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11 MICROWAVE STANDARDS 
Microwave communications have creared ademand 
for microwave devices of all kinds. To support 
the research, engineering, production and testing 
of these devices, new microwave standards lab- 
oratories have become nccessary, 

There are many important considerations involved 
in estblishing a microwave facility. Three sige 
nificant ones are: 

1) Since accuracy is important, special measure= 
wment technigues are usually required. 

2) A good compromise between accuracy and cost 
tnust be reached. 

3 After a technique is developed, equipment com- 
patibility must be considered, 

This prospectus gives brief fnformation on various 
techniques, some developed by % engineers, used 
to make standards measurements. It provides a 
good compromise between cost and accuracy since 
the techniques permit use of commercially avail- 
able instruments.  Also, it provides a list of 
compatible  cquipment, Including manufacurer, 
type and price, which a standards facility can 
employ to make the measurements shown. The fre- 
quency range coveredvarics with the measurement, 
but is genexally from 10 me to 40 ke, 

1-2 PROSPECTUS DESCRIPTION 
This publication contains five sections and an 
appendix. Sections [T through V discuss the gen- 
cral areas of standards measurements: frequency, 
attenuation, impedance and power, They present 
brief information on the measurement techniques 
developed and block diagrams of the compatible 
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equipment employed.  Further, they list typical 
accuracies and ranges which can be achieved. 

The Appendix contains a complete List of equipment, 
including the manufacturer, title, model number, 
price, and quantity for all instruments used o 
make the measurements in each frequency range. 
Thus it provides all the information necessary o 
establish a complete compatible standards facility 
for measuring frequency, attenuation, impedance 
and power. In some cases, alternate systems 
are shown in the block diagrams. To avoid con- 
fusion, the additional instruments requiredinthese 
systems are not included in the equipment lists 
in the Appendix, However, there should be no 
difficulty in modifying the lists as required when 
an alternate syatem is adopred in place of or in 
addition 10 the one recommended. 

1.3 TRACEABILITY TO THE NATIONAL 
BUREAU OF STANDARDS 

In cach of the following measurement sections the 
traceability of the calibrations NBS is discussed, 
and the equipment to be submitted to NBS is 
specified. Information on the facilities and services 
of the National Bureau of Standards Electronic 
Calibration Center at Boulder, Colorado, is con- 
tained in NBS Report 5569, 

    

SPECIAL STANDARDS REQUIREMENTS 
Experience has shown that each standards meas- 
uring problem grows from an individual need. 
Each of the measuring systems described was 
designed to meet such an individual need. If you 
would like to have special attention given to your 
standards requirements, your Inquiries are wel- 
comed by the Hewlett-Packard standards group.
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1-5 GENERAL REFERENCES 
Since accuracy is extromely imporwnt in stand- 
ards systems, special techniques are usually 
required. Because of limitations of space, the 
technical information presentcd hore is very brief. 
However, more defailed information is available. 
The following list includes several comprehensive 
references.  References dealing only with a 
specific ype of measurement are listed in the 
appropriate section. 
1) Hewleti-Packard Company, Application Note 

38, ““Microwave Measurements for Calibration 
Laboratories”, 
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2) E. L. Ginzton, “Microwave Measurements”, 
McGraw-Hill, New York, 1957, 

3) C. G. Montgomery, *Techniques of Microwave 
Measurements”, McGraw-Hill, New York, 1948 
(Vol. 11 of the Rad. Lab. serics). 

4) M. Wind and H. Rapaport, **Handbook of Micro- 
wave Measurements”, Polytechnic Institute of 
Brooklya, New York, 1955,
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2-1 REFERENCE FREQUENCY STANDARDS 
One of the essential items in a standaxds lab- 
oratory is a frequency standard. This unit is a 
highly stable oscillator which provides known ref- 
erence frequencies and is capable of comparison 
with the signals broadcast by WWV or oter 
frequency-standard stations. An electronic counter 
such as the & Model 524 incorporates such an 
oscillator and can be regularly checked against 
WWV. However, a counter is a useful and ver- 
satile inatrument which should be, as far as pos- 
sible, available ar all times, for use at any lo- 
cation desired. Hence, the mast flexible arrange- 
ment is to have an oscillator specifically desig- 
nated as the “house standard”, fixed in one lo- 
cation for frequent and regular comparison with 
WWY, The oscillator in the frequency counter 
can then be calibrated as often as required by 
comparison with the house standard. For the 
highest measurement accuracy, the frequency 
counter can be operated using the house standard 
as an external oscillator. 

2-2 ACCURACY CONSIDERATIONS 
Direct frequency comparisons against WWY at a 
distance from Washington are subject to errors 
due to fluctuations of the lonasphere which cause 
Doppler shift of the received frequency. In order 
10 increase accuracy by minimizing this effect, 
provision may be made for making time compar— 
isons, using the time ticks broadcast by WWY. 
In this procedure, the total time elapsed over a 
given period, as indicated by a clock driven by 
the oscillator, is compared with the time elapsed 
as indicated by WWY. Over a long period, this 
averages out the shori-term fluctvations, and 
allows the average oscillator frequency to be de- 
termined 0 very nearly the accuracy of the trans- 
mitted signal at WWV. The following table which 
gives the pertinent figures in parts in 1010, 
demonstrates the vecessity of time comparisons 
for realizing the greatest possible accuracy. Theae 
values are, of course, all approximate, 
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Relative accuracy by Direct 
Frequency Comparison . . . . .. . + 300071010 

Short-Term Stability of Oscil- 
lator {100E or 524). , .. .. ..., +300/1010 

Short-Term Stability of Oscil 
TR 0SAR) L TS 

  

Relative Accuracy by Time Com- 
parison, 24-hr period (depends upon 
distance from WWYV and reception 
conditions) . + - + . . . . . £1/101010+100/1010 

The block diagrams in paragraph 2-5 show alter~ 
nate frcquency standard setups and indicate the 
attainable accuracy at a distance from WWY, For 
time comparisons, either the 103AR Frequency 
Standard or the L00ER Frequency Standard may. 
be used as the basic standard. The 103AR pro- 
vides greater stability, aa shown above, while 
the LOOER, designed for use as a secondary stand- 
ard, provides a greater variety of outpuis, The 
113AR Frequency Divider and Clock provides 
1 pulse per second to trigger the oscilloscope 
which displays the WWY ticks. AL the beginning 
of the comparison period, a reference position 
for the ticks on the trace is established, At the 
end of the comparison perfod, the pulses from the 
L13AR are shifted in time by adjustment of a cali- 
brated shifter to restore the ticks to the same 
reference positian an the oscilloscope, The shifter 
is then read to determine the difference in elapscd 
time indicated by the clock relative to WWV. For 
frequency comparisons only, the L13AR is omitted. 
Because of the lower attainable accuracy In this 
case, only the standards With lower stability are 
shown 1n the diagram. 

When the 524 specified in all the measurement 
seups is calibrated against the house standard 
or operated with the house standard as an external 
oscillator, the accuracy of all the measurements 
indicated is traceable to NBS through WWV. 
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2-3 MEASUREMENT ACCURACIES 
Frequencics up to 10 me are measured directly 
with the 524 Frequency Counter. The accuracy at 
10 me is essentially that of theinternal or externa 
standard for a gate time of ten seconds, However, 
at lower frequencies the +1 count tolerance in- 
herent in any gate and counter INStruIment MUSE be 
taken fnfo account and Causes the possible error 
10 increase as the frequency is lowered, The 
relative effect of the £1 count is, of course, re= 
duced as the gate time is increased, 

Accuracy at lower frequencies can be increased, 
however,by making period measurements. Although, 
ideally, the accuracy with period measurcments 
improves as the frequency is reduced, this im- 
provement is not necessarily realized in practice, 
If the signal consists of squarc waves or pulses 
with a fast risetime, theinternal standard accuracy 
may be reached, but with sine waves any noise 
présent causes gate trigger accuracy todeteriorate 
as the Tate of rise of the signal decreases. Con 
sequently, a lower limit is pur on the possible 
error for period measurements of sine waves. In 
Figure 2-1, this limit is based on a 40-db signal- 
to-noise ratio, The accuracy can be increased, 
however, by taking longer and longer samples of 
the unkrown. With the 524 alone, one- and ten- 
period measurements may be made. With the 
addition of the Model 526C Feriod Muluplier, 
measurements can be made up to 10,000 periods, 
allowing the basic accuracy of the 524 tobe attained. 
The accuracy attainable under any conditions is 
shown in Figure 2-1. The curves can readily be 
extrapolated for an external standard of greater 
accuracy. 

An examination of the curves of Figure 2-1 shows 
that measurements with a maximum measurement 
time of 10 seconds must be made as shown below 
for the greatesraccuracy. Slightly greater accuracy 

  

Periog Measurements [ Count 10 me for: 
  

Below - lops 1 period 
leps to 10¢ps 10 periods 
W0eps to 100 cps 100 periods 
100cps o ke 
lke to 10k 
Above - 10k 

1,000 periods 
10,000 periods 

Measure frequency with 
10-second gate       
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can be achicved when measuringnaise-£ree signals 
up 0 1 ke by taking 10 times as many periods, but 
the measurement time will then be from 10 to 
100 seconds. 

To make measurements above 10 me the 10 me 
trequency available in the 524 is multiplied an 
appropriate amount and then hetcrodyned with the 
unknown &0 that the difference falls within the 
range of the 524, Two units are used to extend the 
range in this way. The 5254 Frequency Converter 
operates from 10 to 100 mc, the 5258 Frequency 
Converter from 100 to 220 me. 

  

Above 220 me, measurements are made using a 
Model 5408 Transfer Oscillator. The 5408 con- 
tains a 100-220 mc oscillator which is tuncd o 
that one of its harmonics beats with the uaknown, 
The order of the harmonic fs determined by a 
simple technigue and the transfer oscillator fre- 
quency is measured by the 524-525R combination. 
From 12.4 to 40 kme, an external mixer is used. 
In addition, from 18 to 40 Kmc, the harmonics 
from the 5408 harmonic generator arc amplified 
and applied 1o an external harmonic gencrator 
to get sufficient harmonic power, 

Above 220 me, the short-term 540B oscillator 
stability and Operator crror in SENNg (O Zero-bear 
must also be taken into account, The lowest 
atainable error of comparison due to these factars 
amounts 1o about £ 1/107 under the best conditions. 
This should be added to the other possible errors 
above. 

Measurement of the resonant frequency of passive 
clements is made by adjusting the frequency of the 
signal source for resonance inthe passive element, 
and then measuring the frequency. The accuracy 
depends upon the Q of the element and upon the skill 
of the operator in adjusting for exact resonance. 
With an amplitude-modulated system, the 4158 is 
used as an indicator. With frequency-modulation, 
an oscilloscape is the indicator. 

  

2-4 FREQUENCY REFERENCES 

  

1) “Standard Frequencies and Time Signals’ 
Letter Circular LC 1023, National Bureau of 
Standards, Boulder, Colorado. 

2) W. D. Myers, “Simplified Microwave Frequency 
Measurements using the 10 MC Frequency 
Gounter”, Hewlett-Packard Journal, Vol. 3, 
No. 5-6, Jan. - Feb., 1952,
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3) D. Hartke, “A Simple Precision System for ~ 2-6 FREQUENCY SYSTEM DIAGRAMS 
Measuring CW and Pulsed Frequencies up to 
12,400 MC”, Hewlete-Fackard Journal, Vol. 6, A. ACTIVE SOURCES 
No, 12, August, 1955, 

Notes: The 120A Oscilloscope, or equivalent, is  Below 1 cps 10 10 ke: 
recommended for use with the 540B for greater = ==w=-=q 

  

  

    

  

        

flexibility in signal presentation, although it is | h B s2a 
nor essential. U senve | FreauENCY 

| souRce 2 
The 404 may be used up to 5 kme inplaceof | e 
the S40B. With a 934A Harmonic Mixer anda L _ iR 
PY324 Harmonic Mixer it may be operated from 
5 to 18 kme, - 

upto 1 cps count 16 me for 1 period 
lepst 10cps » 7 # 10 periods 

2-5 HOUSE STANDARD SYSTEM DIAGRAMS  10cpstolUcps *  *  » 100 periods 
100cpsto lke ” = ot 1,000 periods 
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220 me t0 12.4 kme: 
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the operator error in setting to maxfmum: 

    

  

  

  

      
      
  

  

  

          
    

fo _ J0MWa 
Modulate the signal generator with al ke sine wave o Q uccelo 
and tune for a maximum reading on the 4158, then A 
measure the signal generator frequency. (For example, if o = .02 db = 235, 1% < 8¢ 

fgo2a 
800 t0 4200 me: FREQUENCY 

® COUNTER 
08 

800 - 2100 me - 614A ol 5258 
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Frequency modulate the signal generator for a 
resonance curve on the ogcilloscope, tune the 5408, 
for & birdie at the top of the resonance curve, and 
then measure the 540B frequency. 

Accuracy:  Depends upon the  of the element and 

the operator error in setting 0 maximum: 

f-1o 0 

  

  where o = error ) 

(For example, if o = .02 ab = 237, L0 
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2) Waveguide Systems 2.6 (0 18.0 kme: 

      

    

2.6 - 4.2 kme; 6L6B+S 2814 
3.8~ 7.6 kmc; 618B+ Z81A 
7.0 - 11,0 kmg; 6204+ 2814 
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2.6~ 4.0 kinc; $ 2814+ 4204 
4.0 - 12,4 kme; 4858 

12.4 - 18.0 kme; P421a 
  

    

  

  
  

  

  

            

  
  

  

  

[10.0 - 15.5 kmc; 626A+M3624+ 2924 @52 

91150 kel 628A+N 36281 292 . 
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iy e PRy 
51 GEN. 

= ) d281a B L ] oo [ o2 L feBienl | e A 
aTaTen, | P e EEMER T T DiRECTONL 0 i TRANSFER 

TR b s LOUPLER AR OSCILLATOR SCILOSEOPE [                           

Frequency modulate the signal generator for a 
resonance curve on the oscilloscope, tune the 3408 
for a birdie at the top of the resonance curve, and 
measure the 540B frequency. 

Accuracy: Depends upon the Q of the element and 

the operator error in setring to maximur: 

f-fo _ J0W& 
o Q 

(For example, if o = 

      where o 

  

18.0 10 40,0 kme: 18 - 26.5 kmc - 6605    
18,0 - 21.0 kime; 62844+ N3624+2924. 
20,0 - 31.0 kmc; 626A+ 935A 

  

  

        
  

26.5 - 40.0 ke - 6606 
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Frequency modulate the signal gencrator for a 
resonance curve on the oscilloscope, wne the 408 
for a birdie at the top of the resonance curve, and 
then measure the 5408 frequency. 

Accuracy:  Depends upon the Q of the element and 

          

the operator erxox in setting 10 maximum: 

tote | JOME 
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  where o = error 

-fo (For example, if o = .02 db = 

  

235,   

  

 



 



  

i 
I 
I 

  

  

    
  

APPL. Nore 21 

3-1 GENERAL DESCRIPTION 
Awenuation is measured by two different rechniques: 
square-law detection with audio substitution, and 
linear detection with IF substitution. Attenuators 
calibrated with these techniques can, of course, 
be used as standards for direct rf substitution, 

  

The only wseful squarc-law detector for accurate 
measurements is the barretter. Variations in 
audio output which result from detection of a varying 
modulated ¢ signal can be measured accurately 
with an audio attenuator. Sources of error are 
departure from square-law Tesponse by the bar- 
retier, noise, variation in the modulation fre- 
quency, calibration of the audio attenuator, and 
source amplitude instability. 

The region for accurate measurements is limited 
at the higher Levels by departure from squarc law 
and at the lover levels by noise, This region may 
be determined by repeatedly measuring the same 
fixed amount of attenuation while varying the signal 
level. The measured atrenuation will decrease 
at either extreme, 
Any variation in modulating frequency can cause 
an error because the low signal levels involved 
require tuned amplification, The cffect canbe 
eliminated by derivingthe modulation from a fre- 
quency standard. The $15B Standing Wave Indicator 
is the amplifier and standard audio attenuator. 
Since the expanded scale covers 2 db andthe range 
switch is in 10 db steps, the most aceurate mea- 
surements are made whex the attenuadion s within 
2 db of a multiple of 10 (8 1012, 18 0 22 etc,), 
where the resolution of the expanded scale may be 
used, For contimous coverage with high resolu- 
tion and high accuracy, the Weinschel BA-5 in the 
Dual Channel setup described below may be sub- 
stitued for the 4158, Either may be accurately 
calibrated with @ ratio transformer which should 
be subrmitred to NBS for calibration, 

Amplitude instabilicy can add as much a3 .05 db 
to-the error ina particular reading with ordinary 
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ATTENUATION SYSTEMS 

signal generators, This error can be reduced 
with a level monitor or by averaging many readings, 
bur for highest accuracy the Weinschel Dual 
Chamnel system may be used. Here the rf pawer 
is fed through two chamnels, detected, and the 
audio outputs nulled. AF attenuation is substituted 
for ¢ attenuation in one channel while maintaining 
the mull. So, with this system normal source 
fluctations have negligible effect on accuracy. 

The yange possible In one step with square-law 
detection s from 20 10 30 Gb, depending on the 
aceuracy desired. The toral range, using more 
than one step, depends upon the source power, and 
is about 40 db with a O dbm source, 50 db with a 
+10 dbm source, etc. This can, of course, be 
extended with increasing error duc o noise, 

  

The accuracy of measurcments made with squarc- 
Iaw detection is basically traccable to NBSthrough 
the ratio transformer, However, careful evaluation 
must be made of the additianal errors inthe system 
t determine the overall results. In addicion, 
mismatch errors must betaken intoaccount, These 
are discussed in paragraph 3-2. 

  

Although the great majority of attenuation mea- 
surements can be made with square-law detection, 
measurements of more than 30 db attenuation in 
one step or 50 dbtotal attenvation generally require 
linear detection, This system uses a local oscil~ 
lator and mixer to obtain an IF signal. IF attenu- 
ation is then substituted for the unknown rf attenu= 
ation.  With the AIL 130 receiver and piston 
attenuator, the range possible With most mixers. 
in one step is from 30 to 50 db, limited by non- 
Linearity at the high power level, around ~40 dbm, 
and noise at the fow power level, around -80 dbin. 
With usual source powers, a total attenvation range 
of 80 to 100 db, in twe or more icps, is generally 
attainablo. Somewhat greater range may be ob- 
tained by modulating the signal source and using 
the 415B as indicator instead of a dc meter. This 
gives a narrower effective bandwidth with
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consequent reduction in noise, although, as before, 
the modulation must be derived from a frequency 
Standard to avoid introducing additional error, 

  

In the linear detection system there are several 
sources of crror in addition to most of thase en- 
countered ln square-aw detection. The signal 
source and local oscillator must be very stable 
in frequency as well as'amplitude o mainin a 
constantbeat frequency, The shart-term insta- 
bility of ordinary sources will add from 0L to 
~10db error to a measurement. 

To get the best overall accuracy, the linear region 
of each element in the IF system should be de- 
termined with repeated measurements on the same. 
fixed amount of attenuation while varying the level 
at the element in question. Levels and gains. 
should always be adjusted to stay well Within these 
linear regions. Signal sources should be used 
only after thorough warm-up. Usually, attenuation 
steps should be limited to abour 20 db. For large 
attenuations, overlapping measurements can be 
made in steps of 10, 20, and possibly 30 db, and 
average taken to minimize random errors, The 
indicator used should have high resolution -~ 
.01 db or better. 

  

The AIL attenuator should be submitted to NBS 
for calibration as the basic standard. Again, 
however, to determine the accuracy actually 
achieved, an error analysis should be made, evalu= 
ating each source. 

A somewhat more elaborate system using parallel 
IF substitution instead of series substitution is 
incorporated in the Weinschel Model VM-1B Stand~ 
ard Attenuator Comparator, This system has a 
dynamiic range of over 90 db with great accuracy, 
Weinschel oscillators used with this system are 
available up 10 10.5 kme. Full accuracy is possible 
up to 4 kme with oscillators which have frequency 
following circuits. 

3.2 MISMATCH ERRORS 
In additfon 0 the exrors inherent in the measure- 
ment system, there are mistmatch considerations. 
In general, an attenuator which is inscred into 
the system has a mismatch loss at each ead, while 
there is another mismatch loss when the systemis. 
joined together without the attenuator, The mea- 
sured artenuation includes the difference between 
these losees. There are to methods of taking 
mismateh losses, One method employs tuners 
to tune out the mismatches completely under both 
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conditions. In this case, the measurement s made 
on the actual attenuation, but any losses in the 
tuners which vary with their settings introduce 
errors which are difficult 1o evaluate accurately. 
The other method {more common) is Lo méasure 
“tinsertion loss”, which is defined to include the 
mismatch loss at cach end of the attenuator when 
it is inserted into a system with unity swr looking 
both ways at the insertion point. This system 
is more suitable when several units are to be 
checked and gives more reproducible results. An 
error occurs due to the fact that the insertion 
point sWr’s are never quite unity, but if the swr’s. 
involved are all measured, the possible error 
is readily eviluated by means of a mismatch 
loss chart. The swr's at the insertion point can 
be made practically unity by tuning if greatest 
accuracy is required, However, a much more 
conveniént but somewhat less accurate system is 
to feed the signal in from the dource and out fo 
the detector through atcenuators or directional 
cowplers with very low swr. In this case the 
ange of measurement is reduced by the coupling 
factors or attenvations introduced. 

Figures 3-1 and 3-2 show the maximum and mini- 
mum possible Losses for any combination of source 
and 1oad swr’s up to values of 2, The following 
example shows how they arc used. Consider a 
system in which the source and load swr’s at 
the insertion point are 1,05, while the attenuator 
swr is 115 at each end. It can be seen from the 
charts that the mismatch loss at each end after 
insertion into an ideal system would be .02 db, 50 
there should be .04 db included in the insertion 
loss. Actually, the reading before fnsertion may 
include a loss of from 0 to .01 db, while the 
reading after insertion may include a 1oss of from 
.01 to .04 db at each end, ora total of .02 to .08 db. 
Figure 3-3 shows how the measured valuc of 
attemuation can be in erzor by +.04 10 -,03 db.   

In many cases, variable attenuators are not subject 
t0 mismatch errors, since the errors may be 
constant as the attenuation is varied, and thus 
cancel out., 

If desired, high-quality fixed attenuators such as 
the & Model 372 Precision Attenuator may be 
submitted to NBS for calibration as reference 
standards with which to check the accuracy of the 
measurement sewup.  Since NBS calibrates to 
-2 db or 1% of the attenuation fn db, whichever is 
greater, the calibration would be accurate t0 .2 db 
for borh 10 and 20 db models. Again, the mis- 
match errors must be carefully evaluated and 
taken into consideration. 
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POWER LOSS CURVES 

(SOLID LINES INDICATE MINIMUM POWER LOSS, BROKEN LINES MAXIMUM POWER LOSS ) 
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Figure 3-3. Example of Evaluation of Mismatch Losses 

3-3 OVERALL ACCURACY 

No blanker figures can be given for the accuracy 
attainable in any auenuation measurement. It is 
necessary instead to evaluate all the individual 
errors applying to a particular measurement, 
Some typical magnitudes and types of error are 
given in the table below toserveasa general guide, 

  

  

Types of Error | Square-Law Linear 

Operator £ 0Lab + 01 db 

Source stability| & .02db + 05db 

Non-lineariry, 
20 db step =0 a 0 b 
30 db step +0,-.02 0 db 
40 db step     

Atteauator +.02db  [(0.50b +0.1% 
of db reading) 

Mismatch (1.05 
source and load, 
1,15 atcnvator)|  +.04, -.03 +.04, -.03             

Of these, operator and source stability errors 
can be reduced by averaging repeated measure- 
ments. Source stabilicy eror can be reduced or 
eliminated by using a level monitor or the dual- 
channel system (for square-law). Non-ifnearity 
can be reduced or eliminated by taking sufficiently 
small steps. Awenuator error is the “‘traceable 
10 NBS” portion, which includes the overall 415B. 
calibration by means of a certified ratio trans- 
former for square-law detection or the NBS cali- 
bration aceuracy on the iston attenuator for lingar 
detection.  Mismatch error can be reduced by 
reducing the source and load swr's as far as 
possible. 

3-4 ATTENUATION REFERENCES 

1) R, W. Beany, “Mismatch Errors in the Mea- 
surcment of UHF and Microvave Variable 
Auenuators”,  Journal of Research, MBS, 
Vol. 52, No. L, lanuary, 1954 (RP 265). 

2) Application Note No, 4, ““Dual Channel Insertion 
Loss Test Set”, Weinschel Engineering Co., 
Kensingron, Maryland. 
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3-5 ATTENUATION SYSTEM DIAGRAMS 
4001 

A, SQUARE-LAW DETECTION SYSTEMS 
tuow 1t 

1) Calibration of Audio Standard: iLhuerer 

& GERTSCH & 
20028 A5 ass 

»f - 
STIAONG- Wit 

OSCILATOR W TSRS ATBUN IXORAOR 
53 

Check sensitivity with 400H. Check range-to- 
range accuracy and meter tracking with appro- 
priate voltage ratios on RT-5, Use350A for lowest  Accuracy:  Approximately +.01 db over 30 db 
ranges o keep transformer level high. 

2) Coavial system L0 to 4200 me: 

  

  

  

  

  

range {limited by resolution of 4158 scale). 

     
   

  

    

                        
  

              

remm=smea 5 
B et a8 215 - 450 me; 764D 
1 1 or il 450+ 945 me; 765D 
o STANDSRD | | iy uree 1=t 940 - 1975 mc; 766D 
s 1 i [cilsg 1900 - 4200 me; 7670 

8 3 
vl 204 10~ 215 me; Weinschel 50-10 
T prny 215 - 450 me; See Nore 
i Vot 450 - 4000 me! 8724 

u] friid] & BRe hes 
] ] omowe [ me o ee TN 08 g I e [P L 

& SI1C.GEN. e Ao IRDICATOR 

INSERTION PONT = Y38 UNkoMN 
10 - 480 mc; 608C 

450 - 1230 me; 612443604 or B 
800 - 2100 me; 6144 

1806 - 4200 mc? 6168 

NOT) 
If §724s are used in the range 215 t0 450 mc © 
reduce the crrors, it may be necessary to use 
the 1/4 wavelength line supplied with the K04 999C 
to extend the tuning range down 10 215 me. One 
of the “350 mc” lengths can be used on the second 
724 if required. 

  

  

10- 500me;  476A 
1500 ~ 4200 me; PRD627A 

Measure impedances ooking both ways at insertion 
point and adjust 872A%s, if used, for swr of 1.05 
or less, Set reference reading on 4158 No. 2 with 
system as shown. Insert attenuator under test and 
read attenuation on 4158 No. 2. 

Range: 20 to 30 db in onc step, Using tners, 
approximately 40 db roral with 0 dbm source, 50 db 
with +10 dbm source, etc. 20 db less range 
using pads. 
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3) Goaxial Dual Chanael 

Sect.lll Page 7 

System (Alternate); 

Sec diagram 2 for instrument designations nor specified helow. 
Sez Weinschel Engincering Application Note No, 4 for full discussion, 

  

  

  

  

  

  

    

  

    
  

  
  

  

    
  

  

      

  
        

  

            
  

  

  

  

  

  

  
    
            

2,6- 4. 
8- 7. 
0-11. 

40.0-1 
15.0-21, 
20.0-31. 

   

  

  

  

  

  

    
  

      
          

SAUATE-WAIE AFNE i QR PAD. MOUNT ATERJATCR 

1 INSERTIOW_ PO 
] 

o) E5 SRy o 
% $16. GEN l 

HENG - MOUNT ESINETER 

4) Waveguide System 2.6 to 40.0 kme: 
(Tageay) & 

0 e i e 2.6- 4.0 kme; S2814+4204 
STANDARD 4.0~12.4 kmc; 485B (crystal) 

H | INC-CATOR 12.4-18.0 kme; P421A 
du adantin T 18.0-26.5 kme; PRD 6605 

126.5-40.0 kmc ; PRD 6606 
& 2.6~ 4.0kme; S48 

chrsTal 4.0-12.4 kme ;. 485B (Rarr.) 
. 12.4-18,0 kme; Narda 529 

5 PRI 620 

- [ 

= el 
4 siGGEy wing REIDN e INDIEATSH 

k2 i K4 mst |, | Faem 
.           

  

o7 372C, 704 

2 kme; 6L6B+S28LA 
kme; 618R+ 2814 
0 kme; 6204+ 2814 
5 kimc; 6264+ M3E2A+ 2924 
O kme; 6284+ N362A+ 2924 
0 ke 6264+9383 

  

30,0-40.0 kme ; 6284+ 9408 

o 372C, 8708 

Measure impedances looking hoth ways atinscriion 
poinc, Adjust 8704’s, it used, for swr of 105 or 
Ioss. Set reference reading on 4138 No. 2, insert 
attenuator, read altcnuarion oo 4158 No, 2 
Range: 20 10 30 db in o0e step. Using tuncrs on 
each side of the insertion poiot, appro¥imately 
40 db total range with O dbm source. 20 db less 
range with couplers or attenuators. 
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oy 5) Waveguide Dual Channcl System (Alternace): 

sTanoarp | See Diagram 4 for Signal Generator and Barretrer Mount designations. 
| See Weinschel Enginecring Application Note No, 4 for full discussion. 

  

   

    

  

  

  
  

    
  

  

          

          

        

                        
    

  

    
    

  
  

  

      

  

  

  

        
  

  

  

          

                        
  

         
     

  
   

I 

a B sron sareeTIER el 2l H-PLANE 
SOASEWNE BEND SUDE-ScRe MOUNT Ao GENERATOR AT Tlick BT 

3 i =l ERiGE FOR UNKNOWN 
s [ain o7 e EINSCHEL 

(o] I58 iy 
516, GEN. [WoLL DETECTOR 

& BA- H-PLANE 5782 8708 o] Banerren WEINSCHEL 
BEND. SuBseRen MOUNT SNETER . Tonek PEANELIER 

B. LINEAR DETECTION SYSTEMS 40- 225 me; GR 87T4MR 
5 - 225- 400 me; CMIOTA 1) Coaxial Systems 40 to 4200 me: e 

[FEo=oos) 5 510- 760 me; CM10742 
iR - 40-215 me - omit 750-1210 me; CMI07B | Empire 
| sTanDaRD | 1120-1700 me; CMIOTC  |Devices 
e ) STOG- WAt 1700-2600 mc; CM107D ) 

1 INDRATGR e T 2600-4200 me; CMIO7E 
¥ 450- 945 me; 765D ] 
> 940-1975 me; 766D 150 

é 4508 1900-4200 me; 767D 
SEHE s STvING- Huie 

T [ INSERTION POINT IR 
T FOR UNKNOWN T 

s e 
ook [ 

% v e . e, I S B e 
 sicen CHRER ATTEN ke 

T o 

40- 480 mc; 608C [ 
450-1230 me; 612A+3603/B -~ 
800-2100 mc; 6144 wsolipion       18004200 mc; 6168    

   

40- 215 mc; 
215- 450 mc; 
450-4200 me; 

Weinschel 50-10 
See nore 3-5A2 

Measure impedances looking both ways at insertion 728 
point, and adjust §724s, if used, for swr of 1.05 
or léss, Adjust system for convenient readings 
on 415B and piston atienuator. Insert attenuator  Range: 30 to 50 db in one step. Using tuners, 

  

under test and readjust plSton LENUAIOr o restore 
415B reading. Read attenuation as difference 
between piston readings. 

approximately 90 db toal with 0 dbm source, 
100 db with +10 dbm source, ete, 20 db less range 
using pads.
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3) Parallel IF Substitution System (Alternate): 

  

  
  

7o | e[y 
sup o [P 

@ SI6 GEN. 

        
  

  

  

TTENUATOR | tuay BE ATTENUATOR 
JNGER TES' | N SIGNAL GENERATORI 

  

  

ATTERUATOR 

  

  

swe 
METER 

      
    

TUNER   

WEINSCHEL 
YM1B 

STANGARD ATENUATOR 
COMPARATOR 

  

  

  LocaL 
asaILLATOR 
          ol       

Sec Weinschel Data Sheet on Model VM-1B 
Standard Attenuator Comparator for full discussion 

Appl. Note 21
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41 GENERAL DESCRIPTION 
This section is divided into two parts. The first 
part deals with refiection coefficient magnitde 
measurements and the seconddiscusses impedance 
measurements.  Measurements of the coupling 
factor and directivity of directional couplers axe 
included with reflection coefficient measurements, 
and probe square-law detection checks and residual 
reflection measurements are included with im- 
pedance measurements. 

Since all reflection coefficient measurements. 
described here are basically attenuation measure- 
ments, using the square-law detection technique, 
ranges are generally limited 10 30 b, For high- 
directivity measurements on waveguide couplers, 
a crystal is used instead of a barretier, with 
greater range at somewhat less accuracy. 

At frequencies trom 50 to 500 me, the VHF Bridge 
sewp is used to measure the magnitude and phase 
of unknown impedances. 

At the higher frequencies, the slottedwline system 
1s used for impedance measurements, This system 
is also used to check slotted lines for probe de- 
tector law and residual reflection. The probe 
detector law check ls made to determine the 
Limits of square-law opexation for the crystal de- 
tector, 50 that departure from square-law may be 
avoided or accounted for in SWr measurements, 
If greatest accuracy is desired, measurements 
may be repeated after the two 415B's are inter- 
changed and the readings averaged to cancel out 
their errors.  Data should be faken In both 
CRYSTAL positions on the $L5B, 50 that the better 
position may be determined for any individual 
crystal, 

In coaxial systems, slotted ine residual reflections 
aze checked by the nuil shift methiod. The position 
of an open circuir on the end of the line is moved 
in discrete, accurately-known steps by substituting 
center conductors of varying lengths. At the same 

Sect. 1V Page i 

SECTION 1V 
{MPEDANCE SYSTEMS 

time, the movement of a winimum on the line is 
accurately measured with the scale and vernier. 
From the difference in the movements the re- 
sidual reflection from the end of the slotred line 
can be found. 

In waveguide systems, the residual reflection is 
generally so small that null shift measurements 
are not practical, The conventional sliding-load 
technique is recommended instead, 

Impedance measurements using a slotted line are 
made with an accuracy which depends primarily 
upon departure from square-law and the residual 
reflection. The detector can generally be oper- 
ated within its square~law region or the departure 
from square-law can be taken into account, How- 
ever, the residual reflection from the load end 
of the line cannot be eliminated and will add to 
the reflection from the load. Ordinarily, the 
residual is sufficiently small 50 that no correction 
is mecessary, Corrections can be made for the 
residual reflection in coaxial systems using the 
data found in the null-shift measurement. 

4.2 ACCURACY CONSIDERATIONS 
There are many techniques possible in reflection 
cocfficient measurements. Those shown here are 
recommended as the most practical, In waveguide 
systems, tuners can be used to establish analmost 
pericet system, In coaxial systems, however, 
sliding loads and shorts are not available for all 
trequencies. Even if they were available, un- 
avoidable residual reflections at connectors would 
make it impossible 10 establish a System as accl- 
Tate as a waveguide system. The accuracy of 
a given coaxial system is influenced by a great 
numbet of factors, many of them interacting, S0 
that a simple statement of accuracy thatapplies 
to all systems is not possible. Instead an error 
formula is supplied, with some typical figures 
given as a general guide.  
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Impedance systems accuracies are shown under 
the various block diagrams. 

At this time (June, 1960) very few impedance meas- 
urements may be made with an accuracy directly 
traceable t NBS. Standard mismatches can be 
calibrated in X-band waveguide, so that if desired 
such standards could be submitted to NBS and 
then used to calibrate waveguide slotted lines. 

4.3 IMPEDANCE REFERENCES 

1) A. Fong, “Direct Measurement of Impedance 
in the 50-500 MC Range”, Hewlett-Packard 
Journal, Vol. 1, No, 8, April, 1950, 

2) W, B. Whaley, ““Good Practice in Slotted-Line 
Measurements”, Hewlet-Packard Journal, 
Vol. 3, Nos. 1& 2, September and October, 1951 

4-4 REFLECTION COEFFICIENT SYSTEM 
DIAGRAMS 

A. COAXIAL SYSTEMS -- 215 to 4200 me 

  

1) Coupling Factor: 
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3) J. K. Hunton and W. B. Wholcy, “The Perfect 
L.oad” and the Null Shift--Aids in SWR Meas- 
urements, Hewleti-Packard Journal, Vol. 3, 
No. 5-6, January-February, 1952, 

4) B C. Poulter, ““ Note on Measuring Coaxial 
Coupler Directivity”!, Hewlett-Packard Journal, 
Vol. 8, No. 9-10, May-June, 1957. 

5) G. F. kngen and R. W. Beatty, “Microwave 
Reflectometer Techniques”, IRE Transactions 
on_Microwave Theory and Techniques, Vol. 
MTT-7, No. 3, July, 1959, 

NOTE: In all measurements made in this section, 
the 211A Square Wave Generator may be used to 
modulate the source, with a 1 ke sync signal from 
a frequency standard, as in the attenuation section, 
It is not specified, however, as the lower aceu- 
racics attainable here do nor justify it. 

SEE NoTE AT BOTTOM 
[ OF PaSE 5, SECT. I 
  

              

  

      

215 - 480 mc; 606C - 5 
450 - 1230 mc; 6124+ 360A or B 250 &2 e a8 800 - 2100 me; 6L4A+ 2114 Ll 1l 

1800 - 4200 mc; 616B+ 2114 SUOE-SIREN. BOLOMETER STANDING - WAVE. 
e = @ TikeR HOURT INICATIR 
siP{een a2 Forwasn 

b+ SECONDARY 
suesiaey ooy 

& si6.6en TokeR i VENSTEL 
I a3 courer O SR = PRIMARYT teamany | oo 

PUT | 1outeur | TeRmANTion 
REVERSE JSECONDARY 
T anserel 1 
Hal o 
V | or ousL oimecTionaL courLer) 
[ 
T | 

NOTE: From 215 to 450 mc, Weinschel 50-10  than 1.05. Set reference level on 415B with tuners 
pads may be substiwted for the S724’s with a 
possible slight loss in accuracy. 

Measure impedances looking into tuners toward 
generator and PRD 6274 and adjust for swr’s less 

Joined, insert coupler, read coupling factor on415B. 

Range: Approximately 30 db. 

Accuracy: Approximately = 1 db,
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2) Directivity 
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WEINSCHEL ) PRO & 
o B s oz 1o e 

o sutgscrcn souer Snng- woe 
TehumaTIon Thhek WA NDIEAeE 

(0] 2 © 
FORWARD © reverse Eetored SRR 

e f ! 3 3 WEINSCHEL 
Gox liptesez el w0a s93C or2n a5 
e I > b - [rruas vesRTer Temnaa?l g supgsiee com. & seoen. | INPUT | Joureut | et s i iaTion & i} =   

215~ 480 me; 608C 
430-1230 me; 612A+360A/B 
800-2100 me; 614a+ 211 

[L800-4200 me; 616B+211A 

Measure impedance looking into 8724 toward PRD 
6272 and adjust to reduce swr to 1.050r lcss. See 
note in paragraph 3-5A2, Coaxial Systems. 

1) With basic line length in the systems, adjust 
the other 8724 for a null on 415B. Remove basic 
line length, insert appropriate length for fre- 
quency used, and read 415B. 

2) Reverse connections to secondary ourputs and 
read 4158, 
Caleulate directivity from 4158 readings, coupling 
factors, and correction data. 

Range: Approximately 30 db with 608C, 27 db with 
6124, 20 db with 614, 6168, 
Accuracy: Depends upon coupling factors, direc- 
tivity, swr's.  Approximately £.5 db with tner 
on PRD 627Aas shown; +1.2 db without tuner. 

  

  

    
  

    

  

          

  

            

  

b. Single Coupler: Pro 2 
2 aise 

215- 480 me; 60SC ] e o 450-1230 mc; 6124+3604/8 L S WA 
800-2100 me; 6144+ 2114 
1800-3200 me; 616B+211A REvERszlsEtannwv 

il 2oy 
e Hm e & ' \ 2 wesore & ar2a [ ot Ko S99 ar2a et 

| tnibeR TesT ¢ sescREw e scoszren comnt 
@sooen. [T e 4 wowsse [ ae ] e o SYE S ) Erred = 

WEUT IR |, soens 

@ 
Measure impedance looking into 8724 toward gen- Lo suomT 
erator and adjust to reduce swr 10 1,05 or less. 
Sce note in paragraph 3-5a2, Coaxial Systems. 

1) With basic Hne length in the system, adjust 
the other 724 for & null on the 4158, Remove 
basic line length, insert appropriate length for 
frequency used, and read 4158, 

2) Pur open and short on coupler primary arm 
ouiput and take average of 4158 readings. 

      

Calculate directivity from 4158 readings and 
correction data, 

Range:  Appraximatcly 30 db with 608C, 27 db 
with 6124, 20 db with 6143, 616B. 

Accuracy:  Depends upon directivity, swr's. 
Approximately =.3 db with tuner on generator as 
shown; approximately 2 db without tuner.
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3) Reflecrion Coefficlen 

  
  

            

        

      
  

  

              

  

  

      

    

WEINSCHEL PR D @ s Ll <58 
2 Qb Ll SOMXIAL BOLOMETER STANDENG = WAYE. 450-1230 me: 6124+ 3604 /B . TERN NI ot bt 
800-2100 mc; 6144+ 211A ey 
1800-4200 mc; 616B+ 2114 Forwaso Revemse SEcoNDARY SEOnoARY 

L3¢ L) - DIRECTIONAL OPEN) 
PRIMARY COUPLER PRIMARY g 

SUDESCHEN pUT ouTPUT Tois 
@ SwoRT 

215- 450 me; 764D) 
450- 945 mc; 763D 
940-1975 mc; 766D fr=====n 

1900-4200 me; 767D)| { 
Ol e =t = ot et | 

Measure impedance looking into 872A toward H 1 
J generator and adust for swr less than 1.0S. (See 

note in paragraph 3-542, Coaxial Systems.) Con- 
nect as shown, Put first open and then short on 
coupler, noting the 415B readings. Adjust gain 
50 as to make average of readings some convenient 
reference value, [nsert the load and read re- 
flection coefficient on the 4158, 

Range:  Approximately 30 db (.03 minimum re- 
flection coefficient) with 608C; 27 db (,045) with 
6124; 20 db (1) with 6144, 616B. 

Accuracy: Can be evaluated from formula: 

[{T -p, Dy)p, + Dr] (1 -p3) 

  

Ty 0y 

Cbees 
  

where T is transmission through coupler (.95 for 
20 db coupling), p1 is reflection coefficient at 
output_terminal of coupler, Dy is directivity of 
reverse terminal, p . is truc load refloction cocf- 
ficient, pp, is measured coefficient, In worst 
possible case, with 767D coupler, ., will be in 
error by about .05 when p, is near zero, and about 
+1.5 db in exror when py is near unity, However, 
there are s0 many factors involved that the 
probability of this much error is very low. Gen- 
erally, the crror will be less than half the maxi- 
mum possible, Errors will be less for the other 
couplers, down to about kalf as much for the 764D 
as for the 767D,
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B. WAVEGUIDE SYSTEMS -- 2.6 to 40.0 kmc 
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- ks 1) Coupling Factor: [] &70A BARRETTER 
g o [ suogscrer P T ook 

ol | v L] @romwarD <ECoNDARY 
Y Toes & si6.cen I ! ! 5 

—— coveer | 5 
WelY@ *] owoem test Iraany oureur sl 

6= 4.2 kme; B16B+2L1A+S28IA | ____ _ _ B 1    
      

  

256- 4. 
3.8- 7.6 kme; 618B+ 2814 
7.0-11.0 kme; 6204+ 2814 

10.0-15.5 kimc; 626A+M3624+ 2024 
15,0-21.0 kinc; 628A+N362A+2924 
0,0-31.0 kme; 6264+ 9384 
0.0-40.0 kme; 6284+ 9404 

Measure jmpedances looking into the tuners toward generator 
and barretter mount and adjust for swr's less than1,05, Set 
reference level o 415B with tuners joined, insert coupler, 
read coupling factor on 4158, 

  

        

     

  

     

  

  

      

2,6- 4.0 kme; 54854 

18.0-26.5 kme; PRD 620 
265-40.0 kme; PRD 618 

Range: Approximately 30 db, 

Accuracy: Approximately +.1 db. 

  

  

  

  

  

  

    

    

      

  

  

  

              

  

  

2 Diectyy 
2.6~ 4.2 kmc; 616B+2114+52814 55 7 ime chomeann o 
7,0-11.0 kme; 6204+ 281A T 

10.0-15.5 kmc; 626A+M362A+ 2924 2.6-12.4 kmc; 281A+ 4204 
115.0-21,0 kmc; 62BA+N362A+ 2924 12.4-18.0 kme; P421A 
120.0-31.0 kmc; 6264+ 9384 CRYSTAL 18.0-26.5 kmc; PRD 66035 
[30.0-40.0 kmc; 6284+ 9404 MOUNT 26.5-40.0 kme: PRD 6606 

| aaaas IS_ g ® S ol 5 d ! o 
SLIESCREN PRIMARY UNDER TEST Ferimary HOVING 

& SI6.GEN TURER IREYTS RSP Lowt e 
] 

Measure impedance looking into 8704 toward gen- @ ) A e 5 
1) With maximum output from signal generator, 
move 914 load and note maximum and minimum 
415B readings. Note generator artenuator setting. 

2) Reduce generator level. Remove 914 and in- 
stall 920A. Move 9207 and adjust generator level 
1o get average 4158 reading equal o maximum. 
obrained with 914. 

source, etc, 

      

From change in gencrator atenvator reading and 
4138 readings, calculate directivity. 
Range: Approximately 40 db with 20db coupler and 
0 dbm source, 60dbwith 10dbcaupler and +10 dbm 

Accuracy: Approximately +1 b,
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3) Reflection Coefficient: 
  

  

  

& 
a8 

2.6+ 4.2 kme; 6L6B+21LA+S281a 
3.8- 7.6 kme; 618D+ 2814 STADING -wav 
7.0-110 kme; 620+ 2813 (e 

10.0-15.5 kmc; 6264+M362a+ 2024 ¥ 
15.0-21.0 kme: 6284+ N362A+2924 
120,0-31.0 kme; 626+ 9383 AR 
[30.0-40.0 kme; 628+ 9404 an 

  neverse Toccobany 

Appl. Note 21 

2.6+ 4.0 kme; S485A 
4.0-12.4 kme; 4838 

12,4-18.0 kme; Narda 529 
18.0-26.5 kmc; PRD 620 
26.5-40.0 kme; PRD 618 

  
          
  

                    

  

  

      

  

  

  

  

  

    

    
  

    

  

BED ) % ® 3 
el a70a 752 stoa o} aa 

N secsr o g Hsi0.6En Toves G Tores Lo 
FRIMARY INFOT FRIMARY OUTPUT 

1. With 914 on the system, mave and adjust ad~ () 
Jocan: §70A for steady 413D reading. @] son e 
2. With 920A on the system, move and adjust i 
8704 on the generator for steady 4L5B reading. 
Put fixed short on the system and st level for . 
sultable reference xeading on 4158, r 3 
e @ oao 1 . Puc load on the system, and read reflection ] o 
coefficient on the 4158, I H 

ol o Y 
Range:  Approximately 30 db (.03 minmum re-  Accuracy: 
flextion coeflicient). Approximately £ .2 db, 

4-5 IMPEDANCE SYSTEM DIAGRAMS 

o A COAXIAL SYSTEMS -- 50 to 500 me o 
STANING - WakE Impedance: Thoicaror 

Adjust the 8034 for a null. The magnirude 53 
and phase of the impedance are then tead | 50-480 me; 608C @ 
on the 8034 and corrected. Greater sen- ~HS50-500 me; 6124+ aima 
sitivity may be obtaincd by modulating the 3604 
sigral at 1 ke and using the 4158 ith e 
the 4174, T 

romai 
o[ Range: 2 1o 2000 ohms, -50° 1o +90°.  |[eH{Eeffored e N 

) - 1 unogR TesT | 
~ 1 i 

Accuracy:  +2% in magnitude, + 1.2 @ 515 Gen SRt ool   

  

        phase (corrected).   
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B. COAXIAL SYSTEMS -- 500 to 4200 mc 

1) Probe Detector Lay 
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500-1230 mc; 6124+360A/B. 
800-2100 mc; 614A+211A 

[1800-4200 mc; 616B+2114 

2) Residual Reflection. 

Use null-shift technique to measure the 
residual reflection from end of line. 

Accuracy:  Approximately £.01 in swr. 

500-1230 me; 6124+ 3604/B 
5002100 mc; 6144+ 2114 

1800-4200 me; 6L6B+2114 

3) Impedance: 

Make swrand minimum position meas= 
urements, apply corrections to obtain 
impedance. Use the double-minimun 
method for large swr’s. 

  

Accuracy: Depends on SWI. Approxi- 
mately +.01 fn swr attainable for low 
swr's. 

500-1230 me; 6124+360A /5] 
800-2100 me; OL4A% 2LLA 

1800-4200 me; 6168+ 2114 

      

= [500-1000 me; Wetnschel 50-10 
B1575 1- 4 kme; Weinschel 210410 

SN W oG 

- ol 
{oouee | Fixe &L <5 ! + UNDER TeST ATTENUATOR 1 ! o SN 

& sicoen e | v o LMokt         

Compare the 415B readings to determine the de- 
parture from square law of the probe detector on 
the line under teat, 
Range: 30 db 
Accuracy: +.1 db (interchange 4138’6 andaverage 
esults 1o cancel 4158 errors), 

  

      

  
  

    

  

          

  
  

  

          

  

  

  

    

          

  

[ 

= = 
i T wnoi et - 

% 516 GEN i o SET 

® 

f 1 . 
() s ) UNDERTEST | 

316 GEN. LINE ¥ ! 
P iy         |— 
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C. WAVEGUIDE SYSTEMS -~ 2.6 to 40.0 kmc 

  

  

      
    

  

          
    

                    

1) Probe Detector r3 2,6- 4.0 kme; 54854 
Law: ) 4.0-12.4 kme; 4858 

12,4-18.0 kme; Narda 529 
STANDING-BhvE 18.0-26.5 kmc; PRD 620 
NGO 26.5-40.0 kmc; PRD 618 

T 
B O ! i oa a0 W une mererren || 

® si6.cen I ATIENIATIR INDGATOR e ol 

Compare the 415B readings to determine the 
2.6- 4.2 kmc; 616B+211A+52814 departure from square law of the probe detector 
3.8~ 7.6 kmc: 6188+ 28LA on the line under test, 
7.0-11.0 kinc; 6204+ 2814 

10,0-15.5 kme; 62643 M3624+ 2924 Range: 30 db. 
15.0-21.0 kme; 6284+ N3624+ 2924 
20.0-31.0 kime; 6264 9384 Accuracy: +.1 db (interchange 4158’ andaverage 
30.0-40.0 kme; 6283+ 9404 results to cancel 415B errors), 

  

B 
w58 

  

STANDING - WAVE 
      

      

  
  

          

            

      
   

  

  

= 
B il o & 

I )] o 
i & S GEN e S ¢ . 

2.6~ 4.2 kme; 616B+211A+8281A 
3.8- 7.6 kmc; 618B+2B1A 
7.0-11.0 kme; 620A+2814 

10.0-15.5 kmc; 626A+M362A+ 2924 Use sliding-load technique to measure residual 

1 15,0-21.0 kmg; 628A+ N362A+ 2924 reflection from the end of the line. 

  

20 
304 

31,0 kme; 626A+9384A 
0.0 ke 628+9401 Aceuracy: Approximately + 001 in swr, 
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3) Impedance: = 

138 

o 2.6+ 4.0 xmc; S810A 
18,0 kme; 809B+ B10B. 

it -40.0 kme; BL4B+815B 
@ 

oy R 4368 
Proee 

f r5 = e [ S HEg ! ] sLoTTED Lono 
o) LINE ! uNER TesT ) 

' BSI6 GEN i 4 

L6~ 4.2 kmc; 616R4 211 A+ 52814 
- 7.6 kinc: 6188+ 2814 Make swr and minimum position measurements 

11,0 kine; 6201+ 2814 t obrain impedance, Use double-minimum for 
10:0-15.5 kme; 626+ M3624+ 2924 large swrs. 
15.0-21.0 kime; 628A+ N3624+ 2924 
20.0-31.0 kmc; 626A+938: Avcuracy: Depends on swr. Approximatclys 01 
30.0-40,0 kme; 6283+ 9404 in swr attainable for low swr's, 
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FORMULA FOR ERROR 
IN DC MEASURENENT: 

Error in dt voifoge or current, 
Tofal bolometer power. 

P« Pouer being meosured 
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TOTAL POWER REQUIREMENTS FOR BOLOMETERS IN COMMON USE 
I Low power barretters such os the PRDE27 about 4mw. 
2. Doutle thermistor mouats such os the £47781 obout 30w, 
3. Single thermistors such as the £487 series and other borretters 

sueh o5 the Sparry 521 used in $488s ! Inthe ronge 2-16mw 

  

  

  

  

  

                          

                    
  

            

      
  

  

SUBSTITUTION POWER- MW 
DG MEASUREMENT ACCURACY- 21/4% b 
4F MEASUREMENT ACCURAGY- % OF FULL SCALE 

Figurc 5-1. Typical Possible Errors in Measurement of Substitution Power 

 



& 
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5.1 GENERAL DESCRIPTION 
Measurement systems for power include a man- 
uatly balanced bolometer bridge for low power 
levels and a calorimetric power meter for higher 
levels. Peak power measurement techniques arc 
discussed in paragraph 5-3. The measurement 
of bolometer mount efficiency is included with the 
system diagrams, but the required components 
are not included in the appendix. Most of them 
will already be on hand for other measurements, 
but the variable resistance bridge must be con-. 

  

    
structed. More complete information on the 
technique is included in paragraph 5-4, Power 
References 1 and ; and in paragraph 1-5, General 
References 1. 

The manvally balanced bolometer bridge is used 
to measure power up to about 25 milliwaits in 
coaxial systems and to about 12 milliwatis in wave- 
guide systems. At levels which are low compared 
to the total power required by the bolomerer, audio 
power is substituted for 71 power, with constant 
de power used for bias and balance indicacion. At 
higher Jevels dc only is used, varied for balance 
with and without £f power applied. 

In the measuremenr of the substitution power, 
although dc power can be measured with greater 
accuracy than af power, the net error is increased 
when differences are taken, as in the all-dc mea- 
surement.  Consequently, the accuracy varies 
according o the total bolometer power and the rf 
power being measured. As the rf Level is de- 
creased, the error increases. The point at which 
greater accuracy ia attainable with af substitution 
depends upon the accuracy with which the af can 
be measured. 

Figure 5-1 gives some typical accuracy curves 
for various bolometers, based on the measurement 
of de voltage or current at any level 10 21 /4%, 
and the measurement of at voltage with a 400H, 
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SECTION V 
POWER SYSTEMS 

accurate 1o+ 1% at full scale. Belowabout | milli- 
watt, temperature drift will make the indicated 
aceuracies increasingly difficult to attain, The 
de formula used is shown on Figure 5-1, 50 that 
it can be applied for any particular case, All that 
is nccessary to apply the formula is to change 
the scale of the vertical axis. 

DG instrumentation is not specificd, as labora- 
tories acquiring microwave standards are in gen- 
eral already equipped with adequate dc equip- 
ment. The range of dc (o be measured is approxi- 
mately 4 to 30 ma (bridge curzent) or 4 10 2.5 volts 
(bolomercr voltage). The gaivanometer should 
have a sensitivity of about .1 microamper per 
division or betrer. 

If desired, a Weinschel Model PB-1 Precision RF 
Power Bridge or Model TB-2 Precision 1 Mills 
watt Thermistor Bridge may be substituted for 
the K04 9994. These bridges are capable of 
+.25% and +.1% accuracy, respectively, in the 
measurement of the substituted power. The PB-1 
Tequires external de measurement equipment, 
while the TB-2 is completely self-contained. The 
TB-2 measures power very accurately at the 
1 milliware level by means of a bolometer mount 
calibrated by NBS, and is intended basically to 
calibrare signal generator output. 

  

The calorimetric power meter is used for powers 
from 10 milliwatts to 10 watts, This instrument 
may be used directly with an error less than £ 5%. 
With appropriate techniques the error may be 
reduced even more, To obrain greater accuracy, 
de instruments are used to check the calibration 
at de, a tuer is used to eliminate mismatch 
losses, and an efficiency correction s added to 
the reading. The de calibration of the 4344 may 
be carried out with an KOL 434A or witha dc 
source and instruments capable of measuring up 
1010 watts into 50 ohm. 
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5-2 ACCURACY CONSIDERATIONS 
In general there are three sources of error ina 
microwave power measurement in addition 0 the 
error in measurement of the substitution power. 
They are mismatch loss, rf loss, and substi- 
cution error. 

Mismatch loss may be evaluated by usfng Figures 
3L and 3-2, but in general it can be stated only 
as lying berween two limits, If it is eliminated 
by using a tuner to tune the load to the line or for 
maximum power transfer, the tuner loss itself 
must be evaluated, 

Substitution error reaults from the fact that dif- 
ferent amounts of microwave and low-frequency 
power may be required to produce the same effect 
on the resistance of a bolometer. Various in- 
vestigations have shown that up to the X-band 
region the error is probably less than 1% for the 
bolometers commanly used. 

RF loss occurs in transmission line sections, 
dielectrics, contacts, efc., and causes the ef- 
ficiency of all bolometer mounts and most calo- 
rimeters to be Jess than 100%. The efficiency of 
a mount is difficult tameasure accurarely, although 
a technique applying only to barrerters has been 
developed by NBS. A system employing this tech- 
nique is shown in a blockdiagram, paragraph §-5C. 

A useful service Is offered by NBS (onlyin X-band) 
to aid in making accurate microwave power meas- 
urements, A power standard consisting of a di- 
rectional coupler with a bolometer mount on the 
secondary arm may be submitted for determin- 
ation of its **calibration factor””. This is the ratio 
between the substitution power in the mount and 
the microwave power incident upon a perfect 
termination o the primary arm. It thus includes. 
coupling factor, mount efficiency, substitution er- 
ror, and mismatch loss all in one factor. Such a 
device may be used with the power measurement 
system shown here to establish a known micro- 
wave power level to calibrate a second mount, 
which in_turn js nsed to measure an unknown 
power. If the substitution power is measured with 
NBS calibrated de or ac equipment, the whole 
measurement accuracy is traceable to NBS. The 
calibration of the second mount includes substi- 
tution error aa well as mount efficiency, and is 
referred to by NBS as the “‘calibration factor’ 
of the mount, Calibration factors on individual 
mounts are available from NBS as well as on 
mount-coupler combinations, both to 1%, accuracy. 
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For calorimetric measurements with the 434A 
Power Meter, only the measurement of de cali- 
brating power is traceable to NBS. Substitution 
error is negligible, but mount efficiency and 
mismarch Loss must be taken into account. 

5.3 PEAK POWER MEASUREMENT 
TECHNIQUES 

Several possible techniques for the measurement 
of peak power are discussed below as a general 
guide. In all cases, atrenuators or directional 
couplers may be required to reduce the signal 
Jevel before measurement. The attenuation intro- 
duced must be measured accurately and taken into 
account. Further, careful atteation must be paid 
to mismatch considerations throughout the system. 

A. AVERAGE POWER-DUTY CYCLE Techuique 
Peak power may be calculated from average 

pawer, pulse width, and repetition rate. This is 
the simplest and most common technique, but it 
gives only the average height of the pulse, and 
may be inaccurate if puise width is difficult to 
measure accurately. It cannot be applied where 
the average power is below the range that can be 
measured with bolometers. 

B. NOTCH WATTMETER Technique 
The 1f pulse is detected with a crystal and 

presenced on an oscilloscape. The output of a 
signal gencrator is also fed into the crystal. If the 
generator can be pulsed off and the notch thus 
formed positioned to coincide with the unknown 
pulse, the signal generator level can be adjusted 
in magnitude to match the notch to the pulse. If 
the pulse is uneven, the notch may be adjuated to 
match any point desircd. Since they are equal, 
a measurement of the generator power gives the 
pulse power. This system works for peak powers 
within the range of bolometers, o is considerably 
more sensitive than technique A above, A draw- 
back is that some signal generators cannot be 
pulsed off. 

C. CW-PULSE COMPARISON Technique 
This is a simplification of Technique B, The 

setup is the same, without the notch, The pulse 
power and cw power from the gevexator add in 
random phase, giving rise to a filled-in pulse 
above and below the cw line on the oscilloscope, 
Since there is no hase line corresponding to
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the cw, the cw cannot be adjusted to equal the 
pulse. However, if the adjustment is made so that 
the pulse appears with its bottom edge in line with 
the cw line, this corresponds to peak power equal 
to twice cw pover, or 6 db higher, 5o that again 
the pulse poer may be found from a measurement 
of the cw. This system may suffer from inter- 
action between the twa sources, as they are both 
on at the same time, and is 6 db less sensitive 
than Technique B. 

D. BARRETTER INTEGRATION- 
DIFFERENTIATION Techmique. This system 

relies on the time constant of a barretter 1o inte~ 
grate the pulse. The resulting audio signal is 
amplified and then differentiated to give the original 
pulse shape, which can then be examined and mea- 
sured with audio techniques. This technique is 
used by the Sperry Model 630 Peak Power Meter. 
An excellent discussion of this and other techniques. 
is contained in reference 3, paragraph 5-4, 

5-5 POWER SYSTEM DIAGRAMS 

A. BOLOMETRIC MEASUREMENT 
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Method of Measuring Efficiencies of UHF and 
Microwave Bolometer Mounts”, Journal of 
Research, NBS, Vol. 54, No. 6, June, 1955. 

3) Sperry Gyroscape Company, Application Bul- 
letin 60-70-AB1. 

4) “Use of the ‘Notch Wattmeter’ with & Signal 
Generators”, Hewlett-Packard Journal, Vo7, 
No. 4, December, 1955. 

  

  

  

  

  

      

  

  

            

o oc 
1} Coaxial System -~ 10 to 4000 me: BATTERY MILLIAMMETER 

r " = 
i HERNSTOR MO K04 S998 . i e & SavaNOMETER 

1 i PRD 6278 LONETER [P ' i sou0kees w1 w1 

@ 3 20008 00w 

  

215-4000 me; 8724 

NOTE 
1t an 8724 is used in the range 215 o 
450 me 10 reduce the errors, it maybe 
necessary to use the 1/4 wavelength 
line supplied with the K03 999C to ex- 
tend the tuning range down 10 215 me. 

wa 

Measure power with the PRD 6274 using af sub- 
stitution from .1 to .7 mw and dc substitution from 
7t 3 mw. Measure power with the 4778 using 

  

senan e ¢           
af substitution from § to 5 my and dc substitution 
from 5 to 25 mw. 

Range: 1010 500me - L to25mw. 
500 t0 4000 mc -- .1 to 25 mw. 

Accuracy:  See Figure 5-1. Overall accuracy 
figures should include mount cfficiency and tuner 
1oss, both of which may or may not be significant. 
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2) Waveguide System -- 2.6 10 40.0 kme: 

&V 4 Mesure. prones vith the 373 or SISEA uaing af 
substitution from .1 to 5 mw and dc substitution 

from 5 10 12 my. 1 13 
] ® Goamn ot 2o 05 Bos — 

i et 

e i 
e e et o |,           figures should include mount efficiency and tunet 
loss both of which may or may ot be significant. 

B. CALORIMETRIC MEASUREMENT 
de- 215 me; omit 

1) Coaxial System -- dc to 4000 me: 215-4000 me; 872A(see note in paragraph 5-5A1, 
Coaxial Systems) 

  

  

  

      

  

  

      

ooy 
1 h 
! sovmce - Toner = 
(M srhl \ ] 

o1 Baan Fat weick 

e TE8 s \ 

= _/' Range: .01 to 10 watts, 
2av e oc MILL- Accuracy: £1/2%, at de to SoURCE VoLTHETER| g 

e 3 +1-1/2%at 4000 me (exclusive           of wner loss). 

Calibrate at de using either KOL 4344 or other source, tune out mismatch, apply efficiency corrections, 

2) Waveguide System ~- 2.6 10 12.4 kmc; 

    

  

  

  

  

      

  

  

  

-==-=1 f I B oot EX 500 J o 
) | e L e 1 f, ] i s s & SRIE 
Calibrate at de using etrer K01 4344 or cther source, [— e 
tune out mismatch, apply efficiency corrections. e i 
Accuracy: £ 1 ar 2,6 kme to 3% at 12.4 ke e \ 
(exclusive of thver loss). 

oc aavoc e i 
Range: 01 t0 SouRcE aimTen vouTETER 

  

              10 waus,



Appl. Note 21 

  

  

  

  

  

                      
  

  

      

  

        

        

Sect.V Page 

C. BARRETTER MOUNT EFFICIENCY MEASUREMENT 

sla 
L= 

Norike (0] o 

& e 3 & 3 avswe | @ s7on ETons s s7on a858 15 poeic M = > st suoesien 0z s accs stne-pie i Gy Tiek it [ 
O vz 

s 
H I BARRETTER 
V  wognr ., |@ it Shieed KISTRON, R | 5 SouAC ehenaton, 
1 1 i 

® 2iin 
GALVANOMETER| 

1+ v 
vaRiapLE RESISTANCE oo R 

o [ 
rowensuppy [ | sTanoen     

  

  

1) Tune out coupler directivity signal. With 914 
am line, adjust B70A #1 for steady reading on 4158 
as 914 is moved. 

2) Tune detector and set reference level, With 
calibrated adjustable short on line, adjust 8704 #2 
for steady reading {less than about 1.5 db varia- 
tion) on 415B as short is moved. Ser short 
give average reading on 415B 1f steady reading not 
achieved. Set level for full-scale reading on 20 db 
range of 415B with maximum gain. Switch to 
EXPAND and 30 db range, adjust gain for full- 
scale reading, 

  

3) Tunc barretrer mount under test, With mount 
on line, adjust its tuner for null on 4158 while 
variable resistance bridge is balanced at 200 ohms. 
4) Measure reflection coefficient. Change re- 
sistance of bolometer by means of bridge. Balance 
at_values of abour 160 and 240 ohms and read 
415B.  Readings should be near full-scale on 
50 db range. 
Galculate mount efficiency, applying corrections 
for 415B readings and short efficiency. 

  

See General Reference 1, 
more detail, 

paragraph 1-5, for  
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INTRODUCTION 
The appendix lists compatible equipment for meas- 
urement of {requency, power, impedance andatten= 
uation, In addition (o ordering information suchas 
manufacturer and price, the equipment list gives 
the type of measurement and the frequency range 
50 that equipment can be specified for a given 
measurement and for a given frequency range if 
desired. 
For example, the heading, Instrument Quantities, 
(see next page) is dividedfirst intocoaial systems. 
and waveguide systems, Dach system category 
is then divided by frequency range and under fre- 
quency range the measurement categories appear. 
(F} designates frequency, (A) atcenuation, (1) im= 
pedance and (P) power. Thus, the first vertical 
column (R) on the left Hists quantities of equip- 
ment for measurement of frequency below 1 kme 
in coaxial systems. 
Horizontal rows indicate the measurements for 
which a given unit is used. For example, an & 
Model 6168 Signal Generator, is used in frequency, 

Appendix Page 1 

APPENDIX 

attenuation, and impedance measurements from 
2-4 kme in coaxial systems and from 2.6 - 4.0 
kmc (S band) In waveguide systems. Thus, two 
616s are sufficient to make any measurment 
required. However, if it is desired to make all 
six_measurements simultancously, eight 616B's 
would be needed, Prices shown are unit prices. 

‘Table 1 shows electronic type instrument quaatities 
used in coaxial and waveguide systems and Table 2 
shows quantities of actual waveguide type instru- 
ments Which are uscd in waveguide systems, Thus, 
10 order equipment for coaxial systems consider 
items in Tables | and 3 and for waveguide systems 
items in Tables 1, 2 and 3. 

Since price varies with waveguide band, the price 
is shown for each band in Tables 1, 2and 3. 

Miscellancous equipment useful for all measure- 
tments 1s listed in Table 3. 
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TABLE 3, MISCELLANEOUS EQUIPMENT 

Tn addition to the equipment in the Master List, any Set-up requires a number of 
miscellanequs instraments, components and hardware such as those listed below, 
RF cables are supplied with some signal generators. Type N shorts are supplied 
with the 760 series coupler, the 8034, and the 8034, Crystals are supplied with 
siotted line probes. 

  MODEL DESCRIPTION TYPICAL MFR.  PRICE 

HARDWARE 

Adaster, Type N, Male-Male(tiG-578/0) Gremar 
Adapter, Type N, Female-Female (UG-29B/U) or 
Adagter, Type N, Male to BNC Female (UG-2014/U) Amphenol 

  

8a-76H 

Adapter; Male BNC to Binding Posts 
‘Adapter, 115 volts, 3-wire to Z-wire 

Baryetters (Sperry 821, PRD 617, 631-C, Narda N-604) 
Cable Assembly, Type N, Female-Malc 
Cable Assembly, Type N, Male-Male 
Gable Assembiy, Type N. Malc-Male (above 4 kmc) 
Cable Assembly, BNC, Male, Male 
Cable Assembly, BNC Male to Twin Banana Plugs 
Cable Assembly, Banana Plugs to Banana Plugs 
Crystals (IN21, 1N23, 1N26, 1N53, IN78, 1N1132) 

Modificd erystals, IN25, 1N53, 1NT8 
Headphones (for use with 4174) 
Leads, alligator clip to alligator clip 

Lead, alligator clip to banana plugs 
Short, Type N, Female 

B03A-T8G Short, Type N, Male 

    

T384R 

T30AR 

: 

Tee, Type N, Female (UG-28/1) 
Tee, BNC (UG-274/U) 
Waveguide Clamp (for use in Model 24) 
‘Waveguide Short (blank flange) 
Waveguide Shorting Switch 
Waveguide Stand 

TEST EQUIPMENT 

Stas Frequency Oscilloscope 
325 Gain Amplifier 
2w Tube Valtmeter 
e Tibe Voltmeter (unless tneluded for 

measurements) 

  

  

  

CALIBRATION EQUIFMENT    

   
or calibrating 

esailloscopes) 
e Tast Set (measure VIVM frequency 
e of 850 ke to 11 me) 

s of T33AR down to 5 cps} 
  

    

Coraish Wire, 
‘Hubbel 

Sperry, PRD, Narda  — 

B 
@
 

  

Sylvania, Micro- 
wave Associates 

& Write 
Trimm 

Herman H, Smith = 
or Insuline 
General Radlo o 

& 
Gremar or 
Amphenol    

2 1100.00 
% 200.00 
& 245,00 
& 325.00 

@ 875.00 

® 450,00 

& 185.00 

 





   


