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mm g5 Section 1.0 General Description

73] %H
..m Wm M m One of the important basic measuring instruments used at ultra-high
o2 B2 frequencies is the slotted line. With it, the standing-wave pattern of the electric
£% 8§ W field in a coaxial transmission line having a known characteristic impedance
H g © 5 can be accurately determined. From a knowledge of the standing-wave pattern
2 e ,.m g several characteristics of the circuit connected to the load end of the slotted
m .m_d g line can be obtained. For instance, the degree of mismatch between the load
7 & & = and the transmission line can be calculated from the ratio of the amplitude of
< - M LS the maximum of the wave to the amplitude of the minimum of the wave, which
q 2 = e is called the voltage standing-wave ratio, VSWR. The load impedance can he
sy m calculated from the standing-wave ratio and the position of a minimum point on
ra 83 the line with respect to the load. The wavelength of the exciting wave can be
i M m. o measured by obtaining the distance between minima, preferably with a lossless
2. T u_. load to obtain the greatest resolution, as successive minima or maxima are
TV_QA H spaced by one-half wavelengths. The properties outlined above make the
G W. 3] slotted line valuable for many different types of measurements on antennas,
5% 4 m components, coaxial elements, and networks.

[ el 8
m 550 The Type 874-LBA Slotted Line is designed to measure the standing-
B g : RS " - .

— wave pattern on a coaxial transmission line having a 50-ohm characteristic
SoE g impedance over a frequency range from about 300 to 5000 Mec. A small probe
fw 28 mounted on a sliding carriage extends through a slot into the region between
w M = 5 the inner and outer conductors of a coaxial line and samples the electric field
B> 5§ in the line. The probe is connected to a detector, and the variation in electric
B m m © ! field intensity, and hence the voltage along the line, can be determined by sliding
% e m b=t the carriage along the line while noting the output of the detector.

bl

Section 2.0 Theory

2.1 CHARACTERISTIC IMPEDANCE AND VELOCITY OF PROPAGATION

A transmission line has uniformly distributed inductance and capacitance,
as shown in Figure 1. The series resistance due to conductor losses and shunt
- ! resistance due to dielectric losses are also uniformly distributed, but will be
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Figure 1. Circuit showing the distribution of inductance and capacitance
along a transmission line.

neglected for the present. The square root of the ratio of the inductance per
unit length, L, to the capacitance per unit length, C, is defined as the charac-
teristic impedance, 2, of the line.l

o = 2 (1)

In the next paragraph, transmission-line behavior will be discussed in
terms of electromagnetic waves traveling along the line. The waves travel
with a velocity, v, which depends on L and C in the following manner:

o=l (2

/LC

If the dielectric used in the lire is air and the permeability is unity, the product
of L and C for any uniform line is always the same and results in a velecity
equal to the velocity of light, c, (3 x 1010 cm/sec). If the dielectric has an ef-
fective dielectric constant, K, greater than unity, the velocity of propagation
will be the velocity of light divided by the square root of the effective dielec-
tric constant,

vt = (3)

The relationship between frequency, f, and wavelength, , in the trans-
mission line is

Af = (4a)
£ = W (4b)
A = ¥ (4c)
‘ i

1 As indicated in footnote 2, this is an approximatien which is valid if line
losses are low. The approximation gives satisfactory results for most prac-
tical applications at high frequencies.
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If the dielectric is air and the permeability is unity,
Moo= 3x1010 cm./see. {4d)

if X is in centimeters and f is in cycles per second,

2.2 TRAVELING AND STANDING WAVES

The periormance of a transmission line having a uniform character-
istic impedance can be explained using a wave approach in which an electro-
magnetic wave is considered which travels along the line from the generator
to the load where all or a portion of it may be reflected with or without a change
in phase, as shown in Figure 2a. The reflected wave travels in the opposite
direction along the line back toward the generator. The phases of these waves
are retarded linearly 360 for each wavelength traveled.

The wave traveling from the generator is called the incident wave, and
the wave traveling toward the generator is called the reflected wave. The com-
bination of these two traveling waves produces a stationary interference pat-
tern on the line which is called a standing wave, as shown in Figure 2b. The
maximum amplitude of the standing wave occurs when the incident and reflected
waves are in phase, or an integer multiple of 360° cut of phase., The minimum

- amplitude occurs when the two waves are 180°, or an odd integer multiple

thereof, out of phase. The amplitude of the standing wave at other points along
the line is the vector sum of incident and reflected waves at each other point.
Successive minima and maxima are spaced, respectively, ahali-wavelength
along the line, as shown in the figure.

The magnitude and phase of the reflected wave at the load relative to the
incident wave are functions of the load impedance. For instance, if the load
impedance is the same as the characteristic impedance of the transmission
line, the incident wave is totally absorbed in the load and there is no reflected
wave. On the other hand, if the load is lossless, the incident wave is always
completely reflected with no change in amplitude but with a change in phase.

A traveling electromagnetic wave actually consists of two component
waves, a voltage wave and a current wave. The ratio of the magnitude and phase
of the incident voltage wave, Ej, to the magnitude and phase of the incident cur-
rent wave, I;, is always equal to the characteristic impedance, Z,. The re-
flected waves travel in the opposite direction from the incident waves, and con-
sequently the ratio of the reflected voliage wave, Er, to the reflected current
wave, Ir, is -Z4. Since the characteristic impedance in most cases is practi-
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Figure 2. (a} Chart showing the variations in the amplitude and phase of in-

cident and reflected waves along a transmission line. {b} The vector com-

bination of the incident and reflected waves at various points along the line

is illustrated and the resultant standing wave produced by the combination of
the two waves is plotted.
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cally a pure wmmmmﬁmsom‘m the incident voltage and current waves are in phase

with each other and the reflected voltage and current waves are 180° out of
phase.

i (5a)
Ij
%m. = =Z, (5b)

Equations (5a} and (5b) are valid at all points along the line,

The magnitude and phase of the reflected voltage wave, Ey, relative to
incident wave, Ej, at the load is called the reflection coefiicient, [ , which
can be calculated from the expression

M o 2Zx = %o _ Yo- Yy (8)
Zy + Zs Yo+ Yy

Er = Eil at the load (7a)

I, =-I;1  at the ioad (b)

where Zy and Yy are the complex load impedance and admittance, and Z, and
Y, are the characteristic lmpedance and admittance of the line, (Yq = 1)

Zo
2.3 LINE IMPEDANCE

If the line is terminated in an impedance equal to the characteristic im-
pedance of the line, there will be no reflected wave, and [ = 0, as indicated by

Equation {6). The voltage and current distributions along the line for this case
are shown in Figure 3.

If the line is open-circuited at the load, the voltage wave will be com-
pletely refiected and will undergo no phase shift on reflection, as indicated by

2

R+ jwL

G+ jwC

where L is the inductance per unit length in henries, C is the capacitance per
unit length in farads, R is the series resistance per unit length in ohms, and
G is the shunt conductance per unit length in mhos. The approximation is valid
when the line losses are low, or when R_G

L C°

5
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Equation (6), (Zy =co}, while the current wave will also be completely reflected
but will undergo a 180° phase shift on reflection, as shown in Figure 4. If the
line is short-circuited, the current and voltage roles are interchanged and the
impedance pattern is shifted A/4 along the line. The phase shifts of the voltage
and current waves on reflection always differ by 180° as the reflected wave
travels in the opposite direction from the incident wave. A current maximum,
therefore, always occurs at a voltage minimum, and vice versa.

The voltage at a maximum of the standing-wave pattern js |E;| + |E, |
or wmp_ {1+ :J_v and at a minimum is _Mw_ - _MH. or _mm_ x {1 i_qz__v. The ratio
of the maximum to minimum voltages, which is called the voltage standing-wave
ratio, VSWR, is

E 1+ :J_
VSWR = maww = (8a)
min 1 -~ __l._
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The standing-wave ratio is frequently expressedin decibels, in which case
it is referred to as SWR.

E
min

The impedance, Zp, seen looking towards the load at various points along
a uniform lossless line, is the ratio of the magnitude and phase of the effective
voltage at the point in question to that of the effective current at the same point
and varies along the line in a cyclical manner, Tepeating each half-wavelength
of the line, as shown in Figure 4.

At a voltage maximum on the line, the incident and reflected voltage
waves are in phase, and the incident and reflected current waves are 180Y put
of phase with each other. Since the incident voltage and incident current waves
are always in phase (assuming Z0 is a pure resistance), the effective voltage
and current at that point are in phase, and the effective impedance at that point
is pure resistance. Ata voltage minimum, the two voltage waves are opposing
and the two current waves aiding, and again the effective impedance is a pure
resistance. At a voltage minimum, the resistance isg equal to the characterigtic
impedance of the line divided by the VSWR, and, at a voltage maximum, it is
equal to the characteristic impedance multiplied by the VSWR.

Rymax = 2y x (VSWR) (92)
Z

The impedance, N? at any point along the line is related to the Ioad im-

pedance by the expression ®
Z,+jZ tang
Nmu = ND X X w 0 :.DNV
No + umxﬁmsm
Y, +jY tansg
= x 9 (10b)
wb = Mo b4

Y, + Yy tang

where Zy and Yx are the complex load impedance and admittance, Zy and Yy
are the characteristic impedance and admittance of the line, and # is the elec-
trical length of line between the load and the point along the iine at which the
impedance is measured. (See Figure 5.)8 The effective length, .mm, is propor-
tional to the physical length, ./, multiplied by the square root of the effective

3 In Figure 5, point ‘p’ is shown at a voltage minimum, However, Equations
{102) and {10b) are valid for any location of point ‘p’ on the line.
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dielectric constant, K, of the insulating material between the inner and outer

conductors. Nm n.\&W (112)
g = %m wavelengths (11b)
g = %.% K radians {11c)
8 = %o}mm degrees (11d)
If £ is in centimeters,
g = o.onmEo%,\.Wl degrees (118}

2.31 Determination of the Load Impedance from the Impedance at Another
Point on the Line: The load impedance, Zy, or admittance, Yy, can be deter -
mined if the impedance, Zp, at any point along a lossless line is known. The
expressions relating the impedances are:

Z, ~jZ,tans
By = Zox TR0 {12a)

Zy - jZptand

VOLTAGE DISTRIBUTION
WITH LOAD SHORT—
CIRCUITED

YOLTAGE DISTRIBUTICN
WITH LOAD CONNECTED

GEN.

Emax
6'=6-nx180°  VSWR=

Emin

Tan &'=Tan g

Figure 5, Voltage variation along a transmission line with a load connected
and with the line short-circuited at the load.
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Y |._Jmoﬁmbm (125)
Y, = Y x I.Fl:...!. 12b
x o ¥, -_Mvﬁm:m

If the line loss cannot be neglected, the equations are:

z 2., tanhod

P
Z, = Z,x 13
x °" 2, - zZptanhed (132)

Y - moﬁaﬁm

Yy = Y, x |4 7 (13h)
Y, - %wﬁmz:q
where & = a + u.\%u and .
@ = attenuation constant in nepers/cm. = att. in db/100 ft.

26490
phase constant inradians/cm. = 2xf[LC = Evﬁ

sl

2.32 Determination of the Load Impedance from the Standing-Wave Pattern:
The load impedance can be calculated from a knowledge of the VSWR present
on the line and the position of a voltage minimum with respect to the load, since
the impedance at a voltage minimum is related to the VSWR as indicated by
Equation (9b}. Equation (Sb) can be combined with Equation (123) to obtain an
expression for the load impedance in terms of the VSWR and the electrical
distance, f, between the voltage minimum and the load.

1 - j(VBWR}tang
VSWR - jtang

Zy = Z,%

o (14a)

14b)
2(VSWR) - j [(VSWR)? - 1] sin2s ﬂ

[(vsWR#+ 1] + [(VSWR)*- 1] cos26

= Z

o X

Since in a lossless line the impedance is the same at half-wavelength
intervals along the line, § can be the electrical distance between a voltage mini-
mum and any muiltiple of a half-wavelength from the load (see Figure 5}. Of
course, if the half-wavelength point used is on the generator side of the voliage
minimum located with the load connected, 8 will he negative. The points corre-
sponding to half-wavelength distances from the load can be determined by short-
circuiting the line at the load and noting the positions of the voltage minima on
the line. The voltage minima will occur at multiples of a half-wavelength from
the load.

10
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If the VSWR is greater than 10 and 2809 £ 0.1, the following approxi-

VSWR
mation of Equation (14b) gives good results.
R, = Zo (154)
VSWR cos?6
Xy T -Zptane (15b)

2.33 Smith Chart: The calculation of the impedance transformation pro-
duced by a length of transmissicn line using the equations previously presented
can be time consuming. Mr. P. H. Smith4 has devised a chart, shown in Figure
6, which simplifies these calculations. In this chart the circles whose centers
lie on the resistance component axis correspond to constant values of resist-
ance and the arcs of eircles whose centers lie on an axis perpendicular to the
resistance axis correspond to constant values of reactance. The chart covers
all values of impedance Irom zero to infinity and the position of a point corre~
sponding to any given complex impedance can be found {rom the Intersection of
the resistance and reactance coordinates corresponding to the resistive and
reactive components of the unknown impedance.

The impedance seen looking along the line toward a fixed unknown will
travel arcund a circle with its center at the center of the chart as the distance
from the load is increased or decreased, The angular movement around the
circle is proportional to the electrical displacement along the line. One com-
plete traverse of the circle will be made for each half-wavelength of travel.
The radius of the circle is a function of the VSWR.

2.331 Calculation of Impedance at One Point from the Impedance at An-
other Point on a Line: If the impedance at one point on a line, say at a point “p;
is known, and the impedance at another point a known electricai distance away
{for instance, at the load) is desired, the problem can be solved using the Smith
Chart in the following manner. First, locate the point on the chart correspond-
ing to the known impedance, as shown in Figure 6. (For example, assume that
Nﬁ =20 + j25 ohms.) Then, draw a line from the center of the chart through Zp
to the outside edge of the chart. If the point at which the impedance is desired
is on the load side of the point at which the impedance is known, travel along
the WAVELENGTHS TOWARD LOAD scale, from the intersection of the line
previously drawn, a distance equal to the electrical distance in wavelengths be-
tween the point at which the impedance is known and the point at which it is de-
sired, If the point at which the impedance is desired is on the generator side
of the point at which the impedance is known, use the WAVELENGTHS TOWARD
GENERATOR scale. {In this example, assume that the electrical distance is
0.11 wavelength toward the load.) Next, draw a circle through Zp with its cen-
ter at the center of the chart, or lay out, on the last radial line drawn, a dis-

4 Smith, P.H., Electronics, Vol. 17, No. 1, pp. 130-133, 318-325, January 1944,

11
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IMPEDANCE  COORDINATES— 50-OHM  CHARACTERISTIC IMPEDANCE
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Figure 6. Itustration of the use of the Smith Chart for determining the imped-
ance at a certain point along a line when the impedance a specified electrical
distance away is known. In the example plotted, the known impedance, Nu, is
20 + j25 ohms and the impedance, Zx, is desired at a point 0.11 wavelength
toward the load from the point at which the impedance is known.

12

TYPE 874-LBA SLOTTED LINE

tance equal to the distance between Zp and the center of the chart. The co-
ordinates of the point found are the resistive and reactive components of the
desired impedance. (In the example chosen, the impedance iz 16 - j8 chms.}

The VSWR on the line is a function of the distance which the point, cor-
responding tothe impedance, is from the center of the chart. To find the VSWR,
lay out the distance on the STANDING WAVE RATIO scale located at the bottom
of the chart, and read the VSWR as a ratio, Emax, or SWR in db off the ap-

Emin
propriate scale. {In the example, the VSWR is 3.2 or the SWR is 10.1 db.)

2.332 Calculation of Impedance at the Load from the VSWR and Posgition
of a Voltage Minimum: In impedance measurements in which the voltage
standing -wave pattern is measured, the impedance at a voltage minimum is a
pure resistance having a magnitude of Zp . This point can be plotted on the

VSWR
resistance component axis and a circle having its center at the center of the

chart drawn through the point. The impedance at any peint along the trans-
mission line must lie on this circle. The load impedance can be determined
by traveling around the circle from the original point an angular distance in-
dicated on the WAVELENGTHS TOWARD LOAD scale equal to the electrical
distance, expressed as a fraction of a wavelength, between the voitage minimum
and the load (or a point a half-wavelength away from the load, as explaired in
Paragraph 2.32.) If the half-wave point chosen lies on the generator side of the
minimum found with the load connected, travel around the chart in the opposite
direction, using the WAVELENGTHS TOWARD GENERATOR scale.  The radius
of the circie can be determined directly from the VSWR expressed as a ratio
or the SWR in decibels, if desired, using the scales labeled STANDING WAVE
RATIO located at the bottom of the chart,

The example plotied on the chart in Figure 7 shows the procedure for
determining the load impedance when the VSWR is 5 to 1, and the electrical
distance between the load or a half-wavelength point and a voltage minimum
is U.14wavelength. The unknown impedance read fromthe chart is 23 - j55 ohms.

The Smith Chart can also be used when the line between the load andthe
measuring point is not lossless. The procedure for correcting for loss is out-
lined in Paragraph 4.61.

NOTE: Additional copies of the Smith Chart, drawn for a 50-ohm system
in either impedance or admittance coordinates, are available. The Impedance
Chart, similar to the one shown in Figure 6 but printed on transparent paper,
is Form 756-7, and the Admittance Chart, similar to Figure 8, is Form 756-Y.
A normalized chart with an expanded center portion for low VSWR measure-
ments is also available, Form 756-NE.

2.333 Conversion from Impedance to Admittance: The transformation
between impedance and admittance can be easily made using the chart by ad-
vancing arcund the circle of constant VSWR exactly 0.25 wavelength from the
impedance point and multiplying the coordinates of the point obtained by 0.4
to obtain the conductance and susceptance in millimhos, as illustrated in Figure
7. This conversion property is a result of the inversion of impedance every

13



GENERAL RADIO COMPANY

IMPEDANCE  COORDINATES—50-OHM CHARACTERISTIC IMPEDANCE
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Figure 7. Example of the calculation of the unknown impedance from meas-
urements of the VSWR and position of a voltage minimum, using a Smith Chart.
The measured VSWR is 5 and the voltage minimum with the unknown connected
is 0.14 wavelength from the effective position of the unknown. A method of
determining the admittance of the unknown is also illustrated.
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ADMITTANCE  COORDINATES —$0-MILLIMHO CHARACTERISTIC ADMITTANCE
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Figure 8. Example of the calculation of the unknown admittance from meas-

urements of the VSWR and the position of a voltage minimum, using the Smith

Chart drawn for admittance measurements on lines having characteristic
admittances of 20 millimhos (50 ohms).
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quarter-wavelength along a uniform transmission line. The impedances at
points a quarter-wavelength apart are related by the equation

NH = % (16a)
Z

or

NM = Z, Yo (16b)

2.334 Admittance Measurements Using the Smith Chart: The admittance
of the unknown can be obtained directly using a normalized Smith Chart, or the
chart shown in Figure 8, whose coordinates are admittance components, rather
than by the procedure outlined inParagraph 2.333. When the chart shown in Fig-
ure 8 is used, the characteristic admittance, 20 miilimhos, is multiplied by the
measured VSWR to find the conductance at the voltage minimurd and the radius
of the corresponding admittance circle on the chart found by plotting the meas-
ured conductance directly on 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-
WARD LOAD scale, starting at 0.25 wavelength. The coordinates of the point
on the VSWR circle corresponding to the angle found on the WAVE LE NGTHS
scale are the conductance and susceptance of the unknown.

The example plotted on the chart is the same as that used for the imped-
ance example of Figure 7.

2.335 Use of Other Forms of the Smith Chart: In some forms of the
Smith Chart, all components are normalized with respect to the characteristic
impedance to make the chart more adaptable to all values of characteristic
impedance lines. If normalized charts are used, the resistance component
value used for the voltage minimum resistance is 1 , and the unknown

VEWR
impedance coordinates obfained must be multiplied by the characteristic im-
pedance of the line to obtain the unknown impedance in ochms and, if the ad-
mittance is desired, the coordinates corresponding to the admittance should
be multiplied by the characteristic admittance.

The normalized Smith Chart is produced in a slide rule form by the Eme-
loid Corporation, Hillside, New Tersey.
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Section 3.0  Description

3.1 SLOTTED LINE DESIGN

The Type 874-LBA Slotted Line is designed to measure the voltage stand-
ing-wave pattern along a coaxial transmission line having a 50-chm character-
istic impedance. The outer conductor is slotted for a length of approximately
50 centimeters, and a small shielded probe extends into the region between the
two conductors. The probe is mounted on a carriage which slides along the out-
side of the outer conductor. The capacitive coupling between the probe and
the line can be adjusted over a wide range by varying the penetration of the
probe into the inner line. This is accomplished by screwing the probe in or out.
Cross-sectional views of the probe arrangement are shown in Figure 9a.

CRYSTAL

MICA ///

FLAT SPRING

\

TEFLON
INSULATOR

1momm/.

PROBE SHIELD.

O

FELT WASHER

= "?;; e e—

RING NUT
POLYSTYRENE .~ SLOTIN
INSULATOR "~ COAXIAL LINE
S
I
4 = w78
SEpp_. -
2 S RN %7k
BT, 5
.\L\m SWURL AT seaing
RETAINING RING ”wm NYLON PLUG
= SPRING

o

L

iy

il

"TTSET SCGREW

Figure 8a. Cross-sectional views of the carriage on the Type 8§74-LBA Slotted
Line, showing the crystal mount and the adjustable probe.
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CARRIAGE

I-L/2 TURNS
AROUND DRUM RETAINING RINGS

FOR FELT WASHERS

§
DRIVE DRUM CORD

BALL
T

CORD

DRIVE DRUM

SLACK TAKE-UP REEL

1=1/2 TURNS AROUND DRUM

Figure 9¢. View from top of carriage of arrangement of nylon cord.

Since the probe is capacitively coupled to the line, the voltage induced in
the probe circuit is proportional to the voltage existing between the inner and
outer conductors of the line at the probe position.

The carriage is driven by means of a nylon cord which passes around
8 drum mounted on the casting at one end of the line and around an idier pulley
which is mounted on the casting at the other end of the line. The driving knob
is attached to the same shait 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
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positive drive. A ratchet-type take-up reel is located on the back of the car-
riage to permit adjustment of the tension in the cord. Figures 9b and 9¢ show
the cord, drum, and take-up device.

The r+f voltage induced in the probe can be measured by means of a buiit-
In tuned crystal detector and associated indicating equipment as 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 fitteq with
4 Type 874 Connector which introduces only a very small reflected wave in
the line at frequencies up to about 7000 Me,

1231-p2
FILTER

B74-D20
TUNING STUB

874-R20

874-R32A
PATCH CORD

874LBA SLOTTED LINE

Figure 10, A typical setup for measurements with the Type 874-LBA Slotted

Line, using a modulated Source. The built-in crysta) 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.

74-D20 TUNING STUS
0-25 or 50ua METER

\\omo_P.ﬂom

274-NF PATGH GORD

WITH 874-Q6 ADAPTOR

™ g74_r20 PATCH CORD
874 LBA SLOTTED LiNg

o~
i~ I

UNKNOWN

Figure 11, A typical setup for 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 OSCILLATOR SIGNAL EQUIFMENT ADVANTAGES DISADYANTAGES

Crystal Modulated Audio amplifier with indi- 1. Good sensitivity if audio L. Barmonic rejection poor.

(Built in) For frequency range of 250 cating meter {(Type 1231-B amplifier gain adequate, May cause trouble in meas-
to 820 Mc, use Type 1209 Amplifier with Type 1231-P2 2. Simple. urement of high SWR’s, Can
Oscillator moedulated by Filter and preferably Type 3. Well shiclded. Leakage be cured by low-pass filter.
Type 1214-A Osciliator; 1231-P4 Calibrated Attenu- in measurement of high .
Type 1021-AU Standard- ator). SWR's rarely a problem. 2. I sine-wave modulation is
Signal Generator can also 4. Performance when used used, frequency medulation
be used. with Type 874-F500 and usually produced at upper
For frequency range of 900 Type 874-F 1000 Low-Pass end of oscillator frequency
to 2000 Mc, use Type 1218-A Filters satisfactory for range may cause trouble in
Oscillator square-wave most measurements. measurement of very high
modulated by Type 1210 5. Covers a very wide fre- SWR's, Square-wave modu-
Oscillator or by Type 12174 quency range. lation eliminates difficulty.
Pulser with Type 1218-A Pulse
Amplifier; Type 1021-AW
Standard-Signal Generzior
can also be used.

Crystal W Microammeter with sensi- 1. Simple. 1. Insensitlve, requires large

{Built in) For frequency range of 250 tivity of 50 pa or better. 2. Covers a very wide fre- oscillator power. Oscillators

. to 920 Mc, use Type 1209 guency range. referred to do not have ade-

Oscillator or Type 1021-AU quate output even for mod-
Standar¢-Signal Generator; erately high SWR measure-
For frequency range of 900 ments.
to 2000 Mc, use Type 1218-A
Oscillator or Type 1021-AW
Standard-Signal Generator,}

Receiver cw Type DNT-3 or Type DNT-4 1. Good sensitivity. 1. Requires several pieces of
(Type B74-MR Same as above. Detector Assembly 2. Very well shielded ugainst equipment. However, much
Mixer Rectifier) (See Paragraph 3.533.) leakage. of this is usually available

3. Covers a wide frequency in the laboratory,
range.
4. Good selectivity.

Receiver Cw Receiver. 1. Good sensitivity. 1, Some receivers are not suf-
(Suchas AN/APRA, Same as above. 2. Good selectivity, ficiently weil shieided for use
AN/APRI, etec.) at very high frequencies,

labove 2700 Mg, the Type 1220-A Unit Klystron Oscillator can be used.

ANVANOD OIAVH TYHINTD
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the crystal is operated in the square-law range. When the Type 1231-B Ampli-
fier and associated filter and attenuator are used, the square-law region® with
typical crystals extends to r-f inputs with 50% modulation, which produce full -
scale deflection of the meter on the amplifier 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 from 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 1231-P4
Attenuator, 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. If the crystal is operating in the square-law region,
the actual db difference in r-f voltage is half the db difference measured by the
attenuator or meter.

3.32 Crystal Rectifier and Microammeter: An even simpler detector sys-
tem consists of the built-in erystal 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 connectar on the probe carriage. In most
cases, the rectiflied d-c output is ¢losely proportional to the square of the r-f
Input at currents up to roughly 50 microamperes. The limit of the square-law
region is greatly affected by the resistance of the microammeter since the r-{
crystal impedance varies with the d-¢ bias voltage developed across the meter,
and, therefore, for the most accurate results, the law of the detector should be
checked at the cperating 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 measured.

The detecior can be used beyond its square-law range by calibrating it,
using an r-f attenuator to control accurately the relative input to the line, or
actually 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-f attermator and all dependence on the detector response
eliminated.

3.33 The Type 874-MR Mixer Rectifier as a Detector: The combination of
the Type B74-MR Mixer Rectifier, a local oscillator or signal generator such

6 The actual response of a erystal can be determined by applying known
amounts of r-f power to the slotted line from a signal generator or an oscil-
lator equipped with an accurately calibrated attenuator such as the Type 874-GA
Adjustable Attenuator, or by measuring the standing-wave pattern with the line
open-circuited and determining the deviation froem the theoretical half-sine-
wave characteristic.
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as a Type 1208  or 1209  Unit Oscillator, and & communications-t pe re-
ceiver or i-f amplifier strip, such as the Type 1216-A I-F Amplifier,’ shown
in Figure 12, comprises an excellent detector, particularly for measuring cir-
cuits with high VSWR’s, as the sensitivity and harmonic rejection are very good
(see Paragraph 4.63). The communications receiver used should have a band-
width of at least 20 ke to minimize difficulties arising from small drifts of the
r-f ogeillators. Bandwidths of the order of a megacycle or so, such as are oh-
tained using high-frequency amplifiers, are very desirabie for this application.
The shielding of this detector is excellent, a property which is useful when
teasuring radiating systems. Harmonics of the loeal oscillator frequency can
be used to beat with the signal from the slotted line and, hence, the upper fre-
quency limit may be several times the upper Irequency limit of the oscillator.

In order to measure VSWR accurately, the cutput meter, or $ meter, an
the receiver must be accurately calibrated for reiative input, or the receiver
output measured. The Type 1216-A Unit 1-F Amplifier contains g calibrated
attenuator and meter, and differences in signal levels up to 80 db can be ac-
curately measured.

The calibration of the 8 meter on a receiver used as an i-f amplifier
can be checked using a low-frequency signal generator. The indicating meter
onan APR-1 or APR-4 i-f amplifier (complete receiver without tuning units}
used with the Type 874-MR Mixer Rectifier and an appropriate oscillator pro-
vides a much better measurement means, as the indication is closely directly
proportional to the i-f input voitage at indications above 1/4 of full scale., The
i-f gain control can be calibrated to measure VSWRs too large to be directly
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

o - COAXIAL CONNECTOR
INPUT TO Ist IF STAGE

N
W e “|~—BANANA PINS
1009 |@ X:a)] (POWERLEADS)

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

Figure 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 Type 1216-A 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 a
fundamental frequency range from 220 to 950 Mc. The Type DNT -4 Detector,
which uses a Type 1218-A Unit Oscillator, has a fundamenta] frequency range
from 870 to 2030 Mec.
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section of the receiver is much superior to that of either the APR-1 or APR-4
used with their regular tuning units. The method of making the connection to
the i-f amplifier in these receivers is indicated in Figure 13.

The mixer-rectifier output-vs-input variation is closely linear for signal
input voltages up to about 50 mv when the rectified d-c crystal current pro-
duced by the local oscillator alone is at least 200 pa. The rectified crystal
current can be checked by disconnecting the i-f amplifier and connecting a
milliammeter between the inner and outer conductors. To prevent damage
to the crystal, the current should not exceed 10 milliamperes.

3.34 High-Frequency Receiver as a Detector: Various high-frequency re-
ceivers such as the AN/JAPR-1 and AN/APR-4 Radar Search Receivers can be
used as highly selective detectors and have the advantages for high VSWR meas-
urements mentioned in Pacagraph 4.63. The operation is similar to that obtain-
ed using the Type 874-MR Mizer Rectifier with the i-f amplifier of one of these
receivers, as described in the previous paragraph, with the exception that the
shielding is much poorer, particularly at the higher frequencies, and difficulties
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-
tor, it is mounted directly on the left-hand connector on the probe carriage, as
indicated in Figure 12. No connection is made to the other connector on the car-
riage. If a recelver {see Paragraph 3.34) is to be used as a detector, a length
of double-shielded cable fitted with coaxial connectors 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.
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If the built-in crystal detector (see Paragraphs 3.31 or 3.32) is to be
used, a Type 874-D20 Adjustable Stub should be inserted in the left~hand con-
nector on the carriage and the shielded connection to the amplifier, attenuator,
or microammeter made from the other connector using a Type 874-R32A Patch
Cord, as shown in Figure 10, or a Type 274-NF Patch Cord with a Type 874-Q6
Adaptor, as shown in Figure 11.

4.11 Coaxial Adaptors: If the unknown, 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 eifect on the measurements. Any of
the connectors listed in the table of adaptors may be used. It should be re-
membered, however, that Type UHF Connectors do not have a constant im-
pedance, and may introduce appreciable reflection in the line at higher fre-
quencies.

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
Radio 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 adjustment 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 conducior 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-Cireuit Termination or Type 874-WQ
or WO3 Open-Circuit Termination Unit. The Type WN3 and WO3 units preduce
a short- or open-circuit w%wwmmnﬁ distance of 3 cm (3.2 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 between the
contacts on the outer connector. Hence, its position can be easily determined
from the outside of the connector.
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BRAID TWISTED GROUND
TIGHTLY OVER 50-0HM PLANE
CENTER CONDUGTER COAXIAL LINE

PRESS, CLAMP
OR SOLDER
[0)
COPPER FOIL FORMED 1
CABLE AND GLAMFEG TIGHTLY ) )
OVFR BRAID AND GEN- /?qmzz»
v

E COPPER FOIL

{b) (c)

3 cm Physical ﬁ
3.2cm Electricol

50-OHM
= _~coaxiaL LINg

[ A

ha

1 T POINT AT wHicH
IMPEDANCE 15
POLYSTYRENE MEASURED
POLYSTYRENE  POSITION OF BEAD
BEAD | EFFECTIVE

SHORT OR OPEN
CIRCUIT

Sembrssical | posiTion o
32cm Elecirical] o EFFECTIVE

SN = SHORT OR OPEN
GIRCUIT
«frr/ G T / =
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POLYSTYRENE
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le)
)

{a} Short-circuiting a cable with its own braid,

(b) Short-circuiting a cable with copper foil.

{c) Short-circuiting an air line with copper foil.

(d) Use of Type 874-WN3 Short-Circuit Termination Unit or Type mq.mxﬁom
Open~Circuit Termination Unit to make a short circuit or oum?oﬁ.nc;. when
measuring point is located 3 cm from front face of bead, as in upper figure.
Upper unit is similar to a Type 874-M Component Mount. . )

{e) Position of the short- or open-circuit when a Type 874-WN Short-Circuit
Termination Unit or Type 874-WO Open-Circuit Termination Unit is used.

Figure 14. Methods of Short- and Open-Circuiting Cables and Air Lines.
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bead as shown in Figure 14. Hence, if the device under test is fitted with a
Type 874-B Connector and a length of 50-ohm Air Line? in which the physicaj
distance between the front face of the insulating bead and the point at which
the measurement is desired is exactly 3 em, the circuit under test can be dis-
connected and a Type 874-WN3 or Type 874-WO03 Short- or Open-Circuit Ter-
mination Unit connected for the line-length measurement. This arrangement
produces very accurate 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 a point on the line, other than at the face of
the bead, if the electrical distance between the two points is added to or sub-
tracted from the line length measured with the short- or open-circuit termi-
nation units connected. The electrical line length for air dielectric line is
equal to the physical length. Each bead in the Type 874 Connector effectively
adds 0.20 cm to the Iength in addition to its physical length.

If the impedance is desired at the input to a coaxial circuit connected 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 hottom
of the slots in the outer connector.)

4.2 DETECTOR TUNING

4.21 Crystal Rectifier Tuning: The crystal rectifier built into the carriage
is tuned by means of the adjustable stub, which is effectively connected in paral-
lel with it in order to increase the sengitivity and to provide selectivity. In op-
eration, the stub is adjusted until maximum output is indicated by the detector.

In tuning the stub, one must be careful not to tune it to a harmonic of the
desired signal rather than to the fundamental. Confusion may result in some
cases if the tuning is done with a high VSWR on the line, as the minima of the
harmonics may not be coincident with the minima of the fundamental and, con-
sequently, the harmonic 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 minimize 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,
In the open-circuit case, the minima of the harmonics fal] very close to the
fundamental minima and, hence, the possibility of confusion is small even though
the VBWR is high. Asa check, the distance between two adjacent voltage mini-
ma on the line can be measured. If the stub is tuned torrectly, the spacing
should be half a wavelength.

9 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 to be suitable.
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With the Type 874-D20 Adjustable Stub, the crystal can be tuned to fre-
quencies from about 275 Mc to above 5000 Mc. In the vicinity of 3000 Mc the
crystal is self-resonant, and the effective Q of the probe circuit is low and the
tuning rather broad. For operation 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-frequency stub is used if the line
is tilted forward slightly, making the stub stand more nearly vertical.

4.22 Mixer Rectifier Tuning: When a mixer rectifier 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 preduce 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 = (1rn

where MH_O is the frequency of the local oscillator, fg is the signal frequency
and n is an integer corresponding to the harmonic of the local oscillator signal
used. For best results, the lowest possible harmonic of the oscillator should
be used.

If n =1, there are two possible settings of the iocal oscillator separated
by 80 megacycles and centered about the signal frequency. If n = 2, the two
possibly settings are separated by 30 Mc and centered about f./2. In the general
case, the two possible settings are separated by 60/n and centered about the
irequency fg/n.

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

25+ 30  fg + 15
n /2

LO (18)

or, in general, 30
Ny

s
|+

_ (19)
f10 ~

2]

where h is the harmonic of the signal frequency. It can be seen from the mbove
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 Jocal oscillator used, the closer will be the spurious responses.
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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 on the line, which should be half a wave-
length at the operating frequency.

At some frequencies it is necessary to insert a Type 874-L10 10 cm Air
Line between the connector on the carriage and the mixer rectifier in order to
obtain sufficient Iocal -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 the greatest 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 8.) 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 siotted 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 ochmmeter 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 wiil be obtained if the crystal has been removed. Do not serew the
probe down tight against the center conductor, as it wiil damage the probe,

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

The effect of the probe coupling on the VEWR can be determined by meas-
uring the VSWR with one probe coupling and then increasing the coupling and
remeasuring the VSWR. If the measured VSWR is the same in both cases, the
probe coupling used has no significant effect on the measurement. If the mea -
sured VSWR’s are different, additional measurements should be made with de-
¢reasing amounts of probe penetration until two similar measurements are oh-
tained. However, as pointed out in the revious paragraph, a 30% coupling usu-
ally gives satisfactory results except when the VSWR is high and a larger coup-
ling is usually required.

The probe coupling or the oscillator output should be adjusted until the
output from the detector is in a satisfactory range. If the crystal detector is
used, this means the maximum 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.
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The variation in probe coupling along the line is affected by the depth of
penetration. At large penetrations the variation tends to increase. The speci-
fied +1-1/2% holds for penetrations of 30%,

4.4 MEASUREMENT OF WAVELENGTH

The wavelength of the exciting wave in air can be measured using the
slotted line by observing the separation between adjacent voltage minima when
the line is short- or open-circuited. As explained in Paragraph 2.2, the spacing
between adjacent minima, 4, is one-half wavelength or

A = 24 (20)

For greater accuracy at the higher frequencies, the distance over a span of
several minima ¢an be measured, I the number of minima spanned, not
counting the starting point, is n, then

A - (21)

4.5 MEASUREMENT OF CIRCUITS HAVING LOW VSWR’S

If the standing-wave ratio on the line is iess than 10 to 1, the VSWR ig
usually determined by actually measuring the relative 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
knob 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.

The probe coupling can vary a maximum of +1~1/2% along the line, and
the VSWR measured is in error by the difference in coupling coefficients at
the maximum and minimum voltage points. This error can be avoided by cali-
brating the variation of coupling with probe position, as outlined in Paragraph
5.2, or can be reduced greatly by measuring several minima and several maxi-
ma and averaging the results. The coupling usually changes the most near the
ends of the line and, hence, better accuracy usually can be obtained if meas-
urements close to either end are avoided.

For a particular setup, a check must he made to determine whether the
crystal is operating in the square-law range and whether the sensitivity is ade-
quate. This is done by connecting the circuit to be tested and setting the probe
to a voltage maximum. If the meter and the Type 1231-B Amplifier can be
brought on scale with the amplifier set at maximum sensitivity and with an at-
tenuation of less than 30 db in the Type 1231-P4 Attenuator, the crystal will
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be operating in the square-law range {assuming 50% modulation). The probe
is then moved to a voltage minimum, and if the meter reading under these con-
ditions is greater than about one-fourth of full scale with any setting of the
Type 1231-P4 Attenuator, the r-f input to the line is adequate. If a one-fpurth
full -scale meter reading cannot be obtained, even with the attenuator set at
zero, the r-{ input to the line should be increased. I the r-f input cannot be
increased, the probe coupling should be increased. (See Paragraph 4.3.) If
either the r-f input or the probe coupling are increased, the voltage maximurm
point should be rechecked to make sure that the crystal is stiil 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 on the line and the unknown must be de~
termined and the urknown impedance calculated, as cutlined 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 short 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 effective posi-
tion of the unknown. If the line is very long, oscillator freqguency shifts {dis-
cussed in Paragraph 4.62) may be serious.

If 3 series of measurements are to be made on the same circuit, it may
be desirable to determine the actual effective length of the line in centimeters
between & 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 unknown is
measured at one frequency, the point at which the minimum is found on the line
must be nA/2 wavelengths from the urknown. I the line is not too many wave-
lengths long, the effective 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 quarter -wavelength, The value of
the integer n can then be determined by comparing the estimated length with the
possible values of nA/2. At other {requencies, the electrical distance between
the measured position of the minimum on the slotted line and the unknown ¢an
then be determined from the sum of (1} the distance between the unknown and the
reference point on the line, and (2) the distance between the reference point and
voltage minimum, all divided by the wavelength at the operating frequency. If
the line is many wavelengths long, the frequency niust be known very accurately
if the electrical distance to the unknown is to be determined from the frequency
and the physical length.

When the VSWR is very low, the minima will be very broad, and it may
be difficult to locate their positions accurately. In this case, betfer results
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tion of the position of a voltage
minimum on the line when the
VSWR is low.
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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 lccated 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 impedance can he cor-
rected for, as outlined in Paragraph 4.61,

mmHBoEom of the oscillator frequency may also cause trouble, as dis -
cussed in Paragraph 4.63. The efiect 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 a voltage maximum and 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 VEWR increases, the voltage at the voltage minimum usually
decreases and, hence, a greater probe-coupling coefficient is required to obtain
adequate sensitivity., The inereased probe coupling may cause errors as out-
lined in (1).

(3} The dccuracy of the measurement of the relative voltage decreases as
the VSWR increases. The voltage 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
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input voltage range of about 10 to 1, or 20 db, is obtainable with the 50% modu-
lation in the square-law region when, at a voliage minimum, the input level i
adjusted to produce a 10-db reading on the amplifier meter, with the amplifier
set to maximum sensitivity and the adjustable attenuator set to zero attenuation.

Accurate measurements of VSWR’s greater than 10 can be made using
the width-of-mninimum method. This is essentially a resonance method and is
similar to measuring the Q of a circuit by measuring the frequency incremenl
between the two half-power points. In the slotted line case, the spacing, A,
between points on the line at which the r-f voltage isV2 times the voltage af
the minimum is measured, as shown in Figure 16. The VSWR is related to the
spacing, A, and the wavelength, A, by the expression

VSWR T A (22)
ThA

If the detector is operating in the square-law region, V2 times the r-f voltage
corresponds t¢ twice the minimum rectified output or a 6-dh change in cutput,

For very sharp minima, the width of the minimum ecan be measured to
a much greater accuracy by using the Type 874-LV Micrometer 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 probe is moved slightly to the right
of the minimum and the vernier adjusted to have its plunger strike the carriage
on the unpainted surface below the output connector. The position of the vernier
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,

The probe is then driven through the minimum and the twice-power points
by turning the micrometer screw. The output meter reading corresponding to
the minimum is determined and then the Type 1231-P4 Attenuator set for 6 db
more attenuation,

The micrometer is then backed off again and the probe returned to the
right side of the minimum. The probe is then driven through the minimum 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.
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If the minimum is too close to the right-hand end of the line to permit
the vernier being used in the usual manner, the vernier can be moved to the
left-hand side of the carriage and the other end of the plunger used to drive
the carriage.

The electrical distance between the unknown and the minimum found on
the line can be determined as outlined 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 appreciable effect on the meas-
urements. To keep this error aslow as possible, the voltage minimum nearest
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 slotted line through a length of air line or cable,
the loss in the air line or cable may appreciably affect the measurements. Loss
in the cable tends to make the measured VSWR less than the true YSWR 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 Jcad 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 Open Circuit Termination is useful for this purpose.
The total attenuation, P\«U_ in the length of cable is:

tanhad = 1 (23a)
(VSWR) o0
al = tannl 1 nepers {23b)
(VSWR),
= §.686tanh”} 1 db. (23c)
(VSWR) .0

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

If VEWR is greater than 10,

al ¥ 1 nepers = 8.686 a,o. Am&

(VSWR) .. (VSWR), .
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The attenuation can also be determined from the open-circuited VSWR
using the TRANSMISSION LOSS and STANDING WAVE RATIO scales located
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. Attenuation of the line is equal to the
number of decibels between the left~hand end of the scale labeled ! DB 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 can then be caleulated 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)py — e

(VSWR), = ?%MM%E% (25)
1] - A= m

(VSWR) o,

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 the connector

measured on a typical Type 874-LBA Slotted Line. The insertion-loss pro-

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

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

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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IMPEDANCE  CCORDINATES—50-OHM CHARACTERISTIC IMPEDAMCE
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Figure I7b. Example of the use of the Smith Chart for line length corrections
when the line has an appreciable amount of loss. (See Paragraph 4.61.)
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maximum occurs at the resistance, the VSWR will be reduced the maximum
amount. If a current minimum occurs at the resistance, the VSWR will be
unaffected. Therefore, if circuits are measured whose VSWRs are high enough
to be afiected by the losses in the slotted line itsell, and these losses are
measured by making a measurement with the unknown disconnected, the figure
obtained for the line loss may be different than that actually obtained when the
unknown is connected. The reason for this is that the standing wave may be
shifted along the line and thus the lumped resistance loss may be different in
the two measurements.

This type of error can be avoided by using the substitution method of
measurement. In this method, the reactance at the end of the line is adjusted
with the unknown disconnected to produce a voltage minimum at exactly the
same position on the slotted line as produced with the unknown connected.
The effective loss produced by the lumped resistance is the same in both
cases; hence Equation 26 can be used to obtain the true value of the VSWR
produced by the unknown alone.

o1 1
(VSWR}e ~ (VSWR),, ~ (VSWR)
(26)
(VSWR), = SRALLAE I
{(VSWR)m

1 - WsWR) o0

The impedance of an unknown connected to the slotted line by a line or
cable having an appreciable loss can be calculated from the slotted-line meas-
urements, using the Smith Chart exactly as outlined in Paragraph 2.332 if the
measured VSWR is corrected as indicated in Equation (25); or the complete
correction procedure can be carried out on the Smith Chart and the need for
the solution of Equation {25) eliminated, if desired, in the following manner.
First, the point corresponding to the measured VSWR is determined on the
scale marked STANDING WAVE RATIO, located below the chart, and the cor-
responding point on the TRANSMISSION LOSS, 1 DB STEPS scale is found. A
new point is found on this scale by traveling outward, TOWARD LOAD, a dis-
tance corresponding to the db attenuation in the line. The radius of the circle
drawn on the Smith Chart is the distance from this point to the center of the
scale. The unknown impedance is found on this new circle at an angle from the
resistance axis corresponding to the electrical distance to the load, as outlined
in Paragraph 2.332.

For example, suppose the measured open-circuit SWR is 20 db, the SWR
with the load connected is 10 db, and the minimum with the load connected is
0.12 wavelength on the load side of the short-circuit minimum. The atienua-
tion, a-Z, in the length of cable is 0.86 db. The point on the STANDING WAVE
RATIO scale for a SWR of 10 db is located as shown on Figure 17b, and the
corresponding point is found on the TRANSMISSION LOSS 1-DB STEPS scale.
A new point on the TRANSMISSION LOSS scale 0.86 db (0.86 division) toward
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the left-hand end of the scale is found and a line is drawn from this point to
the STANDING WAVE RATIO scale. The reading of the scale at this point is
4.5 or 13 db, which is the true VSWR.

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

HNN = NO x MA<%H~.VW AN.NV
?msa% + L + Té&é% - Lsmmm
2 <
Xy - -2, x T<ma<mco - ngmm (28

[(vswry® + 1] - [(vswR)® - 1] cos2s

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

teger, AEA 0.1}, the following approximation is valid:

VSWR
— Z
Ry = 8 - (28)
(VSWR), cos®s
Xy T -Zgtane (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 wavelength on the
generator side of the short-circuit minimum. Then,

Ry T < 50 = 5,32 ochms
. 40.5co0s"(360° x 0.17)
Xy ¥ -50tan61.2° = -90.9 ohms

38

TYPE 874-LEA SLOTTED LINE

4.62 Oscillator Frequency Shifts: If the effective position of the unknown is
determined by short-circuiting the unknown and measuring the position of a
voltage minimum, errors may be caused in some cases by shifts in the os-
cillator frequency with the change in the load impedance between the short-
circuit and loaded conditions. The effect can become more serious as the
length 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 frequency meter such as a General Radio
Type T20-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 imeasurement 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 fundamental minima, and, hence, a small harmonic
content in the signal may produce a harmonic signal many times that of the
fundamental at a minimum point. Therefore, if the detector will respond at all
to harmonies, difficulty may be encountered. Superhetercdyne receivers and
the mixer rectifier detector, in general, have excellent harmonic rejection; but
the tuned crystal detector may not have alarge amount of rejectionfor 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 Mouulation: 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 os-
cillators using filament-type tubes, frequency modulation can also be caused
by the filaments when heated with a-¢ power. The amount of frequency modu-
iation for a given degree of amplitude modulation usually increases as the os-
cillator frequency approaches its upper limit. The Type 1209~ Unit Oseil-
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, reasonably 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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4.7 MEASUREMENT OF 50-QHM COAXIAL LINE CIRCUITS

In coaxial-line measurements, the VSWR on the line, the impedance seen
looking intc an unknown line, or the impedance at the far end of a line may be
desired. For instance, in measurements on antennas, either the VESWR on a
line terminated in the antenna or the actual antenna impedance is desired. How-
ever, in most cases it is not possible to connect the antenna directly to the
slotted line and an intermediate length of cable or air line must be used. The
line or cable used should have a 50-chm characteristic impedance. Lengths
of Type 874-A2 Cable can be used for this purpose. The connecting cable has
no effect on the VSWR if it is a lossless uniform line, and hence the VSWR pro-
duced by the load is the same as that measured on the slotted line. In practice,
however, the connecting cable and connectors will not be absolutely uniform
but will have small discontinuities which will have some effect on the VSWR.
The uniformity of lengths of Type 874-L Air Line is much better than that of
coaxial cable and should be used if possible when the most accurate resulis are
desired. There is, also, always some loss in the connecting cable. If it issig-
nificant, it can be corrected for as outlined in Paragraph 4.61.

4.71 Measurement of VSWR on a 50-Ohm Line: When the VSWR setup on

a 50-ohm line terminated in the unknown is desired, the following procedure
can be used.

(1) Set up the equipment and the tune detector, as outlined in Paragraphs
4.1, 4.2, and 4.3.

(2} Cannect the unknown directly to the slotted line, if possible, or use
lengths of 50-ohm air lines or cable provided with constant-impedance con-
nectors, such as the Type 874 Connectors. If the unknown is fitted with con-
nectors other than Type 874 Connectors, use one of the adaptors listed in Para-
graph 4.11.

{3) Check the output from the detector at a voltage minimum and maximum
and determine whether the probe coupling and generator cutputs are satisfac-
tory, as outlined in Paragraphs 3.3 and 4.3. If the indicated SWR is greater
than 20 db, only the voltage minimum need be measured, as the width~of~mini-
mum method can be used.

(4} If the SWR is less than 20 db, measure the relative output from the de-
tector at several minima and maxima. Actually, only one minimum and one
maximum need be measured, but, due to the variations in probe coupling along
the line, greater accuracy can be obtained by averaging several minima and
maxima or by calibrating the probe coupling, as outlined in Paragraph 5.2. For
maximum accuracy using the crystal detector and the Type 1231-B Amplifier
with the Type 1231-P4 Attenuator, the difference in the attenuator settings pro-
ducing the same meter indications at the minima and maxima should be record-
ed, rather than the difference in the meter readings obtained with a constant
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attenuator mmaum.u_c The SWR is half the average db difference in the outputs
if the detector is square law, and equal to the average difference if the detec-

tor is linear. I the SWR is greater than 20 db, use the width-of -minimum
method, outlined in Paragraph 4.6, to determine the SWR.

4.72 Unknown Impedance Connected at the End of a 50-Ohm Line: When the
actual load impedance is desired, the following procedure can be used.

(1) Set up the equipment and tune the detector, as outlined in Paragraphs
4.1, 4.2, and 4.3.

(2) Connect the unknown to the slotted line. If the unknown is Qﬁ.ma éw.g
connectors other than Type 874 Connectors, use one of the adaptors listed in
Paragraph 4.11.

(3) Check the output from: the detector at a voltage minimum and .Em.ﬁBcE
and determine whether the probe coupling and generator output are satisfactory,
as outlined in Paragraphs 3.3 and 4.23. If the indicated SWR w.m. greater .E.m: 20
db, only the voltage minimum need be measured, as the width~of-minimum

method can be used.

(4) If the SWR is less than 20 db, measure the relative output from the de-
tector at several minima and maxima. Actually, only one minimum and one
maximum need be measured, but, due to the variations in probe nocnﬁmm along
the line, greater accuracy can be obtained by m.qmﬂmmg.m several minima and
maxima or by calibrating the probe coupling, as putlined in Paragraph 5.2. .Moa
maximum accuracy using the crystal detector and the Type mmwux.w Amplifier
with the Type 1231-P4 Attenuator, the attenuator settings producing the same
meter indications at the minima and maxima should be recorded, wwﬁ:ma than
the difference in meter H.mmawsmmpo The SWR is half the average db Q.&mwmsom
in the outputs if the detector is square law, and equal to the average Eﬁmnmznm
if the detector is linear. I the SWR is greater than 20 db, use the width-of-
minimum method, outlined in Paragraph 4.6, to determine the SWR.

(5) Measure the position of the voltage minimum nearest the load end of
the line.

ircui i i ion to the unknown
{6) Short-circuit the end of the line at the point of connection "
using a very low inductance metal sheet or strap, or a Type 874-WN3 or WN

10 1f the SWR is low, the attenuator can be adjusted to give slightly less than
a full -scale meter deflection at a voltage maximum and the meter readings for
the other voltage maxima and minima recorded. The average :.ENMBCE and
average minimum readings are calculated, and the change in mm.».amm of the at-
tenuator required to produce a shift in the meter reading from the average
maximum to the average minimum is recorded. This procedure may save
time when many measurements are to be made.
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Short Circuit, as described in Paragraph 4.12, Then, find the position of a volt-
age minimum on the line with the line shorted and record the scale reading cor -
responding to the probe position (see Paragraph 4.5).

{7} Determine the difference in position, \m, between the minimum meas-
ured with the line shorted, or the unknown itself,11 and the minimum meas-
ured with the unknown connected, and divide the resuit by the wavelength to
obtain % ;

(8} Determine on the Smith Chart the radius of the circle on which the im-
pedance must lie from the scale labeled STANDING WAVE RATIO, located at
the bottom of the chart, and draw a circle having this radius on the chart, with
its center at the center of the chart. {(See Paragraph 2.332.) if desired, the
transmission-line equations presented in Paragraph 2.32 can be used in place
of the Smith Chart. (The 50-ohm impedance version is considered here.)

(9) Note whether the minimum found with the line shorted lies on the gen-
erator side or on the load side of the minimum found with the load connected.
If the short-cireuit minimum lies on the load side, travel around the circle
along the WAVELENGTHS TOWARD LOAT scale the number of wavelengths
from zero found in Step & If the minimum lies on the generator side, travel
in the opposite direction along the WAVELENGTHS TOWARD GENERATOR
scale. Draw a line from this point to the center of the chart.

{(10) Find the impedance in ohms of the urknown from the coordinates of
the intersection of the line drawn in Step 9 and the rircle drawn in Step 8. If
the admittance is desired, travel arcund the chart ancther 0.25 wavelength
and draw another line to the center of the chart, or use the admittance chart
as outlined in Paragraph 2.334. The coordinates of the intersection of this line
with the circle multiplied by 0.4 are the compenents of the admittance of the
unknown in millimhos.

4.721 Example of Antenna Impedance Measurement, Low VSWR: The
antenna under consideration is a stub mounted perpendicular to a ground plane.
At the ground plane the stub is connected to the center conductor of a short
section of 50-ohm coaxial line which terminates in a Type 874 50-Ohm Con-
nector. Since it is not practical to bring the slotted line close enough to the
antenna to make a direct connection between the slotted line and the instru-
ment, a 3-foot length of 50-chm coaxial cable ig used to make the connection.
(For the best accuracy, the cable should be as short as possible and, if possible,
sections of Type 874-L30 Air Line used in place of the cable.} A Type 1209
Unit Oscillator modulated by a Type 1214-A Unit Oscillator is used as a gen-
erator, and a Type 1231-B Amplifier with a Type 1231-P2 Filter and a Type
1231-P4 Attenuator are used with the built-in crystal detector, and a Type

11y several measurements are to be made at different frequencies on the sante
circuit, the over-all electrical line length between any point on the slotted line
can be determined as outlined in Paragraph 4.5, and the line has to be short-
circuited only once.
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874-D320 Stub Line as a detector. The oscillator is set to operate at 750 Mc
and the stub adjusted for maximum output with the cable disconnected {rom
the slotted line. The probe penetration had been previously set at 30% (6 turns
out from the center conductor), at which position it has no appreciable effect

on the measurements.

The antenna is then connected and the checks made for square-law opera-
tion, as outlined in Paragraph 4.5. In this case, the meter on the amplifier
read full scale with an attenuator setting of approximately 16 db at a voltage
maximum and read full scale with an attenuator setting of approximately 11 db
at a voltage minimum. Therefore, the crystal is operating in the square-law
range. and no adjustments of the r-f input or probe coupling are required.

For an accurate measure of the VSWR, the probe is set to the voltage
minimuml2 nearest the load, and the attenuator adjusted to produce a meter
reading of 1 db. The attenuator reading and probe position at this point are
found to be 1.72 db and 35.22 cm. The probe is then moved in one direction
until a voltage maximum is {ound and the attenuator is readjusted to give the
same meter reading as obtained at the voltage minimum.

The probe 1s then moved to each of the voltage minima and maxima
found on the linel¥ and the attenuator is adjusted to give the reference meter
reading. The attenuater readings obtained are 17.2, 22,5, 17.4, 22.7, 17.0, and
22.3 db. The SWR is half the average difference in the attenuator mmﬁ:ﬁm_o or

ﬂmm‘mLm.fmm.qu.f:.f:.g”mmm%
H\m ﬁ . ; . .

The effective position of the measured minimum with respect to the load
is then measured by short-circuiting the line at the antenna by means of a
copper disk with a slot in it. The approximate position of the minimum is
found and then the attenuator set to minimum attenuation to improve the re-
solving power. The minimum is still rather broad. To improve the accuracy,
the oscillator input is increased. (The minimum position could also be deter -
mined more accurately by measuring the position of the two equal -output points,
one on either side of the minimum, or by increasing the probe penetration.)
In this case, the minimum occurred at 36.12 cm.

12 with this low VSWR, the minima are relatively broad, and more accurate
results could be obtained by finding the positions of points on either side of a
minimum at which the voltage is the mean between the maximum and minimum
voltage. The true position of the minimurmn is midway between these points (see

Paragraph 4.5).

13 For greater accuracy, the variation in probe coupling could be calibrated,
and corrections made, as outlined in Paragraph 5.2.
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Figure 18. Example of the use of the Smith Chart to caleulate antenna imped-
ances. (See Paragraphs 4.721 and 4,722.)
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In order to calculate the antenna impedance, the wavelength must be
accurately known. It can be determined from the frequency by the equation:

3 x 10% .
A = in em
HEO

where {n,, is the frequency in megacycles. It can alsc be measured on the line
by measuring the distance between minima, as outlined in Paragraph 4.4. Inthe
example under consideration, the wavelength was 40.00 cm.

The pertinent information, therefore, is:

SWR = 2.65 db

Position of minima with load connected = 35.22 cm

Position of minima with short-circuit at lcad = 36.12 cm
A = 40.00 cm.

The impedance of the antenna is calculated as oullined in Paragraph
2.332. The radius on the Smith Chart, corresponding to 2.65 db, isfound from
the scales below the chart and the circle drawn on the chart, 45 shown in Fig-
ure 18, The position of the minimum with respect to the short-circuit minimum
is 36.12 - 35,22 _ 0.00225 wavelength toward the load. The antenna impedance
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is, therefore, 36.8 - 13.5 ohms.

In this case, the loss in the line between the antenna and the slotted line
is negligible. In cases in which it is not, the loss can be corrected for as out-
lined in Paragraph 4.61.

4.722 Measurement of Antenna Impedance Having High VEWR: The
same antenna measured in the previcus example when measured at 350 Mc
shows 4 high VSWR, The preliminary adjustments are the same as indicated
in the previous example, but when the SWR is found to be greater than 20 db
the width~of-minimum method is used. The probe is set to a voltage minimum
near the load and the generator voltage increased to 1 maximum, If the meter
still does not read at least half-scale at the voltage minimum with the Type
1231-P4 Attenuator at zero, the probe penetration is increased until it does.
The input should not be more than required to obtain a half-scale reading with
the attenuator set at 30 db. For greatest accuracy, the input or probe coupling
should be adjusted to give at least a full-scale indication with the attenuator
near zero.

To make the measurement, the probe is set at the voltage minimum and
the attenuation is increased until the meter reads about half scale. The probe
is then moved to the right of the minimum beyond the point at which the meter
reads full scale. If the Type B74-LV Micrometer Vernier is available, it shouid
be adjusted so the plunger contacts the unpainted surface on the edge of the
cuarriage. The carriage is then moved continuously towards the left, using the
micrometer vernier, or the knob if a micrometer vernier is not used, and the

45



GENERAL RADIO COMPANY

meter reading at the minimum noted. The attenuation of the Type 1231-P4
Attenuator is decreased to make the minimum read exacily 1 db on the meter,
and then the attenuation of the Type 1231-P4 Attenvator is increased exactly
6 abl? from this setting. The carriage is then slid to the right until the meter
reads off scale, and then moved to the left by means of the micrometer vernier,
if used, or the knob. The scale or vernier readings corresponding to the 1-db
meter readings on each side of the null are recorded. The meter indication
at the minimum should be the same as that obtained when the attenuvation was

originally increased by 6 db, If it is not, the attenuator is readjusted to make
it the same.

In the measurement in question, the minimum occurs at a scale reading
of 42.40 c¢m and the micrometer vernier readings for the two 1 db meter read-
ings are 2,111 and 0.632 cm. The distance between the twice-power points, A,

is then 1.479 cm. The wavelength, A, at 350 Mc is 85.7 cm., The VSWR from
Equation {22) is then

_ A _ 871
VSWR = TA  7x1.479 18.48

On short-circuiting the antenna, as outlined in Paragraph 4.5, a mini -
mum is found at 13.0% ¢m. The antenna impedance is then calculated using the
Smith Chart or the transmission-line equations, as outlined in Paragraphs 2.32
and 2,332, On the Smith Chart, the radius of the cirele corresponding to a
VSWR of 18.46 is drawn on the chart, as in Figure 18. The minimum with the

antenna shorted is mm.mw = 13.09 = ,340 Wavelength toward the generator from
5.7

the minimum found with the antenna unshorted. On traveling around the circle

on the Smith Chart 0.340 wavelength toward the generator, the unknown imped-
and is found to be 9.0 - j78 chms.

More accurate results can be obtained using the Equations (15a) and {15b)

from Paragraph2.32. Here @ = -360° x 0,240 = -122.4°, and tanf = 1.576. Since
a%m{@ﬁh 0.1 and the VEWR i3 greater than 10, the approximate form can be

used. Also, ¢ is negative since it lies on the load side of the short-circuit
minimum,

Therefore,
Zg 50
VSWRcos®6  18.46cos® (~122.4°)

R

x 9.4 ohms

X

x = —2,tan(-122.4*) = -178.8 ohms

14 1f the sensitivity is not great enough to obtain a 1-db meter reading, any
other point on the meter scale can be used. Since the crystal is square law,
a 6-db difference in output corresponds to a 3-db change in r-f voltage level.
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Ii the cable is long enough to have appreciable loss, corrections for loss can
be made as outlined in Paragraph 4.61.

4.73 Measurement of the Input Impedance to Coaxial-Line nﬂ,nﬁﬁm” The
input impedance to a coaxial-line circuit can be Bmwm:nma by connecting the
circuit directly to the slotted line-by means of a coaxial connector and by g.ma
using the procedure cutlined in Paragraph 4.72. In this Emmm:amﬁmﬁ. the point
in the connector at which the impedance is desired must be specified because
the impedance may vary appreciably from one point to ancther in the connector.
In many cases, it is advantageous to measure the impedance at the front face
of the polysytrene bead in the unknown connector. (See Paragraph 4,12} In
order to determine the impedance at this point, the electrical distance from
the insulator in the connector and the position of a voltage minimum on the
slotted line must be found.

The electrical distance can be determined by measuring the physical
distance between the two peints in question and adding 0.32 cm .8 the length
ohtained to account for the lower velocity of propagation in the insulators at
the end of the slotf{ed line.

Another more accurate method of determining the m.mmnzﬁw electrical
distance is to short-circuit the end of the slotied line ﬁwm.w a Type B74-WN
Short Circuit and to determine the position of a voltage minimum on the slot-
ted line, as outlined in Paragraph 2.32. The short-circuit is made at the face
of the bead in this unit.

The VSWR is measured and the unknown impedance calculated as out-
lined in Paragraph 4.72.

4.8 MEASUREMENTS ON COMPONENTS AND LUMPED CIRCUITS

The Type 874-LBA Slotted Line can be used to measure the WB@ma.m:nm of
components of all types. At high frequencies, this type of measurement is com-
plicated by many factors, the most important of which mmsmamtw are: (1) the
position of the element with respect to ground, leads, and other circuit elements
can have a large effect on the impedance of an element, and {2) the reactances
of leads used, in addition to any leads which may be part of the component ann
test, to connect the component to the measuring device and the stray capaci-
tance of the measuring terminals and supplementary leads, may also appreci-
ably affect the measurements.

To minimize the effects of the first difficulty, the component should be
measured while mounted in the position in the circuit in which it is to be used,
or under as similar conditions as possible. One method of measuring a com-
ponent in position in a circuit is to connect it to the mHo:m.m ::.m by means of
a length of flexible cable or rigid coaxial line, as shown in H.Jmﬂ.ﬂm 19. The
rigid line is preferred as its characteristic impedance is more :m:oﬁ:. The
impedance is measured, as outlined in Paragraph 2.332. The line is short-
circuited at its load end by one of the methods shown in Figures 14a and 14b.
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GOMPONENT

COMPONENT

ﬂ
SLOTTED . UNDER mU

7

CHASSIS

/.:%m 874-C

FLEXIBLE 50 OHM CABLE BONDLD
CAELE GONNECTOR

COAXIAL CABLE TQ CHASSIS

Figure 19. Approximate equivalent circuit of connecting lead reactances en-
countered when components are measured.

In order to minimize the effects of the lead and terminal reactances, the
supplementary leads used to connect the component to the end of the coaxial
line should be as short as possible.

The leads referred to do not include those normally used to connect the
unknown to the circuit in which it is used. If the supplementary leads are short,
the stray reactances can be considered as lumped into two elements: a shunt
capacitance across the end of the line from the measuring instrument, and an
inductance in series with the line, as shown in Figure 1%. The lead and termi-
nal reactances affect the measured impedance, Zy,, as can be seen from the
equivalent circuit in the figure. In order to determine the actual impedance of
the unknown, the measured impedance should be corrected for the effects of
the lead and terminal reactances, using the following equations:15

R, - om (31)
X
D
1 m Bm ¢
*m Xa/ Xg (32)
uﬁun = - xHL
D
where
z z
. p -(1-22), (Em (33)
Xa Xa

15 These will be recognized as the same equations that are used to correct for
lead capacitance in the Type 916-A Radio-Frequency Bridge.
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X, - -1 ohms (34)
a

X = wh phms {35)

where L is the magnitude of the lead inductance in henries and C is the mag-
nitude of the shunt capacitance in farads.

If the admittance of the unknown is desired, rather than the impedance,
the admittance, Yy, appearing acrossthe end of the line, is calculated from the
VSWR and position of a voltage minimum, as cutlined in Paragraph 2.334, and
the following equations used to correct for the lead reactances:

Gy - om (36)
D
;N 2
B {1-Pm} Sm
m B B (37
B, =
D
where
B, \2 G \?
D - f1-_"V +/ B (38)
mh By,
! = - wCy x Hom
Bm = Bm - Bz = Bm a (39)
millimhos
10° 1l (40)
B == millimhos
L
wL

where C, and L are as defined in the previous paragraph. All admittance com-
ponents are in millimhos.
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The magnitudes of the lead and terminal reactances or susceptances can
be @mnmgﬁ:mm from measurements of the reactance seen with the leads short -
cirthited by a low-inductance copper sheet at the point of connection to the un-
known, and the reactance seen with the leads open-circuited at the point of con-
nection to the unknown. The inductive reactance is measured when the leads
are short-circuited and the capacitive reactance is measured when the leads
are open-circuited. For this approximation to hold, the lead-capacitive re-
actance should be greater than five times the lead-inductive reactance.

A somewhat better approximation can be made by distributing the lead
capacitance between the two ends of the leads, as shown by the dotted capaci-
tor. The ratio of the two capacitances can be estimated from the physical con-
figuration of the circuit.

An even better approximation can be made when the leads are reasonably
long, if the inductance and capacitance are assumed to be uniformly distributed
and the leads treated as a section of transmission line. The characteristic im-
pedance, Z, of this line and the tangent of the electrical length, tan?, are re-
lated to the short- and open-circuit impedances, Zoer and Zgg, by the expres-
sions:

2y = Zoe Lge (41)
Z X

tan8 = AR (42)
Zoc Z,

Equation (12) or the Smith Chart can be used to correct the measured
impedance for the effect of the equivalent section of transmission line. If a
Smith Chart designed for lines having a 50-chm impedance is used, the meas-
ured values should be divided by Zg before entering the chart and the resultant

50
corrected impedance multiplied by wu . In most cases the capacitance is not
50
uniformly distributed but the approximation usually gives reasonably accurate
results. A normalized Smith Chart is better suited to this application.

In most cases more accurate measurements can be made by using the
Type 874-M Component Mount, shown in Figure 20, on which the component or
lumped circuit can be mounted. The end of the center conductor of 2 section
of air line is used as the ungrounded terminal, and the outer conductor is ex-
tended in the form of a disk for a ground plane. The line can be short-circuit-
ed at the terminal by means of a very low inductance disk supplied, or the
mount can be disconnected and replaced by a Type 874-WN3 Short-Circuit Ter-
mination Unit. The distance {rom the {ront face of the polystyrene bead in the
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connector mount is located 3 em away from the ground plane surface; hence,
the termination unit referred to places a short-circuit effectively at the ground
plane surface when it is substituted for the component mount.

The reactance of supplementary leads must be corrected for, as previ-
ously outlined.

The coaxial-line section can be removed from the ground plate, if de~-
sired, by loosening the locking nut, and installed in any other plate if a 3/4-27
tapped hole is provided.

4,81 Example of Measurement of a 200-Ohm Resistor at 600 Mc: In this
case, the resistor is mounted on a Type 874-M Component Mount, shown in
Figure 20, which is connected to the slotted line. The tuned, built-in ecrystal,
with a Type 1231-P4 Attenuator and a Type 1231-B Audio Amplifier, is used
as a detector. A block diagram of the setup is shown in Figure 10. The stub
is tuned with the slotted line open-circuited, as indicated in Paragraph 4.2. The
unknown is connected and the input power adjusted to keep the maximum ex-
cursion of the erystal within the square-law range. The attenuator settings
required to give full-scale readings on the meter for several maxima and
average of the maxima and the average of the minima are taken ags the true
readings. Averages of several readings are taken to minimize the effect cf
the variation probe coupling along the line. The average of the maxima is
21 db, the average of the minima is 1 db, and the minimum is at a scale read-
ing of 40.25 cm.

The component mount is then disconnected, the Type 874-WN3 Short Cir-
cuit is connected to the slotted line, and the position of a voltage minimum is
measured. The position of the minimum nearest the load is found to be at 51.20
cm. Therefore,

SWR = mmu|_ = 10.0 db
L . 520 -40.25 _ 4019 gavelength
A 50

Figure 20. Sketch of the Type
874-M Component Mount.

COMPONENT

TYPE 874-B (
BASIC CONNEGTOR -7 UNCER TEST

i
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The measured resistance and reactance calculated using the Smith Chart
are: Rp, = 118 ohms; Xy, = - 66 ohms.

In this case, the impedance directly across the ends of the resistor is
desired. However, the resistor is connected to the mount by means of its own
leads which, of course, affect the measurements. Since it is not desirable to
clip the leads at the ends of the resistor to measure the lead reactances, the
resistor is removed and identical leads substituted. The position of the mini-
mum on the line is determined with the leads open-circuited and is found to
be 39.90 cm. The ends of the leads are short-circuited by spot-soldering a
copper sheet about three inches in diameter to the ends of the leads andthe
minimum position again found. In this case it is at 32.95 cm.

The short-circuit reactance, Zge, calculated from the Smith Chart, is
+57 ohms. The open-circuit reactance, Xoc, is -330 ohms. The actual imped-
ance appearing across the resistor terminals is then calculated using Equations
(31) and (32).

NE = 118 ohms
Em = -—66.0 ohms
Nh = X_. = +57 ohms
Mﬂm. = MOO = -330 ohms
2 z

D = 1 — —66) 4/ 118 = 0.768

- 330 330
R, = _118 - 154 ohms

0.768
-66 (1 - =661 118 %
=330 -330 -

X, = = 57 _ _
X 0.758 0.768 72.2 chms

The measured resistance is less than the d-¢ value of 206 ochms due to
the shunt capacitance of the resistor itself.
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Section 5.0 Miscellaneous

5.1 OPERATION AT FREQUENCIES BELOW 300 MC

Since the probe travel is only 50 ¢m, it will not always be possible to
measure both a voltage minimrm and maximum on the line at frequencies below
300 Mc as the range of travel of the probe is one-half wavelength 300 Mc. At
frequencies below 150 Mec, where the line is less than a quarter of a wavelength,
it will never be possible to measure both a voltage maximum and minimum on
the line directly. If both a voltage minimum and maximum do not appear on
the line at frequencies above 150 Mc, additional lengths of Type 874-L30 and
L10 Air Lines can be inserted between the line and the load until both a mini-
mum and a maximum do appear. Of course, if the VSWR is greater than 10,
only the minimum need appear on the slotted section of line because the meas-
urement can be made by the width-of -minimum method.

At frequencies below 150 Mec, lengths of air line can be inserted between
the line and the load until either a minimum or maximum can be measured.
Sections of air line are then transferred to the other side of the slotted line,
that is, between the line and the generator, until the maximum or minimum
appears and can be measured. The sections are transferred rather than re-
moved to keep the load on the oscillator and, hence, the relative voltage ampli-
tude on the line,constant.

A somewhat better solution is to use two slotted lines and add sections of
air line between them or between one and the load until 4 minimum appears on
one line and a maximum on the other. The probes are set at the respective
maximum and minimum and the outputs from the detector and the position of
the probe at the minimum recorded. A Type 874-WM Termination Unit is then
connected to the end of the line and the outputs of the two detectors again re-
corded. Since the voltage is constant all along the line with the termination con-
nected, the probe couplings in this case are proportional tothe outputs if the
detector is lnear, If the detector is square-law, the probe couplings are pro-
portional to the square root of the outputs. The outputs observed with the load
connected can then be corrected for any difference in coupling. This calibra-
tion corrects for differences in probe penetration, differences in probe couplings,
and differences in sensitivity of the detectors.

The Type 874-D20 Stub will tune the crystal rectifier down to 275 Mec.
The Type 874-D50 Stub will tune down to 125 Mc. Additional lengths of air
line can be inserted in series or in shunt using a Type 874 Tee for operation
at lower frequencies. With the long stub in place, smoother operation of the
carriage is obtained if the whole slotted line is tilted slightly forward to make
the stub almost vertical.
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5.2 CALIBRATION OF THE VARIATION IN PROBE COUPLING

The variation in probe coupling along the line can be calibrated and the
medasurements very easily corrected for the variations, A 1000-cyele signal
from the audio oscillator having an cuiput of at least 10 volts is applied to the
siotted line whose load end is open-~circuited. The tuning stub and crystal are
removed and the amplifier input connected directly to the connector normally
used for the tuning stub. The variation in indication on the meter on the am-
plifier is then recorded as a function 6f probe position. The curve thus ob-
tained can be applied to r-f measurements. In this calibration, the crystal is
not used and the output is directly proportional to the coupling. Therefore,
the correction factor measured should be applied to r-f measurements after
the square-law rectification characteristic hag been corrected for.

The variations in probe coupling will change samewhat as the probe pene-
tration is varied. Hence, for the most accurate results, the calibration curve
should be made with the same probe penetration as used in the r-f measure-
ments.

Section 6.0  Maintenance

6.1 GENERAL. The two-year warranty given with every General Radio instru-
ment attests the quality of materials and workmanship in cur products. When
difficulties do oceur, our service engineers will assist in anv way possible.

In case of difficulties that cannot be eliminated by the use of these serv-
ice instructions, please write or phone our Service Department, giving full
information of the trouble and of steps taken to remedy it. Be sure to mention
the serial and type numbers of the instrument.

Before returning an instrument to General Radio for service, please
write 10 our Service Department or nearest district office (see back cover),
requesting a Returned Material Tag. Use of this tag will insure proper hand-
ling and identification. For Instruments not covered by the warranty, a pur-
chase order should be forwarded to avoid unnecessary delay.

6.2 REPLACEMENT OF CRYSTAL RECTIFIER. The Type IN23B Crystal
Rectifier is mounted in the carriage (see Figure 9a), where it is held in place
by a spring. To remove the rectifier, first unscrew the acorn nut on the back
of the carriage and remove the cover Plates, and then pull the rectifier from
its socket.

54

et 52 A i £y

TYPE 874-LBA SLOTTED LINE

The erystal can be checked by an ordinary chmmeter. Measure the re-
sistance with both polarities of applied dc voltage. The resistance should be
below 700 ohms in one direction and above 15,000 chms in the other.

6.3 CLEANING AND LUBRICATION. The Slotted Line should be kept in its
storage box or covered when not in use to keep dirt from accumulating on the
carriage track. The track should be cleaned and lubricated occasionally for
best performance.

The felt washers shown in Figure 9a are lubricated through the oil
holes provided. Use a light oil, and keep the oil ports filled so that there is
a light oil film on the outer tube. It may occasionally be necessary to tighten
the retaining rings to keep the felt washers in contact with the tube, Do not
tighten them too much, or they will make it difficult to slide the carriage,
causing backlash.

When the track needs cleaning, spread a coat of kerosene or light oil,
such as clock oil, over the whole outside of the center conductor, using a pipe
cleaner or a cloth. Then slide the carriage back and forth several times to
dislodge any dirt caught in the felt rings. Finally, wipe the track dry with a
cloth, Repeat this procedure until the wiping cloth does not pick up any dirt.

I the line is very dirty, remove and clean the felt washers. To remove
the felt washers, unscrew the retaining washers at both ends of the carriage
(see Figure 9a), and pull out the felt. Clean the felt in a solvent. When replacing
the felt washers, flatten them out and push them into place. Reload the felt
washers with a light oil through the oil holes at the ends of the carriage.

An oil port at the bottom of the carriage permits lubrication at the point
of contact with the tie bar. This is especially important if the Slotted Line is
motor-driven.

The slot in the center conductor can be cleaned with a pipe cleaner.

If the inside of the tube needs cleaning, remove the connectors at both
ends as well as the center conductor, and pass a cloth attached to a string
through the tube. Do not perform this operation unless really necessary; it re-
quires care and readjustment of the center conductor after the line is put back
together.

6.4 REMOVAL OF CENTER CONDUCTOR. Before or during disassembly of
the line, mark the center conductor, both teflon beads, and both end supporting
sections, so that they can be reassembled with their original orientations.

To remove the connectors, use gas pliers to unscrew the threaded ring
{coupling nut) at the base of the connector, and pull off the outer connector
sections. Then carefully pull the inner comnector sections and insulators out
of the line. (This may be difficult because the inner teflon insulator is a pressed
fit.) Then remove the center conductor, (See Figure 21.)
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Figure 21. Sketch of end section of the line showing the supporting
insulators and ball joint.

H.M. possible, replace the Type 874-70 polystyrene insulators at the base
of the inner connectors with new ones before reassembling the line.

Be carefu] to reassemble the line with the original orientations. Insert
the inner conductor part way into the right-hand end of the line, and slip the
spring fingers over the bali joint on the right-hand supporting section. Then
push the supporting section (with Type 874 Connector on the end) into the tube
until the polystyrene insulator is flush with the end of the tube. Align the slots
in the insulator and tube, and fasten the outer connector section in place with
the coupling nut.

Slide the left-hand supporting section into the other end of the line until
its end almost contacts the end of the center conductor, as seen through the
large slot. Bend a piece of wire into a shallow hook, insert it through the slot,
and hock it around the end of the center conductor. Lift the center conductor
So that it will slip onto the shank of the ball joint section, and carefully push
the supporting section into place. Be sure that the shank enters the hole in the
end of the center conductor without damaging the spring fingers. Then align
the slots, replace the outer connector section, and lock in place.

If it is necessary to adjust the center conductor, rotate it until the varia-
tion in probe coupling is 8 minimum. To raise or lower the ends of the center
conductor, rotate theteflon beads, which are slightly eccentric. Check the vari-
ation in probe coupling at 1000 cycles, as outlined in paragraph 5.2.

To rotate the center conductor, insert a thin blade through the slots be-~
tween the spring fingers (accessible through the slot in the outer conductor}.
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A prying motion will rotate the center conductor. Be careful not to damage the
spring fingers.

6.5 CENTERING OF PROBE IN SLOT. To check centering of the probe shield,
hold the line up to a light and sight irom one end along the slot. Move the car-
riage along the line and observe the centering of the probe shield.

If the probe is not centered, unscrew the large screws that tighten the
clamps on the end casting, loosen the outer tube in its mounting, and rotate it
slightly. An ell or tee inserted as a handle at one end may make it easier to
rotate the line.

$.6 SPRING ADJUSTMENT. If the coupling seems to vary as the direction of
the carriage is changed, the springs bearing on the nylon plugs at the bottom of
the carriage casting (see Figure 9a) may not be compressed enough. To check
this, note if the output returns to its original value when the carriage is rocked
sideways (in the direction of the tube) and then released. If the output does not
return to the same value under all conditions, the springs are not compressed
enough.

To adjust the springs, set the carriage over the hole near the right-hand
end of the tie bar. Turn the Slotted Line over, and adjust the carriage so that
the heads of the two setscrews in the base of the carriage are iined up with
the hole. Adjust the serews with a 1/8 Allen wrench, turaing them a half turn
at a time, and check the effect of rocking the carriage. Do not compress the
springs too far or uaevenly, or the carriage will not slide {reely.

6.7 ADJUSTMENT OF NYLON CORD TENSION. The nylon cord will stretch
slightly with time, causing some backlash. A take-up reel on the back of the
carriage can be used to adjust cord tension. The inner flange of the reel has
a number of holes around its outer edge; a pin, on the carriage body, enters
one of the holes to provide a ratchet-type lock. To turn the reel, first pull it
out about 1/16 inch to withdraw the pin from the hole in the flange. Then ro-
tate the reel to produce the desired cord tension, and lock it by pushing it back
in so that the pin enters one of the holes.

6.8 REPLACEMENT OF NYLON CORD. The nylon cord is very tough, and
should last a long time unless it rubs against a sharp cutting edge. A spare
cord is supplied with the Slotted Line, and additional cords can be obtained
from General Radio. The cord is 0.045 inch in diameter and 74-1/2 inches
long.

Install the cord as shown in Figures 9b and 9c. Knot the cord near one
end, and thread the other end through the hole in the anchor post. Then pass
the cord around the idler pulley and wrap it 1-1/2 times around the drive drum.
Make sure that the end of the {irst turn is on the knob side of the beginning of
the first turn {see Figure 9¢) so that the turns travel in the correct direction
on the drum. Then pass the cord around the anchor post and thread it through
the hole in the ocuter flange of the take-up reel. Knot the cord near the end to
keep it Irom slipping back through the hole. Then adjust the tension by pulling
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oi.gm take-up reel, to disengage the pin, and rotating it clockwise until the
action of the drive knob feels satisfactory. It may be necessary to slide the

om:d axially along the driving drum to center it properly and prevent it from
riding over the flange at one end.
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TYPE 874 ACCESSORIES

ADAPTORS CABLE (DOUBLE-SHIELDED)
Contains Type B74 Type Zz Attenuotion/ 100 ft
Type Connector ond Fits a74-AR 500 <5% 36 db ot 100 Mo
574-QB1 BNC Jock BNC Plug 874-A2 5000 5% 5.3 db ot 100 Mc
874-QBP BNC Plug BNC Jack
874-QC1 C Jack C Plu
874-0CP € Plug C Jack CONNECTORS
874-QH) HN Jack HN Plug CABLE CONNECTORS
mx‘mn.__u mm Ecm mm wn__nr TYPE FOR CABLE TYPE
874. Jacl ug
874-GLP | LC Plug LC Jock S74-L E74-A2
§74-QLTJ | LT Jack LT Plug 874.C8 RGA/L)
874-QLTP | LT Pl LT Jack 874-C9 RES/U, RG116/
874.GNJ N Jack N Plug 874-C58 874-A3, RG29/U, mmumm\d,
B4-GNP | N Plug N Jack RGSB/U, RGIEA/
. U, RG62/U
874.65C) | SC Jack 5C Plug 874062 RGI9A,
874-05CP | SC Plug SC Juck PANEL CONNECTORS
B74-NTNJ TNC Jock TNC Plug (-P -HEX NUT MTG,
374-0TNP TNC Plug THNC Jack -PB -FLANGE MTG)
874-QUJ UMF tack UHF Piug 474.F, -PB 874-A2
674-QUP UHF Plug UHF Jack 874-P8, P08 RGE/U
874-QL1A 7/8" 5000 UKF 874-P9, -PRY RGY/U, RG116/U
rigid air line 874-P53, -PBS5B 874-A%. RG29/V, RGSSA,
874-QU2 1-5/8" 5000 UHF RG58/U, RG58A/U
; rigid cir line 874-P62, -PB62 RG59/U, RG&2/U
1874-QU3A 3-1/8" 500 UHF
rigid air {ine
874-QV2A k 1-5/8" 51.500 PATCH CORDS (3FT)
VHF rigid wir line
874.Qv3 | 31/8" 51.50 TYPE CONMECTOR CABLE CONNECTOR
! , YHF rigid air line| §74-R20 874-C 874-A2 874.C
874-Q2 274 Jack 274 Plug §74-R22 874-C38 874-A3 874-C58
874.QN6 Pin & Sleeve 274-NO 874-R33 874-C58 Single-shielded 274-P
874-07 774 Jack 774 Plug 5674-R34 B74-C58 Single-shielded 274-NK
MISCELL ANEOUS
TYPE TYPE TYPE
874- 874- 874-
BM 30002 Balonced LK Constent-Z Adjust. UB-P3|30002Balun Terminal
Termination Line Pad
o] Adjustable Stubs LR Radiating Line ¥C Variable Copacitor
EL 50 ° Ell LT Trombone-Censtont-Z W100 | 100{1Coex, Standard
F Low-Poss Filter Line W200 | 20081 Coox. Standard
FR Rejection Filter M Component Mount WM 50{} Termination
G Fixed Attenuator MA Adjustable Coupling W Short-Circuit Termination
GA Adjustable Attenuator Probe WO Open-Circuit Termination
JR Rotary Joint MEB Coupling Probe X Insertion Unit
K Coupling Capacitor T Tee XL Series fnductor
L Air Line U8 Bealun . Y Ciiplock
LA Adjustable Line UB-P2| 2000 Terminal Urit 4 Stand

The above is a portiol listing.

For complete list and specifications, refer to the General Radio Catalog.
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Type 874-L.BB residual VSWR,

NOTE
Type 874-BBL locking connectors are used in
establishing the residual VSWR specifications,

Characteristic Impedance: 50 @ % 0.5%.

Probe Travel: 50 cm, Scale in cm; 1 mm per division,

Scale Accuracy: = (0.1 mm + 0.05%).

Frequency Range: 300 MHz to B.5 GHz (usable to 9 GHz). Opera-
tion below 300 MHz (where probe travel equals one-half wave-
length} is possible by use of lengths of GR874 air line.

constancy of Probe Pickup: =1.25%.

Residual SWR: <1.01 + 0.0016 fig: to 7.5 GHz; 1.10 from 7.5 to
8.5 GHz.

Accessories Supplied: Storage box, f probe, 2 microwave diodes,
and Smith Charts.

Accessaries Reguired: 900-DP Probe Tuner (recommended) or 874-
D20L Adustable Stub for tuning diode when audic-frequency de-
tector such as the GR 1234 is used; suitable generator and detec-
tor; one each B74-R22LA and 874-R22A Patch Cords (supplied with
Detectors and GR Oscifiators}.

Accessories Available: The 874-LBB with accesscries required for
impedance and SWR measurements is available as the 874-EKA
Basic Siotted-Lire Kit, For measurement of SWR >>10 the 874-LV
Micrometer Vernier is recommended, Also availabie are Smith
Charts and adaptors to other popular connectors.

Dimensions (width x height x depth): 26 x 42 x 3L in, (660 X
115 x 89 mm).
Weight: Net, 82 Ib (3.9 kg); shipping, 23 Ib (10.5 kg)-

MICROMETER VERNIER — 874-LV

For precise measurements of high SWR by the width-of-
minimum method, and for precise phase measurements.
Consists of a micrometer head calibrated in centimeters
(calibrated te 0.001 ¢m), mounted on an arm that can be
attached to the rear base rod of the slotted fine. One turn
of the micrometer barrel advances the head by 0.5 mm.
Maximum range is 2.5 cm. Can be read tc =0.002 mm.

PROBE TUNER — 900-DP

An accessory for the 874-LBB, this Probe Tuner can be
used in place of an rf probe and adjustable stub. It has
convenient, calibrated probe-depth adjustment and vernier
tuning for resonance at any frequency from 300 MHz to
9 GHz. Installation tools are included.

Frequency Range: 0.3 to 9 GHz. Tuning: Shunt.

Probe Depth Scale: Calibrated in inches (0.001/div).

Stub Tuner: Calibrated in cm.

Dimensians: Length 11 in, (280 mm}, dia 75 in. (23 mm),
closed.

Net Weight: 812 oz (245 g).

Several copies of Smith Charts ore supplied with the Slotted Line. Additicnal
copies can be obtained from General Radio at the following prices:

Catalog

Number Description

5301-7568 Type Y Smith Chart {20-mmha admittance coardinates)
5301-75469 Type Z Smith Chart (50-0hm impedcnce coordinates)
53C01-7560 Type N S5mith Chart (normalized coordinates)
5301.7561 Type NE Smith Chart (normalized expanded cocrdinates)
5301.7562 Type HE Smith Chart (normalized highly expanded co-

ordinctes)
Price per unil of 50 (minimiom qeantily sold) — $2.50

Y

¥
ments,

Mass., U.S.A. Price is $2.00.

The General Radio “Handbook of Coaxial Microwave Measure-
a 172-page compendium of introductory theory and prac-
tice, is availoble from General Radio Company, West Concord,
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GR874 COAXIAL COMPONENTS

GR874 CABLE CONMECTORS GR8T4 ADAPTORS
CONNECTOR CABLE PANEL P ANEL PANEL PAREL TO TYPE TYPE &7
TYPE CABLE | | Bxing | FLANGED | Locking | “CCKING LOCKING
RECESSED (KEYED) ABC-7 7-mm QAPTL®
37442 -CA “CLA -PRA -PLA -PRLA -PBRLA BRC plug QBlA
RG -84/U QBjL*
R -9B/U jack QBPA
RG - 107 /U N
RG -87A /U C plug QCJA
= RG-1156/1] ) QCE]L‘
3 RG-156/U jack QCP
= RG-105/U .
RG-148 /U GRIN0 CaiL”
RG-213/U -
RG-214/U HN plug QHA
RG-215/0) Jack QHPA
RG-225/U -C8A -CLBA -PBSA -PLBA -PRLBA -PBRLSA
RG-227/0 LC piug QLJA
w RG-LTA7G | QLPa
iy ARG -12A/1 -
£ RG-13A/L Microdot plug QMDD
> x R -638/010 QiniDJL*
- o x -t
. 8 RG =798 /11 jack OnMbDP
+ RG-89/U . .
] RG-144/U BN plug QA
< RG -146 /U L Q~JL
U HG-149 /1 jack QNP
" AG-Ma /0 QuPL*
X =
a a’(f_g:}"m SMA plug OMM]
b RG-35/1 QML
ol I (Series) jack Q\L\II: .
a1z RG -38/1 -CS8A | -CLSSA | -PBSSA [ -PLS8SA | -PRL38A | -PBRL38A QMMPL
o 2 {Series) _ .
a ] RC-131A /U 8¢ plug QscC]
< RG -142A/U {Sandia} QSCIL
RG-159/0 jack QSCP
RG-223/U J——
x RG-3%/U TNC plug Q'I‘_\:] .
I RG-62/U QTNIL
2 (Series) ‘ jack QUNP
2 RG-718/U -CH2ZA -CLAZA -PR&2A -PLB2A -PRL62A -PBRLAZA
S | RG-140/U URHE piug QL7
z RG-210/U , QuUIL®
E RG 17470 jack QUF
g | Ro-lssu UHF 7/3-in QUIA
=] _ ' 3 7/3-1n. CQLTL:
2 gg l’i‘;ﬁj -CI74A | -CL174A | -FBL74A | -PLI74A | -PRLI74A | -PBRL174A 30-0 1-5/%-in, Quz
2 | ko-1s7m Alr Line  3-!1/8-in, QUIA
z 8 RG-179/T
* Al - 5 s v
Crampic: Faroa lochica cabie conmectar for fim8 405, arder Ty pe 370 LEA. Locking Type 874 Connector
Example: To conncct Type 874
ro 2 tvpe N lack, order Tyoe
374-QNP.
** Also mates with NPM, STM,
and others.
OTHER COAXlAL ELEMENTS
TYPE 874. DESCRIFPTION TYPF 874- DESCRIPTION CONMECTOR ASSEMBLY TOOLS
Al 50~ cable (low loss) MB coupling mount
A3 500 eable MR, MR, MPRAL mixer-rectifier TYPE B4 FUNETION
D20L, DSOL 20=, 50-cm adjustable swubs R20A, R20LA patch cord, double shieid TOK Tool Kit
EL, EL-L e ell R22A, R2ZLA parch cord, double shield TO3S Crimping Tool
i8530 185-MHz low-pass filter R33, R34 patch cord, single shield TOS Crimpinﬁ Tool
F300L 300-NHz low-pass fitrer T, TL tee =
F1000L 1000 =Mz low-pass filter TrD, TPDL power divider
20000 2000 -MHz low -pass filter U U-line section
F4U00L 4000 -0MHz low -pass filter UBL balun
FRL, bias insertion unit VCL variable capacirtor
3, G3L, Go, GHL ’ Vi valuneter indicaror
C10, G, 61, GHL} 3~, 6-, 10-, 14-, and 20-dB Vo, VOL volimeter detestor MISCELLAMEQUS COAXIAL CONNECTORS
o attenuators . . o e
G2u, GI2OL VR, YRL volimeter rectifier CONNECTOR TYPE USED
GAL adjustable attenuator W00 L0 - terminatien TYPE NO. WITH
JR rorary joint 0 I00-0 eermination
K, KL coupling capacitor 08, WHUBL 50-Q rermination Basic 874-B 30 -0hm
Lo, Lol - WN, WNI, WNL short-circuit termirations i
L2, Li0L U.]f' ']U." gnfl\SU{m WO, W3, wOL open-circuit terminations air lne
L3, L30OL rigid air lines X insertion unit Basic 874 -BRL 30 -ghm
LAL 35-58 cm adjustable line XL series inductor Locking air line
LEIGL, LK20L constant -7 adjustable tines Y cliptock
LR radiaring line Z stand Panel §74-PFL Type 874
LTL trombone constant-Z line -9508 air Hee lnner ¢onductor Locking patch cords
ML COMmponant mount -9509 air line ourer conducror Fredthrough

tosutfix ndicates locking Type 873 Caanectot

FOR COMPLETE DETAILS, REFER TO THE GENERAL RADIO CATALOQG.
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INTRODUCTION

SECTION |

1.1 PURPOSE

The Type 874-LBB Slotted Line is a coaxial
instrument basic to the measurement of the impedance,
voltage standing wave ratio (VSWR), and reflection co-
efficient of distributed and lumped elements from 300
MHz to 8.5 GHz,

The Slotted Line is firted with Type 874-BBL
Connectors. It is extremely versatile for it can be used,
through adaptors, with most other standard coaxial
line elements, including the very precise GR900 line.

1.2 DESCRIPTION

The Type 874-LBB Slotted Line is designed to
measure accurately the voltage standing-wave pattern
produced by any load connected to it. Its character-
istic impedance is 30 ohms. The outer conductor is
slotced for alength of approximately 50 centimeters, and
a small shielded probe exrends into the region between
the twa conductors. The probe is mounted en a car-
riage, which slides along the outside of the outer con-
ductor. The penetration of the probe into the line and,
hence, the capacitive coupling between the probe and
the line, can be adjusted over a wide range by means
of a screw adjustment.

INTRODUCTION

Since the probe is capacitively coupled to the
line, the voltage induced in the probe circuit 1§ pro-
portional to the voltage existing between the inner and
outer conductors of the line at the probe position.

The carriage is driven by means of a nylen cord
which passes around a drum 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. This drive
method facilitates recorder-driving of the slotted-line.

1.3 ACCESSORIES SUPPLIED

With the Type 874-1.BB Slotted Line are supplied
two detector diodes, an rf probe (with Type 874-BL
Connector), a storage case, and a few Smith charts.

1.4 ACCESSORIES REQUIRED

Required to operate the Type 874-LBB Slotred
Line are a suitable generator and detector (refer to
Section 2), and an adjustable probe (Type 874-D20L),
or -a Type 900-DP Probe Tuner, for runing the diode
rectifier when the audio frequency detector or the micro-
ammeter is used. The Type 900-DP Probe Tuner is
recommended for the greatest convenience and accuracy.
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SECTION 2

2.1 GENERAL

The Type 874-LBB requires a laboratory quality
if signal source, a standing-wave meter and means of
tuning the detector {adjustable stub or prebe tuner) ro
be ready for operation.

The line is compatible with all commercial instru-
ments available as rf source and indicator, Table 2-1
lists the recommended General Radio generators; sug-
gested hookups are shown in Figures 2-1, 2-2, and 2-3.

Table 2-2 lists some of the adaptors available
and Figures 2-7a, b, and c show the residual VSWR
performances of the line and adaprors.

2.2 GENERATOR

The generator requirements are dependent on the
type of detector used and on the standing-wave ratio
of theload to be measured. Table 2-1 is a chart showing
several possible generators with their respective fre-
quency ranges. The Type 1264  Modulating Power
Supply is an ideal source of 1-kHz square-wave modu-
lation as well as a regulated power supply, for the
unit oscillators in slotted-line uses.

INSTALLATION -

TABLE 221 GENERATORS

Type Name Frequency Range
1215 Unit Oscillator 50- 250 MH=z
1362 UHF Oscillator 220-920 MH=z
1363 VHF Oscillator 56- 500 MHz
1361 UHF Oscillator 450- 1050 MHz
1218 Unit Oscillator 900-2000 MHz=
1360 Microwave Oscillator 1.7- 4.0 GHz

2.3 DETECTOR
2.3.1 GENERAL

Either the built-in diode detector (using one of
the two diodes supplied), or an external receiver can
be used as a detector.



INSTALLATION

The choice of microwave diode depends upon
operating frequency, since such diodes have a self-
resonant frequency which may reduce seasitivity
slightly and broaden the tuning-stub resonance. Two
diodes (types IN21C and IN23B} with different reso-
nant frequencies are supplied. If the above condition
is encountered, it can be eliminated by interchange of
diodes. Note that a diode is used only with a modu-
lated signal source.

CAUTION

The dicde should be removed before
unscrewing the RF Probe or the Probe
Tuner.

If desired, Type 610-A Bolometer elements, manu-
factured by Polytechnic Research and Development
Company or similar bolometers can be inserted in
place of the diode. With bolometers, less attention is
required relative to operation in the square-law region.

2.3.2 DIODE RECTIFIER AND STANDING WAVE
METER

The most commonly used and the most generally
satisfactory detector is the built-in diode rectifier
with the Type 1234 VSWR meter (Figure 2-1). The

Figure 2-1. Use of a modulated source for meos-
urements with the Type 874-LBB Slotted Line.
The built-in diode detector and a stonding-wave
meter are used to detect the voltage induced in
the probe. The probe is tuned by means of the
adjustable stub shown, ar @ Type 900-DP Probe
Tuner.

Figure 2-2, Use of an unmodus

lated source and a supere

heterodyne detectoror receiver UNIT

for measurements with the OSCILLATOR

Type 874-LBB Slotted Line.

SUPPLY

TYRE 1360
MICROWAVE OSCILLATOR

8474—R22LA
PATCH CORD

oscillator driving the line should be modulated, prefer-
ably square wave.

At very low levels, the diode operates in the
““square-law’’ portion of its characteristic curve, that
is, the rectified output is proporticnal to the square
of the of input. At high levels, the diode approaches a
linear characteristic. For reference: for a recrified
output of up to 2 mV, the supplied diodes operate in
their square-law region. This will be the case for most
measurements.

The diode rectifier is tuned by means of the ad-
justable stub (Type 874-D20L)Y or the Type 900-DP
Probe Tuner. (Refer to paragraph 3.4.)

2.9.3 HETERODYNE DETECTOR (Table 2-3)

The Type 1241 Detecror (Figure 2-2) is also =
satisfactory detector for the slorted line, particularly
for the measurement of high VSWR’s, because of its
good sensitivity and harmonic rejection, It Is recom-
mended when the minimum position must be determined
accurately, such as in the measurement of electrical
length. It is also preferable when measuring by the
width-of-minimum method.

The shielding of this detector is excellent, a
property which is useful in the measurement of ra-
diating systems. Harmonics of the local escillater
frequency can be used beat with the signal from the

TYPE 874-D20L
TUNING STUB
QR TYPE 9Q00-DP
PROBE TUNER

N

STANDING WAVE

\ B74-R224
PATCH CORD

. 874 -R22LA
PATCH CORD

et ety e b A T -UNKNOWN
& Y T e e
S ey | j(

ava 874-.88 SLOTTED LINE
ATTENUATOR S iuRs

874-FL Uy;i,____ ———
LOW-PASS FILTER ‘\
G

‘- I-F AMPLIFIER | STANDARD RECENVER
! | OR
i | .DETECTOR
| @ ONIT ™ MADE UP OF
| OSCILLATOR | INDICATED PARTS
: 874-R22LA

PATCH CORD |

SLCTTED LINE

AT TENUATUR
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slotted line. Hence, the upper frequency limit may be
several times the upper frequency limit of the oscilla-

tor.
NOTE

The diode must be removed from the
carriage mount in this application.

2.3.4 DIODE RECTIFIER AND MICROAMMETER

A simple detector system consists of the buile-
in diode rectifier used with an external micreammeter,
as shown in Figure 2-3. In this case, the rectified dc
output of the dicde is measured on a sensitive micro-
ammeter connected between the inner and outer ter-
minals of the right-hand connector on the prebe car-
riage. In most cases, the rectified dc cutpur is closely
proportional to the square of the f input at currents up
to roughly 50 microamperes.

TYPE B874-D20L TUNING STUB

UNIT OR TYPE 900-0P PROBE TUNER

OSCILLATOR

—

POT\A(‘JER 25- OR 30-pa
SUPPLY VETER
~. ~-§74-R33 =
Br4-R2zLa PATCH CORD 874 LB SLOTTED LINE
= 3y SUNKNOWN
Jis — — =)
Lr \{1& 3T1LBa IN

Figure 2-3. Use of an unmodulated source for meas-
urements with the Type 874.LBB Slotted Line. The

indicator is ¢ microammeter.

2.4 COAXIAL CONNECTORS, ADAPTORS AND AC-
CESSORIES

2.4.1 CONNECTORS

The new lew VSWR Type 874-BBL locking con-
nectors are used for connection at both ends of the
Type 874-LBB Slotted Line. The improvement due to
the Type 874-BBL is evident in the graph of Figure
2-4 which shows the residual VSWR of both the Type
874-BBL and the old Type &74-B (one pair of con-
nectors).

Connections to generator and detecter are made
with Type 874-R22L A Patch Cords.

[ . I ,_I,H_.. ‘
- TYPL B74-B TYPE 874-BBL
1.04 EEE } : 7T - ”’7**%
B : . - /
Loz
- ~
-
L > "
-
1.00 - e ) . ol
] ] 2 3 5 7 8 9

4 5
FREQUENCY — GHz

Figure 2-4. Residual V3WR for o pair of Type 874-BBL.

Locking Connectars.

araLpn

Figure 2-5. The Type 874-LBB and some of the GR

qdopfors.

2.4.2 ADAPTORS

If the unknown, the generator or the detector, is
fitted with connecters other thanche Type 874, adaptors
can be used to make the necessary transition to the
Type B74 connectors. The conversion to all the other
leading coaxial connectors series is fast and inexpen-
sive. The performance is excellent in those line sizes.
Table 2-2 lists some of the GR adaptors; Figure 2-5
shows them with the slotred line.

Connection to the more precise GROO0 line is also
offered, through the Type 874-Q900L (Figure 2-6).

Figure 2-6.
TheType 874-Q900L converts
the GR874 line to the GR900

line.

=HT

T s

TABLE 2-2 GR874 ADAPTORS
Ty pe Contains Connects
GRB74 and . . . GRE74 and . . .
*8374-QBJL BNC jack BNC plug
*874-QHJL HN jack HN plug
*874-QNJL N jack N plug
*874-QTNJL TNC jack TNC plug
*874-QMDJL Microdot jack  Microdot plug
*874-Q5CJL SC jack SC plug
*874-QCTL . C jack C plug
*874-QMMJL  SMA jack SMA plug
**874-QLTA LC jack LC plug
*¥874-Q7T] LT jack LT plug
* B74-QAPTL APC-7 APC-7 (7 mm)

* Locking Adaptor. A nonlocking version of jack and plug is
available.
* Nonlocking
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FREQUENCY —GHz2

(a)

2.4.3 RESIDUAL VSWR OF THE TYPE 874-L BB LINE
WITH DIFFERENT ADAPTORS

Quite naturally, the Type 874-LBB Slotted Line
will have a different residual VSWR performance when
terminated in an adaptor.

The graphs in Figures 2-7 a, b and ¢ show re-
cidual VSWR for the Type 874-LBB when firted with
different adaptors (locking connectors). These curves
are not to be taken as specificatiens bur rather as
typical.

2.4.4 COAXIAL ACCESSORIES

In addition to the adaptors, there are available
Type 874 tees, ells, alr lines, rotary joints, and other
accessories for convenience of connection. Refer to
che list at the rear of this manual or, for full descrip-
tion, to the latest General Radio Catalog.

FREQUENCY — GHz

(b)

TatELR)

he—

-

5] T
FREQUENCY-0GHz e

(<]

Figure 2-7. Residual VSWR on the Type B74-LBB
lime fitted with the different adaptors indicated
on the gruphs,

TABLE 2-3 HETERODYNE DETECTORS

Frequency Range — MHz Local
Catalog Number Funda- 2nd ara atn Oscillator Filter
Berch Rack mental Harmonic*® Harmenic* Harmenic™ Supplied Supplied
1241-9700 1241-9701 40+-530 82-1030 138-1530 194-2030 1363 874-F500L
1241-9702 1241-9703 190-950 410-1870 630-2790 £50-3710 1362 874-F1000L
1241-9704 1241-9705 870-2030 1770-4030 2670-6030 3570-8030 1218 874-F2000L

* For harmonic operation, the appropriate |ow-pass filter must be used.

+ 40 MHz is the practical low-frequency limit,
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OPERATING

SECTION 3

3.1 GENERAL

Once the tf generator, the detecting system and
the different accessories have been chosen (Section 2)
the probe penetration has tobe adjusted (paragraph 3.3)
and the detector has to be tuned (paragraph 3.4) then
the slotted iine is ready to operate {paragraph 3.5 and
subsequent paragraphs).

Often the line will have to be short- or open-
circuited and these operations are discussed first
{refer to paragraph 3.2},

3.2 METHODS OF SHORT- AND OPEN-CIRCUITING
A LINE.

The methed of producing a short-circuit for line-
length measurement or adjustment s important. When an
antenna orother element términating aline is measured,
the short circuit can be made, as shown in Figure 3-1.

An accurately positicned open-circuit is more
difficult to obtain than an accurately pesiticned short-
circuit because of fringing capacitance, Compensation
for this effect is provided in the open-circuit termin-
ation described below,

The recommended method of producing a short-
or open-circult is to use a Type 874-WN, -WNL or -WN3
Shert-Circuit Termination or Type 874-WQ, -WOL or
W03 Open-Circuit Termination Unit. The -WN3 and
W03 Units produce a short- or open-circuit at a phy-
sical distance of 3 em (3.2 cm electrical distance)
from the front face, on the measuring instrument side of
the insulating bead, as shown in Figure 3-l1a. The
front face of the bead is located at the bortom of the
slots berween the contacts on the cuter conductor.

PROCEDURE

The Types 874-WN, -WNL or W0, -WOL Termin-
ation Unit produce a shorr or open circuir directly at
the fron: face of the insulating bead {(Figure 3-1b and
3-1¢). In the case of the locking terminations the
reference plane set up by these locking terminations on
the slotted-line is nominally 0.025-inch, toward the load
because of the inherenr disengagement of the locking
connectors, These units can be used even if the im-
pedance is desired at a point on the line other than at
the face of the bead, if the electrical distance between
the two points is added to or subtracted from the line
length measured with the short- or open-circuit termin-
arion unit connected. The electrical line length for air
dielectric line is equal to the physical length. Each
bead in the Type 874 connector has an electrical
lepgth of 0.55 cm.

To determine the impedance at the input to a
coaxial circuit connected to the slotted line, a Type
874-WN or -WNL Short-Circuit can be used to produce
a short circurt directly at the front face of the insulat-
tng bead in the Type 874 Connector on the circuit
under test. (The front face of the bead is Iocated ac
the bottom of the slots in the outer conductor.}

3.3 PROBE PENETRATION ADJUSTMENT
3.3.1 GENERAL

The probe penetration should be adjusted for
adequate sensitivity as well as insignificant effect
on the measured VSWR. The presence of the probe
affects the VSWR because it is a small admittance in
shunt with the line. It has the greatest effect at a volt-
age maximum, where the line impedance is high.
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| 3 cm Physical
}3,2cm Electrical

CIRCUIT

FOINT AT WHICH
IMPEDANGE 1S

| POLYSTYRENE MEASURED
BEAD
3cm Physicaol | POSITION OF
}.EcmL:ecmcn\P EFFECTIVE \\‘_‘?4 &
L SHORT OR OPEN 874 Wiy OR WO
| CIRGUIT -

S g74-WN3I OR W03
PULYSTYRENL

BEAD

(o}

Figure 3-1. Use of Type
W03 Open-Circuit Termination Unit to make a short circuif or open-=circuit when
measuring point is located 3 cm from face of bead, as in (a). Upper unit is
similar to a Type 874-ML Component Mount. Position of the shorte or open-
circuit when a Type 874-WN Short-Circuit Termination Unit or Type 874-WO

50-OHM

COBXIAL LINE POIYSTYRENE  POSITION OF
BEAD EFFECTIVE

) N ” SHORT OR OPEN

S

RSt )

POSITION OF EFFECTIVE
OPEN CIRCUIT

POSITICN OF EFFECTIVE
SHORT CIRCUIT

YT

Z"\Q?.\\\\“’:‘"

T

T

B74.LBB.§

(c)

874-WN3 Short-Circuit Termination Unit or Type 874-

Open-Circuit Termination Unit is used (b). Locking-type terminations used

in (c).
3.3.2 TYPE 900-DP PROBE TUNER

Adjust probe penetration by means of the small
control knob at the top of the tuning stub, as shown in
Figure 3-2. Set it at 0.100 for routine measurements.
The adjustment scale is calibrated in thousandths of
an inch and reads the distance between the tip of the
probe and the center conductor of the slotted line. A
stop, which prevents the probe from touching the center
conductor, holds the minimum distance to about 0.010
inch; maximum is about 0.150 inch after initial adjust-
ment. '

The effect of the probe coupling on the residual
reflection coefficient of the slotted line is shown in
Figure 3-3, or it can be determined by measurement of
the VSWR at two different degrees of coupling. If the
measured VSWR is the same in both, the probe coupling
used has no significant effect on the measurement. If
the measured VSWR’s are different, additional meas-
urements should be made, with decreasing amounts of
probe penetration, until no difference occurs.

CAUTION

Always remove the diode prior to installation
or removal of tuner.

_ IZE‘
g

Figure 3-2.
Probe depth control.

REFLECTION COEFFICIENT

3.3.3 RF PROBE

If connected, remove the tuning stub from the

left hand connector in order to change the penetration
and turn the small screw found inside the inner con-

nector.

Q.14

0.2

Q.10

Clockwise rotation increases penetration.

CAUTION

Do not screw this probe down tight against the
center conductor of the slotted line, as it will
damage the probe or the center conductor. Al-
ways remove the diode prior to installation or
removal or probe.

NOTE

Late model probes have a built-in stop to
prevent over-penetration.

]

PROBE SETTING
IN_INCHES ™

N

0.025

Q.08

006

004

002

/AN ] e
/| d \\ \__//’/
| ——007E
[ — 1 '____‘_._...—-l————l_*JOJOO
I 2 4 5 6 7 8 9
FREQUENCY, MHz fais |

Figure 3-3. Typical probe reflections at four penetrations.
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In mostcases in which moderate VSWR’s are meas-
wed, a distance of 0.l-inch frem the inner conductor
te the probe (Figure 3-4 a) will give the best results.
This is achieved by backing off 5.5 turns of the screw
after contact between probe and ipner conductor has
been made. Contact has to be very carefully approached
and the following method is to be used:

Short the end of the line and connect an ochmmeter
as shown in Figure 3-4 b. Cootact is made when the
ohmmeter shows conductivity (ohmmeter on R x 100
or x 1000).

NOTE

The diode has to be present in this procedure
but the polarity of the ohmmeter has to be such
thar the forward resiscance (low) of the diode is
measured. The backward resistance is so high
that it would make a reading of conductivity
very difficulr.

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

3.3.4 VARIATION IN PROBE COUPLING

The variation in probe coupling along the line is
affected by the depth of penetration. At large pene-
tration the variation tends to increase. The specified
1.25% holds for a penetration of O.l-inch out {Figure
3-4a).

When performing electrical length measurements
(high VSWR), greater penetration may be employed. The
probe is ar a voltage minimum and therefore has a
minimal effect on the position of the standing wave
minimunmn.

3.4 DETECTOR TURING
3.4.1 D!ODE RECTIFIER TUNING

The dicde rectifier built into the carriage is
runed either by means of the Type 200-DP Probe Tuner
for highly sensitive tuning or by the adjustable stub
(Type 874-D20L). These are effectively connected in
paraltel with the rectifier in order to increase the sen-
sitivity and to provide selectivity., The probe tuner or
the stub is adjusced until maximum output is indicated
by the detector. Readjustthe signal level as necessary

OHMMETER
INNER

{(a) CONDUCTOR

I

OUTER
CONDUCTOR

CARRIAGE

/ N N

/ NN

! \ N
8 PROBE DIODE FLAT SPRING

to keep the audio output of the diode below 2mV, which
ensifres operation in its square-law region.

Be sure the stub {or the probe tuner) is not tuned
to a harmonic of the desired sigral rather than to the
fundamental. Confusion may result in some cases if
the tuning is done with a high VSWR on the line, as
the minima of the harmonics may not be coincident with
the minima of the fundamental. To minimize the possi-
bility of mistuning, the probe shculd be tuned with a
low VSWR on the line, for instance, with the line ter-
minated in a Type 874-W50B, -WS0BL Termination
Unit. As a check, the distance between two adjacent
voltage minima on the line can be measured. If the
stub (or the probe tuner} is runed correctly, the spacing
should be half a wavelength,

The diode can be tuned to frequencies from about
275 MHz to 8.5 GHz with the Type 874-D20L. Adjust-
able Stub, from 300 MHz to 8.5 GHz with the Type
000-DP Probe Tuaner.

For operation at frequencies below 275 MHz 2
Type 874-D30L Adjustable Stub can be used down-to
150 MHz or various lengths of Type 874-L Air Line
can be inserted in series with the adjustable stub.

3.4.2 HETERODYNE DETECTOR

When the DNT Detecror is used, care must be
taken to tune the local oscillator to bear with the de-
sired signal and not wicth one of its harmonics. Har-
monics of the oscillator signal can bear with harmenics
of the signal picked up from the slorted line and pro-
duce an curput at the intermediate frequency, if the
local oscillator is tuned to a wrong frequency. Proper
sectings of the local oscillator are given by the fol-
lowing expression, assuming that the intermediate fre-
quency is 30 MHz:

fL 130

n

fL() -

where f; o is the frequency of the local oscillaror, fg
is the signal frequency, and n is an inreger, corre-
sponding to the harmonic of the local-escillator signal
used, Always use the lowest possible harmonic,

If o = 1, there are two possible settings of the
local osciliaror, separated by 60 MHz and centered about
the signal frequency.If n = 2, the two possible settin}gs
are separated by 30 MHz and are centered about f3/n.

Figure 3-4. The distance between probe and
center conductor for best results (o). Best
method to determine that the probe touches the
center conductor; the ohmmeter shows con-
ductivity (b},

SHORT

374 LEB
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In the general case, the two poessible settings are
separated by 60/n and are centered about the frequency
fs/n.

The second harmonic of the desired signal fre-
quercy will produce a beat frequency of 30 MHz when
the local-oscillator frequency is

C2fg %30 _ fg £15

fLO 0

o
2

or, in general,

oo

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

In general, spurious responses do not cause
much difficulty, as the frequency to which the detector
is tuned can be easily checked by measuring the dis-
tance between two voltage minima on the line, which
should be half a wavelength at the operating frequency.
The use of an appropriate Type 874-F Low-Pass Fileer
is often convenient in these cases.

At some frequencies it is necessary to insert
a Type 874-L10L, 10-cm Air Line, berween the con-
necror on the carriage and the mixer rectifier, 1n corder
to develop sufficient lecal-oscillater voltage across
the diode.

3.5 MEASUREMENT OF WAVELENGTH

The frce-space wavelength of the exciting wave
can be measured using the slotred line by observing
the separation between adjacent voltage minima when
the line is short- or open-circuited. The spacing be-
tween adjacent minima, d is one-half wavelength or

A= 2d

For greater accuracy at the higher frequencies, the
distance over a span of several minima can be meas-
ured. If the number of minima spanned, not counting
the starting peint, is n, then

=24

n

3.6 MEASUR EMENT OF LOW VSWR (BELOW 10:1)
3.6.1 TWO METHODS

When the standing-wave ratio to be measured is
less than about 10:1, the VSWR can be read directly
on the scale of a standing-wave indicator (follow the
manufacturer’s instructions); or, with the Type 1232
Tuned Amplifier and Null Detector or the Type 1241
Detector, it can be determined from the difference be-

tween the two decibel-scale readings corresponding
to the voltage maximum and voltage minimum on the
slocted line.

The dB difference can be converted to VSWR on
the auxiliary scales at the bottom of the Smith Chart
or can be computed from the expression

— 101 9B

VSWR =log ! 55

When using the Type 1232  Amplifier with a square-
law detector, the difference in dB must be divided by two
to obtain the value to use in the above formula.

The probe coupling can vary a maximum of 1.25%
along the line, and the VSWR measured is in error by
the difference in coupling coefficients at the maximum
and minimum voltage points. This error can be avoided
by calibration of the variation of coupling with probe
position, as outlined in paragraph 3.5, or it can be re-
duced greatly by measuring several minima and several
maxima, then averaging the resules.

3.6.2 DETERMINATION OF IMPEDANCE FROM V3WR

To determine the impedance of the unknows,
the VSWR and the electrical distance between a volt-
age minimum on the line and the unknown must be de-
rermined. The unknown impedance is calculated as
outlined in paragraphs 4.3 and 4.4.

To find the effective distance to the unknown,
short-circuit the line with a very-low-inductance short
at the position of the unknown (refer to paragraph 3.2)
and measure the position of a voltage minimum on the
line. This minimum is an iantegral number of half-wave-
lengths from the unknown. Since the impedance along
a lossless line is the same every half-wavelength, the
position of the voltage minimum found with the line
short-circuited is the effective pesition of the unknown.

3.6.3 BROAD MINIMUM

When the VSWR is very low, the minima will be
very broad, and it may be difficult to locate the minimum
positions accurately. In this case, better results usu-
ally can be obtained by measuring the positicns 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 3-5. The mini-
mum is located midway hetween these two points.

E max.

Figure 3-5.

Method of improving
the aecuracy of the

determination of the
position of a voltage

RELATIVE VOLTAGE

minimum on the line Emin
when the YSWR is
low.

PROBE-POSITICON
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(Either the geometric or the arithmetical mean can be
used. [tis necessary only to have an identifiable value.)

3.6.4 ADDITIONAL PRECAUTIONS

If the line connecting the unknown to the slotted
line has a significant amount of loss, a comection can
be made forthe effectof the loss onthe unknown imped-
ance, as outlined in paragraph 3.7.2.

Harmonics of the oscillater frequency may also
cause an error in VSWR measurement, as discussed in
paragraph 3.7.6. The effect will tend to be most serious
when the VSWR at the harmonic frequencies is high.
A low-pass filter installed at the input is recommended
to teduce this error.

3.7 MEASUREMENT OF HIGH VSWR

3.7.1 LIMITATIONS

When the VSWR on the line is 10 to 1 or more,
direct accurate measurements of a velrage maximum
and a voltage minimum ate difficulc because:

1. The effect of a fixed prabe-coupling coefficient
on the measurement increases as the VSWR in-
creases, because the line impedance at the volt-
age maximum increases and the shunt impedance
produced by the probe has greater effect.

2. As the VSWR increases, the voltage at the volt-
age minimum usually decreases and, hence, a
greater probe-coupling coefficient is required to
obtain adequate sensitivity. The increased probe
coupling may cause errors as outlinedin 1 above.

3. The accuracy of the measurement of the relative
voltage decreases as the VSWR increases. The
voltage range becomes too grear to permit opera-
tion entirely in the square-law region. (Not ap-
plicable when heterodyne detector is employed.)

3.7.2 USE OF A HETERODYNE DETECTOR

All three of the above restrictions can be re-
duced in effect, or eliminated, by employing a hetero-
dyne detector.

1. The probe may be retracted because of the greater
sensitivity of the detectors. (Approximately 30
dB more sensitive than the square-law, video,
detector .) Greatest sensitivity can be achieved
by teeing in an adjustable stub (Type 874-D20L)
at the mixer input. Retraction of the probe reduces
the shunting effecc.

2. The heterodyne detector has considerably greater
sensitivity than the video detector; (a video de-
tector is defined as a diode detectorplus a 1 KHz
amplifier, employed with a modulated source).

3. The heterodyne detector has a large dynamic
range; it is accurately used over abour an 80-dB
range.

4. The source need not be medulated. This improves
accuracy because incidental FM produced by
modulation is reduced, and the possibility of
klystron source moding is eliminated.

10

3.7.3 WIDTH OF MINIMUM METHOD

* Accurate measurements of VSWR’s greater than
10 can be made using the width-of-minimum method.
This is analogous to the determination of circuit Q by
measurement of the frequency increment between the
two half-power points. In the slotted-line case, the
spacing, £, between points on the line at which the
if voltage is V7 times the voltage at the minimum, is
measured, as shown in Figure 3-6. The VSWR is related
to the spacing, &, and the wavelength, A, by the ex-
pression

SW ’:’_Kﬁ
vV R—ﬂ/_\

If the detector is operating in the square-law region,
2 times the rf voltage corresponds to twice the min-
imum rectified outpur,or a 6-dB change in output.

All standing wave meters are czlibrated to take
the square-law operation into account, therefore,a 3-dB
change will be indicared.

For very sharp minima, the width of the minimum
can be measured to a much greater accuracy by use of
the Type 874-LV Micrometer 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 probe is moved slightly to the right of the minimum
and the vernier is adjusted re have its plunger strike
the carriage on the unpainted surface below the ourput
connector. To adjust the position of the vernier, loosen
the thumbscrew which clamps the vernierto the rein-
forcing rod, slide it along to the proper position, and
relock it

Then, drive the probe through the minimum and
the twice-power poiats by turning the micrometer screw.
Determine the output- meter reading correspending to
the minimum; se: the standing-wave indicator for 6 dB
more attenuation.

Back off the micrometer and return the probe to
the right side of the minimum. Then,again drive the
probe through the minimum and twice-power points and
note the two micrometer readings corresponding to the
original output meter reading. The difference between
these readings is equal to &,

If the minimum is too close to the right-hand end
of the line to permit the use of the vernier in the usual
manner, the vernier can be moved to the left-hand side
of the carriage and the other end of the plunger can be
used to drive the carriage.

The electrical distance between the unknown and
the minimum found on the line can be determined as

outlined in paragraph 3.56.2.

Figure 3.6.

Method of measuring the
width of the voltage min-
imum for YSWR determi-
nations when the VSWR is
high,

SQUARE-LAW DETECTOR
OUTPUT VOLTAGE

PROBE POSITION ON LINE
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At very high standing-wave ratios, the losses
iq the slotted line and in any connecting line or cable
used can have an appreciable effect on the measure-
ments. To keep this error as low as possible, the
voltage minimum nearest the load should be measured.
A correction for the loss in the line can be made as
outlined in paragraph 3.7.4.

3.7.4 CORRECTION FOR LOSS IN LINE BETWEEN
MEASURING POINT AND UNKNOWN

When a load is comnected to the slotted line
through a length of air line ar cable, the loss in the
air line or cable may appreciably affect the measure-
ments. Loss in the cable tends to make the measured
VSWR less than the true VSWR produced by the load.
For extremes of VSWR or impedance even the slotred-
line loss can affect the measurements.

The amcunt of loss in a length of cable can be
estimated from the published cable data or can be
measured. The slotred-line loss should be measured
for greatest accuracy. The loss and the loss correction
for VSWR can be determined by first short-circuiting
then open-circuiting the cable or slotted-line. The
Type 874-WN or -WNL, and the Type 874-WO or -WOL
are recommended for this purpose. If the line is per-
fectly uniform, then only a short=circuir or only an
open-circuit measurement is required, as is also the
case when the highest accuracy is not required. The
relation between the attenuation, A =dl, and the meas-
ured reflection coefficients, Iy, Is,

A =10 logio IrMi dB

where lrfﬂl =\r|rscl X 1FOC|

FSC = reflection coefficient with shert-circuit connected

['5e =reflection coefficient with open-circuit connected

VSWR - 1

Note that VSWR + 1

r’ -
A quantity employed below, for loss correction derived

from TM 5 is

1 =|1_Ml -1
(VSWR)L i[_‘M‘ +1

The attenuation can also be determined from the
short-circuit and open-circuited VSWR by use of the
TRANSMISSION L0OSS and STANDING WAVE RATIO
scales located below the Smith Chart, shown in Figure
3-8. The point corresponding to this VSWR is located

on the %MA}L of DB scales under STANDING WAVE
MIN

RATIO. At the same distance from the center, find a

corresponding pointon the TRANSMISSION LOSS scale.

Artenuation of the line is equal to the number of de-

cibels between the left-hand end of the scale labeled

1 DB STEPS and this latrer point. )

SERIES RESISTANGE, Ry ,OHMS

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 usually of
importance. The unknown impedance can then be calcu-
lated in the same manner as for the lossless case, if
the measured voltage standing-wave ratio,{VSWR)y,
is first corrected for the effect of the loss in the line.
The actual or true voltage standing-wave ratio, (VSWR),
is then exactly

1
(VSWR)M = ryswi.

(VSWR)M
(VSWR)

{(VSWR) =

9.7.5 CORRECTION FOR LOSS IN THE CONNECTOR

In the measurement of a very high VSWR, the
loss at the Type 874 Connector on the slotted line can
have an important effect. The magnitude of this loss
for a typical line is plotted in Figure 3-7. The less can
be considered as being caused by a lumped series re-
sistance at the lower frequencies shown.

Correction for loss as described in paragraph
3.7.4 assumes loss uniformity on the transmission
line and slotted-line. As indicated here, lumped losses,
occur for example in the connector, and this loss can
produce an error in loss-correction. This error can be
eliminated essentially by empleying a substitution
method. A short-circuit or open-circuit isconstructed,
employing a low-loss section of line, to produce a

VSWR
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Figure 3-7. Plot of the effect of loss in the connector,
measured en a typical Type 874-LBB Slotted Line.
The insertion-loss produced in o matched line and the
corresponding value of series resistance is also indi-
cated, as well as the VSWR which would be produced
by the connector in on open- or short-cirevited 50-
ohm line thot has no other losses.
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IMPEDANCE  COORDINATES—50-OHM CHARACTERISTIC IMPEDANCE

Figure 3-8. Example of the use of the
Smith Chart for [ine length corrections
when the line has an appreciable
amount of loss. (5ee paragraph 3.7.4.)
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voltage minimum at exactly the same position in the
slotted-line as produced with the unknown connected.
The lumped loss therefore has essentially the same
effect in both cases. The actual or true VSWR in this
case is:

1, 1 1
VSWR  (VSWR)y  (VSWR)c
VSWR)

VTR = oM
(VSWR)y
(VSWR) ¢

Where (VSWR)c is the VSWR with the special
short- or open-circuit.
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3.7.6 OSCILLATOR FREQUENCY SHIFTS

In some cases, when the slotted-line is short-
or open-circuited and the position of a voltage minimum
is measured to determine the effective position of the
unknown, errors can be caused by shifts in the oscil-
lator frequency with the change in the load impedance
between the short-circuited and loaded conditions.
The effect can become more sericus as the ength of
line between the load and the slotted line isincreases.
Oscillators which are tightly coupled to the line can
have relatively large frequency shifts. The effect can
be greatly reduced by the insertion of a pad, such as a
Type 874-G10, 10-dB Pad, between the oscillator and
the slotted line. If the resultant decrease in input can-
not be tolerated, the oscillator tuning can be adjusted
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to compensate for the frequency shift. The oscillator
frequency can be measured and readjusted. Signal
generators, in general, are loosely coupled, and the
frequency shift is usually small.

3.7.7 HARMONICS

Another possible source of error in the meas-
urement of high standing-wave ratios is the presence
of harmenics in the wave traveling along the line. Har-
monics can be generated by the driving oscillator or
by a non-linear unkpown such as a diode 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 fundamental minima.
Hence, a small barmonic content in the signal may
produce a harmonic signal many times that of the fun-
damental at a minimum point. Therefore, if the detector
will respond at all to harmonics, difficulty may be en-
countered. Superheterodyne receivers and the mixer
rectifier detector, in general, have excellent harmonic
rejection; but the wned diede or video detector may
not have a large amount of rejection for various har-
monics because the tuning stub has higher-order re-
sonances. When the diode detector is used for meas-
urements of high VSWR’s, and preferably even when a
receiver is used, a good low-pass filter, such as the
Type 874-F50CL, -F1000L, -F2000L or -F4000L Low-
Pass Filters, is required between the oscillator and
the line to reduce the harmonics to an insignificant
value, The Type 1241 Detector is recommended when
the VSWR is very high.

3.7.8 FREQUENCY MODULATION

The presence of appreciable frequency modu-
lation on the applied signal may produce errors when
the standing-wave ratio is very high. Frequency modu-
lation is usually produced when a high-frequency oscil-
lator is amplitude-modulated. The amount of frequency
modulation for a given degree of amplitude modulation
usually increases asthe oscillator frequency approaches
its upper limit, The Type 1362 UHF Oscillator is sat-
isfactery for modulated signal measurements on very
high VSWR’s at 50% modulation, up to about 750 MHz.
At the higher frequencies, reasonably large errors are
produced in measurements of standing-wave ratios of
the order of 500 or 1000. Ar standing-wave ratios be-
low 50, the error is usually negligible if the over-all
line length is short. Square-wave modulation should
be used to minimize frequency modulation. The Type
1264 Modulating Power Supply is recommended for use
with the oscillators listed in Table 2-1.

This problem is minimized by employing a heter-
odyne detector as indicated in 3.7.2

3.8 MEASUREMENT OF 50-OHM COAXIAL LINE
CIRCUITS

3.8.1 USE OF CONNECTING CABLE

In coaxial-line measurements, the VSWR on the
line, the impedance seen looking into an unknown line,
or the impedance ar the far end of a line maybe needed.

In measurements on antennas, either the VSWR on aline
terminated in the antenna or the actual antenna imped-
ance may be desired. However, in most cases it is not
possible to connect the antenna directly to the slotted
line and an inrermediate length of cable or air line must
be used. The line or cable should have a 50-ohm char-
acteristic impedance. Lengths of Type 874-A2 or
RG214/U Cable can be used for this purpose. The
connecting line has no effect on the VSWR if it isa
lossless, uniform line, hence the VSWR produced by
the load is the same as that measured on the slotted
line. In praciice, bowever, the connecting cable and
commectors will not be absolutely uniform but will have
small discontinuities which will have some effect on
the VSWR. The uniformity of lengths of Type 874-L
Afr Line is much better than that of coaxial cable and
should be used if possible, to obtain the most daccurate
results. There is usually significant loss in the con-
necting cable. A correction can be made for it, as out-

lined i paragraph 3.7.4

3.8.2 MEASUR EMENT OF VSWR ON A 50-OHM LINE

To determine the VSWR on a 50-cohm line ter-
minated in the unknown, the following precedure can
be used:

a. Set up the equipment and tune the derector, as

outlined in paragraphs 2.3, 3.3, and 3.4.

b. Connect the unknown directly to the slored line,
if possible, or use lengths of 50-ohm air line or
cable provided with constant-impedance connec-
tors, such as Type 874. If the unknown is fitted
with other than Type 874 Cennectors, use one of
the adaptors listed in Table 2-2.

c. Check the output from the detector at a voltage
minimum and maximum and determine that the
probe coupling is satisfactory, as outlined in
paragraph 3.3. Only the voltage minima need be
measured, if the width-of-minimum method can be
used.

d. If the VSWR is less than 10, measure the relative
output from the detector at several minima and
maxima. Actually, only one minimum and one
maximum need be measured, but because of the
small variations in probe coupling along the line,
greater accuracy can be obtained if several mini-
ma and maxima are averaged or if the probe
coupling is calibrated, as outlined in paragraph
5.5. If the VSWR is greater than 10, use the heter-
odyne detector or the width-of-minimum method,
outlined in paragraph 3.7.2 to determine the VSWR.

3.8.3 UNKNOWN IMPEDANCE CONNECTED AT THE
END OF A 50-OHM LINE

To obtain the actual load impedance, use the
following method:
a. Follow procedures a through d of paragraph 3.8.2.

b. Measure the position of the voltage minimum
nearest the load end of the line.

¢. Short-circuit the end of the line at the point of
connection to the unknown, Use a very low in-
ductance metal sheet or strap, or a Type 874

13
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WN3, -WNL Short Circuir, as described in para-
graph 3.2. Then find the position of a voltage
minimum on the line with the line shorted and
record the scale reading comresponding to the
pzobe position (refer to paragraph 3.7),

d. Determine the difference in pesition, .L , between
the minimum measured with the line shorted, and
the minimum measured with the unknown con-
nected. Divide the result by the wavelength to
obrain.f/A. If several measurements are to be made
at different frequencies on the same circuit, the
over-all electrical line length between any point
on the slotted line and the short circuit can be
determined. Then the line needs to be short-
circuited only once.

e. On the 50-ohm Smich Chart, determine the radius
of the circle en which the impedance must lie
from the scale labeled STANDING WAVE RATIO,
located at the bottom of the chart. Draw a circle
having this radius on the chart, with its center
at the center of the chart, {(Refer to paragraph
4.5.3) The transmission-line equations presented
in paragraph 4.1 can be used in place of the
Smith Chart. {The 50-ohm impedance version is
considered here.)

f. Note whether the minimum found with the line
shorted lies on the generator side or on the load
side ofthe minimum found with the load connected.
If the short-circuit minimum lies on the load side,
travel from =zero around the circle along the
WAVELENGTHS TOWARD LOAD scale the num-
ber of wavelengths found in step d. If the mini-
mum lies on the generator side, travel in the
opposite directien along the WAVELENGTHS
TOWARD GENERATOR scale, Draw a line from
this point to the center of the chart.

g. Find the impedance in ohms of the uaknown from
the coordinates cof the intersection of the line
drawn in step f and the circle drawn in step e.
If the admittance is desired, travel around the
chart another 0.25 wavelength and draw another
line to the center of the chart. The coordinates
of the intersection of this line with the circle
multiplied by 0.4 are the ccmpovents of the ad-
mittance of the unknown in millimhos.

3.8.4 MCASUREMENT OF THE INPUT IMPEDANCE
TO COAXIAL-LINE CIRCUITS

To measure the input impedance to a coaxial-
line circuit, connect the circuit directly o the slotted
line by means of a coaxial connector. Then use the
procedure outlined in paragraph 3.8.3. In this meas-
urement, the point in the connector at which the im-
pedance is to be obtained must be specified, because
the impedance may vary appreciably from one point to
another in the connector. In many cases, it is ad-
vantageous to measure the impedance at the front face
of the polystyrene bead in the unknown connector.
{Refer to paragraph 3.2.) In order to determine the im-
pedance at this point, the electrical distance from the
insulator in the connector and the position of a voltage
minimum on the slotted line must be found.

14

To determine the electrical distance, measure
the physical distance between the two points in ques-
tion and add 0.48 c¢m to the length obtained to account
for the lower velocity of propagation in the insulators
at the end of the slotted line.

Another more accurate method of determining the
effective electrical distance is to short-circuit the end
of the slotted line with a Type 874-WN, -WNL Short
Circuit and then determine the position of a volrage
minimum on the slotted line, as outlined in paragraph
4.4. The short circuit is made at the face of the bead
in this unit.

Measure the VSWR and calculate the unknown
impedance, as outlined in paragraph 3.8.3.

3.9 MEASUREMENTS ON COMPONENTS AND LUMPED
CIRCUITS

3.9.1 PROCEDURES

The Type 874-LBB Slotted Line can be used ta
measure the impedance of components of all types.
At high frequencies, this type of measurement is com=
plicated by many factors, the most important of which
generally are:

1. The position of the element withrespect toground,
leads, and other circuir elements canhave a large
effect on the impedance of an element.

2. The reacrances of leads used to connect the com-
ponent to the measuring device, any leads which
may be part of the component under test, and the
stray capacitance of the measuring terminals and
supplementary leads, may also appreciably affect
the measurements.

To minimize the effects of the first difficulry,
the component should be measured while mounted in
the positicn in the circuit in which it is to be used,or
under as similar conditions as possible. One method
of measuring a component in position in a circuit is
to connect it to the slotred line by means of a length
of flexible cable or rigid coaxial lire, as shown in
Figure 3-9. The rigid line is preferred, as its char-
acteristic impedance is more uniform. The impedance
is measured, as outlined in paragraph 4.5.3. The line
is shorrecircuited at its load end by one of the methods
shown in Figure 3.1,

The supplementary leads used to connecr the
component to the end of dhe coaxial line should be as
short as possible to minimize the effects of the lead
and terminal reactances.

Figure 3-.9. A'pprommcne equi- - COMEONENT
valent circuit of caonnecting 4' ~UNDER TEST
lead reactances encountersed YE 7T Co T
'
when components are meass
ured.
COMPONENT
NDE
SLOTTED 7 UNDER TEST
UNE
IfGHﬂtSSIS
TYPE 874 FLEXIBLE 50-0HM CABLE BOMDED
CABLE CONNECTOR COAXIAL CABLE TO GHASSIS BALEA L
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The leads referred to do not include those nor-
mally used to connect the unknown to the circuit. If
the supplementary leads are short, the stray reac-
tances can be considered as lumped into two ele-
ments: a shunt capacitance across the end of the line,
and an inductance in series with the line, as shown in
Figure 3:9. The lead and rerminal reactances affect the
measured impedance Z., as can be seen from the equi-
valent circuit in the figure. In order to determine the
actual impedance of the unknown, the measured imped-
ance should be corrected for the effects of the lead and
terminal reactances, using the following equations:

_ Ru
Rx="p )
» (1 XM )_ R
oM XA XA
Xy = - Xy
D
where
Ny Ry :
=(1-=—2 +
p=(1-5) (%)
Xy= - ohms
fillg

XL = «w L ohms

where 1. is the magnitude of the lead inductance in
henrys and C, is the magnitude of the shunt capaci-
tance in farads.

The niagnitudes of the lead and terminal react-
ances can be determined from measurements of the
reactance seen with the leads short-circuited by alow-
induczance copper sheet at the point of connection to
the unknown, and the reacrance seen with the leads
open-circuited at the poiat of connection to the unknown.
The inductive reactance is measured when the leads
are short-circuited and the capacitive reactance 1S
mezsured when the leads are open-circuited. For this
approximation to hold, the lead-capacitive reactance
should be greater than five times the lead-inductive
reactance.

A somewhat betrer approximarion can be made
if the lead capacitance is assumed to be distributed
between the twe ends of the leads, as shown by the
dotted capaciter of Figure 3-9, The ratio of the two
capacitances can be estimated from the physical con-
figuration of the circuit.

An even better approximation can be made whea
the leads are reasonably long, if the inductance and
¢capacirance are assumed to be uniformly distribured
and the leads are treated as a section of transmise
sion line. The characteristic impedance, Zg, of this
line and the tangent of the electrical length, tan &,
are related to the short- and open-circuir impedances,
Zo¢c and Zge, by the expressions:

Z, = \l Zoc Zsc

Zsc Xsc
tan 8 = =
J Zoc Z.
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Figure 3-10. Sketch of the Type
874-ML Component Mount.

The equation in paragraph 4.1 0t the Smich Chart,
can be used to correct the measured impedance for the
effect of the equivalent section of ransmission line. If 2
Smith Chart designed for lines having a 50-ohm imped-
ance is used, the measured values should be divided

by Zo pefore entering the chart and the resultant cor-

— 0
0
the capacitance is not uaifermly distributed but the
approximation usually gives reasonably accurate re-
sults. A normalized Smith Chart is better suited to
this application.

In most cases more accurate measurements can
be made by use of the Type 874-ML Compeonent Mount,
shown in Figure 310, on which the component or
lumped circuit can be mounted. The end of the center
conducter of a section of air line Is used as the un-
grounded rerminal, and the outer conductor is extended
in the form of a disk for a ground plane. The line can
be shortecircuited atthe terminal by means of a very
low inductance disk (supplied) or the mount can be
disconnected and replaced by a Type 874-WN3 Short-
Circuit Termination Unit. The distance from the front
face of the polystyrene bead in the connector mount is
located 2 cm away from the ground-plane surface; hence,
the termination unit referred te places a short-circuit
effectively at the ground-plane surface when it is sub-
stituted for the compenent mount.

A corection must be made for the reactance of
supplementary leads, as previously cutlined.

To remove the coaxial-line section from the
ground plate or to mount it on another one, loosen the
locking nut, It can then be installed in any other plate
if a 3/4-27 tapped hole is provided.

In most cases

rected impedance multiplied by

3.9.2 EXAMPLE OF MEASUREMENT OF A 200-OHM
RESISTOR AT 400 MHz.

In this case, the resistor is mounted on a Type
874-ML. Compeonent Mount, shown in Figure 3-10, which
is connected to the slotted line. A block diagram of the
setup is shown in Figure 2-1. The stub is tuned with

15
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slotted line terminated with Type 874-W50B or -WSUBL,
as indicated in paragraph 3.4. The unknownis connected
and the input power is adjusted to operate the diode
within the square-law range. Averages of several VSWR
readings are taken to minimize the effect of the vari-
ation in probe coupling along the line, and an average
reading of 3.16 is obtained. Position of the voltage
minimum nearest load was 40.25 cm.

The component mount is then disconnected, the
Type 874-WN3 Short Citcuit is connected to the slotred
line, and the position of a voltage minimum is located.
The position of the minimum nearest the load is found
to be at 51.20 ¢m. Therefore,

VSWR = 3.16

1.20 - 40.2
% = L”?a*“j = 0,219 wavelength

The measured resistance and reactance, cal-
culated by the use of the Smith Chart, are:

Ry = 118 ohms; Xy = -66 ohms.

In this case, the impedance directly across the
ends of the resistor is needed. However, the resistor
is connected to the mount by means of its own leads,
which affect the measurements. Since it is not desir-
able to clip the leads at the ends of the resistor to
measure the lead reactances, the resistor is removed
and identical leads are subsrituted. The position of the
minimum en the line is determined with the leads open-
circuited and is found ro be 39.90 cm. The ends of the
leads are shortecircuited by spot-soldering a copper
sheet abour three inches in diameter to the ends of the
leads and the minimum position is found again. In this
case it is at 32.95 cm.

The short-circuit reactance, Xggc, calculated
from the Smith Chart, is +57 chms, The open-circuit
reactance, Xgc, is -330 ohms. The actual impedance
appearing across the resistor terminals is then cal-
culated by

Ry = 118 chms
XM = '66.0 obms

X; = Xg¢ = t57 ohms

XA = XOC = ‘330 ohms

D :(1 '66)2+( 118)2 = 0.768

330 330
118
Ry 5c8 " 154 ohms
66 1182
. . 66 (1 -330) 330 _ 557 . 999 ohms
X 0.768 T 0.768 )

The measured resistance is less than the dc value
of 200 ohms, due to the shunt capacitance of the re-
sistor itself.

3.10 OPERATION AT FREQUENCIES BELOW 300 MHz

Since the probe travel is only 50 cm, it will not
always be possible to measure both a voltage minimum
and maximum on the line at frequencies below 300 MHz,
as the range of travel of the probe is one-half wave-
length at 300 MHz. At frequencies below 130 MHz,
where the line is less than a quarter of a wavelength,
it will never he possible to measure both a volrage
maximum and minimum on the line directly. If both a
voltage minimum and maximum do not appear on the
line at frequencies above 150 MHz, addirional lengths
of Type 874-L30, -L10, -L30L, and -L10L Air Lines
can be inserted between the line and the load until
both a minimum and a maximum do appeat. Of course,
if the VSWR is greater than 10, only the minimum need
appear on the slotted section of line, because the meas-
urement can be made by the width-of-minimum method.

At frequencies below 150 MHz, lengths of air
line can be inserted between the line and the load un-
til either a minimum or maximum c¢an be measured.
Secrions of air line are then fransferred te the other
side of the slotted line, that is, between the line and
the generator, until the maximum or minimum appears
and can be measured. The sections are transferred,
rather than removed, to keep the load on the eoscillator
and, hence, the relative voltage amplitude on the line,
constant.

A somewhat better soluticnis to use two sletted
lines and add sections of air line between them or
between one of them and the load until a minimum ap-
pears on one line and a maximum on the other. The
probes are set at the respective maximum and minimum
and the outputs from the detectoer and the position of
the probe at the minimum are recorded. AType 874-W50B
and -W30BL Termination Unit is then connected to the
end of the line and the outputs of the two detectors
again recorded. Since the voltage is constant all along
the line with the rermination connected, the probe
couplings in this case are proportional to the outputs
if the detector is linear. If the detector is sgquare-law,
the probe couplings are proportional to the square roots
of the outputs. The cutputs observed with the load
connected can then be corrected for any difference in
coupling. This calibration corrects for differences in
probe penetration, differences ia prebe couplings, and
differences in sensitivity of the detectors.

Alternately the slotted-lines may be connected
together directly and the probes adjusted to produce the
same outpur with the line terminated with the Type
874-W50B or -W50BL. The standing-wave pattern is
observed first with one line and continved with the
next by switching the detector connection.

The Type 874-D20L Stub will tune the diede
rectifier down to 275 MHz. The Type 874-D30L Stub
will tune down to 125 MHz. Additional lengths of air
line can be inserred in series or in shunt, using a Type
874 Tee for operation at lower frequencies. With the
long stub in place, smoother operation of the carriage
is obtained if the whole slotted line is tilced slightly
forward to make the stub almost vertical.
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3,11 USE OF THE ADJUSTABLE SCALE AND THE
YERNIER DRIVE

The scale of the Type 874-LBB Slotted Line is
adjustable and can be locked in position, permitting the
choice of a convenient reference point.

This feature together with the Type 874-LV

Vernier Drive enables simple and accurate length meas-

urements.

For example, when measuring the distance be-
tween two minima (Figure 3-11), find the first minimum
and set the scaleto have a convenient full division in
front of the pointer (A), then set the pointer to the full
division closest to the second minimum (B) and use the
vernjer drive to reach the minimum. The distance de-
sired is then AB plus (or minus) the distance traveled
by the vernier drive.

SECOND MINIMUM —-1 |-Fd

FiRST MINIMUM \rh
e—

70 (ST X X

'90020:0:0:0:0"
1oSetetedelele
L0001

l—fo":i .“*d D= AB-d

B74 LEBBR &

Figure 3-11. An accurate way to find the distance
hetween twe minima.
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SECTION 4

4.1 TRANSMISSION LINE CHARACTERISTICS

4.1.1 CHARACTERISTIC IMPEDANCE

A coaxial transmission line has uniformly dis-
cributed inductance and capacirance, as shown in Fig-
ure 4-1. The series resistance due to conductor losses
and the shunt resistance due to dielectric losses are
also uniformly distributed. The square root of the ratio
of the inductance-per-unit-length, L, tothe capacitance-
per-unit-length, C, is defined as the characteristic

impedance, Z, of the line.

+jwl L l_j%i

Zyf—— ==X
G

G +jwC C l—j;)Tj

where:
L =the inductance-per-unit-length in henrys,
C =the capacitance-per-unit-length in farads,

PRINCIPLES OF

OPERATION

R =the series-resistance-per-unit-length in
ohms, and

G =the shunt-conductance-per-unit-length in
mhos.

When line losses are low (or When%=g) and

the £f skin effect depth is much smaller than the dia-

meter tolerances, the following approximation is valid:

As frequency decreases, the path of the average
current flow tends to move away from the surfaces of
the conductors.It moves toward the center of the inner
conductor and away from the inner surface of the outer
conductor. Thus, the effective diameters are shifted
{in opposite directions), thereby causing a slight in-
crease in the ratio which determines the characteristic
impedance. The extent of this shift varies with the
material used for the conductors and is least with 2

P

Figure 4-1. Distribution of inductance
and capocitance along a transmission

T 7
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Figure 4-2. Skin-effect error as o function of frequency.
conductor such as silver. In silver this effect is

enough to cause a change of 0.1% at 100MHz; see
Figure 4-2.

The characteristic impedance of a coaxial line
derives directly from the diameters of the conductors,
the ratio that these diameters bear to one another,
their respective concentricity, and the dielectric con-

stant of the medium separating them. Thus, for con-

centric coaxial lines in general, the expression is:
A a
7 == log_—
Ve Eeb
where:
a = inner diameter of outer conductor
= outer diameter of inner conductor
= dielectric constant
2c
A= = 59.9585
10°
¢ = velocity of light, cm/sec
The dielectric constant of air undet standard

laboratory conditions is 1.0007.
The accuracy of the characteristic impedance,

therefore, is controlled by the precision with which

Figure 4.3, TEM-mode field pottern in
coaxiol transmission line.

the inner and outer conductors can be machined.
Furthermore, the constancy of impedance depends in
turn upon the ability of the fabrication process to
maintain uniform size and to preserve straightness
throughout, since deviations result in impedance
variations.

The uniformity of the impedance along the line
is also dependent upon the concentricity of the con-
ductors. An important factor bearing upon this con-
sideration is sag occurring in the center conductor.
The characteristic impedance of a coaxial transmission
line with an eccentric inner conductor is given by the

following:

A b e’ a
7z =— (1 -4 7 ],
o g cosh |_Za( b1> Zi:]

where:

e = amount of eccentricity of the center conductor.

4.1.2 WAVE PROPAGATION

As with all rransmission-line types, the purpose
of coaxial line is to carry energy from a source. to a
load. The efficiency with which it performs this func-
tion at uhf and above is dependent upon {among other
it propagates electro-

magnetic-wave energy. Such modes of propagation can

things) the mode in which
best be described in terms of their electrical and mag-
netic field patterns within the line.

A coaxial transmission line may provide the
means for more than a single mode of propagation,
Commonly, the dominant mode is that in which both
electrical and magnetic field compenents of the wave
lie entirely in planes transverse to the direction of
propagation (see Figure 4-3). The wave is therefore
called electromagnetic (TEM} wave.
There is no longitudinal component of the field in

a transverse

this mode, as in rectangular waveguide. Thus, this
mode is broadband and has no cutoff frequency.

ELECTRIC FIELD —— — —

WAVEFRONT MAGNETIC FIELD ————

"< — —— CURRENT
*
I NEIDENT wavE Wy = REFLECTED WAVE
T
R
Vs

INNER CONDUCTOR

OUTER "CONDU

LOAD

/ DIRECTION OF PROPAGATION
CTOR
900-LB-28
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4.1.3 VELOCITY OF PROPAGATION

In subsequent paragraphs, transmission-line be-
havior will be discussed in terms of electromagnetic
waves propagating along the line. The waves travel
with a velocity, v, which depends on L and C in the
foliowing manner:

1

“VLC
In an evacuated line, the dielectric constant is unity
and the velocity of propagation is equal to the velocity
of light, c, (2.997925 x 10'° em/sec). If the effective
dielectric constant, €, is greater than unity, the ve-
locity of propagation will be the velocity of light
divided by the square root of the effective dielectric

constant:
-
\E
The relationship between frequency, f, and wave-
length, A, in the transmission line, if the dielectric
is air, is
2.99687 x 10**
f

if A is in centimeters and f is in herrz.

4.1,4 TRAVELING AND STANDING WAVES

The performance of a transmission line having

A o=

Cm/SCC

2 uniform characteristic impedance can be explained in

“terms of the behavior of the electromagnetic wave that
travels along the line from the generator to the load,
where all or a portion of it may be reflected, with or
without a change in phase, as shown in Figure 4-4.
The reflected wave travels in the opposite direction
along the line, back toward the generator. The phases
of these waves are retarded linearly 360° for each
wavelength traveled.

The wave traveling from the generator is called
the incident wave, and the wave traveling toward the
generator is called the reflected wave. The combina-
tion of these two traveling waves produces a stationary
interference pattern which is called a standing wave.
The maximum amplitude of the standing wave occurs
when the incident and reflected waves are in phase
or when they are an integral multiple of 360° out of
phase. The minimum amplitude occurs when the two
waves are 180°, or an odd integral multiple thereof,
out of phase. The amplitude of the standing wave at
other points along the line is the vector sum of in-
cident and reflected waves. Successive minima and
maxima are spaced, respectively, a half wavelength

along the line.
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Figure 4-4. Yariations in the emplitude and phase of
incident and reflected waves aleng a transmission
line with o 3:1 mismatch condition. Vector combin-
ation of incident aond reflected waves at various
paints along the line and resultent stending wave
are shown.

The magnitude and phase of the reflected wave
at the load, relative to the incident wave, are func-
tions of the load impedance. For instance, if the load
impedance is the same as the characteristic impedance
of the transmission line, the incident wave is totally
absorbed in the load and there is no reflected wave.
On the other hand, if the load is lossless, the in-
cident wave is always completely reflected, with no
change in amplicude but with a change in phase.

A traveling electromagnetic wave actually con-
sists of two component waves: a voltage wave and a
current wave. The ratio of the magnitude and phase
of the incident voltage wave, E;, to the magnitude and
phase of the incident current wave, I, is always equal

to the characterisitc impedance, Z,. The reflected
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waves travel in the opposite direction from the in-
cident waves, and consequently the ratio of the re-
flected voltage wave, E,, to the reflected current wave,
I

cases is practically a pure resistance, the incident

» 1s -Z_. Since the characteristic impedance in most
voltage and current waves are in phase with each
other, and the reflected voltage and current waves are
180 ° out of phase.

E; s
Ii o
El‘

T =%
r

These equations are valid at all points along the line.
The magnitude and phase of the reflected vole-
age wave, E , relative o the incident wave, E;, art the

load is called the reflection coefficient, I', which can
be calculated from the expression

I” = Zy =24y _ Yo_{x
ZX +ZO YD+ X

E = EI at the load

I, =—Ii[_' at the load

where Z, and Y, are the complex load impedance and
admittance, and Z, and Y, are the characteristic im-
)
5 )

o

pedance and admittance of the line (y =
o}

4.2 VOLTAGE AND CURRENT DISTRIBUTION

1f the line is terminated in an impedance equal
to the characteristic impedance of the line, there
will be no reflected wave, and | = 0. The voltage and
current distriburions aleng the line for this case are
shown in Figure 4-5.

If the line is open-circuited at the load, the volt-
age wave will be completely reflected and will undergo
ne phase shift on reflection, (Z, =), while the cur-
rent wave will also be completely reflected but will
undergo a 180° phase shift on reflection, as shown in
Figure 4-6. If the line is short-circuited, the current
and voltage roles are interchanged, and the impedance
pattern is shifted A/4 along the line. The phase shifts
of the voltage and current waves on reflection always
differ by 180°, as the reflected wave travels in the
opposite direction from the incident wave. A current
maximum, therefore, always occurs at a voltage mini-

mum, and vice versa.

GEN o LOAD
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Figure 4-5. Yoltage and current waves along a transe-
mission line terminated in Tts charocteristic imped-
ance. Note the absence of reflected waves ond that
the impedance is constant and equal to the characters
istic impedance at all points along the line.

The voltage at a maximum of the standing-wave
pattern, E .., is |Ej + \E;| or ;Ei‘ (1 + }F‘) and at a
minimum, E,_ ;_, is |E1{ - ‘Eri or }EJ x (1 - tr|).The

ratio of the maximum to minimum veoltages, which 1s

called the wvaltage standing-wave ratio, VSWR, is

VSWR = Smax = i i!’;'l

Emin
The standing-wave ratio is frequently expres-

sed in decibels or percent

VSWR in dB=20 log ,, f:m“

VSWR in % = 100|Emax -1

E

4.3 LINE IMPEDANCES

At any point along a uniform lossless line, the

impedance seen looking towards the load, Z, is the

p7
ratio of the complex voltage to the complex current
at that point. It varies along the line in a cyclical
manner, repeating each half wavelength of the line, as

shown in Figure 4-G.
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Figure 4.6, Voltage and current waves along a trans-
mission line terminated in an open-circuit, Note that
the minima of the voltage waves occur at the maxima
of the current waves, ond vice varsa, and that the
separation of adjmeent minima for each wave is «@
half wavelength. The variation in the magnitude and
phase engle of the impedance is olse shown.

At a voltage maximum on the line, the incident
and reflected voltage waves are in phase, and the

. . (e}
incident and reflected current waves are 180" out of

phase with each other. Since the incident voltage and

incident current waves are always in phase (assuming
Z, is a pure resistance), the effective voltage and
current at the voltage maximum are in phase and Z,
at that point is pure resistance. At a voltage maximum,
Z, is equal to the cbaracteristic impedance mul-

tiplied by the standing-wave ratio.
Z,=7Z,x VSWR

At a voltage minimum, the two volrage waves
are opposing and the two current waves are alding.
Again the effective impedance is a pure resistance
and is equal to the characteristic impedance of the
line divided by the standing-wave ratio.
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The impedance, Z,, at any point along the line
is related to the load impedance by the expression

7, +jZ tan g

7=
PR Z, +jZtan 8
where
Z, =characteristic impedance,
Z, = cemplex load impedance,
_2md
§ ===, =0 L.
L. =electrical lengthof line between point p

and load, fVe
£ = physical length.
Thus, if £, is in em,
& =12 XfguX 4., degrees.
In Figure 4-7, point p is shown at a voltage
minimum. However, the expressions above are valid
for any location of point p on the line.
Conversely, the load impedance, Z

« can be

determined if the impedance, Z_, at any point along a

p)
lossless line is known..The expressions relating the
impedances are:
v - z, -jZotan &
* 1 Z, = jZytan 7
The load impedance can be calculated from a
knowledge of the VSWR present on the line and the
position of a voltage minimum with respect to the load,
since the impedance at a voltage minimum is related
to the VSWR. The expression for the load impedance in

VOLTAGE DISTRIBUTION
WITH LOAD CONNECTED '
~_F

VOLTAGE DISTRIBUTION
7| WITH LOAD SHORT-—
/ CIRCUITED

GEN

900-LB-29

Emax

8=©6-ax180 Ermin

VSWHR=

Tan 8 =TANO

Figure 4-7. Voltage variation along « tronsmission
line with a lood connected, and with the line short-
circuited at the load end.
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terms of the VSWR, S, and the electrical distance, &,

between the voltage minimum and the load, is:

- 1 ~jStan®
Z = _—
x ™ Zo {S - jtan & ]

=ZO[25—1L52—1} sin2 & 6]

82 +1] +{s* -1 cos2

Since in a lossless line the impedance is the
same at half-wavelength intervals along the line, &'
can be the electrical distance hetween a voltage mini-
mum and any multiple of a half-wavelength from the
toad (see Figure 4-7). Of course, if the half-wavelength
point used is on the generator side of the voltage
minimum located with the load connected, &' will be
negative. The points corresponding to half-wavelength
distances from the load can be determined, with the
line short-circuited at the load, from the positions
of the voltage minima on the line. The minima will
occur at multiples of a half-wavelength from the load.

If the VSWR is greater than 10 tan @, the fol-

lowing -approximation gives good results:

R ’;"_E)__
X Scostd
X, ¥ <Z tan &

Corresponding general equations in admittance terms are:

v oy Yxﬁtha”‘f
P SlY, +jY tan

-jY tan € }
P

- jY tan &

4.4 DETERMINATION OF THE LOAD IMPEDANCE
FROM THE STANDING-WAYE PATTERN

The load impedance can be calculated from a
knowledge of the VSWR present on the line and the
position of a voltage minimum with respect to the load,
since the impedance at a voltage minimum is related ro
the VSWR. An expression for the load impedance in
terms of the VSWR and the electrical distance, &, be-
tween the voltage minimum and the load is readily

obtained.
1-j (VSWR) tan &
VSWR - jtan &

Ly =Zo "

| 2(VSWR) - j [(VSWR)? - 1] sin28
" TvswR)Z + 1]+ [(VSWR)Z- 1] cos2 6

Since in a lossless line the impedance is the
same at half-wavelength intervals along the line, & can
be che electrical distance between a voltage minimum
and any multiple of a half-wavelength from the load
{see Figure 4-7). Of course, if the half-wavelength
point used is on the generator side of the voltage mini-
mum located with the load connected, & will be neg-
ative. The points corresponding to half-wavelength
distances from the load can be determined by shore-
circuiting the line at the load and noting the positions
of the voltage minima on the line. The minima will
occur at multiples of a half-wavelength from the load.

If the VSWR is greater than 10 tan 0, the fol-
lowing approximation of the previous equation gives
good results:

Z,
Ry &@— i ——
X7 VSWR cos2 &
Xy ¥ -Z, tan g

4.5 SMITH CHART
4.5.1 GENERAL

The calculation of the impedance transformation
produced by a length of transmission line using the
equations previously presented can be time consuming.
Mr. P. H. Smith ! has devised a chart, shown in Figure
4-8, which simplifies these calcularions. In this charr
the circles whose centers lie of the resistance compon-
ent axis correspond to constant values of resistance.
The arcs of circles whose centers lie on an axis per-
pendicular to the resistance axis correspond to con-
stant values of reactance. The chait covers all values
of impedance from zero to infinity. The position of a
point corresponding to any given complex impedance
can be found from the intersection of the resistance
and reactance coordimates corresponding to the re-
sisrive and reactive components of the unknown imped-
ance.

As the distance from the load is increased or
decreased, the impedance seen looking along the line
toward a fixed unknown will travel around a circle
with its center at the center of the chart. The angular
movement around the circle is proporrional to the
electrical displacement along the line. One complete
ttaverse of the circle will be made for each half-wave-
length of travel. The radius of the cizcle is a function
of the VSWR.

1 Smith, P. H., Electronics, Vol 17, No. 1, pp 130-
133, 318-325, January 1944.
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4.5.2 CALCULATION OF IMPEDANCE AT ONE POINT
FROM THE {MPEDANCE AT ANOTHER POINT
ON A LINE

If the impedance at one point of a line, say at a
point p,is known and the impedance at another point a
known electrical distance away {forinstance, at the
lpad) is desired, the problem can be solved using the
Smith Chare in the following manner: First, locate the
pointon the chart corresponding to the known impedance,
as shown in Figure 4-8. {Fer example, assume that
Zp =20 + j25 ohms.) Then, draw a line from the center
of the chare through Zp to the outside edge of the
chare. If the point at which the impedance is desired is
on the load side of the point at which the impedance is

IMPEDANCE  COORDINATES—50-OHM  CHARACTERISTIC IMPEDANCE

2,-20+]25 0

known, travel along the WAVELENGTHS TOWARD
L.OAD scale, from the intersection of the line previous-
ly drawn, a distance equal to the electrical distance
in wavelengthsbetween the point at which the impedance
is known and the point at which it is desired. If the
point at which the impedance is desired is on the gen-
erator side of the point at which the impedance isknown,
use the WAVELENGTHS TOWARD GENERATOR scale.
(In this example, assume that the electrical distance
is 0.11 wavelength toward the load.) Next, draw a
circle through Zp with its center at the center of the
chart, or layout on the last radial line drawn a dis-
tance equal to the distance between Zp and the center
of the chart. The coordinates of the point found are

the resistive and reactive components of the desired

Figure 4-8. lllustration of the use of
the Smith Chart for determining the
impedance ot a certain point along
a line when the impedance a speci-
fied electrical distance away is
known, In the example plotted, the
known impedance, Zg, is 20 + i25
ohms and the impedance, Zyx, is de-
sired at o peint 0.11 wavelength
toward the load from the point at
which the impedance is known.
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impedance. (In the example chosen, the impedance is
16 - j8 chms.)

The VSWR on the line is a function of the radial
distance from the pointcorresponding to the impedance,
to the center of the chart. To find the VSWR, lay our
the distance on the STANDING WAVE RATIO scale
locared at the bottom of the chart, and read the VSWR

. E
a5 a ratio, MAX

, or in dB on the appropriate scale,
SMIN

(In the example of Figure 4-8, the VSWR is 3.2 or 10.1

dB.)

4.5.3 CALCULATION OF IMPEDANCE AT THE LOAD
FROM THE VSWR AND POSITION OF A YOLT-
AGE MINIMUM

In impedance measurecments in which the vole-
age standing-wave pattemn is measured, the impedance
at a voltage minimum is a pure resistance having a

o]
VSWR
component axis and draw a circle having its center at

magnitude of . Plot this point on the resistance

the center of the chart drawn through the point. The
impedance at any point along the transmission line
must lie on this circle. To determine the load imped-
ance, travel around the circle frem the original peint
an angular distance on the WAVELENGTHS TOWARD
"LOAD scale equal to the electrical distance, expressed
as a fraction of a wavelength, between the volrage
minimum and the load (or a point a half-wavelength
away from the load, as explained in paragraph 4.4).
If the half-wave point chosen lies on the generator
side of the minimum found with the load connected,
trzvel around the chart in the oepposite direction, using
the WAVELENGTHS TOWARD GENERATOR scale.
The radius of the circle can be determined directly
from the VSWR, expressed as a ratlo, or, if desired,
in decibels by use of the scales labeled STANDING
WAVE RATIO, located at the bottom of the chart.

4.6 SLOTTED LINES
4.6.1 GENERAL

The most accessible property of a transmission
line, 1n measurement terms, is VSWR., A common
method of measuring VSWR amplitude and phase is by
observation of the standing-wave pattern in the line.
This is accomplished by means of a narrow, loagitudinal
slot cut in the outer conductor of a standardized sec-
tion of coaxial line, so that interior rf fields can be
sampled with a movable probe inserted through the sdot.

The probe is part of an assembly mounted on a car-

ringe capable of moving over the entire length of the
slot on an accurately calibrated track. Within the
probe assembly is an adjustable, thin rod that pene-
trates the line to extract the rf sample. Ideally, the
probe is part of a tuned structure, so that it will pro-
vide a maximum pickup, which is detected by a micro-
wave diode, an integral part of the assembly. The out-
put of the diode is an aundio voltage directly pro-
portional to the rf power sampled, provided that the
diede is operated in the square-law region of its re-
sponse characteristic.

The output of the probe assembly must then be
fed to a calibrated amplifier-indicator to measure VSWR
magnitude. In addition, phase information (with respect
to a fixed reference plane) can be determined from the
positicn of the probe, when it is in a minimum of the
standing-wave pattern. The reflection coeefficient can
be calculated from VSWR measurements, as can imped-
ance. Impedance or admittance data can alsc be plotted
by use of the Smith chart.

Desirable characteristics of a geood slotted line
include the fellowing:

1. The ceaxial line must be uniferm, with swaighe
and concentric conductors, so that itdoes nor
itself introduce reflections.

2, It should possess a true coaxial cross section,
free of step discontinuities.

3. It should be terminated at the measuremenr end
with a precision coaxial connector possessing
dimensional and electrigal uniformity nearly

identical to that of the line.

4. The line of motion of the tip of the probe and
the axis of the line must all be accurately
parallel.

5. The instrument must have mechanical rigidiry.

6. Wear of moving parts in the carriage must be low,

4.6.2 SLOTTED-LINE ERRORS

There are certain inherent errors in a slotted
line which must be considered. The instrument errors
may be neglected in many applications, but they must
be taken into account when accuracies of a few per-
cent or less are desired.

Certain rather obvious operational precautions
are required, even for less-stringent accuracies. For
example, the signal source must be srable in both
amplitude and frequency and present a2 low harmonic
level, all connectors must be tight and properly mated,
and the response law of the detector must be accurately
known.
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Some of the more common sources of inherent
instrument error are:

1. Residual VSWR.

2. Probe effects.

3, Losses.

The design of the Type 874-LBB Slotted Line,
to a very great degree, either compensates directly
for these errors or provides operator adjustments to
Seill
chieved by the precision calibracion procedures given

overcome them. further reductions can be a-

in Section 5.

Residual VSWR. The residual VSWR of a slotted
line is that measured when the line is terminated in a
perfect impedance match. It can have several causes.

1. Characteristic Impedance Under the Slot.

The slot in the outer conductor increases the
characteristic impedance in the area under the slot.
The fractional change in impedance canbe calculared
from the dimensions of the coaxial line, as follows:

2
LW

A7, = ———2"
o 4772()(‘2_3,2\.

where

x =the radius of the inner conducter,

y = the radius of the outer conductor,

w = the width of the slot.

The minute change in impedance introduces a
discontinuity which must be compensated for by a
small increase in the diameter of the inner conductor
under the slotted region. The slot should be accurately
centered and free from burrs and dimensional defects.

2. Step Discontinuities.
such as occur in tran-

Changes in diameter,

sitions from coaxial to a slab-type cross-section,
cause severe reflections which cannot be compensated
for completely enough for precision measurements over
a frequency band. The Type 874-LBB avoids this dif-
ficulty by maintaining a true coaxial cross-section in
Soth the slotted and unslotted sections of the line.
The sole exception to this is a small step, to com-
pensate for the slot effect, which causes only neg-
ligible VSWR. No dielectric support bead other than
the one in the Type 874-BBL connector is necessary.

3. Cennector Reflections.

A primary source of residual VSWR is reduced
by use of the Type 874-BBL Connector.

Probe Effects.

1. Constancy of Probe Pickup.

Small irregularities in either the inner or the
outer conductor of a slorted line lead to variations in
probe penetration along the line. This variable tis
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Figure 4-9. Probe reflections at four penetrations,
with type TN21C.

usually called “‘flatness’’ and is expressed in terms
of equivalent VSWR. These variations cause cor-
responding changes in prcbe output even with a per-
fect termination and are easily confused with true
VSWR, when the measured VSWR approaches the size
of the flatness curve. For this reason the flatness
specification determines the minimum VSWR measurable
by conventional standing-wave indicarors.

2. Probe Reflection.

Some of the incident wave in the slotted line is
reflected by the probe and travels back toward the
generator. If the generator is well matched, all is well,
but a mismatched generator will re-reflect some of the
energy and the probe will detect and respend to its own
reflection, as well as to that of the termination. The

magnitude of the eroneous VSWR thus detected is:

VSWR, = l_LI_P_&
1-Tp Ig
where
[, =the reflection coefficient of the probe

', =reflection coefficient of the generator.

The probe reflection depends upon frequency,
probe penetration, probe tuniag, and diede-detector

characteristics. See Figure 4-9.

4.7 TYPE 874-LBB SLOTTED LINE
4.7.1 GENERAL

The Type 874-LBB Slotted Line COmMprises a
slotted section mounted on a calibrated carriage struc-
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ture which alse mounts an adjustable probe and tuner.
It has a nominal frequencyrange of 300 MHz to 8.5 GHz,
but measurements can be made at [ow as 150 MHz
{(refer to paragraph 3.10).

Connections to the load and the generator are
made through Type 874-BBL Connectors and the re-
sidual VSWR of the line and connectors is less than
1.01 + 0.0016 fgy,%up to 7.5 GHz, 1.10 from 7.5 to
to 8.5 GHz.

The line is based on a single slotted section 26
inches long. A 50-cm slot cut lopgitudinally in the top
of the outer conductor permits insertion of the pickup
probe. Thus, the single slotted section, accurately
positioned at the time of factery installzation, provides
up o five cctaves of coverage from UHF through X-
band. The probe can travel a half-wavelength at the
lowest normal test frequency {(i.e., 50 centimeters at
300 MHz) with a residual slope that is very small
{£1.25%).

The slorted section is an air-dielectric coaxial
line, with inner and ourer conductors made to close
dimensional tolerances to ensure a characteristic im-

pedance of 50.0 (1,

4.7.2 PROBE CARRIAGE DRIVE

One electrostatic-pickup-probe assembly (cf
probe} with external depth adjustment is furnished. The
assembly mounts in the rigid cast carriage which trans-
ports the probe threughout the entire length of the slot.
The mechanism for driving the cariage offers nearly
constant probe coupling along the line, with negligible
backlash.

In order to minimize the effects of any slight
distoction in the line and the changes in effective
peobe coupling resulting from forces applied to the
carriage, the driving knob is mounted in a fixed posi-
tion of the right-hand-end casting and the camiage is
driven by means of a nylon cord. The cord forms a
complete loop, which is atrached to the carriage at one
point, and passes over an idler pulley on one end of
the line and around a drum attached to the knob shaft on
the other., The connection between the cord and the
driving drum is obtzined by means of friction, and one
and a half turns of the cord arcund the drum have been
found sufficient for positive drive without slippage.
Since there are no teeth or grooves involved in the
drive mechanism, a very smooth adjustment is obtained.
Ball bearings are used cn the drum and pulley shafts to
reduce the driving force required and to minimize wear.
A small ratchet-type take-up reel is mounted on the
back of the carriage to permit adjustment of the tension

in the nylon cord.

The fixed position of the driving knob, the use of
ball bearings, and the durabilicy of the nylon cord
make the line easily adapted to motor drive, i.e., to
the Type 1640-A Slotted Line Recorder System. A
bevel gear is required to engage the motor drive,

4.7.3 PROBE CARRIAGE CONSTRUCTICON (See

Figure 4-10).

The probe catriage is made of cast brass and
its honed sleeve bearing slides on the finely ground,
chrome-plated surface of the outer conductor. Play in
the carriage, which can cause rocking and consequent
changes in probe coupling when the direction of travel
is reversed, is negligible, since the tolerance of the
bearing surface is 0.0001 inch. Probe travel is further
stabilized by a second sleeve-type bearing machined
in the carriage hody. This consists of a semicircular
beating surface in the lower end of the casting which
rides along the polished stainless-steel guide rod at
the front of the instrument. This bearing surface pre-
vents rotation of the carriage abour its axis.

Rubber washers at each end of the slotted sec-
tion, just inside the guide-rod supports, serve as bump-
ers to protect the mechanism in the event of carriage
overdrive.

A felt washer, held in place by a metal ring nur,
is mounted at each end of the carriage to prevent dirt
and other foreign material, which may collect on the
surface of the outer conductor, from entering the bearing.
Oil holes inthe top of the carriage permit these washers
to be filled with oil for long-lasting lubrication of the
bearing surfaces.

A 3/4-inch-diameter hole in the top of the car-
riage, beside the output connector, is tapped to re-
ceive either of two threaded probe assemblies. The
small hole, in the center of the base of this opening,
is the access for the pickup probe. A probe-shield as-
sembly, consisting of a brass disk with a two-stepped
hub on its underside, shields the probe from undesir-
able variation in its capacity to ground as it travels
the slot. The hub is lined with clear polystyrene to in-
sulate the probe from the rest of the carriage. The
shield assembly is held in place by a retaining ring
which seats in a groove at the base of the opening.

Beneath the probe mount, at the rear of the cat-
riage, is a shallow, cylindrical cavity which houses
the diode detector and a built-in by-pass capacitor.
One of two symmetrically spaced holes in the inner
wall of the cavity is the diode holder and the other pro-
vides access for a spring contact, which connects the

27



TYF'E 874-LBB SLOTTED LINE
®

INNER CONDUCTOR PROBE ADJUSTING SCREW

N\ 4 DIODE

POLYSTYRENE BEAD g1 i
71N i i
A 0 i
AT W7 \

TEFLON BEAD Z el o \
A ISR
%H b ru\:-lk-\-\‘uj
A i"}?f’%v' '73‘?? FELT waswer (0874-0725)
N WIN| RING NUT (0874-6126)
Y [ s

PROBE / “ >4/‘ / SLOT IN

' 'D) //-| / COAXIAL LINE
INNER ——__ ) < -
CONDUCTOR —_— ==y~
OUTER L - e 6 7 18
CONDUGTOR ) _——— - o
(gl T LLLLL L L //K/@ | DIODE
FLAT SPRING GOMER
PROBE FLATSPRING
N
PROBE CARRIAGE
- 874-LBA-12 874 LBB 9
Figure 4-10. Cross-sectional views of the

carriage on the Type 874.LBB Slotted Line,
showing the diode mount and the adjustable

proi)e.

diode output to the center conductor of the output con-
nector.

The diode holder will also accept bolometers of
a similar outline. The diode mounts small-end-first

and bottoms in the holder; the small ends fits snugly in

a concave ridge in the chuck holding the probe tip.

The spring contact makes the connection at the large

end of the diode and also clamps the diode securely
in position.

The two interchangeable microwave diodes sup-
plied, types IN21C and IN23B, furnish adequately over-
lapping coverage for the frequency range of the instru-
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ment. For low-noise applications, types IN2IF and
IN23F are suggested.

The flange at the wide end of the diode rests
against a brass plate, which is insulated from the car-
riage body by a Mylar disk of the same shape as the
plate, but wich smaller-diameter holes. The plate and
the opposing surface of the carriage body constitute
a diode by-pass capacitor, with the Mylar disk as the
dielectric. Plate, disk, and contact are fastened by a
threaded stud that secures the knurl-rimmed
aluminum cover. The stud is insulated from plate and

also

contact.
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SERVICE AND

SECTION 5

5.1 WARRANTY

We warrant that each new instrument manufacrured
and sold by us 1s free from defects in material and
workmanship, and thar, properly used, it will perform
in full accordance with applicable specifications for
a period of two years after original shipment. Any in-
strument or component that is-found within the two
year period not to meet these standards after examin-
ation by our factory, District Office, or authorized re-
pair agency personnel, will be repaired, or, at our op-
tion, replaced without charge, except for tubes or
batterjes thar have given normal service.

5.2 SERVICE

The two-year warranty stated above attests the
quality of materials and workmanship in our products.
When difficulties do occur, our service engineers will
assist in any way possible. If the difficulty cannot be
eliminated by use of the following service instructions,
please write or phone our Service Department (see
rear page), giving full information of the trouble and
of steps taken to remedy it. Be sure to mention the
serial and type numbers of the instrument.

Before returning an instrument to General Radio
for service, please write to our Service Department gr
nearest District Office, requesting a "Returned Mater-

MAINTENANCE

1al” number. Use of this number will ensure proper
handling 2nd identification. For instruments not cover-
ed by the warranty, a purchase order should be for-
warded to avoid unnecessary delay.

5.2 DIODE CHECK (Figure 4-10).

To remove the detecror diode, unscrew the cover
on the back of the carriage and pull the diode from its
socket,

The diode can be checked with a VOM (Simpson
260, or equivalent). Measure the resistance with both
polarities of applied dc voltage. The resistance should
be below 700 ohms in one direction aad above 5Q,000
ohms in the other.

Occasionally, a diode that passes the above test
may be noisy, as demonstrated by erratic output indi-
cation. Such a diode must be replaced.

5.4 CLEANING AND LUBRICATION

The Slotted Line should be kept in its storage
box or covered when not in use to keep dirt from ac-
cumulating on the carriage track. The track should be
cleaned and lubricated occasionally for best perform-
ance.

The felt washers shown in Figure 4-10 are libri-
cated through the oil holes provided. Use a light oil
and keep the oil ports filled so chat thereis a light oil

29



TYPE 874-LBB SLOTTED LINE
5

film on the outer tube. [t may occasionally be neces-
sary to tighten the retaining rings to keep the felt
washers in contact with the tube. Do not tighten them
too much, or they will make it difficult to slide the
carriage, causing backlash.

When the track needs cleaning, spread a coat of
kerosene or light oil, such as cilock oil, over the whole
outside of the outer conducter. Use a pipe cleaner or
a cloth. Then slide the carriage back and forth several
rimes to dislodge any dirt caught in the felt rings.
Finally, wipe the tack dry with a cloth. Repeat this
procedure until the cloth does not pick up any dirt.

If the line is very dirty, remove and clean the
felt washers. To remove them, unscrew the retain-
ing washers at both ends of the carriage (see Figure
4-10 and pull out the felt, Clean the felt in a solvent.
When replacing the felt washers, flatten them out and
push them into place. Reload the felt washers with a
light oil through the oil holes at the ends of the car-
riage.

An oil port at the botrom of the carriage per-
mits lubrication at the peoint of contact with the tie
bar. This is especially important if the slotted line is
motor driven.

The slot in the outer conductor can be cleaned
with 2 pipe cleaner.

CAUTION

Do not attempt to disassemble the line, this
operation requires special tooling, and should be
dene be our service department.

5.5 CALIBRATION OF THE VARIATION IN PROBE
COUPLING

The variation in probe coupling along the line
can be calibrated and the measurements very easily
corrected for the variations. A 1000-Hz signal of at
least 10 volts from the audio oscillator is applied to
the slotted line whose load end is open-circujred. The
tuning stub and crystal are removed and the input to
the amplifier (Type 1232
directly to the connector normally used forthe tuning

is suitable) is connected

stub. The variation in indication on the amplifier meter
is then recorded as a function of the probe position.
The curve thus obtained can be applied to rf measure-
ments. In this calibration, the diode is not used and the
output is directly proportional to the coupling, and not
to the square of the output as when the diode is em~
ployed.

The variations in probe coupling will change
somewhat as the probe penetration is varied. Hence,
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for most accurate resules, the calibration cutve should
be made with the same probe penetration as was used
in the rf measurements, and preferably 0.100 inches our.

5.6 ADJUSTMENT OF NYLON CORD TENSION

The nylon cord will stretch slightly with time,
causing some backlash. A rake-up reel on the back
of the carriage can be used to adjust the cord tension.
The inner flange of the reel has a number of holes
around its outer edge; a pin, on the carriage body,
enters one of the holes to provide a ratchet-type lock.
To turn the reel, first pull it our about 1/16 inch to
withdraw the pin from the hole in the flange. Then
rotate the reel to produce the desired cord tension, and
lock it by pushing it in so that the pin enters one of
the holes.

5.7 REPLACEMENT OF NYLON CORD

The nylon cord is very tough, and should last a
long time unless it rubs against a sharp curting edge.
An additional cord can be obtained from General Radio
Company. The cord is 0.045 inch in diameter and
74-1/2 inches long; part number is 0874-3690.

Iastall the cord as shown in Figures 3-1 and 3-2.
Knot the cord near one end, and thread the other end
through the hole in the anchor post. Then pass the
cord around the idler pulley and wrap it 1-1/2 times
around the drive drum. Make sure that the end of the
first turn is on the knob side of the beginning of the
first turn (see Figure 5-2) so that the turns travel in
the correct direction on the drum. Then pass the cord
around the anchor post and thread it chrough the hole
in the outer flange of the take-up reel. Knot the cord
near the end to keep it from slipping back through the
hole. Thea adjust the tension by pulling out che take-
up reel, to disengage the pin. Rotate it clockwise until
the action of the drive knob feels satisfactory. It may
be necessary to slide the cord axially along the driving
drum ro center it properly and to prevent it from riding
over the flange at one end.

5.8 CALIBRATION

5.8.1 GENERAL

The residual VSWR of the Type §74-1.BB Slotted-
Line may be calibrated accurately with GR900 compo-
nents! A Type 900-Q874, GR900-to-GR874 Adaptor is
employed to convert to the GR900 system. The adaptor

1 A. E. Sanderson, Nineteenth Annual Conference of
the 1.5.A., October 12, 1964. Available as a Gen-
eral Radio Reprint B21. °
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VSWR is insignificant in this measurement because,
by definiticn, the residual VSWR is specified for 2 mated
pair of Type 874-BBL Connectors at the slotted-line
terminals. The VSWR of the GR909 connector in the
adaptor is considered negligible,

5.8.2 PROCEDURE

a. Connect the slotted-line in accordance with
the standard procedure for measuring VSWR. Pre-
ferably the source should be matched, or a low-
VSWR attenuator should be installed directly at
the input connector of the slotted-line.

b. Install a Type 900-Q874 at the slotted-line meas-
urement terminal to be calibrated.

¢. Choose a Type 900-L.Z Reference Air Line that
is an odd multiple of a quarter wavelength at the
calibration frequency or alternately choose the
frequency to correspond to the ‘quarter wavelength.

. Install a Type 900-TUA or -TUB Tuner termi-

nated in a Type 900-W50 Termination. Tune for
the smallest possible VSWR,

- Install the appropriate Type 900-LZ Air Line

between the tuner and the Type 900-Q874 GR900
terminals and measure.the VSWR., The slotted-
line residual VSWR 1s,

(VSWR)g, =1 + [—__(VS‘;R) 2l

. If instep d unity VSWR is not achieved, the small

VSWR that remains produces an error, but cor-
rection is possible. In fact if a tuner is not used,
correction for the value obtained in stepd is
possible in the same manner. Measurement ob-
tained in step d is supplemented by measuring
the phase. Likewise, measurement obtained in
step e is supplemented by measuring the phase.
The two results are plotted on a Smith Chart.
The Slotted-Line residual is the midpoint of
the line joining the two measured values,
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