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ABSTRACT

This report is a compilation of the first ten ANAlys~ Technical Notes published originally
by ANAMET -the automatic network analyser metrology club coordinated and
administered by NPL. The Notes have been produced over a period dating from October
1993 to March 1995. Each Note is reproduced here in its original form.
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Preface

This report contains the first ten ANAlyse Technical Notes published by ANAMET -the
automatic network analyser (ANA) metrology (MET) club coordinated and administered
by NPL. The club provides a forum for people and organisations interested in RF,
microwave and millimetre-wave network analysis and measurements to meet to exchange
ideas and experience. The club issues regular newsletters, holds meetings biannually and
organises measurement comparison exercises for its members. It has also initiated a series
of Technical Notes called ANAlyse addressing topical technical issues relevant to the club's
membership. ANAMET was launched in the summer of 1993 and the ANAlyse series
began in October 1993.

Although originally intended exclusively for the ANAMET membership, it was soon
realised that the information contained in the ANAlyse Notes would be of benefit to a wider
audience and so the ANAMET membership permitted NPL to issue this Report, providing
a compilation of the first ten ANAlyse Notes. The original Notes were first issued during
the period October 1993 to March 1995 and each Note is reproduced here in its original
form.

ANAlyse 1 describes improvements to a technique for assessing the directivity error of an
ANA. The improvements rely on the use of the electrical delay and internal memory in the
ANA to remove effects due to the load used for the assessment. ANAlyse 2 provides a
description of the theory underlying the technique described in ANAlyse 1.

ANAlyse 3 looks at the electrical effects of mating small coaxial connectors which are
mechanically compatible -specifically, the 3.5 mrn connector with the K (2.92 mrn)
connector, and the 2.4 mm connector with the V (1.85 mrn) connector. ANAlyse 4 gives
definitions for terms commonly used in RF and microwave network analysis. ANAlyse 5
gives an overview of time domain techniques for reflection measurements. It includes the
use of gating and fencing to isolate sections of the overall response.

ANAlyse 6, 7 and 8 deal with data processing problems with ANAs and, in particular,
measurement comparison exercises using ANAs. ANAlyse 6 addresses the problem of
processing complex data as either magnitude and phase or real and imaginary components.
The additional problem of expressing phase on either a 00 to 3600 scale or a :1:1800 scale
is also addressed. ANAlyse 7 and 8 review the use of order statistics to provide an average
value (the median) and measure of dispersion (the inter-quartile range) when analysing data
sets. These estimators were used during the results analysis in one of the ANAMET..
comparIson exercises.

ANAlyse 9 discusses assessing the uncertainty of a single measurement. It introduces a
method of reducing the amount of effort, and hence cost, spent assessing the uncertainty
of measurement results. This is an important consideration for measurement facilities
offering cost-effective services to customers.

ANAlyse 10 presents some additional measurements made by one of the participants during
an ANAMET comparison exercise. The measurements were made using a waveguide
below cut-off (WBCO) attenuation system and are compared with the ANAMET average
values for the four attenuators used for the comnarison-
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Using the memory to extract the ripple on an HP8510C

Author: J P Ide, NPL, Malvern

Introduction.
It is generally preferable on philosophical grounds to check the performance of an instrument
with known devices other than those used to calibrate it. Where the residual directivity of
an ANA is being evaluated using a load and air line to generate ripples using an error
separation technique, it is preferable to use a load other than the calibration load. This can
lead to the situation in figure la and lb where considerable judgement has to be used to
separate the required ripple from the characteristics of the load. This note describes a
technique for separating the two traces using the internal memory of an HP8510 and the
electrical delay. The results of using this technique with two differing loads are shown in
figures lc and ld.

Method.
Calibrate the ANA using your normal technique. This must be over a sufficiently large
frequency range to show the ripples and with sufficient frequency points to show fine
structure.

1. Attach a load (nQ1 the one used for calibration), and measure and display the
reflection parameter appropriate to the port in question (this will be either S)) or S22) using
a linear Magnitude format. Store the data by pressing [DISPLA Y],[DA T A > -MEMORY].
Set up the display by selecting [SELECT DEFAULT], [MATHS OPERATION] and
[MINUS] before selecting [MATH].

2. Attach load via air line to the port. Select [RESPONSE MENU], [ELECTRICAL
DELA Y] and adjust the delay time until the displayed length is equivalent to twice the length
of the air line (Ins = 300mm). Fine adjust this delay time (length) until the overall displayed
trace is flattest. The residual trace remaining under these circumstances should be a true
display of the ripple alone.

Conclusions.
The accompanying figure shows that two significantly different loads, (one a conventional
termination, the other a 20 dB attenuator terminated with a short-circuit) give very similar
results. It is interesting to note that this method exposes the optimistic picture at low
frequencies given by the conventional method. The usefulness of this method depends upon
the resolution being sufficient to expose the full detail and even the example traces show
evidence of slight discretisation problems.

The ANAlyse serie of Technical Notes are produced by, and for, the members of ANAMET. They are intended
for fa."t dissemination of technical int()rmation for discussion purposes and do not necessarily represent an
official viewpoint. No re$ponsibility is accepted by the author(s) or ANAMET for any use made of the
information contained in this Note. 771is Jlote has beeJl {/ppro\'(~d by the ANAMET SleeriJlg Committee.
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ANAlyse Notes continue to be issued to the ANAMET membership and, in the fullness of
time, further volumes of complied Notes are to be expected. I would like to thank all the
authors who have contributed to this compilation of Notes, the members of the ANAMET
Steering Committee who reviewed and approved the contents of each Note and the National
Measurement System Policy Unit of the Department of Trade and Industry for supporting
the ANAMET club.

It should be clearly understood that the ANAlyse series of Technical Notes were produced
by, and for, the members of ANAMET. They were intended for fast dissemination of
technical information for discussion purposes and do not necessarily represent an official
viewpoint. No responsibility is accepted by the authors, ANAMET, or NPL for any use
made of the information contained in the Notes.

NICK M RIDLER

Additional publications

RIDLER, N.M. and MEDLEY, J.C. A comparison of complex scattering coefficient
measurements in 50 ohm coaxial line to 26.5 GHz, National Physical Laboratory Report
DES 138, June 1995.

RIDLER, N.M. and JONES, G.D. Comparison assesses the quality of network
measurements, Microwaves & RF, January 1995, pp 101-104..

RIDLER, N.M. and JONES, G.D. ANAMET comparison oftype-N VSWR measurements,
20th ARMMS Conference Digest, paper no 6, University of Nottingham, March 1994.
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Using the memory to extract the ripple on an HP8510C
Part 2 -Why it works

Author: J C Medley, NPL, Malve:rn

Introduction.
The 'ripple' technique is a method of quantifying the quality o1~ a calibration by evaluating the
residual errors in the calibrated ANA system (throughout this Note the ANA is assumed calibrated).
The magnitude of the residual directivity error (b) is equivalent to the distance between the 'true'
origin (aT) of the VRC plane and that calculated by calibration (Oc).

I () I can usually be found from the ripple on the plot of the VR.C magnitude for an offset load

(Method I). Unfortunately this doesn't always work. ANAlyse Number I described Method II for
finding I () I which works even when Method I fails. This Note sh,ows why this happens.

General idea.
Take a near-matched load. Assume it has constant VRC magniulde, I r T I >0, with respect to the
'true' origin, QT. If this load is offset by a lossless air line, its mea.!;ured VRC, r M' will change with
frequency and trace out a circle, centred on QT' with radius I r T I. If I r M I is then plotted against
frequency, its value will ripple as r M traces out the circle in the VRC plane.

Method I calculates 1&1 from 1&1 = {max(lrMI) -min(lrMI)} /2, where max(lrMI) and

min( I r M I) are adjacent maximum and minimum values of I r,.t I taken from the ripple trace.

Adjacent maxima and minima are used as in general 1&1 changes slowly with frequency (as does
I r T ).

If I r T I ~ I b I then we have the situation shown in Figure 1. From this we can see that:

ie Method I gives the required answer for I () I

If I r T I < I () I then we have the situation shown in Figure 2. In this; case:

:. max.(lr MI) -min(lr MI) = 21rTI

ie Method gives the magnitude of the load used, not 101

The ANALyse series of Technical Notes are produced by, and for, the members of ANAMET. They are intended
for fast dissemination of technical information for discussion purposes and do not necessarily represent an
official viewpoint. No responsibility is accepted by the author(s) or JlNAMET for any use made of the
information contained in this Note. This note has been approved by the ANAMET Steering Committee.



101 is then calculated from 101 = {max(lr M'-rol) -min(1 rM'-rO I)} /2, where adjacent maximum
and minimum values of I r M'-r 0 I are taken from the modified ripple trace.

Why this works.
Consider the situation Ir TI<lol shown in Figure 2. Redefine the x-axis as the line joining °c and
°T' Figure 3 (this is just a rotation of the VRC plane about °c which does not affect measured
magnitudes but makes the Figures easier to follow). Figure 3 also defines the angles 41, e, a and (3.

arg(r M') = arg(r M) -i- (8 -<I»

If we let r M'= XM' + jYM' then from Figure 4 we can see that:

by thle cosine rule

sina = J1 sinO
by the sine rule

IrMI

by t1Jle cosine rule
2lr~lr J

21r ~r MI

IrMI

ANAlyse Number 2 Page 2 of 4 February 1994



Substituting for cosa. and sina. in the expressions for xM' and YM' gives:

XM' = -lrMI

= -Ir ~cosq, + 151<cos(Jcosq, +sin(Jsillq,)

-Ir ~cOscJ> + lolcos(8 -cJ»

YM' = Ir MI

= Ir ~sinct> + IfJl(sin9cosct> -sinct>cos9)

= Ir~sin<f> + 1c5lsin(O-<f»

From Figure 3, the VRC of the load (without offset), r 0' is:

Subtracting r 0 from r M' and looking at the magnitude of the result gives:

II'M' -I'l =

= loF (1 -2cos( 0 -ct» + cos2( 0 -ct» + sin2(O -ct»)

2IoF(l-cos(e-~))

I 0 I , passing through the pointHence r M'-r 0 traces out a circle in the VRC plane, with radius
r M'-r 0=0.

I r M'-r 0 I is the quantity plotted on the modified ripple graph. It has the form of a full-v;,ve rectified

sine wave of amplitude 2 I () I and therefore 'ripples' between 0 ;and 2 I () I as required:

min(lr M' -rJ)=omax(\r M'

:. 

max(lr M'

February 1994Page 3 of 4ANAlyse Number 2
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A study of the electrical compatibility of mechanically mateable coaxial lines

Author: J P Ide, NPL, Malvelm

Introduction.
Manufacturers of small coaxial connectors have agreed the mechanical dimensions of
some small coaxial connectors so that they can be mated non-destructively. The fact that
different series connectors can be mated without mech.mical damage has led to the
introduction of the phrase 'mechanically compatible'. Because both lines are nominally
500, it is assumed that mechanical compatibility equates to electrical compatibility. This
note describes an investigation into the electrical compatibili1:y of the mating of APC3.5 (3.5
mm) with K (2.92 mm) connectors and APC2.4 (2.4 mm) with V (1.85 mm) connectors.
It derives an approximate method of determining the size of any effects and thus a way of
estimating the significance of the effect in any particular situation.

Method.
When two lines with the same characteristic impedance, 50 0, but with different physical
sizes meet, there are step changes in the inner conductor and outer conductor in the same
direction. An approximate solution to this situation has beelr1 derived by Whinnery et al [1]
who showed that each step in a conductor diameter can be treated as an equivalent
capacitance and that the various equivalent capacitors can be superimposed and combined.
The values for the equivalent capacitors for the two cases in I~uestion are derived in appendix
A. Using these figures the effect of an additional admittanc:e term can be calculated which
gives the approximate reflection coefficient that would be g(~nerated at the junction. Figure
2 shows the magnitude of the voltage reflection coefficient vs frequency for the two cases.
The traces stop at the maximum frequency of the larger line :size of the pair. Figure 3 shows
the effect of the reflection from the junction on a real measurement. A load fitted with a K-
connector has been measured on the same system when it has been set up and calibrated as
an APC3.5 system and as a K system. The solid trace shows the true reflection coefficient
while the dashed trace shows the load reflection coefficient j:ombined with the effects of the
junction reflection coefficient.

Conclusions.
A method of estimating the electrical mismatch between twc. pairs of mechanically mateable
nominal 500 coaxial lines has been demonstrated. It shows that in most cases and for most
of the frequency range the step capacitance caused by the mechanical discontinuities is
significant and cannot be ignored. This implies that the connectors should not be treated as
interchangeable where electrical performance is paramount.

The ANAlyse series of Technical Notes are produced by, and for, Ilhe members of ANAMET. They are
intended for fast dissemination of technical information for discussion purposes and do not necessarily
represent an official viewpoint. No responsibility is accepted by thc: author(s) or ANAMET for any use
made of the information contained in this Note. This note hilS been approved by the ANAMET Steering
Committee.
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Appendix A

This derivation by Whinnery was rediscovered by T E Hodgetts (also of NPL Malvern) who
also demonstrated its application to this problem and derived the impedance/admittance
transformation.

The step capacitance, Cs is derived from knowledge of the: size of the step in the conductor
and the equivalent length of the step (from the radius of ttle conductor). In the case where
3.5 mm line meets 2.92 mm line, the radius of the outer conductor changes from 1.75 mm
to 1.46 mm and the inner conductor changes. from 0.76 mm to 0.635 mm. Cs is calculated
as the sum of the capacitance, Co, calculated from changing the outer radius while leaving
the inner radius constant and the capacitance, Ci, calculated from changing the inner radius
while leaving the outer radius constant. Graphs are: given in [1] which give the
capacitance/unit circumference for the inner and outer c()nductors. Figure 3 is a cross-
sectional diagram labelling the various dimensions.

Junction C. in iF
Zo Zo K/APC3.5 8.0

V/APC2.4 10.1

;:~~~~~~
Figure 3.

Table 1

In terms of the dimensions labelled on the diagram cibove Cs=Ci +Co, where
Ci = 27rr2C'(a/c,r2/rO) and Co = 27rr1C"(a/b,r3/rJ when C' and C" are the values from the
relevant graphs in figures 8 & 9 of [1] using the values in brackets as coordinates. The
graph gives the values in pF/cm of discontinuity.

The capacitance of the junction will appear in parallel with the impedance Zo of the
line. By converting to admittance parameters where Yo is tl1le admittance of the line and the
local admittance, Y is given by Y = Yo+jwCs, the voltage reflection coefficient r can be
calculated from

-j (J.> CsZoy -y0

Yo+Y

2j -1~~~r = -= -jwCs =

2Yo+jwCs 2+j<A>CsZo

From this I r I, the magnitude of r, can be calculated using,

Irl =

This is the expression used to generate the plots in the main text from the values of the
capacitance given in table 1. To ensure the estimate of the effects of the discontinuity are
not underestimated, the values in the table are actually 20% higher than calculated. This
is to allow for second-order frequency dependent effects which have been ignored. This
implies that the above expression is useful for determining the probable size of errors but
is not accurate enough to be useful in correcting those errors.

[1] J.R.Whinnery, H.W.Jamieson and T.E.Robbins. "Coaxia1-Line Discontinuities",
Proceedings of the IRE, Vol 32, pp69S-709, November 1944.
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Definitions of some of the terms in common use with ANAs

Author: 

J P Ide, NPL, Malvern

Introduction.

Any field of interest rapidly gathers its own specialists and ineviitably its own language. Many of
the words are borrowed from other similar interests, with slightly modified meanings and
modified emphasis while others are re-invented to cover entirely new concepts. Automatic
Network Analysers (ANAs) are now an essential adjunct to most RF and microwave
measurements and ANA users have developed a language tailored to its peculiar strengths and
weaknesses. This list of definitions contains many words with diifferent meanings and implications
to other fields but the meanings given here are couched in terlms relevant to Network Analyser
users. These definitions are not necessarily the most mathematically exact representation of
observed behaviour but they have been chosen as the most use1ul and helpful meanings from the
viewpoint of a user. Words used in the definitions that are highlighted in bold are themselves
defined in this list.

Definitions.

ACCURACY: The closeness of agreement between the result of a measurement and its true
value.

ASSURANCE: 

Using error separation techniques to determine the measurement errors and
predict the uncertainties.

AlTENUATION: The insertion loss of a device when the source impedance and load impedance
match are both exactly matched to the reference impedance.

CALIBRATION: The process of using standards to determine values for the error terms.

CHARACTERISTIC IMPEDANCE: An electrical parameter derived from the relationship
between electric and magnetic fields in a medium guiding an electromagnetic wave.

NOTE -It is affected by the mechanical dimensions and the properties of the materials from which it was
constructed. Each propllgation mode has its own characteristic impedance.

COEFFICIENT: A physically dimensionless complex number.

NOTE. used to describe the flttio of two RF voltagcs or electric ficld strengths in both tfltnsmission and reflection
and also in the mathematical modelling of a network analyser.

The ANAlyse series of Technical Notes are produced by, and for, the members of ANAMET. They are
intended for fast dissemination of technical information for discussion purposes and do not necessarily
represent an official viewpoint. No responsibility is accepted by the author(s) or ANAMET for any use
made of the information contained in this Note. This note ha.f been (Ippro,'ed by the ANAMET Steering

Committee.
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CORRECTED DATA: The values of the measurement data in an ANA after computer correction.

CROSSTALK: Undesirable signal reaching one measuring pan from the other without passing

through the DUT .

DUC: Device Under Test

ELECTRICAL LENGTH:
through a device.

ERROR CORRECTION: The process of using the values for th~~ error terms, determined through
calibration, to correct the raw data to give a more accurate measurement.

NOTE -Although the measurement accuracy will be improved by calibration, there are limits to the amount of
improvement possible so the measurement will still be imperfect. See Effective En-ors.

ERROR SEPARATION: A technique for extracting error inforl1nation about an ANA by changing
the phase relationships between the test port and the DUT and exa.mining the results over a range of

frequencies.

NOTE -This is also known as thc ripple technique because the errors are dctennined by examination of the ripples
in thc ~sults. For accurate dctennination the phase ~Iationship must change by at least 180°.

ERROR TERMS: A set of coefficients describing the performance of the measuring instrument.
Values for these terms can be evaluated by calibration.

NOTE -Some of these error tenns ha"c spccific names, eg Directivity, Souree match, Isolation.

ANAlyse Numher 4 July 1994


