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Two Point Sources with Currents Equal in Magnitude and Phase

*P (At infinity)

Fig. 5 Two element array
Consider two point sources Al 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 Al and A2 be

The radiation from the point g

source Al because of the pat#

wave from point source A1 tha

*

Hence path difference is give

Path difference =d cos v

v v
The path difference can be!!pressed in terms of Wavﬁgth

as, Path difference = (d cos v) / A..(2)

Hence the phase angle v is given by,

Phase angle v

2n  (Path difference)

deosd |
W o= ZK[_c.G ¢’. ‘
fh

zndcosnﬁ rad (3

:'h

But phase shift g = 2/, thus equation (3) becomes,

v = PBdcos rad «.(4)
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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 Al and A2. If the phase
angle between the two fields is v = pdcosv then the far field component at point P
due to point source Al is given by,
Y
E, = Ejre 2 ---(5)‘

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

...(6)‘

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

the point sources are identical. The total field at point P is given by,

Er = E(,(e—’% +e’¥']

Rearranging the terms on R@,

e";i +e 2
By = 2B, S35

By trigonometric identity, X ,A

-(7)

Hence equation (7) can be written as,

Er = 2E, cos(!z’-} ...(8)‘

Substituting value of ¥ from equation (4), we get,.

Bdcosd J

Er = 2E, cos[ > ..(9)

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 Rdcosuv/2

2 | EC8701 Antennas and Microwave Engineering



Rohini College of Engineering & Technology Department of ECE

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

the maximum field.

|Ev|
lEmax‘

But maximum field is Ernax =2E0

AF. =

_ |Eq| d
AF = |2 E,| = cos(nx cos ¢

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

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

Maxima direction

Jis maximum. As we know,

for maxima is given by,

cos[ Bdc205¢ ] =

Let spacing between the two p 72 En we can write,
cos ww = 1 ...(10)
[ 27 A 5
. 23 & B o pulE
i.e. cos 5 = t1 rae y
. n
i.e. cos (icoscb) = %1
ie. -g COS O pax = €O~ (£]) = tnm, wheren =0, 1, 2,.......

If n =0, then
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T
3 COSPpax = 0

e CoSdPpa = 0

ie. & max = 90° or 270° -+(11)

Minima direction

o (Bdcosq.» ]
Again from equation (9), total field strength is minimum when 2 is minimum i.e.

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

cos (P—d%m)= 0 ...(12)

Again assuming d = A/2 and p=2m/A, we can write

cos[zz-tcosd)mm ) =0

gcosd)mm = cos”' 0= %(2n +1)-’-2t, wheren=20,1, 2,........
If n=0, then,
R n
§C°5¢mm = % 5
i€ cos ¢, = %1
Le. ¢ min = 0°0r 180"_] ...(13)

Half power point direction: ;

BSERVE opriMaize OUTSPR
When the power is half, the@ or current’is 1/\/22& the maximum value.

Hence the condition for half power point is given by,

cos [Bdczosdt )= + 71_2- ...(14)

Let d=A/2 and B=2n/A, then we can write,
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COs [l,:mmb J = t 71..';
i.e. L;msd) = C%Ll[~:%}= +(2n +])g, wheren=20,1, 2,..
If n =10 then
n T
2 IR X
2C05¢ HPPD 3
; 1
e, Coshpppp = * 5

R
ie. Puppp = ms"(ili

¢H|’|’U = 60° or 120° ...(15)

The field pattern drawn with ET against v for d=x/2, then the pattern is bidirectional
as shown in Fig 6. The field pattern obtained is bidirectional and it is a figure of

eight.

¢ wpep = 120°

o=180° 6=0

Minimum Minimum

Maximum

0 =270°

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

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
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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,

Er = (-E) +(Ey) A1)
Assuming equal magnitudes of currents, the fields at point P due to the point sources

A1 and A2 can be written as,

El - Eoe ...(2)

and Ez = Eoel ‘3)

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

4Y ¥
Er = Ej)l-e ' T4+e'7

e

-jE
ET = "Eo'e . +E0'0

T
By &2 By St ey

By trigonometry identity,

ef—e®
— = Sin -i
OBSERVE opriMtize OUTSPREN
Equation (4) can be Writtené - ‘%
- jZEosin[%) ...(5)‘

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 = dcosv ...(6) Substituting value of phase angle in equation

(5), we get,

..{7)

Er = j(ZEo)sin[pdczos¢ )
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‘ O8SERVE opriaize OUTSPRE )

W w
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Maxima direction

Bdcosd
2

in(
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,

sin(ﬂdc;“ ] =#1 ...(8)

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

Substituting d=x/2 and B=2m/A, in equation (8), we get,

sin(l‘cosqs) = +]

2
y n T
i.e. -z-coso = +(2n+1) 5 where n=0,1, 2,.......
If n = 0. then
T 14
Ecosd:m,‘ - ii
ie. cosh ., = 1
ie. dmax = 0° and 180° ...(9)
Minima direction O8SERVE opripsize OUTSPRERY
W w o  Bdcos¢ )
Again from equation (7), total field strength is minimum when L2 J is
minimum i.e. 0.
Hence the condition for minima is given by,
: dcos
sm(ﬁ : ¢’]:0 ...(10)

Assuming d=A/2 and R=2n/A in equation (10), we get,

sin(;:cos‘b) =0

ie. -;cos¢ = +tnrx, wheren=90,1,2,.....
If n =0, then
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gcosﬁpmm = 0

ie. cosd,n = 0

ie. Omin = +90%0r -90° -(11)

Half Power Point Direction (HPPD)

When the power is half of maximum value, the voltage or current equals to 1/V2 times

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

obtained from equation (7) as, m

, Bdcosrb] 1
SN | — | = T —
[ 2 2 ...(12)
‘» 0D "
Letd=A/2 and B=2m/A, It \:Wf\
(=
n| -cos =
sin{ Jeost | = = -
. T n
1.e.§cos¢ = #(2n '«1):1—, wheren =0, 1, 2.

If n = 0, we can write,

*

%
3 oS yppp

o)== A

i.e. COS@HPPD = %

¢“l’PD = 60° or 120° ..(13)

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

can be drawn as shown in the Fig. 7.
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Minimum
¢ yppp = 120° ¢ =90° ¢ yppp = 60°

Maximum
o =180°

Maximum
¢=0°

Minimum
& =270°

Fig. 7 Field pattern for two point sources with spacing d = d=A/2 and fed
with currents equal in magnitude but out of phase by

0180

As compared with the field pattern for two point sources with inphase currents, the

de and with any phase

le separated by distance d and
“Taade '

supplied with currents which rent in magnitudes h any phase difference say o.

Let us consider Fig. 5. Assumeg

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.

Where
Ez = kE1,
0 = Phase angle

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,
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=%Ecos¢ +a e (1)

where o is the phase angle with which current I2 leads current Il. Now if o = 0, then
the condition is similar to the two point sources with currents equal in magnitude and
phase. Similarly if o« = 180", then the condition is similar to the two point source with
currents equal in magnitude but opposite in phase. Assume value of phase

0 difference as 0 <o< 180 . Then the resultant
field at point P is given by,

Er = Eje!°+Eye!V ...(source 1 is assumed to be
Er = E; +Ee!Y reference hence phase angle is 0)
; Es
Ey = E’(I*EICWJ
E,
— = k e 2
Let B (2)

Note that E1> E2, the value of fhe value of k is given by, 0 <k

<1
Er = E; [1 + k (cos w + j sin y)] .. (3)
The magnitude of the resul ield aW“Fls glv%
[Er] = |E;[ 1+ kcosy +jksiny]|
|Ex] = E; {(1 +kcosw)? +(ksiny)? e (4)

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

-1 ksiny

0 =tan = ———————
1 + kcosw

.. (5)
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