 

 

Now as the condition for two point sources with currents in phase and out of phase is exactly 

same, the phase angle can be written as previous case.  

Phase angle = βdcosʋ        ...(6)  

Substituting value of phase angle in equation (5), we get,  

 

Maxima direction  



Antenna & Wave Propagation                                                                                           Antenna Array 

 

Prepared By- Raj Kumar Jain Page 12 

 

From equation (7), the total field is maximum when  is maximum i.e. ±1 as the 

maximum value of sine of angle is ±1. Hence condition for maxima is given by,  

 

Let the spacing between two isotropic point sources be equal to d=λ/2  

Substituting d=λ/2 and β=2π/λ, in equation (8), we get,  

 

If n = 0. then  

 

Minima direction  

Again from equation (7), total field strength is minimum when  is minimum 

i.e. 0.  

Hence the condition for minima is given by,  

 

Assuming d=λ/2 and β=2π/λ in equation (10), we get,  

 

If n = 0, then  
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Half Power Point Direction (HPPD)  

When the power is half of maximum value, the voltage or current equals to 1/√2 times the 

respective maximum value. Hence the condition for the half power point can be obtained 

from equation (7) as,  

 

Let d=λ/2 and β=2π/λ, we can write, 

 

Thus from the conditions of maxima, minima and half power points, the field pattern can be 

drawn as shown in the Fig. 7. 

 
Fig. 7 Field pattern for two point sources with spacing d = d=λ/2 and fed with currents equal in 

magnitude but out of phase by 1800. 
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 As compared with the field pattern for two point sources with inphase currents, the maxima 

have shifted by 90° along X-axis in case of out-phase currents in two point source array. Thus 

the maxima are along the axis of the array or along the line joining two point sources. In first 

case, we have obtained vertical figure of eight. Now in above case, we have obtained 

horizontal figure of eight. As the maximum field is along the line joining the two point 

sources, this is the simple type of the end fire array. 

 

Two point sources with currents unequal in magnitude and with any phase 

Let us consider Fig. 5. Assume that the two point sources are separated by distance d and 

supplied with currents which are different in magnitudes and with any phase difference say α. 

Consider that source 1 is assumed to be reference for phase and amplitude of the fields E1 and 

E2, which are due to source 1 and source 2 respectively at the distant point P. Let us assume 

that E1 is greater than E2 in magnitude as shown in the vector diagram in Fig. 8.  

 
Fig. 8 Vector diagram of fields El and E2 

Now the total phase difference between the radiations by the two point sources at any far 

point P is given by,  

 

where α is the phase angle with which current I2 leads current Il. Now if α = 0, then the 

condition is similar to the two point sources with currents equal in magnitude and phase. 

Similarly if α = 180", then the condition is similar to the two point source with currents equal 

in magnitude but opposite in phase. Assume value of phase difference as 0 < α < 1800. Then 

the resultant field at point P is given by,  
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Note that E1 > E2, the value of k is less than unity. Moreover the value of k is given by, 0 ≤ k 

≤ 1  

 

The magnitude of the resultant field at point P is given by,  

 

 

The phase angle between two fields at the far point P is given by,  

 

 

n Element Uniform Linear Arrays  

At higher frequencies, for point to point communications it is necessary to have a pattern with 

single beam radiation. Such highly directive single beam pattern can be obtained by 

increasing the point sources in the arrow from 2 to n say. An array of n elements is said to be 

linear array if all the individual elements are spaced equally along a line. An array is said to 

be uniform array if the elements in the array are fed with currents with equal magnitudes and 

with uniform progressive phase shift along the line. Consider a general n element linear and 

uniform array with all the individual elements spaced equally at distance d from each other 

and all elements are fed with currents equal in magnitude and uniform progressive phase shift 

along line as shown in the Fig. 9. 
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Fig. 9 Uniform, linear array of n elements 

The total resultant field at the distant point P is obtained by adding the fields due to n 

individual sources vectorically. Hence we can write,  

 

Note that ʋ= (βdcosʋ + α) indicates the total phase difference of the fields from adjacent 

sources calculated at point P. Similarly α is the progressive phase shift between two adjacent 

point sources. The value of α may lie between 00 and 1800. If α = 00 we get n element 

uniform linear broadside array. If α = 1800 we get n element uniform linear endfire array.  

Multiplying equation (1) by ejʋ, we get, 

 

Subtracting equation (2) from (1), we get, 

. 

Simply mathematically, we get 
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According to trigonometric identity, 

 

The resultant field is given by, 

 

This equation (4) indicates the resultant field due to n element array at distant point P. 

The magnitude of the resultant field is given by, 

 

The phase angle θ of the resultant field at point P is given by, 

 

 

Array of n elements with Equal Spacing and Currents Equal in Magnitude and Phase • 

Broadside Array  

Consider 'n' number of identical radiators carries currents which are equal in magnitude and 

in phase. The identical radiators are equispaced. Hence the maximum radiation occurs in the 

directions normal to the line of array. Hence such an array is known as Uniform broadside 

array. Consider a broadside array with n identical radiators as shown in the Fig. 10. 
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Fig 10 Array of n elements with Equal Spacing 

The electric field produced at point P due to an element A0 is given by, 

 

As the distance of separation d between any two array elements is very small as compared to 

the radial distances of point P from A0, A1, ...An-1, we can assume r0, r1, ...rn-1 are 

approximately same.  

Now the electric field produced at point P due to an element A1 will differ in phase as r0 and 

r1 are not actually same. Hence the electric field due to A1 is given by,  

 

 

 

 

 

Exactly on the similar lines we can write the electric field produced at point P due to an 

element A2 as, 
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But the term inside the bracket represent E1 

 

From equation (2), substituting the value of E1, we get, 

 

Similarly, the electric field produced at point P due to element An-1 is given by, 

 

The total electric field at point P is given by,  

 

Let βdcosʋ = ʋ, then rewriting above equation, 

 

Consider a series given by  

s = 1 + r + r2 +..... + rn-1        ... (i) 

where r = ejʋ 

Multiplying both the sides of the equation (i) by r,  

s . r = r + r2 +..... + rn         ... (ii) 

Subtracting equation (ii) from (i), we get.  

s(1-r) = 1-rn 

 

Using equation (iii), equation (5) can be modified as, 
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From the trigonometric identities, 

 

Equation (6) can be written as, 

 

 

The exponential term in equation (7) represents the phase shift. Now considering magnitudes 

of the electric fields, we can write,  

 

Properties of Broadside Array  

1. Major lobe 

In case of broadside array, the field is maximum in the direction normal to the axis of 

the array. Thus the condition for the maximum field at point P is given by, 

 

Thus ʋ = 900 and 2700 are called directions of principle maxima. 

2. Magnitude of major lobe  
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The maximum radiation occurs when ʋ=0. Hence we can write,  

 

 

 

where, n is the number of elements in the array. 

Thus from equation (10) and (11) it is clear that, all the field components add up 

together to give total field which is ‘n’ times the individual field when ʋ = 900 and 

2700. 

3. Nulls 

The ratio of total electric field to an individual electric field is given by, 

 

Equating ratio of magnitudes of the fields to zero, 

 

 

The condition of minima is given by, 

 

Hence we can write, 
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where, n= number of elements in the array 

 d= spacing between elements in meter 

 λ= wavelength in meter 

 m= constant= 1, 2 , 3.... 

Thus equation (13) gives direction of nulls 

4. Side Lobes Maxima  

The directions of the subsidary maxima or side lobes maxima can be obtained if in 

equation (8),  

 

Hence sin(nʋ/2), is not considered. Because if nʋ/2=π/2 then sin nʋ/2 =1 which is 

the direction of principle maxima.  

Hence we can skip sin nʋ/2  = ±π/2 value Thus, we get 

 

Now equation for ʋ can be written as, 

 

The equation (15) represents directions of subsidary maxima or side lobes maxima.  
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5. Beamwidth of Major Lobe 

Beamwidth is defined as the angle between first nulls. Alternatively beamwidth is the 

angle equal to twice the angle between first null and the major lobe maximum 

direction. Hence beamwidth between first nulls is given by,  

 

 

Also  

Hence  

Taking cosine of angle on both sides, we get 

 

 

If γ is very small, then sin γ ≈ γ. Substituting n above equation we get, 

 

For first null i.e. m=1, 

 

 

But nd≈ (n-1)d if n is very large. This L= (nd) indicates total length of the array. 

 

BWFN in degree is written as, 
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Now HPBW is given by, 

 

HPBW in degree is written as, 

 

6. Directivity  

The directivity in case of broadside array is defined as,  

 

where, U0 is average radiation intensity which is given by, 

 

From the expression of ratio of magnitudes we can write,  

 

or  

For the normalized condition let us assume E0 = 1, then  

 

Thus field from array is maximum in any direction θ when ʋ = 0. Hence normalized 

field pattern is given by, 

 

Hence the field is given by, 

 

where ʋ = βdcosʋ 
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Equation (23) indicated array factor, hence we can write electric field due to n array 

as 

 

Assuming d is very small as compared to length of an array, 

 

Then,  

 

Substituting value of E in equation (24) we get 

 

          

          

Let  

 

 

 

 

Rewritting above equation we get, 
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For large array, n is large hence nβd is also very large (assuming tending to infinity). 

Hence rewriting above equation. 

 

Interchanging limits of integration, we get  

 

By integration formula,  

 

Using above property in above equation we can write,  

 

From equation (23), the directivity is given by,  

 

But Umax = 1 at ʋ = 90° and substituting value of U0  from equation (28), we get,  

 

But β= 2π/λ 

Hence  
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The total length of the array is given by, L = (n - 1) d ≈ nd, if n is very large.  

Hence the directivity can be expressed in terms of the total length of the array as, 

 

 

Array of n Elements with Equal Spacing and Currents Equal in Magnitude but with 

Progressive Phase Shift - End Fire Array  

Consider n number of identical radiators supplied with equal current which are not in phase 

as shown in the Fig. 11. Assume that there is progressive phase lag of βd radians in each 

radiator. 

 
Fig.11 End fire array 

Consider that the current supplied to first element A0 be I0. Then the current supplied to A1 is 

given by,  

 

Similarly the current supplied to A2 is given by,  

 

Thus the current supplied to last element is  

 

The electric field produced at point P, due to A0 is given by, 
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The electric field produced at point P, due to A1 is given by, 

 

But r1 = r0 – dcosʋ 

 

 

 

Let ʋ = βd(cosʋ -1) 

 

The electric field produced at point P, due to A2 is given by, 

 

Similarly electric field produced at point P, due to An-1 is given by, 

 

The resultant field at point p is given by, 

 

 

Considering only magnitude we get, 

 



Antenna & Wave Propagation                                                                                           Antenna Array 

 

Prepared By- Raj Kumar Jain Page 29 

 

Properties of End Fire Array 

1. Major lobe  

For the end fire array where currents supplied to the antennas are equal in amplitude 

but the phase changes progressively through array, the phase angle is given by,  

      ʋ = βd(cosʋ -1)                             ...(9) 

      

In case of the end fire array, the condition of principle maxima is given by,  

ʋ = = 0 i.e.  

 

i.e.  

cosʋ = 1 

i.e. ʋ = 00         ...(11) 

Thus ʋ = 00 indicates the direction of principle maxima. 

 

2. Magnitude of the major lobe  

The maximum radiation occurs when ʋ= 0. Thus we can write,  

 

where, n is the number of elements in the array. 

3. Nulls 

The ratio of total electric field to an individual electric field is given by, 

 

Equating ratio of magnitudes of the fields to zero, 
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The condition of minima is given by, 

Henc

e we can write, 

 

 

Substituting value of ʋ from equation (9), we get, 

 

But β= 2π/λ 

 

Note that value of (cosʋ-1) is always less than 1. Hence it is always negative. Hence 

only considering -ve values, R.H.S., we get  

 

 

 

where, n= number of elements in the array 

 d= spacing between elements in meter 

 λ= wavelength in meter 

 m= constant= 1, 2 , 3.... 

Thus equation (15) gives direction of nulls 

Consider equation(14), 

 

Expressing term on L.H.S. in terms of halfangles, we get, 
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4. Side Lobes Maxima  

The directions of the subsidary maxima or side lobes maxima can be obtained if in 

equation (8),  

 

Hence sin(nʋ/2), is not considered. Because if nʋ/2=±π/2 then sin nʋ/2 =1 which is 

the direction of principle maxima.  

Hence we can skip sin nʋ/2  = ±π/2 value Thus, we get 

 

Putting value of ʋ from equation (9) we get 

 

 

Now equation for ʋ can be written as, 

But β = 2π/λ 

 

Note that value of (cosʋ-1) is always less than 1. Hence it is always negative. Hence 

only considering -ve values, R.H.S., we get  
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5. Beamwidth of Major Lobe 

Beamwidth is defined as the angle between first nulls. Alternatively beamwidth is the 

angle equal to twice the angle between first null and the major lobe maximum 

direction.  

From equation (16) we get, 

 

ʋmin is very low 

Hence sin ʋmin/2 ≈ ʋmin/2  

 

But nd≈ (n-1)d if n is very large. This L= (nd) indicates total length of the array. 

So equation (20) becomes, 

 

BWFN is given by, 

 

BWFN in degree is expressed as 

 

For m=1, 
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6. Directivity  

The directivity in case of endfire array is defined as,  

 

where, U0 is average radiation intensity which is given by, 

For endfire array, Umax = 1and  

 

 

 

The total length of the array is given by, L = (n - 1) d ≈ nd, if n is very large.  

Hence the directivity can be expressed in terms of the total length of the array as, 

 

 

Multiplication of patterns  

In the previous sections we have discussed the arrays of two isotropic point sources radiating 

field of constant magnitude. In this section the concept of array is extended to non-isotropic 

sources. The sources identical to point source and having field patterns of definite shape and 

orientation. However, it is not necessary that amplitude of individual sources is equal. The 

simplest case of non-isotropic sources is when two short dipoles are superimposed over the 

two isotopic point sources separated by a finite distance. If the field pattern of each source is 

given by  
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Then the total far-field pattern at point P becomes  

  ...(1) 

 

where 

 

Equation (1) shows that the field pattern of two non-isotropic point sources (short dipoles) is 

equal to product of patterns of individual sources and of array of point sources. The pattern of 

array of two isotropic point sources, i.e., cos ʋ/2 is widely referred as an array factor. That is  

ET= E (Due to reference source) x Array factor                ...(2)  

This leads to the principle of pattern multiplication for the array of identical elements. In 

general, the principle of pattern multiplication can he stated as follows:  

 

The resultant field of an array of non-isotropic hut similar sources is the product of the fields 

of individual source and the field of an array of isotropic point sources, each located at the 

phase centre of individual source and hating the relative amplitude and phase. The total 

phase is addition of the phases of the individual source and that of isotropic point sources. 

The same is true for their respective patterns also.  

 

The normalized total field (i.e., ETn), given in Eq. (1), can re-written as  

 

where E1(θ) = sin θ = Primary pattern of array  

 = Secondary pattern of array.  

 

Thus the principle of pattern multiplication is a speedy method of sketching the field pattern 

of complicated array. It also plays an important role in designing an array. There is no 

restriction on the number of elements in an array; the method is valid to any number of 

identical elements which need not have identical magnitudes, phase and spacing between 
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then). However, the array factor varies with the number of elements and their arrangement, 

relative magnitudes, relative phases and element spacing. The array of elements having 

identical amplitudes, phases and spacing provides a simple array factor. The array factor does 

not depend on the directional characteristic of the array elements; hence it can be formulated 

by using pattern multiplication techniques. The proper selection of the individual radiating 

element and their excitation are also important for the performance of array. Once the array 

factor is derived using the point-source array, the total field of the actual array can be 

obtained using Eq. (2).  

 

Example (Beyond the Syllabus) 

Using the concept of principle of pattern multiplication, find the radiation pattern of the four-

element array separated at λ/2 as shown in Fig.  12(a).  

 
Fig. 12(a) 

Solution: To solve this problem. we have to consider the case of binomial array. Let us 

consider that we have a linear array that consists of three elements which are physically 

placed away d = λ/2  and each element is excited in phase (δ= 0), the excitation of the centre 

element is twice as large as that of the outer two elements /see Fig. 12(b) 

 

i. 

Fig. 12(b) 

The choice of this distribution of excitation amplitudes is based on the fact that 1:2:1 are the 

leading terms of a binomial series. Corresponding array which could be generalized to 

include more elements is called a binomial array. As the excitation at the centre element is 

twice that of the outer two elements, it can be assumed that this three-element array is 
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equivalent to two-element array that are away by a distance d = λ/2 from each other. If so, 

equation  

 

can be used for N = 2, where it is interpreted to be the radiation pattern of this new element, 

i.e., 

  

i.e.. the array factor of these elements is the same as the radiation pattern of one of the 

elements. Therefore from pattern multiplication principle, the magnitude of the far-field 

radiated electric field from this structure can be given by 

 

Hence in general, for an array of n-elements:  

 

Therefore, in given question, the array could be replaced by an array of two elements 

containing three sub-elements (1:2:1), each and new array will have the individual excitation 

(1:3:3:1), and  

 

Three patterns are possible:  

(a) The element pattern:  

(b) Array factor:   

(c) The array pattern:  
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The radiation patterns are shown in Fig. 12(c). 

 
Fig. 12(c) Radiation pattern of 4-element array separated at a distance d = λ/2. 

 

Effect Of Ground On Antenna  

In general, it is assumed that radiators are fixed far away from the earth surface: but in 

practice they are erected right at or within a few λ off the earth surface. Under such situations, 

currents flow in the reflecting surface which magnitude and phase depends upon frequency, 

conductivity and dielectric constant of reflecting surface. These induced currents modify the 

radiation pattern of antenna accordingly. For the practical purposes, the resultant radiation 

fields are often computed on the assumption that reflecting surfaces are perfectly conducting. 

However, this computation is limited up to medium frequencies for the earth as reflecting 

surface, and radio frequency for the metallic reflector surface. The horizontal and vertical 

antennas located above perfect ground are shown in Fig. 13(a).  

 

(i) Vertical antenna    (ii) Horizontal antenna 

FIG. 13(a) Actual and image charges and current of antennas. 
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According to boundary conditions the ET and HN must vanish, i.e., at the surface E is normal 

and H is tangential. Hence the charge distribution and currents flow on conducting surface 

would be in such a way that boundary condition is satisfied. Therefore, the total electric and 

magnetic fields will not be only due to charges and currents on the antenna, but also due to 

these induced charges and currents. The E and H above the conducting plane can be obtained 

by removing this plane and replacing it by suitably located images and currents; the image 

charges will be mirror images of actual charges. but are opposite nature. The currents in 

original and image antennas will have the same direction for vertical antennas, but opposite 

direction for horizontal antennas. The present case can be dealt with simple ray theory, where 

resultant field is considered as made up of direct and reflected waves. Actual antenna and 

image antenna will be the sources of direct and reflected waves. The vertical component of E 

for the incident wave is reflected without phase reversal, whereas horizontal cor.ponent will 

have phase reversal of 180°. The phase delay due to path difference is automatically 

controlled. 

 

Therefore, using image theory, it is simple to take into account the effect of earth on the 

radiation pattern. The earth is replaced by an image antenna, located at a distance below 2h, 

where h is the height of actual antenna above the earth. The field of image antenna is added 

to that of the actual antenna and obtain the resultant field. The shape of the vertical pattern is 

affected greatly, whereas horizontal pattern found remains unchanged (only the absolute 

value changes).  

 

The effect of the earth on the radiation pattern can also be explained using the principle of 

pattern multiplication of array theory [see Fig. 13(b)]. The vertical pattern of the antenna (or 

array) is multiplied by the vertical pattern of two non-directional radiations of equal 

amplitude and 2h spacing. 
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Fig. 13(b) Direct and reflected rays from actual and image antennas. 

 

In case of vertical antenna pattern there will be equal phase, whereas there will be opposite 

phase for the horizontal antenna. That is, vertical antenna may be treated as broadside array 

and horizontal antenna array as end-fire array.  

 

Binomial Array  

In order to increase the directivity of an array its total length need to be increased. In this 

approach, number of minor lobes appears which are undesired for narrow beam applications. 

In has been found that number of minor lobes in the resultant pattern increases whenever 

spacing between elements is greater than λ/2. As per the demand of modern communication 

where narrow beam (no minor lobes) is preferred, it is the greatest need to design an array of 

only main lobes. The ratio of power density of main lobe to power density of the longest 

minor lobe is termed side lobe ratio. A particular technique used to reduce side lobe level is 

called tapering. Since currents/amplitude in the sources of a linear array is non-uniform, it is 

found that minor lobes can be eliminated if the centre element radiates more strongly than the 

other sources. Therefore tapering need to be done from centre to end radiators of same 

specifications. The principle of tapering are primarily intended to broadside array but it is 

also applicable to end-fire array. Binomial array is a common example of tapering scheme 

and it is an array of n-isotropic sources of non-equal amplitudes. Using principle of pattern 

multiplication, John Stone first proposed the binomial array in 1929, where amplitude of the 

radiating sources arc arranged according to the binomial expansion. That is. if minor lobes 
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appearing in the array need to be eliminated, the radiating sources must have current 

amplitudes proportional to the coefficient of binomial series, i.e. proportional to the 

coefficient of binomial series, i.e.  

 ...(1) 

where n is the number of radiating sources in the array.  

 

For an array of total length nλ/2, the relative current in the nth element from the one end is 

given by  

 

 

where r = 0, 1, 2, 3, and the above relation is equivalent to what is known as Pascal's triangle.  

For example, the relative amplitudes for the array of 1 to 10 radiating sources are as follows: 

 

Since in binomial array the elements spacing is less than or equal to the half-wave length, the 

HPBW of the array is given by  

 

and directivity  

 

Using principle of multiplication, the resultant radiation pattern of an n-source binomial array 

is given by  



Antenna & Wave Propagation                                                                                           Antenna Array 

 

Prepared By- Raj Kumar Jain Page 41 

 

 

In particular, if identical array of two point sources is superimposed one above other, then 

three effective sources with amplitude ratio 1:2:1 results. Similarly, in case three such 

elements are superimposed in same fashion, then an array of four sources is obtained whose 

current amplitudes are in the ratio of 1:3:3:1.  

 

The far-field pattern can be found by substituting n = 3 and 4 in the above expression and 

they take shape as shown in Fig. 14(a) and (b). 

 
Fig. 14(a) Radiation pattern of 2-element array with amplitude ratio 1:2:1. 

 
Fig 14(b) Radiation pattern of 3-element array with amplitude ratio 1:3:3:1. 

 

It has also been noticed that binomial array offers single beam radiation at the cost of 

directivity, the directivity of binomial array is greater than that of uniform array for the same 

length of the array. In other words, in uniform array secondary lobes appear, but principle 

lobes are narrower than that of the binomial array.  

Disadvantages of Binomial Array  

(a) The side lobes are eliminated but the directivity of array reduced.  

(b) As the length of array increases, larger current amplitude ratios are required.  
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Antenna Measurements: 

Antenna Impedance Measurement 

For radio frequencies below 30 MC, it is usual to use bridge measure-ments. The 

fundamental Wheatstone-bridge shown in Fig. 15 is quite useful for this measurement. This 

bridge utilizes a null method, and is use-ful for measurements of impedance, resistive or 

reactive from dc to the lower VHF band.  

 
Fig. 15 Wheatstone-bridge. 

 

The measurements are usually preceded by a calibration of the bridge in which the latter is 

balanced with the unknown impedance terminals short-circuited or open-circuited. There are 

many bridges, derived from Fig. 15, with many fixed known resistors, inductances and 

capacitances and with one or more variable calibrated elements. The gene-rator signal source 

should give at least 1 mv output, and the detector should be a well-shielded receiver having at 

least a sensitivity of 5µv.  

 

At higher UHF frequencies and microwave frequencies, slotted-line measurements are more 

convenient. Figure 16 shows the set-up for slottted line impedance measurement. 
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Fig. 16 Set-up for slotted-line impedance measurement. 

Slotted-lines may be coaxial line, slab lines or waveguide lines. The characteristic impedance 

of coaxial or slab lines is usually 50 ohms, and waveguide slotted-lines are available in diffe-

rent sizes corresponding to different waveguide sizes for different bands. The standing wave 

patterns with the slotted-line shorted, and with the antenna as load arc drawn as shown in Fig. 

17. 

 
Fig. 17 Standing wave pattern 

 

The input impedance of the antenna is given by 

 

where, 

S = VSWR 

β = 2π/λg 

λg = Guided wavelength 

Z0 = Characteristic Impedance of the line 

ZL = Antenna Impedance 

 

The antenna impedance, ZL, is also found from the knowledge of reflection coefficient. That 

is,  
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Here, |ρ| = reflection coefficient magnitude.  

    

d = distance of voltage minimum from antenna.  

 

Measurement of mutual impedance between two antennas  

Let Zs, be the self impedanceof antenna 1 or antenna 2 and Zm be the mutual impedance 

between the two antennas. Let Z1 be the measured terminal impedance of antenna 1, when 

antenna 2 is short circuited. Then,  

 

 

 

 

 

Radiation Pattern Measurement 

Antenna pattern is also known as radiation pattern. It is defined as the graphical presentation 

of the radiation properties as a function of space coordinates. In general, the radiation pattern 

is determined in the far-field region. The radiation properties include electric field strength, 

radiation intensity, phase and polarisation.  

The antenna patterns consist of radiation lobes. The radiation lobe is only one for an ideal 

antenna. In fact, no antenna is ideal. Hence, the radiation lobe is defined stile portion of the 

radiation pattern bounded by the regions of relatively weak radiation intensity.  

The radiation pattern of any antenna consists of one major lobe and a set of minor or side 

lobes.  

Major lobe or main lobe: it is defined as the radiation lobe which contains direction of 

maximum radiation.  

Minor lobe: It is defined as any lobe other than the major lobe.  

Antenna patterns are of two types: 
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1. Field pattern: Field pattern is the variation of absolute field strength with θ in free space. 

That is, 1E| Vs θ is field pattern 

2. Power pattern: Power (proportional to E2) pattern is the variation of radiated power with θ 

in free space. That is, P Vs θ or |E|2 Vs θ is power pattern.  

 

Measurement procedure : 

The set-up for measurement is shown in Fig. 18. 

The set-up consists of:  

· Modulating source  

· Transmitter  

· Transmitting antenna  

· Antenna under test  

· Antenna mount  

· Antenna driving unit  

· Shaft for antenna rotation  

· Antenna position indicating device  

· Detector and 

· Indicator 

 
Fig. 18 Set up for pattern measurement 

Here, transmitting antenna is fixed and antenna under test is rotated by the ig unit. For each 

position indicated by the position indicator, the received power is noted from the indicator. 
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The indicator can be a power meter or a Ammeter. Then, from the results obtained, field 

(proportional to current) or power (proportional to I2) is plotted as a function of θ. This gives 

the desird patterns of antenna under test. For pattern measurements, the following precautions 

should be taken.  

Precautions in pattern measurements  

1. Distance between the transmitting antenna and the receiving antenna must be  

 

Here, Da = maximum dimension of the aperture of AUT  

λ = wavelength  

2.  AUT should be illuminated uniformly.  

3. Ground and other reflections should be avoided.  

4. Measurements should be taken in shielded chambers like anechoic chambers to 

eliminate the effect of external EMI.  

5. Automatic range equipment should be used to avoid manual errors.  

6. The transmitting antenna should be able to produce a uniform wave fron to reduce 

phase error of AUT.  

7. The TX antenna should have high gain.  

8. The side lobe level of TX antenna should be very small.  

9. Horns, paraboloids or arrays of dipoles may be used as TX antennas.  

 

Gain Measurement by Direct Comparison Method  

At high frequencies, the gain measurement is done using direct comparison method. In this 

method, the gain measurement is done by comparing the strengths of the signals transmitted 

or received by the antenna under test and the standard gain antenna. The antenna whose gain 

is accurately known and can be used for the gain measurement of other antennas is called 

standard gain antenna. At high frequency, the universely accepted standard gain antenna is 

the horn antenna. The set up of gain measurement by the comparison method is as shown in 

the Fig 19. This method uses two antennas termed as primary antenna and secondary antenna. 

The secondary antenna is arbitrary transmitting antenna. The knowledge of gain of the 

secondary antenna is not necessary. The primary antenna consists two different antennas 
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separated through a switch SW. The first primary antenna is the standard gain antenna (i.e. 

horn antenna in above case) and the subject antenna under test. The two primary antennas are 

located with sufficient distance of separation in between so as to avoid interference and 

coupling between the two antennas. While the primary are secondary antennas are separated 

with a distance greater than or equal to 2d2/λ), to minimize. the reflection between them to 

great extent. 

 
Fig 19 Set up for gain measurement by direct comparision  method 

 

At the input of receiver, attenuation pad i.e. fixed attenuator is inserted for matching load 

conditions. This method demands that throughout the gain measurement process the 

frequency of radiated power in the direction of the primary antenna should remain constant. 

To ensure almost frequency stability at the transmitter, the power bridge circuit is used. 

 

The gain measurement by the gain-comparison method is two step procedure.  

1) Through the switch SW, first standard gum antenna is connected to the receiver. The 

antenna is adjusted in the direction of the secondary antenna to have maximum signal 

intensity. The input connected to the secondary or transmitting antenna is adjusted to 

required level. For this input corresponding primary antenna reading at the receiver is 
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recorded. Corresponding attenuator and power bridge readings are recorded as A1 and 

P1.  

2) Secondly the antenna under test is connected to the receiver by changing the position 

of the switch SW. To get the same reading at the receiver (obtained with the standard 

gain antenna), the attenuator is adjusted. Then corresponding attenuator and power 

bridge readings are recorded as A2 and P2. Now consider two different case.  

Case I : If P1 = P2, then no correction need to be applied and the gain of the subject 

antenna under test is given by,  

 

where A1 and A2 are relative power levels  

Taking logarithms on both the sides, we get, 

 

 

Case II : If P1 ≠ P2, then correction need to be applied 

 

Hence power gain is given by 

 

Taking logarithms on both the sides, we get, 
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Directivity measurement  

The directivity, D of an antenna is its maximum directive gain. It is obtained from the field 

pattern of the antenna. From the measured pattems and their beam width in both the principal 

planes, D is obtained. The principal planes are E-plane and H-plane.  

E-plane pattern: For a linearly polarised antenna, E-Plane pattern is defined as a pattern in 

the plane which contains the electric field and the direction of maximum radiation.  

H-plane pattern: For a linearly polarised antenna, the H-plane pattern is defined as the 

pattern in the plane which contsins the magnetic field and the direction of maximum 

radiation. 

Procedure for the measurement of directivity  

1. Obtain E and H-plane patterns of AUT  

2. Find the half-power beam widths from the patterns of step 1.  

3. Find the directivity of AUT from  

 

Here, (B.W)E = half power beam width in E-plane (degrees)  

(B.W)H = half-power beam width in H-plane (degrees)  

This method is accurate when the pattern consist of only one main lobe.  

4. As the field varies with both θ and ʋ, the directivity also varies with θ and ʋ. That is, 

 

 

 

where, 

(RImax)θ= maximum radiation intensity of θ component  

(RImax)ʋ = maximum radiation intensity of ʋ component  

(Pr)θ = radiated power in θ direction  

(Pr)ʋ = radiated power in ʋ direction  

The pattern in elevation plane is obtained by varying θ over 0 to π for a fixed ʋ.  

The pattern in azimuthal plane is obtained by varying ʋ over 0 to 2π for a fixed value of θ.  
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Measurement Of Polarisation Of Antenna  

Polarisation of antenna is defined as the polarisation of its radiated wave. The polarisation of 

electromagnetic wave is the direction of its electric field. In general, the direction of electric 

field with time forms an ellipse. The ellipse has either clockwise or anti.clockwis,e sense. 

When the ellipse becomes a circle, the polarisation is circular. When the ellipse becomes a 

straight hint, the polarisation is linear. The clockwise rotation of electric field with time is 

called right-hand polarisation and anti-clockwise rotation of electric field is called left-hand 

polarisation. The electric field consists of both 4 and E, components. The direction of rotation 

along the direction of propagation represents the sense of polarisation. The axial ratio (AR) 

and tilt angle, α describe the ellipse. α is measured from the reference direction in the 

clockwise direction. 

The methods of measurement of polarisation are:  

1. Polarisation pattern method  

2. Linear component method  

3. Circular component method  

 

1. Polarisation method 

Procedure  

(a) A rotatable half-wave dipole is connected to a calibrated receiver as in Fig. 20.  

 
Fig. 20  Polarisation measurement by polarisation pattern method 

(b) The dipole is rotated and incident field coming from AUT is measured. AUT is used in 

transmitting mode.  

(c) If the variation of received signal forms an ellipse as in Fig. 21 the AUT is said to be 

elliptically polarised. 
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Fig. 21 Tilted ellipse 

(d) The sense of polarisation is obtained by using two antennas. Here one is right-hand  

circular polarised and the other left-hand circular polarised. The antenna which receives 

a large signal gives the sense of polarisation.  

 

2. Linear component method  

Procedure  

(a) The AUT is used in transmitting mode.  

(b) The signal coming from AUT is measured by a vertical antenna as in Fig. 22. Let the 

signal be Eʋ. 

 
Fig. 22 Vertical dipole with receiver  

 

(c) Now the vertical dipole is connected in horizontal position and the signal is measured. 

Let the signal be EH.  

Then,  

 

Here,  
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α = phase difference between the two signals  

ω = angular frequency. 

β = 2π/λ 

The phase difference, α is measured by a phase comparative method. 

 

(e)  The signal from the vertical antenna is measured as in step 2. But the signal from the 

horizontal antenna is connected to a matched terminated slotted line. The probe in the 

slotted line is connected to the receiver as in Fig. 23.  

 
Fig. 23 Phase comparison 

If α lies in 0 < α < 1800, the direction of rotation is clockwise. If α lies in 0 < α < - 

1800, the direction of rotation is anti-clockwise. The angle of tilt ʋt is given by  

 

3. Circular component method  

In this method, two circularly polarised antennas of opposite sense, for example, left and 

right-hand helical antennas, are used to receive the signals EL and ER from AUT. The set-up 

for measurement using this method is shown in Fig. 24. The axial ratio is given by  

 

 
Fig. 24 Polarisation measurement by circular component method 
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Measurement of Phase of an Antenna  

The phase of an antenna is periodic quantity and it is defined in multiples of 360. Basically 

phase is a relative quantity. Hence for the measurement of a phase of an antenna, some 

reference is necessary so that the measurement of this relative quantity is carried out by the 

comparison with reference. The basic near field phase measurement system is as shown in the 

Fig. 25. For near-field phase pattern measurements, the reference signal is coupled from the 

transmission line. The received signal is compare with the reference signal using appropriate 

phase measurement circuit. 

 
Fig. 25 Near-field phase pattern measuring system  

Thus this method uses a technique in which direct of comparison of the phase of the 

receivedsignal with that of the reference is carried out. For far-field phase pattern 

measurement, this direct phase comparison technique is not possible. The far-field phase 

pattern measurement set up is as shown in the Fig. 26. 

 
Fig. 26 Far-field phase pattern measuring system 

The signal transmitted by the source antenna, fed with distant source, is received by the fixed 

antenna and the antenna under test simultaneously. Thenn the antenna under test is rotated 

but the fixed antenna is kept steady. This fixed antenna serves as a reference. Using dual 

channel heterodyne system as the phase measuring circuit, the phase pattern of the antenna 

under test is measured by comparing it with the reference phase pattern. 


