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SECTION 11B 
APPLICATIONS OF THE 416A RATIO METER 

281 GENERAL 

‘This section is furnished as an appendi to Section 24. 
The material contained in this section deals with the 
set-ups and techniques connected with operating the 
416A in typical agplications. Information s given for 
using the 416A in a slotted line 5ystem and also in- 
formation on general applications using the 416A Ratio 
Meter. The main portion of this section is devoted 
to application details involying the 416A in reflecto- 
meter set-ups, Techniques and relative accuracies 
obtainable under different conditions are discassed 
in detail, including the steps needed to correct for 
all errors. 

282 SLOTTED LINES 
GENERAL - With the 416A used a5 the SWR indicator 
i3 sloffed-line setup, an advantage in aceuracy 1s 
obtained, The twin-input feature of the 416A makes it 
possible to sample reference and standing-wave volt- 
ages simultancously, thus eliminating errors which 
would otherwise restlt from source amplitude varia- 
tions doring measurement, 

  

Techniques which may be used in measuring standing- 
wave ratios, possible sources of error, and general 
precautions 10 be observed in setting up and operat- 
ing a slotted-line system are discussed in texts such 
a5 Terman & Pettit’s Electronic Measurements, in the 
Hewlett-Packard Journal article Good Practice in 
Slotted Line Measurements (Vol. 3, Nos. I, 2), an: 
i Instruction Titerature on & slotted-line Sections, 
such as the book on the Model 805 Slotted Line. 

The following instructions are limited to those which 
are specific to the use of a Model 416A in a slotted- 
line system. 

Equipment Requirements - A typical waveguide 
SIoT e sotp, USinga 164 as i SWR idicator, 
is shown in Figure 2B- 

  

Signal Source - Must include facilities for ampli- 
fude modulation at 1 ke rate, 

  

Directional coupler and associated detector - High 
Siroctivily covplor required; ModT 752D (20 db coup- 
Ling coefficient) recommended for reference coupler. 
Detector must be square law, 

CAUTION 

No ratio meter indication can be obtained unless 
signal from reference detector and signal from probe 
detector are of sume polarity, 

Slotted Line Section - The probe detector used with 
The 4I6A must be @ square-law device, 

Operating Procedure - 
. Pul signal source into operation, 

b. Assemble system. Arrangement of devices is 
Indicated in Figure 2B-1, 

NOTE 

To avold danger of overloading ratio meter and probe 
detector, do not connect probe to 416A at this time. 

€. With 416 plugged into source of specified volt- 
age and frequency, and power switch at ON, allow 

warm-up period of approximately five minutes. 

Set EXCESS COUPLER LOSS at 0 DB, 

e. Check that SET TO FULL SCALE is not fully 
clockwise. 

Fully clockwise 1s maximum gain; some margin of 
gain must be available at startof calibration procedure. 

f. Check that modulation frequency and level of in- 
put signal are within 416 operating limits, Pro- 

cedure is given in 416A Operating Procedure, 

& Connect output of probe detector to REFLECTED/ 
"PROBE input on the 4164, 

h. Calibrate the ratio meter: 

e
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    hp-X752D l UNKNOWN 
-4p- X281A  DIRECTIONAL LOAD WAVEGUIDE COUPLER -hp~ 8098 CARRIAGE 
TO COAX. AND 
ADAPTER ~hp- X8I08 SLOTTED 

SECTION 

Block Diagram Showing Typical Slotted Line System Using the Model 4164 as a 
SWR Indicator, 

(1) Set RANGE switch to lowest range practicable. 

(2) With probe penetration at minimum, move probe 
along the line to obtain a maximum reading. 

(3) Adjust SET TO FULL SCALE to obtain a reading 
of exactly "I on the SWR scale, 

i, Move the probe along the line to obtain a mini- 
mum reading, It may be necessary to change the 

setting of the RANGE switch to obtain a readable 
indication. 

‘The minimum reading (numerically highest SWR in- 
dication) is the standing-wave ratio. 

NOTE   

When the ratio meter is used in a slotted-line sys- 
tem, the indication on the PERCENT REFLECTION 
(REFLECTOMETER) scale is irrelevant, does not 

indicate the reflection coefficient of the load under 
measurement, and cannot be used to calculate the 
standing-wave ratio from the formulals [ P 

T-1F 
There is no connection between the indications on 
the PERCENT REFLECTION and SWR scales as each 
is calibrated for use only in its particular type of sys- 
tem, 

  

283 GENERAL APPLICATIONS 
Requirements - The ratio meter may bo used to make 
measurements of the ratio of any two parameters 
when certain conditions are fulfilled. 

a. The two voltage wavelorms, for which the ratio 
meter will form the ratio, must be In phase and 

must either be 1 ke voltages or, in the case of r-1, 
must be modulated ata 1 ke rate, 

J 

 



b, The rms voltage of the 1 ke components must be 
within certain voltage ranges. 

() The incident channel input rms voltage range is 
3 mv to 100 mv with the EXCESS COUPLER LOSS 
switch in the 0 DB position. When this switch is in 
the 10 DB position, the range is 0.3 my to 10 mv. 

(2) The reflected channel input rms voltage range is 
from about 3 v o 100 mv. 

NOTE 

The meter is calibrated o read the square root f the 
actual Input voltage ratio, This fact must be kept 
in mind when Linear transducers are used, 

Example (Figure 2B-2) -~ The transfer function of an 
T-Tanplifier 1s & be measuredand the available sigal 
‘generator has an output that is ot {lat with {requency. 

Because the Model 416A is designed so that accurate 

(OPTIONAL) 
GRAPHIG X-Y RECORDER 
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ratio readings may be obtained regardless of signal 
source amplitude variations which may occur during 
measurement, 2 measurement system using the 4154 
avoids the necessity for an r-f signal generator which 
has an output that is independent of frequency. The 
procedure for setting up and operating a typical mea- 
surement system of this type is described belaw. 

Set up the signal gencrator so that the signal is 
modulated at 1 ke. 

b, Comnect the generator output to the amplifier in- 
put through an attenuator of such range that the 

signal into the amplifier can be attenvated sulficiently 
to compensate for the gain of the amplifier. 

. With the instrument plugged into a source of speci- 
Tied voltage and frequency, and the power switch 

at ON, permit a warm-up period of approximately 
five minutes, 

d. Set the ratio meter EXCESS COUPLER LOSS 
switeh at 0 DB and the RANGE switch at 0DB 100%. 
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Figure 2B-2.  Model 4164 Typical Applications: Measurement of Amplifier Relative Frequency Response 
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€. Use two crystal detectors to produce two 1 ke 
voltages proportional, respectively, to ampli- 

fier input and output rf voltages. 

() Comnect cne detector so that it monitors the sig- 
nal input to the amplifier. (This connection must be 
made between the signal generator and the input to 
the attenualor, see Figure 2B-2.) Comnect the output 
of this detector to the Model 416A INCIDENT/REF- 

ERENCE input. 

(2) Connect the other detector so that it monitors the 
outpat of the amplifier. The output of this detector 
will be connected to the Model 416A REFLECTED/ 
PROBE input, but is not connected at this time. 

1. Check that the modulation frequency and level 
of the input signal are within the operating limits. 

of the Model 4164, Procedure is given in the 4164 
Operating Procedure 

  

g Calibrate the ratio meter. 

() Set the external attenvator to offer the same 
amount of loss that the amplifier is rated to yield 
in gain, 

For the calibration procedure, the signals at the 
ratio meter inputs must be of the same amplitude. 

() Connect the amplifier-output detector to the 4164 
REFLECTED/ PROBE input. 

(3) Set the signal generator r-f frequency to the de- 
sign center frequency of the amplifier. 

(4) Adjust SET TO FULL SCALE to obtain a read- 
ing of 100 on the PERCENT REFLECTION (REFLEC- 
TOMETER) scale, 

h. With the attenuator and the Model 416A SET TO 
FULL SCALE control at the settings made during. 

calibration, the clrcuit 1s now set up to measure the 
relative frequency response of the amplifier. As fre- 
quency is varied, the transfer function is measured. 

i To minimize errors due to departure from square- 
law operation of the detectors, the signal levels 

at the crystal detectors should be essentially at the 
same lovel both during calibration and during mea- 
surements. Power levels should be less than | mw 
{0 dbm) into the crystals at all times. 

Esample (Fig. 2B-3), (Set-Up for Filter Test) - 
Diagram showing a typical sot-p for measuring the 
claracteristics of a Microwave Filter using two 4184 
Ratio Meters and dual pen type recorders for a simul- 
taneous visual presentation of reflected and trans- 
mitted power. This type set-up can be used in pro- 
duction to tune a microwave duplexer system, etc. 

By using a sweeping oscillator the proper band pass 
characteristics can be quickly obtained. Each tuning 
adjustment change will be displayed by the pen re- 
corders, thus facilitating quick adjustment. 

Wavemeters inserted in the Incident Power chamnel 
can be tuned to the band limits of interest and will 
introduce marker pips in the response curves which 
can be used as reference points. 

284 REFLECTOMETER SYSTEMS AND MEASUREMENT 
TECHNIQUES - GENERAL 

The rematnder of Section 2B is devoted to a detailed 
discussion of reflectometer systems and measure- 
ment techniques, The main topics are as follows: 

2B-5  Introduction 
2B-6  Assembly 
2B-7  Operation 
2B-8  Calibration 
2B Oscilloscope Calibration 
2B-10  Definitions 
2Bl  Measurement Considerations (Theory) 
2B-12  Measurement of Scalar Error 

285 INTRODUCTION 
The reflectometer is an assembly of devices which 
malkes possible the direct and rapid measurement 
of the magnitude of the reflection coefficient of  load. 

In the 4 reflectometer*, directional couplers sample 
the incident and reflected power in the line, and a 
Fatio meter instantly computes and continuously dis- 
plays the magnitude of the reflection coefficient of the 
load. The system is designed for use in the micro- 
‘wave region, is particularly valuable in the measure- 
ment of low reflection coefficients (low VSWRS), 
and is fast and easy to operate at either swept or 
single frequencics, Like the voltmeter, the frequency 
meter, or any other electronic measurement device, 
the acturacy which can be obtained depends upon the 
degree of care with which the device is calibrated 
and operated., 

‘The relative accuracy which can be cbtained from the 
various reflectometer calibration refinements is in- 
dicated by the curves shown in Fig. 2B-4. These 
curves are typical only and are not representative of 
all reflectometer systems; in general, accuracy will 
be better than shown, 

¥ Discussed in Hewlett-Packard Journal (Vol, 6, 
No. 1-2); A copy of this article may be obtained 
from the Hewlett-Packard Company. 
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Figure 2B-3, 

There are three good methods for calibrating a reflec- 
tometer. The methods are progressively more de- 
tailed, and involve increasing amounts of time and 
effort. The accuracy obtained from each method is 
proportional to the time and effort expended. 

The first method, calibrating with a sliding short 
only, is the easiest to use and offers accuracy suitable 
for Tost production-type applications. When operat- 
ing at single frequencies and measuring low reflection 
coefficients, a high degree of accuracy is obtained by 
calibrating with a sliding short. 

Model 416A Typical Application: Measurement of Characteristics of & Wavegulde Filter 

‘The second method, calibrating system scalar error*, 
makes possible for swept-frequency operation the 
same degree of accuracy that can be obtained when 
operating at single frequencies. 

Calibrating reflectometer scalar error is the equi- 
valent, for example, of calibrating the frequency res- 
ponse of @ voltmeter. 

The third method is a refinement of the other two, and 
offers the ultimate in accuracy. 

¥ Soe paragraph 2B-10, Definitions. 
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Figure 2B-4. Typical Error Curves for Waveguide Reflectometer Systems



For single-frequency operation, the third method 
involves the use of  slide-screw tuner to eliminate 
the largest of the error signals, the directivity sig- 
nal at the reverse coupler. 

For swept-frequency operation, the third method in- 
volves the measurement of error signals as well as 
scalar error, With the data obtained from the mea- 
surements, error curves can be constructed which 
will define the limits of error for any reflection co- 
efficient of interest. 

Unless a component (such 45 a detector) requires re= 
placement, or the waveguide s damaged, exror curves 
need be constructed only once. 

‘The degree of accuracy required from a reflectometer 
system depends upon the type of application, From 
the data given in Table 1 and the curves shown in 
Figure 2B-4, the operator can select the calibration 
method which gives him the accuracy he needs. 
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NOTE 

‘The figures given in Table 1are presented as a guide 
only, to indicate the relative accuracy which can be ob~ 
tained from each calibration method. 

Generally much better accuracy will be obtained than 
the figures shown in Table 1 would indicate. The er- 
ror figures were assembled from measurements made 
during the calibration of several reflectometer sys- 
tems, and the results obtained from the worst fre- 
quency in the band were used as the basis for the er- 
ror computations. 

The only practical way to determine the limits of er- 
ror in a particular reflectometer system is to meas- 
ure the error, and compute it on a system basis for 
each reflection coefficient of interest. 

TABLE 1 

RELATIVE ACCURACY OBTAINABLE FROM CALIBRATION TECHNIQUES 
in the measurement of p 5 of 0.01and 0.4  WAVEGUIDE REFLECTOMETER SYSTEMS 
  

  

  

  

  

                    
    

  

  

S K 
Calib, Type of | Rule-of-Thumb | Error at | Error at 
Meth. | Type of Calibration | Oper. | Error Formuia [pof 0.0 | Pof0.4 | Procedure 

1 Sliding Short Single | 1%p +.01 Lo | Lo Par, 2B-6a 
swept | Wkp + .01 Lo | lost Par. 2B-8b 

o Sliding Short, Scalar [Swept | 1%p + .01* o | o4 Par. 2B-6c 
Error Curves Applied 
Fixed Short, Scalar | Swept | 5%p+ .0I* Lo | .03 Par. 2B-64 
Error Curves Applied 

m Sliding Short, Slide- | Single + .005 Par. 2B-fe 
Screw Tuner and 
Moving Load 

Sliding Short, Limits- | Swept 4 limits of error | Par. 2B-6f 
of-Error Curves detined. 
Applied 

Fixed Short single | 5%p + .0L* .o | .03 Par. 2B-6g 
Swept | 15%p + .01 Loz | o7 Par, 2B-6n 

reflection coefficient 
see NOTE, above 
sce Figure 2B-4 for error curves 
directivity signal 
corresponds o residual VSWR of less than 1.02 tn a slotted line 
negligible     
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Figure 2B-5. Typical Waveguide Reflectometer System Arranged for Swept-Frequency Operation 
inSor 

‘The following paragraph describes the assembly, 
operation, and calibration of & reflectometer systera. 

286 ASSEMBLY 
NOTE 

Tables 2 and 3 at the end of the paragraph list by 
‘model number the equipment required for operating 
& reflectometer in the S, G, J, H, X, P, and K bands. 

a. Reflectometer System Components - 
X typical reflectometor systom, arranged for 

swept-frequency operation in the § or H band, is 
shown in Fig. 2B-5. The following is a List of the de~ 
vices and aceessories required In the assembly of 
such a system. 

() Devices 
T source: 
icrowave signal source with 1) facilities for amp- 

Litude modulation at 1 KC, and 2) sulficient capacity 
to deliver, with the source isolated, at least 1 mw 
into the forward coupler. 

1KC amplitude modulation is required because the 

H Band. 

inputs to the Model 416A Ratio Meter are sharply 
tuned to 1 KC. 

‘Wareguide precision attenuator or Model 3654 Isolator 
TS eliminate reflections Trom the generator: 1) there 
should be approximately 5 db attenuation between the 
generator and the line, or 2) the generator shouid be 
isolated from the Line. 

  

Device for sampling incident power: 
Generally a dircctional coupler with a 20 db coupling 
coefficient s used as the forward coupler. A coupler 
with a directivity of 40 db or better, such as one of 
the 6 Model 752D series, must be used. 

Device for sampling reflected Power: 
Cingeelly s divactoal euplar Wil & 1 s coopling 
coeficient is used as the reverse coupler. A coupler 
with a directivity of 40 db or better, such as one of 
the & Model 752C series, must be used. 

Two matched square-law detectors: 
Eiir crystl biociors or Barrefiors may be used. 
Detectors used in @ reflectometer must have low SW, 
flat frequency response across the band, square-law 
characteristics over a 40 db range, and high sensiti- 
vity.



  

~ 

& Waveguide Reflectometer Detector Mounts have the 
characteristics required for reflectometer use, Cry- 
stal detectors are available for operation in the X 
and P bands, and barretter -equipped mounts are 
available for operation in the 8, G, and J bands. 

When barretters are used, connection to the ratio 
meter must be made through a barretter-matching 
transformer. 

Meter which can indicate the ratio between two voltages: 

7 Wodel 416A Rakio Meter. 
A. Voltages proportional to incident and reflected 
power are applied to the inputs of the 416A, and the 
meter indicates their ratio. 

Since incident and reflected powers are sampled sim- 
ultaneously, any signal-source amplitude variation 
during a measurement will affect both channels in the 
same degree, and therefore such amplitude variation 
will introduce no exror in the ratio reading. 

B. A d< voltage proportional to meter pointer travel 
is available for oscilloscope or recorder operation. 

If yisual presentation of measured reflection coef- 
ficient 5 desired: 
D=c oscilloscope with long-persistence screen, such 
as the 4 Model 130A Low Frequency Oscilloscope, or 
an X-Y Chart Recorder. 

  

Two coaxial, BNC-terminated cables for making 
connections to oseilloscope. 

(2) Accessories 
Waveguide adapter: 
‘With Model 870 oscillators, use Model 2614 Wave- 
guide to Coaxial Adapter, 

‘With Model 686 oscillator, use of flexible waveguide 
is advisable, 

Sliding short: 
& Model 020A Adjustable Shorts are designed for the 
sliding-short calibration procedure, 

‘Two BNC-to-BNC coaxial cables for making comections 
T rafio meter: 
Type AC -I0K Cable Assemblies 

Waveguide Supports: 
Model AC-24 Waveguide Stands 
Model X25 Waveguide Clamps 

  

For simple calibration, two stands are sufficient. 
‘When utilizing calibration refinements, three stands 
are desirable. 

Waveguide clamp fasteners: 
A clump which exerts approximately a 70 1b, pressure, 
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such as the Monogram Safety Clamp. (The Mono- 
gram Safety Pliers are required for adjustment of 
the clamp. ) 

Simple calibration setup: 
Calibration refinements:    

12 clamps 
18 clamps 

(b) Assembly 
The following order has been found practical in as- 
'sembling a reflectometer system. 

(1) Adjust the waveguide-stand clamps to the desired 
helght, and place the two stands about 18 inches apart. 

Height of the stands is optional, but when a Model 3824 
Broadband Precision Waveguide Attenuator is used, 
adjustments will be reduced to a minimum i the height 
of the waveguide section of the attenvator is used as a 
standard, 

(2) Connect the directional couplers back-to-back. 

A, Fit the 20 db coupler into the left-hand stand and 
the 10 db covpler into the other stand. 

The auxiliary (curved) guide should be uppermost, 
and the curved sections should face each other at the 
center of the line (see Figure 2B-3). 

B. Align the couplers and fasten them together. 

To avoid spurious signals, precise aligment of wave~ 
guide flanges is requisite. Guide holes will accommo- 
date 8-32 screws. The outside edges of the two 
flanges should be in alignment before clamps are 
secured. 

C. Connect the output end of the line attenvator to 
the Model 752D (20 db) coupler, 

D. Connect an adapter to the input end of the at- 
tenuator., 

() 1 the signal source has a coaxial output, use a 
2614 wave-guide -to-coaxial adapter. 

(2) ¥ the signal source has a waveguide output, use 
of flexible waveguide is advisable. 

E. Connect the adapter to the output of the signal 
source. 

A Type N male to Type N male cable for this pur- 
pose i furnished with the Model 670. 

F. 1f one of the Model 670 oscillators is used as a 
signal saurce, connect it to its power supply, the 7I7A. 

G. Comect a detector to the auxiliary-arm output 
of each directional coupler.
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TABLE 2 
  

EQUIPMENT REQUIRED FOR WAVEGUIDE REFLECTOMETER SYSTEMS 
SINGLE-FREQUENCY OPERATION 
  

  

  

  

  

  

        

  

    
  

  

      

  

  

  

  

    

  

              

Type of Model No. 
Equipment SBand | GBand |JBand | Band | X Band |P Band | K Band 

2.6-4.0 | 4.0-6.0 [ 5.85-8.2( 7.0-10.0 | 8.2-12.4|12.4-18 |18-26.5 
xMC | kMC | KMC | kMC KMC | KMC KMC 

Ratio-Indicating Meter | 4154 s |4a | 416a a6a | 4ea 4104 

BNC-to-BNC cables (2) | AC-16K | AC-16K | AC-16K | AC-16K | AC-16K | AC-16K | AC-16K 

Detectors (2) 5485D | G465D [J465D [H485D | X424 |P42iA | Two mat- 
(matched) | (matched) | ched 

square- 
law de- 

Barretter-Matching tectors, 
Transformers AC-60K | AC-B0K | AC-60K | AC-60K 

Forward (20 db) 
Directional Coupler s | Gis2p | |E7sp | xisp |pisp | KasaD 

Reverse (10 db) 
Directional Coupler siec | aimc |amec |mmsic | xmc |pwsac | wvsac 

Attenuator 5375 | G3s2a |J3s2a |m3s2a | X382a |Pos2a | Kavsa 

‘Waveguide -to-Coaxial ot req.with | not req. 
Adapter s2814 | GzslA |J2ma  [m2eia | x28ia | 626, 628A | with 628A 

6168 3.6- 62047.0] gaga 6284 
Signal source 6168 6188 |7.6KMC | 6204  |-11 KMG(0_]5. SKMC)(15-21 KMC) 

1.6-4.0 8-7.6 [620A7.0-l70.11  B26A10-| 628 
KMC KMC _|IIKMC | gkmc [I5.5KMC| (15-21 KMC) 

Waveguide stands (3) | Ac-24 | ac-24 |ac-24 |Ac-24 | ac-24| ac-24  |ac-m 

Clamps s25 Gz |az H25 X25 P25 x25 

Waveguide Clamp 
Fasteners (18) * * * * * * * 

Monogram Safety Pliers| ** »* - - - - - 

Adjustable Short so20A | Go0a |J920a [H9aoA | x920a | Pozoa | Kez0n 

REFINEMENTS 
Isolator X365A 

Slide-Screw Twer and | SE70A | G870A |J370a |HewA | X870a | P8WA | K870A 
Moving Load s04A | GomA [Jo4a  [moia | xow6A | PoMa  |KeMa       *++ Monogram No. 300 Safety Pliers 

* Monogram Mfg. Co., 3 Side Grip Clamp 
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TABLE 3 

EQUIPMENT REQUIRED FOR WAVEGUIDE REFLECTOMETER SYSTEMS 
SWEPT-FREQUENCY OPERATION 

Dricr S (G| v | mmed | XBwd | Phud n o n 
A, 2.6-40 (4.0-60 (58582 | 17.0-100 8.2-12.4 12.4-18 

KMC | KMC | KMC KMC KMC KMC 
Ratio-Indicating Meter |4164  |416A | 416A 4164 4164 4164 

BNC-to-BNC Cables (2) |AC-16K [AC-16K | AC-16K | AC-16K AC-16K AC-16K 

Detectors (2) S485D |G584D | J485D H485D X4214 Paz1A 
Barrettor Matohing Ceate) (Gaiinacy 

Transformers AC-60K | AC-60K | AC-60K | AC-60K 
Forward (20 db) 
Directional Cowpler | 752D [G752D | J752D HISD X752D ) 

Reverse (10 db) [ 
Directional Cowpler | §752C | G52¢ | J7520 HT52C X526 p152C 

Attenuator S3T5A |Gae2A | 93624 H382A X3624 P3BIA 
Waveguide-to-Coaxial 
Adapter s261a |G281a | a281a H281A 

Signal Source 663a | 684B | 684B HO1 6864 6864 68TA 
2.4 [40-81 [40-81 | 7-11 8.2-124 12.4-18 
KMC |KMC | KMC RMC KMC KMC 

Waveguide Stands (3)  |Ac-24 |AC-24 | AC-24 AC-24 AC-24 Ac-24 

Clamps 525 625 25 H2 X25 P25 

Waveguide Clamp 
Fasteners (18) . D . . B . 

Monogram Safety Pliers [#+ . - - - .- 

‘Adjustable Short $920A | G920A | 39208 H920A X9204 29204 

REFINEMENTS 120|120 120 120 120 120 
D-COscilloscope with (1224|1224 | 1224 1224 1224 1224 
Long-Persistence Screen| 130 | 130 130 130 130 130 
Two coaxial, BNC ter- | AC-16B | AC-16B | AC-16B | AC-16B AC-16B AC-16B 
minated cables for or or or or or or 
connections to AC-16D | AC-16D | AC-16D | AC-16D AC-16D AC-16D 
oscilloscope 
Slide Screw Tuner and | S870A |GB70A | J870A HB70A X870A P804 
Moving Load 59148 |G9lda | J9l4A H9L4A X916A             
    * Monogram Mig. Co., 3H Side Grip Clamp 

**Monogram No. 300 Safety Pliers 
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H. Comeet the Model 4I6A Ratio Meter tothe system. 

() I 421A crystal detectors are being used: 

{(a) Connect forward detector to INCIDENT/REFER- 
ENCE input. 

(b) Comect reverse detector to REFLECTED, PROBE 
npat. 

Type AC-I6K Cable Assemblies (BNC-t0-BNC) should 
be used, 

(2) 1 485 muretter mounts are being used, comection 
to the 416A should be made through a Type AC-60K 
‘matching transformer. Cables for the required con- 
nections are supplied with the AC-S0K. 

(2) Comnect forward detector to INCIDENT/REF- 
ERENCE input on AC-60K. 

{b) Comnect reverse detector to REFLECTED/ 
PROBE input on AC-60K. 

(¢} Comect INCIDENT/REFERENCE output an AC- 
60K to INCIDENT/REFERENCE input on ratio meter. 

(d) Comect REFLECTED/ PROBE output on AC- 
60K to REFLECTED/ PROBE input on ratio meter. 

(¢) The AC-16A Cable Assembly (dual banana plug 
to duml banana plug) supplied With the AC-60K is for 
making the connection between the bias supply (out- 
put terminal J4-BIAS on the rear of the ratio meter) 
and the BIAS input on the AC-G0K matching trans- 
former. This connection should not be made at this 
time. 
  

Never connect the bias supply to the barretters until 
The Model 416A Fas boen furned on for approximately_ 
Tive mindos.   

L Comnect a load across the open end of the rev- 
erse caupler waveguide. 

J. 1 an oscilloscopeis to be used, make the fol- 
lowing connections: 

() Connect the OUTPUT/J3 connector on the rear 
of the Model 4164 to the oscilloscope vertical inpu. 

(2) Comnect the signal source sweep-voltage output 
to the oscilloscope horizontal input. 

Two AC-I6B (BNC to dual banana plug) or two AC-16D 
(BNC o open) cable assemblies are required. 

287 OPERATION OF THE SYSTEM 

Procedures for putting component equipments into 
operation may be found in the instruction book for each 
equipment. 

{a) Turn on ratio meter. 

{) Check that the EXCESS COUPLER LCSS switch is 
at 10 DB. 

At the 10 DB position, the EXCESS COUPLER LOSS 
switch introduces an additional 10 db of gain in the 
ratio meter incident chamnel, This 10 db gain com- 
pensates for the 10 db difference between the coupling 
coefficients of the forward and reverse couplers. 

(2) I barretter detectors are used, complete con- 
nections between ratio meter and barretter-matching 
transformer after ratio meter has been turned on for 
about five minutes. 

Connect BIAS input on AC-60K assembly to J4-BIAS 
output on rear of 416A. Use AC-16A cable (double 
banana. plug to double banana plug) supplied with trans- 
former assembly. 

(b) Set Line attenuator for § or § db. 

(¢) Turn on signal source. 

Unless there is a Model 365 Isolator* in the line, 
when the signal source is a Klystron oscillator the 
oscillator output attenuator should be set for some 
attenuation, to provide some isolation between the 
klystron and the Line. 

(@) 1f oscilloseope is used, tarn on oscilloscope. 

() Check that the modulation frequency and the level 
of the input signal are within the 416A operating limits. 

() Reguirements: 
A, The modulation frequency must be 1 KC <40 cycles. 

B. The signal shall have the lowest level practi- 
cable: near tu, bat above, the 416A minimum. 

€. Aftenuation of the signal to the proper level, 50 
far as possible, shall take place at the line attenuator. 
‘The system should be operated with as much attenua~ 
tion inserted in the Line s possible. 

(2) Frequency and Level Indicator: 
The funing eye on the Model 4164 provides indication 
that the frequency and level of the signal are within 

¥Available only for X band. 

  

 



the input requirements of the ratio meter, 
indicated by the tuning eye are as follows: 

Conditions 

A.Level and frequency within 416A input range: 
Appreciable movement of the tuning eye shadow. 

B. Either level or frequency, or both, outside of 
416A input range: no movement of the shadow. 

C. Signal level at high end, but within, 4164 input 
range: shadow just closes. 

D. Overload: shadow overlaps. 

(3) Procedure: 

A. Discomnect cable from 416A REFLECTED/ PROBE 
input. 

B. If tuning eye shadow does not move, increase 
level of signal, 

1 shadow moves, appreciably, proceed with step 
2B-8. 

1 shadow does not move, adjust the frequency of the 
‘modulating voltage (at the signal source). 

To avoid a subharmonic of 1 KC, always start at the 
high-frequency end of the adjustment and slowly ad- 
just toward the low-frequency end. 

  

When modulating frequency is | KC =40 cycles the 
tuning eye shadow will move. 

C. By adjustment at line attenuator (preferable) 
or signal source (or both) bring signal to level which 
18 near to but above 4164 minimum, 

D. Atall frequencies of interest, check that level 
of signal is above the 416A minimum. 

E. Reconnect cable to REFLECTED/PROBE input. 

() When an oscilloscope is to be used, calibrate the 
osellloscope.  Procedure is given in paragraph 2B-9. 

(2) Calibrate the reflectometer. Procedures are 
given in paragraph 2B-8, 

288 CALIBRATION 
(a) Sliding Short, Single-Frequency Operation: 
() Disconnect the Toad and connect a Mode 
Adjustable Short to the end of the waveguide (see 
Figure 2B-6). 

  

(2) Check that RANGE switch on 416A is at 0 DBI00. 
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hp- 20K 
t _ ADIUSTABLE. SHORT 

  

  

    

“SHORTING  ELENENT   
  

Model 920A Adjustable Short Con- 
nected to Wave-guide Reflectometer 

(3) Adjust 416A SET TO FULL SCALE control for 
convenient reference on PERCENT REFLECTION 
(REFLECTOMETER) scale; 90 is recommended. 

(4) Slide short while noting maximum and minimum 
indications on reflectameter scale, 

(5) Subtract minimum reading {rom maximum, and 
divide by two. 

For example, if maximum and minimum readings 
noted while the short is slid are 89 and 93 respectivel, 

  

The difference is . 04, and half the difference is . 02, 

(6) Slide short to get minimum indication again. 

(7) Adjust SET TO FULL SCALE to obtain a meter 
indication which is equal to the reflection coefficient 
of the calibrating load (100) minus the quantity ob- 
tained in step (5). 

For the values used above, SET TO FULL SCALE 
would be adjusted to obtain 2 meter indication of 88, 

(b) sliding Short, Swept-Frequency Operatio 
(). Disconsoet ths Toad ard Gonnect a Midol BZ0A 
Adjustable Short to the end of the waveguide. 

(2) Check that RANGE switeh on 416A s at 0 DB 100%. 

(3) Determine best frequency to use for calibration 
procedure. 

Either of two methods, measurement or approximation 
may be used. 
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A Measureme 
For greatest accuracy, measure system frequency 
Tesponse, and select frequency at which response 
is average. This procedure is given i 2B-12 sub- 
paragraph 3a. 

B. Approximation: 
Swedp Atross the Band, and note 1) range of reflec- 
tion coefficient versus frequency readings or 2), when 
an osellloscope 15 used, slope of the trace, Choose 
the frequency at which the ratio is average; generally 
the average will occur ata midband frequency. 

  

(4) With signal source set for frequency selected 
in step (3), perform steps (3) through (7) of sub~ 
paragraph A, above, 

C. Sliding Short, Scalar Error Curves Applied- 
Swept-Frequency Operation: 

Ure scalar exror across the band, and com- 
pute absolute error for each reflection coefficient of 
interest. 

Procedures are given in 2B-12, Sub-paragraphs 
2and 3. 

(2) Calibrate with a sliding short. 

A, Set the signal source for the frequency selected 
during the scalar error measurement procedure 
(2B-12, para. 3a, step G). 

B. Perform steps (1) through (7) of subparagraph A, 
above. 

(3) To readings obtained during measurement, ap- 
ply correction at each {requency for the scalar er- 
ror found at that frequency. 

D. Fixed Short, Scalar Error Curves Applied- 
Swepi-Frequency Operatio: 

  

) Measure scalar error across the band, and com- 
pute absolute error for each reflection coefficient 
of interest. 

Procedures are given in 2B-12, Sub-paragraphs 2 
and 3. 

(2) Calibrate with a fixed short. 

A, Set the signal source for the frequency selected 
during the scalar error measurement procedure 
(2B-12, sub-para. 3a, step G). 

B. Perform steps (1) through (3) of subparagraph 
G, below, 

{8) To readings obtained during measurement; apply 
correction at each frequency for the scalar error 
found at that frequency. 

  

    

-hp- 8104 
SUDE-SEREN TNER 

/ ~hp- 914A 
i . "‘f,ffu's‘?' ~MOVING LOAD 

  
4 

Tov ervecrion”       

POSITION “HANDLE 
ADIST TERMINATION 

Figure 2B-7. Model 8704 Slide-Screw Tuner and 
Model 9144 Moving Load Comnectedto 
‘Waveguide Reflectometer. 

E. Sliding Short, Slide-Screw Tuner and Moving Load 
  

  

Singl: iy Operatior   

(1) Disconnect the load, and connect a Model 8704 
Slide-Serew Tuner and Model 914A Moving Load to 
end of waveguide (see Figure 2B-1). 

NOTE   

It is recommended that the load of the 914A be modi- 
fied to give a reflection slightly greater than the dir- 
ectivity signal. See modified load, 2B-10, Definitions, 
for suggested modification procedure. 

(2) Set 4164 RANGE at -30 DB 3%. 

(3) Adjust phase of reflection from tuner probe. 

A. Check that probe on tuner is all the way out. 

Micrometer screw is used to adjust probe insertion 
(see Figure 2B-1). 

B. Slide load for maximum indication on reflec- 
tometer scale of ratio meter. 

C. Adjust probe for some penetration, to get small 
difference (1/4 to 1f2 db) in ratio meter reading. 

D. Adjust horizantal position of probe while watching 
variation in ratio meter reading. 

Thumb-operated knurled wheel is used to adjust probe 
horizontal position. 

 



  

“hp-sm01 
SUDE-SEREN. TUNER 

il \ ? 

hp- s20r 
ADJUSTABLE. SHORT 

/ 

  

    
o b= | 

SHORTING  ELEMENT 

      

      

Model 870A Stide-Screw Tuner and 
Molel 9204 Adjustable Short Con- 
nected to Waveguide Reflectometer 

     

  

E. Sot probe at position where lowest reading is 
obtained. 

(4) Adjust magnitude of reflection from probe. 

A. Adjust probe penetration for small decrease in 
‘meter indication (a couple of db, for example). 

B. Slide load for maximum ratio meter indication. 

. Adjust probe penetration for another small de- 
crease In meter indication, and then slide load for 
maximur ratio meter indication. 

D. Repeat step C until meter varlation, as load is 
slid, is minimum,  Generally the variation can be re- 
duced to 1db, or less. 

This is a trial-and-error process, but in general: 

LI, after an increase in probe penetration, slid- 
ing of load shows an increase in the maximum indi- 
cation, retract probe to decrease penetration. 

2. o loug as maximum shows continuing decrease 
as probe is inserted deeper, continue increasing 
probe penetration. 

(5) Leave slide-screw tuner at setting at which there 
is smallest variation as load 1s slid. 

(6) Disconnect the 914A from the slide-screw tuner, 
and connect a Model 9204 Adjustable Short (see Fi. 
2B-9). 

(7) Perform the sliding-short calibration procedure 
given in sub-paragraph a, above. 
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F. Sliding Short, Limits 
Swept-Frequency Operation: 

‘Measure Limits of error across the band, and 
construct area-of-ambiguity curves for each reflec- 
tion coefficient of interest. 

    

  Error Curves Applied   

    

Procedures are given in 2B-12, sub-paragraphs 2 
through 5. 

(2) Calibrate with a sliding short, 

A, Set the signal source for the frequency selected 
during the error measurement procedure (2B-12, 
para. 3a, step G). 

B. Perform steps (1) through (7) of subparagraph 
A, above, 

(3) For readings obtained during measurement, note 
at each frequency the limits of error (scalar error 
maximum spurious signal error) found at that fre- 
quency. 

This procedure reduces ambiguity to a mintmum, 
since the reflection coefficient of interest will be 
known to Lie within the area defined for each frequency 
by the limits of error found at that frequency. 

G. Fixed Short, Single-Frequency Operation: 
(1) Connect a short across the end of the waveguide. 

(2) Check that RANGE switch on 4164 is at 0 DB 100%. 

(3) Adjust 416A SET TO FULL SCALE control to ob- 
tain an indication of 100 on the PERCENT REFLECTION 
(REFLECTOME TER) scale. 

NOTE 

Use of a fixed short for the calibration procedure may 
result in an inaccurate Setting of ratio meter gain, 
For this reason, @ sliding short is recommended, 
Calibration with a sliding short is easy (see subpara- 
graph A., above), and ensures that ratio meter gain 
will be set accurately. 

H, Fixed Short, Swept-Frequency Operation: 
(1) Connect a short across the end of the waveguide. 

(2) Checks that RANGE switch on 416A is at 0 DB 100%, 

(3) Determine best frequency to use for calibration 
procedure.  (See subparagraph b (3) above). 

(4) With input signal at frequency selected In (3), 
adjust 416A SET TO FULL SCALE contral to obtain 
an indieation of 100 on the PERCENT REFLECTION 
(REFLECTOMETER) scale.        
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289 OSCILLOSCOPE CALIBRATION 

NOTE 

During the oscilloscope calibration procedure the 
ratio meter must be indicating on the scale which 
is to be used during operation. 

(a) To calibrate an oscilloscope, set an upper ref- 
erence and a zero reference, and then calibrate 

graticule lines between the two, The procedure is 
as follows: 

() Connect a short across the load end of the wave- 
guide, 

(2) Check that the 416A RANGE switch is at 0 DB, 
100%. 

(3) Adjust 416A SET TO FULL SCALE control to 
obtain a reading of 100 on the PERCENT REFLEC- 
TION (REFLECTOMETER) scale. 

(4) Establish the zero reference on the scope grati- 
cule, 

A. Disconnect cable connected o scope vertical 
input. 

This cable is incoming from the 416A OUTPUT/J3 
connector, and carries a d-¢ voltage which is pro- 
portional fo 4164 meter pointer travel. 

B. Adjust oscilloscope gain to position beam on one 
of the lower Lines of the graticule. 

A grease pencil may be used to mark the zero desig- 
nation an the graticule. 

(5) Establish the upper reference on the graticule. 

A Reconnect cable to scope vertical input. 

B. Adjust scope gain to position beam on top line of 
gratioule. Mark this line 100%. 

(6) Check that zero and 100% fall exactly on designa~ 
ted lines by repeating steps (4) and (5), and readjusting 
scope gain as required. 

(1) Decrease 416A gain (adjust SET TO FULL SCALE 
control) until oscilloscape beam rests on the next 
graticule which is to be calibrated. 

(8) Mark this line with the ratio indicated on the 
reflectometer scale of the 4164, 

(9) Repeat this procedure for the other graticule 
lines which are to be calibrated. 

NOTE 

With the 4164 indicating on the 0 to 100 scale, 30 
is the lowest ratio which can be read on the scale, 

() When the upper Limit is a reflection coefficient 
of less than 30, the procedure is the same ex- 

cept: 

() The 4164 RANGE switch is set on a lower scale. 

(2) The 416A SET TO FULL SCALE control is ad- 
justed to bring the ratio meter indication to the ratio 
which is to be used as the upper limit, 

For example, if a reflection coefficient of 22. 5% is to 
be used as the upper limit: 

A, The RANGE switch would be set at -10 DB 30%. 

B. SET TO FULL SCALE would be adjusted to bring 
the 4164 reading to 22.5 on the 10 - 30 scale. 

C.  Oscilloscope gain would be adjusted to position 
the beam on one of the top lines of the graticule. 

(¢) After the oscilloscope is ealibrated, the 4164 
SET TO FULL SCALE control should be read- 

justed for 100% indication on the ratio meter (by one 
of the procedures given in sub-paragraph 4). 

2810 DEFINITIONS 
‘The scope of these definitions is limited. The words 
and terms included in the Section are defined only 
‘With respect to the manner in which they are used in 
the text of this Application Note. It is not intended 
that the following be considered complete definitions. 

Auxiliary arm or guide - Secondary arm of direc~ 
Eional coupler; waveguide transmission line for samp- 
led power. 

Coupler - Directional coupler. 

Coupling coefficient (coupling) - Ratio, expressed in 
3 i power enfering the main arm of the coup- 

lex in one direction to power coupled into the auxi- 
liary arm in the same direction. 

Directional coupler - A device consisting of two 
tranamission lines coupled together in such a way 
that a wave traveling through one line i one direction 
excites a wave in the other guide, ideally, in one 
direction only. This property makes it possible to 
sample the power traveling in one direction in atrans- 
‘mission line.



  
  

    

  

BILT-1n 
TERMINATION 

idl 

@—6—o—§/ 

Power Flowing in Forward 
Direction 

MATEHED LoAD 
(S1STEN) 

  

= Power Flowing in Reverse 
Direction 

Figure 2B-9. Direction of Power Flow, 
Directivity Definition 

For explanation of coupler functioning, see definition 
of directivity. 

Directivity - A specification of the directional pro- 
perty of & coupler. 

Directivity is defined as the ratio of the power flow- 
ing in the forward direction in the auxiliary arm of 
the coupler o the power flowing in the reverse dirce- 
tion when power is flowing only in the forward direc— 
tion in the main arm. 

- "Forward" and "reverse' as used in this definition 
are defined in Figure 2B-9. 

NOTE 

The following brief description of Model 752 direc- 
tional couplers is only for the purpose of amplifying 
the above definition of directivity. For a fuller des- 
cription of directional couplers, see the Hewlett- 
Packard Jourral, Vol. 3, #1-8, March-April 1952, 

A Model 752 directional coupler ¢ msists of two wave- 
guide sections, the main arm and the auxiliary arm, 
bonded together along their broad faces (see Fig. 
2B-10). At one end of the auxiliary arm there is 4 
built-in matching termination, at the other end is the 
auxiliary-arm output. Coupling is obtained by an 
array of accurately placed holes along the adjacent 
faces. 

Power flowing in either direction in the main arm 
couples through the holes, exciting in the auxiliary 
arm waves which propagate in both directions. The 
design of the coupling array is such, however, that 
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AUTILIARY AN 

     
BUILT-1N 

TERNINATION 

       

Direction of Incident Wave 

  

      

| 

- Direction of Reflected Wave 

Reverse-Coupled Power in Auxiliary 
Arm 

  

Figure 2B-10. Waveguide Directional Coupler, 
Cross-Sectional View. 

only waves traveling in the same direction as the 
exciting wave in the main arm add together in phase, 
whereas waves traveling in the other direction cancel 
almost entirely hecause of the phase differences be- 
tween them. _Direction of power flow in both arms is 
indicated in Fig. 2B-10. 

Waves traveling in the solid-line direction in the main 
guide propagate strongly in the same direction in the 
auxiliary arm and appear at the auxiliary arm output. 

The very small wave traveling in the dot-dash Line 
direction flows 1o the matched termination. 

Waves traveling in the broken-line direction in the 
‘main guide propagate strongly in the same direction 
in the auxiliary arm and flow ino the matched term~- 
ination. The VSWR of this term nation is less than 
1.01 over the coupler frequency range. 

The very small wave travelingin the dotted-line direc- 
tion plus any reflection from the termination appears 
at the auxiliary-arm output. The sum of the two i 
indicated by the dotted-line arrow at the output. 

The ratio of the power flowing in the broken-line 
direction in the auxiliary arm (o the pover indicated 
by the dotted-line arrow at the auxiliary arm output 
is called the directivity of the coupler. 

In any one cowpler directivity will vary somewhat with 
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FORWARD COUPLER 

Figure 2B-11, 

REVERSE  GOUPLER 

Incident Power 

Reflected Power 

Direction of Main Signals in Typical Directional Couplers in Waveguide Reflectometer 
System. 

trequency. Directivity will vary also from coupler to 
coupler. By specification, however, the directi- 
vity of & Model 753 couplers is always greater than 
40°ab. 

Directivity signal - A spurious signal present in the 
GuEput of & coupler because the directivity of the 
coupler is not infinite. 

By specification the directivity of § Model 752 coup- 
lers is always greater than 40 db. Therefore, the 
voltage of the directivity signal will never be more 
than 1% of the voltage at the reverse detector when a 
Toad having nity reflection coefficient is terminating 
the main Line. 

Directivity signals in a reflectometer system are 
indicated in Figure 2B-1. 

The directivity signal in the forward coupler i pro- 
portional to the amplitude of the reflected wave. 

The direetivity signal in the reverse coupler is pro- 

portional to the amplitude of the incident wave, 

Forsard coupler - Directioml coupler which samples 
Tncident power. 

Incident power or signal - Forward power, flowing 
from generator © load, - 

Main arm or guide - Primary arm of directional 
Ccoupler; waveguide Eransmission line for incident and 
reflected power. 

Modified load - Low-reflection lcad with removable 
imperfection applied to obtain a small reflection, 

By taping a plece of wire tothe side of a low-reflection 
movable load (Model X916A0r Model 914A), a re- 
flection coefficient can be obtained which will be with- 
in the limits required for the procedure used to mea- 
sure the directivity of a couler, Since the reflection 
obtained will be a function of {requency as well as 
size of wire and position on the load, specific instrue- 
tions cannot be given, and details of the modification
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55 == 
Load of Mode1 X916A Modified 
to Obtain Small Reflection 

  

  

    

Figure 2B-12, 

will have to be worked out on @ trial-and-error basis, 
However, the following general instructions will be 
found practical: 

a. Usea narrow, relatively long (approximately 
3/16" x 1-1/2") strip of tape to strap wire to load. 

Masking tape i5 excellent for this purpose. 

b, For a reflection-producing material, use a small 
‘piece (about 3/16" long) of mediun-gauge (No. 21- 

24, AWG) wire, such as a piece of resistor lead. 

c. Strap wire vertical to length of load, 

Allow length of tape both to right and left of wire 50 
that wire may be repositioned without removing tape. 
See Figure 2B-12. 

With wire taped to load as shown in Figure 2B-12, 
wire may be shifted along the load simply by exerting 
thumb-mail pressure against wire in direction of de- 
sired motion, 

d. To increase reflection, shift wire toward pointed 
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end of load; to decrease reflection, shift wire to- 
ward handle of load, 

The load of a Model X916A, arranged as shown in 
Figure 2B-12, was used when making measurements 

in the 8.2 kme to 10 kme region of the X tand. Using 
a 3/16" piece of No. 22 wire: 

At 8.2 ke, with wire approximately 2" from tip, a 
reflection 34 db down from the reference was obtained. 

AL 10 kme, with wire approximately 1-3/4" {rom tip, a 
reflection'34 db down from the reference was obtained. 

NOTE   

For a given position of the wire, signal level will tend 
to drop as frequency is inoreased. Therefore, when 
‘malting measurements at the high end of a wide band, 
it is probable that it will be necessary to shift the 
position of the wire toward the pointed end of the load 
to maintain the refleetion at sufficiently high a level to 
keep measurements above the noise level of the 
indicating instrament, 

Reflected power - Reverse power, flowing from 
Toad o generator. 

Reflectometer Calculator - Slide rule designed by 
Hewlett-Packard Co. Includes the following scales: 

Reflection coefficient 
Standing-wave ratio 
Return loss 
Mismatch loss 

  

. REFLECTOMETER calculator ¢ 
INSTRUCTIONS:   
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Figure 2B-13. The Reflectometer Calculator 
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‘The slide rule is 5o arranged that the Limits of the 
range of true values, set by the directivity of the 
reverse coupler used, also may be read. 

While available, the Reflectometer Calculator may be 
obtained by writing to the Hewlett-Packard Company. 

Return loss - Level of reflected power (number of 
@b relected power is down from incident power). 
Reverse coupler - The directional coupler which 
samples the wave reflected {rom the load, 

In a reflectometer, the device generally used has a 
coupling coefficient of 10 db (the power coupled into 
the auxiliary arm is 0.1 of that flowing in the main 
arm). 

As is explained in greater detail in the definition of 
directivity, among the characteristics given a direc~ 
tional coupler by its design ary 

  

() A portion of the power which is forward-going 
in the coupler main arm will be coupled into the 
auxiliary arm, 

(3) The same proportion of the power which is re- 
‘verse-going in the main arm will also be coupled into 
the auxiliary arm. 

(3) At one end of the auxiliary arm is an output, at 
the other end is & built-in matching termination. 

A, The signal coupled in one direction appears at 
the auxiliary-arm output. 

B. The signal coupled in the other direction is al- 
most entirely absorbed at the termination. 

In a reverse coupler: 

  

(a) Coupled reflected power appears at the auxiliary~ 
arm output. 

() Cowled incident power is largely absorbed. 

When the coupler is connected in the direction which & 
reverse coupler has in a reflectometer system, the 
sigual at the coupler output will be down about 1/2 db 
from the level it would have were the coupler con- 
nected in the same direction as the forward coupler. 
This difference in reverse coupler output level i 
because a portion of the incident power is coupled into 
both the forward and reverse cowplers before it rea~ 
ches the load, and therefore, the power incident on 
the load is reduced by the amount coupled off by the 
couplers. 

This loss, which upsets the proportion which the 
incident and reflected signals should have, is com- 

pensated for in the calibration procedure by means 
of the gain control (SET TO FULL SCALE) on the 
ratio meter, 

Scalar errors - Errors which are independent of the 
Dhase of The reflection coefficient of the unknown 
Ioad (e. ., dopartures from square-1aw response of 
the detectors). 

Errors of this type can be eliminated by a cali- 
bration procedure (measuring the scalar errors and 
applying correction at each frequency at which error 
is found). 

2811 MEASUREMENT CONSIDERATIONS. 
(a) General - 

Exrors i a reflectometer system can be divided 
into two main categories: 

() ‘Thiose which result from sensitivity variations 
(sealar quantities). 
(2) Those which vesult from spurious signals (vector 
quantities). 

In the first category are the errors which are a func- 
tion of frequency and signal amplitude, These sen- 
sitivity variations can be measured and the amount of 
error they will introduce into a ratio reading can be 
computed accurately, Sensitivity variations include: 

() Variation with frequency of the difference bet- 
ween the cowpling coefficients of the two directional 
couplers. 

(2) Variation with frequency and/or amplitude bet- 
ween the detection efficiencies of the two detectors. 

(3)_ Variation with signal amplitude in detector sen-~ 
sitivity. (At higher mput signal levels the detector 
does not obey square-law perfectly. ) 

The second category includes all the spurious r-f sig- 
nals which appear at the reverse detector, The mag- 
nitudes of the various spurious signals can be de- 
termined, but their total effect on measurements can 
only be estimated in terms of their worst possible 
phase combimations, since they are vector quantities 
and have unknown phases relative to one another. 
The spurious signals which must be taken into con- 
sideration may be divided into two groups: 

(1) The directivity signal in the reverse coupler. 

(2) Signals which are re-reflected from the load. 

‘Procedures for measuring scalar error and sparious 
signals are given in 2B-12, Measurement of Errors. 

  

 



  

Considerations involved in making the measure- 
ments are discussed in the following paragraphs. 

(b) Measurement of Scalar Error - General 
The detection efficiency of a detector and the cowpling 
characteristics of a directional coupler vary Some- 
what with frequency. Also, the outpat of the detector 
will deviate somewhat from square-law at the input 
signals of higher level, I, however, the charac- 
teristics of the detector and coupler in the forward 
arm were identical o those in the reserse arm, Varia- 
tions with frequency Would introduce no error in the 
ratio reading because the ratio of reverse detector 
output to main-guide Teflected power and the ratio of 
ineident detector output to main-guide incident power 
vrould be the same, In practice, however, the charac- 
teristics of the equipments in the two arms are not 
identical, and therefore the variations do not track 
at every point. 

In single-frequency operation, a difference in pro- 
portionality between the two detector outputs can be 
compensated for, at the level and frequency used for 
calibration, when the ratio meter is calibrated. 

Calibration involves supplying 1o the ratio meter an 
incident signal and a reflected signal with 2 known 
Tatio (usually the system is terminated with a short 
to provide a known ratio of 100%). If the ratio indica- 
ted by the meter is other than the known ratio, the 
level of one of the Signals is less than it should be. 
To bring the signals to the levels they should have 
with respect o each other,  variable gain adjustment 
(SET TO FULL SCALE) is provided in the ratio meter 
reflected-channel input. When, during calibration, 
SET TO FULL SCALE is adjusted to bring the moter 
indication to that of the known ratio, so far as the 
ratio-indicating circuits of the meter are concerned, 
the proportionality which the signals should have is 
established, The gain setting, therefore, at the {re- 
quency used during calibration, essentially Gvercomes 
the var@tion in efficiency between the two arms of the 
reflectometer system. And thereafter, for measure- 
ments made at the same frequency, The reflected 
sigral will Teceive the proper degree of amplification 
to establishcorrect proportionality between the signals, 

Thus in single-frequency operation, differences in 
efficiency between the two arms can be compensated 
for during calibration. In swept{requency operation, 
however, the gain setting which i correct for the 
variations which exist at the calibrating frequency 
‘may insert too much gain at some frequencies and oo 
lttle af others. In swept-frequency operation, there- 
fore, the error resulting from differences betwoen 
the arms can be eliminated only by measuring the 
differences, computing the magnitude of error that 
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will Tesult, and applying this data as a correction 
factor, 

Determination of scalar error is @ three-step pro- 
cess: 

(1) Measurement of detector/coupler frequency- 
response error. 

The major part of this deviation will come from the 
relative frequency sensitivity of the two detector/ 
coupler combinations. However, since the signal 
source output level will vary with frequency, some 
of the deviation will come from the differences bet- 
ween the characteristics of the two detectors as func- 
tions of level. For purposes of simplification, the 
deviation (as a fanction of frequency) resulting {rom 
the two effects combined is designated "detector/ 
coupler frequency-response erros”. 

(2) Measurement of detector sensitivity-with-signal 
lovel error, 

Detector sensitivity-with-signal -level error is deter- 
mined by measuring the amount of reverse detector 
deviation from square-law* over the range of levels 
encountered during reflectometer calibration and 
operation. While the level at the detector input is 
primarily a function of the reflection coefficient, it 
is also a funetion of frequency because of variations 
with frequency in signal source output level. 

(9 Algebraic addition of the two types of error, and 
compatation of the absolute error for each reflection 
coefficient and frequency of interest. 

(c) Measurement of detector/coupler frequency- 
  
Tesponse error - 

To measure frequency-response error, it must be 
known that any differences between ratio readings as 
frequency is varied oceur only because of variations 
associated with changes in frequency, Therefore, the 
‘measurement setup must be essentially free of spur- 
ious signals. 

By reversing the direction of the reverse coupler** 
and terminating the system in a low-reflection load, 
spurious signals reflected from the load are reduced 
to such a low level that they are negligible. 

Square-Taw 1 dlscussed brielly i subparagraph c. 

**See 2B-10 Definitions, reverse coupler,  
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Attenuation in the line and the use of a 20 db forward 
coupler reduce the spurious signals reflected from 
the generator to such a low level that they also are 
negligible. 

The data obtained from the measurements will be 
used: 

() To determine the best frequency to use for cali- 
bration, 

(2) To compute the percent of error present at var- 
ious frequencies after calibration. 

Step-by-step instructions for making the measure- 
ments are given in Section 2B-12, para. 3a. The 
procedure includes the following steps: 

() A reference is set at one frequency in the band of 
interest. 

A condition of 100% reflection is set up, and then ratio 
meter gin is adjusted to obtain a reference at which 
ratios both above and below the reference may be read 
easily (such as 90%). 
(2) The frequency is varied, and the ratio reading 
obtained at each frequency is noted. 

At some frequencies there may be an increase 
detoctor—coupler efficiencies, in which case the ratio 
reading will be higher than the reference. 

Readings of 91 or 92 may be obtained, for example. 

At other frequencies there may be a decrease in de- 
tector-coupler efficiencies, and ratio readings will be 
lower tian the reference. 

Readings of 86 or 87 may be obtained, for example. 

(3) The calibration frequency is chosen. 

For lowest across-the-band error, the frequency at 
Which detector-coupler efficiencies are average 
should be used for calibration procedure. 

For example, i the high reading were 91 and the low 
reading wers 86, the (requency at which the reading 
was about 88,5 would be the frequency to use for the 
calibration, 

(4) Assuming calibration at the chosen frequency, 
percent and direction of error across the band is de- 
termined. See Table 4, Section 2B-12. 

The direction of error is simply the arithmetical 
direction, For example: 

If the ratio reading at the calibrating frequency is 87: 

A reading of 86 is a -1 error. 
A reading of 88 is a +1% error. 

(4) Measurement of detector sensitivity-with-signal- 
Rl e e vel error - 

In order to calibrate  voltmeter or ratio meter, it is 
necessary to assume that the detector follows some 
fixed detection law. The Model 415B indicator and 
416A ratio meter have beencalibrated on the basis that 
the detector follows square-law; that 1s, that detector 
output. voltage is proportional to the square of the r-{ 
input voltage. Crystal diode detectors do follow a 
square-law characteristic at low input levels, but at 
higher levels they depart from this characteristic. 
The output-versus-input characteristic of a typical 
X421A Waveguide Crystal Detector Mount is indicated 
n Figure 2B-14. 

I at all times both the forward and reverse detectors 
could be operated at input levels below -20 dbm, no 
appreciable error would be introduced because of 
detector characteristics since each detector would be 
operating in its square-law region during both cali- 
bration and operation. 

Operating the forward detector at levels within the 
detector square-law region offers no problem. Since 
in the forvard arm of a reflectometer the signal has 
the same level during both calibration and operation, 
the dynamic range over which the forward detector 
‘must operate is determined solely by variation {usually 
within 10 db) in power output {rom the signal source. 
Thus sufficient attenuation can be used ahead of the 
forward detector t reduce the signal to a level which 
1) will be above the minimum required by the ratio 
meter and 2) will be within the range over which the 
detector obeys square-law. 

In the reverse arm, however, the Signal must be at a 
‘much higher level during calibration than it will be 
when a reflection is being measured since calibration 
generally is performed at 100% reflection, and re- 
action coatlciets being mensured ay bn as low 
as 1%, 

Sufficient attenuation ahead of the reverse detector 
to bring the signal used during calibration within the 
range over which the detector obeys square-law per- 
fectly would, when low reflection coelficients are 
being measured, reduce the signal to a lovel which 
would be below the minimum required by the ratio 
meter, 

Generally, therefore, during calibration the level of 
the signal into the reverse defector will be above that 
at which the detector obeys square-law, in which case 
there will be a different ratio between the detector 
output and the reflected power in the main guide 
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Figure 2B- 14. Square-Law Characteristics at 
20°C of Typical 4214 Crystal 
Detector 

during calibration than there will be during operation 
in the square-law Tegion. 

‘This difference 15 indicated In the following equations. 
Voltages and powers referred to are identified in 
Figure 2B-15. With a 10 db reverse coupler, the 
reverse dotector output will have the following values: 

(1) Detector being operated in square-law region 

Var = 0.1 (ke V2RFy) 

(2) Detector being operated outside square -law region 

0.1[kV2RF, + Ef(VRF)] 

  

audio voltage at detector autput 
r-1 voltage at detector input 
reflected power in main guide 
square-law coefficient for reverse 
detector 
reverse detector error term 

  

Accuracy of calibration is achieved only if detector 
outputs bear the same ratio to main-guide powers 
during operation that they do during calibration. 
‘Therefore, U calibration is performed at a level 
outside the square-law region, ratio meter gain will 
be set a little too high or a little 0o low for operation 
in the square-law region. 
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Figure 2B-15, R-F and Audio Voltages in a Reflec- 
tometer System. 

The variation of detector sensitivity with signal level 
can be measured, however, and with the data obtained 
from such measurements, the magnitude and direction 
of error introduced into ratio readings can be computed. 

Measurements are required only for the reverse da- 
tector. Aim of the measurement technique 1s: 

() To determine whether detector response is 
square-law over the range of levels at which the de~ 
tector may be expected to operate. 

(2) 1 it is found that the detector does not obey 
square-law, todetermine at representative frequencies 
in the band of interest and at levels corresponding to 
various reflection coefficients, the magnitude and 
direction of error that will result, 

Step-by-step instructions for making the measurement 
are given in Section 2B-12, The procedure includes 
the following steps. 

() Detector response is measured at the highest 
signal level the detector will see during use of the 
reflectometer. 

A. The signal applied to the reverse detector has 
approximately the same lovel as that which the de— 
tector will see when a 100% reflection is being used 
for the ratio meter calibration procedure. 

In the setup used when measuring variation in detec- 
tor sensitivity with signal level, the reverse coupler 
15 turned arcund with respect to the direction it has 
in a reflectometer system. This reversal results* 
in approximately 1/2 db more power at the coupler 

7566 2B5-10 Delinitons, Teverse coupler, for a dis- 
cussion of the conditions which cause the 1/2 db dif- 
erence in level at the coupler outpat.  
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output than is present with the coupler turned the other 
way. Actually, therefore, the signal at the detector 
input will have a level about 1/2 db higher than that 
which the detector will see when a 100% reflection is 
used for the calibration procedure. The error this 
112 db difference in level may introduce generally can 
be neglected. 

B. The detector output level is measured. This is 
the reference level. 
For convenience: 

(1) A voltmeter which is calibrated for square-law 
detectors, such as the # 415B, 1s usedfor the mea~ 
surement, 

(2) The gain of the 415B is adjusted to get a conven- 
ient reference, Generally a reference of 1 db on the 
30 db range can be obiained. 

(3) The tnput to the detector s attenuated by  known 
amount, 

The line attemuator is set for a value which will re- 
duce the signal to one of the levels which the detector 
will see during actval measurement of reflection co- 
efficients, The levels at which measurements should 
be made of course will differ from application to ap- 
plication, 

The level which the signal in the main guide should 
have relative to the reference level to correspond to a 
given reflection coefficient is the return loss* of the 
load in db, The amount of attenuation required to 
bring the signal to the proper level may be found 1) by 
substituting the desired reflection coefficient for A in 
the expresston 20 log 1, or 2) by finding the value of 

Y 
the return loss with a' Reflectometer Calculator, * 

{4) The level the attenuated signal has at the output 
of the detector is compared to the level it would have 
if the detector were obeying square-law at both the 
level used in step (1) and the level used in step (2). 

This comparison is made by noting the db value of the 
difference between the reforence [step (1) B] and the 
meter indication, and then comparing this difference 
with the known amount of line attenuation used. 

I the db value of the difference and the known amount 
of attenuation are the same, the detector is being op~ 
erated in its square-law region both at the level which 
will be used during calibration and at the level used in 
step (2). 

e 7510 Definftions 

For example, if: 

Reference is 1 db on the 30 range 
Tnput to detector is attenuated 26 db 
Meter indication is 7 on the 50 range 

The difference between reference and meter indica~ 
tion will be 26 db, 

Therefore, the detector is obeying square-law per- 
fectly at both the high end of the range and at 26 db 
down, 

(5) Direction and percent of any deviation from 
square-law are determined. 

f the difference noted in step (4)is numerically great- 
er than the known amount of attenuation, the deviation 
15 in the - (minus) direction. 

For example, if: 

Tnput to detector 15 attenuated 26 db 
Difference noted in step (4) s 26.2 db 

Then detector output 15 lower than 1t would be f detec- 
tor were obeying square-Law af both high and low input 
levels. Therefore, 26,2 db is a -0. 2 b deviation. 

Conversely, if the difference noted in step (4) is num- 
erically less than the known amount of attenuation, the 
deviation i in the + direction;a difference of 25. 8 db 
would be a +0. 2 db deviation, for example. 

To convert db error o percent error, see Table 5, 
Section 2B-12. 

For example, with the input to the detector attenuated 
14 db: 

I the difference noted in step (4) were 14.4 db there 
would be a 0, 4 deviation, Table 5 shows a 0.4 db 
deviation to be approximately 4. 8%. Since 4.4 is 
numerically greater than 14, the error will be -4. 8%. 

It the difference noted in step (4) were 13. 6 db, the 
deviation also would be 0. 4 db, but in the other direc- 
tion, and the error would be + 4. 8%. 

NOTE 
  

‘The percent error is percent of reflection coefficient. 

{d) Determine total scalar error 
Tercent Brror - 

If the frequency-response exror and the square-law 
error are not in the same direction, they will tend to 
ofset each other. Therefore, the Scalar error per- 
cent total (which is the multiplier used to compute 

 



- 
- 

the effect of scalar error on a ratio reading) is ob- 
tained by taking the algebraic sum of the percent of 
frequency-response error and the percent of square- 
law error. This percent is percent of reflection 
coefficient. 

() Absolute Error - 
Absolute error is the amount by which a given ratio 
reading will be high or low. It is the product of the 
reflection coefficient and the total scalar error per- 
cent figure. 

The direction of the absolute error (whether the ratio 
meter reading will be high or low) will be the same 
as that of the deviation which causes the error. 

For example, if scalar error for a 0.3 reflection 
coefficient is -1.75% at 8.0 kme: 

Absolute error is -0.00525. 

When the ratio meter indicates 0.3, the reflection 
coefficient actually is 0. 30525, 

(e) Measurement of Spurious Signals - 
o R T 

In any measurement system operated at microwave 
frequencies, there will be spurious signals. These 
sigrals are caused by dis-continuities in the system, 
s0me mismatch between components, and by lack of 
infinite directivity in the sampling devices. (In the 
directional coupler, the small sigual which results 
from finite directivity® is called the directivity 
signal. ¥ 

‘Because of the attenuation used in the line and the 
high attenuation of the forward coupler, in a reflec- 
tometer system the reflections from the generator, 
the reflections {rom the forward detector, and the 
directivity signal in the forward coupler are reduced 
to such a low level that they may be disregarded. 

Thie only spurious signals of consequence, therefore, 
are those which are present at the input to the reverse 
detector. These signals are of two types: 

(1) A signal proportional to the incident signal: the 
directivity signal in the reverse coupler. 

(2) A signal proportional to the square of the re~ 
flection coefficient. 

The reverse-traveling (veflected) wave encounters 

e 2B-I0, Definifions, directivity and directivity 
signal. R T T T T 
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discontinuities which cause reflections t be returned 
to the load and re-reflected. These signals there- 
fore, are proportional to the square of the reflection 
coetficient. They are in phase and thus at the input 
to the reverse detector may be considered as one 
signal, 

The signal at the input to the reverse detector there~ 
fore, is the sum of two spurious signals and a sigoal 
(called the reflected signal in the following discus~ 
sions) which is proportional to the reflection from 
the load. 

Spurious signals are vector quantities and may have 
any phase angle with respect to the reflected signal. 
Since phase relations between the signals are un- 
known, the effect of the spurious signals on  ratio 
reading cannot be determined exactly. For any spec- 
iffc refloction coefficient, however, the top and bot- 
tom limits of the area of error can be defined. 

Spurious signals will contribute maximum error when 
the error signals are all in phase at the same time 
that their total combination is either in phase or 1600 
out of phase with the reflected signal. The range of 
errar, therefore, is bounded at the top by the reading 
which will occur when all signals are in phase with 
the reflected signal, and at the bottom by the reading 
which will occur when the Spurious signals are 1800 
out of phase with the reflected signal. 

The area within these top and bottom limits is desig- 
nated the area of ambiguity and, after appropriate 
measurements, can be computed for any reflection 
coeificient of interest. 

The area of ambiguity curve is bullt around the scalar 
error curve. Thus the area of ambiguity curve com: 
pletely predicts the Limits of assured accuracy with 
respect to a specific reflection coefficient in a speci- 
fic reflectometer system. 

  

Table 10, Section 2B-12, is  typical work sheet for 
the procedures involved in defining the area of am- 
biguity for each of several reflection coefficients. 

To define the area of ambiguity for a reflection co- 
efficient of interest: 

1) At various frequencies across the band, the 
directivity of the coupler is measured, and the direc- 
tivity in db is converted to a soltage ratio to obtain the 
amount of error the directivity signal will cause in 
a ratio reading. 

This error will be the same at all values of reflection 
coefficient since the directivity signal is proportional 
to incidert, not reflected, voltage., 

(2) The spurious signal re-reflected from the load
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is measured at various frequencies across the band, 
and the error it will contribute at the reflection co- 
eificient of interest is computed. 

(3) The value the directivity and spurious signals 
have when theyare in phase is obtained byalgebraically 
adding the values obtained in steps (1) and (2). 

(4) The top and bottom limits of the area of ambiguity 
are determined at each frequency by 1) adding alge~ 
braically and 2) subtracting algebraically absolute 
scalar error and the sum of the spurious signals. 

Typical area of ambiguity curves for reflection co- 
eificents of 0.3, 0.2, 0.1and 0.05 are shown in 
2B-12, Figure 28-26. These curves were plotted 
from data taken during measurements made in a ty- 
pical reflectometer system. 

‘Procedures for determining the error due to the dir- 
ectivity signal and the spurious signals re-reflected 
from the load and for determining the area of am- 
biguity are given in Section 2B-12, paragraphs 4 and 5. 

Considerations governing these procedures are given 
below in Sub-paragraphs f and g. 

(f) Determination of error due to directivity signal 
T reverse coupler - 

To determine +1imits foF the error which the direc- 
tivity signal can contribute t0 a ratio reading, direc- 
tivity of the coupler in db must first be measured. 
Once the directivity of the coupler is known, the pro- 
portion of incident voltage which will appear at the 
reverse coupler awxiliary-arm output can be found 
by converting directivity (in db) to the corresponding 
voltage ratio. 

  

Considerations involved in the error determination 
procedure are discussed below. 

() The Reference - 
The Feference used 1s the level the reflected signal 
has under conditions of 100% reflection. 

To understand the relation of this reference to the 
‘measurement of directivity there should be some un- 
derstanding of 1) the main signals in the coupler and 
2) the ratio which will exist between signals because 
of the directivity of the coupler. 

With a wave traveling in only one direction in the main 
arm, the power coupled into the auxiliary arm will 
flow in fwo directions: a strong signal will flow in the 
same direction as the flow in the main arm and a re- 
Iatively small signal will flow in the reverse direction, 

Since the directional coupler is a symmetrical de- 
vice, when waves are traveling in boththe forward and 
reverse directions in the main arm the same {raction 

of both waves will be coupled into the auxiliary arm. 

A built-in matching termination at one end of the aux- 
iliary arm absorbs power {lowing into it. Thus of the 
two strong stgnals in the coupler auxiliary arm, only 
one appears at the auxiliary-arm output.” Of the two 
weak signals, one is absorbed by the built-in load, 
the other (the directivity signal) appears at the aux- 
iliary-arm output. These signals are indicated in 
Figure 2B-16, and identified as follows: 

AL -ARK 
et 

sut-in 
NATGHED L0A0 B 

      

SISTEN LoD 

  

i Tncident Voltage 

Reflected Voltage 

Incident Voltage Coupled into Auxiliary 
Arm of Coupler 

#«, =  Reflected Voltage Coupled into Auxili- 
ary Arm of Coupler 

-« Directivity Signal, Proportional to In- 
cident Voltage 

Figure 2B-16. Main Signals in Reverse Coupler, 
Waveguide Reflectometer System 

A portion (at the reverse coupler, usually 0. 1) of 
forward-going power i coupled into the auxiliary arm 
of the coupler. 

‘The greater part of the forward-going signal is ab- 
sorbed in the built-in matched load. 

A small reverse-going signal (not shown) appears at 
the auxiliary-arm output. 

Directivity signal Edir is the sum of the reverse- 

 



going signal and any reflection from the buili-in load. 

‘The same portion (0.1) of reverse-going reflected 
‘power is coupled into the awxiliary arm of the coupler. 

Reverse-coupled signal @ 1 ccr appearsat the auxiliary- 
arm output. The small signal (not shown) propagates 
toward the built-in load and is absorbed there. 

“The ratio of the incident voltage coupled into the aux- 
iliary arm (Ey 1) to the small amount of incident 
voltage (Eqyr) which "sneaks around the corner" to 
the auxiliary-arm output is a function of the direc- 
tivity of the coupler. Therefore, the direetivity of 
the reverse coupler may be determined by measuring 
the Tatio, Ej or 

Edir 

Since under conditions of 100% reflection, signal@l ccx 
15 approximately equal (o Signal ) ocr, signal Ey ex 
‘may be “found" by using the level which the coupler 
output has at 100% reflection as the reference. 

(2) The Directivity Ratio - 
By deferminiig the level of the directivity signal with 
respect to the reference, the directivity ratio, Ey T, 
will be established. i 

However, since the directivity signal at the coupler 
output is part of a complex signal, the level of the 
dircctivity sigal relative to the reference cannot be 
determined directly. 

(3) The Directivity Signal - 
The GUtput of the Teverse Coupler is the vector sum 
of three signals: 1) the reflected signal, 2) the direc- 
tivity signal, and 3) a spurious signal proportional to 
the square of the reflection coefficient. Thus, the 
output of the coupler may be considered as the vector 
sum of three unknowns. 

The method used to separate the directivity signal from 
the other signals consists, cssentially, of 1) deleting 
one of the unknowms, 2) setting up sum and difference 
equations with two of the unknowns, the directivity 
sigual and reflected signal, and 3) solving for the 
unknowns, 

The spurious signal proportional to the square of the 
reflection coefficient is removed from the system 
by using a load with a very low reflection coefficient. 
With such a load, the spurious signal re-reflacted 
from the load is reduced to so low a level that it is 
negligible. 

The sum and difference equations are set up by mea- 
suring the level the reflected signal and directivity 
signal have when they are in phase and the level they 
have when they are 180° out of phase. 
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The desired phase shift is obtained by using a mov- 
able load, The phase of the reflection from the load 
will Shift as the load 1s moved while the directivity 
signal being proportional o incident voltage will re- 
main fixed in phase with respect to the reflected 
signal. 

Computations involved in solving for the two unkziowns 
have been made and the results presented in chart 
form as Figure 2B-23, Section 2B-12. The level 
‘which each signal has may be obtained {rom the chart. 

Either of two methods may be used to provide iden- 
tification for the directivity signal: 

(a) Making the measurement with two different loads. 
The signal which, after separation, is found o 

have the same level in both measurements is known 
to be the directivity signal. 

(b) Using a load that is known to have a reflection 
higher in level than that of the directivity signal. 

‘The signal which, after separation, is found to have 
the lowest level is known to be the directivity signal. 

4) The Procedure - 
A. Reference s set. 
The level the coupler output has at 100% reflection is 
used as the reference. 

(1) For optimum accuracy,  sliding short 1 used 
for the reference-setting procedure. 

(2) The gain of the voltage indicator is adjusted to 
give the reference a convenient value, such as 0 db. 
For these procedures it is desirable o use a volt- 
meter which is calibrated for use with square-law 
detectors, such as an  Model 4158, 

B. Load is chosen. 
The two requirements which the 1oad must mect are: 

() The reflection coefficient of the load must be low 
enough that the spurious signal re-reflected from the 
load is negligible. 

(2) The reflection coefficient of the load must be 
high enough that the reflected signal will be higher 
in level than the directivity signal. 

‘The directivity specification for Model 752 directional 
couplers is 40 db, This means that the directivity 
signal will be down at least 40 db. Therefore, & load 
with a reflection down about 34 to 38 db will meet 
both requirements,
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The procedure for modifying a low-reflection load 
to obtain a suitable mismatch is detailed in Definitions 
under modified load. 

€. Sum and difference values are obtained - 
As the Toud 15 moved, maxUN and NI read- 
ings will be obtained as the phase of the reflected sig- 
nal swings from the in-phase to the 180° ut-of -phase 
relation with respect to the directivity signal, 

‘What is required from the measurements is the level 
the in-phase and out-of -phase combinations have with 
respect to the reference. Therefore, the difference 
between the meter reading in db and the reference 
is the value recorded. 

D. Sum and difference equations are solved - 
‘Equafions Ivolving all swm and difference combina- 
tions likely to be encountered in directivity measure- 
ments have been solved, and the results assembled 
in chart form (Figure 2B-23), With the chart, there- 
fore, once the in-phase and out-of-phase levels ob- 
tained in step C are known, the level each signal has 
with respect to the reference is easily determined. 

Instructions for using the chart are given in Section 
2B-12, paragraph 4a (5). 

‘The values obtained from the chart are: 

() The directivity of the coupler. 

(2) The return loss of the load. 

Arrangement of the signal-separation chart is as 
follows: 

  

Sum values (min. number of db) aze plotted on the 
vertical scale. 

Difference values (max. number of db) are plotted on 
the horizontal scale. 

Each point defined by the intersection of a horizontal 
and vertical co-ordinate is also the intersection of 
two curved co-ordinates. Assuming that the sliding. 
1oad has been adjusted 50 that its return loss is less 
(in db) than the directivity of the coupler, then: 

(a) Directivity is plotted on the broken-line curved 
co-ordinate. 

(B) Return loss is plotted on the solid-line curved 
co-ordinate. 

E. Error is determined - 
The Telative amplitude of the directivity signal is 
found in the voltage ratio corresponding 10 the direc- 

tivity in db, and may be obtained either from conver- 
sion tables or as described in Measurement of Errors 
Paragraph 4a (). 

Since the directivity signal at the reverse coupler is 
proportional to the incident signal, the amplitude of 
the directivity signal will remain constant whatever 
the reflection coefficient of the load. 

For example, if the directivity of the coupler is 46 db, 
limits of the error contributed by the directivity sig- 
nal will be <0. 005 whether the reflection is 100% or 1% 

(9)  Determination of error due to spurious signals 
e 

To méasure spurious signals Fe-reflected from the 
load it 15 necessary first to remove the directivity 
signal from the system, leaving as the only signals of 
consequence, the refleetion from the load and the 
spurious signals re-reflected from the load. 

After the diroctivity signal is cancelled, the spurious 
signal error factor can be defermined. With the er- 
ror factor, the + limits of error for any reflection 
coefficient of interest can be computed, 

()  Cancellation of directivity signal - 
To pefform the directivily signal cancellation pro- 
cedure, any other spurious sigmals must bo removed 
from the system. Therefore, the load should have 50 
small a reflection that the spurious signals reflected 
twice from the load become negligible, Ideally, the 
reficction from the load should be greater than that of 
the directivity signal. 

The modified load* used in the procedure for determ- 
ing directivity is arranged to satisfy the same two 
conditions, and therefore, is excellent for the purpose. 

The means used to cancel the directivity signal s the 
# Model 870A Slide-Screw Tuner which can be adjust- 
ed to set up a signal which has the same magnitude 
as the directivity signal and is 1809 out of phase With 
it. The tuner consists of a slotted Section with an ad- 
justable probe moanted on a precision-built carriage. 
The reflection {rom the probe is the signal which 
counteracts the directivity signal. 

As probe depth 15 adjusted, magnitude of the signal is 
varied. 

As probe position is adjusted, phase of the signal is 
varied. 

A, The phase df the probe signal should be adjusted 
first, 

560 250, Delmitions



(1) Check that the probe is out of the line. 

This ensures that the directivity signal and reflected 
signal are essentially the only signals in the system. 

(2) Slide the load to obtain a maximum indication on 
the db scale af the Model 415B (connected to the output 
of the reverse detector). 

At this position of the load, the reflected signal and 
the directivity signal are in phase. 

(3) Adjust the probe for some peretration, to obtain 
4 small reflection. 

A meter change of 1/4 to 1/2 db is about right for the 
‘magnitude of reflection desired from this step. 

Since the signal from the probe could be either in 
plase or out of phase with the directivity and reflec- 
ted signals, the change in meter reading may be 
either positive or negative, 

{4) Shift the position of the probe horizontally, to 
‘bring the signal from the probe 180° out of phase with 
the other two Signals, Relations of the signals as the 
signal from the probe approaches the 1800 out of phase 
condition 15 Indicated in Figure 2B-11. 

‘With horizontal travel of the probe, the meter indica- 
tion will vary, When meter indication reaches mini- 
mum, the signal from the probe is 180° out of phase 
with the other signals. 

B. The mmgnitude of the signal from the probe is ad- 
Justed. 

‘With the signal from the probe 180° out of phase with 
the sum of the directivity and reflected signals, re- 
Iations between the signals will be as follows: 

() So long as the magnitude of the signal from the 
probe 15 less than or equal to the directivity signal, 
the probe signal will subtract from the sum of the 
directivity and reflected signals, 

Therefore, as the load is slid after each probe ad- 
Justment, the meter will indicate asteadily decreasing 
maximum, 

(2) When, however, probe penetration becomes too 
great, the signal from the probe will start to add to 
the other signals, and the meter will indicate an in- 
crease in the maximum, 

To adjust the magnitude of the signal from the probe: 

L. Adjust the probe for a slight increase in depth of 
penetration. As the aignal {rom the probe becomes 
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groater, the meter will indicate 4 decrease in signal 
level. 

For most rapid completion of the procedure, which 
at best must be a trial-and-error process, it is re- 
commended that adfustment of the probe proceed in 
steps which result in not more than a couple of db 
decrease in the meter indication. 

2. Slide the load while noting the direction of the 
maximum, 

While the maximum s decreasing, probe penetration 
15 in the proper direction, 

If the maximum increases, probe penetration should 
be decreased. 

3. Continue alternating steps 1 and 2 until there is 
little variation in the meter indication as the load is 
slid. 

The closer the probe signal gets to the proper mag- 
hitude, the smaller will be the meter variation as the 
load 15 slid. 

When the meter variation is the minimum obtainable 
(generally about 1 db), the slide-screw tuner is at 
optimun setting. 

Vrais 

ur = Directivity Signal 

¢ =  Reflected Signal 

- Reflection from Slide-Screw Tuner 
Lo Probe 

Figure 2B-17.  Phase Relations during Slide-Serew 
Tuner Adjustment as small reflection 
from SST Probe approaches 1809 out- 
of -phase condition. Vector Diagram
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a4 

e 

46 = Reflectod Stgnal 

7€ =  Spurious Signals Re-reflected from 
Load 

Figure 2B-18. Phase Relations, Reflected Signal and 
Spurious Signals Re-reflected from 
Load.  Vector Diagram. 

(2) Determination of error factor - 
To perform this stage of the procedure, the modified 
Toad (X916A or 914A) is replaced by a sliding short 
(Model 9204), the reverse detector is connected to 
the REFLECTED/ PROBE input of the ratio meter, and 
the forward detector is comected to the INCIDENT/ 
REFERENCE input. 

‘With the slide-screw tuner at the setting obtained in 
step (1) and the system terminated in a short, there 
are two signals o consequence in the system, the re- 
flected signal and the spurious signal re-reflected 
from the load. 

The spurious signal is caused by discontinuities which 
reflect the reflected power back to the load where it 
is re-reflected. Therefore, the spurious signal is 
‘proportional to the square of the reflection coefficient 
of the load and its phase will vary twice as fast as that 
of the reflected signal when the load is moved. Re- 
latively, therefore, as the short is moved the spuri- 
ous signal is rotating around the reflected signal in 
the relationship indicated in Figure 2B-18. 

As the short is moved, the reflection coefficient in- 
dicated by the ratio meter will vary from a maximum 
when the signals are adding (pmax) to a minimum 
When they are 1809 out of phase (p min). 

Provided pmax is approximately unity, the error 
factork, is given by the following expression: 

K = pmax - pmi 

For any p of interest, the maximum error &p due to 
spurious signals re-reflected from the 10ad is given 
by the following expression: 

=k 

2812 MEASUREMENT OF ERRORS 

(a) General - 
i any microwave measurement system, there are 

several sources of error. Where maximum accuracy 
is required, it is desirable to measure the amount of 
error which can be contributed by each of these sour— 
ces. With the resulting data, curves can be plotted 
‘which will define the Limits of error for any reflection 
coefficient of interest. 

The following paragraphs detail procedures that may 
be used to build error curves which will completely 
predict the limits of assured accuracy for a given 
range of reflection coefficients in  specific reflec- 
tometer system, 

  

The fol lowing test equipment is requires 

  

      

  

  

        

Model 4158 Standing Wave Indicator 

sensitive voltage indicator with 
square-law calibration 
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686A - SHF Swept Frequency Oscillator 
X284 - Waveguide to Coaxial Adapter 
X3624 - Broadband Precision Waveguide 

Attenuator 
416A - Ratio Meter 
X424 - Waveguide Crystal Detector Mount 
X752D - 20 dbWaveguide Directional Coupler 
X752C - 10dbWaveguide Directional Coupler 

Figure 2B-19. Typical Waveguide Reflectometer 
System,



~ 

Model X916A Standard Reflection (or Model 9144 
Moving Load) 

low-reflection movable load 

Model 9204 Adjustable short 

sliding short 

Model 870A  Slide-screw Tuner 

adjustable probe mounted on precision- 
built carriage 

(b) Setting of Signal Level - 
Sot The Input signal Tevel to & level which gives 

appreciable narrowing of the eye shadow angle. 

When adjusting the level of the signal: 

() Always use the lowest level which, at all fre- 
quencies in the band of interest, will be within the 
Operating limits of the 4164, 

(2) Reduce the signal to the desired level, 5o far as 
practicable, at the line attenvator. Sufficient at- 
tenuation in the line practically eliminates any effect 
due to reflections {rom the generator. 

Whenever the correction data resulting from error 
  ‘measurements are t be used, tho Input sigal must 
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Measurement Considerations, 

Variations between the sensitivity characteristics of 
the directional couplers and detectors used in the 
forsard and reverse arms of waveguide measurements 
systems can contribute error to ratio readings. In 
single-frequency operation this error is almost com- 
pletely compensated for when the ratio meter is cali- 
brated. In swept-frequency operation the error con- 
tributed by differences between the relative sensitivi- 
ties of equipments used in the forward and reverse 
arms cannot be compensated for at all frequencies ac- 
7085 the band. The amount of deviation at any one 
frequency, however, is a scalar quantity which can 
be measured, its effect on ratio readings computed, 
and the resulting data used o build error curves for 
the band of interest. 

To determine scalar error: 

() Variations with frequency are measured [ de- 
tector/coupler frequency-response error (subpara. 
a]. 
(2) Variations with amplitude are measured [ detector 
sensitivity-with-signal-level (square-1aw) error 
(subpara. b)]. 

(3) The two sets of data are combined (subpara. ¢). 
(d) Measurement of detector/coupler frequency~ 

  Fave the sam level as that used when Gbiaming the Tesponse error - 
  &rror daa. 

With reflectometer set up as idicated in Fig. 2B-19: 

A, Put system into operation, 

B. Check modulation frequency on input signal. 

€. Adjust level of input signal. 

These procedures are defailed in paragraph 3 of 
Section 2B-1i, subparagraphs a, b, and ¢, respectively. 

D. At sigmal'source, measure level of output at set- 
ting obtained in step C above. 

4 Model 430C Microwave Power Meter and Model 
4778 Coaxial Thermistor Mount are suitable for 
making this measurement. 

E. Record sigual level, and the frequency at which 
the level was measured, 

F. Record line attenuator setting obtained in step 
€, above. 

(¢) Determination of Scalar Error - 
For discussion of scalar error, see 2B-II, 

¥or & discussion of this procedure, sce 2B-11, Mea- 
surement Considerations. 

o s 
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X164 = Standard Reflection (Matching Load) 

Figure 2B-20. Typical Test Setup, Frequency- 
Response Error Measurements 
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From data obtained, the frequency-response curve 
for the band of interest can be determined. The pur- 
pose of measuringamplitude -constancy-with-frequency 
is two-fold: 

  

To determine the proper frequency to use for the cali- 
bration procedure. 

To determine percent of error across the band after 
calibrating with the chosen frequency. 

(1) Reverse the 10 db coupler 50 that the 20 db and 
10 db couplers are in tandem, as indicated in Fig. 2B- 
20. Terminmte the system in a perfect load (0. 00 re- 
flection), such as a Model X9164 Standard Reflection 
or a low-reflection load such as a Model 9144 Moving 
Load. 

(2) Frequency and signal level: 
Frequency: 1ow-edge-of-band frequency. 
Level: set in paragraph 2c. 

(3) Set reference ratio on 416A. 

A, Set RANGE switch at 0 DB 100%. 

B. Adjust SET TO FULL SCALE for convenient 
reference. 

Should be less than 100% (90%, for example). 

Table 4, immediately following step H, 15 a work 
sheet for the procedure detailed in steps D, E, 
F, G. 

(4) Measure the ratio at other frequencies across the 
band and, for each frequency, record ratio indicated 
by the 4I6A. 

For a representative curve, it is recommended that 
readings be taken at equal frequency intervals at at 
least six points in the band of interest. 

() For each frequency measured, compute percent 
of deviation from the reference. 

(8) Select calibration frequency. 

From the deviation-vs-{requency data, choose as the 
calibration frequency that with the déviation closest 
to the mean. 

(7) Determine across-the-band frequency-response 
error which will be present after the system is cali- 
brated. 

From the readings obtained in step 4, compute the 
percent that the ratio reading at each sampled fre- 
quency deviates from the ratio reading at the calibra- 
tion frequency. 

(8) Example. Band of interest: 8.0 t0 10,0 kme 

A. St signal source for 8.0 kme. 

B. Set reference ratio on 416A: 

L Set RANGE switch at 0 DB 100%. 

2. Adjust SET TO FULL SCALE to get indication 
of 90 on reflectometer scale, 

C. Set signal source for 8.4 kmc. 

D. Note and record ratio meter indication. 

In the reflectometer system used when making the 
measurements recorded in Table 4, a reading of 
89 was obtained at 8.4 kme. 

Figures shown in Table 4 are typical; measure- 
ment data will vary with each reflectometer system. 

E. Perform steps C and D at 8.8, 9.2, 9.6 and 
10.0 kme. 

F. At each frequency, compute percent of deviation 
from reference ratio. 

See Table 4 for typical work sheet, 

G. Select the calibration frequency. 

As indicated by the figures shown in Table 4 devia- 
tion at 9. 6 kme is closest to the mean, and 9. 6 kmc 
should be used when calibrating the ratio meter. 

H. Compute frequency-response error Which will 
be present af ter calibration. 

See last column in Table 4.
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TABLE 4 

TYPICAL WORK SHEET FOR FREQUENCY-RESPONSE ERROR MEASUREMENTS 
  

  

  

  

  

  

        
  

    

Frequency 4i6A % Deviation from | % Deviation from Value 
(KMC) Reading 416A Reference at Calib. Freq. 

*8.0 90 [ +3.0 

8.4 8 L0 +2.0 

8.8 8 -4.0 1.0 

9.2 8.5 3.5 0.5 

9.6 87 3.0 0 

10.0 Ed 3.0 ) 

* Frequency used for setting reference 

** Best frequency for calibration     

(e) Measurement of detector sensitivity-with-sigal- 
O R vel error - 

For a discussion of this procedure, see Section 2B-1i, 
Measurement Considerations. 

‘The following procedure, from which will be obtain- 
ed the percent error resulting from detector de- 
viation from square 1aw, consists of 1) setting a re- 
latively high level as the reference, 2) attenuating 
the signal by a known amount, 3) measuring the level 
‘which the attenuated signal has at the detector output, 
and 4) computing the percent and di rection of any 
deviation between a) the level the signal should have 
(known number of db down from the reference) and 
b) the level the signal has at the detector output (num- 
ber of db down from the reference as indicated by 
the meter). 

() A level comparable to that which the reflected 
signal will have during calibration is set as the ref- 
erence. 

(2) The known values by which the Wnput to the de- 
tector 1s attenuated should be those which will bring 
the signal o levels which will he encountered during 
the actual measurement of reflection coefficients. 
In the following procedure, the values of attenuation 
used are those which will bring the signal to the level 
which the reverse detector will see when reflection 
coefficients of 0.3, 0.2, 0.1, and 0.05 are being 
measured. 

At the level corresponding to each reflection co- 
eificient of interest, measurements are made at 
each frequency selected when measuring frequency- 
response error, 

Table 6 is a typical work sheet for the procedures 
detailed below. 

A, Disconnect reverse detector from the REFLEC- 
‘TED/PROBE input on the Model 416A. 

B. Comnoct reverse detector to a sensitive voltage 
indicator with square-law calibration., 

An 6 Model 415B Standing Wave Indicator is suitable 
for making this measurerent. 

The test setup is indicated in Figure 2B-2L. 

Set the 415B selector switch at 200, 000 £ 

C. ot signal source for low-edge-of-band frequency 
and to proper level set in paragraph 2c. 

D. At signal source, adjust modulating frequency 
to get peak indication on 415B. 

E. Check line attenuator setting. Should be same 
as set in paragraph 2c, 

These instructions will assume a setting of 5 db,
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LEGEND 

4I5B = Standing Wave Indicator 

Figure 2B-21, Typical Test Setup, Detector Sen- 
sitivity-With-Signal-Level Error 
Measurements, 

F. Adjust 415B GAIN control to get a convenient ref- 
erence on the DB scale. 

These instructions will assume a reference of 1 db 
on the 30 scale. 

G. A the line attenuator, inerease the attenvation 
noted in step E by 10,4 db, 

At the 5 db setting assumed in step E, the line at- 
tenuator is now set at 15, 4 db. 

The additional 10, 4 db attenuation will bring the signal 
1o the level the reverse detector would sce if a re- 
flection coefficient of 0,3 were being measured. 

H, Note indication on the 415B. 

1t characteristics of the detector are true square-lav, 
the 415B indication will be 1.4 db on the 40 scale (10,4 
db lower than the reference set n step F). 

1 It the difference is not 10.4 db, record percent 
and direction of the deviation. 

Use Table § to convert db difference to % difference. 

Deviation will be in the minus direction if the diff~ 
erence is numerically greater than 10, 4, will be in 
the plus direction if the difference is numerically less. 

For example, if the difference indicated by the 4158 
i5 10,5 db, there 15 a -0.1db deviation. Converting 
to percent (see Table 5), the deviation is found to be 
-L.5%, It the difference were 10,3 db, the deviation 
would be + L 5%, 

J. At each frequency selected for the frequency- 
Tesponse error measurcment (para. a, step 4); 

(a) Return line attenvator to setting it had in step E. 

(b) Perform steps F through L 

An example of & work sheet, using typical values is 
given in Table 6. 

K. Reset signal source to deliver low-edge-of-band 
frequency used in step C. 

L. Return line attenuator o setting it had in step E. 

M. Adjust 415B GAIN control to get the reference 
used in step F. 

N. At line attenuator, increase attenuation set in 
step L by 14 db, 

‘Additional 14 db loss will bring signal to level dotector 
would see if reflection coeff icient of 0. 2 were being 
‘measured, 

0. Note indication on the 4I5B. 

I difference between step M and step O read- 
ings is greater or less than 14 db, compute percent 
and direction of the deviation, as outlined in step L. 

P. At each of the frequencies used in step J, re- 
peat steps L through O. 

Q. With line attenuation increased 20 db over that 
noted in step E, repeat steps K through P. 

‘Additional Line loss of 20 db will bring signal to level 
detector would see if reflection coefficient of 0.1 
were being measured. 

R. With Line attenuation increased 26 db over that 
noted in step E, repeat steps K through P. 

Additional line loss of 26 db will bring signal to 
level detector would see if reflection coefficient 
of 0.05 were being measured, 

(f) Determination of total scalar error - 
T error 15 determined by Combining 

the percent of frequency-response deviation and the 
‘percent of square-law deviation, and then computing 
absolute error (amount that should be added or sub- 
tracted, depeuding on the di rection af the error from 
the ratio meter reading).
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Total scalar error is computed for each reflection 
coefficient of interest at each sampled frequency 
in the band of interest. 

Table 7 is a typical work sheet for the procedures 
being discussed. 

() Percent Error - 
A. Formula 
For each reflection coefficient of interest and at 
cach sampled frequency in the band of interest: 

1 Note %-of-P frequency-response error. 

I Note $-of- square-law deviation. 

I Algebraicallyadd the percentagesnoted in and IL. 

Table 7 shows %-of -P scalar error totals computed 
from the typical data given in Tables 4 and 6. 
B. Example: 

£ of interest: 0.2 
‘Sampled frequency: 8.0 KMC. 

1 %eof-Pirequency-response error: +3.0%. 

From Table 4, %-Deviation-from-Value-at-Calib. - 
Freq. column, 

I %-of-P square-law deviation: -1.0%. 

From Table 6, %-Deviation-from-Square -Law column, 

4.0%. 

  

O Algebraic sum: 

  

(2) Absolute Error - 
A. Formula: 
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IAmount: reflection coefficient times scalar exror 
percent tofal. 

I Direction: Same as direction of scalar error per- 
cent total. 

% scalar error results in a - error. 

Ratio indicated by 416A will be lower than it should 
be by amount of absolute error. 

+% scalar error results in a + error, 

Ratio indicated by 4164 will be higher than it should 
be by amount of absolute error. 

  

B. Exumples: 
o interest: 0.2 

Scalar error percent total: -4.0%. 

1 Amount: 0.2 0.04 = 0.008. 

1 Direct ion: minus. 

When the 4164 indicates 0. 2, the reading will be 
low by 0.008; the reflect ion coefficient actually is 
0,208, 

ot interest: 0.05. 
Scalar error percent total: +85.0%. 

1 Amount: 0,05 x 0.05 = 0,0025. 

I Direction: plus. 
When the 4164 indicates 0. 05, the reading will be 
high by 0.0025; the reflection coefficient actually 
is 0.0475. 

(g) Measurement of Spurious Signals ~ 
Wi = rlek et of moivions sTomdal b4 

of the procedures detailed in the following subpara~ 
graphs, see 2B-1l, Measurement Considerations. 

‘The only spurious signals of consequence at the in- 
put to the reverse detector are the directivity sig- 
nal and the spurious signals re-reflected from the 
load. Procedures for determining the Limits of 
maximum error these signals can introduce are 
given in the following subparagraphs. 

(h) Determination of error due to directivity sig- 
Bl i Teverse coupler - 

The ol Towing procedure, from which will be ob- 
fained the limits for the error whichcan be con- 
tributed by the directivity signal, consists of 1) set- 
ting a reference which has the same level as that 
of the incident signal, 2) selecting a load with a  
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TABLE 6 

TYPICAL WORK SHEET FOR DETECTOR SENSITIVITY WITH SIGNAL LEVEL MEASUREMENTS 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

        

Frequency (KMC) | P Corresponding | Aftenuation | Level of Attenua-| Deviation | % Deviation from 
to Attenuation 0B) ted Signal (DB) | (DB)* | square-law*(%ofP) 

0.3 10. 4 
5.0 0.8 04 ESD 

8.4 0.7 0.3 3.5 

8.8 10.5 -0.1 -1.25 

8.2 10.8 -0.2 -2.5 
9.6 0.8 Exy Exg 

10.0 10.8 -0.4 -4.75 

0.2 ¢ 

80 4.6 0.6 K 
8.4 N 0. -6 

4.2 -0.2 -2.5 

9.2 1.4 0.4 475 

9.6 4.5 0.5 -6 
10:0 U5 0.5 6 

0.1 20 

8.0 20.8 -0.8 -9 
8.4 20.6 -0.6 =T 

8.8 20.4 0.4 415 

9.2 20.5 0.5 -6 
9.6 20.6 0.8 -7 

10.0 20.6 -0.6 -1 

0.05 26 

8.0 26.8 -0.8 -9 

8.4 26.7 -0.7 -8 

8.8 26.4 -0.4 -4.75 

9.2 26.6 -0.6 -7 

9.6 26. -0.6 =7 

10.0 26.7 0.7 -8       

  

    
  

# = Reflection coefficient 
For conversion of DB deviation to % off, see Table 2     

  

<
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TABLE 7 

TYPICAL WORK SHEET FOR 
TABULATION OF TOTAL SCALAR ERROR 
  

  

  

  

  

  

  

  

  

  

    

  

  

  

                
  

  

  

  

FREQUENCY 
? ERROR [, 

8.0 8.4 8.8 9.2 9.6 10.0 

“* -2.25 -5.0 -4.75 4.7 
0.3 

**Absolute - 00675 | - .00 - 0425 | - 0125 

% - .35 -8.0 6.0 
0.2 

Absolute - .00 - o2 - .oz 

% - 575 -1.0 -1.0 
0.1 

Absolute - 00575 - 007 - .00 

% -6.0 -6.0 -5.75 1.0 8.0 
0.05 

Absolute |- .008 | - .003 - 0028 0.0038 -.0035 | - .004 

# Algebraic sum of %-Deviation-at-Calib, -Freq. column, Table I, and %-Deviation-from 
Square-Law column, Table IIL 

* = %sScalar Brrorx 

» = 8.0 KMC below rated band, Measurements made in reflectometer rated for X band 
(8.2 KMC - 12.4 KMC).     

mi smatchso small that spurious signals re-reflec- 
ted from the load are essentially removed from the 
system (leaving only the directivity signal and the 
reflected signal), 3) varying the phase of the reflec- 
tion from the 1oad to obtain sum and difference values 
for the two signals as they combine in in-phase and 
out-of -phase relations, 4) separating the two sig- 
nals and determining the directivity of the coupler, 
and 5) converting the directivity to a voltage ratio 
(which defines the maximum + error the direetivity 
signal will introduce in a ratio reading). 

The directivity signal error is the same at all re- 
flection coefficients since the directivity signal in the 
reverse coupler is proportional o incident, not re- 
flected, voltage. 

The procedure is repeated at various frequencies 
in the band of interest. 

() Set up measurement system (see Fig. 2B-22). 

A. Change direction of reverse coupler so that 
forward and reverse couplers are comected back-to- 
backas in a reflectometer setup. 

B. Comnect reverse detector output to Model 4158 
INPUT connector. 

Set 415B selector switch at CRYSTAL. 

C. Remove load from Model X916A Standard Re- 
flection (or Modol 914A Moving Load), and connect 
waveguide body to load end of reverse coupler. 

L. Support end of measurement system by plac- 
ing additional waveguide-stand clamp under wave- 
guide body. 

2. Check alignment. 

Look toward coupler-waveguide connection through 
end of waveguide body. If imner surfaces are uni-
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X920A = Adjustable Short 

Figure 2B-22, Typical Test Setup, Measurement of 
Directivity of Reverse Coupler. 

formly dark, alignment is satisfactory. If any line 
appears, light is striking edge of waveguide, and 
alignment should be corrected. 

D. Check line attenuator setting. 

Should be same as set in paragraph 2c. 

(2) Set signal source for desired frequency. 

Proper level set i paragraph 2c. 

(3) Set reference. 

A. Comnect Model 920A Waveguide Adjustable Short 
to end of XBI6A (or 9144) waveguide body. 

B. Set 415B RANGE switch for upscale reading. 

Generally RANGE switch can be set at 20 when 
Model 670 or Model 680X signal source is used. 

C. Adjust movable short (920A) for maximum in- 
dication on 415B, 

D. Adjust 4158 GAIN control to obtain conven- 
ient reading (such as 1 db). 

E. Adjust movable short for minimum indication 
on 415B. 

F. Note how many db down minimum indication is 
from maximum. 

G. Determine midpoint of excursion from max- 
imum to minimum. 

H. Adjust short to bring meter indication to ex- 
cursion midpoint, 

For example, assuming maximum indication of 1 db, 
and minimum indication of 2. 6 db, meter excursion is. 
1.6 db, and excursion midpoint would be 1.8 db. 
Therefore, short would be adjusted o obtain a meter 
indication of 1.8, 

L Adjust 415B GAIN control to obtain convenient 
reading for reference (such as 0 db). 

Since reference is set under conditions of 100% re- 
flection, at frequency set in step (2) the 4I5B is now 
calibrated to indicate levels with respect to Incident 
signal. 

(4) Obtain sum and difference values. 

A, Terminate system with movable Ioad which has a 
Teflection down approximately 34 to 36 db from re- 
ference set in step (3). To obtain this small a re- 
flection (approximately .013 o .02), a modified* 
Model X916A (o Model 914A) may be used. Obtaining. 
proper degree of mismatch is a trial-and-error 
procedure. Limits are as follows: 

L The level the in-phase signals have should be 
down at least 30.2 db from the reference. 

Assuming reference of 0 db on the 20 range, 415B 
reading should be no lower numerically than . 2 on 
the 50 range. 

If level In-phase signals have is found to be higher 
than -30. 2 db with respect to the reference, decrease 
reflection from load by moving wire on modified load 
away from pointed end of lcad., 

2. To keep above noise region of 4ISB, it is desirable 
that the level the out-of-phase signals have, should 
be 1o lower than 44 db down {rom reference. 

Assuming reference of 0 db on 20 range, it is desir- 
able that 415B reading be no higher numerically than 
4 on the 60 range. 

I lovel out-of-phase signals have 1s too low, increase 
reflection by moving wire on modified load toward 
pointed end of load. 

¥5ee 2510, Del Inftions, modiled load, for instruc- 
tions on modifying a Model X9I6A or S14A. 
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    EEEE B e 
Chart for Separating Two Signals When Their Sum 

and Difference are Known 

    

     
   

  

   

   

  

  
  

    

  

    
      

  

            
        

  

                              
  
  

  

  

  

  

  

  

    With sum and difference data, use horiz- 
ontal and vertical co-ordinates to locate 
point. 
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    Read values of separate signals on curved 
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Figure 2B-23.  Signal-Separation Chart  
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B. Slide load, watching variation in 415B indication, 

L Note maximum and minimum indications on &b 
scale, 

2, Compare each with reference, and record max- 
imum and minimum levels with respect o Teference. 

3 

  

: 0 dbon 20 range, 

Maximum indication; 9 db on 50 range. 
Record level of 39 db, 

3 db on 60 range, 
Record level of 43 db. 

Minimum indication: 

  

Table 8 is typical work sheet for recording directi- 
vity signal measurement data. 

(5) Separate the signals, using Figure 2B-23, signal- 
separation chart, 

A, Use minimum level (numerically, highest num- 
ber of db) to locate abscissa. 

B. Use maximum level (numerically, lowest num- 
ber of db) to locate ordinate. 

C. Note values of curved co-ordinates which inter- 
sect at point found in step B. 

D. Since reflection is known to have a higher level 
than directivity signal: 

L Find level of directivity signal on broken-1ine 
curved co-ordinate. 

2. Find return loss of load, in db, on solid-line 
curved co-ordinate. 

E. Exampl 
18, TXIE, algnals measured have a maximan level 
of -32,7 dband a minimum level of -35.3 db. 

1. On horizontal scale of signal-separation chart, 
tind 35,3, 

2. On the vertical scale, find 32,7, 

3. Locate the point where 35. 3 and 32.7 axis inter- 
sect. 

4. Read values on curved co-ordinates which inter- 
sect at same point. 

Solid-line curved co-ordinate is 34, 

Broken-line co-ordinate is 50, 5. 

5. Byarrangement of measurement system, 5ig- 
nal whi ch has lowest level 15 known to be directivity 
signal, 

Level of directivity signal with respect o reference 
i5 50,5 db. 

Level o reflection with respect to reference is -34 db, 

The directivity of the coupler is 50.5 db. 

(8) Determine :limits for directivity signal error. 

‘The directivity signal error value is found by convert- 
ing the coupler directivity figure to a voltage ratio. 
‘The simplest method for the conversion is to use a db 
conversion table, If such a table is not available, 
one of the fol lowing methods may be used. 

A, Since the incident signalis equivalent to unity, 
directivity signal errorcan be determined by sub- 
stituting directivity-in-db for D, and solving for 
d, in: 

  

D 
4 - ™ 

Example: Coupler has directivity of 50 db. 
1 B q, = .003   0P . = SE= 

W™ "1 N0 T3 6 
o 

The range of directivity signal error will be -0, 003, 

B. Byusinga Reflectometer Calculator: 

Example; Coupler has directivity af 50 db. 

L Find difference between directivity in db and 40 
(lowest level shown on Reflectometer Calculator). 

50 minus 40 = 10, 

2, Find 40 on RETURN LOSS scale of Calculator, 
Read corresponding value on REFLECTION CO- 
EFFICIENT scale. 

Value is . 0L. 

3. Find 10 on RETURN LOSS scale of Caleulator, 
Read corresponding reflection coefficient. 

Value is . 316, 

4. Multiply .01 by . 316. 

‘The range of directivity signal error will be +0, 003, 

(7) Repeat steps (2) through (6) at frequencies across 
the bund of interest. 
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TABLE 8 

TYPICAL WORK SHEET FOR DETERMINATION OF ERROR DUE TO DIRECTIVITY SIGNAL 

  

  

  

  

  

  

            

  

  

  

Freq. Max. Level* | Min. Level** Directivity » 
(KMC) (DB) (DB) (DB) Error (d;) 

8.0 36.0 48.0 444 +0.008 

8.4 39.0 43.0 54.0 40.002 

8.8 42.5 4.5 57.0 20,0014 

9.2 34.5 35.5 8.0 20001 

8.6 3.5 a5 57.0 40,0014 

1.0 40.0 45.0 5.0 +0.002 

* " Signals in phase 
** Signals out of phase 

=10 -2, where D is directivity in db.     

Table 8 is a typical work sheet for measurements 
made in the 8.0 KMC to 100 KMC band, 

(i) Determination of error due to spurious signals 
ol o iad . et 

For & discussion of fhis procedure, sec Section 2B-11, 
Measurement Considerations. 

The following procedure, from which will be ob- 
tained the limits of error which can be contributed 
by the spurious signals re-reflected from the load, 
consists of 1) canceling the directivity signal so that 
the signal reflected from the load and the spurious 
signal reflected twice from the load will be the only 
signals of consequence at the output of the reverse 
detector, 2) terminating the system with a sliding 
short, and sliding the short to obtain Sum and dif- 
ference values for the two signals (as the Short is 
moved the spurious signal will change phase twice 
as fast as the reflected signal, and therefore there 
will be variation in the ratio meter reading as the 
signals combine in varying phase relations), 3) cal- 
culating the error factor {rom the magnitude of this 
variation, and 4) computing error at each reflection 
coefficient of interest. 

() Set up measurement system (see Figure 28-24). 

A. Comect Model 8704 Slide-Screw Tuner to load 
end of reverse coupler. 

B. Coanect reverse detector output to Modeldl5B, 
INPUT connector. 

Check that 415B selector switch is at CRYSTAL. 

s e 

  

      

    

  

          

son e i i stwim H 
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i | 
i | 
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| | 
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+ i 
o s 

< i et 
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LEGEND 

X870 = Slide-Screw Tuner 

Figure 2824, Typical Test Setup, Determination of 
Error Factor Due to Spurious Signals 
Re-reflected from Load,  
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INSERTION 
ADJUSTMENT 

POSITION 
ADJUSTMENT 

  

Figure 2B-25. Typical Model 8704 Slide-Screw 
Tuner. 

C. Connect modified X916A or 914A o Model BT0A. 

D. Check line attenuator setting. 

Should be same as set in paragraph Zc. 

(2) Set signal source for desired frequency. 

Proper level set in paragraph 2c. 

(3) Cancel directivity signal. 

A, Adjust phase of reflection from tuner probe. 

1. Check that probe on slide-screw tuner is all the 
way out. 

Mi crometer screw is used o adjust probe insertion. 
Sce Figure 2B~25. 

2. Slide load for maximum indication on 415B db 
scale. 

3. Adjust probe for some penetration, to get small 
difference (1/4 to 1/2 db) in 415B reading. 

4. Adjust horizontal position of probe while watch- 
ing 416B variation. 

‘Thumb-operated knurled wheel is used to adjust 
probe horizontal position. 

5. Set probe at position where lowest reading (num- 
erically highest number of db) s obtained. 

B. Adjust magnitude of reflection from probe. 

L Adjust probe penetration for small decrease in 
meter indication (a couple of db, for example). 

2. Slide load for maximum indication on 415B. 

3. Adjust probe penetration for another small de- 
crease in meter indication. 

4. Repeat steps 3 and 2 until variation as load is 
slid is minimum. 

This is a trial-and-error process, but in general: 

L 1, after an increase in probe penetration, slid- 
ing of 10ad shows an increase in maximum indica~ 
tion, retract probe to decrease penetration. 

2. As long as maximum shows continuing decrease 
as probe is inserted deeper, continue increasing 
probe penetration. 

Leave slide-serew tuner at setting at which there 
is smallest variation as load s siid. 

(4) Determine error factor. 

A. Replace sliding load (X916A) with sliding short 
(9204). 

B. Discannect reverse detector {rom 4158 and co 
nect detector to REFLECTED/PROBE input on ratio 
meter. 

  

C. Adjust 4164 SET TO FULL SCALE control for 
convenient reference on reflectometer scale; 90 is 
recommended. 

D. Slide short while noting maximum and minimum 
indications on reflectometer scale of ratio meter. 

E. Subtract minimum reflection coefficient read- 
ing from maximum, and divide by two, This is the 
error factor. Record it. 

For example, when: 

Maximum reflection coefficient is .92, 

Minimum reflection coef fictent is . 88. 

Variation is 0,04, 

Error factor s 0.02, 

(5) Determine error factor for other frequencies 
across band. 

<
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TABLE 9 

‘TYPICAL WORK SHEET FOR DETERMINATION OF ERROR 
DUE TO SPURIOUS SIGNALS RE-REFLECTED FROM LOAD 

  

  

  

  

  

  

  

              

    

Freq. Error Error Error 
KMC Factor P =01 o =0.05 

8.0 0,02 40.0018 | +0.0008 0.0002 £ 

8.4 0.01 40.0009 | 50,0004 +0.0001 . 

8.8 0.0025 40,0002 | -0.0001 * * 

9.2 o.01 £0.0009 | +0.0004 +0.0001 * 

9.6 . . . . . 

1.0 0.0 0.0009 | :0,0004 20,0001 . 

* = negligible   
  

Repeat steps (2) through (4) at other frequencies 
across the band of interest. 

See Table 9, 

(6) Determine + limits of error at each reflection 
coeffi clent of interest. 

Multiply square of reflection coefficient by error 
factor to obtain error limits. 

For example, when: 

Exror factor is 0.02. 
Reflection coefficient of interest is 0. 3. 
Error s (. 3)%x .02 = 40.0018. 

Table 9 15 typi cal work sheet for tabulation of spur- 
fous signal error values. 

(i) Construction of Evror Curves - 
Data for error curves will be taken £ rom work 

sheets similar 1o Tables 7, 8, and 9 and can be as- 
sembled in a work sheet similar to Table 10. 

For each reflection coefficient of interest, the area-of 
ambiguity curve is plotted around the scalar error. 

curve for the reflection coefficient. 

Scalar error (Table 7) has definite direction. 

Spurious signal error (Tables 8 and 9) has phase, 
the direction of which is unknown. 

To plot an area-of-ambiguity curve, therefore: 
Total scalar exror plus total spurious signal error 
defines the top 1imit. 

Total sealar error minus total spurious signal er- 
ror def ines the bottom limit. 

Curves plotted { rom the data shown in Table 10 are 
shown in Figure 2B-26. 

These curves define the area-ofambiguity in a speci- 
fic reflectometer system for specific reflection co- 
efficients, For the reflectometer system in which 
the measurements were made, these Curyes accura- 
tely define the Limits of possible error. 

Errors in waveguide measurement Systems vary with 
each system and these curves are presented only as 
examples of procedure and are not intended to define 
Limits of error in reflectometer systems in general. 
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reflection coefficient of 0. 05. 
Figure 2B-26, Typical Area-of-Ambiguity Curves, Waveguide Ref lectometer System 

¢  



TABLE 10 

DATA FOR ERROR CURVES, TYPICAL WORK SHEET 
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Frequency Error due to| Error duc to Total | Absolute |Maximum | Maximum 
KMC @ | Directivity | Spurious Signals| Spurious| Scalar Er- Positive | Negative 

Signal Re-reflected Sigmal | ror Error Error 
from Load Error 

8.0 0.3 | 0.006 0.0018 0.0078 | -0.00525 |+0.00255 | -0.01305 

8.4 0.002 0.0008 0.0029 | -0.0045 |-0.0016 | -0.0074 

8.8 0.0014 0.0002 0.0016 | -0.00675 |-0.00515 | -0.00835 

9.2 0.001 0.0009 0.0019 | -0.009 | -0.0070 -0.01090 

9.6 00014 * 0,004 | -0.01425 | -0.01285 01565 

10.0 0.002 0.0009 0,0029 | -0.0425 |-0.0U35 | -0.01715 

8.0 0.2 | 0.008 0.0008 10,0068 | -0.008 |-0.0012 | -0.0148 

8.4 0.002 0.0004 20,0024 | -0.008 [-0.0056 | -0.0148 

8.8 0.0014 0.0001 20.0015 | 0,007 |-0.0055 | -0.0085 

8.2 0.001 0.0004 20.0014 | -0.0105 |-0.0091 | -0.0u9 

9.8 0.0014 * 00014 | -0.012  [-0.0106 | -0.014 

10.0 0.002 0.0004 +0.0024| 0012 |-0.0098 | -0.0144 

8.0 0.1 | 0.008 0.0002 0.0062 | -0.008  |+0.0002 | -0.0162 

8.4 0.002 0.0001 0.0021 | -0.005 |-0.0020 | -0.007 

8.8 0.0014 - 0.0014 | -0.00575 |-0.00435 | -0.00715 

9.2 0.001 0.0001 =0.001 | -0.0065 |[-0.005¢ | -0.0076 

9.6 0.0014 * :0.0014 | -0.007  |-0.0056 | -0.0084 

10.0 0.002 0.0001 :0.0021 | -0.007  [-0.0049 | -0.0081 

8.0 0.05] 0.006 . 20,006 | -0.003 |+0.003 -0.008. 

8.4 0,002 * :0.002 | -0.003  |-0.001 -0.005 

8.8 0.0014 . +0.0014 | -0.0028 [-0.0015 | -0.0043 

9.2 0.001 * 0.000 [ -0.0038 [-0.0028 | -0.0048 

9.6 0.0014 . 0.0014 | -0.003  |-0.0016 | -0.0044 

10.0 0.002 * 0,002 | -0.004  |-0.002 -0.006                 
    + negligible      
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Figure 2B-27.  Main and Spurious Signals in a Reflectometer System 

In any reflectometer system, however, accuracywill  Symbols to be used in developing these equations are 
be as good or better than curves shown in Figure 2B-4,  as follows: 

In the previous discussion a number of assumptions  «f ~ Coupling voltage ratio of the forwardcoupler. 
and simplifications have been made to reduce the 
material presented to its most readily understandable  cr - Coupling voltage ratio of the reverse coupler. 
form. The following rigorous analysis is included 
to lend validity to the preceding informationandto  d; - Directivity vol tage ratioof the forvardcoupler. 
provide complete data for those who may wish to 
analyze the error and correction factors for them-  d,. - Directivity vol tage ratio of the reverse coupler. 
selves, 

Pq - Reflection coefficient of the reverse detector. 

Figure 2B-37 indicates the spurious signals present  p, - Reflection coefficient ofall di scontinuities. 
in & reflectometer system. These signals introduce between the two couplers (this includes the 
‘rror in the ratio reading because they are not samp- coupling arrays, any waveguide deformation, 
led by both detectors, and because they change in and the flange joint). 
magnitude and phase relative to the main signal when 
the load is changed. P - Reflection ooefficient of the terminating load. l 

 



Ej - Icident voltage in the main line. 

S - Total of sigml at the forward detector input. 

S, - Total of sigial at the reverse detector input. 

‘The magnitudes of the various signals are marked on 
Figure 2B-4. The total signal ateach detector canbe 
written: 

8¢ =g By + pydg =By 

=g By (e ppd) 

Sp=per Ei+ Po by By + dp oy B+ pprte By 

= e By By + pept? + O + pgpt® i) 
The ratio of these two signals is: 

2 L [ B Etlm‘;‘fl‘+gm ) 

[+ pon®s &+ papl e+ w4 ) 

  

= P+ o] B2 e+ paegte d)r ) = £ 

Let p, + pge, 2+ dy = k; (to represent spurious load 
roflections 

ToenSF = B ML (apl+ &) 

The above equation represents the ratio of two rf sig- 
nals, The actul ratio of detector outputs will include 
the detection efficiency of the two detectors. This can 
be written as: 

ke o ern g 
R=Tgay p+ o EPI+ %) 

where k, and k, are the reverse and forvard detector 
efficiencies, dudio out 

S 
™~ 

The factor kya involving coupling and detection ef- 
ficiencies is almost a constant but it varies somewhat 

  

Pix 
*This is of the form T+ ¥ where x and yare small 
compared to 1. Performing the division and neglecting 
products of small terms, this becomes (1-y) (p] + X) = 
Py + X-yp). The negative sign is dropped since the 
qiantities are vectors and we are interested only n 
their worst summation. 
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with frequency and sigrnal amplitude (the errars of the 
first category, see Appendix I, It can be written as 
Kil+Dg+ D)) where K is a constant independent of fre- 
quency and signal amplitude. Dy is the frequency sea~ 
sitive deviation measured {rom some reference fre- 
quency, Dy is the detector deviation {rom square-law 
for different signal amplitudes measured from some 
reference signal level. The ratio meter reading can 
be represented, then, by the equation: 

R=Kp + KD+ D) py + Klipy 2+ ) * 
The process of calibration of & reflectometer system 
involves terminating the system with some standard 
Load of known reflection coefficient (usvally, but not 
necessarily, a short circuit) and adjusting ratio meter 

gain until the meter reads this value of reflection co- 
efficient. This process evaluates the constant K in the 
equation. Suppose the calibrating load has a nominal 
reflection coefficient of ploandan accuracy of :Dy. 
The ratio meter gain would be adjusted to make K 
po when py = (pjo -+ D). The values of Dy and Dy will 
be zero since they are referenced from the calibration 
frequency and siggal level. 
Substituting these values in the equation results in: 

« 2 - P = Klpjo + D) + K [Kpolpo+ D)?+ d o] 

From which: 
o 

k:pf—n—"kfé(a—npl—r—m o BT a0 

Neglecting the products of small terms in the denom- 
inator, this becomes: 

1 
KT+ Dp7 o pp + &0 

o e 
Having determined this eonstant K, substitute its value 
in the equation for the ratio meter reading. This will 
tell us what the ratio meter will read for any unknown 
load p, at any frequency. 

  

R=p+ D+ + 
T+.D, © +ng‘ T +Pn° 

¥The terma Dy + Dy isalvays swall enough so that when 
‘multiplicd by another small quantity such as kpy + dr, 
the product is negligible in comparison to the first- 
order error terms, Therefore, the expression 
K(D; + D)(lypy + d,) can be neglectedin the equation 
which represents the ratio meter reading. 

#+*The subscript o denotes the values of the various 
factors at the calibration frequency.  
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Dp 4 
lotie o e oas T or roalll et At el o) MoamisSinnt S0 & (DA Dpts (st kA TP 
this becomes: (ypf+ dr) 

Coupler—detectar sensitivity variations (scalar errors) 0 
n Dp. Error in setting ratio meter gain when calibrating the 

b+ Op+ Doy+ kypp” + v o+ kopo+  system 

  

  

  

  

  

  

  

  

  

  

R 
4o 

PO By 
The efror In measurement of the load p is simplythe  Spurious signals present when the unknown load ter- 
above meter reading minus pl. Hence: ‘minates the system. 

TABLE I 

MAXIMUM MAGNITUDES FOR ERROR FACTORS 
(per Component Specifications) 

Error Waveguide Systoms Coaxial Systems 
Factor 2.6 10 18 KNC Tto 4 KNMC 0.25 1o 1 KMC 

at 01 (200b) 01 (0m) 0.1 (20) 

wr 0.32  (10dn) 01 (20am) 0.1 (20 

4 0.0 (40ab) 0.05 (264b) 0.032 (30 db) 

a 0.0 (40db) 0.05 (264b) 0.032 (30 db) 

a 0.2 0.5 0.2 

e oo - * 

K 0.04 0.05 0.03 -       
  

* = Negligible 
  

TABLE 12 

MEASUREMENT ERROR* SINGLE-FREQUENCY OPERATION 
  

  

  

  

  

Type of Wavoguide Systems Coaxial Sysioms 
Calibration 2.6 to 18 KMC T & KMC 0.25 % 1 RMC 

Fixed Short L05PLe. 04P1% . 01 LO1PL.05PI2: .05 | .06PL:.03PI% . 03 

Sliding Short 3 5 
(waveguide) coap? 4 01 .05p1% + .05 .03P12 + .03 

Alternate Open and 
Short(Coaxial) 

With X16C 
(0.10 standard % 
reflection) L14PL04p1% 01 
(X-band 
waveguide only)       
  

    *Figures represent approximation of maximum error possible; generally error will be less.   
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