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points a quarter-waveiength zpart are related by the equation -

3.1 SLOTTED LINE DESIGN

E-2
7 s Zy (162) _ ™ The Type 874-LBA Slotted Line is designed to me2sure the voltage stand—
1 Z r ing-wave pattern along a coaxial transmission line having a 50-ochm character-
2 i istic impedance. The outer conductor is slotted for a length of approximately
| 50 certimeters, and 2 small shielded probe exiends imo the region between the
. ) _ ! ?.8 conductors. The probe is mounted on a carriage which slides along the out-
N side .OH the outer n.ouncnﬁow. .H.wm.nvaﬁnqm coupling between the probe and
7. = 72y (16b) 1 the E.a can U.m w&?ﬂma over a wide range by varying the penetration of the
1 o 12 : probe into the inner line. This is accomplished by screwing the probe in or out.
- | m Cross-sectional views of the probe arrangement 2re shown in Figure 9a.
- ¢ .
2.334 Admittance Measurements Using the Smith Chart: The admittance A
of the unknown can be obtzined directly using a normalized Smith Chart, or the
chart shown in Figure 8, whose coordinates are admittance components, rather -
than by the procedure outlined in Paragraph2.333. When the chart shown in Fig-
ure 8 is used, the characteristic admittance, 20 millimhos, is multiplied by the
measured VSWR to find the conductance at the voltage minimum and the radius .
of the carresponding admittance circle on the chart found by plotting the meas- _
ured conductance directly an the conductance axis. The radius can also be found
from the STANDING WAVE RATIO scale located at the bottom of the chart. The
electrical distance to the load is found and laid off on the WAVELENGTHS TO- T D e JFEREE ADUSTHE SoRtw -
WARD LOAD scale, starting at 0.25 wavelength. The coordinates of the point : v 4
on the VSWR circle corresponding to the angle found on the WAVELENGTHS ” = 115 . CRYSTAL
scale are the conductance and susceptance of the unknown. _ pr—
- F & i 1 4
The example plotted on the chart is thc same as that used for the imped- : i ! _ ne E
ance example of Figure 7. : : FrROSC mx_mro/ . FELT waSHER
: \ RING NUT
POLYSTYRENE N S T " o SLOT IN
2.335 Use of Other Forms of the Smith Chart: In some forms of the : IEOLRTES QP % ; \ COAXIAL LINE A
Smith Chart, all components are normalized with respect to the characteristic : ﬂé B Sy :
impedance to make the chart more adaptable to all values of characteristic i ﬂ_ﬂ | wﬂ = -“__n,p.,_m ¥y
impedance lines. If normalized charts are used, the resistance component | & = = % .w
value used for the voltage minimum resistance is __1__ , and the unknown (A & A e
VSWR ' :
impedance coordinates obtained must be multiplied by the characteristic im- . PETAINING RIN

pedance of the line to obtain the unknown impedance in ohms and, if the ad-
mittance is desirec, the coordinates corresponding to the admittance should
be multiplied by the characteristic admittance.

PSR .
T y £
/EHIMI4IL w
A /,vq V== FLAT SPRING
SO\ N YLON PLUG
: A SPRING :
= SET SCREW ,

Figure 9a. Cross-sectional views of the carriage on the Type 874-LBA Slotted
Line, showing the crystal mount and the adjustable probe.
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The narmalized Smith Chart is produced in a slide rule form by the Eme-
loid Corporation, Hillside, New Jersey.
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Figure 9b. wmanMmﬁ.moH drive mechanism showing arrangement of nylon cord.
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Figure 9c. View from top of carriage of arrangement of nylon cord.

Since the probe is capacitively coupled to the line, the voltage c.a:nmn in
the probe circuit is proportionzal to the voltage existing between the inner and
outer conductors of the line at the probe position.

The carriage is driven by means of 2 nylon cord ﬂEnJ passes around
a drumr mounted on the casting at one end of the line and around an idler pulley
which is mounted on the casting at the other end of the line. The driving knob
is attached to the same shaft as the drum. The drive depends upon friction,
and one and a half turns of the cord around the drum is sufficient to give a

. g =t e ’ i

=

Y

sitive drive. A raichet-type teke-up reel ic located on the A .

rizge to permit adjustment of the tension in the cord. Figures 9b wng 8¢ sho
the cord, drum, and take-up device. ot

The r-f voltage induced in the probe can be measured by means of a built-
in tuned crystal detector and associated indicating equipment 2< shown in Fig-
ures 10 and 11, or by means of an external receiver as shown in Figure 12.

One end of the slotted line is terminated in the circuit under test, usually
called the unknown, and the other in the power source. Each end is fitted with

a Type 874 Connector which introduces only a very small reflected wave in
the line at frequencies up to about 7000 Mc. .

/

RHEATC

~ —)

874 EA SLOTTED LINE

Figure 10. A typical setup for measurements with the Type 874-LRBA Slotted

Line, using a modulated source. The built-in crystal detector and an external

tuned audio amplifier are used to detect the voltage induced in the probe. The
probe is tuned by means of the tuning stub shown.

. \OmQC.h._dD 74-C20 TUNING STUB

0-25 or SCpa MZTER

274-NF PATCH CORD
\_ WiTH €74-06 ADARTOR
e P % 874 LBASLOTTER UNE

)

=

[
) pr—

= HQ UNKHOWN

Figure 11. A typical setup {or measurements with the Type 874-LBA Slotted

Line using an unmodulated source and a microammeter as the indicator.
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Table | Detector Characteristics |
 DETECTOR " 0ACILLATOR SIGNAL °  EQUWIPMENT ADVANTAGES DISADVANTAGES

Cryatal Modulated Audlo amplifier with Indi- 1. Good aenaltivily Il awnllo I. Hlarmonlc rejection poor.
(Butll 1n) For frequency range of 260 cating meter (Type 1231-D amplifier gnin adequate. Mnay caune trouble In mean-

tv #20 Mc, uso Type 1200 Ampliflor with Type 1231-P2 . 2. Bimple. urement of high SWR'a, Can
Oacilintor modulaled by Filter and prelerably Type 3. Well shiclded. Leaknge be cured by low-paaa llller.
Type 1214-A Osclllator; 1231-P4 Calibraled Attenu- in measurement of high

Type 1021 -AU Standard- alor). SWR's rarcly a problem. 3. Il nine-wave modulation I
Sipnal Generator can also 4. Perlormance when uaed used, frequency modulallon
be used. . with Type 874-F500 and usually produced al upper
Fer frequency range of 900 Typc 874-F1000 Low-Pass end ol osclllator [requency
1o 2000 Mc, use Type 1218-A ! Fllters sallsfactory for range may cause trouble In
Oacillalnr square-wave most measurementa. measurement ol very high
modulated by Type 1210 6. Covers a very wide Ire- 8WR's. Square-wave medu-
Onctllator or by Type 1217A quency rango. lation ellminaten diflicully,
Pulser withType 12184 Pulne

Amplifier; Type 1021-AW

Btandard-Signal Generator

can alno ha uned.

Crynalal cw Micronmmeter wilh aonal- 1. Bimplea. 1. Inacnnltive, requires large

(Bullt tn) For frequency range of 250 tivity of 80 jua or baller. 3. Covera a vary wide Ira- oaclllator power. Oacllliators

- tn 020 Mc, une Typo 1208 quency range, referred to do not have ade-

Onctlintor or Typa 1021-Al) quate oulpul even [or mod -
Stinndard-8ignn) Generator; arnlely high SWIL monsure-
For (requency range of 900 menls,
to 2000 Mc,usec Type 1218-A
Onxclllatar or Type 1021-AW
Standard-Signal Generator.!

Necelver cw Type DNT-J or Type DNT-4 1. Good aensitivity. 1. Requirea several pleces ol
(Type 874-MR Same as above. Detector Assembly 2. Very well shlolded agalnat equipment. However, much
Mixer Rectilier) (See Paragraph 3.33.) leakage, of this 3 uaually avallable

3. Covera a wide frequency In the laboratory,
range.
4. Good scleclivity.

Recelver cw Recelver, 1. Gaod nensitivity. ¢ 1. Some recelvera are nol aul-
(Buchan AN/APIAY, Same ans above, ' 2. Goond aclectivily. ficlently well ahlelded for use
AN/APRY, elc.) ! at vory high frequencies.

TAbave 2700 Mc, the Type 1220-A Unit Klystron Oaclliator can he used.
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the crystal is operztecd in the sguzre-lzw ranze. When the Tvpe 1221-B Ampli-
fier znd associated f{ilier and arienualor are used, the square-law regiond with
typical crystals extends to r-f inputs with 50% moduiation, which produce full-
scale deflection of the meter on the ampiifier with the amplifier gain set at
maximum and the Type 1231-P4 Attenuator set at 30 db. At inputs less than
this value, the deviation {rom the square-law characteristic is less than 1/2 db.

For most accurate results, the ratio of the outputs obtained at a maxi -
mum and at a minimum on the line should be measured on the Type 1221-P4
Atlenuator, rather than on the meter scale, by measuring the difference inat-
tenuation required to produce the same meter reading for a voltage minimum
as for a voltage maximum. I the crvstel is operating in the square-law region,
the actual db difference in r-{ voltage is half the db difference measured by the
attepuato or meter.

3.32 Crystal Rectifier and Microammeter: An even simpler detector Sys-
tem consists of the built-in crystal rectifier used with an external microam-
meter, as shown in Figure 11. In this case, the rectified d-c output of the crys-
tal is measured by connecting a sensitive microammeter between the inner and
outer terminals of the right-hand connector on the probe carriage. In most
cases, the rectified d-c output is closely proportional to the square of the r-{
input at currents up to roughly 50 microamperes. The limit of the sguare-law
region is greatly affected by the resistance of the microammeter since the r-f
crystal impedance varies with the d-c bias voltage developed across the meter,
and, therefore, for the most accurate results, the Jaw of the detector should be
checked at the operating frequency using an r-f attenuator.

The sensitivity of this system is poor, and difficulties are usually en-
countered in measuring even moderately high VSWR'’s unless the oscillator
output is large, as the probe coupling required may be excessive (see Para-
graph 4.3). The simplicity of the system makes it attractive in many cases
when low VSWR'’s are to be measurea.

The detector can be used beyond its square-law range by calibrating it,
using an r-{ attenuator to control accurately the relative input to the line, or
acruaily to adjust the r-f input at the voltage maximum and at the voltage mini-
mum to produce the same meter indication. In the second method, the VSWR
can be read from the r-{ attemator and all dependence on the detector response

eliminated.

3.33 The Tvpe 874-MR hixer Rectifier as a Detector: The combination of
the Type 874-MR Mixer Recudlier, a local osciilator or signal generator such

6 The actual response of 2 crystal can be determined by applving known
amounts of r-f power to the clotted line from a signal generator or an oscil-
lator equipped with an accurately calibrated antenuator such as the Type 874-GA
Adjustable Attenuator, or by measuring the standing-wave pattern with the line
open-circuited and determining the deviation from the theoretical half-sine-

wave characteristic.

»

-

-
2s a Type 1208 or 1209  Unit Oscillator, an - T
mm?wn or i-f amplifier strip, such as the Type uwuwm..um.w..”.c.wwnm:.omm-ﬂvm ool
in Figure 12, comprises an excellent detector, particularly HoWEEm?. S
cuits with high VSWR'’s, as the sensitivity and harmonic wm.mnco%ﬂ,m-wmc::m .
Am,m.m Paragraph 4.63). The communications receiver Cmmm m:oEnJ.m . mona
width o‘H at least 20 kc to minimize difficulties arising {rom small %MM oot
n..a omnE.ﬁonm. Bandwidths of the order of a megacycle or so mcmz ekl
tained using high-freguency amplifiers, are very desirable Hom this = ek oy
The mE.mESW.oH this detector is excellent, a property which is ”MUMHNCOS.
.MummmE‘Sm nwapmz.bm mu.,mﬁm.Em. Harmonics of the local oscillator :.mawmznw.:m:
e used *..o Vmwn with the signal from the slotted line and, hence, the u . Hn»b
quency limit may be several times the upper frequency limit ow the omwmzmmﬂwm‘.-

In order to measure VSWR accurately, the out
the receiver must be accurately nﬁmcnmnmawmon HmHBWMM Wwww‘ownnwmghnmﬁ =
M%.%Mﬁmﬂmmmcmmﬁ. ﬁva .Hrw%m 1216-A Unit 1-F Amplifier no:ﬁwwnm a nm:dmwwmm

uator and meter, and differen i ; 4

e it e . ces in signal levels up to 80 db can be ac-

The calibration of the S meter on 2 receiver used as an i- ifi
can be checked using a low-frequency signal generator. The ws&n%»ﬂwﬂ“”mw
on an vﬁmqu or APR-4 i-f amplifier (complete receiver without tuning units)
mea with the Type 874-MR Mixer Rectifier and an appropriate oscillator pro-
vides m.Bcnu better measurement means, as the indication is closely &w%ns
mnovowCoE to the i-f input voltage at indications above 1/4 of full scale .E..M
i-f gain control can be calibrated to measure VSWRSs too large to be &wmnmc
measurable on the meter. The step switch on the APR-4 unit is better suited
to accurate calibration than the continuously variable control found on the
APR-1. The shielding of the combination of the mixer rectifier and the i-f

e __—COAXIAL CONNECTOR
. INPUT TO It I-F STAGE

A\ o
..UD_“..@ : ~——8ANANA PINS
yoag |O 29)|| powerLeros)

USE TYPE 874-Q7 ADAPTOR TO MAKE
: CONNECTION BeTWEEN COAXIAL
CONNECTOR ON RECEIVER AND TYPE
874 CONNECTOR ON PATCH CORD.

\

mmcww 13. Method of connecting the 30-Mc output of a Type 874-MR Mixer
Rectifier to the i-f amplifier in an AN/APR-1 or AN/APR-4 Receiver. The
receiver tuning unit is removed for this application.

7 "

The ...va Hmum-.> Unit I-F Amplifier, the Type 874-MR }Mixer Rectifier. and
the Type 1209 Unit Oscillator are available as the Type DNT -3 Detector for 2
w.ﬁﬂﬂnumuﬁ mw_._.mpsmsnw range from 220 to 950 Mc. The Type DNT -4 Detector.

uses a Type 1218-A Unit Oscillator, has a 3
e i s a fundamental frequency range
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section of the receiver is much superior to that of mw\a.q. Pm wvw-u or A} R-4
used with their regular tuning vnits. The method o u.um.x:.m the connection {o
the i-f ampiifier in these receivers is indicated in Figure 13.

The mixer -rectifier outp.z-vs-input variation is ﬂommﬁ.l::mwﬂ for signal
input voltages up to 2bout 50 =v when the rectified d-c crystal current pro-
duced by the local oscillator alone is at least 200 pa. .H:m rectified nﬁ.mﬁﬁ
current can be checked by disconnecting the i-f amplifier and connecting a
milliammeter between the inner and outer nonasn.ﬁo.nm. To prevent damage
to the crystal, the current should not exceed 10 milliamperes.

3.34 Em:-m,wmocm:nw Receiver as a Detectar: Various Emn-?.mncm:nw re-
ceivers such as the AN/APR-1 and AN/APR~4 Radar Search m.wmom:\mnm can be
used ashighly selective detectars and have the mnamb..mmmm Fn .Emw VSWR meas-
urements mentioned in Paragraph 4.63. The operation is mpn‘ﬁmn to that obtain-
ed using the Type 874-MR Mixer Rectifier with the i-f amplifier of one of these
receivers, as described in the previous paragraph, with Qn muomuco.u Fm.» ».bm
shielding is much poorer, particularly at the higher n.mﬁcmnﬁmm. m:.a Ehwnﬁn.umm
with leakage are frequently encountered, particularly when measuring radiating
systems..

. Section 4.0 Operation

4.1 CONNECTIONS AND ADJUSTMENTS

In use, the slotted line is fed from an oscillator which is connected to one
end of the line, and the circuit to be measured is connected to the other end. If
a Type 874-MR Mixer Rectifier (see Paragraph 3.33) is to be used as the detec-
8?. it is mounted directly on the left-hand connector oa the probe carrisge, as
indicated in Figure 12. No connection is made to the other connector on tne car-
riage. If a receiver (see Paragraph 3.34) is to be used as a detector, a length
of double-shielded cable fitted with coaxial coanectors should be used to connect
the left-hand connector on the carriage to the receiver input. A Type 874-R20
or R22 Patch Cord is suitable.

- 3 _auEe

e .

' e built-in crystal detector (see Paragrapns 3.31 or 3.27) 1«
used. a Type 874-D20 Adjustable Stub should be inserted in the left-farg oos
nector on the carrizge and the shielded connection to the ampl:fier, mﬂm:nﬁoﬂ
or microammeter made from the other connector using a Type 874-R32A vﬁnm
Cord, as shown in Figure 10, or a Type 274-NF Patch Cord with a Type 874-Qs
Adaptor, as shown in Figure 11.

4.11 Coaxial Adaptors: I theunknown, the generator, or the detector is
fitted with connectors other than the Type 874 Connectors, adaptors can be
used to make the necessary transition to the Type 874 Connector. A large
number of Adaptors are available (see list at the rear of this manual), per-
mitting use of the Slotted Line with most standard connectors. The low stand-
ing-wave ratios of the Type 874-Q Adaptors assure a minimum of reflection,
and the Adaptors will have no significant effect on the measurements. Any of
the connectors listed in the table of adaptors may be used. It should be re-
membered, however, that Type UEF Connectors do not have a constant im-
pedance, and may introduce appreciable reflection in the line at higher ire-
quencies. a

In addition to the adaptors, there are available Type 874 tees, ells, ro-
tary joints, and other accessories for convenience of connection. Refer to the

list at the rear of this manual or, for full description, to the latest General
Radip Catalog. ’

4.12. Methods of Short- and Open-Circuiting a Line: The method of produc-
ing the short-circuit for the line-length measurement or adjusument is import-
ant. In cases in which an antenna or other element terminating a line is being
measured, the short-circuit may be made by wrapping a piece of copper foil
around the inner conductor and binding it to the outer conductor of the outer
conductor of the feed line at its end, as shown in Figure 14c.

It is more difficult to obtain an accurate open-circuit on a line than a
short-circuit, as the fringing capacitance at the end of the center conductor
will effectively make the line appear to be longer than it really is, and hence
will cause errors, unless compensated for. The fringing capacitance is com-
pensated for in the open-circuit termination units mentioned below.

A more satisfactory method of producing a short-circuit or open-circuit
is to use a Type 874-WN or WN3 Short-Circuit Termination or Type 874-WO0
or W03 Open-Circuit Termination Unit. The Type WN3 and WOS units produce
a short- or open-circuit a physical distance of 2 cm (2.2 cm electrical dis-
tance) {from the front face,® the measuring instrument side, of the insulating

8 The front face of the bead is located at the bottom of the slots berween the

contacts on the outer connector. Hence, its position can be easily determined
from the outside of the connectar.
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bead as shown ip Figure 14. Hence, {if the device unger
Type 874-B Connector and a length of 0-ohm Air Line9d j
distance between the front face of the insulating bead a
the measurement jg desired is exactly 3 cm, the circuit under test can pe dis-~
connected and a Type 874-WN3 or Type 874-w03 Short- or Open-Circyit Ter-

HMB:osCE.” connected for the line-length measurement, This arrangement
produces very dccurate results. .

The Type 874-WN or -wO Termination Units produce a short- or open-
Circuit directly at the front face of the insulating bead, These units can be used
even if the impedance is desired at 3 point on the line, other thap at the face of
the bead, if the electrical distance between the two points is added tq Or sub-
tracted from the line length measured with the short- OT Open-circuit termj-
nation units connected. -The electrica] line length for air dielectric line is
egual to the physica] length. Each beag in the Type 874 Connector effectively

If the impedance is desired at the input to a coaxjal circuit Cconnected to
the slotted line, a Type 874-WN Short-Circuit can be used to produce a short-
circuit directly at the front face of the insulating bead in the Type 874 Connector

on the circuit under test, (The front face of the bead is located at the bottom
of the slots in the outer connector.)

4.2 DETECTOR TUNING

4.21 Crvstal Rectifier Tuning: The crystal rectifier bujlt into the carriage
is tuned by means of the adjustahle Stub, which is effectively connected in paral-

lel with it in order to increase the mmsﬂcﬂ.g and to provide Selectivity. In op-
eration, the stub ig adjusted unti] maximum output js indicated by the detector.

Sequently, the :E.BoE..n content of the signal picked up by the probe may be
several orders of magnitude greater than that present in the local oscillator
output. To minimjze the possibility of mistuning, the probe should be tuned
with a low VSWR on the line, for instance, with the line terminated in a Type
874-WM Termination Unit or with the load end of the slotted line open-circuited,

fundamenta] minima and, hence, the Possibility of confusion is small even though
the VSWR is high. Asa check, the distance between two adjacent voltage mini-
ma on the line can be measured. If the styd ig tuned correctly, the Spacing

8 The coaxial-line section of a Type 874-M Component Mount can be used for
this purpose, or a Type 874-WN3 Short Circuit or a Type 874-L10 Air Line can
be modified *~ be suitable.

{
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With the Type 874-D20 Adjustable Stub, the crystal car be tuned to {re-
quencies from about 275 Mc to above 5000 Mc. Inthe wicimty of 3030 Mc the
crystal is self-resonznt, 2nd the ef{ective Q of the probe circuitis low and the
tuning rather broad. For operatiorn at frequencies below 275 Mc, a Type 874-
D50 Adjustable Stub can be used down to 150 Mc or various lengths of Type
874-L Air Lines can be inserted in series with the adjustable stub. Smoother
carriage operation is obtained when the low-{requency.stub is used if the line
is tilted forward slightly, making the stub stand more nearly vertical.

4.22 Mixer Ractifier Tuning: When a mixer rectdier is used as a detector

(and also when a superheterodyne receiver is used), care must be taken to tune

; the local oscillator to beat with the desired signal and not with one of its har-

! monics. Harmonics of the oscillator signal will beat with harmonics of the

signal picked up from the slotted line and produce an output at the intermediate

frequency if the local oscillator is mistuned from the proper frequency. Proper

settings of the local oscillator are given by the following expression, assuming
that the intermediate frequency is 30 Mc.

f = (17)

where ] 5 is the frequency of the local oscillator, {g is the signal frequency
and n is an integer corresponding to the harmanic of the local oscillator signal

a e —_used. For best results, the lowest possible harmonic of the oscillator should
be used.

TP

If n = 1, there are two possible settings of the local oscillator separated
by 60 megacycles and centered about the signal frequency. If n =2, the two
possibly settings are separated by 30Mc and centered abow {/2. In the general
case, the two possible settings are separated by 60/n and centered about the
frequency fs/n. i . "

The second harmonic of the desired signal frequency will produce a beat
. frequency of 30 Mc when the local oscillator frequency is

—— e e - ——_t

o e 2+ 30 fg + 15.
Lo B (18)
n S\N

or, in general,
30
h

I+

(19)

: f10

o|=

where h is the harmonic of the signal frequency. It can be seen from the above
equation that some of the harmonic responses may be located reasonably close
to the frequency at which the fundamental is detected. The higher the harmonic
of the local oscillator used, the closer will be - -purious responses.

remm s s -

P —

L

In general, spurious responses do not cause much difficulty, as the fre-
quency to which the detector is tuned can be easily checked by measuring the
distance between two voltage minima oa the line, which shouid be half 3 wave-
length at the operating frequency. X —~

At some frequencies it is necessary to inserta Type 874-L cm Air

Line between the connector on the carrizge and the mixer rectifier in order to
obtain sufficient local-oscillator voltage developed across the crystal.

4.3 PROBE PENETRATION ADJUSTMENT

The probe penetration should be adjusted to give adequate sensitivity and
yet not have a significant effect on the measured VSWR. The presence of the
probe affects the VSWR because it is a small capacitance in shunt with the line.

It has thepreatest effect at a voltage maximum where the line impedance is
high.

The_probe penetration can be adjusted by removing the tuning stub con-
nected to the left-hand connector and turning the small screw found inside the
inner connector. (See Figure 9.) Clockwise rotation of the screw increases
the coupling. In most cases in which moderate VSWR's are measured, a pene-
tration of about 30% of the distance between the two conductors gives satis-
factory results. The coupling can be adjusted to 30% by increasing the coupling
until the probe strikes the center conductor of the slotted line and then backing
it off six iull turns of the screw. The point of contact between the probe and -
the center conductor is most easily measured by connecting an ohmmeter be-
tween the inner and outer conductors of the line and noting when the resistance
suddenly drops from a very high value to a reasonably low value. The crystal
is in series with this circuit so the resistance will not drop to zero. No in-
dication will be obtained if the crystal has been removed. Do not screw the
probe down tight against the center conductor, as it will damage the probe.

The amount of probe penetration can be visually checked by looking
through the slot from one end of the line at the probe.

The effect of the probe coupling on the VSWR can be determined by meas-
uring the VSWR with-one probe coupling and ther increasing the coupiing and
remeasuring the VSWR. I the measured VSWR is the same in both cases, the
probe coupling used has no significant effecton the measurement. If the mea -
sured VSWR's are different, additional measurements should be made with de-
creasing amounts of probe penetration until two similar measurements are ob-

" tained. However. as pointed out in the previous paraeraph. 2 30% coupling usu- -

ally gives sausiactory results except when the VSWR is hich and a larger coup-
ling is usua'ly required.

The probe coupling or the oscillator output should be adjusted uatil the
output from the detector is in a satisfactory range. If the crystal detector is
used, this means the maxirhum output to be measured should not correspond to
an input beyond the square-law range if the square-law characteristic is to be
depended upon (see Paragraph 3.31), and the probe coupling should not be large
enough to affect the measurements appreciably. :



# " =
_1on in prode coupling along the line 1s aifected by the Genii vi
\N.n large peretrations the variation tends to increase. The g *7i-
“% holds for penetrations of 30%.

_\Am.qummgmz.n OF WAVELENGTH

,E.E wavelength of the exciting wave in air can be measured usirg the
‘muoﬂma M.Em by observing the separation between adjacent voltage minima when
the line is short- or open—circuited. As explained in Paragraph 2.2, the spacing
petween adjacent minima, d, is one-half wavelergth or

~ For greater accuracy at the higher frequencies, the distance over 2 span of
several minima can be measured. If the number of minima spanned, not
counting the starting point, is n, then

= — (21)

4.5 MEASUREMENT OF CIRCUITS HAVING LOW VSWR’S

_ ___ If the standing-wave ratio on the line is less than 10 to 1, the VSWR is
usually determined by actually measuring the reiative amplitudes of a voltage
maximum and a voltage minimum (see Paragraph 3.3). To do this, the carriage
containing the probe can be moved along the line by turning the knob mounted
on the end casting, or by grasping the body of the carriage at the base of the
gon.. with the thumb and forefinger and pushing in the desired direction of
motion. The relative amplitudes of the voltage maximum and minimum and"
the position of the voltage minimum can be determined in this manner. i

. The probe coupling can vary a maximum of +1-1/2% along the line, and
B 4% Bmum:nmn .,.m in error by the difference in coupling coefficients atz
b..E,nw-w,m.c.ﬁﬁn m..na minimum «d:mmn points. This error can be avoided by cali--
2, g the variation of coupling with prove position, as outlined in Paragraph
n.“» or can be N..mehnma greatly by measuring several minima ard several maxi-
nﬁuﬁwm averaging the resuits. The coupling usually changes the most cear the
e the line puP.:msnm. better accuracy usually can be obtained if meas-
ements close to either end are avoided.

#?.Em,oq a particular setup, a check must be made to determine whether the
ate <5 Operaticg 1a the square-law rarge and whether the sensitivity is ade-
9 n<. W.H,Em s aoam by coanecting the circuit to be tested and setting the probe
Wocw.m tage maximum. If Em. meter and tha Type 1231-B Amplifier can be
nncpan on scale with the amplifier set at madmusm sensitivity and with an at-
% on of less than 30 db in the Type 1231-P4 Attenuator, the crysial will
Y ’

¥

e 30
L 3 : {

{s then moved to 2 voltage m _ TR, aldd & wen e - N

ditions is greater than about ore-fourth of full scale with any setting of the
Type 123 1-P4 Attemuator, the 1  input to the line is adequate. If a one-fourth
full-scale meter reading cannot be obtained, even with the attenuator set at
zero, the r-f input to the line should be increased. I the r-f input cannot be
increased, the probe coupling should be increased. (See Paragraph 43) If
either the r-f input or the probe coupling are increased, the voltage maximum
point should be rechecked to make sure that the crystal is still operating in the
square-law range. If the meter indication at the voltage maximum is greater
than full scale with the attenuator set at 30 db, and the meter indication at the
voltage minimum is less than one-third 'of full scale with the attenuator set at
zero, the VSWR on the line is greater than 20 db and the width-of-minimum
method, described in Paragraphs 4.6 and 4.722, should be used.

If the impedance of the unknown is desired, the VSWR and the electrical
distance between a voltage minimum cn the line and the unknown must be de-
termined and the unknown impedance calculated, as outlined in Paragraphs 2.32
or 2.33. . .

The effective distance to the unknown can be measured by short-circuiting
the line with a very low inductance shurt at the unknown (see Paragraph 4.12)
and measuring the position of a voltage minimum on the line. This minimum
is an integer number of half-wavelengths from the unknown. Since the imped-
ance along a lossless line is the same every half-wavelength, the position of
the voltage minimum found with the line short-circuited is the eifective posi-
tion of the unknown. If the line is very long, oscillator irequency shifts (dis-
cussed in Paragraph 4.62) may be serious. Efa eRes SRS RS

If a series of measurements are to be made on the same circuit, it may
be desirable to determine the actual effective lergth of the line in centimeters
between a reference point on the scale on the slotted line and the unknown and
thus eliminate the necessity of short-circuiting the unknown for each frequency.
If the position of the minimum with the line short-circuited at the urknown is
measured at one {requency, the point at which the minimum is found on the line
must be nA/2 wavelengths {rom the unknown. If the line is not too many wave=
lengths long, the eifective length can be estimated from the physical length of
the line, multiplied by the square root of the dielectric constant of the line in-
sulation, with an accuracy of better than a pcwnnmn-ewﬁ_mswﬁ? The value of
the integer n can then be determined by comparirg the estimated lergth with the
possible values of na/2. At other frequencies, the electrical distance between
the measured position of the minimum on the sictted line and the unknown can
then be determined from the sum of (1) the distance between the unknown and the
reference point on the line, and (2) the distance betxeen the reference point and
voltage minimum. all divided by the wavelength at the operating fregquency. If
the line is many wavelengths lorg, the irequency rsust be known very accurately
if the electrical distance to the urkncwn is to be determined from the irequency
and the physical length.

When the VSWR is very low, the minima =il be very broad, and it may
be difficult to locat2 their positions accurately. In this case, betiar resul's
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Emax Emin. * Figure 15. Meihod of improving

£min " the accuracy of the determina-

tion of the position of a voltage

minimum on the line when the
VSWR is low.

RELATIVE VOLTAGE

PROSE-CSITION

usually can be obtained by measuring the positions of points on either side of
a voltage minimum at which the voltage is roughly the mean of the minimum and

maximum voltages, as shown in Figure 15. The minimum is located midway.

between these two points.

If the line between the unknown and the slotted line has a significant’

amount of loss, the effect of the loss on the unknown impedznce can be cor-
wmn,nma for, as outlined in Paragraph 4.61.

Harmonics of the oscillator frequency may also cause trouble, as dis -
cussed in Paragraph 4.63. The effect will tend to be most serious when the
VSWR at the harmonic frequencies is high. .

4.6 MEASUREMENT OF CIRCUITS HAVING HIGH VSWR’S

When the VSWR on the line is 10 to 1 or more, direct accurate measure-

ments of z voltage maximum a2nd a voltage minimum are difficult because of
the following reasons:

(1) The effect of a fixed probe-coupling coefficient on the measurement
increases as the VSWR increases because the line impedance at the voltage

maximum increases, and the shunt impedance produced by the probe has greater
effect. :

(2) As the VSWR increases, the voltage at the voltage minimum usually
decreases and, hence, a greater probe-coupling coefficient 1s required to obtain

adequate sensitivity. The increased probe coupling may cause errors as out-
lined in (1).

(3) The accuracy of the measurement of the relative voltage decreases as
the VSWR increases. The valtage range becomes too great to permit operation
entirely in the square-law region. With the Type 1231-B Amplifier, Type
1231-P2 Tuned Circuit, and the Type 1231-P4 Adjustable Attenuator, an r-f

an

-
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input vc  7e range of about 10 to 1, or 20 nu.,wm ocnm.nmzm with 9.m wowm modu-
lation in the square-law region when, ata 40..ru»_m.m. minimum, Pm input ,mﬁ.mw. 1e
adjusted {o produce 2 10-db reading on the zmpiiiier meter, with the NH.UE.:Z
set to maximum sensitivity and the acdjusiable atterator set to zero attenuation

Accurate measurements of VSWR’s greater than 10 can be made cmEm
the width-of -minimum method. This is mmmm:swbw a resonance BmPoa and is
similar to measuring the Q of a circuit by Bmmhﬁwpm.:um {requency increment
between the two half-power points. In the slotted .:sm nmmm. the mH.ummSm, A,
between points on the line at which the r-f voltage Hm,ﬂMCBmm. the voltage at
the minimum is measured, 2s shown in Figure 16. ..;m VSWR is related to the
spacing, 4, and the wavelength, A, by the expression

VSWR T A (22)
TA

R, the detector is operating in the square-law ,.@ﬁon:\wlsﬁumm the w..a voltage
% to twice the minimum rectified output OF @ o-cb change in oufput.

sharp minima, the width of the minimum can be BmN.mE.mn to
a Bcnﬂom.«“wwmw wnncwwn«. by using the Type m.&..HE wﬂnwoBm«mn Vernier, than
by means of the centimeter scale on the slotted line. The vernier can be read to
+ 0.002 cm. When the vernier is used, the vﬂovm. is moved mrm.sc«, to the n.me
of the minimum and the vermer adjusted to have its plunger mﬁ.ﬂwm the carriage
on the unpainted surface below the output connector. The position nn the 4m~.E.mm
is adjusted by loosening the thumb screw which clamps the vernier to a rein

._forcing rod, sliding it along to the proper position, and relocking it.

-

i i inj and the twice-power points .
The probe is then driven through the minimum ; P
b EHBbM msm micrometer screw. The output meter reading corresponding to
ﬁwm minimum is determined and then the Type 1231-P4 Attenuator set for 6 db
more attenuation.

i i i d the probe returned to the
The micrometer is then backed off again an :
right side of the minimum. The probe is then driven cﬂ.ocmn the Fimum and
twice-power points again and the two micrometer readings corresponding to
the original output meter reading noted. The difference between these readings
is equal to A.

o
o
=

_ G
w
. | 2
Em«m.m.?:l —————J)f 25085
Figure 1f. Method of measuring % 3 _ N 2
"the width of the voltage mimmum &3 . 55
for VSWR determinations when - Emin-—1+—= : |I|~||> M
the VSWR is high. o _ =
e — m
PROBE POSITION ON UNE



I the minimum is too close to the Z.mwT.{ end cf the line to permit
the vernier being used in the vsuzl manner. the vern r can be moved to the

um.:,-:,n:nmamo:ymnm:ﬁmmmzagmogzmuao:_:n“n:mmnnmwaﬁo&:.m
the carriage. .

The electrical distance betweern the unknown and the minimum found on
the line can be determined as outlinec in Paragraph 4.5.

At very high standing-wave ratios, thelosses in the slotted line and in
any connecting line or cable used may have an apgreciable eifect on the meas-
urements. To keep this error aslow as possible, the voltage minimum nezrest
the load should be measured. The effect of the loss in the line can be cor-
rected for as outlined in Paragraph 4.61.

- 4.61 Correction for Loss in Line Between Measuring Point and Unknown:
When a load is connected to the slotied line through a length of air line or cable,
the loss in the air line or cahle may appreciably affect the measurements. Loss
in the cable tends to make the measured VSWR less than the true VSWR pro-
duced by the load.

The amount of loss in a length of cable can be estimated from published
data or measured using a slotted line. The loss can be measured by deter-
mining the VSWR with the load end of the line open-circuited and shielded to
prevent radiation losses. An open-circuited line is used for this measure-
ment to eliminate the significant losses present in most short-circuiting de-
vices. A Type 874-WO van Circuit Termination is useful for this purpose.
The total attenuation, @ £ , in the length of cable is:

i tanhat = 1 (23a)
(VSWR) )
af = tanh’l___ 1 pepers (23b)
(VSWR)
= §.68tanh —1 db. (23c)
(VSWR)

where VSWR is expressed as a ratio. not in db.

If VSWR is greater than 10,

nl

1 nepers = __8:686

(VSWR) o (VSWR) .

al

db. (24)

{
\
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& attenuation can also be determined {rom the open-circuited VSRR
using u.. TRANSMISSION LOSS and STANDPING WAYE RATIO scajes Tocated
below the Smith Chart, shown in Figure 17b. The point corresponding to the

open circuit VSWR is located on the Emax or DB scales under STANDING

Emin

WAVE RATIO. At the same distance from the center, find a corresponding
point on the TRANSMISSION LOSS scale. Attermation of the line-is equal to the
number of decibels between the left-hand end of the scale labeled 1 DE STEPS
and this latter point. The scale is marked off in 1-db steps.

In most cases the loss in the slotted line itself can be neglected, but the
loss in the line or cable used to connect the slotted line and the load is of im-
portance. The unknown impedance czn then be calculated in the same manner
as for the lossless case by first correcting the measured voltage standing-wave
ratio, (VSWR) m, for the effect of the loss in the line. The effective voltage
standing-wave ratio, (VSWR)e, is then

1
(VSWR)m - me—

_ (VSWR) oc __
(VSWR)g = ooy (25)

" (VSWR)qc

In measurements of very high VSWRs, the lumped resistance loss at the
Type 874 Connector on the slotted line can have an important effect. The mag-
nitude of this resistance for a typical line is plotted in Figure 17a..If a current
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Figure 17a. Plot of the effective lumped series resistance at Pu connector

measured on a typical Type 874-LBA Slotted Line. The Emmwcg;om.w pro-

duced in 2 matched line by the measured value of lumped resistance is also

indicated, as well as the VSWR which would be produced by the Bmmmﬁwmn

lumped resistance located at a current maximum in an open- or short-cir=
cuited 50-ohm line that has no other losses.
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the left-kand end of the scele is {ound znd a line is urawn from this point to
the STANDING WAVE RATIO sczle. The readinz of the sczle at this point is
4.5 or 13 @b, which is the true VSWR. s

Corrections can also be made using the following transmission-line
equations (from Equations (14a) and (14b)):

Ry = Zo X L AR - (27)
?,mﬁ.am" S Tﬁﬁc% - 1 cos28
Tﬁﬂwv% - HH_ sin26
Xx = —Zo % - (28)

[(vswRe" v1] o+ [(vsvm)e® - 1] cos2s

where 8 is the electrical distance between the minima with the line short-
circuited and with the load connected. It is positive when the load minimum
is on the generator side of the short-circuit minimum. When both VSWR's
are greater than 10, and 6 is not approximately n X 90°, where n is an odd in-

ﬁmmmn.ﬂ tan 8 Ao.yv , the following approximation is valid:

VSWR
b Z
mwN . 0 Ava
(VSWR)e cos®8
Xy T =Zytanb (30)

The equations are much more accurate than the Smith Chart, particularly when
the VSWR is high.

As an example, suppose the open-circuit standing-wave ratio is 30 db,
or 31.6 to 1, the VSWR with the unknown connected is 25 db or 17.77to 1, and
the minimum with the unknown connected is located 0.17 waveléngth on the
generator side of the short-circuit minimum. Then,

Ry T _ 30 = 5.32 ohms
40.5cos”(360° x 0.17)
Xy =~ -50tan61.2° = -90.9 ohms
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4.62 ~ cillator Freguency Shifts: I the effective positicn of the unkno=n §
determiu.d by short—circuiting the unknown and measuring the position o.n M
voltage minimum, errors may be caused in some cases by shifts in the ps-
cillator frequency with the change in the load impedance between the short-
circuit 2nd loaded conditions. The effect can become more serious as the
Jength of line between the load and the slotted line is increased. Oscillators
which are tightly coupled to the line can have relatively large frequency shifts.
The effect can be greatly reduced by inserting a pad, such as a Type 874-G10
10-DB Pad, between the oscillator and the slotted line. If the resultant de-
crease in input cannot be tolerated, the oscillator tuning can be adjusted to
compensate for the frequency shift. The oscillator frequency can be checked
using a receiver or a heterodyne freguency meter such as a General Radio
Type 720-A. Signal generators, in general, are loosely coupled, and the fre-
quency shift is usually small.

4.63 Harmonics: Another possible source of error in the measurement of
high standing-wave ratios is the presence of harmonics in the wave traveling
along the line. Harmonics can be generated by the driving oscillator or by a
non-linear unknown such as a crystal rectifier. The minima for the harmonics
will not necessarily appear at the same points along the line or have the same
relative amplitudes as the fundamentz1 minima, and, hence, 2 small harmonic
content in the signal may produce 2 harmonic signal many times that of the
fundamental at 2 minimum point. Therefore, if the detector will respond at all
to harmonics, difficulty may be encountered. Superheterodyne receivers and
the mixer rectifier detector, in general, have excellent harmonic Hmummaoi but
the tuned crystal detector may not have a large amount of rejection for various
‘harmonics because the tuning stub has higher order resonances. When the
crystal detector is used for measurements of high VSWR's, and preferably even
when a receiver is used, a good low-pass filter, such as the Type 874-F500 or
F1000 Low-Pass Filter, is required between the oscillator and the line to re-
duce the harmonics to an insignificant value. A good superheterodyne receiver
or a mixer rectifier is recommended when the VSWR is very high.

4.64 Frequency Moauulation: The presence of appreciable frequency modu-
lation on the applied signal may also have a serious effect on the results when
the high standing-wave ratio is very high. Frequency modulation is usually
produced when a high-frequency oscillator is amplitude-modulated; but, in 0s-
cillators using filament-type tubes, frequency modulation can also be caused
by the filaments when heated with a-c power. The amount of frequency modu-
lation for a given degree of amplitude modulation usually increases as the 0s-
cillator frequency approaches its upper limit. The Type 1209- Unit Oscil-
lator and Type 1021-AU Signal Generator are satisfactory for modulated signal
measurements on very high VSWR's at 50% modulation up to about 750 Mc. At
the higher frequencies, reasonahly large errors are produced in measurements
of standing-wave ratios of the order of 500 or 1000. At standing-wave ratios
below 50, the error is usually negligible if the over-all line length is short.
Square-wave modulation should be used on the Type 1218-A U-H-F Oscillator
to minimize frequency modulation.
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