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Experiment No. Slotted Line Measurenents

| NTRODUCTI ON

Wien a transmssion line is not termnated in its characteristic
i npedance (ZO), sone of the energy sent down the line will be
refl ected back. I f voltage (or current) neasurenents were made

along the line, the resultant voltage would be the vector sum of
t he voltage of the incident wave traveling toward the | oad fromthe
source and the reflected wave traveling back fromthe |load to the
sour ce. The ratio of the maxi mumvol tage nmeasured al ong the |ine
to the mi nimumvol tage neasured along the line is call the standing
wave ratio (SWR).

s = Ymax _ H51|+@ — |e2H (1)
Vm n |E1] N
wher e,
El - incident waveformvoltage

E2 - reflected waveform vol tage.

The ratio of E2 to E1 is call the reflection coefficient.

_E2 _ZL - Z0
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El ZL+2ZO

wher e,
ZL - | oad inpedance
ZO - characteristic inpedance

or,
S -1
= 3
ol = S (3)

The points of maxi mum voltage and m ninmum voltage are always a
hal f-wave length (A/2) apart along the transm ssion |ine, where,

A= 3 x 108/ f meters for air
and,
f - frequency of the signal in Hertz.

When conparing the SWR for the voltage along the line and the SWR
for the current along the line, they will always be a quarter-wave



length (A 4) apart. A conparison of these two SWRs is shown in

Figure | for different |oad conditions. Notice that for an open-
circuit load, the current is zero at the | oad, whereas for a short-
circuit load, the voltage is zero. Al'so notice that when the

transmssion line is termnated in its characteristic inpedance,
there is no SWR, or there is no reflected wave and all the energy
is absorbed by the |oad. It can also be noticed in Figure 1la
t hrough Flgure le that the first mnimum and maxi mum points from
the | oad stay at the same point (A 4) for resistive | oads but shift
when the | oad becones reactive -- up to one-eighth-wave | ength (A
8) for a purely reactive |load (Figure 1f through Figure 19). | t
is possible with the aid of a Smth chart to readily determ ne
unknown loads if the SWR and the shift in the mninmum or maximm
of the SWR is known for that | oad. A slotted line (or slotted
coaxial line) and a SWR detector can be used for this purpose.

For exanple, a certain load has a SWR = 2 with a mninmum at sone

point along a slotted |ine. When a short-circuit replaced the
| oad, the mninmum noved to a new point toward the load six (6)
centineters fromthe first. Assum ng a wavel ength for the signal

of sixty (60) centineters, the shift in wavelength is six divided
by sixty or 0.1. To find the unknown i npedance, first drawa circle
on the Smth chart representing a SWR = 2 as shown in Figure 3.
Next, since the distance froma mnimumto a m ni numwas neasured
TOMRD the load, a line is drawn fromthe center of the circle to
the outer edge of the Smth chart at the point representing that

shift. The intersection of this line with the drawn circle gives
t he i npedance, i.e.,
_ IR | X[ _ . _ .
ZL = ZO—*—= = 50(0.68 — j0.48) = 34 — j24 ohms 4
o zd] ( J ) J (4)
PRELI M NARY

P-1. Repeat the exanple in the introduction assum ng maximm
nmeasurenents instead of mninmm mneasurements (Ilnstructor
check Smth chart).

P-2. Show on the Smith chart where a load of ZL = 0 + j 100 ohns
would be assunming ZO = 50 ohnms and zero attenuation
(I'nstructor check Smth chart).



P-3. For P-2 above and assum ng a frequency of 500 nmHz, how many
wavel engths fromthe | oad would be the first nmaxi munf The
first m ni munf
A- maxi mum =
A-m ni num =

(I NSTRUCTOR' S SI GNATURE DATE )

PROCEDURE

F-1. Connect the slotted-line apparatus as shown in Figure 2.

F-2. For a 500 MHz input signal, take data to plot the standing
waves for a short-circuit, an open-circuit, and a 50-ohm| oad.

F-3. Obtain the m ni mumand maxi mum val ues and | ocations for three
unknown | oads.

REPORT

R-1. Plot the normalized data from F-2 above on one sheet of
centineter graph paper, each on a separate axis.

R-2. Use the Smith chart to determ ne the unknown |oads of F-3
above.

R-3. Determine the reflection coefficient and angle for each

R-4.

unknown.

Di scuss the results.



