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1-1 MICROWAVE STANDARDS

Microwave communications have created a demand
for microwave devices of all kinds. To support
the research, engineering, production and testing
of these devices, new microwave standards lab-
oratories have become necessary.

There are many important considerations involved
in establishing a microwave facility. Three sig-
nificant ones are:

1) Since accuracy is important, special measure-
ment techniques are usually required.

2) A good compromise between accuracy and cost
must be reached,

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

This prospectus gives brief information 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 equipment, including manufacturer,
type and price, which a standards facility can
employ to make the measurements shown, The fre-
quency range covered varies with the measurement,
but is generally from 10 mc to 40 kmec.

1-2 PROSPECTUS DESCRIPTION

This publication contains five sections and an
appendix, Sections II through V discuss the gen-
eral 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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GENERAL

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 to
make the measurements in each frequency range.
Thus it provides all the information necessary to
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 system is adopted in place of or in
addition to the one recommended.

1-3 TRACEABILITY TO THE NATIONAL
BUREAU OF STANDARDS

In each of the following measurement sections the
traceability of the calibrations toNBSisdiscussed,
and the equipment to be submitted to NBS is
specified. Informationon the facilities and services
of the National Bureau of Standards Electronic
Calibration Center at Boulder, Colorado, is con-
tained in NBS Report 5589,

1-4 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 extremely important in stand-
ards systems, special techniques are usually
required, Because of limitations of space, the
technical information presented here is very brief.
However, more detailed information is available.
The following list includes several comprehensive
references. References dealing only with a
specific type of measurement are listed in the
appropriate section,

1) Hewlett-Packard Company, Application Note
38, ‘““Microwave Measurements for Calibration
Laboratories’’.

Appl. Note 21

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. series).

4) M. Wind and H. Rapaport, ‘‘Handbook of Micro-
wave Measurements’’, Polytechnic Institute of -
Brooklyn, New York, 1955,
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2-1 REFERENCE FREQUENCY STANDARDS

One of the essential items in a standards 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 other
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 instrument which should be, as far as pos-
sible, available at all times, for use at any lo-
cation desired. Hence, the most 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
WWYV. 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 WWV at a
distance from Washington are subject to errors
due to fluctuations of the ionosphere which cause
Doppler shift of the received frequency. In order
to increase accuracy by minimizing this effect,
provision may be made for making time compar-
isons, using the time ticks broadcast by WWV,
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 WWV, Over a long period, this
averages out the short-term fluctuations, and
allows the average oscillator frequency to be de-
termined to very nearly the accuracy of thetrans-
mitted signal at WWV, The following table which
gives the pertinent figures in parts in 1010 |
demonstrates the necessity of time comparisons
for realizing the greatest possible accuracy. These
values are, of course, all approximate.
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SECTION I
FREQUENCY SYSTEMS

Relative accuracy by Direct
Frequency Comparison . . . .. ..

Short-Term Stability of Oscil-
lator (LOOE or S284)."s . . » & ok b +300/1010

Short-Term Stability of Oscil-
TN TGRS 1., . . e s el +5/1010

Relative Accuracy by Time Com-

parison, 24-hr period (depends upon

distance from WWYV and reception

conditions) . . .« . . . . . . +171010 to + 100,100

The block diagrams in paragraph 2-5 show alter-
nate frequency standard setups and indicate the
attainable accuracy at a distance from WWV, For
time comparisons, either the 103AR Frequency
Standard or the 100ER Frequency Standard may
be used as the basic standard. The 103AR pro-
vides greater stability, as shown above, while
the 100ER, designed for use as a secondary stand-
ard, provides a greater variety of outputs. The
113AR Frequency Divider and Clock provides
1 pulse per second to trigger the oscilloscope
which displays the WWYV ticks, At the beginning
of the comparison period, a reference position
for the ticks on the trace is established. At the
end of the comparison period, the pulses from the
113AR are shifted in time by adjustment of a cali-
brated shifter to restore the ticks to the same
reference position on the oscilloscope. The shifter
is then read to determine the difference in elapsed
time indicated by the clock relative to WWV, For
frequency comparisons only, the 113AR is omitted.
Because of the lower attainable accuracy in this
case, only the standards with lower stability are
shown in the diagram,

When the 524 specified in all the measurement
setups 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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10,000
(PULSE OR SQUARE WAVE) ) ; PERIODS
O 524
e \ INTERNAL
ANDARD
p——— — ——[——— - ——— | — ——— | —— [ —— ] {£3/108 SHORT
TERM. +5/108
PER WEEK)
.0tCPS CPS ICPS 10CPS 100 CPS IKC [0KC [00KC IMC tOMC
FREQUENCY
G-L-420
| NUMBER OF PERIODS
< I > | €— |0 —>|€—100 —>{ €= |000—>{«=[0,000-»| +——— (ALWAYS COUNT IOMC)
'lOO SEC 10 1Mo o 1o Hio IISEC «——TIME REQUIRED
FOR MEASUREMENT
Figure 2-1. Attainable Accuracy Using 524C or 524D with 526C

{
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2-3 MEASUREMENT ACCURACIES

Frequencies up to 10 mc are measured directly
with the 524 Frequency Counter. The accuracy at
10 mc is essentially that of theinternal or external
standard for a gate time of ten seconds. However,
at lower frequencies the +1 count tolerance in-
herent in any gate and counter instrument must be
taken into account and causes the possible error
to 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 measurements
improves as the frequency is reduced, this im-
provement is not necessarily realized in practice.
If the signal consists of square waves or pulses
with a fast risetime, theinternal standardaccuracy
may be reached, but with sine waves any noise
present causes gate trigger accuracy todeteriorate
as the rate of rise of the signal decreases. Con-
sequently, a lower limit is put 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 unknown. With the 524 alone, one- and ten-
period measurements may be made. With the
addition of the Model 526C Period Multiplier,
measurements can be made up to 10,000 periods,
allowing the basic accuracy of the 524 to be 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 greatestaccuracy. Slightly greater accuracy

Period Measurements Count 10 mc for:

Below - 1 cps 1 period
10 periods
100 periods

1,000 periods

10,000 periods

Measure frequency with

lcps to 10cps
10 cps to 100 cps
100 cps to INke
10 ke

10 ke

1 kc to
Above -

10-second gate
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can be achieved when measuring noise-free signals
up to 1 kc by taking 10 times as many periods, but
the measurement time will then be from 10 to
100 seconds.

To make measurements above 10 mc the 10 mc
frequency available in the 524 is multiplied an
appropriate amount and then heterodyned with the
unknown so that the difference falls within the
range of the 524, Two units are used to extend the
range in this way. The 525A Frequency Converter
operates from 10 to 100 mc, the 525B Frequency
Converter from 100 to 220 mc,

Above 220 mc, measurements are made using a
Model 540B Transfer Oscillator. The 540B con-
tains a 100-220 mc oscillator which is tuned so
that one of its harmonics beats with the unknown.
The order of the harmonic is determined by a
simple technique and the transfer oscillator fre-
quency is measured by the 524-525B combination,
From 12.4 to 40 kmc, an external mixer is used.
In addition, from 18 to 40 kmc, the harmonics
from the 540B harmonic generator are amplified
and applied to an external harmonic generator
to get sufficient harmonic power,

Above 220 mc, the short-term 540B oscillator
stability and operator error in setting tozero-beat
must also be taken into account. The lowest
attainable error of comparison due tothese factors
amounts to about +1/10/ under the best conditions.
This should be added to the other possible errors
above.

Measurement of the resonant frequency of passive
elements 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 415B is
used as an indicator. With frequency-modulation,
an oscilloscope is the indicator.

2-4 FREQUENCY REFERENCES

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

2) W. D. Myers, ‘““Simplified Microwave Frequency
Measurements using the 10 MC Frequency
Counter’’, Hewlett-Packard Journal, Vol. 3,
No. 5-6, Jan. - Feb., 1952.
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3) D. Hartke, ‘““A Simple Precision System for
Measuring CW and Pulsed Frequencies up to
12,400 MC*’, Hewlett-Packard Journal, Vol. 6,
No. 12, August, 1955.

Notes: The 120A Oscilloscope, or equivalent, is
recommended for use with the 540B for greater
flexibility in signal presentation, although it is
not essential,

The 540A may be used up to 5 kmc in place of
the 540B. With a 934A Harmonic Mixer and a
P932A Harmonic Mixer it may be operated from
S to 18 kmc.

2-5 HOUSE STANDARD SYSTEM DIAGRAMS

A. TIME COMPARISON

@i03ar| | ® 13ar]| | % 1204R l
FREQ. FREQ. DIVIDER

STANDARD AND CLOCK 0SCILLOSCO

(TICK DISPLAY) RO

tp7244R

STANDBY
POWER SUPPLY

Stability - +5/1010 per day (103AR)
+3/108 short-term, + 5/108 per week
(100ER).

Accuracy of comparison with WWV - approxi-
mately +1/108 over 24-hour period under poor
conditions, to 11/1010 under good conditions,

B. FREQUENCY COMPARISON (Alternate)

3 100ER @ 1208R l
RCVR

FREQ. [
STANDARD 0SCILLOSCOPE!
(OR 524C (LISSAJOUS
OR 5240) DISPLAY) RO

Stability - +3/108 short-term, +5/108 per week.

Accuracy of 7comparison with WWV - approxi-
mately £ 3/107.
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2-6 FREQUENCY SYSTEM DIAGRAMS

A, ACTIVE SOURCES

Below 1 cps to 10 kc:

[————-
| .‘, ® 524
| FREQUENCY
I AcCTIVE | COUNTER
| SOURCE
L *» 526C
] i PERIOD
LN J MULTIPLIER
RS
up to 1 ¢ps count 10 mc for 1 period
lcpsto 10cps 2 % 10 periods
10 cps to 100 cps *’ > 4 100 periods

LS ito ke o2 o i 1,000 periods
1 kcto 10kc *» " * 10,000 periods

-

10 k¢ to 10 mc:

e e
! |
| | & 524
I L » FREQUENCY
| ) COUNTER
I |
| P |
RO

Count unknown using 10-second gate

10 mc to 100 mc:

k --1| & s24
| l FREQUENCY
I ACTIVE COUNTER
I SOURCE
1 \ #p 5254
¢ ' “|CONVERTER
— — )
RO
L
100 mc to 220 mc: I
R & s24
' : FREQUENCY
I acTive | COUNTER
SOURCE
& 5258
! r
L § T CONVERTER

RO
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220 mc to 12.4 kmc:

®
120A
0SCILLOSCOPE
= #p 524
5 ¥} T FREQUENCY
' ' COUNTER
| acmive | 54? P
SOURCE  |— > B @
L}
I i TRANSFER CONVERTER
e e OSCILLATOR "
12.4 to 18 kmc: ®
120A
0SCILLOSCOPE
B T H s24
} | & FREQUENCY
} oactive ! P932A 5408 COUNTER
souRcE —— &
| ! HARNONIC TRANSFER % s258
! | MIXER L e s e
| ST )
RO
18 kmc to 40 kmc: 1204
0SCILLOSCOPE
=T ﬂ| 524
| & ‘ FREQUENCY
| l 4 4 COUNTER
ACTIVE 752A 5408
| SOURCE b—» > MIXER
| DIRECTIONAL TRANSFER | # 5258
| ' COUPLER oseilLaTR [ lconverTER
|Ertmny e f
RO
&
HARMONIC 49|A
BRNERIAG TRAVELLING WAVE
TUBE  AMPLIFIER

€ 18 - 26.5kmc; MA 1039C

26.5 - 40 kmc; MA 513E

Accuracy: 1 partin 107.
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B. PASSIVE ELEMENTS -~ 1) Coaxial Systems

Appl. Note 21

10 to 1230 mc: IZ@)A 10- 100 mc - 525A
100-1230 mc - 525B
0SCILLOSCOPE
y
524
FREQUENCY
COUNTER
5408
TRANSFER r CONVERTER
0SCILLATOR
{220 TO 1230MC)
 SIG. GEN. /——OMIT FOR WAVEMETER WITH BUILT-IN INDICATOR——
r i ® ®
ATTEN.
L WEINSCHEL | diofe { WEINSCHEL 420A 4158
1 50-10 —-»I e i g 50— 10 -4 —> STANDING
ATTENUATOR ATTENUATOR CRYSTAL WAVE
| DETECTOR INDICATOR
— S e s)
RO
10 - 480 mc - 608C Accuracy: Depends upon the Q of the element and

450-1230 mc - 612A

the operator error in setting to maximum:

oo JOWVa

Modulate the signal generator with a1l kc sine wave fo - Q WG o NI
and tune for a maximum reading on the 415B, then f-f
" - - fo .034
measure the signal generator frequency. (For example, if ¢ = .02 db = .23%, oy —Q— )
tps24
800 to 4200 mc: FREQUENCY
COUNTER
420A @ :
800 - 2100 mc - 614A g 525
CONVERTER
1800 - 4200 mc - 616B Lo
MOUNT
_$SIG. GEN. ) o
PWR.LIFRED 1 - ren r -} () »
SuP || GEN. ! WEINSCHEL WEINSCHEL 5408 120A
o 20-0 el PASSHE Lyt 20-10  He —
ATTENUATOR i~ EEENE | ATTENUATOR TRANSFER
g | 0SCILLATOR 0SCILLOSCOPE
ey D)
RO
Frequency modulate the signal generator for a the operator error in setting to maximum:
resonance curve on the oscilloscope, tune the 540B
for a birdie at the top of the resonance curve, and f - fo J07V o e o - T
then measure the 540B frequency. fo Q
f-fo_.034

Accuracy: Depends upon the Q of the element and

(For example, if o = .02 db = ,23%, D IR )
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2) Waveguide Systems 2.6 to 18.0 kmc:

- 2.6 - 4.2 kmc; 616B+S 281A 2.6 - 4.0 kmc; S 281A+420A
3.8 - 7.6 kimc; 618B+ 281A 4.0 - 12.4 kmc; 485B
7.0 - 11.0 kmc; 620A+ 281A 12.4 - 18.0 kmc; P421A
10.0 - 15.5 kmc; 626A+M362A+292A @524
- : + +
15.0 - 18.0 kmc; 628A+N 362A+292A i = A
Pur] [FREQ EPYNITER:
sue Theen. [17 Y
CRYSTAL @ 258
N0 MOUNT #{CONVERTER
#)SIG. GEN.
=
9) 28lA {
37%& _.: PASSIVE | 37%\ = 75@21\ wc-%%Ax ADAPTER 54%8 IZ(%A
ey | ~ELERIEET DIRECTIONAL OR @ P932A TRANSFER g
VAL AT TEN. ¢ TSl VAR AWIEL COUPLER IXER OSCILLATOR 0SCILLOSCOPE |
) Frequency modulate the signal generator for a the operator error in setting to maximum:
| resonance curve on the oscilloscope, tune the 540B
} for a birdie at the top of the resonance curve, and gefa, - JON o T | o
. measure the 540B frequency. fo Q
Accuracy: Depends upon the Q of the element and (For example, if ¢ = .02 db = .23%, ff;ofg = %ﬁ )
18.0 to 40.0 kmc: 18 - 26.5 kmc - 6605
- 26.5 - 40.0 kmc - 6606
18.0 - 21.0 kmc; 628A+N362A+292A
20.0 - 31.0 kmc; 626A+ 938A
30.0 - 40.0 kmc; 628A+ 940A & 524
FREQUENCY
PHR.|IFREQ ] fyrrey COUNTER
SUP. | | GEN. ; @ 5258
CRYSTAL
NOD. MOUNT CONVERTER
) SI1G. GEN. L4
e S
® ) ) ® ® ® %
3754 |y} PASSIVE | 37754 | 5 7sea |l 7seA |l e of 5408
RATY | ELEMENT , DIRECTIONAL DIRECTIONAL TRANSFER
HARITEN} . VARSATHEN COUPLER ~ COUPLER l_— 0SCILLATOR
HAREAONIC | a0k |2Qg)A
GEN.
18 - 26.5 kmc; MA1039C e el | osciuoscore
26.5 - 40.0 kmc; MAS13E
Frequency modulate the signal generator for a the operator error in setting to maximum:
resonance curve on the oscilloscope, tune the 540B b
for a birdie at the top of the resonance curve, and f-fo _ .707/o R A R
then measure the 540B frequency. fo Q
Accuracy: Depends upon the Q of the element and  (For example, if o = .02 db = .23%, f'T-oQ ¥ —0% )
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3-1 GENERAL DESCRIPTION

Attenuation is measured by twodifferent techniques:
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 useful square-law detector for accurate
measurements is the barretter, Variations in
audio output which result from detection of a varying
modulated rf signal can be measured accurately
with an audio attenuator. Sources of error are
departure from square-law response by the bar-
retter, 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 square law
and at the lower levels by noise. This region may
be determined by repeatedly measuring the same
fixed amount of attenuartion while varying the signal
level. The measured attenuation will decrease
at either extreme.

Any variation in modulating frequency can cause
an error because the low signal levels involved
require tuned amplification. The effect canbe
eliminated by deriving the modulation from a fre-
quency standard. The 415B 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 accurate mea-
surements are made when the attenuation is within
2 db of a muitiple of 10 (8 to 12, 18 to 22 etc.),

. where the resolution of the expanded scale may be

used. For continuous coverage with high resolu-
tion and high accuracy, the Weinschel BA-S5 in the
Dual Channel setup described below may be sub-
stituted for the 415B. Either may be accurately
calibrated with a ratio transformer which should
be submitted to NBS for calibration.

Amplitude instability can add as much as .05 db
to- the error in a particular reading with ordinary

Sect. Il Page 1

SECTION I
ATTENUATION SYSTEMS

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

The range possible in one step with square-law
detection is from 20 to 30 db, depending on the
accuracy desired. The total range, using more
than one step, depends upon the source power, and
is about 40 db with a 0 dbm source, S0 db with a
+10 dbm source, etc. This can, of course, be
extended with increasing error due to noise,

The accuracy of measurements made with square-
law detection is basically traceable to NBS through
the ratio transformer. However, careful evaluation
must be made of the additional errors inthe system
to determine the overall results, In addition,
mismatch errors must be takenintoaccount, 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 attenuation 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 low power level, around -80 dbm.
With usual source powers, a total attenuation range
of 80 to 100 db, in two or more steps, is generally
attainable. 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 error in addition to most of those en-
countered in square-law detection. The signal
source and local oscillator must be very stable
in frequency as well as amplitude to maintain a
constant beat frequency. The short-term insta-
bility of ordinary sources will add from .0l to
.10 db 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, lL.evels 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 about 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
dynamic range of over 90 db with great accuracy.,
Weinschel oscillators used with this system are
available up to 10.5 kmc. Fullaccuracy is possible
up to 4 kmc with oscillators which have frequency
following circuits.

3-2 MISMATCH ERRORS

In addition to the errors inherent in the measure-
ment system, there are mismatch considerations.
In general, an attenuator which is inserted into
the system has a mismatch loss at each end, while
there is another mismatch loss when the systemis
joined together without the attenuator. The mea-
sured attenuation includes the difference between
these losses. There are two methods of taking
mismatch losses. One method employs tuners
to tune out the mismatches completely under both

Appl. Note 21

conditions. In this case, the measurement is made
on the actual attenuation, but any losses in the
tuners which vary with their settings introduce
errors which are difficult to evaluate accurately.
The other method (more common) is to measure
‘“insertion loss’’, which is defined to include the
mismatch loss at each 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 evaluated 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
convenient but somewhat less accurate system is
to feed the signal in from the source and out to
the detector through attenuators or directional
couplers with very low swr, In this case the
range of measurement is reduced by the coupling
factors or attenuations introduced.

Figures 3-1 and 3-2 show the maximum and mini-
mum possible losses for any combination of source
and load swr’s up to values of 2. The following
example shows how they are used. Consider a
system in which the source and load swr’s at
the insertion point are 1.05, while the attenuator
swr is 1.15 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, so
there should be .04 db included in the insertion
loss. Actually, the reading before insertion may
include a loss of from 0 to .01 db, while the
reading after insertion may include a loss of from
.01 to .04 db at each end, ora total of .02 to .08 db.
Figure 3-3 shows how the measured value of
attenuation can be in error by +.04 to -.03 db.

In many cases, variable attenuators arenot subject
to 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 setup. Since NBS calibrates to
.2 db or 19 of the attenuation in db, whichever is
greater, the calibration would be accurate to .2 db
for both 10 and 20 db models. Again, the mis-
match errors must be carefully evaluated and
taken into consideration.

y
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IN db DUE TO
MISMATCH LOSS
BEFORE INSERTION

DISSIPATIVE
LOSS

i Sl

REFLECTION 7

RANGE OF READING

LOSS WITH IN ¢b DUE TO
SOURCE AND MISMATCH LOSS
LOAD SWR'S AFTER INSERTION
= 1.00.

5 e s S
RANGE OF READING

SOURCE AND LOAD SWR'S
ATTENUATOR SWR'S

'y Iy
oo 3
LITTL TRUE
MEASURED INSERTION
INSERTION LOSS
LOSS
+.04db
TOO MUCH
MEASURED
INSERTION
——————— ] LOSS
_____________ /.
RO

WM
— o
(3,0}

Figure 3-3. Example of Evaluation of Mismatch Losses

3-3 OVERALL ACCURACY

No blanket figures can be given for the accuracy
attainable in any attenuation 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 + .0l db + .01 db
Source stability] =+ .02 db + .05 db
Non-linearity,

20 db step + 0 db + 0 db
30 db step +0, -.02 + 0 db
40 db step --- +0, -.05
Attenuator + .02db (0.5dh +0.1%
of db reading)
Mismatch (1.05
source and load
. 1,15 attenuator) +.04, -.03 +.04, -.03

Of these, operator and source stability errors
can be reduced by averaging repeated measure-
ments. Source stability error can be reduced or
eliminated by using a level monitor or the dual-
channel system (for square-law). Non-linearity
can be reduced or eliminated by taking sufficiently
small steps. Attenuator error is the ‘‘traceable
to 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 accuracy on the piston attenuator for linear
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. Beatty, ‘“Mismatch Errors in the Mea-
surement of UHF and Microwave Variable
Attenuators’’, Journal of Research, NBS,
Vol. 52, No. 1, January, 1954 (RP 2465).

2) Application Note No, 4, ‘‘Dual Channel Insertion
Loss Test Set’”, Weinschel Engineering Co.,
Kensington, Maryland.

l
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3-5 ATTENUATION SYSTEM DIAGRAMS

A. SQUARE-LAW DETECTION SYSTEMS

1) Calibration of Audio Standard:

‘ GERTSCH
200AB ) RT-5

Appl. Note 21

400H

VACUUM TUBE
VOLTNETER

OSCILLATOR RATIO TRANSFORMER

Check sensitivity with 400H. Check range-to-
range accuracy and meter tracking with appro-
priate voltage ratios on RT-5., Use 350A for lowest
ranges to keep transformer level high.

2) Coaxial system 10 to 4200 mc:

&
3504 4158
_________ =
STANDING - WAVE
ATTENUATOR INDICATOR
RO
Accuracy: Approximately +£.01 db over 30 db

range (limited by resolution of 415B scale).

(R i el i b ®
: - d 4158 215 - 450 mc; 764D
! STSUSRRD ! smm,:cofn% o ;ig - 1332 nmxi ;223
= 1--- i "‘D'C‘”OR 1900 - 4200 mc; 767D
: —)
e e s 215 mc; Weinschel 50-10
SQUARE-WAVE CRYSTAL Bl L G, ScONEre
GENERATOR MOUNT 450 - 4000 mc; 872A
v i
P Hurrew ® 4@3
"y ™ omeciomaL  [~®] TUNER OR PAD TUNER OR PAD " amener [ hiSiz
® sI6. GEN, i s AT
Ty .
10 - 480 mc; 608C 10 - 500 mc; 476A

450 - 1230 mc; 612A+360A or B
800 - 2100 mc; 614A
1800 - 4200 mc; 616B

NOTE

If 872A’s are used in the range 215 to 450 mc to
reduce the errors, it may be necessary to use
the 1/4 wavelength line supplied with the K04 999C
to extend the tuning range down to 215 mc. One
of the ‘350 mc’” lengths can be used on the second
872A if required.

500 - 4200 mc; PRD627A

Measure impedances looking both ways atinsertion
point and adjust 872A’s, if used, for swr of 1.05
or less. Set reference reading on 415B No. 2 with
system as shown. Insert attenuator under test and
read attenuation on 415B No. 2,

Range: 20 to 30 db in one step. Using tuneis,
approximately 40 db total with O dbm source, 50 db
with +10 dbm source, etc. 20 db less range
using pads.
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3) Coaxial Dual Channel System (Alternate):

IKC
l STANDARD | See diagram 2 for instrument designations not specified below.
L ‘: See Weinschel Engineering Application Note No, 4 for full discussion.
& BA-5
211A 30° PAD 2 TUNER o| BARRETTER o WEINSCHEL
SQUARE-WAVE BEND T OR PAD "1 MOUNT ATTENUATOR
GENERATOR CALIBRATOR
1
v INSERTION POINT !
FOR UNKNOWN
psvllj?) FGREE:, ATTEN ND-1
: TEE WEINSCHEL
MOD. ] DIFFERENTIAL
NULL —DETECTOR
# SIG. GEN. 4
BA-1
90° o o] TUHER BARRETTER WEINSCHEL
BEND 0 OR 4D MOUNT BOLOMETER
PREAMPLIFIER
RO
4) Waveguide System 2.6 to 40.0 kmc:
B = > %
' i -
! IKC : nas 2.6- 4.0 kmc; S281A+420A
STANDARD 4.0-12.4 kmc; 485B (crystal)
[ I TANDING- : >
| i TR S s 12.4-18.0 kme ; P421A
e s 'y 18.0-26.5 kmc ; PRD 6605
26.5-40.0 kmc; PRD 6606
@A 2.6- 4.0 kmc; S485A
C CRYSTAL 4.0-12.4 kmc; 485B (Barr.)
e MOUNT 12.4-18.0 kmc; Narda 529
GENERATOR 18.0-26.5 kmc; PRD 620
3 26.5-40.0 kmc; PRD 618
FREQ ®
ATTEN. §—-’X - r
BARRETTER | | NO2
< HOUNT ]
by DIRECT%IA-(LSZC[())UPLER INSERTION POINT e
@) SIG.GEN. N Eon INDICATOR
y
& =1 ¢ - ®
914 R i0ab > >& 10db 914
= & 752¢C g & 752C
NOYING LOAD DIRECTIONAL COUPLER DIRECTIONAL COUPLER NOVING LOAD
RO
or 372C, 870A or 372C, 870A
Measure impedances looking both ways at insertion
2.6- 4.2 kmc; 616B+S281A point. Adjust 870A’s, if used, for swr of 1.05 or
3.8- 7.6 kmc; 618B+ 281A less. Set reference reading on 415B No. 2, insert
7.0-11.0 kmc; 620A+ 281A attenuator, read attenuation on 415B No, 2.
10.0-15.5 kmc ;  626A+M3624+ 2924 Range: 20 to 30 db in one step. Using tuners on
15.0-21.0 kmc ; 628A+N362A+292A each side of the insertion point, approximately
20.0-31.0 kmc; 626A+938A 40 db total range with O dbm source. 20 db less
30.0-40.0 kmc; 628A+940A range with couplers or attenuators.
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F====- - 5) Waveguide Dual Channel System (Alternate):
i i
: ST,:,\TSARD : See Diagram 4 for Signal Generator and Barretter Mount designations. ‘ . i
) | See Weinschel Engineering Application Note No. 4 for full discussion.
Ve o o I --od
& BA-S
211A H- PLANE 375A = 870A BARRETTER WEINSCHEL
SQUARE-WAVE BEND r SLIDE-SCREW MOUNT T]  ATTENUATOR
GENERATOR VAR. ATTEN. TUNER CALIBRATOR
[
‘ INSERTION POINT
PWR.| |FREQ. ATTEN FOR UNKNOWN
SUP [ | GEN ] ND -1
WEINSCHEL
> T
MOD. EE DIFFERENTIAL
¢s16. GEN. NULL DETECTOR
1
) BA-|
H- PLANE 3754 8704 BARRETTER WEINSCHEL
BEND . SLIDE-SCREW MOUNT “| BOLONETER
VAR. ATTEN. TUNER - PREAMPLIFIER
B. LINEAR DETECTION SYSTEMS 40- 225 mc; GR 874MR

225- 400 mc; CM107A

1) Coaxial Systems 40 to 4200 mc: 300- 530 me, CMI107AL

el 5 510- 760 mc; CM107A2
i G i 4'58 40-215 mc - omit 750-1210 mc; CMI107B Empire
| STANDARD : 1120-1700 mc; CMI107C \Devices 3
Do amty S 1700-2600 mc; CML07D . ﬂ
J INDICATOR 216- 450 mc; 764D 2600-4200 mc; CMIO07E ;
S * 450- 945 mc; 765D )
2174 = 940-1975 mc; 766D 4158
SQUARE-WAVE 4204 1900-4200 mc; 767D
CeNERs CRISTAL STANDING - WAVE
v MOUNT INSERTION POINT INDICATOR
FOR UNKNOWN y
P} frreaf "
i % TUNER TUNER 36
MOD. £ R
DIRECTIONAL OR PAD OR PAD L
® s16. GEN. COUPLER ATTEN, & RCVR.
? RO

40- 480 mc; 608C &
450-1230 mc; 612A+360A/B LOCAL
800-2100 mc; 614A OSCILLATOR

1800-4200 mc; 616B
40- 215 mc; Weinschel 50-10
215- 450 mc; See note 3-5A2

Measure impedances looking both ways atinsertion 450-4200 mc; 872A
point, and adjust 872A’s, if used, for swr of 1.05
or less. Adjust system for convenient readings
on 415B and piston attenuator. Insert attenuator Range: 30 to 50 db in one step. Using tuners,
under test and readjust piston attenuator to restore approximately 90 db total with O dbm source,
415B reading. Read attenuation as difference 100 db with +10 dbm source, etc. 20 db less range

between piston readings. using pads.
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3) Parallel IF Substitution System (Alternate):

PWR | [FREQ
PR LRy

@ $I1G. GEN.

| KC MOD.

&

ATTENUATOR
UNDER TEST

ATTENUATOR

SWR
METER

TUNER

(MAY BE ATTENUATOR
IN SIGNAL GENERATOR)

LOCAL
OSCILLATOR

. g

RO

WEINSCHEL
VM-18

STANDARD ATTENUATOR
COMPARATOR

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

Appl. Note 21
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4-1 GENERAL DESCRIPTION

This section is divided into two parts. The first
part deals with reflection coefficient magnitude
measurements and the seconddiscusses impedance
measurements. Measurements of the coupling
factor and directivity of directional couplers are
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 to 30 db. For high-
directivity measurements on waveguide couplers,
a crystal is used instead of a barretter, with
greater range at somewhat less accuracy.

At frequencies from 50 to 500 mc, the VHF Bridge
setup is used to measure the magnitude and phase
of unknown impedances.

At the higher frequencies, the slotted-line system
is 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 is made to determine the
limits of square-law operation for the crystal de-
tector, so 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 4135B’s are inter-
changed and the readings averaged to cancel out
their errors, Data should be taken in both
CRYSTAL positions on the 415B, so that the better
position may be determined for any individual
crystal.

In coaxial systems, slotted line residual reflections
are checked by the null shift method. The position
of an open circuit on the end of the line is moved
in discrete, accurately-known steps by substituting
center conductors of varying lengths., At the same
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time, the movement of a minimum 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 slotted 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 so that no correction
is necessary. 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
coefficient measurements. Those shown here are
recommended as the most practical. In waveguide
systems, tuners can be used to establish analmost
perfect system. In coaxial systems, however,
sliding loads and shorts are not available for all
frequencies. [Even if they were available, un-
avoidable residual reflections at connectors would
make it impossible to establish a system as accu-
rate as a waveguide system. The accuracy of
a given coaxial system is influenced by a great
number of factors, many of them interacting, so
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 to 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. Wholey, ‘“Good Practice in Slotted-Line

Measurements’’, Hewlett-Packard Journal,
Vol. 3, Nos. 1& 2, September and October, 1951,

4-4 REFLECTION COEFFICIENT SYSTEM
DIAGRAMS

A. COAXIAL SYSTEMS -- 215 ro 4200 mc

1) Coupling Factor:

Appl. Note 21

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

4) H. C. Poulter, ““A Note on Measuring Coaxial

Coupler Directivity”’, Hewlett-Packard Journal,

Vol. 8, No. 9-10, May-June, 1957,

5) G. F. Engen 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 k¢ sync signal from
a frequency standard, as in the attenuation section.
It is not specified, however, as the lower accu-
racies attainable here do not justify it,

SEE NOTE AT BOTTOM
/ OF PAGE 6, SECT.III

215 - 480 mc; 608C 5 ®
450 - 1230 mc; 612A+ 360A or B o o o A
800 - 2100 mc; 614A+ 211A = =
1800 - 4200 mc; 616B+ 2114 0) SLIDE-SCREW BOLOMETER STANDING - WAVE
TUNER HOUNT
Far | [ ® ® £ 0 INDICATOR
SUP] 1 GEN ] 872A FORWARD
| g SECONDARY
Moo, SLIDE-SCREW et ———y
® sIG. GEN. TUNER H " WEINSCHEL
1 | 535
gy ——
PRIMARY | | PRIMARY COAXIAL
INPUT ¢ I OUTPUT TERMINATION
[ Qg s ane o
REVERSE ISECONDARY
r WEINSCHEL -:
i 535 i
i { (FOR DUAL DIRECTIONAL COUPLER)
| COAXIAL |
I TERMINATION
| S, ~R
NOTE: From 215 to 450 mc, Weinschel 50-10 than 1.05. Set reference level on 415B with tuners

pads may be substituted for the 872A’s with a
possible slight loss in accuracy.

Measure impedances looking into tuners toward
generator and PRD 627A and adjust for swr’s less

joined, insert coupler, read coupling factor on 4158,
Range: Approximately 30 db.

Accuracy: Approximately +.1 db.
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2) Directivity
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WEINSCHEL ® PRD &
a. Dual Coupler: 535 872A 627A 4158
COAXIAL SLIDE-SCREW BOLOMETER STANDING - WAVE
TERMINATION TUNER WO UKT INDICATOR
FORWARD REVERSE
SECONDARY SECONDARY
& WEINSCHEL
TTEN. l ®
pi T I K04 999C 8724 535
OUPLER R !
PRIMARY | UNDERTEST  primary LINE SLIDE-SCREW COANIAL
® SIG.GEN. INPUT | OUTPUT LENGTHS SET TUNER TERMINATION
[ S — - 70

215- 480 mc; 608C
450-1230 mc; 612A+360A/B
800-2100 mc; 614A+211A
1800-4200 mc; 616B+211A

Measure impedance looking into 872A toward PRD
627A and adjust to reduce swr to 1,050r less. See
note in paragraph 3-5A2, Coaxial Systems.

1) With basic line length in the systems, adjust
the other 872A for a null on 415B. Remove basic
line length, insert appropriate length for fre-
quency used, and read 415B.

2) Reverse connections to secondary outputs and
read 415B.

Calculate directivity from 415B readings, coupling
factors, and correction data.

Range: Approximately 30 db with 608C, 27 db with
612A, 20 db with 614A, 616B.

Accuracy: Depends upon coupling factors, direc-
tivity, swr’s. Approximately +.5 db with tuner
on PRD 627A as shown; +1.2 db without tuner,

AT R ——

b. Single Coupler: PRD &
627A 4158
215- 480 mc; 608C il
’ BOLOMETER .
450-1230 mc; 612A+360A/B i A
800-2100 mc; 614A+211A
1800-4200 mc; 616B+211A Revsnsslsscomomv
e
"HATTEN| ® 1 ' & ) WEINSCHEL
g T2A
872A RS T KO4 999C 872 535
o] supe-scre 1 UNDER TesT + (D LNE o suoescer || comum
@SIG. GEN. TUNER r LENGTHS SET TUNER TERMINATION
Lo = — — —
PRIMARY PRIMARY RO
INPUT OUTPUT A
(OPEN)
@
Measure impedance looking into 872A toward gen- SHORT

erator and adjust to reduce swr to 1.05 or less.
See note in paragraph 3-5A2, Coaxial Systems.

1) With basic line length in the system, adjust
the other 872A for a null on the 415B. Remove
basic line length, insert appropriate length for
frequency used, and read 413B.

2) Put open and short on coupler primary arm
output and take average of 415B readings.

Calculate directivity from 415B readings and
correction data.

Range: Approximately 30 db with 608C, 27 db
with 612A, 20 db with 614A, 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) Reflection Coefficient:
WEINSCHEL PR D ®
535 627A 4158
215- 480 mc; 608C o =
| 450-1230 mc; 612A+360A/B . e b A
800-2100 mc; 614A+211A ;
1800-4200 mc; 616B+211A
FORWARD REVERSE
SECONDARY SECONDARY
pwr | [Freq
SUP || GEN [JATTEN. 872A @
n DIRECTIONAL > (OPEN)
W00, PRIMARY COUPLER PRIMARY ¥
SLIDE-SCREW INPUT sy
& SIG. GEN. TUNER
SHORT

215- 450 mc; 764D
450- 945 mc; 765D
940-1975 mc; 766D
1900-4200 mc; 767D

Measure impedance looking into 872A toward
generator and adjust for swr less than 1.05. (See
note in paragraph 3-5A2, Coaxial Systems.) Con-
nect as shown. Put first open and then short on
coupler, noting the 415B readings. Adjust gain
SO as to make average of readings some convenient
reference value. Insert the load and read re-
flection coefficient on the 415B,

Range: Approximately 30 db (.03 minimum re-
flection coefficient) with 608C; 27 db (.045) with
612A; 20 db (.1) with 614A, 616B,

Accuracy: Can be evaluated from formula:
[T 50y Diag =il 88

T(1 = prySan)

Pm

ﬁ

o} |
LOAD

'.' UNDER TEST :

|

J

(2]¢] S,

where T is transmission through coupler (.995 for
20 db coupling), p 1 is reflection coefficient at
output terminal of coupler, D, is directivity of
reverse terminal, p is true load reflection coef-
ficient, p,. is measured coefficient. In worst
possible case, with 767D coupler, p, will be in
error by about .05 when p; is near zero, and about
+1.5 db in error when p; is near unity. However,
there are so many factors involved that the
probability of this much error is very low, Gen-
erally, the error will be less than half the maxi-
mum possible, Errors will be less for the other
couplers, down to about half as much for the 764D
as for the 767D,
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B. WAVEGUIDE SYSTEMS -- 2.6 to 40.0 kmc

)
1) Coupling Factor: O] > orgp || BARRETTER | e
MOUNT
SLIDE-SCREW STANDING - WAVE
PR | [FRea] [, e & TUNER INDICATOR
SUP | | GEN. 870A @FORWARD
W0 —> = SECONDARY
: SLIDE-SCREW e s 2
TUNER
# SIG. GEN. ) i 9@&
PRIMARY _Lpj COUPLER F »
INPUT(@ ~j UNDER TEST | pRIMARY OUTPUT WOVING

2.6- 4.2 kmc; 616B+211A+S281A | __ !} L. =

3.8- 7.6 kmc; 618B+281A

7.0-11.0 kmc; 620A+281A 2.6- 4.0 kmc; S485A
10.0-15.5 kmc; 626A+M362A+292A 4.0-12.4 kmc; 485B
15.0-21.0 kmc; 628A+N362A+292A 12.4-18.0 kmc; Narda 52
20.0-31.0 kmc; 626A+ 938A 18.0-26.5 kmc; PRD 620
30.0-40.0 kmc; 628A+ 940A 26.5-40.0 kmc; PRD 618
Measure impedances looking into the tuners toward generator Range: Approximately 30 db.
and barretter mount and adjust for swr’s less thanl.0S5. Set
reference level on 415B with tuners joined, insert coupler, Accuracy: Approximately +.1 db.

read coupling factor on 415B,

2) Directivity:
2.6- 4.2 kmc; 616B+211A+S281A

4158

STANDING-WAVE

3.8- 7.6 kmc; 618B+281A INDICATOR
7.0-11.0 kmc; 620A+281A 3
10.0-15.5 kmc; 626A+M362A+292A 2.6-12.4 kmc; 281A+420A
15.0-21.0 kmc; 628A+N362A+292A 12.4-18.0 kmc; P421A
20.0-31.0 kmc; 626A+938A CRYSTAL 18.0-26.5 kmc; PRD 6605
30.0-40.0 kmc; 628A+940A MOUNT 26.5-40.0 kmc; PRD 6606
_g REVERSE ISECONDARY
ATTEN ® r- i ----:
870A I COUPLER | @ Sl4
I~ PrimarY 1 UNDER TEST IpRmaRy
& SIG. GEN. R R : SR i
b = = — o
®
Measure impedance looking into 870A toward gen- ® 920A
erator and adjust for swr of 1.05 or less. ADUUSTABLE
RO SHORT
1) With maximum output from signal generator,
move 914 load and note maximum and minimum From change in generator attenuator reading and
415B readings. Note generator attenuator setting. 415B readings, calculate directivity.

Range: Approximately 40 db with 20db coupler and
0 dbm source, 60db with 10dbcoupler and +10 dbm
source, etc,

2) Reduce generator level. Remove 914 and in-
stall 920A. Move 920A and adjust generator level
to get average 415B reading equal to maximum
obtained with 914, Accuracy: Approximately £1 db.
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3) Reflection Coefficient:

2.6- 4.2 kmc; 616B+211A+S281A

3.8- 7.6 kmc; 618B+281A

7.0-11.0 kmc; 620A+281A
10.0-15.5 kmc; 626A+M362A+292A
15.0-21.0 kimc; 628A+ N362A+292A
20,0-31.0 kmc; 626A+ 938A
30.0-40.0 kmc; 628A+940A

&

4158

STANDING - WAVE
INDICATOR

i

BARRETTER
MOUNT

REVERSE JPSECOND

ARY

®

752C

‘Hatten, ®
] 870A
SLIDE-SCREW
#)SI1G. GEN. TUNER

|

PRIMARY INPUT

Appl. Note 21

2.6~ 4.0 kmc; S485A

4.0-12.4 kmc; 485B
12.4-18.0 kmc; Narda 529
18.0-26.5 kmc; PRD 620
26.5-40.0 kmc; PRD 618

L

DIRECTIONAL
COUPLER

\

) 4

1. With 914 on the system, move and adjust ad-

jacent 870A for steady 415B reading.

2. With 920A on the system, move and adjust
870A on the generator for steady 415B reading.
Put fixed short on the system and set level for
suitable reference reading on 415B.

3. Put load on the system, and read reflection
coefficient on the 415B.

Range: Approximately 30 db (.03 minimum re-
flextion coefficient).

4-5 IMPEDANCE SYSTEM DIAGRAMS

A. COAXIAL SYSTEMS -- 50 to 500 mc

Imgedance:

Adjust the 803A for a null. The magnitude
and phase of the impedance are then read
on the 803A and corrected. Greater sen-
sitivity may be obtained by modulating the
signal at 1 kc and using the 415B with
the 417A.

Accuracy:

PRIMARY QUTPUT

Approximately + .2 db.

50-480 mc; 608C
50-500 mc; 612A+

360A

PWR.| |FREQ.
Range: 2 to 2000 ohms, -90° to +90°. sup [ cen [JATTEN
A 8 - : e @ S16. GEN
ccuracy: +2% in magnitude, £1.2° in :

phase (corrected).

& )
870A ® 914
SLIDE-SCREW MOVING
TUNER LOAD
@) 920A
ADJUSTABLE
SHORT
it ——
® ! :
! LOAD |
. Il UNDER TEST :
ROl o o e
&
4158
(OPTIONAL)
STANDING - WAVE
INDICATOR
4174
VHF
DETECTOR
803A : .
i LOAD 1
i ': UNDER TEST |
BRIDGE !

l_-_--?3
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B. COAXIAL SYSTEMS -- 500 to 4200 mc

1) Probe Detector Law:

Sect. IV Page 7

500-1000 mc; Weinschel 50-10
4158 1- 4 kmc; Weinschel 210-10
STANDING - WAVE
INDICATOR
ATTEN. ! 1
' [ AT Bl 627A e
] UNDER TEST ATTENUATOR = i
& SIG. GEN ! | Bokgnﬂf“ STANDING-WAVE

== A - - = INDICATOR

500-1230 mc; 612A+360A/B
800-2100 mc; 614A+211A
1800-4200 mc; 616B+211A

2) Residual Reflection:

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

Compare the 415B readings to determine the de-
parture from square law of the probe detector on
the line under test.

Range: 30 db

Accuracy: =.l db (interchange 415B’s andaverage
results to cancel 415B errors).

®

4158

STANDING - WAVE

[NDICATOR
Accuracy: Approximately + .01 in swr, i
r —-— m— — ﬂ
) i 049058
[ LINE | ‘ 88
500-1230 mc; 612A+360A/B NOD. | UNDER TEST | NULL-SHIFT
800-2100 mc; 614A+211A SIeE cal | [ S
1800-4200 mc; 616B+211A : ). R0
3) Impedance: ®»
4158
Make swrand minimum position meas-
urements, apply corrections to obtain STANDING - WAVE
impedance. Use the double-minimum INDICATOR
method for large swr’s, ?
Accuracy: Depends on swr. Approxi- oy E ATTEN] ) |
| 4 " ; 805A
mately +.01 in swr attainable for low » LOAD (
STy [won] it ] UNDER TEST :
SIG. GEN. LINE |
® o] Lo ity S

500-1230 mc; 612A+360A/B
800-2100 mc; 614A+211A
1800-4200 mc; 616B+211A
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C. WAVEGUIDE SYSTEMS -- 2.6 to 40.0 kmc

1) Probe Detector

Appl. Note 21

2.6- 4.0 kmc; S485A

Law: 41@5@3 4.0-12.4 kmc; 485B
12.4-18.0 kmc; Narda 529
STANDING - WAVE 18.0-26.5 kmc; PRD 620
INDICATOR 26.5-40.0 kmc; PRD 618
e
PWR. raEE:. ATTER I ]
SUP J| GEN. i 3754 4158
ol LINE [ : BARRETTER
WoD) ] UNDER TEST MOUNT o
i VARIABLE STANDING -WAVE
# SIG. GEN. 1 ATTENUATOR INDICATOR
e el 7 RO

2.6- 4,2 kmc; 616B+211A+S281A

3.8- 7.6 kmc; 618B+281A

7.0-11.0 kmg; 620A+281A
10.0-15.5 kmc; 626A+ M362A+292A
15.0-21.0 kmc; 628A+N362A+292A
20.0-31.0 kmc; 626A+938A
30.0-40.0 kmc; 628A+940A

2) Residual Reflection:

Compare the 415B readings to determine the
departure from square law of the probe detector

on the line under test,

Range: 30 db.

Accuracy: .l db (interchange 415B’s andaverage
results to cancel 415B errors).

®
4(58
STANDING - WAVE
INDICATOR
Toce L ==
pwr ] [Free |
sup [ oen [ TEY " o : 9@4
(P
R I UNOER TeST 'I_’ e
$IG. GEN. i LOAD
2 daeds o il | .

2.6- 4.2 kmc; 616B+211A+S281A
3.8- 7.6 kmc; 618B+281A
7.0-11.0 kmc; 620A+281A
10,0-15.5 kmc; 626A+M362A+292A
15.0-21.0 kmc; 628A+ N362A+292A
20.0-31.0 kmc; 626A+938A
30.0-40.0 kmc; 628A+940A

Use sliding-load technique to measure residual
reflection from the end of the line,

Accuracy: Approximately + .00l in swr.
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3) Impedance: =
4158
TANDING -
i |umcfmeAVE 2.6- 4.0 kmc; S810A
4.0-18.0 kmc; 809B+810B
t 18.0-40.0 kmc; 814B+815B
&
4444
OR 4468
PROBE
? Nl e = S
PWR.| |FREQ.
e L SLOTTED : LOAD :
wop | LINE "| UNDER TEST |
|
SI1G. GEN.
@i RoL ______ )
2.6- 4.2 kmc; 616B+211A+S281A
3.8- 7.6 kmc; 618B+281A Make swr and minimum position measurements
7.0-11.0 kmc; 620A+281A to obtain impedance. Use double-minimum for
10.0-15.5 kmc; 626A+M362A+ 292A large swr’s,
15.0-21.0 kmc; 628A+ N362A+292A
20.0-31.0 kmc; 626A+938A Accuracy: Depends on swr. Approximately+ 01
30,0-40.0 kmc; 628A+940A in swr attainable for low swr’s.
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FORMULA FOR ERROR TOTAL POWER REQUIREMENTS FOR BOLOMETERS IN COMMON USE

[0 B LnERET i. Low power barretters such as the PRD 627A: about 4mw.

. _—T s
5 *2d[ P 1] 2. Double thermistor mounts such as the @& 4778 about 30 mw.
E = Error in measured power. 3. Single thermistors such as the @487 series and other barretters
d = Error in dc voltage or current. such as the Sperry 821 used in  %485's ! in the range 12-16 mw.
Py = Total bolometer power.
P = Power being measured.
ERROR

+4% [N C

12% [—

SUBSTITUTION POWER-MW

DC MEASUREMENT ACCURACY- 21/4% G:M 90
AF MEASUREMENT ACCURACY- $1% OF FULL SCALE

Figure 3-1. Typical Possible Errors in Measurement of Substitution Power
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5-1 GENERAL DESCRIPTION

Measurement systems for power include a man-
ually balanced bolometer bridge for low power
levels and a calorimetric power meter for higher
levels. Peak power measurement techniques are
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 2; and in paragraph 1-5, General
References 1.

The manually balanced bolometer bridge is used
to measure power up to about 25 milliwatts in
coaxial systems and to about 12 milliwatts in wave-
guide systems. At levels which are low compared
to the total power required by the bolometer, audio
power is substituted for rf power, with constant
dc power used for bias and balance indication., At
higher levels dc only is used, varied for balance
with and without rf power applied.

In the measurement 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 to 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 is 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 dc voltage or current at any level tox1/4%,
and the measurement of af voltage with a 400H,
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SECTION V
POWER SYSTEMS

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

DC instrumentation is not specified, as labora-
tories acquiring microwave standards are in gen-
eral already equipped with adequate dc equip-
ment. The range of dc to be measured is approxi-
mately 4 to 30 ma (bridge current)or .4 to 2,5 volts
(bolometer voltage). The galvanometer should
have a sensitivity of about .1 microamper per
division or better.

If desired, a Weinschel Model PB-1 Precision RF
Power Bridge or Model TB-2 Precision 1 Miili-
watt Thermistor Bridge may be substituted for
the K04 999A. These bridges are capable of
+.25% and +.1% accuracy, respectively, in the
measurement of the substituted power. The PB-1
requires external dc measurement equipment,
while the TB-2 is completely self-contained. The
TB-2 measures power very accurately at the
1 milliwatt level by means of a bolometer mount
calibrated by NBS, and is intended basically to
calibrate 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 obtain greater accuracy,
dc instruments are used to check the calibration
at dc, a tuner is used to eliminate mismatch
losses, and an efficiency correction is added to
the reading, The dc calibration of the 434A may
be carried out with an KOl 434A or with a dc
source and instruments capable of measuring up
to 10 watts into 50 ohms.
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5-2 ACCURACY CONSIDERATIONS

In general there are three sources of error in a
microwave power measurement in addition to the
error in measurement of the substitution power.
They are mismatch loss, rf loss, and substi-
tution error.

Mismatch loss may be evaluated by using Figures
3-1 and 3-2, but in general it can be stated only
as lying between 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 results 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 commonly used.

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

A useful service is offered by NBS (only in 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 on 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 is used to measure an unknown
power. If the substitution power is measured with
NBS calibrated dc or ac equipment, the whole
measurement accuracy is traceable to NBS, The
calibration of the second mount includes substi-
tution error as 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,

Appl. Note 21

For calorimetric measurements with the 434A
Power Meter, only the measurement of dc cali-
brating power is traceable to NBS, Substitution
error is negligible, but mount efficiency and
mismatch 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, attenuators or directional

couplers may be required to reduce the signal

level before measurement. The attenuation intro-
duced must be measured accurately and taken into
account, Further, careful attention must be paid
to mismatch considerations throughout the system.

A. AVERAGE POWER-DUTY CYCLE Technique

Peak power may be calculated from average
power, 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 pulse 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 rf pulse is detected with a crystal and
presented on an oscilloscope. The output of a
signal generator 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 adjusted to
match any point desired. 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, so 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 generator add in
random phase, giving rise to a filled-in pulse
above and below the cw line on the oscilloscope.
Since there is no base 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 power, or 6 db higher, so that again
the pulse power may be found from a measurement
of the cw. This system may suffer from inter-
action between the two sources, as they are both
on at the same time, and is 6 db less sensitive
than Technique B.

D. BARRETTER INTEGRATION-

DIFFERENTIATION Technique. This system
relies on the time constant of a barretter to inte-
grate the pulse., The resulting audio signal is
amplified and then differentiated togive 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

1) Coaxial System ~-- 10 to 4000 mc:

Sect.V Page 3

5-4 POWER REFERENCES

1) D.M. Kerns, ‘‘Determination of Efficiency of
Microwave Bolometer Mounts from Impedance
Data’’, Journal of Research, NBS, Vol, 42,
No. 6, June, 1949,

2) R.W. Beatty and F. Reggia, ‘““An Improved
Method of Measuring Efficiencies of UHF and
Microwave Bolometer Mounts’’, Journal of
Research, NBS, Vol. 54, No. 6, June, 1955,

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

4) ““Use of the ‘Notch Wattmeter’ with ® Signal
Generators”’. Hewlett-Packard Journal, Vol.7,
No, 4, December, 1955.

6V b0C
BATTERY MILLIAMMETER

R = — =
! i 4778 y

‘ THERNISTOR NOUNT KO4 999A
: e P a GALVANOMETER
| ' PRD 627A BOLOMETER BN
i 1 BOLOMETER MOUNT BRIDGE
P )

10- 215 mc; omit
215-4000 mc; 872A

NOTE

If an 872A is used in the range 215 to
450 mc to reduce the errors, it may be
necessary to use the 1/4 wavelength
line supplied with the K04 999C to ex-
tend the tuning range down to 215 mc.

* %k K

Measure power with the PRD 627A using af sub-
stitution from .1 to .7 mw and dc substitution from
.7 to 3 mw. Measure power with the 477B using

®
200AB 400H
VACUUN TUBE
0SCILLATOR VOLTHETER ks

af substitution from 3 to S mw and dc substitution
from S to 25 mw.

Range: 10to 500 mc -- 1 to25 mw.
500 to 4000 mc -- .1 to 25 mw,
Accuracy: See Figure 5-1. Overall accuracy

figures should include mount efficiency and tuner
loss, both of which may or may not be significant.
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2) Waveguide System -- 2.6 to 40.0 kmc:
DC

; 487B - oy MiLLI-
Measure power with the 487B or S485A using af BATTERY AMMETER
substitution from .1 to 5 mw and dc substitution
from 5 to 12 mw. ‘ ?
2 --} () ¢ sa85A
| SOuRCE & 870A OR 4878 ] KO4 999A IGALVANOMETER
I 1 SLIDE-SCREW "]  DETECTOR BOLOMETER LAMP
1 TUNER MOUNT BRIDGE =
e E

3 ;
Range: .1 to 12 mw. ZOBEAB 45%»1
VACUUM TUBE

Accuracy: See Figure 5-1. Overall accuracy 0SCILLATOR VOUTMETER |

figures should include mount efficiency and tuner
loss both of which may or may not be significant.

B. CALORIMETRIC MEASUREMENT

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

fm————q
! ]
| SOURCE L———»1 TUNER
! \
b e

4

—

<ot Taan POWER METER
OC TEST SET \ -

Range: .01 to 10 watts.

24v 0C MiLL- o

SOURCE AMMETTER VOLTMETER

Accuracy: +1/2% at dc to
+1-1/2%at 4000 mc (exclusive
of tuner loss).

A

RO

Calibrate at dc using either KOl 434A or other source, tune out mismatch, apply efficiency corrections.

2) Waveguide System -- 2.6 to 12.4 kmc;

fm—=——-=

i & ®
! source b——p| 8704 B‘gg; 281A
| 1 SLIDE SCREW WAVEGUIDE TO )
e & i/ TUNER COAXIAL ADAPTER a3an

3

Calibrate at dc using either KOl 434A or other source, >l power
tune out mismatch, apply efficiency corrections. KOl 4344 METER
Accuracy: + 1% at 2.6 kmc to + 3% at 12.4 kmc 00
. TEST SET
(exclusive of tuner loss).
24v 0C 1 s DC
Range: 0l to SOURCE AMMETER VOLTMETER
10 watts, RY
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C. BARRETTER MOUNT EFFICIENCY MEASUREMENT

Sect.V Page 5

9la
MOVING ®
LOAD
® & 752C &
CALIBRATED 870A DIRECTIONAL COUPLER 870A 4858 4158
ADJUSTABLE >
SHORT SLIDE-SCREW >< 104db SUDE-SCREW BARRETTER STANDING- WAVE
TUNER = TUNER MOUNT INDICATOR
#1 ] #2
fo=—————n
: BARRETTER : ®
MOUNT
| UNDER TEST [*— - T
I (TUNABLE} £TC '
)
r
®
211A
GALVANOMETER
SQUARE WAVE
GENERATOR
VARIABLE
RESISTANCE
BRIDGE
===
| |
DC | 1KC |
POWER SUPPLY | stanoarp |
|
Sl Jwo

1) Tune out coupler directivity signal. With 914
on line, adjust 870A #1 for steady reading on 415B
as 914 is moved.

3) Tune barretter mount under test. With mount
on line, adjust its tuner for null on 415B 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 about 160 and 240 ohms and read
415B, Readings should be near full-scale on
50 db range.

Calculate mount efficiency, applying corrections
for 415B readings and short efficiency.

2) Tune detector and set reference level, With
calibrated adjustable short on line, adjust 870A #2
for steady reading (less than about 1.5 db varia-
tion) on 415B as short is moved. Set short to
give average reading on 415B if 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-

See General Reference 1, paragraph 1-5, for
scale reading.

more detail.
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INTRODUCTION

The appendix lists compatible equipment for meas-
urement of frequency, power, impedance and atten-
uation. In addition to ordering information suchas
manufacturer and price, the equipment list gives
the type of measurement and the frequency range
so 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) isdividedfirstintocoaxial systems
and waveguide systems. Each system category
is then divided by frequency range and under fre-
quency range the measurement categories appear.
(F) designates frequency, (A) attenuation, (I) im-
pedance and (P) power, Thus, the first vertical
column (F) on the left lists quantities of equip-
ment for measurement of frequency below 1 kmc
in coaxial systems.

Horizontal rows indicate the measurements for
which a given unit is used. For example, an ®
Model 616B Signal Generator, is usedinfrequency,

Appendix Page 1

APPENDIX

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

Table 1 shows electronic type instrument quantities
used in coaxial and waveguide systems and Table 2
shows quantities of actual waveguide type instru-
ments which are used in waveguide systems. Thus,
to order equipment for coaxial systems consider
items in Tables 1 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, 2 and 3.

Miscellaneous equipment useful for all measure-
ments is listed in Table 3.




™~

m 092 @ Towaauo) Aovatbord -1 -T -1 - LT FF e FF PR PR F R R T €4s2s | 22

m“ 052 @y BER VU To Wndicho-R o G N ol 0 o I ol O C O o I C ol el ol S IRl G o el ol ol Il Rl el ol Gt ol Il Bl ol R R RN vegs | 12

o 00¢2 @ Iayunod dwopdatd |- |=|= = (== [F f=i= == R Ry @/oves | oz
0071 @ stgmm_,&mm%&; &l A I el ol ol Sl ol ol | o viev | 61
73 @ g uanet SRR SR T A Bl daid Hag d B A e [nsln BR WL dan gLy | 81
8 @ oy xsyeworog |- |- F [-[-I-FI-I-F - I-FF FF - FL- LR REFEF L L VoLY | LI
121 @ CTeoR & @ETTLGLTo W 6 R 1R § f ol o I B S B I o Il o ol I ol 6 G S Gl G B Gl S e el o el el a9py | 91
o d carp S oo e il o L e L e i e e e Veby | ST
00%1 @  |I930 Iamod dlIBWILIOTED --m----------H---ﬁ---ﬁ---H---ﬁw---ﬁ---ﬂ_---ﬂ--- voeh | b1
05 @ nop TEISAI) ,,w,----------H-m--ﬁ---ﬁ---ﬁ---r:,-:-“-:--: vogy | €1
0S¢ @ 10309390 AHA ---------------m----------J-J--,-----m----ﬂ-- ViIb | 21
002 @ zoye0tpuf saem-Butpuess  I-1z\z |- |-|2|g |- {-(gie(-|-lele|- |-|ele|-|-|2|e|- |- [e|e|- [ -2 | [-|&(2|- | -|g2| | -|¢[2|1 asty | 11
144 @ J932W}OA 2GNL-WNNIEA ﬂ-ﬁ-Tﬂ-ﬁ-_-“-ﬁ-ﬂ-ﬁ-ﬂ-ﬁ-ﬁ-ﬂ-ﬁ-ﬂ-ﬁ-ﬁ-ﬂwi-Tﬁ- HOO¥ | o1
(1]2 @ zoma sseg-mo1  |-|-|- F [-I-1- F V- I-I-F-0-0- 1 0 F - - FREF T LT g09¢ 6
1} @ 1A seeg-morT | [~ [=|SaEarS=RsE st - = e = S = =R B B R e v09€ 8
68 & oyenusnyy - {-1v [ - {=10f- {1 1m b e e e e e e R Vose )
00¢ @ Joyexausn asem-axenbg - (-(y (- |-|-[v|- | -i={v- |-l (s e e Y V112 9
0ST1 @ zoyertoso oy =T (T={Ti- frp el (-l e L e dv00% g
1152 @ adoosotroso  [f=|-[-{t|~{-i=[x [={-1-1d-{-|-[x [- |- [-ie ==t - et el L e e -t || av/voes ¥
0062 @ sgﬂn__omwwwwﬁ.ﬂ =t L= e - - R e e - qavert | ¢

}sanbax uo ) prepuelg Louwanbaxd - (=== T |- T b A e T | aveor (4

Mb 006 $ @ paepuels Aousnbaa g ---ﬁ---ﬂ---H-.;.:ﬁ‘,-.;---ﬂ---H---ﬁ-,-ﬁ---ﬁ---ﬁ dH00T I

& divialaivalaavialdiv{d[aiiva[d1via{a1vd| d1vafaIvadivadIvJd

m aoug TN uondiroseq 0v-69¢] S 92-8 81-7 21|V ¢1-¢ 8| OI-L |28-€6|6G6¢| v-9¢ || v-@ 21 s BPOW | wa)f

= d i d X H L D S (owy ut Aousnbad 1)

m (0w ut Aousnbarg) SWALSAS AAINDIAVM SINTISAS 'IVIXVOD

<

SAILILNVAD LNIWNYLSNI T ATdV.L




Appendix Page 3

00S1 dp 198 xaqnoq Aduanboaa g B0 8 B B S A B O B I R R S R E N B IR RN E el I e I | S Sl o ol kol il ol ol Bl YOv6 474
0081 ) 18§ xajano@ Lousnbax g (i ir Dl WRTNES == L= =R R S T T L m i e TR V8E6 | €F
42 7 TBUNY MOOS-oPITS (3]~ =z lslis = o < e fimli iSRSl | <= = | =f-i= = [ TiElE - TR - | EE - veL8 | ¥
002 iy Oseimnrg Srerg (estoanmm IS IERRE e 0= R R R R R = - RS a T av18 | 1%
091 @ criab ol o WL RGN 10 W e ol ol il I g o ol o I €608 | 0%
0S¥ & Sl 1 ol Ol ol I B el Sl B Gl L5 7 s e ol L o B L V608 | 6¢
008 & it eV R I ol il o o ol ol B e s e i e e e VEos | 8¢
0s1 ,ke Hﬁcomuomh_a.ﬂmwﬂwwﬁxmoo |||||||||||..|||||||||I||M||.||||x|||ﬁ~|||||||n| aLal .
oSt & A.m:oﬁvmﬁQthM:w%xmoo --|;n--|-----'----|----..---:------_--1ﬁﬁ----- a9sL 9€
091 @ Hm:oﬂombcﬁﬂwﬁ:m%xmoo ol gl a5 e e L asos g€
091 & Amcoﬁowuaﬁ.mw%ﬁww&oo AT 1 T S e R R B A R E =12 e avoL ve
}sanbal uo iy Arddng xamod Aqpueis  |i-i-i- (|- -[- 0 1= A Tk e e R aviel | €€
052¢ @ J10yeIauaD [RUBIS JHS -H:-ﬁ:-;ﬂ----------------..1..-------------- v8e9 | et
052¢ & Joyersuss reuSty JHS | || -1 TIX € -{T|T[E |- Tj @ T e e R e L v9z9 | 1€
0522 @ I0yerausn reudls JHS --,----------ﬁmﬁ-;ﬁ-;ﬁL--u--'-------------- v0z9 | o
0522 7 sogersted eudts JHS  |I-1-|- -1 F AR I e R e R I == = = e L 4819 | 62
0561 @ rorerauad [BuSts JHA (-1 [ (|20 F Ao S e e e B e s T €919 | 82
0961 @ Zojexsusg peudis JHA -4~ 1 I { -l Pl SR S T s T T ek T VI i 6
0021 & Eeri GUELSTE LT 0 0 W I ol ol ol K e o e e el el R (¢ Ver9 | 9z
0001 @ Torersibm [euSiy JHA |l -[- i (Sl A S R S L e R r e 0809 | 62
05L ) aoyernoso Fogsuer L, M -l= |- [=b={= 0 p= =t e e R d0%5 | 2
€2z $ @ ToydiniY polraqd « jf =B = el SR N R = S == =t - P e e R 0925 | €3

d1V]d ~<m%_<mm~<m5<m v I d TV | dIVA[dIVI[d VI I[V[d
CRIEE N uondrrosaq 0%-5"92| 6'92-81| 8I-¥'2l[p21-28] 01-L [2'8-€°6]6°G-6'€] v-9°C|l ¥-2 | 2-I I [OPON | WY

a 1 d X H r 3 S {owy ur Aousnbal g)

(ouny ur Kousnborg) SWALSAS AAINDIAVM SIWILSAS TVIXVOD

Appl. Note 21

(p.3uo)) SHAILILNVND LNHINWNHLSNI ‘T 4T14dV L




R 9 .

NM_. H I T
T T T T T R
8 H | i _ | | ”
[®)]
N 7 | i
=)
m (0}2 ICUREIIGIYN sopERttess ermos. i Sl RSN el sl et 2 s e S P PRl e e e e e R ve
o [CLBELICYY UOTTRUIWLID I, TBIXBOD ---------------------------------_N---N---N-M- NA-GeG | €9
+
0S°LE [9Yosutam Jorenuanty reixeod (| =[=1= [ [=[=-1-1-1=1-Fi-l-l=F FE=E R E R N =g | ==l 01-012 | 29
09 19yosutam b v aeo o BB SN R B R S S I e B o S e e o i | ) el s R e o (i [ 01-0S5 | 19
{Te1s&I5 yitm) [ e g o
0s adeg JUNON TBISAID Telodia], 1 18 i et o | o S i LI01 [ 09
66 aud | wunow xajewotog 1ewxeod | == |-{=|={- |-|-|= I [=1=]- I |- I=l= 1 (=== b= == e el - v.Z9 | 66
00¥ LRERELS) sowxogsuexy oty (| -[-{v - [-|-1t|- |-1-|e - |--1e el -t -l e e e e g-1d | 8¢
. otpey
05°2¢ [eIousD) e e o RS S P SRS PR S S o o e I 5 G ol | o L 2 WO A
TIOTAS(
0L1 anidwy 208 U1c o T el ol ol ol o ol il o i ol ol o o e ol e e o e e e e L e e SR s
S90TAS(q
0LT sardwy saxiy rerxeod fl -l-[- 1 |=t=1=1= (=== 1=1-1=-F IFIF=FF{=1=1=F L=l = F R == === )] azotiud | ss
sedtAad JI9XI] BIXEO EYIE S I P R I ) IR ) I S A Y I o I - i
oLT sTidwTy TN TBIXe0D 5 SRl s === = ST ===l | SOOI | +S
SRR Jaxi BIXEO | mlm = [ =]=f= = ==)== | =1=]|={= [=[={=|=|=f=|="0=|={=|=-=t=-|=-(=W-1-|-I- - =
0LT il LA [BIXR0D -l | -[-lti- || gLotND | €S
S321A3(J o 0 e T e i g 1 A A e s
LAl oxtdwy USRI TYEEEDD 1 Il gveotmo | as
SaotAa(q _ o N
081 srtdwy JOXWRITERREOD) s i ri={- (= [ A== (el sl == 1= == < S S s S = S i IO | 1S
SIOTAIU _ 1_ 1
G61 sxrdwy asmpy perxeed || <1- 1= F (== L e e i e e Pl T L e T EoTe | T os
FUER NS I T T
05T aUIOqITY apayasay g aoyemzeny - || <l - 1= | 1=[- 1 [T S e T S S T S e 0g1 | 6%
0007 dy jag syduag aurtt || -{-t-t- == 1-1- 1 =l=1= V==l Fi-l= - U=l e e R e e | f| 0666 ¥ON | 8%
0011 @ 18 wus-1oN I =1=|- = [-|=1=1- {-1=t= - (=11 - = - === = = g s | || €666 ¥OA | LE
x 0Z¥ @ agprag asypwotod || 1j-|- [ {xl=1- |- |v{=l- - pel- - b e e e E e s s )| Ve6es vOX | 9%
m, 669 $ @y RIS ko To A | IETIE P S S B O G S R I A S S A o S SR A S AR E B A R ol | SR EN e SRR ol B 45 Sl ol | 4 25 20 (0D G I 5 4
oY
v J1v A[qivia[aivia|[diva [aivia diviaaivd|[di[VI[dIvE[dIVd[dIV[d
= CRIRZ TN uondirosaqg 0p-6°92|6 92-81/ 81-%'gl[b2l-2'8] O01-L [2'8-£'6[6°G-6¢] ¥-92 || -2 @ = PPON | Wwoll
= Y| 3 J X H IR [5) S (O3 ur ASuanbad )
& (wy ut Aousnbar ) SWHLSAS HAINOTAVM SIWHLSAS TVIXVOD
<

(P.Juo)d) SHILILNVND ININNHLSNI T 471dV L




mc & Igxip dreowdeR = - iSRS Sl Rag S - - - e - (e R R R TR vee6d | 28
M & woyg swqeIsnlpy  |lost (-lri-Ftovt el fse [FREESe [Pl ftse [l oot rfeppkser pIpost [T voz6 | 12
2 @ peoT Sutaol  frogz |- [1jgt {"0se [lifef-J'ss [frleffos |-|rlef |09 ||t for [|rRplSL [[Erpopoor fifer ¥16 | 02
m.. d | xeuny maxog-spuis |[ooe jfg|-f|losz |rfe|- |- froer Jufefit [['ser |vfeftf|fosT [rfefr|-[rost |tfe|it(s8y [Ffe|t| |seT [je|rf voL8 | 61
@ ol Bl B AR || S ol ol |l ko ol el i i o | Sl o 8 | PR o il | el ol i 4518 | 81
& uaTsTecEnAEoN e PRI MR (o - [Tf | [Fos |- (|- |F [[PoFT [P T - P ey MmimAE - - FEE T go018 | LI
dy wopwes peee === F -1 I SR F EIEIE S S R R R R e R St b o R | e 6 St L i i S VO18S | 9T
@ [xa1dnop revonoaxya 002 |- |- || [I"Get |-[-|uf[srn SR oot [ frffrogT -jE|lorT i rrfrose RIS [T azsL | 61
@ [1erdnop revonwaria (00z |- (12| |lset |F[uj@| st |- [rjef joor | |nig - jogT Hrie - [fovT |- [TieF hr0se FITiE|- "L [ Te L oesL | vl
d [verdnop reuonanId |00 1 Rfser o i L ol L o A o 1 A Fogs [SIF L (T lFese < i vesL | el
) Junop aowstwaany,  |'6ez _.A,ﬁ..z_ﬁ i L L L2 S L il ol 8 qLsy | 21
@ WO 10328301 o FFFFE - FERFRE - FFFFLse ekl fee [Flklfos Flekellse Flll{--- FFFr as8y | 11
PN | O O B 1 ey i ey
) JNOW [eIsA1) BRI 1 1 = .._:u: w._.:.....................,.........'... vigkd | 6
@ |I0yenually alqeirEA .ow:.w -.wﬁ.wwﬂovj_z .._ Nr 0oL =p ..\.,.oa Slef-fellco6  |-{T{-(@i"00T |t OTT [~|T|-[¢| 08T [{T|-C VGiE | 8
) 19)[1d SSed-MOT ----.Yr-.mn—,-__;m;.._._ﬂ.._lmﬁﬁ---------l-----l----l-----------,- VBI9EN | L
) P e | e S | il | il il ol et ol el VZIEIN | 9
@y | xerdepy spmBaaem - - - |-{-|- || O --~=..|.,;.m,..,;.-,.--------------y---------------- V262N | §
@ | xeydepy spm3dasem |- - - |-|-|-|-{- - - [-[-|- |- [fov ,,_Nr_{.‘,w..w...------------------------,----‘ VZ62dN | ¥
@ | asydepy apmdasem |- - - [-|-[= |-t = - ][ |- [ [fove ..ﬁ»:--l.-]-----'---,---,-|-----,----,--, Ve6edN | €
| dy | 193depy opindorem -----1----‘-------;lﬂ.;.mfel..—nﬁ'-----------,-‘-----1------- V26eXIN | ¢
w. @ Sammwoﬂmw@%wa B 1 O 0 g 9 1zlefz ["oe $lijzlefz] se ${ife|ee||"ov $|r[z|ele ]| 0s $|1|g|v € Vise | 1
- O O 012 e ) S R e RECED Sy e
.m“ q Pt d EERRNE " H r 5) S
5 SHILILNVAD AAINDIAVM '3 ATV




N

Appl. Note 21

Appendix Page 6

JUNON [BISAID

add AT R TG TR S ol il el ol 1 Rt i = Lt . = il =0 R (T PIRE 9099 | <€

ayad oy s =& = = =lEFowr Flde === FFF SRR RERIEEE ERIEIRIFSEIFER FIEES FEFE e TS R G099 | ¥E

e ocﬂwwmmmoom | | B E = (25== 4R AF | | FOES 3Ck IRF =88 1B I IBIF IS ElE R RSt w e IR e ] R 3 z9% | 18

sl m:ﬂ%mmmmoom el el ol Sl | R el | el o8 [ G N [l e 6 | e i e R FSb | 62

add m:ﬂ%wwmoom uindi ol o B o RN o Sl o | R ot L 8| R = T T R o R ] o e Sl i 0S¥ | 82

TpIEN %ﬁmﬂ._wmoom S N | e N I E  EICTE B0 o B O U B 0 OO O | R S R O | R B S R IR € A A qAVSE | L2
MNM«%MNMMM pUiTo] 41 FS o N | RN Sl Gl £ | 013 31 o ol 1| el ol | el it = | i | | e = e e o 1 il o i | 02 2 R
MMMMMNMMM\M ey i) IS leIBlSlE = =l = ISIE = e == = [ SS S E R F = 5 = R E il = = FIEIFENE =S FEE RS B R F ||Feeaaxent] iz
PR Rl WUNON TeISALD SIEIER|IEEE E FE S S mle e | EEER EIEE 12 = 2 lF 7 = FlE == =R R Fls s et RriE R

3ACMOIDTIN

01T1$ 4

HEIG-VIA

"IN

uonydirosaQ

ROIII I d|I VA

BRIt st

dfI

Vidjpoltid|d

ooladg [d|I|V|d

QW 0$-5°93

2011 d (d|1|V|d{eortd [ d|I |[Vd[IeolId \d|I|V|d
owy 6°9g-gIf| dWH 81-H'Z1 1-2°8

oy 01-4

i
owiy g'g-

MAES
£°G

[Ted ]

ou{ $-9°¢

H

A d X

H

r

d
6
O

OPOIN

wal

(Puop) SAILILNVAD HAINDIAVM

R ERIE VAT




Appl. Note 21 Appendix Page 7

TABLE 3. MISCELLANEOUS EQUIPMENT

In addition to the equipment in the Master List, any set-up requires a number of
miscellaneous instruments, 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 803A, and the 805A. Crystals are supplied with
slotted line probes.

MODE L DESCRIPTION TYPICAL MFR, PRICE
HARDWARE
——— Adapter, Type N, Male-Male(UG-57B/U) Gremar -
- Adapter, Type N, Female-Female (UG-29B/U) or --
———— Adapter, Type N, Male to BNC Female (UG-201A/U) Amphenol --
AC-76A Adapter, Male BNC to Binding Posts 2 $ 5.00
——— Adapter, 115 volts, 3-wire to 2-wire Cornish Wire, --
Hubbel
‘ —e=o Barretters (Sperry 821, PRD 617, 631-C, Narda N-604) Sperry, PRD, Narda -
AC-16C Cable Assembly, Type N, Female-Male tp 10. 50
AC-16F Cable Assembly, Type N, Male-Male & 12 00
AC-16Q Cable Assembly, Type N. Male-Male (above 4 kmc) 7 14.00
AC-16K Cable Assembly, BNC, Male, Male & 5.00
AC-16B Cable Assembly, BNC Male to Twin Banana Plugs ) 5.00
i AC-16A Cable Assembly, Banana Plugs to Banana Plugs & 4.00
l ——— Crystals (IN21, 1N23, 1N26, 1N53, 1N78, 1N1132) Sylvania, Micro- --
wave Associates
-———- Modified crystals, 1N26, 1N53, 1N78 ) Write
| c oo Headphones (for use with 417A) Trimm
’ ———- Leads, alligator clip to alligator clip Herman H. Smith --
@ or Insuline
: -——- Lead, alligator clip to banana plugs General Radio -
l 8A-76H Short, Type N, Female @& 4.00
803A-76G Short, Type N, Male ) 4.50
-—-- Tee, Type N, Female (UG-28/U) Gremar or --
-—- Tee, BNC (UG-274/U) Amphenol --
23 Waveguide Clamp (for use in Model 24) & 2. 50
e Waveguide Short (blank flange) ———- --
XS30A  Waveguide Shorting Switch ) 100. 00
24 Waveguide Stand & 3.00
TEST EQUIPMENT
ISk Z8z= Frequency Oscilloscope & 1100. 00
a3 S8gs Gain Amplifier & 200. 00
L1l Vazemas Tube Voltmeter ® 245,00
L= Wzemes Tube Voltmeter (unless included for ) 325. 00
guser measurements)
CALIBRATION EQUIPMENT
T38AR  Vuoltmetes Czbiberator (for calibrating ) 875. 00
i o oscilloscopes)
T3%AR s= Test Set (measure VTVM frequency ) 450. 00
raage of 350 ke to 11 mc)
200SR s rzags of T39AR down to 5 cps) & 185. 00
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