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PURPOSE : This experiment will experimently determine
the scattering parameters of the Hybrid or " Magic
Tee Directional Couples under the condition that

scorts 3 and 4 of the couples are matched bonded .

Theoretical discussion :

When groote 3 & of the coupler are matched ( forcing

Sgt - D , the ' scattering matrip for the hybrid
The may be written as
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The unitary property for a losses structure requires
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Now , I.S. It may be expressed on
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Playing FA.1.8 EA.3 into EA.2 yields the following
system of equations :
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Equations 2011 and 2016 simply
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From equation 2.3 we know 5 , "
s .

S.2 # S.2 .s "

Therefore , the scattering matrix may be written as
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and the structure is 'lossless .

Equation 4 telling several things :
10. Ports 1 0.2 are isolated from " each other
2 ) Ports 3.84 are isolated from each other

3 ) # Ports 1 #2 are matched
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under the conditions that parts 3.8.4 are matched terminated

A Energy incident upon either good ( or good ? will divide

2 .
wells .

MAR. 18 , 1975

( EQ 2.2.3 )
Lee. 2-14 )

1/2 .

"2 ( ( EA. 4 .



isis
Wells .(S ) Parameters ofeess4

March 18 , 1975Hybrid tee ( court ) .

equally between parts 3 &
IS ) Energy incident upon either grant 3 or good 4 will divide

equally between parts 1 &2 .
these properties are symbolised in figure 1 .

4D
0 0

0 00 0
FIG. 1 .

Process : In the following experiment , a hybrid tea
discitional canpler will have quite 3' 8'4' matched by
means of wovenide tuners . Energy will be incident ,
upon one part while the other parts are terminated with

e eisher matched foods or else terminated by a power meter .
the source of the incident were shown Schematically
in figure 2 . pWR

intro

X-BANDKLYSTON
menin reasonism . load .oscillature . variable

Isolation ( cavity Attendance DIRECTIONAL
coupler .

Fig. 2

STEP 1 : The first step in the procedure will be to measure

the frequency . to do this , POWER METER #
putue

will be closed as the land in figure ? . The
resent cavity will be adopted so " as to gross a minimum

of energy to # PWKKWden the resonant cavity is adjusted
" such that its recount frequency is the same of the

Hyston frequency , the country will subtract a modern
amount of energy from the incident wave ) a After reading
the Klystom frequency from the scale on the resort
cocity , the cavity will be readjusted so as to pass
a larger amount of energy . This amount is not critical
at their time .
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trying to read too much energy .

STEP 3 . The third stage into match port 3 to the

in shown in figure 3 .

adjustableIncipient to DIRECTICAL
wave "

tuners ! point .coupler .

FIG. 3

area of 55 to 60 dB down .

figure 2 is as shown in figure 4 .

to directional
coupier

1 accountant . 6 adjustable
TOWER # 2

wave .

i-

FIG. 4

been adjusted

4
Wells .
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STEP 2 . The second stage is to zero the power meters .
A short circuit will become the load in figure 2 . With
a short current look , all incident power will be reflected
and read on PURE #2 on the directhand can refer . ' Both

same , met to will be set so that full incident songs you
according of zero despite : None : Canton should be
taken without sensitive grower metro are not damaged by

directional composer . In this store , the local in figure ?

I matched# # # ON
# FORT #

CHYBRID . TEE
firms .

post , matched
termination .

A Doger
smatched .

E termination .

The adjustable tower ( will be adjusted to that the

power reading on PWRMTR #2 is a deep mill . This indicates
greatful power and mean that sort 3 is matched to
the noveguide structure . A deep will should be in the

STEP 4 . This steps repeats steps 3 . except the loud in

zmm
jematched .matched ;

terminationTremination #

power # over 2
# Itybrid

tree .port

( Port 14

ri
matched .
termination .

Note : Do NOT READUST EITHER TUNER once THEY
To match the port they feed
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STEP 5 . USING # AS THE LOAD the configuration
of figure 4 , replace the matched termination on ' part 3
and measure the transmitted power using PWR MTR # I.
always into the reflected power on PWR MJR # 2 . box

STEP 6 . Replace the matched termination port 3 and
than remove the matched termination from goost 2 . In
itulace sent # PUR AIR AIR # and measure the

scower transmitted to goort in from part 4 . Also , note
the reflected power on PWR with # 2 . Remove PWRMTR #
from grant 2 and replace it with a matched termination .

STEP T. The matched termination from part 1 and
gazirove

replace it with power meter # " . Measure the former transmitted

to grant I from grant 4 . Also note the reflected power on
PWR MTR # 2 .

STEP 8 . Replace the broad configuration of figure 4 . in figure
2 with the configuration shown in figure 5 below . ph.

# MACCHED TERMINATION
TUNER )

smatched .
terminatione to DIRECTICAL

Poet . Apoerzocoupler .incident .
adjustable

HybridTunck # Port
wave . for #

tee

# Post 1FIG. 5
patches .

determination
punk .miley

Memann the grover transmitted to govt 1 from govt 3 . New
note the reflected power on PWR MTR #2 . ' Remove PWRMTR

# I from you't and replace it with a matched termination ,
STEP' 9 : Remove the matched termination from part 2 and

replace it with our more # I . Measure they ever
troumitted from good 3 to grant 2 . Also note then.

subjected power on PWR MTR # 2 , Remove PWRMTR #
from grant 2 and replace it with a matched termination .

STEP 10 : Remove the matched termination from sport A and

regular it with PWR MTR # I , Measure the grower transmitted
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from grant 3 to grant 4 . Also note the reflected power on
PWR "MTR # 2 .

STEP 11 : In Figure 2 , replace the food configuration of

figure 5 with the configuration of figure 6
PWR MTR ,

ity bird .
Turner ) 'tee

MatthewPortto
nm.direction .

terminationPortcoupler . poet .
# poet .

FIGo 6
Tunek

ematchev .
& TERNITION .

Measure the power transmitted from you't to goort 4 on
PWR MTR # I , Was not the reflected power on PWR MTR # 2 .

# Remove PUR MTR. # I and replace it with a matched
termination on past 4

STEP 12 : Remove the matched termination from Fort 3 and
regolve it with Purk MTR # I . Measure the " fewer transmitted

from grant 1 to grant 3 . Also note the reflected power , on
" PUR MTR # Remove PURMTR # and replace it
with a matched termination .

STEP 13 : Remove the matched termination from part 2 and
regolve it with PWR MTR # I , Measure the power
transmitted from port ( to go out 2 . Also met the

inflected power on # PWR MTR # 2 . Remove
PWR MTR # I #

STEP 1 4 : In figure 2 , replace the lead configuration
of figure with the local configuration shown
in' figure 7 on page 7 .
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"
" matched .
termination jru

watched .
jinger , Tumer termination

# 2 . s .
port .

8 poret
PWR MTR.

direction .
port .couplers

Port
2 . Hybrid .

FIG. 7 fee

Measure the power transmitted from part 2 to part 1 . Uro
not the reflected power on PURMTR # 2 . Remove PURMTR #
and replace it with a matched termination .

STEP 15 . Remove the matched termination from good 3 and
# reflects with PURMONS " Because the

power transmitted from part 2 to govt 3 . Now into the
reflected power on PWR MON # 2 . Remove PURMOR # I and
replace it with a matched termination .s .

STEP 16 . Remove the matched termination from grant A
and replace it with PWR MTR # I , Measure the power

tronemitted from good 2 to grant 4 . Now note the refluted
flower on PWR MTR # 2 .

End of Procedure .

MAR. 20 , 1975Performance :

The following is a summary of results obtained after following
the above outlined procedures . "

STEP. 1 . The Khyston frequency was measured to be 1.84 GHz
STEP 2 was carried out . 0 " SB # indicates full

incident grammar .
STEP 3 was carried out . The SBreading for a small in some

sensitive and fluctuate in the vicinity from 950 dB to-40 dB.
A reading in this area will be recorded and designated by
ure of the term " NULL

STEP I was carried out .

Steyer 5 through 16 were carried out and the measurements
are summarized in table ! .
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step .
now

5 null

7 6 .
8 -6

6

null10 .

612
null
null1 4

-615

16

also , since ( Siji

(5441-0 , 1543 ) .

indicate that

is .l .of

( Szzl .

(S.I PARAMETERS . OF

HYBRID TEE ( CONT ) .

table
Power meter readings

PWR MTR 2 ( dB ) .pURMTR ( ( dB ) .
null .
NULL

null .
null .
NULL

null .
null .
null .

null .
null .
null .

snull .

Discussion : Steve S. then I comprise Government of former

distributions from grant 4 to the other 3 ports . The
fraction of " incident jawar delivered to the indicating native
are indicated in the Press ( Provost columns . The

readings of steps . 5 - I indicate that part 4 is matched .
Pig the measurements show

1542 ( # 1541 ( #2

Steps 8-10 are measurements of greater distribution from
sort 3 to the other joints' Results of these measurements

( 5.31-0, IS34 ) #0 , ( 53. #1. S

Steps 11-13 are measurements of power distribution from
sort I to the other joints . The results indicate

0 , ( S.2 .

Steven 14 - 16 are measurements of power distribution from part 2

to the other points . Results of these measurements indicate

( Earl . to , ( S.3 ) .

8
wells .
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PRESO (PINCIDENT
pwr mtr.2PWR MTR.

0 0 .
1/2 . c.
1/2 .

ly 2 .
y2 . 0

lyz . 0 .

vz . 0 .ey
c.

vz .ey . 0
1/2 . l

org ( S.3 ) S.4 ) - (2

( S24 ) # 1/2 .
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No information was available to me after these readings in
regards to the sign values of the LSI generation ,

However , the magnitudes for each ( S ) parameter agrees
with predicted magnitude . The experiment also

verifies that with parts 3 and 4 matched that parts
1 and 2 also become matched and that groote 1 and 2
are isolated from each other . All five theoxheid

redictions a ' gorges two and three of their notebook are

experimentally verified .


