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2.3 STANDING WAVES
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Fig : 2.3.1 (a) Standing waves on a dissipation less line terminated in a load
not equal to R,; (b) Standing waves on a line having open-or short-circuit

termination.
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If voltage magnitudes are measured long the length of a line terminated in a load
other than R,, the plotted values will appear as in Fig 2.3.1 (a). Fig 2.7 (b) is
drawn for a resistive load of value not equal to R, and Fig 2.3.1 (b) is the case
for either open or short circuit.

When the load is terminated properly with characteristic impedance the
distribution of voltage and current along the line consists of maximum and
minimum values of voltage and current. These values are called as standing
waves.

NODES:

The points along the line were magnitude of current and voltage is zero are called
nodes.

ANTINODES:

The points along the line where the ‘magnitude of voltage and current are

maximum then it is called anti-modes.or Zoops.
STANDING WAVE RATIO:

The ratio of maximum to minimum magnitude of voltage or current on a line

having standing waves is called standing wave ratio.

SWR — S — |Emax| ke “maxl

|Emin| |1min|

VSWR = voltage standing wave ratio

ISWR = current standing wave ratio

When the line is not terminated properly standing wave are produced. Then the
total power absorption is not possible.

The ratio of E,,,,, t0 E,,,;,, IS referred to as voltage standing wave ratio (VSWR).
The ratio of I,,,,, t0 L,,;5, is referred to as current standing wave ratio (ISWR).
But is practice ISWR calculation is not used. Hence, practically VSWR
calculation will be done. VSWR is nothing but SWR. Theoretically the value of

‘s’ lies b/w 1 to o
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RELATION SHIP BETWEEN STANDING WAVE RATIO AND
REFLECTION COEFFICIENT:
In the high frequency transmission line at high frequencies reflections takes place.

The incident wave amplitude is E* and reflected wave magnitude is E~
If both of them inphase then it will be added and becomes E,;,;»

If it is out off phase then it will be subtracted and becomes E,,;;,,

Epax =ET+ E~

Epin=E*— E-

SWR = (Emax!

|Emin|
|[ET+ E~|
|[E*—E~|

SWR =

=
SWR = E+|1 +E_+

— 5
E+|1 — gt

_ 1+ |k|
1- |k

(1-K)S=1+K
S-KS=1+K
S=1+K+KS
S=1+K(1+S)
S-1=K(@+Y9)

_5-1

T S+1

RELATION SHIP BETWEEN STANDING WAVE RATIO AND
MAGNITUDE OF REFLECTION COEFFICIENT:

The voltage at a point 's' away from the receiving end is given by,

E =Eg cosh (jBs) + [xZy sinh GBs) ... (1)

ef+e?

Coshé@ =
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6 -0

—-e

Sinhf =2

E=E, (@y IZ, (M) ...... )

2

E =R ,iBs 4 ER ,~jBs 4 IRZ0 ,jBs _IRZ0 ,-ijBs
2 2 2 2

e_jBS

iBs
E="—[Eg + IzZo] + ——[Eg — IxZo]

2
Er =1IgZp

sub Ey value in above equ....

elBs e B
E=— [IrZr + IgZo] + [IrZr — IrZ0]

" /e
B [ZR+ZO]+’”’ 72 = Zo)
I elBs
E = Re [(ZR + Zo) + ]BS (ZR Zo)]
E=’Re [(Zz + Z0) + e 12P5(Z, — Z,)]
_Ir e’B —j2Bs (Zr=Z0
E= (Zg +Zy) [1 + e’ (ZR+ZO)]
E:’Re (Zr +Zo)[1 + e7128s k]
Zo—7
(=2
Ze + Z,
iBs
E:’R" (Zp +Z)[1 L0°+ 1L —2Bs| K Lo
E= " x4+ Z)1L0°+ | K Lo —2ps]
1) At Emax_:
0 —2Bs=0

iBs
Emax = 2o (Zg + Zo)[1 LO°+ | K LO°]

I elBs
Emax :%(ZR +Zo)[1+ | K]
ii) At Emin_:
® — 2Bs == 180°
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IR e]B

Emin = (Zp +Zp)[1L0°+ | K Lm]

I
Emin :%(ZR +ZO)[1 - | k| ]

We know that,
S — Emax
Emin

IRel

(Zr+Zp)[1+ | K ]

S=

IRel

(Zr+Zp)[1- | K| ]

1+ | K
1- | K

S (1-k) = 1+k

S-kS=1+k

S-1=k+KkS

S-1=k(1+YS)
s-1

S+1
INPUT IMPEDANCE FOR THE DISSIPATION-LESS LINE:

In Fig 2.3.2 the voltage and current of a transmission line at a distance 's' from

S=

the receiving end is given by,
Es = Egrcosfs + j IxR,sinps

. Egr .
Is = IgcosPs +j R—RsmBs
0

f 2as J} )

B

Fig: 2.3.2 Input impedance for the dissipation less line
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The input impedance of the transmission line is given by,

_ EgrcosfBs+jIgRgsinfs

Zi
in . ER .
IrcosBs+j —RﬁsmBs

ErcosBs+j IRRosinBs]

Z; =R [ ...... 2

S O l1xRpcosBs+j Egsinps (2)
we know,
Egr = IrZg

sub Ey value in above equ,

IrZgcosfBs+j IRRosinBs]

Zs =R [
S O l1gRpcosBs+j IrZgsinps

jRpsinBs
_ Rplrcosfs [ZR+ cosfs ]
s =

IgcosBs |Ry+ JZgsinps
cosPs

g = [ZR+ jRotanBs]
s O |Rp+ jzgtanps

The another method to represent input impedance of the transmission line is

given by,
_ IrZgcosPBs+j IgRpsinfs
Zs — Rp : :
IRRpcosPBs+j IrZrsinfs
_IrRg [ZRcosBs+jRosinBs]
S I LRocosBs+j ZgsinPs
el e~J
Cosf =——
_ eJ0_ o—J
Sin@ = ;
2j
JBSy e—JBs JBS_ o= JBs
ZR<e +2e )+jRO<e 2; >
ZS - RO ej.BS+ e_jﬁs . ejﬁS_ e—jﬁS
Ro(*—5——)ize(—5—)
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5 = 2Rg [zRefBS+ZRe-fﬁS+ RpelPs— Roe-fﬁs]
S 2 |RpelBs+Rpe IS+ ZgelBs— Zpe=JBs

7. = R I:ejBS(ZR-'- R0)+ e_jBS(ZR—Ro)
S 70 leiBs(zg+ Ro)— eT1PS(Zp— Ro)
_ 14 £7P°(2r=Ro)
7. = ejﬁS(ZR-l' Ro) ejBS(ZR+Ro)
$ 7 0 ¢iBs(zg+ Rp) _ e JBs(zg—Rp)
ejBS(ZR+Ro)
[14+ K e J2Ps)
Zs = Ro |1y e eps|
, =R 1+ K 110.1 L—zﬁs]
TR0 K 1191 L-2Bs
, =R [1+| K| L(z)—z[fs]
ST 70 l1-| K Lo-2ps

CONDITION FOR z,,,4,:

The input impedance will be maximum when both incident and reflected waves

are inphase.
®—2Bs=0
@ =2fs

-2
S = 2

_ 1+ K| Lo°
Zmax = Ro [1—| K| L0°]
1+

Zmax — RO [1_|| g ]

CONDITION FOR z,,,;,:

The input impedance will be maximum when both incident and reflected waves

are inphase.

D—2Fs=mn
@ =-mn+ 2Ps
D+m= 20s

0+
__2[3
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_q) & _271.'
s=o5t3 A==

_ 1+ K| L—n]
Zmin = Ro [1—| K| L-m

_ 1-| K|
Zmin = Ro [1+| Kl]
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