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Measurement of the Phase Shift 
and 

Electrical Length of Two-Port Unknowns 

The rf phase shif t  of reosonolbly low-loss, two- 

port unknowns or connectors can be meosured ac- 

curetely with a slotted l ine by on indirect method. 
The electr ical length of the unknown i s  measured 
both wi th short- and with open-circuit terminations 

as  the average of these two values i s  simply re- 

lated to  the r f  phase shif t  of the unknown i n  a 
m d c h e d  50-11 system. Here i s  the procedure: 

a. Connect the unknown to  the d o t t e d  l ine and 
- theoutput  o f theunknown.  Measure t h e p o s i t i o n o f  

the f i rs t  rninirnuw on the slotted l ine with the main 

scale ond vernier. 

b. Remove the unknown, short-circuit the end of 
the slotted line, and measure the new position of 
the minimum, which wi l l  have shifted to the left  by 
on amount equal to the electr ical length of the trn- 

known. At the higher frequencies, the shif t  may be 
several wavelengths, so that the minimum i n  ques- 
t ion wi l l  no longer be the f i r s t  one. Ta resolve the 
ambiguity, calculate o rough figure for the electric01 

length. To the over-all physical length of the un- 
known, add the physical length of any dielectric- 
f i l l ed  sections of l ine mult ipl ied by ( 1  -+). Look 
for a minimum at this  opproximate distance to the 
lef t  of the or iginal minimum. 

c,  Reinstal l  the unknown, and terminate it w i th  
the open-circuit termination. Measure the position 
of  the f i rs t  minimum on the slotted l ine. 

d ,  Remove the unknown, ~Eace the open c i rcui t  
an the end of the slotted line, and measure the new 
position of the minimum. It w i l l  have shif ted to the 
left by approximately the some amount as in the 
short-circuit case. 

e. Subtract the scale reoding of step (a) from that 
of step (b) t o  determine the short-circuit electrical 
length of the unknown, t,,. Similarly determine the 
open-circuit electr ical length, L,,. 

f. Average the short- and open-circuit electr ical 
lengths to  obtain the electr ical length for a matched 
50-lt system, L,. 

g. Calculate the rf phase shi f t  of the unknown 
from the electricaF length by either of the following 
foxmu las: 

Where A = wovelength of the test frequency 

d = rf phose shift. 
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parison to  that of the unknown connector that if may VSWR of a single connector with respect to  the char- 

be neglected in most cases. The insertion VSWR of actsrisfic impedance of the transmission line. 
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