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Summary 

This thesis describes the formation of a computer model 

which can be used to aid the planning of, and future 

developments in, telephone speech transmission networks. 

The model is named TCAM (Telephone Connection Assessment 

Model). It is comprised of 6 stages. Stages 1 and 

2 form the main body of the model and are described 

fully in this thesis. Stages 3 to 6 form the subjective 

parts and are implemented by D.L. Richards. These are 

described elsewhere. 

The system is of modular construction and is run on 

a microcomputer. It is implemented in BASIC computer 
language. 

Also described is an investigation into the suitability 

of the modulation transfer function (MTF) method for 

objectively assessing the quality of a telephone channel. 

The method was however, found to be unsuitable in this 

particular case. 

A study into the preferred listening level (p.1.1.) 

of speech was made, concentrating on the effects of 

p.1.1. on speech bandwidth and the type of noise present 

with the speech. 

Relationships between random (Gaussian) noise and speech- 

correlated noise (as found in PCM systems) were found. 

The results from these investigations can now be incorporated 

into Stage 5 of the model. 

Keywords: Speech Transmission Computer Model



Acknowledgements 

I would like to express my gratitude and thanks to 
my colleagues listed below. 

Professor D.L. Richards, for his help, guidance and 
inspiration throughout the work. 

Mr. R.W. Whorwood, for his unfailing readiness to give 
help and support at any time. 

Professor J.E. Flood, for the opportunity to do the 
research and all his kind support both past and present. 

Mr. B.J. Fewtrell, for his companionship and technical 
back-up. 

Special thanks to those for typing the thesis, namely 
Miss N.P. Freeman, and my sister, Mrs. A.D. Price.



CONTENTS 

PAGE NO. 

Chapter 1. Introduction to TCAM 1 

Background 2 

The purpose of TCAM 3 

The structure of TCAM 5 

Application of TCAM 6 

Subdivision of a telephone connection 7 

Achievements made with the aid of TCAM 9 

Extension of TCAM to include the effects 
of preferred listening level 10 

Chapter 2.: The structure of the program modules   

  

Introduction and technical background 13 

Interworking of programs and data 
files 7a 

Disks 1 and 2 organisation ai 

Further notes on setting up 
connections 29 

Connection description recall a1 

Loaded cable junction 35 

Setting-up telephone files 38 

Use of the ideal feeding bridge 41 

Insertion and transmission losses 43 

ThesU=files OZ 

Transferrence to archives 56 

Chapter 3. 

Section 1. The use of headphones in subjective 

testing 58 

Choice of headphones 59 

Test procedures 39 

Testing on the artificial ear 60 

Interpretation of the results 70 

Calibrating the headphones on a real 
ear 70 

Correction factors 'K' and 'C' 74



Section 2. Description of the preferred 

listening level experiments 

The range of speech levels 

Noise levels 

Determing noise voltage for a noise 
pressure 

Opinion scores 

Setting up the experiments 

B & K Band Pass Filter Set 

Signal Mixing Pad 

Summary of the test conditions 

Section 3. Analysis of results 

Analysing the results from PLL-1 

Mean opinion scores 

Dispersion between subjects 

A graphical presentation of the mean 
opinion scores 

Checking the validity of the results 

Section 4. Discussion of results 

Discussion on experiments PLL-1 to 4 

The effects of bandwidth reduction 

The effects of random and correlated 
noise 

The subjective equivalence of Q and 
S/ICN 

Appendix 1. User instructions for TCAM 
  

Introduction 

Points to bear in mind 

Telephone set options 

TCAM running instructions 

Options for connection elements 

Setting-up a connection 

Recalling the connection description 

Locating file numbers 

Printing out transmission losses 

Transferring to archives 

Transferring from archives 

Calculating loudness ratings 

\Vv 

86 

93 

94 

95 

100 

105 

AES) 

116 

els): 

136 

LS7 

142 

142 

158 

170 

7S 

174 

176 

179) 

183 

200 

201 

202 

203 

204 

206 

207 

214 

217, 

219 

221 

222 

224



Use of the ideal Feeding Bridge 

The Auxiliary Disk 

Setting-up 'fixed' data files 

Setting-up telephone set data files 

Information on options available 

(Table 1) 

Information on Electrical elements 

available (Table 2) 

Appendix 2. Theoretical Derivations 

Introduction to ABCD parameters 

Cascading of complex matrices 

ABCD parameters for symmetrical lattice 

ABCD parameters for mutually 
coupled coils 

ABCD parameters for Stone feeding bridge 

ABCD parameters for Hayes feeding bridge 

ABCD parameters for channel filter 

ABCD parameters for transmission line 

ABCD parameters for attenuator 

Insertion loss 

Image impedance and attenuation 

ABCD parameters for 2W-4W-2W section 

AT and T artificial line 

Definition and derivation of telephone 
set parameters 

Matched send and receive sensitivities 

Derivations for local telephone 
circuits 

Appendix 3. Programs to implement TCAM 

TCAM starting program 

Information program 

Set-up of feeding bridges and channel 
filter 

Loaded cable junction 

Options for connection elements 

Interface positions 

Telephone options 

Cascadings 

226 

237 

ear 

230 

205/a 

20S/a 

245 

246 

249 

253 

260 

263 

266 

ere 

274 

285 

287 

290 

294 

301 

302 

308 

309 

oat 

318 

$19 

$27 

Sob 

334 

335 

336 

oad)



Calculating insertion and transmission 
losses 

File location 

Connection description recall 

Print-out of results from stage 2 

Transferring results from stages 1 
and 2 to archives 

Disktran 

Checktel 

Teldata-Tape 

Transtel 

Teltrans 

RSN1 set-up 

Set-up of telephone data 

Modifying an old telephone data file 

Print-out modified or new data 

'PTF' printing out data for a 
telephone set 

DATUM 

STD example 

P7 (Transferring Ul files to disk 3) 

Setting-up LE files 

Allocating T2 files 

Calculating loudness ratings 

Printing-out loudness ratings 

Datum 

Connection location 

Printing-out connection and U-files 

(continuing program of above) 

Transfer of Ul and U3 files to disk 3 
(from archives) 

Copy of an array from a data file 

Printing El-file 

340 

346 

347 

350 

353 

355 

356 

358 

S59 

360 

361 

362 

366 

370 

Sine. 

374 

375 

376 

378 

3739 

- 380 

382 

383 

384 

385 

387 

389 

391 

393 

Appendix 4. Suitability of the MTF method 

for telephony 

Discussion 

The reason for using pressure modulation 

Amplitude modulation 

Error due to finite sampling frequency 

395 

395 

398 

3599 

401



Appendix 5. Advantages of loudness 

ratings over reference equivalents 

Discussion 404 

REFERENCES 409



LIST OF TABLES AND FIGURES PAGE NO. 

  

Chapter 1. Introduction to TCAM 

Pig iat ‘Subdivision of a telephone 
connection ui 

Chapter 2. The structure of the program modules 
  

Figs. 1.2 and 

  

  

gre A BC D parameters 4 

Fig. 3.2 Transmission losses 7 

Fig. 5.2 Flowchart for interface 
positions 24 

Fig. $02 Organisation of Disks 1 & 2 27 

Table 1.2 Relationship between K and D arrays aS 

Fig. 6.2 . Connection description flowchart 34 

Fig. 7.2 ane U-files $2 

Fig. 8.2 Disk 3 organisation 53 

Fig. 952 Archive disk organisation 57 

Chapter 3. 

Section 1. The use of headphones in subjective testing 

Figs. 1.3) 
2.3; & 323 Responses on the artificial ear 62) = 64 

Pigs, 4.3, Sas 
6.3 and 
oe Responses on the real ear 66 - 69 

Figs. 11.3 
& 12.5 Calibration charts for B & K 

microphone aa 

Fig. 13.5 Calibration chart for Knowles 
microphone 73 

Fog. 14.3 Real ear headphone response 75 

Table L.3 Factors 'K' and 'C! 81 

Table 4.3 Receiving sensitivity of the 
DT100 headphones 84 

Section 2 Description of the preferred listening 
level experiments 

Pl ; Program to generate an alphabetic 
latin square 88 

PZ Program to generate a numeric 
latin square 89 

Fig. 19°35 Alphabetic latin squares 90 

Figs. 20.3 
& 21.3 Numeric labin squares Vili 91 - 92



Tables 5.3 
and 6.3 Procedure for noise pressure 

from noise voltage 97 - 98 

Table 7.3 Handset receiving sensitivity 98 

P3 to P6 Programs for spectrum density 
and noise pressure 101 - 104 

Tables 8.3 
& 9.3 Spectrum densities 106 

P8 to Pll Programs to produce opinion 
score charts 1o7, = 110 

Figss 22.5: 
to 23.3/A Opinion score charts 111 - 114 

Diag. 1.3 Electrical layout for PLL-1 to 4 118 

Diag. 2.3 Electrical layout for PLL-5 to 8 119 

Diag. 3,3 Electrical layout for PLL-9 to 16 120 

Fig. 24.3 Illustrating a crossover 121 

Tables 10.3 
to 135.3 Subjects ratings for PLL-1 to 4 122 > 125 

Table 32.3 Sound pressures within the bandwidths L2a7 

es it? Sub ratings for PLL-5 to 8 128,129 

L ‘ : . 
qables 16-3 subjects ratings for PLL-9 to 16 fig2y= 135 

Section 3. Analysis of results 

Table 20.3 Preferred listening levels from PLL-1 138 

  

Table 21.5 Analysis of variance for PLL-1 140 

Tables 22.3 
tonsles Mean opinion scores for the 

experiments PLL- 1 to 16 143, - 152 

Figeuiccos Tables showing spread between the 

subjects 154 

Table 35.3 Results from ‘loudness preference’ 

experiments 156 

Table 36.3 Results from 'quality' experiments DY: 

Rigs. 27.5 
to 36.35 Graphs of mean opinion score versus 

speech level for the experiments 

PLL- 1 to 16 160-169 

Figs. 37.3 
& 38.3 Ranges in preferred listening level 171,172 

Section 4 Discussion of results 

Tables 37.3 
& 38.3 Results from PLL- 1 to 4 175. 

Tables 39.3 
& 40.3 Comparisons between PLL- 5 to 8 Lay 

Table 41.3 Results from PLL-9, 11, 13 and 15 180 

Table 42.3 Results from PLL-10, 12, 14 and 16 180 

mx



Fig 28.5 Difference in p.1,1. between 

  

  

opinion scales 181 

Figs. 40.3 

to 495.0 Curves relating to the subjective 

equivalence of Q and S/ICN 184-199 

Appendix I. User instructions for TCAM 

Fig. 1. Options for connection elements 208 

Fig. 3 Example of a telephone connection 212 

Table 2 Pages showing connection elements 205/a 

Appendix 4. Suitability of the MTF method for Telephony 

Figs. 1.A4 
to 3,A4 Modulation depth 397 

Fig. 4.A4 Pressure modulation 398 

Figs. S.A4 
& 6.A4 Amplitude modulation 399 

Fig. 7.A4 Error due to finite sampling frequency 401 

Appendix 5. Advantages of loudness ratings over 

reference equivalents 

Table 1.AS Corrected frequency/sensitivity 

characteristics for BPO 746 telephone 406 

Fig. 2.A5 
and 3.A5 Nominal and true overall reference 

equivalents and loudness ratings 408



GLOSSARY OF SY 

e.,r.p. 

Wen ps 

JE 

Iw 

IE 

TE , 

*pg (Ww), 

JT 

*PI (Ww) 

a 

*r7 (E) 

*5T(E) 

oy 

SUMJ (W) 

SUMJ (E) 

SUJe (W) 

SUJe(E) 

SUMI (W) 

SUMI (E) 

SUIe(W) 

SUlIe(E) 

  

OLS_USED 

ear reference point 

mouth reference point 

Junction interface at west end of 

connection 

Junction interface at east end of 

connection 

International interface (west end) 

International interface (east end) 

Interface for west telephone set 

Interface for east telephone set 

Insertion loss between tel. and JW 

at west end 

Insertion loss between junctions JW and JE 

Insertion loss between tel and IW at 

west end 

Insertion loss between interfaces IW and IE 

Insertion loss between IE and tel at east end 

Insertion loss between JE and tel at east end 

Insertion loss between telephones at west 

and east ends 

Sending sensitivity from m.r.p. to junction 

Receiving sensitivity from junction to e.r.p. 

Sending sensitivity from m.r.p. to International 

Receiving sensitivity from International to e.r.p. 

xi



aoa 

a=aES 

ZL (W) 

ZL(E) 

LUMe (W-E) 

LUMe (E-W) 

tian eee 

=Rosass= 

25 map (WE) 

4 mp (B-¥) 

ath 
LMeST (W) 

LMeST(E) 

so 

SLR 

RLR 

JLR 

SLR(N) 

RLR(N) 

ILR 

STLR 

STMR 

ee 

pll 

SPL 

referred to artificial ear 

referred to real ear 

Impedance of the line seen by a telephone set 

Overall loss from m.r.p. to e.r.p. (end to 

end) in direction shown 

referred to 'unknown' connection 

referred to 'reference' connection 

Impairment loss in direction shown 

Nominal loss of all elements between JW and JE 

Sidetone path loss from m.r.p. to e.r.p. 
(local end) 

Matched sending sensitivity of a telephone set 

Matched receiving sensitivity of tel. set 

Impedance looking in to line terminal of a 

tel. set 

Impedance across the terminals for zero sidetone 

Send loudness rating (to JW) 

Receive loudness rating (from JE) 

Junction loudness rating 

Send loudness rating (to IW) 

Receive loudness rating (from IE) 

International loudness rating 

Sidetone loudness rating (without human masking) 

Sidetown loudness rating (with human masking) 

Speech voltage at junction 

Preferred listening level 

Sound Pressure Level 

xii



Note 

Impedances are denoted by 2 

Sensitivities by S 

Electrical losses by x 

Acoustical losses by L 

TCAM assumes that all connections are reciprocal. 

xili



    ar, F 
ae, a) Jy |e) ag 

rs varias) ame |e oa 

  
 



CHAPTER 1 

INTRODUCTION TO TCAM 

ie BACKGROUND 

When telephone engineers plan a telephone system, they 

must ensure that the customers using it can converse with 

others without difficulty. In other words, its transmission 

performance should be within a set of limits such that no 

matter what type of connection is involved, these limits 

are not exceeded. Since only the telephone sets and the 

lines to the local exchange are fixed for each customer, a 

wide variety of connections can occur as a customer chooses 

to converse with various other customers. 

In order to check that the transmission plan falls 

within these limits,a small number of connections can be 

chosen to represent the whole of the system, and an 

examination made of their transmission performance. These 

are known as "hypothetical reference connections". 

In the past, it has been usual to use tables or 

graphs to obtain a measure of the degree of customer 

satisfaction (a figure of merit) from approximate values of 

overall transmission loss and circuit noise, eta.for a 

particular connection. To investigate the connection more 

deeply would have involved many tedious calculations. 

The planning of modern telephone systems has become 

increasingly complicated due to the introduction of new 

facilities like digital transmission. Also, a wider 

variety of different types of telephone sets require 
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consideration. Long distance and international calls are 

also becoming increasingly more important. 

Coinciding with this has been the development and 

also steady reduction in size and cost of digital computers. 

Computers can provide a comprehensive basis for investigating 

connections and estimating customer satisfaction. They can 

be used to make an “assessment model" which is contained 

within a set of computer programs. The model can simulate 

the characteristics of telephone sets and the frequency 

dependant transmission elements making up the connection, 

and provide a figure of merit for it. (The figure of merit 

commonly used is "percentage Good or Excellent", or 

“percentage Difficult"). Thus,it is possible to model 

existing connections and even connections for the future 

and to investigate their suitability for conversational 

purposes. 

ane THE PURPOSE OF TCAM 

Telephone engineers have for a long time, used 

measuring systems and calculation procedures based on 

theoretical models, to quantify the transmission losses 

of speech paths from the point of view of loudness of 

the received speech. It is now feasible ey use of 

suitable computer programs) to model the physical 

transmission characteristics of telephone connections 

by the use of ABCD parameters considered at various 

frequency points.



A comprehensive model combining physical and 

subjective models has been assembled by the British 

Post Office and is named caTpass + (Computer-aided 

telephony performance assessment system). It was 

developed to run on a fairly large time-sharing computer 

system. Other telephone transmission computer models have 

been developed by various telephone organisations and 

the matter is being studied by CCITT study group XII. 

As a result of the work taking place in the 

communications section at Aston University, there is a 

need for a means of estimating the customer satisfaction 

of telephone connections containing various transmission 

elements that are undergoing study. TCAM was developed 

as a research tool that fulfills this requirement. It 

has been implemented on a small computing system comprising 

a 16K PET microcomputer with back up storage from a dual 

drive floppy disk unit, and a printer for obtaining 

permanent copies of results from a run. Because the 

complete set of programs making up TeAM is modular in 

construction, it is possible to examine a connection in 

various ways. 

Basically, the particulars of a telephone connection 

are entered (its objective characteristics) and an estimate 

of its "satisfactoriness" is produced. (From subsequently 

derived subjective characteristics). 

To enter the connection description, each of the 

successive transmission elements is named from one



telephone set to the other. The position of the planning 

interfaces is then given after which the types of telephone 

set used are identified. The mouth-to-ear transmission 

losses of the principal and sidetone paths are then 

derived as functions of frequency from previously stored 

data and calculation procedures. This information can 

be used as input to a 'subjective' model of hearing and 

perception from which loudness ratings’ ean be calculated. 

By combining these results with particulars concerning 

noise, estimates of listening opinion score may be 

calculated. Further modelling makes it possible to 

finish up with estimates of conversation opinion scores 

and percentage "difficult" conversations. 

3. THE STRUCTURE OF TCAM 

As previously mentioned, TCAM is built-up of program 

modules. These modules give great flexibility in that 

in obtaining the final results, any intermediate process 

may be easily modified by making suitable alterations to 

the respective program module. 

The complete system of calculation procedures 

embodied in TCAM has been broken down into six stages. 

Stages 1 and 2 are the objective parts (and the 

main bulk) of the model, and make use of complex 

ABCD parameters at 20 frequency points for describing 

the transmission characteristics of each electrical 

element in the connection, and for the subsequent 

cascading of these to determine the overall characteristics 

of the electrical sections. The characteristics of the 
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telephone sets are described by their fundamental 

transmission parameters. These are then combined with 

the overall characteristics of the electrical sections 

to give acoustical/acoustical and Electrical/acoustical 

transmission losses and sensitivities. These results 

provide the input to the subjective parts of the model. 

(Stages 3-6)° The subjective parts comprise a method 

for calculating loudness ratings, a model for estimating 

listening effort opinion scores, and models for relating 

conversation scores to listening scores and allowance 

for changes in talking behaviour. 

4. APPLICATION OF TCAM 

The introduction of digital devices into the 

telephone network is now becoming extensive. These 

devices however, produce non-linear distortions that 

have not been experienced previously, but are likely 

to have less effect on customer satisfaction than the 

degradations experienced in ordinary analogue circuits. 

In the long term, all-digital connections will also 

have much smaller variations in loudness since attenuation 

due to cable loss etc., has no effect on the amplitude 

of the speech signal which has been digitally encoded. 

In the shorter term, while new digital and old 

analogue facilities have to interwork, some difficult 

problems must be solved to avoid any temporary degradation 

in performance of some connections until the old facilities 

are replaced. Hypothetical connections’ representing mixed



analogue and digital situations can be set up with the aid 

of TCAM and the best way of avoiding such troubles can be 

studied. 

5. SUB-DIVISION OF A TELEPHONE CONNECTION 
  

A telephone network may be sub-divided into local 

telephone systems and junction and trunk circuits. An 

internationally planned connection can be treated as 

being composed of a national system and an international 

circuit. The interfaces between these sub-divisions are 

used as part of the description of the connection for the 

computer model. Fig. 1.1 shows an example of the sub- 

division of a connection. To describe the interfaces, two 

letters are used. The first may be T, J or I, meaning 

telephone junction or international. The second gives the 

position about the centre - i.e. W or E meaning west or east. 

Interfaces TW and TE are considered when calculating 

the sidetone performance of each telephone set. The 

section between TW and TE is considered when calculating 

the overall loss LMe (the mouth to (artificial) ear 

transmission loss). Other calculations are made considering 

the junction and international interfaces to determine 

sending and receiving sensitivities up to and from these 

interfaces with respect to TW and TE. These transmission 

quantities are determined in stages 1 and 2. 

Note. Interfaces aré considered as 6002 terminations in 

the calculation for transmission losses.
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Telephone systems however, do not usually present 

6002 at these sections and so the overall mouth to ear 

loss LMe does not exactly equal the sum of the losses 

between the sub-divisions. This is taken into account 

by a quantity known as “impairment loss" (ximp) . 

6. ACHIEVEMENTS MADE WITH THE AID OF TCAM 

TCAM has been used in the study of hypothetical 

connections reqpresenting various stages in the evolution 

of an all-digital telephone network 7 | Prior to this, the 

characteristics desirable of a digital telephone set were 

determined by setting-up a special connection. This 

connection comprised a "reference standard telephone set" 

(RSTAN1)* having characteristics representative of a set 

operating under average conditions in the network, 

together with an attenuator and a channel filter 

representing the codec necessary for digitised speech. 

The attenuator was altered until the required reference 

equivalents (CCITT recommended) were obtained and the 

characteristics were obtained from the composite results. 

A comparison between Loudness Ratings and Reference 

Equivalents has also been made with the aid of TCAM. 

(See Appendix 5). 

Parts of the model have been extended and other 

related programs created as part of an investigation 

into the preferred listening level of speech in the 

presence of random noise and correlated noise. (See 

Chapter 3).



7. Extension of TCAM to include the effects 

of preferred listening level 

When a listener hears speech under noisy conditions, 

he will prefer the speech to be louder than that under 

quieter conditions. Two types of circuit noise are used 

in listening tests, these being random (or "white") noise, 

found in everyday analogue telephone channels, and a new 

type of digitally produced noise which is speech 

correlated in its amplitude. This noise arises from the 

quantising of speech into discrete levels for which a 

corresponding binary number is obtained from an analogue- 

to-digital converter. As the speech level increases, 

so does the quantising error according to the quantising 

8 law’ used in the encoder. This is typical of what occurs 

ina PCM ® system. A convenient way of generating this 

type of noise for use in listening tests, is with the 

use of a "modulated noise reference unit" (mru)?. 

Telephone administrations have found it desirable 

to be able to relate ordinary signal to injected circuit 

noise ratios (S/ICN) with the subjectively equivalent 

signal to quantising noise ratio, Q (as proposed by 

D.L. Richards) /%ana at present use a relationship based 

on one listening level of speech only. This gives a 

limited result as the complete answer must involve the 

speech being presented at the preferred listening level 

(PLL) corresponding to the particular S/N ratio present. 
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Various experiments based on preferred listening 

level have been performed (described in chapter 3 of this 

thesis) and include the S/ICN vs Q relationship based 

on the preferred listening level of speech, and also the 

effects of the reduction of speech bandwidth. 

These results are used in stage 5 of the TCAM model 

where the preferred listening level is one of the 

parameters used in the determination of listening effort 

and mean opinion score. 

Stages 1 and 2 form the objective and main part of 

the TCAM model, and have been implemented by the author. 

This work, along with the preferred listening level 

experiments, forms the body of the thesis. Stages 3 to 

6 form the subjective parts of the model and have been 

implemented by my colleague and supervisor, Professor 

D.L. Richards. 

Note: The programs making up TCAM are identified by file 

numbers rather than filenames. This is a spin-off from 

the earlier versions that ran on a Tektronix 4051 

computer. When the PET computer was acquired, the 

operating structure of TCAM was as far as possible 

directly transferred over to save time. If time became 

available, the organisation of the programs within the 

structure would be clarified by using filenames as 

permitted by the version of the BASIC language used in 

the PET computer. 

41



        

} y 
; 

r 

ng 

te 
F a =, 

¥ 
: 

a — 
aye al 

A 
s 

Pee se 
=a 5 te  



Note 

Before proceeding to Chapter 2, the reader who is 

unfamiliar with the operation of T.C.A.M. is advised 

to briefly look through the user instructions given 

in Appendix I. 
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INTRODUCTION AND TECHNICAL BACKGROUND 

The use of ABCD matrices. (chain matrices) 

ABCD parameters may be used to completely describe 

the electrical characteristics of a 2 port network. 

(See Fig. 1.2). All the elements making up a connection 

(apart from the telephone sets) are described in this 

way. These elements are all linear and time invariant 

and appear as a set of four complex numbers at twenty 

frequency points. (The ISO recommended range). 

ABCD parameters lend themselves to the cascading 

of 2 port networks. 

By cascading all the elements in a connection 

overall and between the interfaces (representing 

junction and trunk circuits) a set of parameters will 

be obtained from which required losses and impedances 

can be computed. (See Pig. 2.2) 

After finding the insertion loss between the 

various sections, the next step is to compute the 

respective transmission losses. These are obtained 

by combining the various losses and impedances with 

the characteristics of the telephone sets. This is 

discussed more fully in the following sections. 

Telephone Sets 

The transmission characteristics of a 2-wire telephone 

set can be fundamentally described in terms of two frequency 

dependant impedances and the sending and receiving frequency 

13
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responses. These are as follows: 

(i) The matched sending sensitivity (Sg) which relates 

the emf at the line terminals to the pressure at 

the mouth reference point (m.r.p.) 

(ii) The matched receiving sensitivity (Sp) which 

relates the pressure at the ear reference point 

(e.r.p.) to the voltage at the line terminals. 

(iii) The impedance of the telephone (2) measured at 

the line terminals. 

(iv) The impedance that causes zero sidetone (255) 

when connected across the line terminals. 

Local Telephone Circuit 

This comprises the telephone set, subscribers line 

and exchange feeding bridge. The symbol Sus is used 

to denote the sensitivity of the local telephone 

circuit from m.r.p. to the 6002 junction and is given by 

eel 2x600 
our ee ts Tz,,#600| 

where Xp is the insertion loss of the subscribers line 

plus feeding bridge. 

Sse is used to denote the sensitivity from the 

6002 junction to the e.r.p. (artificial ear). Ifa 

real ear is used, the loss due to an imperfect seal between 

the ear and the earcap must be taken into account, 
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Note, the 6002 junction is an internationally agreed 

convention. 

The impedance looking into the line from the 

telephone set is denoted ay and is calculated from the 

ABCD parameters as explained previously. 

The sidetone path loss (Lyegn) is given by: 

12,426] |Zo+25| 
i = - (8548,) + 20 logs aT MeST s”’R 212611 27,-%50 

Junction and Trunk Circuits 

The insertion loss between the 600 junctions is 

denoted Xz" 

Note, 'junction' applies to the complete circuit between 

any two local exchanges. 

'International' applies to the circuit between international 

switching centres, and its insertion loss is denoted Xqyr° 

Complete Connections 

The overall loss from m.r.p. to e.r.p. (artificial 

ear) is denoted Lye" Fig. 3.2 gives a representation of the 

parameters used so far in relationship to the connection. 
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L. (Lye) | 

\ %qn | 

' (_ *ryp) | 
| ! x Id 
1 ! 4 1 
tos ! oJ Z ! 

Zu) etm) | , ary big SE Facey 
' 1 \ 1 1 

i *rg(w) 1 i ' *sr(e) | 

\ | *prqwy! L_*rr(g)! ! 
1 ' ‘ . ' s 

“tw ae IW TE JE IE 
i s s 

ee mr ote Se 

FIG. 3,2 

In order to distinguish between the 'near' end and 'far' 

end, in both directions, 'east' and 'west' are used to 

completely define the sending and receiving conditions 

for each telephone. 

Although 6002 impedances are stipulated in the 

definitions for sensitivities, local telephone systems 

rarely present 6002 to the junctions, and so Line is not 

-S_o+ « MI Sie X53 Allowance for 

this is given by the 'impairement loss' denoted ximp. 

exactly equal to the sum -S. 

In the planning of telephone networks it is common 

practice to characterize the total transmission losses 

of junctions and trunks by a ‘nominal loss' denoted xy 

7



which is given by the sum of their image attenuations 

at say, 1000 Hz. Clearly this number ignores attentuation/ 

frequency distortion and impedance mismatches. 5 mp is 

determined in such a way that these items can be taken 

into account, and is obtained by combining the sensitivities 

of the local telephone circuits with the nominal losses and 

subtracting from the true overall mouth-ear loss. Thus, 

*imp Ai Evel omjrae ns 

IMPLEMENTATION OF TCAM 

TCAM is implemented on a PET 2001 (16N) computer, 

which is self contained and may be described as a small 

‘desk-top computer’. 

An extended form of BASIC is used for the programming 

language. It is cheap to use as there is no expense on 

computer time, but it has limited dynamic memory capacity. 

(Approx. 16K useable). This is overcome by adopting a 

modular approach in the construction of the total programming 

requirements. (Obviously, this causes a reduced speed of 

operation compared to a large computer capable of storing 

the complete set of programs as a whole). 

Storage of the suite of programs making up TCAM is 

provided by the use of 'Floppy Disks'. Five disks are 

used (each having a duplicate spare with cassette tape 

back-up). Disk 1 contains all the programs necessary 

to obtain the overall objective characteristics of the 

telephone connection. Disk 2 contains data and programs 

relating to different types of telephone set. Disk 3 

contains the programs required for the computation of 

18



the subjective characteristics of the connection. A 

fourth disk contains auxiliary programs which are not 

normally used when running TCAM. (These are diagnostic 

and special printing out programs). The fifth disk is 

an 'archives' disk and is used to store the objective 

results obtained from previous runs. 

INTERWORKING OF PROGRAMS 

This is accomplished by using data files to link the 

programs together, i.e. the computer runs through a 

program, stores the results from that program in a data 

file, and then loads the next program into memory. This 

program then reads the data from the data file and uses 

it accordingly as it runs through. Upon reaching the 

end of its run, the new data is stored, ready to be used 

as input for the next program ...., and so on. 

The data files have been designated into 'fixed' 

and 'variable' categories. Fixed data files relate to 

data describing electrical elements which always have 

fixed characteristics in any connection. E.g. feeding 

bridges and channel filters. 

Variable data files relate to data describing: 

(a) Electrical elements which vary according to the 

individual connection, and so their parameters can 

take on any value. E.g. transmission lines, 

attenuators, transformers, etc. 

(b) Data providing links for program interworking. 

These will be results derived at various stages 
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(c) 

in the computation of the overall characteristics. 

Datum numbers giving interface positions, element 

types and positions, number of variable data files, 

etc.. Also character strings giving parametric 

values of the elements inputted.



INTERWORKING OF PROGRAMS AND DATA FILES WHEN SETTING-UP 

A CONNECTION. (REFER TO FIG.4.2 

CONNECTION SET-UP PROGRAM 

Upon running this program, the computer asks the user 

to input the title of the connection and the date of set-up 

(input as TS) and then asks for the number of electrical 

elements making up the connection, (input as N). It then 

sets a counter (T) to zero. As each element is inputted, 

the key (K array) and description (D array) are formed. 

When a variable data element is chosen, after setting 

it up, T is incremented by 1. Thus, T gives the number 

of variable data files. 

After all the elements have been described, N, K and D 

are stored in data file D 25 and T, Tf are stored in D 26. 

Control is then passed on to the interface positions 

program. 

INTERFACE POSITIONS PROGRAM (Refer to Fig.5.2. 

Here, the P array is formed as the user describes the 

position of the junction and international interfaces in 

the connection. After this, the nominal loss (X ) is 

inputted and control is then passed on to the telephone 

options program. 

TELEPHONE OPTIONS PROGRAM 

At this point, the user chooses which type of telephone 

he wishes to use with the connection. Information on the 

types chosen for the west and east ends is retrieved from 

Disk 2 and stored on Disk 1 in data files D 23 (west) and D 24 

(east). Control then passes on to the cascading program. 
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CASCADING PROGRAM 

This Ror sets a counter (C) to zero and then proceeds 

to cascade between the positions given by the P array. P is 

also used to decide whether or not international interfaces 

are being used. (If P(2)*P(3) = @ then only junction inter- 

faces are being used. If international has been chosen, it 

does the necessary extra cascadings (incrementing C at each 

cascading) and then cascades all the elements together to 

form an overall product array. Whilst forming the product 

arrays for each section, it uses QtC (where Q = T + 27) to 

find the data file into which it writes the product array. 

C is then incremented by 1. After the cascading operations 

are complete, T%, X, P and Q are stored in D 26. Control 

then passes on to the program for calculation of transmission 

losses. 

INSERTION AND TRANSMISSION LOSS PROGRAM 

Upon running this program, Tf, P, X and Q are read from 

D26. P is then used to determine whether or not international 

has been used. If junction only, it puts G=4, if junction and 

international, then G=7. (G is equal to the number of product 

arrays and also insertion losses for the connection). A 

counter C was initially set to zero. As each insertion 

loss is calculated, C is incremented by 1. It then finds 

data file number Q+C and writes the insertion loss 

data into this file. - After calculating all the insertion 

losses, control passes on to the transmission loss section 

of the program.



The various transmission losses to be contained in the 

U-files are now calculated. Counter C is incremented as 

before, and used to find the correct data file for data 

storage. After all the calculations are complete the 

user is returned to the information program.



FLOWCHART FOR THE INTERFACE POSITIONS PROGRAM 

  

  

  

      

  

        

  

          

  
  

        

                        

  

START 
Pp = 

FIG. G22 | 

Position . : 
of JW The interface key is stored 

Input X,Y in the 'P' array. 
pity =k 

Position Iw AB correct Bntry 
re } of IW 13 Interface -——_—_—> esac 

Input X,Y 
P(2) = xX OW! TE] WE 

correct Incorrect} Position 
YW inputt4 IW not of JE 

poste bd already yet Input X,Y 
of IE inputted P(4),= xX 
Input X,Y 
P(3) =X J 

END           

Initially, P(4) is dimensioned in the program,: and 

its value set to zero. The corresponding element numbers 

to the interface positions are then overwritten into the 

P array. 

Thus, P(1), P(2), P(3), and P(4) give the position of 

JW, IW, IE, and JE respectively. 
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CASCADING BET 

  

In order to arrive at the insertion loss between 

sections, all the elements making up a particular section 

must be cascaded together to form an overall set of ABCD 

parameters for that particular section. 

Consider the junction-only case: 

  

The sections to cascade will be: 

1 to P(1) 

PXLj ee 1 to (4) 

P(4) + 1toN 

a to N 

For the case when international interfaces are present: 

  

  

  

Ww ow Iw = f a aE TE 

| \ | i { ! 

l : | 
(sa a; 1 i aoa a Pi 

7 aa aa reel [c= cae ob Sr 

| eae | x | I 
| i JT \ a i 

Seas eee oh 
4 p(‘L) P(2) p (3) pi) N 
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The sections to cascade will be: 

1 to P(1)} 

P(1) + 1 to P(4) 

P(4) + 1 toN 

a to 

B(2) +71 to 

PS) to 

1 to 

P(2) 

P(3)
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ORGANISATION OF DISKS 1 AND 2 Se Re De 

  

    

  

  

  

  

    

  

  

        

  

  

  

      

  

  

  

  

  

    

        
  

  

  

          

DISK 1 pew) 
ee Ognans Data Programs Data 

Information « 1 SFB RSNL LSTD | Conn. Set-up ap HFB Set up fiopEion| ; Bridges & IFB New RSN] } channel filter CHF 18 Telephone 7464 set-up 2 LCG (0.6) 19 Set_up 746% i LCJ_ (0.9) {| Old picl | LCJ Set-up 3 AAL Telephone DIG2 : Spare Set _up WE5Z | | ceo ne ates conn WS, W data Printout [WES5A_| oS E$, E data Tel. Set WE5L ee 5 N, Kk, D, Parameters DLS1 | oss tions gE PTF f7aen Tj Telephone 2 Options Variable Checktel 
Gata Disktran | Cascadings i Variable Transtel Insertion & data Teltrans | Transmission Array Datum {losses & Products Q 

File location 2 Array 
Conn. Descrip- Products Q tion Recall 10 Array 

} Print-out Products Q | losses ar Insertion 
Transfer to’. | Losses _ Q+G *(initially T, T$) Archives 1 Insertion from Pl 

Losses 
Insertion 
Losses 
U-Files     QO + 2 

  

  

  

=O = 7 + 27



NOTE: Referring to Fig. 4.2, 

P= Program file (eg P7) 

Data file (eg D28) 

is a datum point 

No. of variable data files 

No. of product arrays (and hence insertion losses) 

4 for junction only 

oS
 

©
 

GA
 

#4
 

©
 

YF
 

" 
" 7 for junction and international



FURTHER NOTES ON SETTING-UP_THE CONNECTION 
  

As mentioned previously, the K array describes the 

data files representing the elements chosen in a particular 

connection. The key is formed by ascribing a value to 

K(I) (where I is the element number) in a for-next loop. 

e.g. SFB is stored in file No.15 and if it is the second 

element in the connection, then K(2) = 15.- 

Thus, for a typical connection having say, 8 

elements, the following may occur: 

  

  

K(T) ae 15 28 29 18 30 16 3 N= 8                   
  

TXL “SFB TX ATI Cur TAL ~HFB ULC 

This information is then used in conjunction with the P array 

by the cascading program to form product arrays of the 

elements between the interfaces. 

LUMPED COMPONENTS (LCO) 

These may be R, L or C or a combination (Z) either 

in series (SE) or shunt (SH). 

The ABCD parameters are: 

  

  

For series For parallel 

x Va 1 ° 

oO st 1/Z 1 

de. 12O7RG Em 0.0 110 1000ORLIm 10



Thus, the basic array for each component will be: 

BSE) 0 & 01,0 50 10 RSH 116 0 1/R Oo 1 

TSE 12 OO UL ee a. 14.0 Tou eOmlo One a a 

CSE 1 0 0 Qo 0 ) €sH)1 0 10.0. Ouc 1 

ZsE 1, 0 R X © O 1 © zsH 1 0 0 0 $i 

where X = L -4u S$ = R*+x?



CONNECTION DESCRIPTION RECALL (Refer to Fig. 6.2) 

A necessary facility is the ability to refer back to 

the initial connection description and to print it out as a 

hard copy to accompany data print-outs. In order to 

achieve this, an array is set-up along with the 'key' to 

represent the character strings relating to the elements 

chosen. 

Basically, the arrays defining the connection are: 

The Key . (K-array) 

K(I) gives the position of the data file containing 

the data for element (I). 

The Description. (D-array) 

D(I) generally describes which type element (I) is. 

Supplementary information on a particular element follows 

the ABCD parameters of that element in its data file. 

Thus, in the connection set-up program, as each element 

is inputted, K and D and the supplementary information are 

all set-up together. 

The position of the interfaces is also required to be 

known. This is supplied by the P-array. In order to deter- 

mine whether or not international is used, the preduct P(2)*P(3 

is calculated, and if this is zero, then only junction inter- 

faces have been used. P(1) and P(1)+l then give the 

position of JW. P(4) and P(4)+l1 give the position of JE. 

Similarly, P(2) and P(2)+1, P(3) and P(3) +1 give IW and IE 

when they exist. 
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The types of telephone set chosen for the west and east 

ends are contained in data files D23 and D24, represented 

by strings S¥ and Rg. 

The D-array is used to recall the description in the 

following way: 

A character string AY is set-up which contains all 

the element types available. Thus, each element is represented 

by its substring BY within Ag. 

D(I) represents the position of BY within Ag. 

By use of the MID statement, BY may be extracted. 

i.e. 

Ag = "RSE LSE CSE RSH LSH CSH TFR SFB, etc. 
47 1074s le 19 22 

Bg = MID#(A¥, D(I), 3). 

Note, AZ is allowed to be up to 256 characters 

in length. 

The relationship between K and D is shown in Table 1.2 

Supplementary information is contained in the character 

strings C%, DS and EZ. (i.e. three parameters). 

In the case of less than three parameters, the unused 

string appears as " - - -". 

E.g. Element 4 : Length = 5.9 km 

Gauge = 0.5 mm 

If an element has greater than three parameters concatenation 

may be used to reduce down to three strings. 
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ELEMENT (1) 

RSE 

LSE 

CSE 

LSH 

CSH 

TFR 

SFB 

HFB 

IFB 

Lcd 

LCI 

ATT 

TXI, 

LAT 

MCC 

ZSE 

ZSH 

The relationship between arrays K and D. 

(O.6 mm) 

(0.9 mm) 

4 + ny
 

sD
 

4 + 27 

+127 

20 

B
H
O
 

+ 
15 

16 

Ly 

18 

ig: 

20 

e+ 27 

Sera, 

DL eee 

21 

T+ 27 

T +027 

TABLE 1.2 
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1c 

Ae) 

16 

19 

22 

25. 

28 

31 

34 

34 

37 

40 

43 

49 

52 

55 

58



FLOWCHART FOR THE PRINT-OUT OF THE CONNECTION DESCRIPTION 

  

      

  

  

          

  

  

              

  

                  

  

            
  

              

ELEMENTS 

START 

(N10) 

FORI= aia — 

(N<20) 
0 Th ee en ee 

' { 
FORI= {__|FORI= 

{ |17010 PRET fi 20Nn oe 
es suB I ! 

(N30) 
ee Ssoree a eee 

i 1 FORI= { fPORI= 
GoslLt r PR PRINT t 1 1020 apt (2. gon | Re 

See ee SUE a 

(Ns 40) 
ci ie ae 

| FORI= t 
cos2t4 1_} FORT= PRINT 

eas Hee 3 | burow Be 

    

  

    

  

PRIN’ "No of elements too large 

(Prograrmed for a maximum of 40)" 
    

FIG. 
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LOADED CABLE JUNCTION (LCJ) 

Provision has been made (as a ‘fixed' data file) for 

101lb/mile (O.6mm) and 20l1b/mile (0.9mm) loaded cable with 

an 88 mH, 32 resistance loading coil placed at 1.83 Km 

intervals. The nominal loss of LCd at 800 Hz is 4.5 db. 

Consider 0.6 mm gauge: 

Four full sections of 1.83Km line with a half section at 

each end give the 4.5 dB loss. The primary constants 

for the line are, R = 1092/Km and C = 41nF/Km. 

Le. 

% line Coil full line full 11nS°t} 4 ane 
= AID = -286)= 99 gg A 

0.915 kn 1.83 Km 

For the 0.9 mm gauge, ten fuli sections are required. 

The primary constants are, R = 552/Km, C = 41nF/Km. 

betes) un Full line 

F/2= Half line 

Cc a loading coil 

Then, for 0.6 mm gauge, this can be represented as 

E +4 (CHF) #c#E 
2 2 

and for 0.9 mm gauge, 

E 
E%10(C#F) *C¥E 2 

These expressions are set-up on the computer according 

to the sequence diagram shown on the following page. 
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__FOR SET-UP_OF_ 

  

let X = 4 represent 0.6 mm gauge 

cd ! = 10 represent 0.9 mm gauge. 

This gives a general expression:- 

5*x(c#P) scat 

tetial = 6," AQ =F, 43 2 F/2 

To cascade X(C*F) use a subroutine of the form:~ M2 = M1*M2 

By putting Al into Ml and A2 into M2, this gives:- 

M2 = C*F. Put this into Ml. 

A for-next loop is now used. The number of loops being 

equal to xX. ie. For Vv = 1 to x. 

Initially, when Vv = 1, 

M2 = 1, Mi = C*F 

then M2 = C*F 

v=2, 

M2 = C*F, Ml = C*F 

then M2 = =(C*F) 

Ve 3, M2 = 2(C*F), Ml = C*F 

then M2 = 3(C*F) 

el. 

For F/2*X(C*F) :- 

Put Ml = A3, already have M2 = X(C*F) 

then M2 = F/2*X(C*F) 

For F/2*X(C*F) *c:- 

Put Ml = M2, already have Al Cc .. put M2 = Al 

then M2 = F/2*X(C*F) *c 
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SETTING-UP THE TELEPHONE FILES 

There are three main programs on Disk 2 (namely Pl, P2 

and P3) which deal with the setting-up of information 

relating to the four parameters used to define a telephone 

set. The parameters are Ss (or S600) , Ss. (or S600) , Zz 
R Cc 

and Z@ Pl is used to set-up a new telephone data file, 
so* 

P2 is used to modify an old (previously set-up) data file. 

P3 will then give a print-out as a hard copy, the data 

that has been entered into the computer whilst setting-up 

the telephone set. 

Programs Pl and P2 contain a correction routine where 

incorrectly inputted data may be corrected before it is 

saved in the data file. A dedicated program exists called 

"RSN1 SET-UP" which sets-up RSN1 using data contained within 

the program. (Pl and P2 require the user to type in all 

the data to be stored). 

SETTING-UP RSN1 

2 
From Memo 12° the following equivalent circuits can be 

obtained for the Za and Zso° 

  

R2 

RL MA ; 

      

570 ; : 
C AAA (Used in the insertion 

c e loss calculations) 
230 ie 

UT 
92n 

R2 

ne 1400 
c (Used in the sidetone 

loss calculations) 
310 

170n



For each circuit, 

Ee a R2/jwC 2 R2 
ieee R241 /joc ae L+jwCR2 

  

R2(1-jwCR2) 

l+w*C?R2? 
Ri 

R2 ay WCR2 Se | 
i.e. 24> RL 

1+(wCR2)? 1+(wCR2) ? 
  

This may be written into the pregram as:- 

READ Rl, R2, C 

FOR J = 1 TO 20 : w = 2*n*F(J) 

A(J,1)=R1+R2/(1+w*C*R2) +2) 

A(Jd,2) = -w*C*R2t2/(1+(w*C*R2) +2) 

NEXT J 

DATA 230, 570, 92E-9 (For 2) 

Data is available for Sg 600 and S,600 at the twenty ISO 

frequencies. By using this in conjunction with 2,, S, and 

S, may be oo as follows: 
R 

es nes 
S, = $,600 + 20 log,, Sos 

lZQ +600 | 
Sp = S600 + 20 log, TET 

Let M = 20 109) 9|%,+600| 

then, 

Sg = 8,600 + M - 20 log, ,1200 

= - * S, = 8,600 + M - 20 log, (2 lz.) 
  

These expressions may now be written 

program as follows:- 

c Ss 

into the computer



FOR J = 1°70 20 : D = LOG(Lo) 

M = 20*LOG(SQR( (Al (J,1) +600) t2+A1(J,2)+2))/D 

A3 (J) =A3 (J) +M-20*LOG (1200) /D 

A4 (J) =A4 (J) +M~20* LOG (2*SQR(A1(J,1)+2+A1l (3,2) +2))/D 

NEXT J 

Note, D is used to convert LOG (log_) into lo = 
Fe S10



USE _OF THE IDEAL FEEDING BRIDGE (I.F.B.) 

es As a separator where international and junction inter- 

faces coincide. 

  

E.G. 

IE 
ow aH 1W - a 

! 1 1 1 oe ee ie oe 
tig: De geet 5 | 6 oe 

BC) P(2) P(3) (4) 
=2 =3 =5 =5 

In the cascading program this will produce: - 

For I = p(3) + 1 to p(4) 

i.e. I = 6 to 5 which is an invalid instruction. 

To cvercome this, use IFB as follows:- 

i.e. 

IW IE JE Ae i 1 1 ! 
4 1 t ! == AO SI Ht 
t 1 t 1 
: 4 5 i 6 ' 7 8 ! 

23), P(4) 
=5 =6 

This now produces: 

For I = p(3) + 1 to p(4) 

i.e. I = 6 to 6 (Simply goes round the loop once). 

Ze Own exchange call with zero line. 

TW TE 

WA



By using IFB, this can be represented as: 

TW ow JE TE 
| IFB | \ DEB) } 

a ee 
tyes a Ske 

(Without IFB, JW & JE cannot be defined as they 

do not occur between two elements).



INSERTION AND TRANSMISSION LOSSES 
  

Consider a section Z, inserted between source and load 

impedances as shown below. 

  

[Ag 
    AN He pl 

a       2. 
    

The insertion loss of the above section Z, = 20 leg R 

where, R 
Ab + DSF CSi + 8B 

8 els 

This is in complex form, 

i.e. RL + jR2 
= (@HjA) (14512) +(d4+jD) (S145S2)+- (c+jC) (S14+582) (L1+jL2) +(b+iB 
  

SI+jS24L145L2 

Let Pl1+jP2 = (C+jC) (S1+jS2) (L1+jL2) +(b+5B) 

= (cS1-CS2+j (CS1+cS2))(L1+jL2) +(b+5B) 

= L1(cS1-cS2) + jL1(CSi+cS2) 

+ jL2(cS1-CS2) - L2(CS1+cS2) + b + 5B 

i.e Pl = Li(cS1-cS2) - L2(CSl+cS2) +b 

P2 = L1(CS1 + cS2) + L2(cS1 - cS2) +B 

Tet “Yl cSl =(cs2, v2 =csi. + cs2 

Then Pl = L1.¥l - L2.¥2 +b 

_P2 = L1.y2 + L2.¥1 +B 

Let Ul + jU2 = Sl + jS2 + Ll + 512 

ise. ao 

U2 

Slt ag 

O2ateee 
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Let Vl + jv2 = (a + JA) (Ll + 512 

Ie. “V1 

v2 

Thus, Rl + R2 

Let Wl 

wW2 

then 

RL 

i.e. Rl 

ee RL 

R2 

w 
+ (dit JD) CSL ok S23 

u abl - AL2 + j(AL1 + aL2) 

+ dSl - DS2 + j(DS1 + dS2) 

aLl AL2 + dSl - DS2 

aLl + aL2 + DS1 + dS2 

Vl + jv2 + Pl + jp2 
Ul + ju2 

u 

Vi +: Pl. 

Vaio e 2 

_ Wl + jw2 
J ul + ju2 

| jR2 = (W1 + jW2) (Ul _- 402) 

(U1)? + (U2)? 

— WL.Ul + W2.U2 + j(W2.U1 - Wi.U2) 

(U1)? + (U2)? 

W1.Ul + W2.U2 

(UL)? + (U2)? 

W2.Ul - W1l.u2 

(U1)? + (U2)? 

But only the modulus of Rl and R2 is required and so 

computing time can be saved by working out: 

4 

Tl = W1.Ul + W2.U2 Peek 
Ul? + u2? 

2 = W2.U) - W1.v2 a 
eames Ul? 492°  



  

ly Thus R 
(ul)? +9 (U2)? 
  

In the program, this will be a subroutine to find the 

insertion loss of various sections. The final result will 

bes 

X = 20 logy (RB), the insertion ioss'for that section. 

This can be written into the program as follows: 

Yl = A(J,5)*S1 (J) - A(J,6)*S2(J) 

¥2 = A(J,6)*S1(J) + A(J,5)*S2 (J) 

Pl = L1(J)*¥1 - L2(d)*¥2 + A(J,3) 

p2 = L1(J)*¥2 + L2(J)*¥1l + A(J,4) 

Ul = S1(3) + LI (d) 

U2 = S2(J) + L2(J) 

Vl = A(J,1)*L1(J) - A(J,2)*L2(3) + A(I,7)*S1(J) - A(JT,8)*S2 

v2 = A(J,2)*L1(J) + A(T,1)*L2(J) + A(T,8)*S1(T) + A(T,7) *S2l 

Wl = Ul + Pl 

W2 = U2 + P2 

TL = W1*U1l + W2*U2 

ues W2*UL - W1*U2 w 

R = SQR(T1+2 + T2t2)/(Ult2 + U2t2) 

X(J) = 20*LOG(R) /LOG(19) 
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INSERTION LOSS BE 

  

Since only reciprocal networks are being dealt with, 

the insertion loss will be the same in both directions. 

Consider the case where both junction and international 

interfaces exist: 

  
  

  
  

                    

TW ow IW IE JE TE 
Zc(W) | | I I ! 1 Zé(E) 

W— defi bre eter ast iw 
1 t t t ! l 

er ee ee 
‘6002 Interfaces 

The insertion losses for each section are considered as 

follows: 

TW - JW OW - JE JB - TR 
oduct array 

Zc(W) fsrbinfle®. 600 oar 609 Q+2    

      

  
  

      

. 600 3 600 oa! 
Td (W) IT *50(B) 

Stood in file Q4G Q+G41 O+G6+2 

TW - IW IW - TE IE - TE TW - TE 

Zc(W) Q+3 600 Q+4 600 O45 2.4) 946 

600 600. 600 Zc (BE) 
*pr (Ww) 7 *T7 (E) Xp 

Q+G43 Q+G+4 Q+G+5 O+G+6 

Note, the calculation procedures for Xr (a) ¢ Xry and Xr7(z) 

are simply skipped over when junction only is present, the 

overall product array then being stored in file Q + 3. 
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After the inserticn losses have been calculated, the 

following paraméters are reguired fer the U-files: 

Ul-file u2-file U3-file 

SUMJ(W) SUMJ(E) ZL(W) ZL(B) LMeST (W) LMeST(E) 

SUJE(W) SUJe(E) x = bd py imp “L 

SUMI(W) SUMI(E) LUMe (W) LUMe (E) 

SUIe(W) SUIe(E) 

oe ai 

These quantities are calculated from the previous results as 

follows: 

$e a 2_x 600 
Suma (w) = Ssqw)7 *ra (wy * 20 15,6 126 (iq) F000 

212. gy 

Suge (w) SRiw) *ar(w) + 2° log TZ (ay $500 

2 x 600 S(E) Xn (z)* 20 log +> Ss : = 125 (gp) OOO| Suma (E) = 

22a), 
” 1g c 

Suge (z)™ Sxie) ~ “ance * 7° 1°99 Te> F600 

= £ 2.x 600 
Sum cw) Ss qm) “rz (w) * 29 10g TS (qy FOOT 

212 wy | 

Sure(w)~ Sriw)7 *rrqw) * 29 109 ToS)? 6001 

s = 2 x 600 
Sour (z)~ Sse) *nr(z) 7 2° 199 Bp) 1600 

2126 (5)! 
Sure (x) “Sriz) “*r(z) * 20 109 Tee) + -GOOT 

AT



Consider 4% (Used in the calculation of side-tone path L 

  

      

  

  

loss, 

2, (W) a2) 
a) la ges Seluat? Saeed) | 3 

Overall Lea AAA 
MA i Product Array | 

vai AS 1 
TW © D ae 

ol aoe GiB ce ee oe. 
L(W) CZ, (gp) tD L(E) AFCZ (ay) 

These are complex expressions and so require to be 

converted into separate real and imaginary components. 

i UNGEAVS 
Consider the expression wigtay? 

where U'V'W'Y'Z' are all complex. 

In Cartesian form, this becomes, 

(+5 U) (z+32) +(v+jV) Small letters = Real component 
(w43W) (2432) + (y43¥) Large lettors = Imaginary 

components 

= B2-U2+5 (UztuZ) tv+jV 
wz-WZ+j (Wz+wZ) +y+3Y 

= (Uz-UZ+v) +) (Uzt+uzZ+V) _ E+jF 
(wz-WZ+y) +3 (Wzt+wZ+¥) Gt+jH 

B+jP_ (E+jF) (G-jH)_ EG+FH | .FG-HE 
Gril Ce J G? + H? G?+H?. ~ G?+H? 

Let D = G?+H? 

U'Z'+V! _ EGHFH , .FG-HE 
eA aresan sme of Sea



where, 

Now, 

E=uz- U+v 

P= Uz + uZa+V EF 

G=we -WZty 

H = Wz +w2+yY 

D =iG et He 

AZ spy t B 
25, (W1) a Siggy 1? Let array Ml contain 2ocR) 

(a_+ jA) (M1(7,1) + jM1(J,2))+ (b + 3B) 
(C + 3C) (ME, 1) + 9M1(9,2)) + (a + 9D) 

u U 2 Z v Vv 

— {A(5,1)4+jA(T,2) {M1 (3,1) +jMi(T,2) }+{A(T, 3) +ja(T,A) } 
  

~ {A(T,5) +5 (9,6) }{M1(T,1) +5M1 (5,2) }H{A(T, 7) +JACSB) | 

v Ww : zB z y y 

This will therefore be represented in the program as: 

FOR J = 1 to 20 

A(T,1) *M1(J,1) -A(S,2) *M1 (J, 2) 4A(T, 3) =e = 

F = A(J,2)*M1(J,1)+A(J,1) *M1 (3,2) +A(3,4) 

G = A(J,5)*M1(J,1)-A(J,6) *M1(J3,2)+A(J,7) 

H = A(J,6)*M1(J,1)+A(J,5) *M1(J,2) +A(J,8) 

D = Gt2 + Ht2 

Z(J,1) = (E*G+F*H) /D 

Z(J,2) = (F*G - H*E)/D 

Next J 
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Borda) 
  

oe ea 

  

Pastwy Let array Al contain Z,,,. 
Cc wy) +A c(w) 

(d+jD) (AL(J,1) + jA1(3,2)) + (b+jB) 

* (erjc) (AL(,1) AL ,2)) + (atja) 

u U 2 Z Y vy 

{A(T ,7) +3A(T,8) }{Al (5,1) +JAl(T,2) }+{A(T, 3) +jAa(T,4) } 
{A /S)F5AT 6) HALT, 1) +3Al (7,2) HAT, 1) +50 (5,2) 3 

) W & Z ¥y i: 

This will be represented in the program as: 

For J = 1 to 20 

E = A(J,7)*Al(S,1) - A(J,8)*Al1(3,2) + A(J,3) 

F = A(J,8)*AlL(J,1) + A(J,7)*A1(J,2) + A(T,4) 

G = A(d,5)*Al(d,1) - A(d,;6)*Al@,2) + AW,1) 

H = A(J,6)*Al1(J,1) + A(J,5)*AL(3,2) + A(J,2) 

Di += ©Gt2 + Ht2 

(,1Y = (B*6 + F*H)/D 

Z(0,2) = (F*G - H*E)/D 

Next J 

For LUMe 

L 

Lume (E-w) ~ *pr7§s(z)7SR (Ww) 

uMe(w-E) ~ *rrSsqw) ~ SR(e) 
[2 +05 ot 

(W)C (E) +20 1ogig 5 Aye 

: |Z lene 
420 logyg es c(w) 

c(W) 

Let $1 contain Ze (nye czy | 

$2 contain |Z cw! 
$3 contain lZo |



The arrays may be assigned as follows: 

Xl = Xipp Then update to give: 

eT ee i) AZ = Lune (W-E) 

Aa = S2(W) “ Lome (B-w) 

SE ES 
M4 = Sain) 

BENG (a) 

AZ = *e(e) 

For Xam 

Xirp (W-E) ~ “ume (w-E) ‘Sums (w) *Suse7*L 

== *imp(e-w) ~ Lume (e-w) *Sums (z) Suge (iH) 7*L 

Xi mp is obtained directly from the parameters previously 

calculated in the program. 

For L 
MeST 

12, wy ecw || cwy + 1 C(w) “so (w) 
L = -S -S +20 log = = 
MeST (W) S(W) “R(W) 10 2126 (9)! 141, 280 ww) 

; nh 125, my *c omy | 12cm) so tay! 
MeST (E) Slane 10 2 Zoe) |141(2)7*s0(H) 

- again calculated from parameters previously obtained. 
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THE U-FILES 

These are stored on Disk 1 in the following order: 

Boe ee ee SUMJ (W) suge (W) 

Q+2¢ +1 | SUMI(W) sULe (W) 

SUMJ (E) SUJEXE) ae 

SUMI (E) SUIe (E) 

etc *aa a1 

v2 

  

  

  

  

  

ZL (W) 

  

Pig. 722 
ZL(E)     LUMe (W-E) LUMe (E-W) 

  

ximp (W-E) ximp (E-W) xy, 

  

LMest (W) U3 

  

LMest (E)       

The U-Files are split-up into Ul, U2 and U3. If an 

array reserved for international is not used (ie only junc- 

tion interfaces are present), its value is set to zero. 

TRANSFERRING THE U+FILES TO DISK 3 (See Fig. 8.2) 

It is convenient to change the order of the U-files 

to a form more convenient to the calculation of the loud- 

ness ratings for various sections. This is done during the 

transfer to disk 3.



DISK 3 ORGANIZATION 

  

  

  

  

  

  

  

  

    
  

U-File Recovery P7 

Ul (W-E) 16 

U3 (W-E) 17 

Ul (E-W) 18 

U3 (E-W) +19 

G, T$, S$, RF 20 

Calculation of L.R. & vy, 35 

R (W-E), V, (W) 39 

R (E-W), Vv, (E) 40 

45 Print-out L.R. & vy, 

  

Fig. 8.2 
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The U-Files are read from disk 1 in the following 

sequence (and are read into an array A(K,J) where K 

represents the particular transmission loss at a frequency 

F(J)). Note, U2 is no longer required as it was used only 

to construct U3. 

SUMI (W) SuJe (W) SUMI (W) SUIe (E) SUMJ (12) SUdJe (E) 

K=1 Ke2 3 4 5 6 

SUMZ (E) SUIe(E) Xsg Xz ZL (W) Real ZL (W) Imaginary 

7 8 9 10 Dy 2 

2L(E) Real ZL(E) Imaginary LUMe (W-2) LUMe (E-W) 

13 14 15 16 

Ximp (W-E) *imp (E-W) 

17 18 

xy, LMesT (W) LMesT (E 

19 20 21 i 

ORDER OF THE U-FILES REQUIRED FOR STORAGE ON DISK 3 
  

Ul (W-E) (Stored in data-file D16) 

SUMJ (W) SUJe (E) ioG SUMI (W) SULe (E) XII 

K=1 K=6 2 3 8 10 

U3_(W-E) (D17) 

xy, ximp (W-E) LMesT (W) 

19 17 20 

Ul (E-W) (D18) 

SUMJ (E) SUJe (W) Xz SUMI (E) SUIe (W) Xry 

5 2 9. Ea 4 10 

5h



U3_(E-W)  (D19) 

xy, ximp (E-W) LMesT (E) 

LO Mele 21 

Data file D20 is used to store G(4 or 7), T$ (the 

title of the connection), S$ (the west telephone name) 

and R$ (the east telephone name). 
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‘TRANSFERENCE _ OF THE CONNECTION DESCRIPTION 

AND U-FILES TO THE ARCHIVES DISK (See Fig. 9.2) 

The data required to transfer is as follows: 

T$ Title of the connection and date of set-up. 

N Number of elements making up the connection. 

D Positions and descriptions of the elements. 

P Planning interface positions. 

S$ Sending telephone type. 

R$ Receiving telephone type. 

xX Nominal loss between the junctions. 

Q Datum number for variable data file locations. 

Al 10 x 20 array containing Ul data. 

A2 5 x 20 array containing U3 data. 

DATUM FOR THE START OF DATA STORAGE 

Running the "datum" program will put a value (C) = 9 

into data file number 4. This then causes the connection 

data to be stored in data file 10 on the first transfer. 

There-after, C is automatically updated by 1 for each transfer 

from Disk 1. 

CONNECTION LOCATION 

The connection location program prints a list of the 

titles of the connections stored and their respective file 

number containing the data. The user then chooses the 

required set of data he wishes to transfer to Disk 3, by 

selecting the respective file number. 
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ARCHIVES DISK ORGANIZATION 

  

  

  

  

  

  

  

  

  

        

Connection Location P2 

Transfer from Disk 1 P3 

C,F D4 

Print-out 
Connection Description P6 

Print-out U-Files P7 

Transfer to Disk 3 P8 

T$, R$, S$, N, P, D, X, Q, Al, A2 D 10 

T$, R$, S$, N, P, D, X, Q, Al, A2 Dil Stored 
Connections 

T$, R$, S$, N, P, D, X, Q, Al, A2 D 12 i 
1 
( 

T$, RE, S$, M, By D, X, O, Aly K2 D 13 \ 
1 

l ! 

' ' { | 
1 ‘ ' | 
' 1 u | 

Fig. 9.2



CHAPTER 3. SECTION 1. 

THE USE OF HEADPHONES IN SUBJECTIVE TESTING.



CHAPTER 3 

SECTION 1 

THE USE OF HEADPHONES IN SUBJECTIVE TESTING 

1. CHOICE OF HEADPHONES 

In telephony, subjective tests very often involve 

subjects making judgements in a listening only mode. 

In this, the listener may use a telephone handset and 

be seated in a special soundproof room. High quality 

headphones are now available at modest cost and offer a 

convenient way of obtaining fairly quiet listening 

conditions without the need to resort to a special 

enclosure. 

The main features of the headphones should be: 

(a) Flat frequency response from 100 Hz to 8 kHz 

(b) Good sound insulation, (therefore circum-aural) 

(c) Fairly high impedance (ideally 600%). 

Bearing these factors in mind, it was decided to purchase 

a pair of Beyer DT100 headphones. Various test procedures 

were then undertaken in order to calibrate the headphones. 

2. TEST PROCEDURES 

2.1 Impedance measurement 

Referring to the diagram shown, the generator frequency 

was set to 1 kHz. Variable resistor R was then adjusted 

until voltage V was equal to E/2. This was found to



correspond to 4202 for each headphone. (This agrees with 

the manufacturers quoted value and was fairly constant 

with frequency). An adaptor was made for plugging the 

headphones into, and two 1802 resistors were incorporated 

in it to pad out the effective headphone impedance to 

6002. 

er a 
  

2.2 TESTING ON THE ARTIFICIAL EAR 

The test set-up. comprised of the following: 

(a) Artificial Ear type 4153 

(b) Sine Generator type 1023 

(c) Measuring Amplifier type 2607 

(d) Chart Recorder type 2305. 

All of the above items were manufactured by Briiel and Kjaer. 

Note 

The output of the sine generator is 509. This was 

padded out to 6002 by including a 5602 resistor inside the 

connecting plug. Since the impedance of the headphones is 

now 6002, 6 dB is lost across the effective generator output 

impedance. The meter on the sine generator indicates the 

open circuit output voltage and so this value was increased 

by 6 dB in order to give the volage appearing across the 

headphones. A preliminary value of - 18 dBV was chosen 
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for the headphone voltage. (Corresponding to the preferred 

listening level for a telephone earpiece). To reduce low 

frequency noise (predominant) the signals from the 

microphone was filtered between 22.5 Hz to 22.5 KHz in the 

measuring amplifier. After setting the equipment up, 

frequency responses were obtained from the chart recorder. 

The responses for both earphones were found to be similar 

with dips and peaks of about 7 to 15 dB in amplitude above 

2 KHz. (See Figs. 1.3 and 2.3). These dips were due to 

the ‘cavity' effect caused by the air space between the 

condenser microphone in the artificial ear and the diaphragm 

of the headphone. The cavity causes standing waves 

(resonances) to be set-up where the wavelength of the sound 

is equivalent in size to the various path lengths in the 

cavity. 

Note the frequency response shape was very similar 

for various signal amplitudes within the dynamic range of 

the headphones. When a dummy ear made of plasticine was 

inserted, the undulations in the response were reduced 

in amplitude and also shifted up slightly in the frequency 

range. (See Fig. 3.3). It was therefore decided to perform 

tests using human ears in order to obtain an accurate 

calibration corresponding to use in real conditions. 

In order to obtain these results, a very small 

microphone was included in the right ear to monitor the 

sound pressure in the ear. A 'Knowles' miniature 

condenser microphone was used for this. 
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To calibrate the Knowles microphone, it was inserted 

into the cavity between the artificial ear and the headphone 

diaphragm. The headphone frequency response was then 

obtained on the chart recorder initially using the B & K 

condenser microphone, and then using the now present 

Knowles microphone. From these results, the difference 

in responses was used in conjunction with the calibration 

chart for the B & K microphone, thus giving the calibration 

of the Knowles microphone. 

The responses from the microphones are shown in 

Figs. 4.3 and 5.3. It is seen that serious inconsistency 

occurs at frequencies above 1 KHz. Since the Knowles 

microphone was fixed onto the headphone it was nearer 

to the diaphragm than the B & K microphone. Again the 

cavity effect was taking place. To overcome this, the 

Knowles microphone was removed from the headphone and 

positioned near to the B & K microphone, using plasticine 

and a telephone earpiece was used as the sound source. 

(The plasticine also acting as an efficient sealant against 

sound leakage). The cavity was now much smaller. The 

responses for the two microphones are shown in Figs. 6.3 

and 7.3, and show a much better consistency. [t was 

decided to mount the microphone close to the point where 

the sound enters the ear (e.r.p.) for accurate pressure 

responses. 
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2.3 INTERPRETATION OF THE RESULTS 

The sound calibrator (giving a pressure of 1 Pascal 

at 1 kHz) was applied to the B & K microphone. This 

produced a voltage on the measuring amplifier of -40 dBV. 

Thus the sensitivity is -40 dBV/Pa. (The gain of the 

pre-amplifier accompanying the microphone is -2.2 dB 

and so the actual open circuit sensitivity of the 

microphone at 1 kHz is -37.8 dBV/pa). Figs. 6.3 and 7.3 

show that atl kHz the Knowles microphone is 2.5 dB more 

sensitive than the B & K microphone at 1 kHz. The 

sensitivity therefore for the Knowles microphone is 

-37.5 dBV/Pa at 1 kHz. 

Note 

The input impedance of the measuring amplifier is 

1 MQ in parallel with 50 pF and so the voltage loss 

across the 1.8KQ output impedance of the Knowles micro- 

phone is negligible. The calibration chart for the 

Knowles microphone arising from these results is shown 

in Fig. 13.3. Details on the calibration of the B & K 

microphone are given in Figs. 11.3 and 12.3. 

2.4 CALIBRATING THE HEADPHONES ON A REAL EAR 
  

The signal level for calibrating the headphones was 

chosen as -18 dBV, as an approximation to the preferred 

loudness for a telephone earphone. In order to arrive at 

a more representative level for headphones, continuous 

speech was fed into them and the sound level adjusted 

until the most comfortable listening level was obtained.
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Calibration Chart for 
Condenser Microphone 
Cartridge Type 4133 

Serlal No, .559921.. 

  

Briel & Kjcer 
Denmark 

  

Open Circult Sensitivity at 1013 mbar 

od 
237.1....48 re. 1V per Nim? or ....14,.0. mv per N/m? 
This Calibration is traceab'e to the National Bureau 
of Standards, Washington 9 

Open Circult Correction Factor: 

Key= ALLL... 6B 

Cartridge Capacitanc 

c=. 

  

Leakage Resistance tested at 52‘/e relative humidity 
> 10 2. 
Frequenc; Response Characteristics: 
“The upper curve is the open circuit tree field char 
acteristic, valid for the Microphone Cartridge with 
protecting grid. Sound waves percensicular to dia- 
phragm (see Fig.). The lower curve is the open circuit 
pressure response recorged with electrostatic actu- 
ator. 

  

ae —|((((((3 
*) Subtract the gain of the preamplifier (see back of 

this card) from K> to get the actual correction 
factor K. (See instruction manual for the use of K). 

1 Nim? = 10 dynes/om? = 10 wbar = 1 Pascal. 

BC o0s4 
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Conditions of Tests: 

Frequency: 250 Hz     

    

Barometric Pressure: . 
Relative Humidi 
Teperature: 

Date: el 2278... 

Summarized Specifications 

Outside Diameter: 
0.52 in. (13.2 mm) with protecting grid. 
0.50 In. (12.7 mm) without protecting grid. 

Coupler Mounting Thread (orid thread): 
0.50 in. (12.7 mm) €OUNS2. 

Frequency Response Characteristic: 
Frequency below which free-field response shall be 
flat within + 2 dB: 40 KHz. 

Lower Limiting Frequency (-3 4B) as determined by 
pressure equalization is between 1 Hz and 3 Hz. 

Resonance Frequency: approx. 25 kHz (cverdamped). 
Equivatent Alr Volume at 1 atm. about 0.01 cm*. 
Ambient Pressure: Influence on sensitivity approx. 

=0,1 GB for + 10% pressure change. 
Temperature Coolfictent between -59 and + °C. 
“Less than + 0.995 dB/°C. ’ 
Relative Humidity: The influence of humidity does not 
exceed 0.1 dB in the absence of condensation, 

Dynamic Range: Sound Pressure Level below which 
he total narmionte distortion remains less than 
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This was initially done with sound in one ear only, and 

then sound in both ears. With one ear only, a level of 

-18 dBV was quite loud and clear but the absence of sound 

in the other ear produced a certain amount of strain for 

that ear. (The effect was that of a 'pressure' on the ear). 

Levels above -18 dBV were too loud. Reducing the level 

by 10 dB made the sound fainter but still clear with much 

less strain on the other ear. Sound in both ears caused 

no strain at all with a speech level of -18 dBV. 

A calibration was made on a real ear at - 18 dBV 

and the response is shown in Fig. 14.3. 

Because of the uncertainty in preferred listening 

level, an experiment was conducted using subjects listening 

under various conditions. Since speech in one ear only 

occurs in telephony, it was decided not to have speech 

in both ears, but to have noise in one ear, with speech 

and noise in the other ear. Each of the subjects had 

their real ear pressure response recorded. It was found 

that all the responses were very similar over the frequency 

range of interest. From the results, an ‘average’! response 

was obtained. This was then used to find the receiving 

sensitivity of the headphones on real ears. 

CORRECTION FACTORS 'K' and 'C! 

The presence of the Knowles microphone will reduce 

the volume of the cavity and so cause the true sensitivity 

characteristic to deviate slightly with frequency. The 

7h
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true shape was arrived at by obtaining the frequency 

response for the headphone from the chart recorder, using 

the artificial ear. Responses were obtained from the B & K 

microphone for the case where the Knowles microphone was 

present, and then for its absence. (See Figs. 15.3 and 

16.3). The difference in levels from the responses at each 

frequency point is the 'K' factor. By using the K factor, 

the true receiving sensitivity of the headphone for the 

right ear was found. By obtaining the true response for 

both right and left headphones on the artificial ear, the 

'C' factor was found from the difference at each frequency 

point. (See Figs. 17.3 and 18.3). This was applied to 

the sensitivity values for the right headphone to yield 

the sensitivities for the left headphone. 

Table 1.3 shows the K and C factors. 

Table 2.3 derives Sp for the right headphone. 

Table 3.3 then derives Sp for the left headphone. 

Table 4.3 gives Sp for both headphones at the ISO recommended 

range of frequencies. (From using the PO-ISO computer 

program). 

This completes the calibration of the headphones.
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TABLE 1 

Note, 

Col.2 
(dB)    

  

3 CORRECTI 

Col.1 shows 
Col.2 shows 
Col.3 = Col, 
Col.4 shows 
Col.S shows 
Col.6 = Col 
Sr (corrected 
SrCleft) = 

1 Col.3 | Col.4 
\ Gabo 1 Gab) 

  

ON FACTORS "K" AND "C" 

response with microphone absent 
response with microphone present 

1 + Cole 
response from the right headphone 
response from the left headphone 

+o — Col.4 
) m(uncorrected) + K 

rCright) + C 
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| 18; § Col. 1) Coloe! Cot. st 

{ Freq. | Ve lk Em 1 En 
b GHZ) to \ ~d BY 

| 100 | 26.6 1 
Doo ee Sheen tsar 

eon” less | 
Bf eee eee ere mere 

| 33.2 1 

St 2.0 WoO 4 de? 
a a ue ae eee re ee 

-37.5! 0.3 

“38.51 1.3   
TABLE 2.3 Calculating Sr for DT100 headphones (right ear) 

Note, Es=-11dBV (From average of real ear responses) 

Col.1 shows readings obtained from the chart recorder 

Col.2@ is given by Em(dBuv) = Ve(db)+41.8 

Col.3 is given by Em(-dBV) = Em(dBuV)~120 
Col,4 shows Ss for the Knowles microphone 

Col. shows Sr uncorrected (Sr%=Em-Es~Ss) 
Col.6 shows the correction factor "kK" 
Col.7 shows Sr corrected (Sr=Srx+k) 

82



  

P.O, ! Sr 1 ECE | i 

Freq. I (Right)! ItLefto | 

(Hz) | dBPa/VIl dk 1 dBPa/VI 
t
-
+
-
F
-
4
-
-
-
:
 

  

( 400 .! 
SR eo ere re er 

te eg00 Aad) bee ve? 

  

aoe 1.5 
ease an Gr aie rere mer 

  

  

| 3500 1 
ene 

4000 1 

    

      

TABLE 3.3 Sr for the DT100 headphones (both ears) 
where Sr(left) = Sr(right)+C 
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CALIBRATING THE DT100 HEADPHONES 

(Obtaining the receiving sensitivity (Sp) on a real ear). 

The real ear receiving response was obtained from the 

chart recorder, using the Knowles microphone to monitor the 

sound pressure. 

Consider the set-up: 

ime | 

(From signal 

generator) Sr Ss 
(Headphone) (Knowles mic.) 

  

Gen 
r To measuring amplifier) 

On a linear basis, 

s " P/Eg oe oP SB. S. cay 
R S°oR 

Ss 

a i Em/P . P = Em/S. (2) 

Equating 1 and 2 gives 

Eg-Sp = Em/S, 

Em 
rs Ss, = 

R Eg-Sg 

On a dB basis, 

Sp = Em - Ey - Ss 

(aBPa/V) (dBV) (aBV) (aBV/pa) 
  

  

Note, With Eg = - 11dBV at 500 Hz (the peak of the response), 

Em = 75 dBuV on the measuring amplifier. On the chart 

recorder, We = 35.6 dB. Em = Ve = 39.4, therefore the 

true dBuV from the chart recorder is Nx + 3954).



CHAPTER 3. SECTION 2. 

DESCRIPTION OF THE EXPERIMENTS IN PREFERRED LISTENING 

LEVEL, AND INITIAL RESULTS. 
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2. DESCRIPTION OF THE EXPERIMENTS IN PREFERRED LISTENING 

LEVEL 

20k These consisted of three sets of subjective tests, 

with the subjects receiving the speech material under 

various noise conditions, from the Beyer DT100 headphones. 

Set 1 
The subjects consisted of 4 males and 4 females 

aged between 20 and 45 years. Each subject received speech 

and noise in the right ear, and noise alone in the left ear. 

The speech S was presented at 10 random levels, with the noise 

at two levels, Nl and N2, Thus tiere were four distinct 

  

-treatments,. 

136. NL 

Nl 

N2 

N2 

  

These four treatments ABC and D were presented in 

random order to the eight subjects. For each treatment, 

the speech was presented at 10 randomly selected levels 

from a certain range. 

Latin squares were used to randomise the treatments 

and the order of level presentation. (Computer programs 

Pl and P2 were constructed to generate the latin squares). 

Thus 8 re-arrangements of ABCD were required. (Note, the 

total number of re-arrangements possible is 4P4 = 4!/O!= 

24. This fills six latin squares). For 8 re-arrangements, 

only two latin square were required. (See Fig. 19.3). 

With four treatments presented to 8 subjects and 
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FIG. 20.3 
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each treatment given at 10 random speech levels, this 

means that 32 lists of 10 random levles were required. 

This number was covered by generating four 10 x 10 

latin squares giving 40 lists. (See Figs. 20.3 and 

21.3) 5 

The Range of Speech Levels 

From a preliminary trial, the following range was 

used. (The levels given are in - dBV). 

10 14 18 22 26 30 34 38 42 46 

These ten levels cover a range of 36 dB in steps of 4 dB. 

To assist in quick selection of these levels at 

random, a unit called a "random attenuator" was used. 

This is made up from a set of switchable attenuators. 

Each of the ten attenuators is preset to the required 

value and then brought into circuit with a ten position 

selector switch. The unit can present attenuations of 

2-20 dB in steps of 2 dB for the ten switchable settings. 

It also has a further common input attenuator of 2-20 

dB. 

To accommodate the 36 dB range, the switches were 

set as follows: 

  

ATTEN. REQD. (DB)|4 8 12 16 20 24 28 32 36 40 
ATTEN. NUMBER 
(ON SELECTOR) As tee 3 4 5 6 z 8 9 10 

  

  

ATTENUATION (dB) |2 6 10 14 18 4 8 12 16 20 
        INPUT ATTEN.(dB) [2 2 2 2 2.20 20 20 20 20 
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By arranging the input speech voltage to be at - 6dBV, 

the above attenuations will give the required range of 

speech levels. 

The value of attenuation required from the switchable 

attenuator is set on a thumbwheel switch having 10 positions, 

numbered 1 to 9 to O. (Where 1 corresponds to 2 dB and O to 

20 dB). The input attenuator is also controlled by a 

similar thumbwheel switch. A table of switch positions 

versus speech level can now be set up. 

1 sec 

  

  
SPEECH LEVEL (-dBV) |10 14 18 22 26 30 34 38 42 46 

    SWITCH POSITIONS Tio SL (Sis 7 eS) 20.1400 £0 0:60" 00 
  

Note, for the switch positions, the lst digit is the 

selected attenuator setting, the 2nd digit is the input 

attenuator setting. 

These switch position numbers were then put directly into 

the latin square, and so a list of random switch positions 

was obtained. 

Noise Levels 

For the noise levels Nl and N2, value of 40 dBA 

and 6O dBA were chosen. (These represent sound levels 

in the ear judged to be quiet and fairly loud). In order 

to know what the equivalent amount of electrical noise (in 

dBV) would be to feed across the headphones to produce 

ok



these sound pressures, a tabular’ approach was used. The 

following section explains this approach. 

2.2 Determining the Noise Voltage (Vy) Across the 
  

Headphones to Produce a Noise Pressure (Py) 
  

Inside Them on an Ear 

The approach used determines the levels at different 

frequency points in the ISO range. The spectrum density 

lof the Gaussian noise used was initially considered and put 

Jat an arbitrary value of 1lyV/Hz. (The spectrum is flat). 

gee this by the bandwith represented by the ISO 

centre frequency gave the power in that band (We). The 

equivalent voltage (V_) at each frequency point was then 

found as follows: 

2 
Ve 6 Wau) = x 10 (R = 6009) 

v 6 
10 log Wy = 10 log a7 = 10 

= 20 log V,- 10 log R + 10 loglo® 
£ 

1.e. Wp Ss Ve - 27.8 + 60 

(dBuW) (dBV) 

ones Ve = Wp - 32.2 

(ABV) (dByWW) 
———$——$ 

By taking the receive sensitivity of the headphone 

into account, the unweighted pressure in the ear was found. 
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Applying the 'A' weightings gave the weighted pressure 

Py in the ear for each frequency. The rms sound pressure 

in the ear was then found in the following way: (Note, 

the rms is taken rather than the average value since it 

gives rise to sound intensity or loudness - in the same 

way that rms voltage is used to calculate electrical 

power). 

Have P, in dBA (relative to one Pascal) at 20 

frequencies. 
P,/20 

Convert to a linear basis, is. 10 
Py 10 2 

Squaring gives 10 / = Pa (say) 

20 y 

Obtain Da = Seca 

Then, (for a complex waveform), rms value = s? 

Converting back to dBA, 

= a Py= 20 1ogj9(S) = 10 log) 08 

Adding 94 gives Py in dBA above reference acoustic 

pressure. 

Note, by finding the rms value of Veo the level Vy (in 

dVB) to inject across the headphones (of 6002 impedance) is 

given to give Py- (Required to be 40 dBA and 60 dBA for 

the experiment). The tabulations used are shown in 

Tables 5.3 and 6,3. 

From Table 6.3 

Vy = 10 log 5.34 = 7.3. dBV* 
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TABLE 5,3 To find the pressure in the right ear for a 

noise spectrum density of luW/Hz in 600 ohms 

Note, Wh is 1010g10 of the power per band 

VF = Wbh-32.2 
PP = VFtOr+A 
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TABLE 7.3 Sending 

sensitivity of the 
handset used to make 
the speech recordings 

(SLR = 3.93) 

  

TABLE 6.3 To find the rms 
of VF and Pf in Table 5.3



Py = 10 log 6.96: + 94 = 102.4 dBA 

Thus, for Py = 40 dBA, Vine 7.3-(102.4 -40)= -55.1 dBV 

Py = 60 dBA, Vy= 7.3-(102.4 -60)= -35.1 dBV 

20 

*Note, V,, may also be found from (Bandwidth Power) = P., N B 
1 

say, and finding 20 ros] PR x 600 |. 

i.e. Adding up bandwidth powers gives P= 8851.7 

6 sansa N 10 log(8851.7 x 600 x 10” ) 

u 7.3 dBV 

This value of Vy is the rms noise voltage in a band- 

width of 100 Hz - 8 kHz. 

For the experiment an "Elgenco" Type 624A noise 

generator was used having a Gaussian distribution. The 

level at the output terminals was quoted to be within + 

1 dB over the range 20 Hz - 20 kHz. An output meter 

calibrated in rms volts is included in the instrument. 

In order to have a better calibration, a bandpass filter 

covering the ISO frequency range was connected to the 

output and the level then measured on the SV5B. This 

then gave the required readings for Vy 

Relevant Computer Programs 

Program P3 calculates the spectrum density from centre 

ISO frequency levels obtained via the B & K bandpass filter 

set, and stores it in a data file. 

Program P4 sets up a data file containing a spectrum



density that is entered in from the keyboard. 

Program P5 sets up a data file containing the receive 

sensitivities for the DT100 headphones. (See Table 4.3). 

Program P6 then calculates the sound pressure level 

in the ear due to a particular signal spectrum applied 

to the headphones. 

Subjective Rating - Opinion Scores 

The subjects opinions on the test conditions were 

based on a loudness preference scale. (This is opinion 

scale number 4A in the British Post Office). 

Le. Much louder than preferred 

Louder than preferred 

Preferred” 

Quieter than preferred 

B
O
 

Q 
w
e
 

Much quieter than preferred. 

A further scale was used for a "quality" basis. 

(Opinion scale 12). 

i.e. A Excellent 

B_ Good 

C Fair 

D Poor 

E Bad 
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| 198 
28a 

| 2168 
226 
238 

| 24a 
258 
268 
27G 
Sa 

25g 
3a8 
318 
S28 
338 
346 
358 
368 
378 
Sh 
398 
468 
418 
426 
26 

446 
4568 
460 
478 
480 
458 
See 
S18 
S28 

A PRINTS CEHTRE 

A TIMP 

  

CHRE( 133 /R=8 
INT" a TO FIHD SPECTRUM DEHSITY _ 

PRINT" FOR REPR ATI S 

    

   

  

    

      

   

  

     

PRINT" 3s AND 

REM 
DATA 
DATA 
DATA 
DATA 2 
REM REAL 
FORIJ=1TO {1=17026:READF CI. 13:HEATI: Nese 

REM SPECTRUM DENSITY CALCULATIONS 
PRINT" SeT+PE IH FILEMHANE "s 
IHPUTF 1+ 

  

       

PRINT"@TYPE IH LEVEL ¢IH DRY? 
FORJ=17026:°PRIMTFSi.09"H2 "FS IMPUTVICTS 
RS ReLGTCY LCT9 4189 

A#LOGCF C2, J) 9¢LOG6 18) *HEATI 
IPENS. 4.1 

  

  

   

      

   
   

  

READY. 

wifi" ; " 

PRINT#S. "SPECTRUM FOR "Fi#:PRINT#S 
PRINT#S. "FREQ. CH2) BAND LEVEL cDBY) SPECTRUM DEHSIT* 

PRIHT#3, " 
PRINT#4, "9999" TNS; "S99. 9" Dae; "S999, 9" ee 

FORI=17T028 
PRINTHS. FL. D3. ¥1603,V20I9 
MEST I> PRIHT#S 

te R? al 18>: RZSINTC1G#RI+8, 5318 
="po TRY 

eee 

goTo4sa 
FH="G:"4+Fi$+", “lOPEH2,8.2.F4 
PRIHT#2.F1¢ 

; €J>j;CR#i :HEXTI: CLOSES 
PRINT'a"F1$" HOW STORED ON DISK" 
PRINT" SleHekde8EH "EMD 

a 
is a 

PROGRAM P3 
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IG1# 

  

    
    

   
   

        

   

  

  

      

   

   

  

14G REM DENS SET-UP 
116 REM SET-UP OF SPECTRUM DENSITY 

128 0 ECTRUM DENSITY CDBYt2“HE> " 

136 INFUT" SITY ’S DATE "i DAS 

14@ IHPUT"SITYPE IH FILENAME "Fis 

158 32: PRIHT 

168 HT «183 

17a DT 3 
isa REM ISO FREQUENCIES 
199 DATA 166.125.160.208, 258.315.408.508, 

280 DATA 1860, 1258, 1600, 2688, 2500, 3155, 4608, 5608, 

216 REM READ FREQUENCY DATA 
220 FORI=iTG2h: READF¢ I>: HEAT 

236 REM INFUT SPECTRUM S¢J> DEV d2/He 

246 PRINT"TYPE IM DENSITY FOR EACH OF THE" 

258 PRINT" FOLLOWING REPRESENTATIVE FREGUENCIES#" 

268 FORJ=1T020:PRINTFCI33 "HE" 

278 OPEHS. @: IMPUT#S.$¢J> :CLOS PRINT :HEXTI 

pag Pos"@a: "+F1g+", 5.0" OPEN2,8.2.F#: PRINT" SMRITING FILE “5Fit 

290 PRINT#2.F193CR¥; 
aha FORJ=1 O26: PRINT#2. S¢0930R$3 ‘MEXTI:CLOSES 
314 OPENS. 4 
328 OFEH4.4.2 
S38 OPEHS. 4,1 
34a $=" ‘ 
254 PRINT#S,F1¢:PRIMTHS 
360 PRINT#S." FREG. SPECTRUM " 
37G PRINT#S," HZ DEV t2/H2 " 

336 FRINT#S 
398 PRINT#4, "3999"; De; "S999, 3" 
466 FORI=1TO PRIHT#5,F O13; 

416 PRIHT#S.FHCCS¢1993 (PRIHT#S 
428 iPRINT#3 
438 a SEF 
449 PRIHT#S. 5 
456 PRINT" Sink 

READY. 

PROGRAM P4 ~ ' 
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(SR SEESR SE# 

100 REM SR SET-UP 
tig PRINT" 3a SETTING-UP SR FOR BEYER DTiea " 

20 CLR f :FIS="SR-1T1 G6"     

    

  

    

  

166 FORJ=17T026:READF CI) SHEXTI 
178 REM SRCLEFT) FOR D7T1o8 
186 DATA-4.5.-2.5,8.2:35.3.2.6,1.8, ’ 
196 DATAG.7.4.8,4.3.-1.5,.-2.7.-4.9.8 
266 REM SRCRIGHT? FOR iris 
216 DATA- Pee #2-1.2,9.953 
226 DATAI.9.4.6,-.! 
238 FORK= i702" FORIJ=1 70 RE! 
24a FRIHT" WIHG DATA GH Dt 

  

    
23): NENTI: NEXTK 

CORIVE @> 

  

   

  

oad OPEH2. & 4: SR-DT1GG.5," 
PRIHT#2 
FORK=1702 : FORIJ=17028:PRINT#HS,. S¢K, J9jCR#3 (HEXTIOMESTE 

  

CLOSES 
@ INPUT“ SHARD COPS"; HOS 

C#="4'" THENS38 
H" THEH448     

      

   

    

Ha 4 
PRINT#S. 

@ g=" 
A PRINT#HS, "FREQ. (HZ) SR¢LEFT) SRCRIGHT>" 
a PRINT#HS, " : 

i PRINT#4 
98 FORI=1T02 

B PRINT#HS 
HEX 
CLOSES: CLO 
PRINT# 

440 PRINT" Aes . 
READY. 

gk" SO PRIMTHS 

      
PROGRAM P5 
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26H 
218 
228 
238 
246 
258 
26a 
278 
Sag) 
Dog 

366 

8 PRINT ""FH! 

@ GOTO4S8 

A PRIHT 

  

A Fig="SR-DT1GG" : 

(a FORK=1 702 :FORI=170 
B INPUT"MTYPE IM SPL 

Ba MCKI=L—- 
B PRINTAS: 
A PRINT: PRINT 
A PRINT"FOR A SPLOOF "L" DBA JUSING SPECTRUM 
A PRIHT'DEMSITY FOR "FOE" ." 

SPL_IN_EAR 
Ta TO CALCULATE SPL IM EAR FROM SPECTRUM " 

: SINTAS : PRINTES 
ANE CHANNEL 

  

   

    

WEIGHTS 
oi,-17.1.-14.2 

DATAG. 3.6.1, 8.1 1.3.1.2.1.4.8 
FORJ=1T REAL eae! 
REM SPECTRUM DENS 
PRINT" STYPE IH SPECTRUM DENSITY FILEHAME 
IMPUTFDS :Fig=FiS: GOSUES1a 
IHPUT#1. He: PRINT! SHE" FOUND" 
FORJ=17028: INPUT#1 S°HESTI:CLOSEL 
REM iHPUT Sk FOR DT 

2, -2.G5-8.8 

  

      

    

   
   

LE 
IHPUT#1 HE: PRINTS" He" FOUND" é 

INPUT#1 ROK. I HESTS:HESTE:CLOSEL 
“Tl ¢IN DBAS 

FORIJ= 11626 
3 4 

    

   FO 1702: P=8:0 
WFSS¢I3+1G4#L0G¢F 
P=P+iGtevF 18): 
Pi LGeLOGCRS ae 

    
    

     

  

mpeion er /192:Nes 

     
OLTAGE Fi BE": FRIHT PRINT" THE Ril 

: 2: "SPRINT , 

  

    

   

    
   

    

    
    

  

PRINT" "Fh 

OPENS. 4: CMD: 
PRINT: C 

REM FILE-HANDLIW 
IHPUT#iS. EH#. EMS 2ET REM DISK ERROR TRAP 
IFEN#=" G0" THEMRETU i 

  

    

6a CSE1:END 
é16 2, F$: GOSUBS?@: RETURN 

READY. 

PROGRAM P6 a 
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Setting Up the Experiment 

A sentence, 'the fourth big expedition relied too 

much on native help" was spoken by a male talker and 

recorded onto an endless loop of magnetic tape on a high 

quality tape recorder. (REVOX model A77). The talkers 

spectrum density was then found using the B & K bandpass 

filter set and the SV5B speech voltmeter at the headphone 

terminals. Table 7.3 gives the receiving sensitivity of 

the handset used in making the recordings, and Table 8.3 

shows the spectrum obtained for the talker. 

About six minutes of continuous speech from the same 

talker at constant level was then recorded. (Narrative 

taken from Winston Churchill's book: "My early life".) 

After this, a set of random sentences (grammatically correct 

but without meaning) was recorded at constant talking 

level from the same talker. This recorded speech material 

was then used in the experiments for determining the preferred 

listening level of speech. 

Noise 

For the noise sources, two ELGENCO type 624A white 

noise generators were used. The outputs were fed into a band- 

pass filter which limited the range of frequencies to between 

100 Hz and 8 kHz. (See Table 9.3). Computer programs P8 

and P9 were assembled to print-out a set of charts of 

Opinion scales. The subject then placed a tick in the box 

adjacent to the appropriate opinion on the print-out. (See 

Fig. 22.3). These results were then "de-randomised" (see 

Fig. 23.3) into quantal response charts, (produced by 
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FREQ, BAND LEVEL SPECTRUM DENS. FREQ. TRUM 

(Hz) (d BY) (dBV42/Hz) (Hz) CABVS2/HZ) 

100 ~62.9 100 +3104 

125 125 

160 160 

200 200 

250 250 

319 314 

400 400 

500 500 

630 630 

800 800 

1000 1000 “Sk ia 

1250 1250 mS oh 

1600 1600 =o vd 

2000 2000 ~ol al 

2500 2500 “Ot ad 

3150 3150 ~S1.1 

4000 4000 -31.1 

S000 “106.5 S000 SOA ot 

6300 SLES 6300 aS4 01 

8000 +Fr7 0 8000 Tas ok 

TABLE 8.3 TABLE 9.3 
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OPINION CH#¥OPINICH CH# 

186 
‘116 
1268 

(136 0 
‘148 
156 
166 
178 
186 
138 
268 
218 
226 
238 

  

316 
328 

READY 

  

  

REM OPIMIGM CHART 
PRIHT"Ta TO PRINT OPINION SCORE CHARTS " 
THPUT" SHOW MAKY CHARTS "3b ; 

‘ 4: CMDS: G$=" Eee 
“ TOL 

IFK>1 THEMI 78 
GOTO 
FORF=1T05: PRINT. CHRE¢ 189 ¢NEXTF 
PRINT" SUBJECT HO. COHDITIOM 
PRIWT" a ae ae Tag 
FORJ=1T018 
PRIHT 
PRINT" LEVEL “J 
PRIHT" Se a 
PRINTG#"MUCH LOUDER THA PREFERRED 
PRINTGE"LOUDER THA PREFERRED 

A PRIHTGS "PREFERRED 
A PRIHTG$"GQUIETER THAN PREFERRED 
PRIHTGE" 
NEAT I: 
PRIHT# 
PRINT 
REM DC HOt 

NUCH QUIETER THAN PREFERRED 
      

      

PROGRAM P8& 
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EFF#EFF# 

16@ REM EFFORT CHART 
116 PRINT" TO PRINT OPIMIOH SCORE CHARTS " 
126 IHPUT" SHOW MAWY CHARTS “sb 

    

    

   138 0 24: CMDS: G¢=" i 
146 i7aL 
156 ITHEHiFa 
166 GOTO1Sa 
174 FORF=17T0S: PRINT. CHR#¢ 18> >HEXTF 
126 PRIHT" SUBJECT HO. CONDITION 

  19@ PRINT" 
268 FORJ=17T018 
216 PRINT 
220 PRINT" LEVEL "J 
236 Fi ee ee 
248 
258 
268 
276 PRINT! 
286 PRINT! 
298 
She 
-318 
328 

READY. 

         

PROGRAM P9 
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GUA EOUIA 

164 REM GUANTAL RESP. 
116 PRIHT"'D aT FRINT-OUT PREFEREWCE SCALE CHART " 
126 INPUT" SHOW MANY CHARTS "30 
129 OPEHS.4.6 
146 PRIHT#S, CHRE¢ 189 
156 3.4: CMDS 
166 
17a 
186 
198 GO 
265 TOS: PRINTCHR#< 143 *HEXTI 
216 PRINT" SUBJECT CONDITION . 
226 FRIKT 
238 PRINT" 
246 PRINT: PRINT 
256 L$=" : z i: 
265 S$="1 | l ! 
278 PRINTL# ‘ 
2o8 PRINT" ITEST | LEVEL | LOUDER | FREFERRED | QUIETER 

PRINTL® 
Ha FORJ=17TO18 

Vev-4 
A IFJ=1ATHENSSe 
t PRIHT! ry" pyeppyess 

GOTOsEe 
PRINT" 

    

   

    

  

   

  

   
    

  

        

    

ey" peyeTEyess 

PROGRAM P10 
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OPINICH RE#OPINICH RE# 

1@@ REM OPIHIOH RESP. 
Qi PRINTS ato PRINT-GUT PREFERENCE SCALE CHART " 

126 INPUT" EHOW MANY CHARTS "sC 

(138 OFEHE.4 
(146 PRINT#E. CHRE 
156 OPENS. 4: CMDS 
164 FORK=1TOC 
17G W=-6 
188 IFK>1THENZ68 
19a GOTOZ1a 
260 FORI=1 70S: PRINTCHRS< 163 *HESTI 

21@ PRINT" SUBJECT COHDITION “a 

228 PRINT 
236 PRINT" pr ee 

246 PRINT: PRINT 
250 L# 
264 S$="1 | I | | I 

276 PRINTL# 
268 PRIHT" [TEST | LEVEL | EXCELLENT | GOOD | FAIR | POOR | BAD 

PRIHTLS 
FoRJ=17T018 

B Wald 
IFJ=1@THENSSa 
FRIHT" i*s* 1 °v"DEy"Ss 

GOTOSES 
PRIHT" pee POV DEYN SS 

PRIHTL# 
HEST I: HESTE 
PRIHT#S o s CHRECS4 > 

39a PRINT" #He : EMI 

46a REM Dc Ho -1981 

READY. 

          

18) 

  

        

   

  

    

      

  

    

PROGRAM P11 
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CON 

  

PLON 

    

MUCH LOUDER THAN PREF. 
LOUDER THAN PREF, 
PREFERRED 
QUIETER THAN PREF, 
MUCH QUIETER THAN PREF, 

LEVEL 2 

MUCH LOUDER THAN PREF. 
LOUDER THAN PREF. 
PREFERRED 
QUIETER THAN PREF. 
MUCH QUIETER THAN PREF, 

LEVEL 3 

  

MUCH LOUDER THAN PREF. 
LOUDER THAN PREF. 
PREFERRED 
QUIETER THAN PREF. 
MUCH QUIETER THAN PREF. 

  

MUCH LOUDER THAN PREF. 
LOUDER THAN PREF, 
PREFERRED 
QUIETER THAN PREF, 
MUCH QUIETER THAN PREF. 

LEVEL S 

MUCH LOUDER THAN PREF, 
LOUDER THAN PREF, 
PREFERRED 

QUIETER THAN PREF, 
MUCH QUIETER THAN PREF, 

444 

scoring chart 

        

is 

i 
ts 

ee 
i 

MUCH LOUDER THAN PREF. 
LOUDER THAN PREF. 

RED 

  

MUCH QUIETER THAN PREF, 

ee 

MUCH LOUDER THAN PREF. 
L.QUDER THAN PREF. 
PREFERRED 
QUIETER THAN PREF. 
MUCH QUIETER THAN PREF, 

8 

MUCH LOUDER THAN PREF. 
LOUDER THAN PREF. 
PREFERRED 
QUIETER THAN PREF, 
MUCH QUIETER THAN PREF 

LEVEL 9 

MUCH LOUDER THAN PREF. 
LOUDER THAN PREF. 

RED 
ETER THAN PREF, 

MUCH QUIETER THAN PREF. 

    

MUCH LOUDER THAN PREF, 
R THAN PREF. 

ZFERRED 
QUIETER THAN PR 
MUCH QUIETER THAN PREF, 

   

 



FIG 22.3/7A Subjects opinion 

  

| EXCELLENT 
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“1 FAIR 
“1 POOR 
“1 BAD 

   Ae 
_) EXCELLENT 
_1 coop 
7) FAIR 
_| POOR 
“1 BAD 

   
    

XCELLENT 
GOOD 

  

POOR 

fei 
Fe A 

11 FAIR 
be 4 
(a at BAD 

    

      

1) EXCELLENT 
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11 EXCELLENT 
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11 FAER 
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11 BAD 

LEVEL 8 

  

11 EXCELLENT 

{| GOOD 
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i | BAD 
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t 3 I-18 dBVI | | | 

  

FIG 23.3 Yable for de-randomising results 
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CONDITION     
LOTESY=) LEVEL { 

  

   

  

tt 

  

FIG 23.3/A Table for de-randomising results 
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computer programs P10 and P11) to enable a full statistical 

analysis to be made on the results. 

B & K Band Pass Filter Set Type 1612 
  

This was used to pass the speech in bands having 

intervals of 1/3 octaves. (The centre frequencies follow 

the ISO range). The level from each band was measured on 

the SV5B speech voltmeter. 

| A selector and an input transformer constitutes the 

fear circuit. By means of the selector switch the 

[signal is either applied direct to the input of the 

| filters or to a 10:1 step down transformer coupled in 

series with the filters. 

Inserting the transformer allows a higher source 

impedance (up to 1k) to be used, whereas 102 is required 

when the signal is applied directly. Thus, using the 

transformer results in a 20 dB lower sensitivity. (Actually 

found to be 20.3 dB + 0.1 dB over the range 100 Hz to 8 

kHz. Note, to keep the flux in the filter cores below 

the saturation value, the peak voltage on the filter inputs 

should be no higher than 1.4 volts. (Thus 14 volts is the 

maximum peak voltage when the transformer is switched in). 

The attenuation is approximately 20 dB at + 1/3 octave 

from the central frequency. 

A rated value of 100 k2 is suggested for load resistance 

on the output. Loading by 10 k2 causes the amplitude vs 

frequency characteristic of the output stage to slope off at 

low frequencies. (Below 100 Hz). 
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Signal Mixing Pad 

In order to mix the speech and noise signals, a simple 

matched mixing pad was used as shown below: 

A 

For 6002 looking in A, 

n + (R600) ~ G99 

2R + R + 600 = 1200 

-'. 3R = 600 

  

R_= 2002 

If Vy is applied to input A, (the other inputs being 

terminated in 6002), it will be attenuated and appear as 

Voi at C. 

ie. A 200 

200 

600 Vv 

Consider V' 

400 V'i= V eeseted) 200 i’ 600 

w 

wl
 << 

= yt OOO es 3 
v 400 r pute o 1 eras0O mae 

veo rs eee ie 
OF PES 2 

  

Thus, there is 6 dB attenuation of voltage across the 

pad. 
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Summary of the test conditions for the experiments 

in preferred listening level 

The preferred listening level was initially obtained 

for speech and noise having a bandwidth of 100 HZ to 

8 KHZ. Two opinion scales were used, namely loudness 

preference and listening opinion. (This was done to see 

the dependance of the results on the opinion scale chosen). 

The type of speech was also taken into consideration, 

(narrative taken from a novel, and random sentences). 

The right ear was chosen to always receive the speech and 

noise together, the left ear being given a "background" 

noise, as described previously. Thus, experiments 

PLL 1 to 4 were given the following conditions: 

PLL - 1 

a) Speech using material from a novel accompanied with 

random noise. (A combination of 40 dBA and 60 dBA 

in both ears, thus forming conditions A, B, C and D). 

b) Bandwidth to be 100 HZ to 8 KHZ. 

c) Preferred listening level based on loudness preference. 

PLL - 2 

As in PLL - 1 but with the preferred listening level based 

on listening opinion. 

PLL - 3 and 4 

As in PLL - 1 and 2 but with speech using random sentences. 

(These are probably a better representation of everyday 

telephone speech in word content, as written material tends 

to be more restricted in its range of words over a few 
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Random 
Attenvator $1 

    
  Ya 

Ltr   

    Ferrer eR TNS, 

Dr100 
Headphones 

4 wf | 

  

  

    
  

    

  

OdEY 
  

  

  

Gor 20dR 100Hz-8kHz 

t t 
i x —() Left 
    

  

  

  

              

To account for the 6dk loss across the mixing pad, the 
speech to the random attenuator was presented at a 
nominal level of QOdBV. (Similarly, noise generator nod 
was also increased in level by édk) 
Note, the left headphone is 1 d& less sensitive than 
the right headphone over the ISO frequency range, 
The speech generator consisted of a high quality tape 
recording of speech from a talker using a Linear 
microphone. 
Switch $1 was used to remoye the speech during 
adjustment of the random attenvator between tests. 

   

DIAGRAM 1,3 Electrical layout for experiments PLL-1 to 4 
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Random 
Attenuator St 

  

SOOHz—3.4kHz 

    
6dB 
Pad     

  

  

t 
OG or Sdk *   

  

NOISE 2   Ie 

* Noise source no.1 is reduced in level by SdB for the 

100Hz - B8kHz bandwidth condition,to keep the same 
respective dBA of random noise sound pressure in 

the ear 

DIAGRAM 2.3 Electrical layout for experiments PLL-S to 8 
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Oz
b 

Q Atten, 

  

  

  

  

.——+) 
$ R 

SRAEN Filter 4 
} Head- 

Phones 
NOISE 1 {x } ES L?_t 1 

a fe 
pee 

S/ICN Atten.] 

100H2z-BkHz   
  NOISE 2 I { xf 

The SRAEN filter limits the signal to within 300Hz-3.4kHz, 
Amplifier A is used when high noise levels are required. 
(The noise source gave insufficient output for these levels, > 

Attenuator I is used to balance the loss in the mixing pad P. (6dk) 
Variable attenuator Iv is the "random" attenuator, 
The ICN level is set with the switch in position 2, 
Note, the minimum loss setting in the random attenuator is 4dB. 

  

DIAGRAM 3,3 Electrical Layout for experiments PLI-9 to 16



ONDITION C SPELL 1)      
The mean preferred level is 12+24 + 

é 

  

FIG 24.3 Table illustrating a crossover 

121



O
a
o
m
e
r
c
n
 

e
d
o
M
m
e
r
c
n
 

   

    

   

    

  

   

  

titi 
aes: 
fai) 
bet 
Wait 
+a++ 
4it 
+-4+ 
1Sit 
+a t+ 
tell 
et + 
171) igielatititititororo | 

tetbitetetotote tote 0 tobe tote to ba nt 
ell isizritiliiiiorotolo_ I 

  

Data file PLL- 1(2/B) 

LEVEL 3 LEVEL 4 
Scere 

ISI415161 7181911 
isn store se         

    

ee 
Valisiaistitaiarititoro 
bebo b tata tab tat + 
siiaisistatalitititoro 
ebm me cm mere ane oe pmo mh 

SIS TeE Ee DANG | 
em ce cfm ee me mete + 

Fitziaizizieralatilito | 
mb taba ba te bt 
git 

i 
+— 
| 
Mor 

! 
+- 
| 4ISlA2liiriti1t1ololod ft ae ES 

  

  Data file PLL~1(2/D) Data file PLL-1(2/C) 

TABLE 10.3 Subjects ratings for experiment PLI~1 
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LEVEL, 

    

    
| 

| 
+ 

      

  

+ mh 
\ 21211111110 | 
+- sh thee fm meee 
13 BIS ia 
+= + 

14 i? 
15 uy 
16 ue: 
17 ee 
ig 

1 
i 12141 \ 
+~ Shaheen om ch 
12tl isistsistataritiiiit 1 (3l41Bistartiqiiiolo | 
taht abbebaten bet eee + that ap ha hb eh 
1311 (33isistatilititito 4141 1 
ttt + 

4 13 
- + 
51 \ 
él 

+ 

      
   

  

+ 
i7italatatsisialatalari ! 

tata tata ta tot ta bet 
lallataigiatalalititili 

TABLE 11.3 Subjects ratings for experiment PLL-2 
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sentences. The electrical layout for experiments PLL - 

1 to 4 is shown in Diagram 1.3. Tables 10.3 to 13.3 show 

the de-randomised rsults obtained from these four 

experiments. Each block of data gives the opinion score 

from 8 subjects for each of the 10 levels of speech 

presented under the 4 combinations of random noise. The 

preferred listening level for the subjects was found by 

congidering the quantal response charts for each subject 

and obtaining the mean preferred level in dBV. The tables 

shown in Figs. 23.3 and 23.3/A were used to give the 

quantal response charts. Crossovers due to errors in 

judgement were noticed (an example is shown in Fig. 24.3) 

for about 19% of the decisions during the initial 

experiments, but they became less frequent as the subjects 

"learned" to judge more correctly. 

Experiments PLL - 5 to PLL - 8 

The electrical layout is shown in Diagram 2.3. 

In these experiments, the subjective effect of reducing 

the speech bandwidth of 100 HZ to 8 KHZ down to 300 HZ 

to 3.4 KHZ was investigated. Before performing the tests, 

the objective reduction in speech level was measured on 

the SVSB speech voltmeter® (by switching a SRAEN filter 

in and out of the speech path) and found to be 1 dB. (This 

difference was consistant over various passages of speech). 

For random noise, the reduction was 4 dB. The theoretical 

reductions in voltage, and sound pressure in the ear, were 

found from calculations done on the PET computer using 

program P6, and are shown in the following table, for the 
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right-hand headphone. 

inputted and the rms headphone volts and corresponding 

Here, the talkers spectrum was 

sound pressure calculated from this in the bandwidth 

  

  

  

  

  

  

            

chosen. 

Table 32.3 

Random Noise Speech 

Vh S.P.L. in ear Vh S.P.L. in ear 

(Wn-weighbed) COn-Weighted) 
dgBV dB dBA dBV ABRs dBA 

100 HZ 
to 8 KHZ 8.37 103.73 103.52 -8.43 89.02 84.8 

300 HZ 

to 3.4 KHZ 4.04 98.55 98.54 -8.66 88.81 84.75 

Dien c res) ea.aa 5.18 4.98_| 0123 | 0.21 0.05 

Vh = headphone voltage et bs SL 

4 = difference due to bandwidth reduction 

Mathematically, the reduction for random noise is: 

8 - 0.1 
AA OLS = 4.1 dB 10 10816 3.4 - 0.3 so 

For the subjective 

the speech material. 

tests, 

Test condition AN 

experiment (40 dBA of noise in both ears). 

random sentences were used for 

was used for each 

The results 

for PLL - 5 were based on loudness preference and those 

for PLL - 6 on lis 

Presenting the two sets of band-limited speech at 

tening opinion. 

random will introduce a further effect (enhancement) 

whereby speech quality may affect the intelligability to 

a greater degree than if the two sets were presented 

separately. 

127 

To show this effect, experiments PLL-7 and 

 



H
A
o
m
a
r
o
n
 

  

SO00Hz~3.4kHz 

REVEL 3     

    

    

  

  

  

TI 
TH laizigii!1111010 
sph achat bb baht 

§ 1Bli3lal2l2lililiiiiiio | 
Uo tettetetot—t— tot tb tet 
BH 1g1141313 01 
J o+-t+- =o 
E lallaisial alililolo | 
Co tottete tata to tad tated + 
f Tslisi@leiilitililiiolo | 
S thtbide tote totot tote tot 

elisisle2l2i2iiiiioloio | 
pmo mabe afore cma mambo mech 
i7iteigiaiiiililiiaoro | 
teh eee tered eee 
V8l1gisialaliliiiioloio | 

i ) 
300Hz—3.4kHz 

Table 14.3 Subjects ratings for experiments PLL-S 

  

oe oe eet te 
T3lgisigi2la2iililolo | 
tote tate ta tate te te tant 
14141413 1313135121 
tetetotetototo toto tet 
Tal4lalalsisiaialaii | 
ae eet tee ee tee ed 

elarariii1ole 1 

  

payee 
13141413) Jelel 
tobe tetatita tet toto + 

lalaialalaliliiolo 1 

Data file PLL-6(2/A) 
BO00Hz~3. AkHz 

    

    i
 

    
1 
+ 

1 iit 
eer 

Bliiitiiol 
totetetotetoto tate tent 
ae See 1 
ome a om aba ae of ome 

Valalsisleialiiil oro a 

  

Data file PLL- 72/02) 

1O00Hz-8kHz 

to 

12



211414131 3l2laiiiilolo 
eet ee 

 
 

5 3 
mmm a me of me oo oe ome af oo U 

B 
z 
E 
c 

S 

shah teh hn mp mse mpm 
ISIISI4141Slal2l2iri110 

| 141 121314141313l2111110 
stem sb be abet ce fee afm come cece of afm 
ISIP41S1SISl2l211101010 
bape bcm pm hms mpm 

 
 

1Gl1SISI4ISISlAlr dole 

+ tatatot~ 
13131313 

  

 
 
 
 

    
 
 
 
 
 

1L00Hz-8kHz SO0OHZ-3.4kHz 

Subjects ratings for experiment PLL-8 ed TABLE 1 

129



8 were performed. (Again based on the two opinion 

scales). Thus, experiments PLL-5 and 6 used band- 

limited speech in the range 300 HZ to 3.4 KHZ only. 

(A SRAEN filter was used for this). Experiments PLL-7 

and 8 used speech having bandwidths of 300 HZ to 3.4 

3.4 KHZ and 100 HZ to 8 KHZ presented at random. The 

random sequence was generated on the PET computer. 

Consider the following conditions; 

If '1' corresponds to a bandwidth of 300 - 3.4 KHZ 

'2' corresponds to a bandwidth of 100 - 8 KHZ, 

the sequence for the 10 levels of speech was; 

1 2 2.182 13272 © 2 for condition 1, with ‘1! and 

'2' interchanged for the corresponding levels in 

condition 2. (The subject then received all the levels 

twice, each level presented in conditions 1 and 2). 

The subjects opinion scores for experiments PLL - 5 to 

8 are shown in Tables 14.3 and 15.3. 

Experiments PLL - 9 to 16 

The electrical layout is shown in Diagram 3.3. 

In these experiments, the preferred listening level was 

found in the presence of random noise and also speech- 

correlated noise, each type of noise being presented 

at random. Again, the two opinion scales were used. 

As in the bandwidth reduction experiments, randomly 

interleaved sequences of the conditions '1' and '2' were 

used, but now they correspond to random noise and speech- 

correlated noise respectively. 

The 10 levels of speech were presented for 4 different 
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"signal-to-injected circuit noise" (S/ICN) ratios, with 

corresponding "signal-to-speech correlated noise" (Q) 

values. As a guide, the equivalent Q values were taken 

from published results! (given for a single speech 

level). Choosing intervals of 5 dB between the Q values 

to cover a range of 15 dB corresponded to intervals of 

about 8 dB for the equivalent S/ICN values. The 

following table shows the values used. 

  

  

Table 33.3 

Q (dB) 5 10 15 20 

S/ICN (dB) 6 14 22 30 
  

Experiment PLL-9 Pll-11 PLL-13 PLL-15 
and 10] and 12 and 14 and 16               

For the lew signal/noise ratios, the speech levels 

were increased by 8 dB to give a wider dynamic range. 

Thus, - 2 dBV to - 38 dBV speech levels were used in 

experiments PLL-9 to 12, and - 10 dBV to - 46 dBV for 

experiments PLL-13 to 16. For the levels of random 

noise, if the speech voltage Vs is -2 dBV then for 

a S/ICN ratio of 6 dB, the noise voltage Vn is Vs - 

S/ICN = - 8 dBV etc. To adjust the Q value, the 

attenuator puilt into the MNRU° was used. The noise 

in tne left ear was kept at 40 dBA. Tables 16.3 to 

19.3 give the subjects opinion scores obtained from 

these experiments. 
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CHAPTER 3. SECTION 3. 

ANALYSIS OF RESULTS FROM THE P.L.L.. EXPERIMENTS. 
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Analysing the results from experiment PLL - 1 

The averages of the preferred listening level 

(in dBV) for the 8 subjects are shown in Table 20.3. 

Applying the t-test to these sample means gives the 

range in which the population mean lies. 

If x is the sample mean, 

u is the population mean, 

s is the sample standard deviation, 

n is the number of samples, 

then x - u has a t distribution with n-1 degrees 
s/Mn of freedom. 

The range in which u lies (within certain confidence 

limits) can be found as follows: 

The number of degrees of freedom is 8 - 1 = 7. 

For 95% confidence that u lies within the range 

X + ce S/Nn-1, then t, is looked-up in the tables 

of t-distribution as ty (n-1), dene. t o25(7)- Thus, 

the range in which u lies is X + 2.365 x S/W7 

i.e. Range = x + 0.8958. 

For condition A, x = 22.4 

Zoe e Iv 2 : os Sa Ea 
Ss = de xy = a D*i - x 

= 509.625" (22.4)2. = 7.89 

Syn] 208 

The range for u is 22.4 + 2.5 

137



+ ; i 1 i i i i i 1 i 

    

wep mee etc eyo mn ae ee et hf hc naif a i ofl 

 
 

pee eo et sc ofl tt a mt a ef 

fo fs i eta et mr ip i a eof 

 
 

Peis d listening levels from 3 Preferre 20 TABLE 

138



For conditions A, B, C and D, the ranges are as follows: 

  

Condition A B c D 
  

            Range 22.4+2.5 | 16.8+1.9 | 22.4+2.0 | 15.543:0 
  

These preferred speech voltages can now be converted 

into preferred sound pressures. Using computer program 

P6 with the talkers spectrum; 

-22.4 dBV yeilds 70.8 dBA (conditions A and C) 

-16.8 dBV yeilds 76.4 dBA (Condition B) 

-15.5 dBV yeilds 77.7 dBA (Condition D) 

Note, 0 dBV yeilds 93.2 dBA. 

An analysis of variance was performed about the 

means in order to test the significance of the results. 

Referring to Table 21.3 the number of rows (ft) = 8, 

and the number of columns {k) = 4. 

If T relates to the treatments (with r and K 

levels) then summing over T, 

* 

21-4) = 47912 = 11978 ) cra? 2 97404 = 12177 
q T Yr 8 

sa = 12438 T.. = 616 ae = 11858 
4x8 

Thus, the variation of row means from the grand 

mean is 11978 - 11858 = 120 

The variation of column means from the grand 

mean is 12177 = 11858 = 319 
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The total variation is 12438 - 11858 = 580 

The random variation (error) is 580 - 120 - 319 =141 

Thus the analysis of variance table is: 

  

Source “Deg. of freedom. Sum of Squares. Mean Square 

Among rows 7 120 17.14 

Among cols. 5 319 106.33 

Within (error) 21 141 6.71 

Total $2 580 

For the rows, (subjects) 

F os [r-1, (r-1) (k-1)] BARE Es [7,21] = 2.49 

LTS 
re aonri = 2555. Since 2.55 is a little greater 

than 2.49, thehypothesisis that the row (subjects) 

means are equal, is just rejected at 5% significance. 

However, Finael 72h = 2.97 and so the hypothesis 

would be accepted at this level, indicating that there 

is general agreement between the subjects. 

For the columns, (treatments) 
3 

F gs [k-1, (r-1)(k-1}] = Fy, [3,21] = 3.07 (58 

significance) 

106.33 f Sona Re F. = sagqg = 7-52. eens [3,23] = 5.73 (0.5% significance) 

The hypothesis that the column means are equal is 

thus rejected, indicating that the subjects opinions 

are valid for each experiment, and are not simply 

the result of error between the experiments. This 

type of analysis thus provides a check on the assumption 

that certain results from the experiment are significant 

or not. 
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In order to ease the amount of computation in analysing 

the results from the experiments, computer programs 

were used wherever possible. Such a program was used 

for the analysis of variance. The analysis was applied 

to; 

a) The subjects mean preferred listening level 

versus conditions A, B, C and D as just described. 

b) The subjects opinion scores versus speech level 

for each of the four conditions A, B, C and D. 

Mean Opinion Scores 

The subjects mean opinion scores (i.e, the mean 

of all the subjects in a particular experiment, for 

each treatment) are given by the 2-way analysis program 

as part of the analysis of results. They are given 

for the ten speech levels presented under the various 

conditions, and are the primary set of results from 

which the preferred listening level along with other 

parameters, are found. 

Tables 22.3 to 31.3 give the subjects mean opinion 

scores for all the experiments in preferred listening 

level, along with the resuits from a 2-way analysis 

of variance. 

Dispersion between subjects 

1. Dispersion in opinion scores 

From the analysis of the subjects opinion se@ores, 

the variance due to treatments (op) will give a measure 

of the dispersion or "spread" in decisions from the 

subjects. Since (mean sq. between - mean sq. within) 
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2 2 then o = MSB - o% 

n 

= ne, 

Thus, the spread is 0, opinion units. 

Eg. For PLL -. 2 condition A, (see table 23.3) 

oe f1.58 - 0.29 _ 0.36 opinion units 
Bax 10 

The spread in the decisions of the subjects for all 

of the experiments is given by Fig. 25.3. 

2. Spread in decisions about the mean preferred listening 

level 

When the subjects decisions are based on loudness 

preference, the rangecovering the mean preferred 

value before it gets either too loud or too quiet, 

can be found by considering the mean louder-to-preferred, 

and mean preferred-to-quieter boundaries judged by 

the subjects. 

Table 35.3 shows the range in which the mean 

values of preferred listening level lie for experiment 

PLL - 1. The range is given for both the results 

from the t-test (range 1) and the range covering the 

"louder than preferred" to "quieter than preferred" 

boundaries, (range 2). Similar tables were constructed 

from the other experiments based on loudness preference 

and the mean values obtained from these are shown 

in Table 35.3. 
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A graphical presentation of the mean opinion scores 
  

The mean opinion scores from the subjects plotted 

against speech level give distinct characteristics 

for the type of opinion score chosen, as shown by 

Figs. 2755 to 56.3. 16 is Seen that the loudness 

preference scale tends to give a straight line whereas 

the "quality" opinion scale produces a parabola. The 

mean preferred listening level for experiments using 

the "quality" opinion scale, is found by projecting 

down from the tangent to the maxima of the curve, 

representing the highest score for that range of treatments. 

The preferred speech level (in dBV) is then converted 

into sound pressure (in dBA), as before. Table 35.3 

shows the preferred listening levels obtained from 

the experiments which used the "quality" opinion 

scale. The sound pressures are rounded up to the 

nearest dB. 

Curve Fitting 

In order to obtain an equation describing the 

curve characteristics, a computer program using the 

"orthogonal polynomials" method was initially used. 

This enabled the error between the true and fitted 

values to be observed as the degree of the equation 

to fit the curve was increased, thus indicating the 

minimum required degree for the equation. 

Another computer program was then used with the 

fitted data to obtain the polynomial coefficients 

of the curve fitting equation. In the graphs, the 
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true points are shown along with their fitted curve. 

The speech levels are standardised into a range of 

L values from 1 to 10. 

For experiments PLL - 9 to 12, the speech level 

is given by 2 + 4 (L - 1) in (-dBV), and for all the 

other experiments, the level is 10 + 4 (L-1) in 

(-dBV). 
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Fig. 33.3 Mean opinion score versus speech level 

for experiments PLL - 9 and 10. 

(L = -2 to -38 dBV) 
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Fig. 34.3 Mean opinion score versus speech level 

for experiments PLL - 11 and 12 
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Fig. 35.3 Mean opinion score versus speech level 

for experiments PLL - 13 and 14 
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Checking the validity of the results 

To get an idea of the validity of the results between 

different test conditions, inspection of the range in 

which the p.1.1. falls (i.e. the 95% confidence limits) 

will be an indication. If the ranges were to lie one 

within another, this would indicate that the subjects 

were unable to distinguish between the conditions presented. 

Figures 37.3 and 38.3 show the ranges obtained for the 

appropriate experiments based on loudness preference. 

(The results are obtained from Table 35.3 where Range 

1 is the 95% confidence interval). 
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CHAPTER 3. SECTION 4. 

DISCUSSION OF RESULTS FROM THE P.L.L. EXPERIMENTS. 
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Discussion of results from the preferred listening 

level experiments 

From Figs. 37.3 and 38.3 in Section 3, it is noticed 

that as the level of noise increases, the range of 

uncertainty (i.e. the 95% confidence limits) reduces. 

This indicates that the subjects can distinguish between 

noise levels better when they are relatively high. (The 

speech probably has a masking effect on the lower noise 

levels). 

In Section 3, Table 35.3 shows the results obtained 

from the experiments based on the loudness preference 

opinion scale, and Table 36.3 shows the results when 

based on the quality opinion scale. In all cases, it 

is seen that changing the random noise level in the 

left ear from 40 dBA to 60 dBA has little effect on 

the preferred listening level of the speech in the right 

ear. In fact, from tests done elsewhere! it appears 

that the attenuation in sound level between the ears 

is about 50 dB. The results from conditions A and C 

can thus be averaged, and similarly for conditions B 

and D. This produces Table 37.3 which gives the preferred 

listening level (p.1.1.) of speech when accompanied 

by a particular noise level, for experiments PLL - 1 

to 4. 

Table 38.3 is a re-arrangement of Table 37.3 to 

show the change in p.1.1. which occurs with the type 

of speech material chosen. Table 38.3 indicates that 

the p.1.1. is reduced when random sentences are used, 

17h



SL
L 

Les ect Oa ee 

Opinion Scale t LOUDNE 
Seige ms cau teess seer cere 

' 1 CN) 1 
soncen sos ashi te earae reer Ete 

40.0 60,0 1 40.0 1 60,0 1 40.0 

       

    

  

    

           rs ere ere ye he ie 

     

   

  
    

1 77 
eaves 

73.1 1 °79,0 1 83.0 1 76.0 1 
Ba emania tier cect ines ee mesa sons 

s4 i! 6366 

  

    

  

cies Seo ee 

1 

  

   
3.5                3.4 1 

            

  Ce pe ree ee ete rcer cre fh cern eee ee 

QUALITY \ 
ra ee te ef tec rot Je 

BAD | AQ \ ot 
nga vc ae nc ee ei 

| oN fees: = I 

     

  

     
    

   

    

   

  

  7a tf 7650 1 83.0 1 
ae are ete ter re cee 

| 3.0 \ 1.6 | 
eer ey foe tr ree eB ere ook 

    

  

TABLE 38,3 Note, N refers to narrative material 
RS refers to random sentences 

RESULTS FROM EXPERIMENTS PLL-1 to 4



although the differences may have been smaller had the 

subjects received more experience in the experiments 

at the time. 

Because of the generality of random sentences, 

it was decided to use these throughout the rest of the 

experiments. From Table 37.3 it is also seen that the 

difference in p.1.1. due to choice of opinion scales 

is 8.2 dB with 40 dBA of noise, and 5.9 dB with 60 dBA 

of noise when based on the narrative type of speech 

material. When based on random sentences, it is 6.5 

dB with 40 dBA of noise, and 8.9 dB with 60 dBA of noise. 

Although no particular trend is apparent in these figures, 

the difference in p.1.1. between the opinion scales 

is noted as the experiments progress. 

From the curves shown in Figs. 27.3 to 30.3 (Sec.3) it 

is seen that for conditions B and D (60 dBA of noise 

present with the speech), two points are lost due to 

insufficient speech level. For this reason, the speech 

levels over the range (covering 36 dB) were increased 

by 8dB for experiments PLL - 9 to 12 where high noise 

levels were present. 

The effects of bandwidth reduction 
  

Referring back to Tables 35.3 and 36.3, the experimental 

results from the effect of bandwidth reduction on p.1.1. 

are summarised in Table 39.3. In order to gain a comparison 

between experiments having similar conditions, Table 

40.3 was formed. From Table 40.3, it is seen that there 
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is good agreement for the p.1.1. when the bandwidth 

is 100 HZ - 8 KHZ between experiments PLL - 3 and 

PLL - 7/A2 (the difference is 0.8 dB) and also between 

PLL - 4 and PLL - 8/A2 (a difference of about 1 dB). 

There is a difference in the p.1.1. of about 6 dB between 

the opinion scales. 

Experiments PLL - 7 and 8 were formed in order 

to see whether an 'enhancement' effect could be shown 

when the two bandwidths were presented at random. Referring 

to Table 39.3, by comparing the results for PLL - 5 

with those from PLL - 7/Al, the preferred listening 

levels are very similar (when based on loudness 

preference), but PLL - 6 and PLL - 8/Al show an increase 

in p.1.1. of 1 dB in the enhancement experiment (i.e. 

when based on quality). 

For a bandwidth of 300 HZ - 3.4 KHZ, and 40 dBA 

of noise, it is seen that the p.1.1. is about 73 dBA 

when based on loudness preference, and 78 dBA based 

on quality. (The difference in p.1.1. between the opinion 

scales here is 5 dB). The effect therefore of reducing 

the bandwidth is to increase the p.1.1. by about 

4.2 dB when based on loudness preference (comparing 

PLL - 7/Al with 7/A2), and 3 dB when based on quality, 

(comparing PLL - 8/Al with 8/A2). The theoretical 

reduction (using 'A' weighings) was only 0.05 dB. 

When asked for their comments, the subjects indicated 

that the absence of the "bassy" parts of the speech 

had, no adverse effect on the intelligability, and some 
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even preferred it this way. 

The effects of random and speech correlated noise 

on p.1l.1. and their equivalence 

The results from experiments PLL - 9 to 16 give 

the p.1.1. of speech when accompanied by either random 

or speech-correlated noise. In each experiment, the 

signal and noise were attenuated together to keep the 

signal/noise ratio constant. The bandwidth used was 

300 HZ to 3.4 KHZ. Tables 41.3 and 42.3 show the results 

obtained. From the p.1.1. and signal/ratio the level 

of noise accompanying the speech was found as follows:- 

If N is the noise level (in dBA) and S is the speech 

level (in dBA), then S - N is the signal/noise ratio 

R, (in dB). Thus, the noise level is S - R (in dBA). 

It is seen from Tables 41.3 and 42.3 (and also 

Figure 39.3) that the p.1.1. reduces as the S/N ratio 

increases. When based on quality, the M.0.S. increases 

as the S/N ratio increases. 

It is also noticed from Fig. 39.3 that generally, 

the difference in p.1.1. between the two opinion scales 

decreases as conditions get worse (i.e. as the noise 

level increases). 

Comparing experiments (PLL - 5, 7/Al) and 

PLL - 13/R (see Table 35.3 in Sec.3) they all use a bandwidth 

of 300 KZ - 3.4 KHZ with a noise level of about 40 dBA. 

The difference in p.1.1. is about 1.5 dB between 

(PLL - 5, 7/A1) and PLL - 13/R, and suggests that presenting 

a constant noise level with the speech level varying 

may produce a slightly different p.1.1. compared with 
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presenting a constant S/N ratio with the signal and 

noise varying proportionally together. 
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The Subjective Equivalence of Q and S/ICN 

At the present, equivalence between S/ICN and 

Q as found by various organisations, is based on one 

listening level of speech only. (For example, Bell 

Northern use -27 dBV on a Western Electric 500 type 

telephone set. This yeilds a sound pressure level 

in the ear of about 86 dBA). 

Experiments PLL-9 to 16 will produce a relationship 

between Q and S/ICN based on a series of listening 

levels. Various curves showing the equivalence of 

Q and S/ICN can be obtained from the experimental 

results, as will be shown in the following sections. 

By equating the preferred listening levels for 

Q and S/ICN (shown in Fig. 39.3) equivalence curves 

can be obtained based on the two opinion scales used. 

These are shown in Fig. 40.3. Also included for comparison 

purposes are curves obtained by the United Kingdom 

Post Office (U.K.P.0. at that time, now British Telecom) 

and Bell Northern Research (B.N.R.) which used the 

comparison adjustment method to obtain their results. 

It is seen that the results found here lie closer 

to those found by the U.K.P.O. 

When the results from experiments using the quality 

opinion scale are used, a relationship is obtained 

by equating the mean opinion scores for S/ICN and 

Q, (which are related to a preferred listening level 

in the experiments). 

The results to be plotted are obtained from Table 
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36.3 (Sec.3). The method is illustrated in Fig. 41.3 and 

the equivalence curve is shown in Fig.42.3. Also 

shown for comparison purposes are curves obtained 

by the U.K.P.O. and B.N.R. organisations. Here, a 

different curve is obtained to that found from equating 

loudness preference levels. 

By equating the mean opinion scores for S/ICN 

and Q at particular speech levels, the resulting curves 

will show whether or not the equivalence does in fact 

vary according to the speech level. Figs. 43.3 and 

44.3 show how the equivalence data (shown in Tables 

44.3 and 45.3) is obtained for various levels of speech 

(-10 dBV to -34 dBV in steps of 6 dBV) for the results 

based on loudness preference. Note, in order to gain 

an initial idea of the trend of the results, a straight 

line relationship was assumed for the signal-to-noise 

ratio versus M.0.S. relationship at each particular 

speech level. More accurate results may have been 

obtained by fitting a set of curves to the points 

using a curve fit algorithm. 

The set of equivalence curves obtained is shown 

in Fig. 45.3. Here it is seen that the relationship 

between Q and S/ICN is strongly dependant on the speech 

level when the loudness preference opinion scale is 

used. 

Pigs. 46.3 and 47.3 show how the equivalence 

data (shown in Tables 46.3 and 47.3) is obtained 

with the results based on the quality opinion scale. 
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The set of equivalence curves obtained is shown in 

Fig. 48.3. Here it is seen that the dependance is 

a lot less than that for the results based on loudness 

preference, but it is still present. It is noticed 

that the curves are grouped roughly between those 

found by the U.K.P.0. and B.N.R. organisations. Note, 

the U.K.P.O. and B.N.R. curves shown are based on 

comparison tests. The results obtained from the experiments 

do in fact lie closer to those found by various organisations 

when they also used the rating method, (based on quality). 

The curves shown in Fig. 49.3 show equivalence curves 

obtained by the various organisations where Lt as 

seen that better agreement is obtained by all when 

they base their results on the rating method. 

The various results found from the sets of experiments 

in preferred listening level can now be incorporated 

into Stage 5 of the TCAM model to give the extent 

to which preferred listening level is affected by 

random noise, quantising distortion and bandwidth. 
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INTRODUCTION 

TCAM has been implemented on the PET computing system 
installed in the pulse communications laboratory at the 
University. The system comprises a PET (16K) computer, 
together with tape and dual drive floppy disk units for 
program storage, and a printer. 

  

     

To run TCAM, three floppy disks are used. Disks 1 
and 2 are used to set up a connection and determine its 
objective characteristics. (Disk 2 contains information 
on the various types of telephone handset that may be 
used). 

Disk 3 contains programs to determine the subjective 
characteristics of the connection. An 'Archives' disk 
is used to store the objective characteristics for connections 
previously set up. An 'Auxiliary' disk is available which 
contains programs used for diagnostics and checking inter~ 
mediate results. 

The programming language used is an extended form of 
BASIC, however, the instructions used to run the programs 
are very simple and so the user does not need to be 
familiar with the language. The ISO recommended range 
of frequencies is used in the calculation procedures 
embodied in various programs.



POINTS TO BEAR IN MIND WHEN RUNNING TCAM 
  

(a) 

(b) 

(c) 

(a) 

(e) 

(£) 

In order to cause action to a command or response 
you have typed in, you must always press the 
RETURN key. 

To stop the computer at any time during program 
operation, press the STOP key. 

To continue after stopping program execution, 
type. in CONT followed by RETURN key. 

If the response to a prompt from the computer is 
'yes' or 'no', type in YES or NO followed by 
RETURN key. : 

If by accident, nonsense is typed in responding to 
@ prompt, an error message will appear and a new 
response must then be typed in. 

The message is: 

INCORRECT ENTRY ~— Try again 

Once TCAM is running, you can return to the information 
program at any time (once computer has halted program 
execution) by typing in: 

GOTOS followed by RETURN key. 
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AVAILABLE OPTIONS FOR TYPES OF TELEPHONE SET EXISTING AT 
  

PRESENT 

CODE COMMENTS 

746Z ) UK Post Office type 746 
746A ) telephone set under zero, 
746L ) average or limiting line 

conditions 

RSNL Reference Standard Telephone 
Set 

DIGI ) 
DIG2 ) Digital telephone set 

WE5Z ) Western Electric type 500 
WESA ) telephone set under zero, 
WESL ) average or limiting line 

conditions. 

NOTE, the user may set-up any other telephone data and 
represent it by a 4-letter code. 
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TCAM RUNNING INSTRUCTIONS 

The starting point is the information program, which 
is obtained in the following way: 

Insert 'TCAM STARTER' ‘cassette intc cassette player. 
Press SHIFT and STOP keys together. (This gives 
load and run command) . 

At this point the computer will supply instructions for 
further procedures. These are described as follows. 

1. CENTRALISE DISKS 1 & 2 
2. INSERT DISK 1 IN DRIVE }#¢ 
3. INSERT DISK 2 IN DRIVE #1 
4. CLOSE BOTH DRIVE DOORS 
5. PRESS SPACE BAR TO CONTINUE 

After following these instructions, the screen will 
clear and the following appear: 

PRESS 'STOP' ON TAPE #1 
REWIND TAPE AND REMOVE 
THEN PRESS SPACE BAR TO CONTINUE 

After doing this, the screen will clear and the following 
appear: 

TO RUN TCAM, TYPE IN:- 

LOAD DZ, 8 

THEN TYPE IN:- 

RUN 

After doing this, the screen clears and the following 
appears. : 

INFORMATION PROGRAM 

DF SETTING UP OR MODIFYING FIXED DATA FILES 
TF SETTING UP OR MODIFYING TELEPHONE DATA FILES 
oc OPTIONS FOR CONNECTION ELEMENTS 
SC SETTING UP A CONNECTION 
CR CONNECTION RECALL 
FL FILE LOCATION 
PR PRINT-OUT OF RESULTS FROM STAGE 2 
AV ARCHIVING RESULTS FROM STAGE 2 
RC RECALLING A CONNECTION FROM ARCHIVES 
ST RUN STAGE 3 (WITH OLD U-FILES) 
TT TRANSFER Ul & U3 FILES TO DISK 3 

WHICH OF THE ABOVE DO YOU REQUIRE ? 
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Choose the ‘option you require by typing in the 
corresponding two code letters, followed by RETURN key. 

For further information on any of the above options, 
consult Table 1 (overleaf). 

For information on the electrical elements available, 
consult Table 2 (overleaf). 
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OPTIONS FOR CONNECTION ELEMENTS 

This program provides a hard copy of the options 

available for the electrical elements that may be used 

to set up a connection (see Fig. 1). After the list 

has been printed, the information program may be 

returned to by pressing the space bar. 
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SETTING UP A CONNECTION 

The connection has to be described in a certain way. 
In order to understand the method adopted for this the 
following example will be used. 

(See Fig. 3 for a more extensive example of a connection) . 

Simple exchange to exchange 

   

  

1kn/0. 4mm _ pH 

Line % 
(Unloaded) Tel 

Set 
L.E. L.E. “ 

(P.O. 746) (s F.B) (Stone F.8) (P.0. 746) 

Fig. 2 

The information needed to describe this is: 

(i) Type of telephone set. 

(ii) Type of feeding bridge. 

(iii) Line parameters : 

(iv) Position of the junction interfaces (JW & JE). 

(v) Nominal loss between JW and JE. (Say, 6 GB). 

The convention used to represent this connection is 

  

  

                      746K i 2 oa 
Tw aw JE TE 

| | ! 
Te | ULC SFB otc}+|srs lOLC $270" 

\ 
' 

There are five elements in the connection 

Element 1 is unloaded cable, gauge = 0.4mm, Length = 2km 

Element 2 is a Stone feeding bridge 

Element 3 is unloaded cable, gauge = 0.5 mm, length = 4 km. 

Element 4 is a Stone feeding bridge 

Element 5 is unloaded cable, gauge = 0.4 mm, length = i km. 
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(IOHS FOR ION ELEMENTS 
PEELE ‘ if 
    

ELECTRICAL ELEMENTS 

SFB STOWE FEEDING BRIDGE 
HFEB HAVES FEEDING BRIDGE 
IFE TDERL FEEDING BRIDGE 
CHF CHAHHEL FILTER TYPE I4 
ATT ATTENUATOR G89 OHMS. VARIABLE LOSS 
TXL ; TOW LIWE 

ISBLE FRIMARY CONSTANTS C&R 
uic UNLOADED CABLE WITH VARIABLE LENGTH 

RAH GAUGE CG.4 OR &. Shh] 
Ley LOADED CABLE JUNCTION 

C4.50B L 8.6 OR &,3MM GAUGE 
TFR TRAHSFOR! TURHS RATIO IMPUTTED 

AS H. CIE, 1:M 15 PRI:SEC 
LAT LATTICE. INPUT SERIES & “SHUNT” IMPEDANCES 

AS R ANDWOR L ANDYOR C 
NCC MUTUALLY COUPLED COILS 
ARL AT&T ARTIFICIAL LINE 

   

  

   

  

     

    

Leo) | LUMFED COMPONENTS 
   

  

  

nete. in cori tion ceteys pr Mh 
after inputting LOO describe which of 
the following you wish te set-ue:- 

    

RSE RESISTANCE IN SERIES 
LSE IHDUCTAHCE IH SERIES 

    

    

Csr Sas ss TH 
23€ A 
RSH 
LSH 
“SH CAPACITANCE IN ‘SHUNT 
ZSH IMPEDANCE IN SHUNT 

“FTG. 1s 
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Upon running the program the following will appear 

on the screen: 

SETTING UP THE CONNECTION 
KEKE KERR EK RK RE RRR KKREE KE 

Input no. of electrical elements in the connection 

ELEMENT 1 ? ULC 

Gauge of ULC ? (mm) 0.4 

Length ? (km) 2 

ELEMENT 2 ? SFB 

ELEMENT 3 ? ULC 

Gauge of ULC ? 0.5 

Length ? (km) #4 

ELEMENT 4 ? SFB 

ELEMENT 5 ? ULC 

Gauge of ULC ? 0.4 

Length ? (km) 1 

ELEMENT DESCRIPTIONS NOW COMPLETE ? Y 

Note, if the answer to the above question had been BN 

then a message would appear saying: 

DESCRIPTION DOES NOT COMPLY WITH NUMBER OF ELEMENTS 
INPUTTED PRESS "RETURN" FOR ANOTHER ATTEMPT 

The connection set-up program would be run again, the user 

then making a fresh attempt. 

If the elements description is complete, the user 
is given the opportunity to obtain the image impedance 
and attenuation of any of the elements at one of the 
150 frequencies. 

This is illustrated as follows: (Note. Users 
response to computer prompts is shown in italics). 

DO YOU REQUIRE THE NOM, LOSS FOR ANY OF THESE ELEMENTS YES 

(The screen clears). 

IMAGE IMPEDANCE & ATTENUATION 

  

TYPE IN ELEMENT NO. FOR WHICH YOU REQUIRE XL 2 
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INPUT FREQ. AT WHICH YOU REQUIRE XL 199¢ 
AT 1090 Hz, XL FOR ELEMENT 2 is 1 DB 
IMAGE IMPEDANCE = 1227.5 OHMS 

A FURTHER FREQUENCY ?N 
DO YOU REQUIRE XL FOR ANY OTHER ELEMENTS ?N 
PRESS SPACE BAR TO CONTINUE 

Control is now passed on to the interface positions 
program. The screen will clear and the following 
information will present itself: 

INTERFACES 
REKKKAEEER 

Junction "JW" (West End), "JE"(East End) 

International "IW" (West End), "IE" (East End) 

  

After the interface has been identified, give its position 
by inputting the two elements between which it occurs 
(in order of sequence). 

POSITION OF JW ? 2, 3 
NEXT INTERFACE ? JE 
POSITION OF JE ? 3, 4 

INPUT NOM. LOSS BETWEEN JW AND JE (DB) 6 
Control is now passed on to the telephone options program. 
(The screen clears) 

TELEPHONE OPTIONS 

INPUT OPTION FOR WEST TELEPHONE 746A 
INPUT OPTION FOR EAST TELEPHONE 746A 

TELEPHONE DATA NOW STORED. 

Control is now passed on to the cascading program. 
(The screen clears). 
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CASCADING PROGRAM NOW RUNNING 

L= La 20 35 4, 5 

The cascading program involves a lot of calculation 
procedures and will take several minues to run. After 
this, control is passed on to the insertion and transmission 
loss program. Appearing on the screen will be the following 
information: : 

CALCULATING INSERTION LOSSES 

XTJ (W) xXIT XJT(E) xXTT 

INSERTION LOSSES NOW COMPUTED 

(The screen clears). 

CALCULATING TRANSMISSION LOSSES 

SUMJ(W)  SUJE(W) 
SUMJ(E) SUJE(E) 
ZL(W)  XL(E)  LUME XIMP 
LMEST(W) LMEST(E) 

PRESS SPACE BAR TO RETURN TO INFORMATION PROGRAM 

At this stage the user will wish to cbtain a copy of the 
results from running the programs. These will be connection 
recall (CR) and the print-out of results (PR). 

244



b
e
 

NATIONAL SENOING SYSTEM NATIONAL RECEIVING SYSTEM 
  

  

  

  

      
  

  

oo 1 wes a a Es 
RECEIVING LTS 

wo SENDING CTS } ; = ee 

WEST ' E. 
B | oN. { i 

! oA M4 y o 
5 7 ~S os K yy if [= 

© aie ! ZA oe | <& A { Tele Te i : 7 
Scr TUBS LINE AND) TRONK NATIONAL | INTERNATIONAL | NATIONAL TRUNK [SOeSCINE AND) SE 

a) | FEED BRIDGE | TUNCTION TRUNK CIRCUITS! ciRcuiTS = ‘TRONKCIRCOITS «© TuNCT/ON| FEED BRIDGE! i | t i ! 
TW IW Iw 2 TE TE 

X = Switching point 

Mt 2 wire working (analogue) 

4 wire working (digital or FDM) 

Local Telephone Exchange 

Group Switching Centre (2wire to 4 wire) 

—@ 
@ 
© International Switching Centre (4 wire) 

= Telephone Set (WEST station) 
Telephone Set (EAST station) 
Junction West 
Junction East 
International West 

= International East 

  

TW 
TE 
JW 
JE 
Iw 
IE 

FIG. 3.



    MPLE if © 

     

  

ILR 
OLE    

FIG. 4 

245



CONNECTION RECALL 

This program recalls the connection description 

and prints it out as a hard copy. (See Figs. 5 & 6). 

After the description has been printed, the user 

presses the space bar to return to the information 

program. 

Note this program will handle up to a maximum of 

30 electrical elements. If there is more than this 

in the connection, a message will appear on the screen, 

Laos 

NUMBER OF ELEMENTS IS TOO LARGE ! 

(PROGRAMMED FOR A MAX. OF 30 ONLY) 
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CONNECTION DESCRIPTION IS:~ 

7462-SFB-ULC-HFB-7462 
CTW) E 2 3 (TE) 

INTERFACE POSITIONS 

JUNCTION WEST IS BETWEEN ELEMENTS 1 AND 2 
JUNCTION EAST IS BETWEEN ELEMENTS 2 AND 3 

  

ELEMENT 1 R=4%% OHMS 
L=3H 
C=1UF 

ELEMENT 2 GAUGE (MM) = g.5 
' LENGTH (KM) = 5.9 

ELEMENT 3 R1=33 OHMS, R2=49% OHMS, R3=16K 
L1=3.75MH, L2=5H, L3=¢.55H 
C=2UF 

Fig. 5 
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CONNECTION DESCRIPTION IS : - 

746A-ULC-SFB-ATT-CHF-ATT-HFB-7462 
(TW) 1 2 3 4 5 6 (TE) 

INTERFACE POSITIONS 
JUNCTION WEST IS BETWEEN ELEMENTS 2 AND 3 

INT'NAL WEST IS BETWEEN ELEMENTS 3 AND 4 

INT'NAL EAST IS BETWEEN ELEMENTS 4 AND 5- 

JUNCTION EAST IS BETWEEN ELEMENTS 5 AND 6 

NOMINAL LOSS (JW-JE) = 8DB 

SUPPLEMENTARY INFORMATION 

ELEMENT 1 GAUGE (MM) = @.4 
LENGTH (KM) = 2 

ELEMENT 2 R=4¢@% OHMS 
L=3H 
C=1UF 

ELEMENT 3 LOSS (DB) = 5 

ELEMENT 4 ‘TYPE 1-4 
ZC=6GG OHMS 

ELEMENT 5 LOSS (DB) = 3 

   ELEMENT 6 RB 3 OHMS, R2=49G OHMS, R3=16K © 
L1=3.75MH, L2=5H, L3=$,55H 
C=2UF 

Fig. 6 
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FILE LOCATION 

This program gives the positions of the data files 

containing insertion and transmission losses. It is a 

semi.-diagnostic program and is normally not used. An 

example of the hard copy print-out obtained from this 

program is shown by Fig. 7. Pressing the space bar 

then returns the user back to the information program. 
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INSERTION LOSSES 
KKKKKEKKERERERERE 

    
xTg (W) 54 
XIT 55 
XIT (BE) 56 
XTI (W) 57 
XII 58 
XIT(E) 59 
xTT 6g 

TRANSMISSION LOSSES 
KKKEKEEREKRE RRR ERE ER 

DESCRIPTION FILE_NO. 
SUMJ(W) , SUJE (W) 61 
SUMI (W) ,SUIE(W) 62 

SUMJ(E) ,SUJE(E) 63 

SUMI(E) , SULE (E) 64 
XJJ ,XILT 65 

ZL(W) RL & IM 66 

ZL(E) RL & I 67 

LUME (W~E) , LUME (E-W) 68 
XIMP (W-E) ,XIMP(E-W) ,XL 69 

LMEST (W) 1g 
LMEST (E) ae 

Fig. 2 
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PRINT-OUT OF RESULTS FROM STAGE 2 

A hard copy print-out of ali the insertion and 
transmission losses for the connection may be obtained 
by running this program. 

Fig. 8 gives a table of the order in which these 
results will appear. 

A complete set of results for a typical connection 
is given at the end of this handbook. 

Upon running the program, the following will appear 
on the screen: 

PRINT-OUT OF RESULTS FROM STAGE 2 

PRINTING OUT INSERTION LOSSES 
PRINTING OUT TRANSMISSION LOSSES 
END OF PRINT-OUT FROM STAGE 2 
PRESS SPACE BAR TO RETURN TO INFORMATION PROGRAM 
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INSERTION LOSSES 

XTJ (W) XIT JT (E) XTI (W) xIT XIT(E) xTT 

TRANSMISSION LOSSES 

UL 

SUMJ(W)  SUJE(W) SUMJ (E) SUJE (E) xT 
SUMI(W) SULE(W) SUMI(E)  SUIE(E) XIT 

U2 & U3 

ZL (W) (RL) 2L(W) (IM) ZL (E) (Rb) ZL(E) (IM) XL 
LUME (W-E) LUME (E-W) XIMP (W-E) XIMP (E-W) 

LMEST (W) LMEST (E) 

Fig. 8 
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ARCHIVING RESULTS FROM STAGE 2 

  

The facility to store the results from stage 2 
for various telephone connections is provided by the 
archives disk. 

Upon choosing this option, the screen clears and 
the following presents itself: 

(The 

TRANSFERRING RESULTS FROM STAGES 1 & 2 TO ARCHIVES 
  

NOTE! SUPPLEMENTARY INFORMATION IS NOT CARRIED 
FORWARD 

REMOVE DISK FROM DRIVE 1, AND (AFTER CENTRALISING) 

INSERT ARCHIVES DISK 

PRESS SPACE BAR TO CONTINUE AND THEN CLOSE 

DRIVE 1 DOOR 

screen clears) 

DESCRIPTION AND RESULTS FROM STAGE 2 
NOW ARCHIVED 

PRESS SPACE BAR TO RETURN TO INFORMATION PROGRAM 
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RECALLING A CONNECTION FROM ARCHIVES 

Upon selectingthis option, the following appears on the 
screen: 

REMOVE DISK FROM DRIVE 1, AND (AFTER CENTRALISING) 
INSERT ARCHIVES DISK 

PRESS SPACE BAR TO CONTINUE AND THEN -CLOSES 
DRIVE 1 DOOR 

(The screen clears) 

CONNECTION LOCATION 

(A list of connections is printed-out by the printer). 

DO YOU WISH TO LOCATE A FILE ? NO 

PRESS SPACE BAR TO RETURN TO INFORMATION PROGRAM. 

If the answer to the last question had been y#S then the 
following would appear on the screen: 

WHICH FILE NUMBER DO YOU REQUIRE ? 4 

DO YOU WISH TO PRINT OUT CONNECTION PLUS U-FILES (DU) 
OR TRANSFER CONNECTION ETC. TO DISK 3 ? DU 

At this point, the computer will go through the routine 
of making a hard copy of the connection description omitting 
Supplementary information and the U files for the connection 
chosen, 

Pressing the space bar then returns the user back to 
the information program. 

If TR had been selected, the screen would clear and 
the following appear: 

TRANSFER OF Ul &@ U3 FILES TO DISK 3 

IS DISK 3 IN DRIVE @ ? NO 
REMOVE DISK FROM DRIVE Y AND (AFTER CENTRALISING) , 
INSERT DISK 3. 
PRESS SPACE BAR .TO CONTINUE AND THEN CLOSE 
DRIVE g DOOR 

TRANSFERENCE TO DISK 3 NOW COMPLETE. 

(Note, this point would have been reached without any user 
action if the answer to the last question had been yz.) 
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TYPE IN 'ERASE' TO ERASE OLD R-FILES ERASE 

(OLD R-FILES NOW ERASED). 

DO YOU WISH TO RUN STAGE 3 ? yg 

This concludes TCAM as DISK 1 is no longer present 
in DRIVE ¢. If you wish to obtain the information program, 
make a fresh start by using the "TCAM STARTER” tape 
cassette. 

If the answer to the final question had been YzS, 
the following would then appear on the screen: 

REMOVE BOTH DISKS FROM THEIR DRIVES. 
AFTER CENTRALISING, INSERT DISK 3 IN DRIVE 1. 
PRESS SPACE BAR TO CONTINUE AND THEN CLOSE 

» DRIVE 1 DOOR. 

(The screen clears). 

CALCULATING LOUDNESS RATINGS 

CALCULATING LOUDNESS RATING (W-E) 
CALCULATING VL (W) 
(SPEECH VOLTAGE AT JW) 

CALCULATING LOUDNESS RATINGS (E-W) 
CALCULATING VL(E) 
(SPEECH VOLTAGE AT JE) 

(The screen clears) 

PRINTING OUT OF LOUDNESS RATINGS 

The computer now prints out a hard copy of loudness 
ratings for the connection in W-E and E-W directions as 
shown in Fig. 4. After this the computer prints on the 
screen: 

END OF STAGE 3 

This concludes the TCAM run as DISK 1 is not present 
in DRIVE %. If you wish to obtain the information program, 
make a fresh start by using the "TCAM STARTER" tape 
cassette. 
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RUNNING ST A 
  

Choosing this option causes the following to appear on 
the screen: 

RUNNING STAGE 3 (WITH EXISTING U-FILES ON DISK 3) 
  

REMOVE DISK FROM DRIVE 1, AND (AFTER CENTRALISING 
INSERT DISK 3. 
PRESS SPACE BAR TO CONTINUE AND THEN CLOSE DRIVE 1 
DOOR. 

(The screen clears). 

CALCULATING LOUDNESS RATINGS 

CALCULATING LOUDNESS RATINGS (W-E) 
CALCULATING VL (W) 
(SPEECH VOLTAGE AT JW) 
CALCULATING LOUDNESS RATINGS (E-W) 
CALCULATING VL(E) 

(SPEECH VOLTAGE AT JE) 

(The screen clears) 

PRINTING OUT OF LOUDNESS RATINGS 

The computer now prints out a hard copy of loudness 
ratings for the connection in W-E and E~W directions, as 
shown in Fig. 4. After this, the computer prints on the 
screen: ‘ i 

END OF STAGE 3 

This concludes the TCAM run as DISK 1 is not present in 
DRIVE %. To obtain the information program, make a fresh 
start by using the "TCAM STARTER" tape cassette. 
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TRANS FERRING Ul & U3 FILES TO DISK 3 
  

Choosing this option causes the following to appear on 
the s 

Note. 

creen: 

TRANSTER OF Ul & U3 FILES FROM DISK 1 TO DISK 3 

REMOVE DISK FROM DRIVE 1, AND (AFTER CENTRALISING) 
INSERT DISK 3. 
PRESS SPACE BAR TO CONTINUE AND THEN CLOSE DRIVE 1 
DOOR. 

TYPE IN 'ERASE' TO ERASE OLD R FILES 
(OLD R-FILES NOW ERASED) 

TRANSFERRING NEW FILES 

U-FILES NOW TRANSFERRED TO DISK 3. 

END OF STAGE 2 

DO YOU WISH TO RUN STAGE 3 ? No 

PRESS SPACE BAR TO RETURN TO INFORMATION PROGRAM. 

If the answer to the last question had been YES, 
stage three would have been run in the manner 
described by the "ST" option. (As illustrated 
on previous page). 
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USE OF THE IDEAL FEEDING BRIDGE 

The interfaces present in a connection are the 
telephone set interface, junction and international 
(if present) interfaces. Although the telephone inter- 
face is not stipulated in the connection set-up procedure, 
it must be borne in mind. 

If any of the interfaces coincide, the computer will 
cause errors unless steps are taken to avoid this 
situation, 

A convenient way of overcoming this problem is to 
separate the interfaces with a loss-less network (known 
as an "ideal feeding bridge”). 

E.g. IE 
Ww ow IW JE TE 

! ! t ' { 

! ' t 
feet deel Atal 

Must be represented as: 

ov Iw IE JE TE 
one x I i i t fo 

1 t 
elias ecg han ofaaSot 

Also, 
Tw TE 

ee (Own exchange call with 

' 

Must be represented as: 

  

TW ow JE 
t 

7a       

TE 

1 
I mH 
1 

    3         
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SETTING UP OR MODIFYING 'FIXED' DATA FILES 

This option is not normally used and is only required 
when it is necessary to change the fundamental data relating 
to one of these fixed files, or to set-up a new disk. 

The fixed data files contain the characteristics of: 

(a) Stone, Hayes and Ideal Feeding Bridges 

(b) Channel Filter (Type 1~4) 

(c) Loaded-cable (Section with 4.5 @B nom. loss, 0.6 or 
0.9 mm gauge). 

After selecting this option, the following appears on the 
screen: 

SET-UP OF FEEDING BRIDGE AND CHANNEL FILTER DATA 

FEEDING BRIDGES 

IDEAL FEEDING BRIDGE (IFB) 
STONE FEEDING BRIDGE (SFB) 
HAYES FEEDING BRIDGE (HFB) 

DO YOU WISH TO MODIFY ANY OF THESE DATA FILES ? YES 

(No to this question would take the user on to eure filter 
set-up). 

WHICH FILE DO YOU WISH TO MODIFY ? IFB 

SETTING-UP_IFB 

IFB NOW STORED 

WANT TO MODIFY ANY FURTHER FEEDING BRIDGE DATA FILES ? 

WHICH FILE DO YOU WISH TO MODIFY ? SFB 

SETTING-UP_SFB 

INPUT R,L AND C (OHMS, MH, NF) 
499, 3999, 1999 
SFB DATA NOW STORED 
WANT TO MODIFY ANY FURTHER FEEDING 
BRIDGE DATA FILES ? YES 
WHICH FILE DO YOU WISH TO MODIFY? HPB 
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(The 

SETTING UP_HFB 

INPUT Rl, R2, R3, Ll, L2, L3, C (OHMS, MH NF) 
33,498, 16990, 3.75, 5900, 550, 2999 
HFB NOW STORED 
WANT TO MODIFY ANY FURTHER FEEDING BRIDGE 
DATA FILES ? WO 

screen clears) 

SETTING-UP CHANNEL FILTER (TYPE 1-4) 
  

DO YOU WISH TO SET-UP CHF ? YES 

(Answering NO to this question takes the user to loaded 
cable set-up). 

USE OLD OR NEW DATA ? NEW 

(Answering OLD causes the computer to use the existing 
set of data contained in the program, and then reply 
"CHF NOW STORED" then transferring user to loaded cable 
set-up). 

(The 

INPUT LOSS (DB) AT EACH OF THE FOLLOWING 
FREQUENCIES :- 

100 Hz 
125 Hz u

e
 4.7 

3.8 

8000 Hz 60 

ANY CORRECTIONS ~ No 

CHF NOW STORED 

screen clears) 

LOADED CABLE JUNCTION 

DO YOU WISH TO SET-UP LCJ ? No 

END OF SET-UP PROCEDURE 
FOR FIXED DATA FILES ON DISK 1 

PRESS SPACE BAR TO RETURN TO INFORMATION PROGRAM 
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If the answer to the last question had been YES, the 
following would present itself: 

TYPE IN GAUGE (%.6 OR %.9 mm) ? g.6 
SET-UP OF LOADING COIL DATA 
SET-UP OF FULL LINE SECTION 
SET-UP OF HALF LINE SECTION 
CASCADING SECTIONS 
CASC FOR 4(C*F) 
bl 2a 3) 4 
LCJ (%.6 MM) NOW SET-UP 
DO YOU WISH TO SET-UP LCJ AGAIN ? YES 

TYPE IN GAUGE (%.6 OR G.9 MM) ? 0.9 
SET-UP OF LOADING COIL DATA 
SET-UP OF FULL LINE SECTION 
SET-UP OF HALF LINE SECTION 
CASCADING SECTIONS 
CASC FOR 1 (c*F) 
Peet 5. 67 8 Oo 1g 
LCJ (%.9 MM) NOW SET-UP 
DO YOU WISH TO SET-UP LCJ AGAIN oN)

 

NO 

END OF SET-UP PROCEDURE 
FOR FIXED DATA FILES ON DISK 1 Se ee UN Dek ot 

PRESS SPACE BAR TO RETURN TO INFORMATION PROGRAM 
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SETTING-UP OR MODIFYING TELEPHONE DATA FILES 

This option enables the user to set-up data files 
containing information of any telephone set that can be 
described by the four parameters ZC, ZSO, SS and SR. 
Note, a separate program is available which sets-up RSN1 
from its equivalent circuit). Upon choosing this option, 
the following presents itself:- 

CENTRALISE & INSERT DISK 2 IN DRIVE 1 & CLOSE 
DOOR 
THEN PRESS SPACE BAR TO CONTINUE 

(The screen clears) . 

SET-UP OF TELEPHONE DATA 

Do you wish to print~out names of telephone 
sets stored on disk ? WO 

TYPE IN WHICH OPTION YOU REQUIRE 

7462 

(The screen clears) 

SETTING-UP 7462 

NEW OR OLD FILE ? NEW 

ARE YOU ENTERING zc IN CARTESIAN (CC) 
OR POLAR (PC) CO-ORDINATES ? 

PC 

TYPE IN MODULUS AND ARGUMENT OF ZC AS FOLLOWS: 

100 HZ MODULUS ? 135 
ARGUMENT ? 12 

125 HZ MODULUS ? 138 
. ARGUMENT ? 13 

8000 HZ MODULUS ? 384 
ARGUMENT ? 8&3 

ANY CORRECTIONS ? NO 

TYPE IN MODULUS AND ARGUMENT OF ZSO AS FOLLOWS: 
100 HZ MODULUS ? 3000 

. ARGUMENT ? -90 
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ANY CORRECTIONS ? WO 
DO YOU WISH TO SET-UP SS OR SS$00? SS 
TYPE IN SS AS EACH FREQUENCY 
100 HZ 2 «4-18.86 

  

8000 HZ? -71.8 

DO YOU WISH TO SET-UP SR OR SR6OO ? 
TYPE IN SR AS EACH FREQUENCY DEMANDS 
100 HZ 32.2 

8000 HZ 2-99 

TEL. DATA NOW STORED. 

A hard copy is now made of the data that has been 
set-up. The user then presses the space bar to return 
to the information program. 

Note, if the reply to the first question had been "YES" 
a hard copy of all the telephone set files stored on 
the disk would be printed-out. (see page 34a). 

Note, if the reply to the prompt "NEW OR OLD FILE" had 
been "OLD" the user would be given the opportunity to 
modify only the data that required modifying, e.g. 
changing SS only whilst leaving SR, ZC and ZSO at their 
original values. 

Other non-user programs exist regarding telephone 
set data. These are: 

(a) RSN1 SET UP 

This sets up RSN1 from the equivalent circuits for 
zC and ZSO, and uses data statements containing SS 

and SR data. 

(b) DISKTRAN 

This transfers telephone file data from disk 2 onto 
the spare disk 2. 

(c) TRANSTEL 

This transfers telephone file data from disk 2 onto 
a tape cassette. (For security purposes). 
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(da) 

(£) 

(g) 

TEL TRANS 

This transfers telephone file data from cassette 
tape onto disk 2. 

CHECKTEL 

This produces a print-out on the VDU of the telephone 
data in any of the respective data files. 

Pee 

This will provide a hard copy of a telephone set 
data file present on a disk in either drive 1 OR 

DATUM 

This is used to initially set the contents of the 
"STD' (stored telephone data) data file.



INFORMATION ON ELECTRICAL ELEMENTS 

All the following electrical elements are simulated by 4 
terminal reciprocal networks. 

Only "SFB" need be specified. The data is stored 
in a fixed data file, and is derived from the following 
equivalent circuit 

Lr 

—    
3H 

    

   

Hayes Feeding Bridge 

Again, only "HFB" need be specified. The equivalent 
circuit is: : 

332 3.75mH 3.75mH 332 

WVi—o 

16K O.55H 

5H     4002 

2ur 2uPF 

Ideal Feeding Bridge 

Specified by "IFB". This is actually a unit matrix. 
(Equivalent to a zero loss network, or solid piece of 
wire possessing no resistance, inductance or capacitance.) 
See page 28 for further information on use of IFB. 
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Channel Filter 

Specifying "CHF" assigns data for a channel filter type 
1-4, which is based on the filter characteristic for both 
send and receive directions of a codec. It has a characteristic 
impedance of 600%. 

The user may select one or more sections in tandem. 

Attenuator 

Specified by "ATT". It has a fixed characteristic 
impedance of 6002, but the insertionloss (in dB) is chosen 

by the user. 

Transmission Line "TXL" 

Any line may be simulated by typing in its primary 
constants. This simplified version needs only series 
resistance per Km, shunt capacitance per Km and line 
length (in km). It is assumed that series inductance 
and shunt (leakage) resistance are negligible. 

Unloaded Cable. "ULC" 

The commonest gauges encountered in local telephone 
cables are 0.5mm and 0.6mm. The primary constants for 
these are stored in the computer program. The user 
therefore has merely to choose the desired gauge aon state 
the length of line. 

Loaded Cable Junction "LCs" 

  

LCJ simulates a section of loaded cable having’a 
nominal loss of 4.5 dB. 0.6 mm or 0.9 mm gauges are 
available and the user merely has to select which one of 
these he requires, and how many sections he requires in 
tandem. 
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This simulates an ideal transformer. (i.e. it is 100% 
efficient). It is described by inputting the turns ratio 
as lin. (Primary to secondary with primary on the west 
side). 

Lattice "LAT" 

LAT wiil simulate the lattice network shown below 

ay and Zo May contain 

series resistance, 
inductance and capacitance. 
If any of these parameters 
Go not exist, type in @ 
when asked for their values. 

  

Mutually coupled coils "MCC" 

This simulates two coils being mutually coupled as 
shown below. Description is by inputting primary inductance, 
secondary inductance and the mutual inductance. 

  

    

AT & T Artificial line "AAL" 

This is set-up in a "fixed" data file and is thus 
completely specified by the code-AAL. 
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These consist of pure R,L or C in series or shunt, or combinations of R, L and C in series to form a 
series impedance, or R, L and C in series to form a 
shunt impedance. The figure shown below shows the 
representation and codes for the lumped components 
available. 

Series Shunt 

o—Wi—o_-RSE te 

6 me ee t 
RSH LSH CSH 

(Type in value ¢g for 
R, L or C if they do Re pe R not exist) 

ZSE i 

ic 

(If R or L or C do not b 
exist type in the value g) 2SH 

To obtain any of the above elements, first type in LCO and then reply to the prompt from the computer with the required code for the element chosen. The values are entered in ohms, milli-henries or nano~farads. 
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THE AUXILIARY DISK 

Three special programs exist on this disk, which are 
not normally used when running TCAM, Special disk operating 
instructions have to be used to recall each program. ‘The 
programs are: 

Pl - Hard copy of telephone set parameters. 
P2 - Copy of an array from a data pois 
PS — Princt-out ofan Kl file. 

To obtain a program, insert AUX DISK in drive ¢%, close drive 
door and type in OPEN 1, 8, 15 : PRINT #: 1, "IG": CLOSE 1 
followed by RETURN key. 

Pl causes a print-out of SS, SR, ZC and 2SO data from 
any of the telephone-set data files. 

To obtain Pl, type in LOAD "$": Pi", 8 (return) 

The screen clears and the following appears: 

HARD COPY OF TELEPHONE SET PARAMETERS 

TYPE IN DRIVE NO. OF DISK CONTAINING THE TELEPHONE DATA 

TYPE IN TELEPHONE DATA FILE NAME D112 

IS OUTPUT TO BE IN CARTESIAN (CC) OR 
POLAR (PC) CO-ORDINATES ? PC 

(Data is printed-out) 

RE-RUN ? No 

  

An example of the print-out is given in Fig. 9. 

P2 enables a copy (either on paper or screen) to be 
obtained of the data in a 20 x 1, 20 x 2, or 20 x 8 matrix. 

To obtain P2, type in LOAD "%: P2", 8 (return) 
The screen clears and the following appears: 

COPY OF AN ARRAY FROM A DATA FILE 

TYPE IN DRIVE NO..OF DISK CONTAINING THE DATA FILE 17 

TYPE IN FILE NAME OF DATA FILE D438 

HARD COPY ? Yes 
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HOW MANY ARRAYS IN DATA FILE ? 2 

IS ARRAY 1 20 x 8, 20x 20R20 x1? 2021 

(Computer prints-out 20 numbers - one for each frequency) 

IS ARRAY 2 20 x 8, 20 x 2 OR 20 x 1 ? BO = 2 

(Prints-out 20 sets of 2 numbers) 

RE-RUN ? No 

Note, this program is usefully applied after obtaining 
data file locations, (using the "FL" option on DISK 1 
information program). 

To obtain P3, type in LOAD" @ : P3", 8 (return) 
The screen clears out and the following appears: 

PRINTING E1~FILE 
ENTER TODAYS DATE 18th April, 1980 
TYPE IN FILE NAME OF E1-FILE D 27 

(A hard copy of a 20 x 8 array is printed-out together with 
file name and date of printing). 

RE-RUN ? Wo 

238



62
 

Diz 7462 (POLAR CO-ORDINATES) 
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APPENDIX 2 

THEORETICAL DERIVATIONS 

(Finding the A.B.C.D. parameters for the transmission 

elements). 
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THE USE OF ABCD PARAMETERS AND CASCADING OF. 

An explanation has already been given in terms of the function 

of ABCD parameters. The application to particular circuits will 

now be examined- 

  

  

        

Generally 

% 2 Vie [2 | aos WE) Hen Wy ENE 

AB 
Yet CD No 

zr = 
ay Cae q5 oi vo pre 

For series impedance 

Tito a Vian ov ; “ate 
v4 1 a oO ° a 

  

fhe matrix is 

  

es 

ol 

Q " ° 0 " Bb
 

For shunt impedance 

i 
Vi =l v5 te or, 

VY Zz {Ve 
Ty =1 vie ae thes 

Zz ° 

; . ie Oo 
The matrix is 

1/2 1 

For a transformer 

Zi Io 
Va HiNe re ol, 

vif {\ w 
al T= avast , 

c N 

1/N oO 
The matrix is 

P. 26 0 1/Ny



For a 'T' Network 

     

  

  

  

SW ds v Vv. Zo. war 
Lim OC AOE, PL etiacnsssioee ser, 

2 = Wo id Z3t6 ot to area ere eee a 

22 

From 2, I; = Yo £ a tire Z3 

a5 eo 

23 27. C= 1/2, D=1l+— 
a a) 

2 inl 
Vi = %0 + 43 45 + 41 ( Yo + Fo (1 + 23) 

a 2) 

wey: Zot 2 ye = 
BuO byseor 4010 Sl] + Wo (eueeZTe.) 

23 z me 2 
= Vo (1+ —)+ “o ( 4, + 23 + 2423) 

a Z 2 

a Gaae Dea vo ASL tS Bead 3 es 
2 Tel 2 

Lae ne z Va 
Thus, the matrix is 1 gael 1 es i*3 Z> Zz 

2 14% 
ee 49 

A much more direct way of obtaining this result is to 'cascade' 
‘ 

the basic elements making up the network, together. 
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ie, 

  

Cascading: 

Thus 

Note, 

  

  
  

ae Ae A TO laze 

Ome! ey ol 
25 

z z 
eos Tieieie 

= Zo 

1 A o1 
5 

Sean Bie seacios 
5 Za 

2 

z 

2 2   
yielding the previous result obtained. 

If A = D, the network will be symmetrical. 

(In this case, Z 3 would equal 24) 

If AD - BC = 1, the network will be reciprocal 
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CASCADING COMPLEX MATRICES ON THE COMPUTER. 
  

Generally, each of the parameters A,B,C and D will be complex. 

Let small case represent the real components and large case 

the imaginary components. 

If arrays Al and A2 contain two complex matrices which are 

to be cagcaded together, they must be represented as follows: 

Al = | a, A, by By oy Cy ay DY | A2 = 
  
ay Ay by By Cy Cy Ay Dp| 

This is the form in which they are stored in the computer. 

(Shown for one frequency only.) 

In mathematical form 

Al = a eee ee) A1(1) + Al(2) A1(3) + jA1(4) 

cy hg) a+ 4D 
t - Al(5) + 3A1(6) A1(7) +jA1(8) 

fo cascade, start initially with a unit matrix M, and then 

assign the products to M until the cascadings are complete. 

ie al 

M = M* Al 

M * A2 

etc. 

To find the cascaded products of Al and A2. 

Let a, + JA, b, + 5B) a, + 3A, b, + 5B, 

cy + jC, dy + 3D, cy ae IC a, - jD, 

2h9



hen, 

M(1) 

M(2) 

M(3) 

M(4) 

M(5) 

M(6) 

  

(a, + Jala, + 3A.) (ay Ta JA, 1b, + 5B) 

#(by + 5ByXe, + jcy)  +(by + GByLd, + 5D,) 

(c, + jC,ta, + 3A5) (ce, + JC\Xbo + JBo) 

+(d) + IDyKe, + jC) #4, + jD,1d, + jD,) 

ap 

(ayag-AjAg) + 5 (Ajay + aAy) (ayby~A)B)) + 5 (Ayby + 282) 
+(b.c. 4} 

1 j (By d, + bjD>) 
=B,C 
2122) sy (Bucy + biCo) +(b 145789) + 

(Cy ay 2€,Ay) + J(Cyay + c,A,) (cyby-C)B,) + j()b, + ¢,8,) 

+ 
+(djC5-D,Cy) + J(Dyey + 4yCa) +(4,4Q-D,D5) + J (D, dd) Py) 

= aja,-AjA, + bi c)-ByCo 

= Aya,taAy + By cy+b Co 

= a,b.-A,B 
Lazer 2 b,d,-B,D, 

= A,bo+a,B, sh Bieor iro 

io 

Reo pee omn to 

= CyaytcjA, ts Dj c+d,C, 

te ep d,d,-D)D, 

H ° s a Q oo + Dj, d,+dj;D, 

Al (1) *A2 (1) -Al (2) *A2 (2) +A1 (3) *A2 (5) -Al (4) *A2 (6) 
Al (2) *A2(1)+A1 (1) *A2 (2) +A. (4) *A2 (5) +A1 (3) *A2 (6) 
Al (1) *A2 (3) -Al (2) *A2 (4) +A1 (3) *A2 (7) -A1 (4) *A2 (8) 
Al (2) *A2 (3) +Al (1) *A2 (4) +A1 (4) *A2 (7) +A1 (3) *A2 (8) 
Al (5) *A2 (1) -Al (6) *A2 (2) +Al (7) *A2 (5) -A1 (8) *A2 (6) 
Al (6) *A2 (1) +A1 (5) *A2 (2) +Al (8) *A2 (5) +A1 (7) *A2 (6) 
Al (5) *A2 (3) -Al (6) *A2 (4) +Al (7) *A2 (7) -Al (8) *A2 (8) 
Al (6) *A2 (3) +A1 (5) *A2 (4) +A1 (8) *A2 (7) +A1 (7) *A2 (8) 
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Here these form the M = Al*A2 instructions for the computer, (shown for ae 

frequency only). 

To cover the twenty 150 frequencies, the instructions are included in a 

For J = 1 To 20), . « «« NEXT J loop. 

ie For J = To 20 

M(Ji,1) = ALT, 1)*(A2 (5, 1)—Al (5,2) *A2(T 2) 450 9. sae oe « 4 ete 

M(T,8)= <6, = chee wie e1ekese « 

NEXT J 
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TO SHOW THAT THE PRODUCT OF RECIPROCAL 

MATRICES IS ALSO RECIPROCAL 

If the product of 2 reciprocal matrices is reciprocal, then 

since matrices are multiplied together two at a time, the product 

of n reciprocal matrices will also be reciprocal. 

aibi{} [azbe aia, + bic2 aibz + bide ArBs 

& = 

eid, c2d2 C1a2 + dice cib2 + did2 exp, | 

Now, if reciprocal, 

AiDi~ ByCi= 1 

ie, (ayaz + bic2) (cibe + didz2) - (arbet bid2) (c,a2 + dice) 

=1 

Expanding, 

apcyazbyt bd csdy+ b,c, c,b,+ a,d,a,a, 

—aypeypdzb,- by d,c7dz~ b,c, a,d,- a, a,b,c, 

4 z 
~ ejb, (@,d,>byC,) + ad, (ad, —57,) 

= ajd, - c,b, 0 
te
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TO FIND THE A BC D PARAMETERS OF A SYMMETRICAL LATTICE 

Z, yy a! i     8 = : ME AV, +BI, 

y; 22 Vo I, = CV,+DI, 

Z,-Ta 

Z, Tah- 

Nag Z,(1,-I,) re 2, (33+T)-1,) 

= ZT, - 251, ob ZI, bg 2,1, a 2,1, 

also 

Vy = 251, + Zo(1, = q,) = 2,1, a Zot, = Zt, 

ces 25137251, 42)1542,1)-2, 1, = 2,1, + Zot, ae 251, 

Tea eo) + I, (2,425) = 1, (2, 42,42) +25) 

ie. Ab +857 (1, +15) ='T, 2124857 

  

I_4I 
fee? a Nate RC Wy OE, Ma eg Oo, ee Oe a, I, z - -(1) 

For ABCD; 

My = Ue nD ae NEST = i ae TAS 

co? ye ae ae ke 
1 Zo A Goes Bye hf eB 

v. Be rT. 2 Pol We Lee “ae (1+ =) (45) 

VAEer z ro Zz 
eee sett —) + stat =) 

2 oF 

z V. o£ Zz 
oe T,Q- 20+ gh) = 2 + a+ 4) 

2 2 2 

z 
Rene ate . v, 23 2a ae 

2 a z 
Zy(1-% (1+ Zz) 1-4(1+ Z*) P. 253



  

  

  

  

  

  

  
  

  

a Re eb a 1 mn 
pnus Coma [oe IRL Z Tee EZR Se 

z.-—2 (144) Cae oe eh eek 1 
gaze gers cman? 

pee we _ 248 242 
Lit 2. | 2g ey hy FQ 

ie Z+Z (14>) t-2 
2 

Subst. in (2), 

Dyn Z ee) 2 ee V, = V5t2,1, + 2, (>= + ———1,) Ape) SL Dear ceaanet aeeminna 

22, 2542, 
=v,.(14—+) + 2, (2,42, (54,2)) Zoo wee 2031 Tasca, 

: ne 2272828 ZotZy 

doacd et 

B= ) 

ee 22. és 222 
1125724) = Brey 

Thus, |a Bl |2272, 2242 
Cap aieoee) “3024 

Z oats, 
Zk, 5-2 
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Check 

AD-BC = 1 for reciprocal network. 

(Also, A = D for symmetrical network). 

2 , aes _ 2242, 2 
%5-2, ZZ, ° 25-2, 

2 2 
Zo +2, +2Z525-42%, 2, 

2 2 
25 +2, 722,25 
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TO EXPRESS THE ABCD PARAMETERS FOR THE LATTICE IN COMPLEX FORM 

  

  

For At (= A + ja) 

2542 (Ry+jX2)+(R, +5%,) ie uel epee Seely 
Zo-%,  (Rp+3X,)-(R]43%,) 
  

  

‘ (Ry+Ry) +5 (X54X,) Let Ki = R,+R) 

(RoR, ) +5 (X4-Xy) renee 

2 20 

K, = X5tX) 

Ky = X)-%) 

wees 
K,+5K, 

(K, 43K.) (K,-3K,) 
Set Let K. = K,7+K,2 ieee 5 24 

2 4 

K, K,+K,K 
Then, a = L234 =p 

K 5 

Becca 
a= K =d 

  

256



For 7B) ( B + 3b) 

2(R,+5X,) (Ry +IX,) 

    

Be = oe Eee 
(Ry #9X5) = (Ri F5X,) 

2 2 ((R,Ry-X) X) +5 (XR, +R) X,)) 
TCR keh bs (n=) Tan (RA -Ry TX, x1) 

2(K.+jK_) 6° "2 aS Let K 
| Res 6 

. . 7 | by 2(Ke+5K.) (Ky-5K,) 

| ey) K,°+K, 

i 2((KjKe+K,K,) +) (K)K5-K,K,)) 

ES 

: ee Shee) eB oe 
5 

2 2(KK>-K,K,) 

* K 5 

For C!' 

c! Se ee 
(Ro +5X5) -(R,+35X,) 

Se ee ee 
(Ro -Ry) +9 (%4-X,) KtiK, 

ie 2(K, K,) 2K, ‘ soa 

Ko“+ Ky x Ke 

. ee 2K, £4 -2K, 

Ky Ke 

257 

eos eo 
Xj Ro+Ry Xo



IMPLEMENTING IN BASIC FOR THE PET COMPUTER 
  

' att 5 
esties a marcance {I£ component does 

” i, INPUT "Resistance"; Rl not exist, type in $) 

INPUT "Inductance"; L1 

INPUT “Capacitance"; Cl 

C$ = "Series Impedance; R = " + STR$ (R1) + "Ohms, L = " + STR$ (Li) 

+ "mH, C = " + STR$ (Cl) + “nF" 

‘Shunt' Impedance 

INPUT "Resistance"; R2 

INPUT "Inductance"; L2 

INPUT "Capacitance"; C2 

D$ "Shunt Impedance; R = " + STR$ (R2) + "Ohms, L = " + STR$ (L2) u 

+ "mH, C = " + STR$ (Cl) + "nF" 

ES=" 9" 

For J = 1 to 20 

w=2%* 7 * F(J) 

700 L3 = wo * Ll 

710  4£ Cl = $ then 730 

720 C3 = 1/(w * Cl) :GO TO 740 

730 C3 =46 

740 14 = wy * 2 

750 If C2 = ¢ then 770 

760 C4 = 1/(w * C2): GO TO 780 

770 C4 = 6 

i 780 Xl see CS X2 = L4 - c4 

790 Kl R2 + Ri : K2 R2 = R1 u ul 
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800 K3 2 + XL 22K4 = 2. - XL a 

810 KS K2 4 259-KA te 

820 KG = Ri * R2i Xl ¥eX2 K7 =:X1 %°R2 4+ Rl * x2 

830 A(J,1) = (Kl * K2 + K3 * K4)/K5 

840 A(J,2) = (K2 * K3 - Kl * K4)/K5 

850 A(J,3) = 2 * (K2 * K6 + K4 * K7) 1 KS 

860 A(J,4) = 2 * (K2 * K7 - K4 * K6) 1 KS 

870 A(J,5) = 2 * K2/KS 

880 A(J,6) =-2 * K4/KS 

890 A(J,7) u A(J,1) 

900 A(J,8) A(J,2) 

910 Next J 

259



TO FIND THE A B C D PARAMETERS FOR MUTUALLY COUPLED COILS 

See ete 
HA x om AV> as BI, 

iL aN | 2 Ps 2 Ty cy, + DE, 

vy = Jub, Ty i juMI, 1, 

V5 = juL, I, = juMI, ————— 

from 2, 

ae Vo + job, I, 

& jwM 

sub in 1, 

Seay ; : Vile a Ivy + jub, T,| ~ juMr, 

Liv, job, L2 mel 2 i 7 
7 Mie pee 62 UMTS 

cope pee ele ena 
M2 J M 

2 
L eon) ‘ ee i TD 

oe A= 1 B= jw ieucctes Maas   

  260.



from 1, 

V, + jwMI v 
  

  

  

1 2 oD M I, = "= = + — 
ab Joby Jub, Ly 2 

4 (AV, + BI,) M 

_ joL pio Ia 1 

 e(nyL, - mM?) 
= a yg i 2 pe) ae = GH 

JuMi, 2 2 Jel M Ly 

2 
f (Lyi. = M M) 

as mela 2 
dere rat 2002 TMG ory 

1 

: Ss a ee oM 

LjLy Se ee Lo 
D = = = 

LiM ee 

Thus, 

2 i LL, - M 
A B a jw s a 

= . (non-symmetrical) 
; L. 

¢. Dp an a as A#D 

L,L 

ap - Bc = 4 - 45 (n,n, - ’) 
2 2M 

Ee 
.1 therefore the network is reciprocal, 
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TO EXPRESS THE A B C D PARAMETERS IN COMPLEX FORM FOR TWO 

MUTUALLY GOUPLED COILS 

  

Input Li, La, M 

w ~ " 

aQ
 ~ w 

Thus: 

Aes Ja 

Ber gb 

Cc + jc 

=D+ jd 

  

  

M 

ie 
atpt 

clpt 
iL» 

+ A= Ly a= 
M 

ie BE=nO b= 

- «Crs 0 c= 

oveeD = be. qd = 
M 

For’ = 9d. = 1 to 20 

A(J,1) 

A(J3,2) 

A(J,3) 

A(J,4) 

A(J,5) 

A\g,6) 

A(J,7) 

A(J,8) 

Next J 

2 Sneed) 

L1/M 

= 0 

=o 

w* (L1*L2 - Mt2)/M 

=o : 

= -1/(w*M) 

=L2/M 

=0O 
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TO FIND A,B,C,D PARAMETERS OF A STONE FEEDING BRIDGE 

  

        

  

      

        

Circuit Diagram Equivalent Circuit 1 Network 

+ o—+ —o Oo 

2) 6 Zz wv @ ay Y Gan C : 
4 ALO, 4000 Za Ze Fhe i oe : 

For 7 network apr 

A B 1 ° A a di ° 

Ie D 1/2, 1 ° 1 1/2, 1 

c Z 

slint gz adja bi5 25 a 

LS c . 
pied ale leric a+jD 

R R ee 25 

Equivalent ™ network 

  

  

ee eke Se hake nels Oe 
Z  jwC(RtjuL) JweR-w2LC ~ w2LC-j CR 

= rw? LC-jwCR 

(w? LC) 2+ (wCR) 7 

2 
THUS ee ae ee ee ee i 

2 2 2 2 (w?LC) *+(wCR) w2Lc (wCR) 
w7LC 

AS -wCR s ra 

(w?LC) 2+ (wCR) ? (w?LC) ? 
wCR + @CR 

| d=a, DEA (By symmetry) 
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1 jwc wC oh wc 

Z,4+2Z + i+2R+254L 
a 2 _ jc J 

2 . 2 25 (R+jwL) 

: i . i 
2R+j(20L - ae) _ 2R+j (2wL - ae 

| R2-w?L?4+2jwLR  (R?+w?L?) +5 (2wLR) 
  

[2R+j (QoL - Se) | | (R222) -5 (2uER) | 
  

(R?—w?L?) ?+(2wLR) * 

aR (R*-w?L?) +(2ui-) (20k) +3 | (20k) (R2-w?2L?)—4wLR? | 
  

R*+u*L'-2R2w?L?+4u)?L2 RR? 

2 2 

2R-2w? LP Rew ?L?PR-22E 45 | 2yLR2+E B25 4uLR? | 

R' tw" L+2w?L?R? 

3 Peep. UR 4 (Whe Roe ony ars 2R*42w*L?R-2+ 45 (“GS po 2WLR 2w*L?) 

R*+u"L"+2w?L?R? 

2(R%4u7L?R-ES) —2(R?+ (wb) 7Re 

  

  

  

ee c= = 

RY +w*L'+2w?L?R? R*+(wh) *+2 (wLR) * 

272 2 w2p2— 
aa R— 2wLR?-2w0 313 

c= 

R4+y%L?+2w?L? R2 

26h.



Re-writing to save on computer calculations, 

2R(R?+(wL)?- L/C) c= 
R*+(wL) *+2 (wLR) 2 

2_p2 

fol) THR’ = 2uiR?=2 (wh) ® 
and C = ———————————. 

R*+(wL) "+2 (wLR) 2 

IMPLEMENTING IN BASIC 

For J = 1 to 20 

W = 2*PI+F(J) 

S1 = ((W*L)+2-Rt2) /(W*C) -2*W*L*Rt2-2* (WEL) 43 

S2 = Rt4+(W*L) +4+2* (W*L*R) +2 

A(J,1)=1-1/ (Wt2*L*C+(W*C*R) +2/(W4+2*L*C) ) 

A(J,2) =-1/(W*C*R+(Wt2*L*C) +2/(W*C*R) ). 

A(J,3) = 0 

A(J,4) = -1/(W*C) 

A(J,5) = 2*R*(Rt2)+(W*L)+2 - L/C) /S2 

A(J,6) = S1/S2 

A(J,7) = A(J,1) 

A(j,8) = A(j,2) 

NEXT J 
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TO FIND A B C D PARAMETERS OF A HAYES FEEDING BRIDGE 
  

Circuit Diagram 

    

  

    
  

                          

Equivalent Circuit 

  

         

332 3.75 mH Leakage Copper Loss 

o i oO Wo 15O-—N\\y 
a: 1 

16K 0.55H 

3 
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Z = R, + jul 

3 185 + job; aye 

b R, + job, 2 

Ab i * 
fi Foe (Ro + jul) ii R, + juL, 

Se ee job, ae jue 2 1 -w*CL. + jwCR. 
2 2 

R, + joL 
# Ry + job, i. Yt 
Some a 1 -w Chy + jwcR, 

K 

x (Ry + juL,) ((1 -w? Cho) - jwcR,) 

(1 = w?CL,)? + (wCR,)? 
wn -~___ + ery 

(Si)? (s2)? 

ee Ry (sl) + wL, (S2) Ee J (wb, (Si) e— Ry (s2) 
  

(S1)*+ (82)? 

R (Sl) + wL, (S2) as wh, (S1) -R, ($2) 
2 Roe Woe:   

1 are (Si) een s2ye (sl? + (s2)* 

R,(S1) +wL, (S2) 
CES EGER RS 2 SS 

u I> (e1)2 = (52)2 

WL, (S1) - R,(S2) - 

i (S1)? + (s2)? (2, = X, + 5Y¥) 
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Now, 

ABC D parameters for symmetrical T, 

                

  

  

  

2, 2 

o—\\- —o 

Za A B 2 1 2, eC tales 

Z GD On 2 1/z,1| |o 1 

Z Zoe ri z 
i.e. Ja’ B! Lt 22, + a tn) Det 48 

= 2 2 c+ jC d+ 45D 
e Zz B 1+3 2 2 

Te ee des 
Zo Job R3 Rg wl 

z 1 -1 
e.se Ca Ce 

R3 obs 

FOR A' (= D') : 7 
Z Ae 1 = 

At=1+-4 _, Find (1 _ Giejom where c1= + c, = 
Z Zz Ry 2 wan, 

2 3 2 

Now, 2) = Xl + jyl 

ay 27. go = (XL + §¥1) (C1 + §C2) 
2 

= REC) vl C2 41. Cl 4X1 C2) 

| 2 

Thus, Ry) = KU-Cl = Yi-Cc2 
2 

2) ' 
im (> = Vier, -+ x1, c2 

2 

45 at 
Thus a= 1+R(7-), A =IR(7-) 

2 2 
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B' = 22. + = 2%, = 2X1 + j2y1 

wo = (ML + j¥1)? (C1 + 5C2) 
2 

=(|x1? - y1?| + j2x1.¥1) (Cl + 3C2) 

= Cl (X1?-y1?)-2X1.¥1.C2+j (2X1.¥1.C1+C2 (x1?-y1?) 

C1(X1?~¥1?) - 2X1.¥1.C2 
ae 

i.e. Briizac) 

Z 2 

Im(gh) = C2(X1?~Y12)+2X1.¥1.C1 
2 

i 

os & = ONL + CLEEI% = V1") = 2x1. 7E.ce 

B = 2¥l + C2(x1? ‘L?)\ cb 2X1 sya CH 

Let C3 = X17 - yl2.c4 2x1.¥1 

  

Thus, have for the A BC D parameters, 

ai Lrexi.cl = 3¥1.¢2 

A =Y¥1.Cl. x X1.C2 

b= 2k) “+ Cl. C3 = C2.c4 

B = 2Yi"+ €2.C3 + °¢1.c4 

e¢=cl 

c= C2 

d=a - 

D=A 

where, Cl = 1/R3 

c2 = 1/oL3 

C3 = x1? = ¥i* 

c4 = 2X1.Y1 
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R,.SltwL,.S2 
where, Xl = R, + ——— 

7s S3 

Whascl=Row oe esi 
S3 

1 2 
where, Sl = l-w CLs 

2 2 
S2 wCRor S3 = S1°+S2



IMPLEMENTING IN BASIC 

(Input Rl, Ll, R2, L2, R3, L3, C) 

For J 

Ww 

sl 

$2 

$3 

x1 

¥1 

cl 

c2 

C3 

c4 

A(J,1) 

A(J,2) 

A(J,3) 

A(J,4) 

A(g,5) 

A(J,6) 

A(J,7) 

A(J,8) 

Next J 

W ito 20 

" 2*PI*F (J) 

1 = wta*c*L2 

W*C*R2 

=S1+2 + S2t2 

Rl + (R2*S1 + W*L2*S2)/S3 

W*Ll + (W*L2*S1 - R2*S2)/S3 

=1/R3 

tw ~1/ (W*L3) 

Ste =) Y1it2 

2°x1FY1 

ier X14Ci— YI*C2 u 

Y1*C1L + X1*xX2 

= 2*xX1 +  Cl1*C3 - C2*c4 

= 2*¥1 + C2*C3 + C1*C4 

= cl 

= C2 

= A(J,1) 

= A(J,2)



TO FIND THE ABCD PARAMETERS FOR A CHANNEL FILTER, (CHF) 

frequency for a type 1-4 channel filter. 

These were obtained from a graph showing attenuation against 

The filter is treated 

as a "frequency dependant attenuator". 

Simplifying assumptions are: 

a) The characteristic impedance is constant at 6002. 

b) There is no phase change from input to output. 

(valid for 2-wire working}. 

ie there are no imaginary 

    

components. 

Loss 

See: 

Frequency 

Let L = Loss in dB 

s = 102/20 (L = 20 logs,9) 
Z = Characteristic Impedance 

Then, (as previously shown) 

& 2S 
AB boa yee for each 

cD Ze Oe separate frequency. 

1s? -1 826401 
Z 2s 2s. 

In the computer program, there is a facility which automatically 

takes into account the number of channel filters in tandem. 

(The same facility also exists for the loaded cable junctions).



This is implemented as follows: 

PRINT "How many CHF's in tandem?"; 

INPUT E 

FOR J =1-to E 

  

  

K(I) = 18 

I=Ie+1l 

NEXT J 

IleiI-1 

NEXT I 

Eg @="6E = 3 

2 or |e 6 7 8 | --- 

K (I) 18: | 18 Seas               
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TO FIND THE ABCD PARAMETERS OF TRANSMISSION LINE (TXL) 
  

  

  

  

(R & C ONLY) 
R : 

W\i—p>— Wr - - = -— 
| 

Send. G i Rec 

VOR EAs es       

  

| RISL_ R 
as) = re 

Poth Eu t) ° Gs Sc 

( 
————_—_- 

Sd 
x 

Gta BF ix,t) _ C28 (x,t) 
Ox (x,t) ox ot 

fr DEC eye fr signifies Laplace Transform) 

8 (x,8) 
oii (x,s) asc wi eae (x,s) *F (x,s) 

E ix, 0) =O (line initially discharged) 

  

oE or 
oe Gs) _ _ aes) Scan na Gey 3x oral 

drort Sea 

pe’ (p,s) = (0,8) = “RT (py, s) 1 

p' (p,s) (0,8) ~ ~S°F(p,s) —2 

27h



For Bini from 2 

  

  

- ts 2 (o/s) tes) 
(p,s) P 

Subst. in 1, 

a -E 5 oe |: -SCE 
Pp (p,s) ‘(0,s) P |" (0,s) (p,s) 

E 
: (o,s) _ R - 

oe Pe ip ee) P pe [coe SCE (p,s) 

a EF lo,s) Hy RT (0,8) = pce oes 
P p? p2 

  

  

see 1 (prs) ; p2 e Pp? 

E =- p? to,3) _ RT (o,s) 
(27s) ete lane Pp? 

- 2 as F (0,8) ** (0,8) 3 
(es) a ’ P“-SC 

For Tip,s) , from 1, 

é ES ele ess) 
(p,s) e 

Subst. in 2, 

  

  

  

Ese pe@rsalet (rs) ee | oan wa) 

I : = -(028)_ SC ~ ones T(p,s) | Pp p2 eee RT (p,s) 

Z0,s) SCE ona) e 2eRE (ra). 
PB p2 p2



L I y- SCR _ (0,8) _ (o,s) 
(p,s) p2 P p2 

r ie p? (o,s) _ SCE (o/s) 
; (p,s) 2 P i P“-SCR P 

te _ pi (o,s) SF (0,8) 4 
(ps) P?-SCR 

From 3, for Le let ue = SCR, poles at (p2=u) = 0 = (ptu) (p-u) 

ie p = tu 

= = px 
_ 'sF (0,8) B84 (0,5) fe 

E(p,s) Be (ptu) (p-n) p= in 

-RI Boe 

2u 
Residue = Fs) (0,8) 3° 

P =. - 

: “ux 

(o,s) ie 
{ -RI F (ors) Residue = —4 £ 

p= 2u 

eh x (uE eX 

Eux,s) ~ o18)*¥(0,8)2 +E (6,5) ® (0,5)° 

Je Me he vee |) eet 
= 2 6,5) v(0,8) le" 

ie E chux - 76, 5)" 5 
(,s) ~ ®(0,s)



Fran 4, ford 

poles at (p*-u“) = 0 @+W(P-) =0 

pK 
{BT (6,5) XF(0,5)} © 

  

I = p= iu 
©) p+ we-w 

Residual 
{-ur -SCE te 

5 ‘O,S BS thy 2 (0,8) (o/s) 
-2u 

‘ aux 2 {hxT (5) SE (9, gy} e 

2u 

Residual 
J {ul (6,5) “SE (0 s)? e 

P=u, a 

UX, Hx 
ae a ae ul(o,s)®. *S°B(o,5)& 

ij (x,s) 2u ux ux_ 
Hin (o;s)> 9 SE loyal 

z ee ux, Hx] _ SC He ele +e | 

' = - sc \ ie T (x,s) = T (9,8) chu i B (9,6) Shu* 

But py = YSCR 

5 becomes, 

ss fe [z& 2 
Eix,s) a Eoreian Sc Tioyay ore 
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2u ® (0,s) le 
-o |



chux - shux al
8 

t Greys 1 ors) T (0,5) 

y 

Hence, in matrix form 

But Zo 

E(x,s) =|(chyx - 2 shux BiG, s) 

= 
Tx, s) Zeon chux T (0,8) 

  

Let y=u (y is used more conventionally) 

Then ABCD parameters are: 

AM BMic= |chyx = Zoshyx 

  c' p! 

  

    Fshyx chyx 
° 

(Have used A'-D' as this is the inverse of the matrix eqn 
defined in ABCD notation) 

ie have here, 

a ' pr Le A' B Vy 

Te Ty cep Ty 

Thus have, (B' and C' become tve, see note * on next page). 

A! Bt) = |ehya ZoshyL 
(inverse matrix) 

Ce 1D st ehyt chyL 
Zo 

= |at.A b+.B 
J 3 

Cr pat 2D: 
2 a 

= R, is a + 3 R, (chyL) + fy (ChE) 

ad+.D=s=av+ A 
a J 
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b+ .B= R, (2oshyL) + Tp (298hYL) 
J 

- 1 a 
e+ 5° = Rg shyL) + In (G shyL) 

° ° 

For A' and D' 

chyL = ch<L coséL + en singL (from expansion of eh{=+,8)L 

since y = +58) 

.*. a = cheL cosfL = d 

A = sheL sinfL = D 

For B' and C' 

Let Zo = Bondo 

shyL =n + an 

then Zosh L= (RotyXo) (FN) = (Ron SoS (X ntRN) 

oa pS Ron-X oN 

B = X_n+R_N 
° ° 

shyL = sh<L cosBL + gcuel singL (from expansion of ens) 

since ~ =< 5°) 

-’. n = sheL cos8L 

2 i] ch«L singL 

*Note, the ABCD parameters as worked out here, are inverse to 
the definition previously used. 

  

  

        

  

    

    

ie Na = |AB No 

zh ene |as 

ene F 
Hever E(x, 5) Pele ro) 

ao 
T(x,s) ie Tix,0) 

zo Mo = fat | V5 At = chyL 
1 oa ee iT le" py |r, B ZshyL 

cy =F shYL 
279 2 pD! a chyL



Inverting, 

A' B! 

AL DB oc 
    

ae 

  c' pt -C'a! 

AD YaBB Cte— ch*yL-sh7yL = 1 (as would be expected for a 
reciprocal network) 

Thus, 

= shyL 
Me chyL cs v Me Note, A = D as have a symmetrical 

—shyb chyn| |x network here. 
z Z ° 

° 

Where: 

Ze = Characteristic Impedance 

Y = Propagation Constant 

L = Line length 

R+.wL 

2 i Rot 3X0 iz Cine 

Also, yY = «+58 =f (Rot) (E+, uC) 

2o AR eh 1 1 

at ab ue fR+ 501 2 [ea c ¥ Stic 

«+.B 

a aentGy Graue 

  

ad /R+0L 

NZ [ra 20L, era. —— 
2 dupe ced NG+,0C era 

n 
u R+.wL 

J 
R+.wL 
ee N " 

+. ae 280 -



Use first form, 

  

#458 (<+.8) G-,wC) 
z 2 i J gee = 

° ory Cc oe+ue+c2 

ee seGcruce 
° G74 202 

Sy. dee 
G+w C 

Now, « = (W/(R24+w2L") (G2+w2c%)+(RG-w2Ec)) 8 = (UV) 
U 

For R&C only, < = 8 as RG-wL¢c = 

(L = 0, G = 0) 

  

° 

. « =,/wcR 
os aoa 

wCR 
= Swe « oe =a 

ey = ee ie te nar 
woC eae 

x Soe TS R 
Ou.) p22 2wC 

w°C 

Side-note, 

eo Rees 
° ° 

ee 
GPC 2WC 

J J 

= [5 [& Or, Zo = i Jae 

ag eaeh 
N-i =ale 22 = e@ 4 

1 
ie Le JZ 

Now, Zo = 

iL Sue 
Nz 

For mod = 1, R, = = 
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L aa m 

Me 

  

a 

SR=-X.   
is -ve 

Xo 

(capacative



dy l\2 Boh gD 

ace b= Ron-X N 

= [®_. sheL cosgL + | R_. cheL singL 
2wC 20C 

= [x « i ie b = [anc |sh L cos6L + cheL sinBL| 

  

  

w Ml bo
 

° 
3 + nw

 
0. 
a 

R / fol 4 eat 
aC” she«L cosBL + Boe * cheL singL 

; [RR ‘ F r ie B =/506 |cheL singL - sheL cossL| 

  

For C! 

1 _ aN if (n+.N) (R,+.X,) 

7atne oar a eee 
° oj oxo 

= ARG HNX +, (NR rX,) 

CEE 
. Raito 
ie, 

RyntX N 

;- Rerae 
“Oo "Oo 

a. RON-Xon 

Zak 
RotX 
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Ra tf ofS we Joe Sh«bL cosBL Doo * cheb sinBL} . R W 

2 
ae (we) ; 

= /=s3. SS sheL cos8L - cheL singL! Wwe * eS | f co 

ie = [3 [shel cosgL - ch«L singL 

  

  

  

  

Mane /8 ee we c= Zac ch«L sinbL + q sh«L cosBL}. z 

: fue : ie C = /55 |ehsL sinBL + sh<L cos6L 

Thus have, 

a = cheL coseL=d 

A = sheL sineL = D 

fR eS : P 
b 2 (sheL coseL + ch«=L sineL) 

B =/AR. (chen sineL - sheL cos<b) 
2wC 

c= e (sheL cos«L - ch«L sinelL) 

wC 5 
C =/5R (cheL sin-L + sheL cos<L) 

Let S =< L 

D = 3 

_ face 
then S =/—5- . D s?=4R pd 

Let L = f5e5 
i 2 _ we _ wCRD 
c eR) a 

M =/55 = 8/(8.D), ———> 
R 

G = sh Siy.scos S ‘ Sunes 
eM = 2.2 

He= Chore Sines R°D 
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Then, 

A(J,1) 

A(J,2) 

A(J,3) 

A(J,4) 

A(J,5) 

A(J,6) 

A(J,7) 

A(J,8) 

ie, 

For J 

Dl 

D2 

A(J,1) 

A(T, 2) 

A(T, 3) 

A(T, 4) 

A(J,5) 

A(T, 6) 

A(J,7) 

A(T, 8) 

NEX J 

sin S 

cos S 

L (G+H) 

L(H-G) 

M (G-H) 

M(H+G) 

AtG,1) 

A(J,2) 

cos S 

sin S 

1 to 20) 

2*1*F (J) 

SOR (W*C*R/2) *D 

SQR (R/ (2*W*C)) 

S/ (R*D) 

H/tan S 

G.tan S$ 

Can further simplify by putting 

Dl = (G+H) 

D2 = (G-H) 

(EXP (S)-1/EXP(S))* COS (S)/2 

(EXP (S)+1/EXP(S))* SIN (S)/2 

GtH 

G-H 

H/TAN (S) 

G*TAN (S) 

L*D1 

-L*D2 

M*D2 

M*D1 

A(J,1) 

A(J,2)



TO FIND THE ABCD PARAMETERS OF AN ATTENUATOR 

  

  

      

        

I, Bh 
_ pe 

V. 
2 

Z oh ar 
\, - \ Sz, 2 

ai 
s= re Image Att 

2 = = 20 109408 

Vai Pa 2a Ma .1. V, = AV, + BI, = (A + B/2L)V, 

Z,/ |€ 5} |r, I, = CV, + DI, = (C+D/Z2L)V, 

Vv 
* go = wk = AtB/ZL _ AZL+B 
Ee ae Caen C#D 27 ey Cate 

If matched, i.e. 2p=Zq =Z5 = Z. 

then cz? 4Dz =AZ+B 

Network is symmetrical .°. A = D thus cz? 7B poccieeie oiene OL) 
I 

eich = Also, S = a qT, Cv, as DI, 

= CZ,I, + DI, 

-7. S = CZ, 4D peices alc) 

Network is reciprocal .°. AD - BC =1 but A=D 

.. a2 = BC +1 but B= cz? 

, Bip Aewetorce er 1 Bon: Ase. (3) 

| ; . 2 2 From equation 2, S =CZ+A  .°. AY = (S - cz) z 
~ nia ecoleatene C4) 

Equate 3 & 4, 1 + (cz)? tS cz)? = s? + (cz)? - 28CZ 

ee s7-1 - 2CZS =0 

Stop stan Mi avse-1 
Sea eee Se 2° 2s 

Eee cael B =.CZ* = 2.555 
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Here, 

A=D=S - CZ (from eqn 2) 

oy eels Wiest 8" 2 
2S 2s 

2 
5 De Sr ted: 
ie A= aa 

. 2 2 

ce : , g xe = a st Z = Characteristic 
Impedance 

ec o5 i psike s* +1] Note, if X = Image 

BS 2s Attenuation 

then, X = 20 1ogi9 Ss 
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TO FIND THE INSERTION LOSS OF A 2 PORT NETWORK 

  

  

      

      

1 

        

    

1 
r---7 r----- honed Val JAB }| V2 hor ' 1 4 TAK Ds ||) te 
ena le) | 1 
1 | \ 

' Lee 8 

©) ' biel Il» Na) a Se 
' 1 

t ' ' | 
| t 1 1 ' 

eae eee ee ] 

Amalgamate Za into network, 

then [Al Bij {1 Za AB | A+CZa B+ DZa 
= * = 

cipi| jo 1 oD e D 

    

  

    

Without network, ' 
1 
1 
1 
1 
1 
1 
t 
i 42L ' 
1 
' 
1 

t aad { 

| 
AB 1 Za ! 

1 
cD OW: |} 

' 
i 
{ , =v, + Za 

GON / 2, 1 
I! 

ie Vi= 1+ Za i 

V2 ay, 
1 
I 

(mle fee 1 
i+ Za | 

a ' 

' 
' 

  

  

With network, 

  

    

  

      

        

Za 
A\\— 

‘ Us 

o : =o, 

Vv, = Avi-+DII,? 

UES V,1/2,, 

Cae hath ys cu i 

v3} L 
= A + CZa + (B + DZa)/Z 

- ViI= 

  

287 

L 

V, eT eee 
2 A + CZa +98! + Dza 

ey,



Insertion loss = 20 log Vz. 

  

  

  

Ve" 

Ve = Va . 
ay + zal qo tGZart Bet Dea 
V2 nL ay 

L 

Va ist #2 
A+C Za + B + DZa L 

at 

Or, 
AZ, + CZaZ. + DZa +B 

Vv L il 
a = = R (say) 
V2 a + Za 

then, 

insertion loss = 20 log R 
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AN ALTERNATIVE WAY OF FINDING THE INSERTION LOSS 

  

  

      

        

  

ZL, I, 

2G A AB Vy 

V I S 
! al > 2. Ty © I, 

e 

Without Network, With Network, 

For Vor 

e=V, + 1,2, 

2G 
. \ ez = AV, + BI, + Z,(CV, + DI) 

e 
I, = V2/2,, 

BV, DV, 
“2. eFNVi, + 5- +20, + 2. == 2 zy GV G a 

Zz DZ 
al L . e B G Vo = & wee FA+t SH +CZ,+ 54 

2 a4 2a Vy zy, G zy, 

vi 

Sq R= 9 = 
2 

Zz DZ 
L B G 

= (A+ = + CZ, + == 
Zq + 2, Z G zy 

AZ. + B+ CZ,.2. + DZ 
= a Z S ss S hence, L = 20 logig R 

L + ¢ 
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Image Impedance 

Consider a 2-port network and the impedance Z presented 

at the ports under various conditions: 

  

  Pe 
cota s eel ey ek 
  

  

I 
When terminated 
with Zgo RABID. ar 

  

  

When terminated 

When symmetrical, 

Z 

  

o1 * “02 = Achar. 

  

SCcl         ° 3     

        

Similarly for Zone and Zsco9 

For any reciprocal network, 

20 = 400-25 

in ABCD form 

  

  

      9°
 

    

I 
L v,|_|4 8 vp 3 eam 

qT, Cup Ty 1 4 

toe. Wie AVo = BI, 

I= CVp + DI, 

When I= oO, When Vo= OF 

Vv 
alge ST tee ae 

qT, Cc oc) qT, D SC) 
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‘02 is obtained by inverting the above matrix and taking



account of current direction 

1 Cnt ise DaB Vy 
2). 

Ty Cc A qT, 

i.e. Vo = DV, BE BI 

Ty = CV, + AT, 

Wh Ile = en To6=0, When V, = 0 

tem Sy ies ean 
| Ty Cc oc2 Ty A sc2 

| -/2.5 
i 02 Cc’ A 

Image Attenuation 

This is the insertion loss of a network when terminated 

in its image impedances 

Ie. 
Ss 

Same amie rahe L 
  

°°
 

P         

_ AL + CSL + DS +B R coon 
uae & 

Z 

Z 
02 

Here, S 

L 

‘ol Thus image attenuation = 20 1og)oR 

W 

Expressions for Implementation in BASIC 
  

Zz 2 _ AB _ (a+jA)(b+jB) _ ab-AB+j(aB+Ab) _ U3+jU4 
ol D (esjcy(arjp)  Co-CD¥ICeD#Cd) ~ V34jV4 Q



_ (U3+jU4)(V3-jV4) _ U3.V34U4.v4 _ jU4.U3-U3.V4 
v3" + v4" v3e+va~ v3-+v4? 

2 Nl, JN 
eee Coy ply WoT 

ie 2 _ BD _ (b+J3B)(a+jD) _ NB , ;N4 
(Similarly 269° - 4G ~ (atjAy(etic) Da ° ‘pa ? 

To find Z convert to polar co-ordinates 
Ol’ 

A eee i = ivecsZq, = Ry fy ws Zo, = WE, [84/2 

  

a
 tt 

Similarly, 

Zoo = vRo / 85/2 

! where 

R. = N82 (N42 
2 = Hyg) + CR) 

ms -1,N4 
8, = tan Cy? 

Image attenuation is then found by converting 201 and 

Zo back into source (S) and load (L) in Cartesian form. 

i.e. Sl + jS2 and Ll + jL2,



Thus, 

Sl = YRq. cos (6,/2), 82 =V7 R,- sin(0,/2) 

Li = VRQ. cos (05/2), L2 =/ Ro, sin(0,/2) 

These are then substituted into the expression for insertion 

loss (the BASIC implementation for this is given in Chapter 

2 under 'Insertion Loss') to yeild the image attenuation. 

| 
Note 

Only the LOG symbol (meaning Log.) is provided on 

jhe PET computer. 

To obtain 1ogig» divide the natural log of the number 

by log,(10). 

i.e. Let 1081 5* =y 

then x = 10% 

= Ves 1og.* = log 10 = ylog,10 

= log x log,* 

Ses He 910 ace 108 G* = Tog, 10 
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A BC D IN COMPLEX FORM FOR 2W-4W-2W SECTION 

Let 2, & 2, 

  

  

Port 4 PoRT 2       

be the impedances presented by port 1 & port 2 in 

the absence of loop transmission. 

Zs; & Z, be the impedances which when connected across port 1 

& port 2 give infinite tranhybrid loss. 

G, & G2 be the voltage gains under matched conditions at the 

output port relative to an input at port 1 and 

port 2 in the absence of loop transmission. 

NOTE: these are complex and include the delays. 

Input Z1, 22, 23, 24, Gl, G2 in complex form. 

ie, Z1 = R1 + 3X1 

Z2 = R2 + 4x2 

Z3 = R3 + 5x3. 

Z4 = R4 + 5X4, . 

Gl = Tl + 4x2 

All arrays except Rl to R4 
! 

G2 = T3 + jT4 (Input at 20 freq's) 

Then, A = 
ah ea 4G1G22223 

261 (Zl + 23) (22 + 24) 

22 _ 4G1G22324 
dor | 1” (i + 23) (@2 + 24) 

1_[,_ 4cic2x1z2 
26121 (Z1+23) (Z2+24 

29h.



oz 4G1G2Z124 
D 2ci2y [> : tie | 

Common forms are: 

ak 4G1G2 la 4cic2 
261 (21 + 23) (Z2 + 24) 261 (Zl + 23) (z2 + 24) 

El “E2 E3 

1 _ Tl - 372 
El = 31 + 912) 2(T1? + T2? ) 

let Kl = 2(T12+ jT2?) 

then, 
El = K2 + jK3 

where, 
K2 = Tl KS) = = T2 

  

  

E2 = 4(T1 + jT2)(T3 + j 74) 
[cri + R3) + 5 (x1 + x3)) [(r2 + R4 + 5 (x2 + x4) 7] 

= 4((T1 73 - T2 T4) + j (72 73 + TI T4)) 
(RL + R3)(R2 + R4) — (K1 + X3) (X2 + X4) 

+3 [(xl + x3) (R2 + R4) + (RL + R3) (X2 + X4)] 

= K4 + 5K5 
K5 + 3K7 

where, 

K4 = 4(T1 T3 - T2 T4) 

KS) = 4(T2 73) + TL T4) 
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K6 = (Rl + R3)(R2 + R4) — (X1 + X3) (X2 + X4) 

K7 = (Xl + X3)(R2 + R4) + (Rl + R3) (X2 + X4) 

tC. Ey = KS 

then, 
E2 = (K4 + j K5) (K6 - j_K7) 

K6> + K7 

where, 

K8 = K6? + K7? 

E3 = El, E2 

K4K6+K5K7 . K5K6 - K4K7 
K8 

= (K2 + j K3) (K4 K6 + K5 K7) + j (K5 K6 - K4 K7)) / K8 

1 v (K4 K6 + K5 K7) - K3 (K5 K6 - K4 K7) 
aor - 

+3 (k3(K4 K6 + K5 K7) + K2 (K5 k6 - K4 K7)) 

let K9 = K4 K6 + K5 K7 

K10 = K5 K6 - K4 K7 

then, 
E3 = Kll + j K12 

where, 
Kll = (K2 K9 - K3 K10)/K8 

K12 = (K3 K9 + K2 K10)/K8 

Thus, now have 

A) = Bl +83, 22, 23 

B! = El» 22 - E3, 225 23, 24 

CMs B/z1e— Es, 22 

D) = El, 22/21 + E3, 22, 24 
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( ete Symmetrical when 21 = 22, 23 = 24 

Al = El + E3, 22, 23 

= K2 + jK3 + (K11 + j K12)(R2 + j X2) (R3 + j X3) 

= K2 + j K3 + (K11l + j K12) [x2 R3 = X2 X3) +j3(X2 R3 + R2 x3) | 

= K2 + 5 K3 + K11(R2 R3 — X2 X3) -_K12(X2 R3 + R2 X3) 

+ j (K12(R2 R3 - X2 X3) + K11(X2 R3 + R2 X3)) 

let K13 = R2 R3 - X2 X3 

K14 = X2 R3 + R2 X3 

then, 
a’ = K2 + j K3 + K11. K13 - K12. Kl4 + j(K12. K13 + K11. K14) 

ie, 
A = K2 + Kll. K13 - K12. Kl4 

a= K3: + Kl2.. K13 + Kili. Ki4 

Bl= El. 22 - E3.22. 23. 24 

(K2 + 3 K3) (R2 + 3 X2) - (K11 + j K12) (R2 + 9 X2) 

(RB + j X3)(R4 + 3 X4) 

" K2 R2 - K3 X2 + j (k3 R2 + K2 X 2) 

fon RIN K12 X 2) 49) (Kl2 Rod KID xX 2 

{cx3 R4 - X3 x4) + j (X3 R4 + RB xa? 

=K2 R2 - K3 X2 + j(K3 R2 + K2 X 2) 

- {xi R2 - K12 X2)(R3 R4 - X3 X4) - (K12 R2 + K1l x2) 

(X3_R4 + R3 X 4) 

+5 [uaa R2 + Kl1 X 2) (R3 R4 - X3 X4) + (K11 R2 - K12 x: 

(X3 -R4 + R3 x0 ]} 
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let K15 = R3 R4 - X3 x4 

K16 = X3 R4 + R3 -X4 

Ki7-= Kil R2 - Ki2 x2 

K18 = K12 R2 + K1l X2 

then, 
B! = K2 R2 - K3 X2 + j (K3 R2 + K2 X2)- K17 K15 + K18 K16 

= ‘gr (KISeKiS + KL7 Kis) 

thus, 
B = K2,_, R2 - K3, X2 - Kl7, K15 + K18,K16   

DlacKSeeR2 +5 R26 0%e KS, K15 - K17ie K16 
  

c! = £1/Z1 - E3, 22 

= (K2 + j K3) (Rl - j Xl) - (K11 + j K12)(R2 + 5 x2) 
Ri? 4+ Xi 

let K19 = R1? + xi? 

then, 
Cc} «== K2 Rl + K3_ Xl 44 (K3_R1l = K2 X1) ~f xi R2 - K12 x2 

at RLOaa] no eta RL OMe 
+ j (K12 R2 + Kll x2} 

5° ss Gis (Kip Rl ee 1K35 X1)/K19 so eK1 0 RD KID x2   

C!=2(K3 5. Rive K25 XL) /K19. = K12) R2 = Kl x2 
  

D! = El, 22/21 + E3_ 225 24 

(2) 4 45K) (R22 x2) (RY jk) oe (KLE 4, K12) 
Ria + XT 

(R2,+ j X2)(R4 + j x4) 

let K19 = R1? + x1? 
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Then, 

  

p! = [ cxe R2 - K3 X2) + 3 (K3 R2 + K2 x2) | (RL - 3 x1)/K19 

a [xu R2 - K12 X2 + 5 (K12 R2 + K11 x2) | (R4 + 5 XA) 

, = [ox R2 - K3 X2) RL + (K3 R2 + K2 x2) X1+ 4 § (x3 R2 + 

K2 X2) Rl - (K2 R2 - K3 x2) x1} | /K19 + (K11 R2 - K12 

X2) R4 - (K12 R2 + K11 X2) x4 + 5 [ x2 R2 + K11 x2) 

R4 + (K11 R2 - K12 x2) x4] 

let K20 = K2 R2 - K3 X2 

K21 = K3 R2 + K2 x2 

K22 = Kll R2 - K12 x2 

K23 = K12 R2 + K1l x2 

then, 
D = (K20, Rl + K21, X1)/K19 + K22, R4 - K23, X4 

@ = (K21, Rl - K20, X1)/K19 + K23, R4 + K22, X4 
  

IMPLEMENTING ON PET 

For J 

Kl 

K2 

K4 u 

K5 

K6 

= 1 to 20 

25) (115) 42 

T1(J)/K1 : 

ae T2(J)+2) 

K3 = - T2(J)/K1 

4* (T1(5)*T3 (5) — T2 (J) *T4(5)) 

4* (T2(J)*T3(J) + T1(J)*T4(T)) 

(Rl + R3)*(R2 + R4) - (X1(S) + X3(T)*(X2(T) + X4(d)) 
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K7=(X1(J) + X3(J)*(R2 + R4) + (RL + RB)*(XA(J) + X4(T)) 

K8 2 Ko +2 + K7t 2 

K9 = K4*K6 + K5*K7: LO = K5*KG6 - K4*K7 

‘Ll = (K2*K9 - K3*LO)/K8 

L2 = (K3*K9 + K2*LO/K8 

L3 = R2*R3 - X2(J)*K3(T) ; 

L4 = X2(J)#*R3 + R2*X3(J) 

L5 = R3*R4 — X3(J)*X4(J) 

L6 = X3(J)*R4 + R3*X4(J) 

L7 = L1*R2 L2*X2(J) 

L8 = L2*R2 * LI*X2(J) 

L9 = R1 +2 + X1(J) +2 

MO = K2*R2 - K3*X2(J) 

M1 = K3*R2 + K2*X2(J) 

M2 = LI*R2 - L2*x2(J) 

M3 = L2*R2 + LI*K2(J) 

A(J ,1) = K2 + LI*L3 - L2*L4 

AW ,2) = K3 + L2*L3 + LI*L4 

ACJ,3) = K2*R2 - K3*X2(J) - L7*L5 + L8*L6 

AC(J,4) = K3*R2 + K2*X2(J) - L8*L5 - L7*L6 

ACJ,5) = (K2*R1 + K3*X1(J))/L9- L1*R2* L2*x2(J) 

A(J,6) = (K3*R1 - K2*X1(J))/L9 - L2*R2 - L1*x2(J) 

A(J,7) =(MO*R1 + M1*X1(J))/L9 + M2*R4 - M3*X4(J) 

A(J,8) = (M1*R1 - MO*X1(J))/L9 + M3*4 + M2*xX4(J) 

Next J 

300



SETTING-UP THE AT&T ARTIFICIAL LINE (AAL) 

The circuit diagram for this line (representing limiting conditions) 

jis shown below. Note, mits are in, nF andmH#. 

        

248 +24 490 +455) 490 955 

a ee ae ee ee rai een etal! 

“To Telephone fast 246 WAS 

2 sh as * = 34 == 453 = 22:65 

174. 312 312 

o o   

The overall ABCD parameters are obtained by cascading all the individual 

sections together. 

ie Set up a connection as shown below: 

(CSH-RSE-LAT-CSH+RSESLAT-CSH-RSE-LAT-CSH 

Da Gn 9) ek0! 

  

The junction positions are arbitrarily chosen. 

The ABCD parameters are now obtained by running TCAM and then picking 

out the overall product array and storing in a fixed date file. 
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Derivation of parameters to describe local telephone circuits. 
  

Note 

x denotes electrical losses 

L denotes acoustical losses.



S. (MATCHED SENDING SENSITIVITY) 
s 
  

This relates to the voltage (V.) across a matched termination 

to the sound pressure (PM) that would exist at the mrp if 

the handset were not present. (mrp is mouth reference point, 

and is a point 25 mm horizontally in front of the mouth). It 

is dependant on both line conditions and frequency, and is 

usually expressed in units of dB relative to 1 volt per Pascal 

(dBV/Pa). 

Because it is difficult to place a matched termination on 

a telephone set, the measurement may be made with a high 

impedance termination. Thus, the voltage across a matched 

termination is 4 (-6dB) that of the voltage across a high Z 

termination (Z >> 600 Q). 

Sex 
et x! 

Thus, So = capi 

or, in dBV/Pa, 

Ss = E, (aBV) + 20 log & - PM(dBPa) 

SR ( MATCHED RECEIVING SENSITIVITY) 

This relates the sound pressure (P,) in an artificial ear 

(AE) when a signal source (E) is applied at the line 

terminals, to the voltage Wwe) produced if the signal source 

was terminated with an impedance matched to it. Here, the 

source impedance is made equal to Z (The impedance the c 

telephone set presents to line). Thus, it is only necessary 

to measure the voltage at the line terminals. The point at 

which the sound pressure is measured at the ear is known as 

the "ear reference point" (erp). 

303



When making measurements for S considerable disparity R! 

is found to occur between those made with a real ear, and 

those with an artificial ear, and is known as the real ear 

loss, (L This is mainly caused by earcap leakage. Thus, ae 
the Lp for the type of handset used must be known in order 

to correct the artificial ear measurements. 

Ip: 
e 

Thus, Sp = rae 
c 

IMPEDANCE FOR ZERO SIDETONE (2...) 

Zn is that impedance which, when connected across the line 

terminals of a telephone set, causes complete suppression 

of sidetone. (ie zero voltage across the earphone, when 

a signal is being sent from a microphone. 

USE OF A 600 2 TERMINATION 

600 2 is an arbitrary figure. (Being approximately the 

modulus of the characteristic impedance of cables in use at 

the time it was chosen). Thus, relates to the volts Ss600 
developed across a 600 2 termination of a telephone, set, to 

the sound pressure at the mrp. 

Similarly for Ss (600 2 source applied to line, and 
R600* 

600 2 termination) . 

  

E/2 
Now, 8. = a —____—_———1_ (Matched lead) 

Let Zo = impedance presented to line 

Me = volts across 600 2 termination 
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FOR S600 

  

Vv 
s ae S600 = DM 

! 
ee 

E,-600 
-*. S600 = Putz, ¥ GOOy 

Eo 
from 1, PM= 5— 

2S 
Ss 

, e © E,-600 a S,-2 x 600 

$600 E, (2, + 600) Ze + 600 

28, 

or, in GBV/Pa 

2 x 600 
Pscco 1 76) 9c> -°310 Z, + 600 
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R600 

Pe . 
oan ————_——————_ 2 (Matched source) 

f : : ie ie 
! ve + 600 
; f 600 
wc te P 

Y SR600 ~ ¥_ 

eS ae 2s 

. Ss. Be 

R600 ease 
Z, + 600 

S,.E R 
from 2, Po a5 

Z_ + 600 
° | R600 = eae 

c 

|z_ + 600| 
Cc 

or, in dBPa/V, Sp600 = Sp t 20 1odyg one 12a aae 
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USE OF TELEPHONE SENSITIVITIES 

  

SEND 

Plea 1 a, 

| 
' 
1Ba 
are ra ee C 
fe 
| 
t E, 
I =o 
[es eee 2 Soom G2 

Tf, Za x Zo 

Z. 
L 

SP = ER5° 
SM ic a, we Zo 

REC 

(cm ae CT 1 PB, = Vo-5, 

a. ' z ic \ (Irrespective of Zr) 
1 Vo ee Pe ; a ee ee 

t 
E 1 i although NG changes 

1 
1 : { with 2) 

If, 2, = Zor 

= EIS Pe 5 R 
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MATCHED SEND AND RECEIVE 
  

: 
Ze d PB 

= Ve $ Ze 
t 

Vo = Puy a So 

(aBV) (dBPa) (GBV/Pa) 

  

  

SENSITIVITIES 

em ab 
hi Se Pe 2 +2 

1 
a 

P= V_ + 8. 
(dBPa) (dBV) (dBPa/V) 

p——Wi—o---=4 
Pu 3 
O fe. Ve ZL £55 Open circuit terminal voltage 

| 
ee ee 

If 2, = 2, then Vv, = E/2 

Z Z 

Tf 2, 4%, then ve = Eee Ey eve. he 
ip L € 

On, 

Z 
1 L 

V. = E_ + 20 log 
c c 10 ay oF Zo 

2/2, | 
1 _ ie, Ve= Me + 20 1ogdig Tear zal 
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SIDETONE 

The sidetone path loss between mrp and erp is dependent 

on the line impedance (Z,) to which the telephone set is 

  

  

   

  

connected. 

Z 
L AWA is eee ot ts . + 

Ze . me ZC 
Pa ‘i 
“| E. z= Ve 

E, 22. 
Cc . L PM = see’) VA = SQePy eg 

, 2S, ¢c Ss’ M a, * Zo 

Consider a as 250 in series with ay = 250 g i 2 

V= 

Assume for now, that V is a controlled source which is 

independant of EO: 

Let V produce zero sidetone. Without Eur V produces a 

voltage vy across the line terminals. 

O 

Z 
Cc fy v NV ge Ze (~) L eee can 

© 

Gore Z 

fe, Vy, + VQ g ge 
L c so 

V,, causes a pressure Pe of: 

= ; = 1 Pe Vy-Sp ie, Ee Sp:Vo- 

Let Lupst be sidetone path loss. rae 
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P 

Represent this by the ratio = 
e 

VA(Z, + Z,) c*"L c 
From, 2, P,, = — >; 

M S5- 22), 

    

  

Thus, 

Lupsr 

ae R Zr, tartaten 

_ Bn t % ¥, (Ze 0zan) 

55-5 Ry Ze(Zaeeaen) 

) 

) 

(2, a Zq) (2, +2 
Lb = 
MEST 8q-Sp- 2%, (47, ~ 

ie 30 ' 
250 

on, in, dB, ‘ 

|Z, + 261126 4° Ze Gl 

Dest mes! wR) oo 10 2Zo11e;, - 2 
z0| 
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a may be obtained from the ABCD parameters of the 

transmission network, and the Za of the 'east' tel set. ie: 

  

  

        

  

        

AB a ie 
Legs oan an Let an be terminating imp. at 

the east end. (= Zo (ny) 

(25, (w= imp. in send direction) 

A B iM oO A + B/Zn, B A’ B' 

ic D 1/25 di 2 ea D/Zn, D a ot Di 

t Le (<0) 
a A’ Bi oe Ce) v,| [at Bt| |v, 

vif ? ty. = é ' cD Vol (etd Ty 

Ont 
vy Atv, +Bty” Zen 

iz aia 16, Z wee eee ee 
L(W) Ty L(W) C'V, +-DtE570 oa eA 

Te 

ie, Z = mc(e) 
PO Zeta) 

The impedance presented to the east tel set is 2) Re) 

  

  AB 
Ze os Same cle) 
        

1 ° A B A B AS Bt 

1/z, 1| |¢ Dl \a/2,+¢ B/2, + Dl |e Db" 
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  1, Go) “Io Iv 

      

  

1 1 
—>— A' B! }-—-<— Ae * e Gy 

wf cf pi [Tze {Va Palelc™  Dalaler, 

Inverting, Vo D* -B' vy 
= (kh = BD") — BY Dt = 1) 

es -c! ' I, c A I, 

Vv Dive Seo le n/7 et D 
. 2 as ll Cc 

oe) Zep = = aS aT = 577. L(E) Ty Civ, - A'I, 0 a/Z, + C 

DZ 
Fi c(W) 
ie, @ = 

L(E) a CZ (Ww) 

The sens: of the local tel cet.from the mrp to 600 2 junc. 

is denoted by Sug- 

LE Vé00 = volts across 600 2 termination of local tel set. 

Py = Sound pressure at mrp 
TW 

! 
~ l 
oO vx 

Mo PM = 

| 

  

  

      

Sug 4 Ss600 by the ae . Me = 

loss Xp 

fe, S|. = - Xpz, (but s aoe S600 eS 0d Zeer 600]? MJ S600 rs! 

sige ; DE xe SCORE SP non. leheeee 
Or, Sug = So Xng + 20 0g Tz, +600 13 

  

The sens.of the local tel cct.from a 600 2 junc.to the erp 

of an artificial ear is denoted by S 

312 
oe=



  

  

  

  

      

  

Sie = 72 TE Xgr TE 
600 | 

| ZN | 
Sop differs from S600 1 

by the ins. loss X Sze : 
JT 

22 

BONS yee (oneGon | San (but Soeop = Sa * 20 log Te00-# ZT 

2|2,| 
or, Ste = S, ie Xoo + 20 log Tz, + 6007 ee 
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COMPLETE CONNECTIONS 

The overall loss of a connection from mrp to erp (of an 

artificial ear) is denoted by Lue? 

Consider the tel sets connected directly together: 

@ Hy TE) Zo(py = Zou) 

aC 
Z 

Vo = 

So(z) 7 2c cw) 

20 (BR) 
Zeqm) + 4 

Z 
E Ren gv = eee ey 

“Zea * 2ce(R) c C(E) 

2120 ¢py | 

Zz or, Vi = V, + 20 log ea eee 
Cc (W) C(E) 

C c LS 

Now, 

Insert a transmission path between the telephones, having 

an insertion loss Xo 

P+{_) © > Pe 

= P 

"Me (yep) "MCW ~ Pap) 

but, Pog) = Vd + Sa(a) 

Baw) = Yo ~ Ss) 

me oo = Vo ~ Ss wy + Xpp ~ Ve = Sp (R) 16 

3th.



Subst 15 in 16, 

|z + 2% | 
2 c(W) C(E) 

L = =28, +S, - + 20 log = 5. 
Me (W—m) Ve S(W) ay Ve : 2 Zo (x) | R(E) 

  

  

Ze) * 2ocny! H a (E) 
ie, G = X 1S =iS + 20 log — ' “Me (W-E) via S (W) R(E) 2 20 (E) 

Similarly, 

Zoey + 2ecmy! L Sixeet nes aac + 20 log Me (s_w TT S(E) R (W) 2126 (wy | 

REPRESENTATION OF PARAMETERS 

(Lima) | 

si “Ltr = 
l 

| (1.) | | x I | 
Zu) I aS 1 Zucey 

Zedv) Lex, Zea [* 
J | | | 

1 I | i cL 

| ! | 1 
1 I ! 1 | 

TW sw rw LE JE she 

Sus Sux Sze Sr. 
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Since the calcs.are based on 600 2 junctions, there will 

be a discrepancy between Lye (the true mouth to artificial 

ear loss) and the sum of the losses. For planning purposes 

the loss between the junc's, is expressed as a nominal loss 

(at 800 Hz) called xy: Clearly, this does not take into 

account atten/freq distortion and mismatch. A quantity inp 

may be introduced in order to obtain a measure of this 

discrepancy. Ximp is termed the impairment loss. 

= f, - ( 
Ximp Me . ro “Suma 7 Suge tT 

SIDETONE PATH LOSS (L 
‘mEsT) 

As shown previously, 

|2,, + Za1 126 + Zool 
L, = -S. - S, + 20 log 2] cap aeeazen ae 
MEST Ss R 2 Zo a 250 

12, @) + Zoey [lg gq +2 | ; cw)! ean * 450 0) 
oe = -S es, +120) Log “yest (W) s(w) ~ Sra) er ecnll aneeeo an 

121,08) + Zon) |locmy * 2 ) (z) * 4s0(B) Th = -s eo + 20 log + se 
MEST (E) S(E) R(E) 2126 (Ry Tn (a) 250 (z) | 
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APPENDIX 3 

PROGRAMS TO IMPLEMENT T.C.A.M. 

ait



      

STING PROGRAM 

   

   

  

i 
i 
i 
i THT "a" 
14a wert: Th 

136 PRINT"! 
166 Ci 
1 
i 
1 

  

   

  

?HERT 
2 PROT H 

   

  

ES" ; 
Nese 

    

    
     

     

  

     

    
    

     
   

1 iN DRIVE #8 
2 IH DRI’ 

BOTH DRIVE Do        PINTS, 
SIHT "Si. 

  

my 

OM TAPE #1 
Pp HT" REMIHD TAFE AWD REMOVE 

HT"THEH Fi PACE BAR TO CONTINUE 
GETA#: IFAS=""THEH 

A Tik= "a Pi" 
PRIHT"TO RUH TCAM. pee IM :- 
PRIHT "al LOAD [¢,8 

A PRINT" aleTHEH TYPE IH :- 
A PRIHT "8 RUM 

EHD 
PRIHTTABC S25 "8" 3 -RETURH 
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i PRINT" SHICH OF THE ABOVE 

a IF 

8 PRINT" THEN FR 

G@ PRINT" 

& LOAD" 1 
A PRINT" eRe 

6G PRINT" 
A PRIHT"F 
@ GETAF: IFAS 

    

     uF oR MODE ING TELEPHOME 
FOR COMMECTION ELEMENTS 
UP A COMMECTIOH 
AT TO 

DATA FILES 
   

  

   NT" SEL 
PRINT! oF 
PRINT" 24 

  

S
s
 

VE
D 

VE
S 
1 

| 
a       OM DATA 

S G LTS FROM STAGE 2 
RECALLING A CONNECTION FROM ARCHIVES 

PRINT" RUM STAGE 3 <WITH OLD U- oo 
SINT" arta TRAHSFER Ui & 

  

   

   
    

HB 
VE
S | 

    

  

yOu REQUIRE a 

  

    

      

INPUT Ls 
THEN : 

IF THEN 3 
IF THEN 
IF THEN € 

  

IF L$="DF" THEN 
L$="Ay" THEN 

THEN 446 

  

     

   
      

    
     

  

LOAD": 
a LOAD 

LOAD" a: 
aA LOAD a: F : 
PRINT" SCEHTRAL & IHSERT DISK 2 IH DRIVE 1 & CLOSE Door 

  

‘ACE BAR TO CONTINUE 

   
& GETA#: [FAS=""THEH46 

OPEM1. 8. 15: PRINT#1."1i":LORD"1:Pi".8 
PRINT"O8 RUNHING STAGE 3 «WITH EXISTING U-FILES ON DISK 33":G0r 
FPRIHT"Sa TRA SOF U1 & US FILES FROM DISK 1 " 44 
PRIHT"# TO Dl 
PRIHT"S FROM DRIVE 1, AND CAFTER" 
PRINT" RT DISK 3 

TO CONTINUE AND THEN CLOSE DRIVE 1 Doo 
GETS: IFF: : 
OPEN1, &. 15: PRINT#1. "11" :CLOSE1 
IFL$="ST"THENS4 i 
LOAD LF P83 

    

    
   

    

FROM IRIY vE 1. AWD CAFTER" 
CHIVES DISK 

TO CONTINUE AMD THEM CLOSE DRIVE 1 a0 

  

   LOAD" 1 28 

PRINT"'OSSETTING UP THE CONNECTION 
614 PRINT" STYPE IM TITLE OF CONNECTION AND DATE OF SET-UP   A INPUT T+ 

s, eo stgt



  

   

  

    

VICE VEC. VOCS 

TCOSPRIBTMELEMERNT Sots" 7 
P38 [MPUTBS 
P30 $= "LOO" THEM       

     

    

SFE" THEI Ls] 
FE" THE! [] 
FE" THEH28 7a 

"CHE" THENZE 3 
Et THER, 

   
    

     

     

: SLUMPED COMPONENTS 
G@ PRINT" IDENTIFY COMPONENT 

=
 

On
 

LO
NG
 L

o 
ND
 A
G 

Lo
 u

te 
te 

1G7G PRINT"TYPE IN VALUE OF LSE (MHD "3 
1668 D¢las4 
1896 INPUT" #BtGSBBP" 511 
1156 “ 
1116 = +0$+"MH" 
1128 GoTdz258 
1136 PRINT"TYPE IN VALUE OF CSE (NF) "; 
1148 D¢lo=7 
1156 INPUT" SBRABEL" | C1 
1166 
117 

  

    
4 PRINT" TYPE IH 

Ie 1=1 

J, ACHAI. 20282 

8, 1608



   

   
    

    

   

IHPUT "Riedie" 5 et 
a {3 

AWCE = "+0s+"OHMS" 

TOS: BeJo=¥i009 MEX 
aTa14 te 

: IH VALUE UF RSH OHMS? 0"; 

un; : 

  

    

        

INTUCTAHE    = U4. MH 

    

   

   
   

     

  

    

   

1#1E-3 OTO1L46e 
14483 PRINT"TYPE IN VALUE OF CSH ¢HF3> "5 
id Ie [o=16 

< INPUT VaisteGGh" 501 
E012 

CAPACITANCE = "+C$+"HF" 
1#1E-3:°U=6 

Be I=¥20 I) :HEXT 

  

=1T 
sPD=BCMD 

15g 

  

1518 THE CID 
1526 OW U GOTO 1538,155o. 1566. 1616, 1644. 1668" 
1526 ACs, 43=B04 eee 
1548 GOTO Ei 
1556 Att.¢ 
1566 
1S7@ oo 
iSsh A 
1598 
1680 
1616 Att. S) 

ACB) 
GOTOL 

  

   

  

      

   

CEI CMLL 
S58 GOTOLE 

4 ACT.6> 
ACI. S3=8 
os 

SI#HECL 

RESISTANCE «OHMS   321



   TACT. F951 ACI. 33=8°MEXTI 

SISE ACT. 4958 

   

  

     

  

KADS=15: DCT o=22:NEXTI 
REM HFE 
KOT 9=16:0¢19=25:HEXTI 

B 

      

   

   

2165 $="LOI" THENS 
2118 PRIMT"HOW MANY 
2128 INPUT “Reteias" 2c 
2138 Ti=1e: 

a PRIHT"HO 
INPUT "FBEOSMHI" :€: Te 
PRIMT"GALUGE OF LOS cMM> oj 
THPUTGS 

HE°S IM TANDEM "5 

     

    
    

ri) 

°S IM TANDEM "3 
S4 

  

    1=1-1:NEXTI 
REM AL 

      

   

  

?D¢13=52:NEXTI 

   
   

  

   

  

    

PRINT"G 
8 IMPUTGS 

WGE OF ULC CMMs "3 

MOF ULC Ce. 4h 
02414 

1 OF ULC ¢&. SMM 

   
i ’ 

GAUGE = "46¢+""M" 
2455 INPUT "foseme" ; Di 
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* TN NANO FARADS AND OHMS 
PER Kw 

     
   

  

   

   

  

   

  

A PRIHT"LEMGTH (KM? "3 
IHPUT" RGR BI" 5 1 EF: 
ES="LEMGTH = "+Es+" 
EM LINE FORMULAE 

      

    

  

Delo=3r 
PRIHT"TYPE IH RE! 

; Gel 

  

LOSS (DB) "; 
STRECL) 

  

*2=688 

    

REM Tee } 
IeI3=13 
PRINT"TYPE IN TU 
TMPUT "BetSg BBD" 5 jH1 

  

      



ae
 

     

  

   

  

Te lo=46 
PRIHT" SLATTI CE HETHORK Ser" 
FRIHT"S A 
THPUT" 
THPUT" INTL 
IMPUT "CAF 

    

       

    
   
   

  

ANCE CHM) itetpat": ue 
TANCE <NF) poRSaBal" 301 

C="45TRECRII+" OHMS. L="+STRECLLI+"MH, C=" 

4 *PRIb 
ANCE (OHMS) pited 

CTANCE (MH) pivkeiZg 
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INPUT" 
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   G PRIMT"O8 MUTUALLY COUPLED co 
PRIHT"IHPUT PRIMARS INDUCTA > INPUT "WeBERBE 51 
PRINT"INFUT SECONDARY IMDUCTAHCE cHHD “OTMPLT "SRE" 5 LE 
PRINT" IHPUT ee THDUCTAHCE ¢MHs "> INPUT BREE BE" 3 f 

E M1=M#LE-3 
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J, 8958: NEXTI 
CLI3+°HH" 

    

    INDARS! EHDUCTANC



  

HRA DIST+HE6 $=" +S TRECK CID 
HREM WRITING INTO DATA FILE 

a 
    

  

      

  

6 PRINT"ARE ELEMENT DESCRIPTIONS HOWCOMPLETE” "} 7" 
3818 IMFUTHS 

IFHS= "VES"THENS 
IFH#="H0 

  

    

PRINT" DESCRIPTION DOES HOT COMPLY WITH HUMBER OF ELEMENTS 
PRINT"TYPE IH “FRESH? FOR ANOTHER ATTEMPT INPOTTED 
IHPLITH#         
REM SUB G FOR HOM LOSS ¢HL> 

@ PRINT" 800 YOU REQUIRE THE HOM. LOSS FOR AMY OF THESE ELEMENTS ©. 
IHPUTRE 

  

A PRINT" Teed IMAGE IMPEDANCE & ATTEMUATION " 
A PRINT" SITE IM ELEMENT HO. FOR WHICH You REQUIRE #L 

THPUT " baeeiet" 5 E : 
4646 "DM 4+STRECKCED 
4058 6 
4660 
   
   

          

   

  

4078 
4638 INPUT#2.A¢J.69°HEXTK:HEXTJ: CLOSES 
4690 IMAGE IMPEDAHCE & ATTEMUATIOH 
4188 
411 +AC I, 2942) 
4120 M+HHC 49 t23 

38 +ACT.69 723 

  

     
PRINT" INF T FREG. AT WHICH YOU REG. XL 
THPLT “peak iF 
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J33 "OHMS" 

    B PRINT"AT" 
A PRIHT" IMAG . 
H PRINT" SA FURTHER FREQUENCY! "3 

INFUTHE 
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PRINT" ADO OU REQUIRE XL FOR ANY OTHER ELEMENTS "; 
TNF UTR ; 

PRINTH2) Hi 
36 FORI=1T0h    

      

‘HERTI 
CL 
YE="D 26":G 

PRIHT#2.7#3 

  

     
aaa 
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4518 
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4546 PRIHT" SIHCORRECT ENTRYE-TRY AGAIN" 
4558 RETURH 
4568 POKES 
4578 PURESS4 

READY. 
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SETURH 
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S46 
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S38 
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Gf PRINT" ScHANNEL FILTER DATA 
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@ PRINT"- 
H PRINT"IUEAL FEEDING BRIDGE <IFB 
A PRINT"STOHE FEEDING BRIDGE (SFR 
a PRIHT AVES FEEDING BRIDGE «¢HFBa": PRINT 

H DIM Ace C283, UCR) 
FOR J= 
READ Fes 

@ HEAT J 
REM 26 [50 FREG 
DATA 168,    8,508, 1880. 1258, 1680, 2085     2408) 508 

  

GE, 258      

   
   

DATA 2560, : 8. 5888, 6388. 6680 
A OPRINT" TO SOU HISH TO MODIFY AHY oF THESE DATA FILES "; 

H IMPUT Me 
IF M#="NO" THEH 1368 
IF M$="VES" THEN 326 

& GOSUBIS1a 
GOTO 278 
PRINT"WHICH FILE DG YOU WISH TO MODIFY "; 
IHFUT Nt 
IF NS="SFE" THEN 450 
IF N="HFE" THEN 
IF _NS="IFE" THEN 1120 

  

A GOSUBIS1a 
A GOTO 338 

PRINT" SHANT TO MODIFY ANY FURTHER FEEDING BRIDGE DATA FILE 
IHPUT T+ 
IF T#="ES" THEN 

G" THEN 1388 

  

PRINT" S25ETTING-UF SFE": PRINT 
PRINT"IHPUT RoL AND C  COHMS. MH. MF > 
INPUT Ry L. C 

“aC d4" OHMS" 
"40+" MH" 

"Ca" 4eg+" NFM 

20E—9 
FOR J=1 TO 26 

HLER 12-2 C MHL TS 
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B PRINT STORED 
A GOTO 3 

f PRINT" # ETTING=UIP HEB"; :PR 
5 PRINT" INPUT : 

MPLUT 

   

  

       

  

COHMS.. MH. MF    

      

   
oui unas MH, Bias +HE+" MH. Las 

r Fee et HE" 

     
FOR Jai Ta 

SEG | 
318 5 
pee 2 
S338 " 

380 
S56 Y1= =hiH L+CWAL 
366 
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1666 
1816 
1626 
1638 
1646 
1856 
1866 
1678 
1ge8 
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1188 
1118 
1126 
1136 
1146 
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1268 
1216 A 

D 16": GOST BIBS 
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WE="D 17":G 
PRINT" SFE 
GoTo 

i PRINT 
DIM L 
PRINT" ADO YOU 
INPUT T# 
IF T#="NO" THEN 182 
IF T#="¥ES" THEN 

    

    

“SSETTING-UP CHANNEL FILTER ¢TYPE I-4)" 
2 

WISH TO SET-UF CHF "3 

    

     PRINT"USE OLD OF NEM DATA. WS 
INPUTTS 
Alea UCU MeN ioe 

  

1420 $ 
(1436 CB? AT EACH OF THE FOLLOWIHG FREGUENCIES :-" 
1446 
1456 Lose’: PRINT :HEXTI 
ide PRINT“ SAN! ca RE TIONS “3 INPUTTS 

IFT#="ES" THEN 
IFT#="HO" THEMI62 
GOSUBIS1G 
PRINT"WHICH FREQUENCY "3: IMPUTFL 

: OGfF134LOG¢189-18. 59 
PRIHT"I RT CORRECT VALUE "3 : IHPUTF¢J> 

1536 PRINT"AHY MORE CORRECTIONS "3 : INPUTTS 
1348 IFT#="VES"THEM1 Sea 
1559 IFT#="HO"THEMi62a 
1568 GOSUEISia 
1576 FOR J=1 To 268 
1586 READ LeJ> 
1536 J 
1668 
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1634 
1646 
1656 
1666 5 
1676 
168o 
1698 
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1716 
1728 
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1746 
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1 GoTo1ee 
S LOAD"&:P1".8 
160 REM FS cDISk1> 
116 PRIMT"QSLOADED CABLE JUNCTION 
126 PRIMT:PRINT"DO YOU WISH TO SET-UP LOI "; 
126 INPUT Dt 
146 "VES" THEMIS 
156 HO" THEH1446 
166 PRINT" SURONG INFUTS-TRY FIGAIN 
178 GOTO 1 
136 FRINT:FRINT"SETTING-UP OF LOI ¢4.5 DB LOSS) 
oo PRI. ?PRINT 
268 DIM Beso,Fc2a 28).M1¢28. 8), M2020. 8) 
216 FOR J=1 TO 26 

READ Fey> 
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THEH 378 
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4G IHPUTE-TRY AGAIN 
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368 
318 PORK=1TOS: M1¢I.K=M203,69 :HEXTK :HEXTI 
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366 PRINT"CASC FOR" s xs "Cer >" 
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13 360 PRINT: PRINT"LOI ¢"iG#i"MM> NOW SET-UP" 
13/78 PRINT"DO YOU WISH TO SET-UP LCJ AGAIN"; 
1386 IHPUT T+ 
1336 IF T#="VES 
1468 IF T#="H 
i¢i@ PRINTS 

GOTO 1388 
LE: GOTOLSS 

a PRINT: FRIMT" SEHD OF SET-UP PROCEDURE" 
1459 PRIHT"SFOR FIXED DATA FILES OM Disc 1" 
i466 PRINT" ser ‘PACE BAR TO RETURH TO IHFORMATION PROGRAM 

  

   
    

    

" THEN1438 
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HG IHPUTE-TRY AGAIN 
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1498 ‘DING ROUTINE 
i568 TO 26 
1516 3 
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154 Lo4hittd.     
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1566 
1576 
1586 
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S LOAD G:F 
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156 PRINT! TEL : 
Lee Bait SSS PRINT 
178 PRIHT"SFE STOWE FEEDING BRIDGE 
18@ FRIHT"HFE HAYES FEEDING BRIDGE 
ise FRIHT"IFE IDEAL FEELING IDGE 
266 PRINT" CHF CHAHHEL FILTER TYPE I4 
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286 FRIHT"TFR TRANSFORMER. TURE fae IMPUTTED 
296 PRINT" ASN. CIE, RI: SEC) 
3868 PRINT"LAT LATTICE, THF ERIES SHUMT* IMPEDANCES 
316 PRIHT" AS R ANDWOR L ANDWOR C 
S28 PRINT" MCC MUTUALLY COUPLED COILS 
336 FRIHT“AAL AT&T ARTIFICIAL LINE 
348 PRINT > PRINT 
S56 PRINT"LCO  LUMPED COMPOHEHTS 
S60 FR 
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SEG 
338 
460 
416 
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466 
476 
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plier ee eae 3 ® 
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1 GOTO. 
S LOAD" 
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ITIONSEa 

  

   i ns="7 
AG IMPUTHS. TH. 7 

A PRINT" INTERFACES : 
PRINT" STUNE ST GJE> 

4 : CIED 
THT" RAFTER TYPING IH INTERFACE GIVE IT‘S POSITION, 
CIMT ISBEBRGRBITE. TYPE IH THE HUMBERS OF THE TWO ELEMENTS 

260 PRINT tSRSRGSoRORRRRRN OPER RRO ERE IGE THEEH IH ORDER OF 
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INT"POSITION OF JE "3 

HOF IN"; 
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PRIHT" a 
THPUT" BRBREEEE! 3257 r 

S26 RETURH 7 
PRINT" STMPUT HOM. ¢ BETWEEN JH AWD JE “DE "5 

ALREADY BEEN TYPED IH - TRS AGAIN" :40to3ie 
HOT ET BEEH TYPED IH - TRY AGAIN" : Goto 31 
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1 GOTO1ae 
S LOAD"G:F1".8 
166 REM Fé «DISK 1) 
116 CL eae genes OPTIO 
126 DIMA’ 
136 PR 
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2sA4C28) 
WEST TELEFHOHE 

:GOSUBGZH 
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17a HPUT OPTION FOR EAST TELEFHOWE 
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136 " GOSUR4S3 
268 GOSUBSIA 
216 PRINT" STELEPHONE DATA NOW STORED 
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COMPLITED
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1168 
1136 
1288 
1218 
1226 G 

  

IMTEM) SUTECHS 
Gi 5) 

  

2=6°A4¢ J2=8°HEXTI 

  _ SA



   
    

    

1 
i 
1 
1 
i 
i ‘CLOSES 
1 
if 
i 
i 
1406 
141g 
1426 
1438 
14a 
1456 
ec    

     

     
   

    

SItAC I). 19#52+ACT. 43 
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5 LOAD" Fi". s . 
165 REM Pi CDISK 1) 
165 CLR 

PRIHT"? 
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FORI=1 70H: INPUT 
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H PRINT#S, “ ad 

e6G FORI=1i T1026 
8 GOSUBIL 

BH HESTI 
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PRINT"PR CLOSE DRIVE 1 Doo 
GETAS: IFA 

194 OPEH1.3.1 
268 REM RETRETY IN 

DS="D 2 
& INPUT#2, 

256 Tt="D 36" GOSUB?OO 
268 INPUT#H2. 4 
276 DIMECH). ICM). 

ORI=1 TUM: INPUT#2 
-1=170N: IMPLUT#2 

  

    
       

   

  

   

    

   

    

     

  

20) 
HEXTI 
‘HESTI 

A DF" 26": GOSUBFaS 
A INPLUT#H. TE 
® FORI=1704: INPUT#2.F¢1>:NEATI 

2#P (3) =8THENG=4 

IHPUT#S. ACK. J> MEAT IONESTE 
I 

IMPUT#2. ACK. J MEXTIOMESTE 

PRIHT# 
GH FORIS1TO4 

614 FORI=17TO 
626 PRINTH#H2



     
   

  

     

    

:PRINTHE. 

  

G21: FORI=1TO AN 

OH ANT RESULTS FROM STAGE 2 " 
‘ep 

RETURH 
FORI=1T08G:NEXTI 
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DIisk#elISks 

  

    
    

   

  

    

186 SA: ap 
118 FERING TEL. FILES FROM DISK 2 TO DISK 2 (SPARE) 
128 SHOULD BE IM DRIVE+L FMD DISK (SPARE? IM DRIVE 
134 FR INTE SPACE BAR TO CONTIMUESI" 

"“THEHI48 
PRM et he 

144 GETAS:1 
158 OPEN1,8,15 
160 DINALC28.2) 
7G PRINT" TYPE IN “Nat 
186 De="1: "40 

   
      

  

     

  

     

    

    

INT “HERTS 
INTAd¢I9 :NEXTJ:CLOSE2 

— BRE TO TRANSFER TO DISK 2 CSPARE3 
2ra 

OPEN2. &.2.D¢ 

    

Fig l 

PRINTOS DATA NO STORED «1 
PRINT" s----——-| Buon 

"SEHD 
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CHECKTELCHECETEL 

    

   

  

PRINT"TYPE IN DRIVE NO. OF DISK CONTAINING THE TELEPHONE DATA": 
GETS: IFIg=""THENI7G 
PRINTS 

    

  

    
2¢HEXTES HESTI 
*HEATK: HESTI 

CARTESIAN (CC) OR POLAR ¢PC> 

        

  

"RTS OUTPUT TO BE IH 

CLKO9 - 
LK) 

ah 
NT" a "os" da" 

PRINT"AL" 
PRINT! —" ie 
FORJ=17020 :PRINTAL (I. 19, ALC, 2) ‘NEXT 
PRINT! 

e666 PRINT" — 
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BPRINTASCI, 1). 

BO PRINTAS(ID HEAT 

RINTASCI2 SHEST 
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TELDeTELD# 

168 REM TELDATA-TAPE 
(1G PRINT" INSERT TEL.DATA TAPE AND REWIND 
126 PRIHT" THEH PRESS ACE BAR TO CONTINUE 
158 GETAS: IFAS=""THENI Sa 
146 PRINT" Cal aTEL. DATA ARCHIVES" 
156 FORI=1 702688: HEXT 
168 PRINT" r 
178 PRINT" icone 
186 PRINT" f 

  

   

  

PROGRAM ICODE PROGRAM 
  

I i | 
1 h 1 j + + + 1 

19@ PRINT" TA | RSH be Gel  NESZ | 
208 PRIKT" i i | | 1 
216 PRINT" 1 B of #462 lee Lo HES 1 
226 PRINT" | | I | I 
238 PRIHT" leet. “SIE rte (aie ee WEIS I 
246 PRINT" I I | | | 
250 PRINT" URE 7451 ee tee ESE | 
266 PRINT" I I | I | 
276 PRINT" fet BIGt eet | 
288 PRIWT" 1 | | I ! 
230 PRINT" (SE el ot Ge [ese | 

L L L 1 
  388 PRINT" 

PR THT"       

  

SELECT THE CODE YOU REGUIRE 

  

3.5562 

PRINT "or 
PRINT"! 

  

   

    TATA CNTO TAPE CNT? 
PRINT" OR READING FROM TAPE (RT? "3 
TBE Ue :    

    

GOTOdra 

     

  

LOAD" 1: TRANSTEL", 3 
LOAD" 1: TELTRAHS" 3 
END 
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Lag REM TRANSTEL <0 
SEs _OF wage FILES Me TAPE 
    

      
138 PRIWT" slay! PE TH Piles NBRE® THPUTOS 
146 D="1:"+0¢+",5,R"OPEW2, 3.2, 0% 
i5@ [MPUT#2.0 

FOR I= 

    

      

  

   

   A PRINTMUMRITING. « "os" OHTO NEAT 
A OPEH2, 151,04 
G PRINT#H2. 05", 

  

    
   

    

     

3"5"G (MENTE: MEN 

5 ges “ESTE: NEXT 

  

   
  “HERTS: clos 

A PR er E wos pen OH TAPE 
1 PRINT" Nist-—-———— EHD---—--— "EMD 

READY. 
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TELTRAHSTEL TRANS 

   

      

    

185 
118 “TAP I TEL.FILES TO DISK2 

2 SSH 4. AdC sts 

A FORI=1T! : 2° INPUTH2. A 
E8 FORI=1T : ‘INPUT # 

a FORI=1T! 
A Eeere i 

255 PRINT" Mel o¢" DATA 5 
68 PRINT" ss}-----—-| END — " END 
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m
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DAdC2B9,.F C283         

      

   

  

   

  

a
c
h
e
 

De
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e
e
 
e
e
 

e
s
 
p
e
 

e
e
 

m
T
 

og
 1
 

  

LCT. RO=ACI. KO MEXTK NEST I 

SACI. NEXT NESTS 

    

    
   

      

   

      

4.7,14.9, 
2,-37.2 

15.1,15.4,15.3 

2312370 
MEAL CT, 29929920    

3 
460 

    

  

420 
430 
440 COSCHREC1S9; : 
456 SCHREC13)      EXT I 

*HEATI 

255: FORI=17068:HEXTI 
?RETURH 

READY. 

364



y GoToLGe 

   

  

   

    HT" Se 
NT" YO Es 

PRINT: WEL.ob Io 
THE ITRE        

    

    

    

     

    

TO PRINT-GUT HANES OF 
ORED OW DIsk “ 

14g 

Hc PRINT#S: PRINTHS 

    & PRINT" STYPE IN. TEL. 
THPUTOS 

INT"Tma SETTING-UP ";0e5" " 
PRIMT"SHEM OR OLD FILE "3 
IMPUTTS 

4 ILD" THEM4 46) 
JEW" THENS4 

SET NAME 

  

       

   
   

  

      

& 

VOW EMTERIMG 2C IH CARTESIAN ¢CC> OF POLAR ¢PC3 

"THEMES 4a 
“THEHSSE 

AS FOLLOWS: 

OR POLAR ¢FC> 
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    FR: aU one TH REAL AND IMAGINARY COMPOMENTS OF 230 AS FOLLOL 

'FORK=1 TO: ‘HEX 

  

HEAT 

  

‘FE IN MODULUS AND ARGUMENT OF 

  

AS FOLLOWS: 

   

      

   

  

   

        

   

  

     

          

   

YOU WISH TO 

  

SEF-UP (SS GR Ss 

S EACH FREGUEHCH DEMANDS 

AS EACH FREGUENCY DEMANDS 

SHCJ3 -HERTI 
WOU WISH TO SET-UP SR OR Srkéaa 

  

THENS38 
"THENLGS8 

  

356 
1866 
1gig 
(1628 6 
1838 PRINT "TYPE IN SREGG AS EACH FREQUENCY DEMANDS 
1646 4, 
1656 
1866 
1878 
1666 
1BSe 
1166 
1116 
11268 
11368 
1146 
1156 
1166 
1176 
li 

PRINT"TYPE IM SR AS EACH FREQUENCY DEMANDS 
i 

:MERTI 
:HEXTI 

  

   
     

    

"REAL VALUE ";    THPUT "SRKEEEE" 3 ACT. 
PRIHT" If 

pe aeiael Ag. 

    
VALUE "3 
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HZ. "s "MODULUS "5 
1) 

  

@ RETURH 
5 c SUB 15 

GOTOISES 
OTOSé6e 

  

  

SCART 
CORRECTIONS i! 

    

INPUTTS 
$="VES"THENL 

"HG" THEML 

  

   

  

   

    

                    

   
   

  

5S (CARTESIAN? 
GOSUBSS3a 
PRINT" INSERT CORRECT VALUES 

f26 PRINT"REAL IMPUT "Wii al" 5 AC 
$6 PRINT" IMAG THPLIT ABER" 5 AC J 

PRINT" SRHOTHER CORREC te 
IHFUTTS 
IFT#="VES"THEH E 
IFT#="HO" THEH1 

         

    

      
   GOTO 

a RETUR 
G@ REM CORRECTIONS <P 

PRINT" RHW'! CORRECTIONS * 3 
INFUTTS 
IFT$="ES" THEN 

$="NO" THEH 

  

  



| 

    
       
   

   

  

   

  

PRINT" HOD "3: THPUT "HR ie 
3 PRINT"ARG "3: INPUT "BEE 

REM CORRECTION 
PRIHT"ANY CORRE 
INPUTTS 

     

    

    

PRIWT“INSERT CORRECT VALUE *; 
THPLUT"FeRREB RE 5 HC.T> 
eee CORRECTION ";       

   

  

JSIHTCIG#LOGeF 1 3-D-13 25): RETURH 
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PR INT "WHICH FREQUENCY "3: INPUT "hinbefn" 3 F 1



  

     
i GoToO1G 
5 LOAD 

  

    

  

   

      PRINT "RRO YOU WISH TO MODIFY 20 "5 
THPLUTTS 
IF T#="ES" THEHZea 

NO" THEMZ5a 
a 

      

   
   

    

YOU WISH To MODIFY PRINT" DO 
IHPLITTS 
IFTS=""ES"TH     

PRINT" DC WOU WISH TO MODIFY SENDING SEWS. "; 
ps 

S"THEN 4201 
"THEN43G 
ei 

    

     428 PRINT"DO YOU WISH TO MODIFY REC. SENS. "; 
446 INFLITTS 
5G IFT$="VES"THENGSG 

$="NO" THENI 168 
1478 : 

ENTERING 2C IH CARTESIAN ¢CC> OR POLAR <PC>        

  

   

   

Ou 

  

G PRIHT" SARE 

Aa 

T*TVPE IH REAL AND IMAGINARY COMPOMENTS OF ZC AS FOLLOWS: FB 

RONEATI 

AS FOLLOWS: 

  

IH CARTESIAH <CC OR POLAR ¢PC> 

  

HT SARE YOU ENTERING 
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TPE IN REAL AND IMAGINARY COMPONENTS OF ZS0 AS FOLLOWS: 

:NEXTI 

AS FOLLOWS: 

  

   

    

  

    

  

    

    
   

   

    

   

qT 
RETURH 
PRINT"THPE IM MODULUS AND ARGUMENT OF Zs 

     

$5 AS EACH FREQUENCY DEMANDS 

AS EACH FREQUENCY DEMANDS 

Jo: HESTISRETURH 
YOU WISH TO MODIFY AS SK OR Skeee 

S THEM Lag 
i" THEHIG4a 

TH SR AS EACH FREQUENCY DEMAMDS 

EGQUENCY DEMAHDS 

i CHESC1395 -MEXTE HERTS 
S3CHREC1S95 ‘HESTK:MEXTI 
HERTI 
HEATI 

  

23" HZ", "MODULUS "5 

° "367 

7H



      

    

THPL (T "8 EERE" 5A : 
"FI h: ARGUMENT "3 

UT "RREEEBBI" SACI, 
TI 

ETURH 

    
    

   

   

FORJ=iTO 
PRIHTF 
RETUE 

  

    

  

   

    

2D: GOTO145a 
RCAC I, 1a t2+Ai td. 2) t29 9-0 

  

    

  

   

“aSUIR1 540 
PRINT" @IHCORRECT ENTRYS-TRY AGAIN 
RETURH 
Df="1 OPTION, $.R":GOTOL 

A ODS="1:"4+05+",5,R":G0TOLS 
Tgs"B1 = "40$+" 

   
   

    

   

  

PRINT" men 
ENEOT Tae 

  

   

    

   

      

   

CARTESIAN? 

  

; PUT" IBRSIGEN ACI. 1) 
PIMPUT" WRREBEI SACI. 29 

H PRINT" SAHOTHER CORRECTION "3 
IMPUTT# 
IFT#="VES" THEM 

$="HO" THEMIS 
7 a 

   

  

PRINT SRE G 

668 
6a 

  

RETURN 
REM CORREC: (POLAR? 
PRINT" @RNY CORRECTIONS "3 
IHPUTT# ; 
IFT#="VES" THEN 

$="NO" THEN 
a 

    

   
     

  
368



    

    
    

  

    

  

   

RETURH 

      
RT CORRECT VALUES 

H TT MOri ?THPUT "WERE 
PRINT" ARG DIMPUT " WBee eT 
PRIHT' SSHOTHER CORRECTION "3 
THPUTT# 

TES" THEN164e 
HO" THEM 1 S808 

Bid 7G 

    

    

   

  

REM CORRECTIONS 
PRIHT"AHY CORR 
eet eee 

      

   

IONS "3 

   
     

      

     

  

   

2096 
2188 
2116 sHET3 
2126 PRINT MNOTHER CORRECTION "3 
2130 INFUTTS 
2146 = HES" THEN 
2158 HO" THEH21 

CT VALUE "5 

      RETURH 

REAL. 
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a PRINT"WHICH of RESUENCY "3 INPUT" SBEREBEI" 5 F 1 
G ¢Tl-18.5) > RETURH 

 



  

1 GoOTOISaE 
S LOADS Pit. 
166 REM PS cod 2 
116 CLR 
126 OPEH2. 
1138 INFUT# 

(14 PRIHT"# 208") Tel SEP DATA 
156 PRINT"--------------—-~-----—-- 

) 168 OPEHS.4 : ; 
| 17 OPEW4. 4, 1 

| 186 OF 
16 

  

    

      

“L:OPTION, 3." 

          

(216 
me 

        

8, 6380, BEGG 

  

256 UiF=ES+0$+F $ 
266 OFEH2.8,2,04 
276 IMPUT#2.0 
200 FORJ=i TO: 

    

THPUT#2,A1 CI. K) -HESTK :HESTI 
INPUT#2.A2¢I.K> MEATK HEXTI 

‘HERTS      

  

   

    

DINFUTHZ, 
DINPUT#2. A446 I> SHEXTI 

  

| OUTPUT TO BE IH CARTESIAN <CC> oF POLAR ¢PC> 

"CC" THENS2a 
= "PC" THENSS@ 

376 GOSUBSTa 
Se8 GOTOS4a 

  

    

  

=THENAl ¢ 
SATHCAL ET, 23¢ 
   

p=



  

    

    

    

SDINATES" 
  

“O-URDINATES" 
RINTHS,O€3" €"3C1$s "9": PRINTHS 

SEND SENS REC SENS MOD ZC ARG 20"; ce 
wen ano" 5 

  

: 2 "PREG HZ SEND SENS REC SENS  ZCCRL? 2CcIMo"s 
RIHTH#2, " 250¢RL} 2s0¢IN>" 

  

     

  

ase PRINT#H4 FCI) ASCI ACI) ALT 12 ALCT. 29 ALCL ASCII 2 
4a Hi J 
S08 CLOSES: PRINT#S: CLOSES: PRINT#4 ‘CLOSE4 :PRINT#S : CLOSES 

ACE BAR TO RETURN TO INFORMATION PROGRAM 

  

  

S66 PRINT" Herr 
87@ GETAS: IFA#=""THENS7a 
888 LOAD G:Pi".S 

READY. 
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PTFPTF 

160 
116 
    

  

   

  

HARD COPY OF TELEPHONE SET PARAMETERS" 

oi     OPENS, 
OPENS, 4 

  

THT#3 
FE IH DRIVE WO. OF DISK CONTAINING THE TELEPHONE DATA "; 

M
O
O
 

j
o
s
e
a
e
 

INFUTDS 
IFD$="@"TH     

    

     

        

   

ee
 
e
e
 

   
IFDS="1 "7 

fH PRINT" IHCORR ct DRIVE HO 
F$=",5,R":E$="a:": GoToZda FS=",S,R":E$e"q.0 

44 IEF FACS 
256 DIMFc2e 

ea FORJ=17! 

-AHSWER @ OR i": GOTOL7a 

          

   ale E Se 
8 PRINT" MT4PE IH TELEPHONE. hata FILE HAME 

THEUTOS 
   

        

    

THPUT#2. AL 0I.K9 HE, 
THPUT#2. ZCI. K3 SHES 
Jo°HEXTI 
J: HERTI 

    KeNESTI 
ih 

  

   
SINPUT#2, Ad     

468 PRINT SIS GUTPUT TO BE IN CARTESIAN <CC) oF POLAR PC? 
418 IMPUTCE 
428 IFC#="CC"THENS3a 
438 IFC#="PC"THEN468 
448 GOSUBIGIG 
456 GOTO416 

        

  

STHENAL ¢ 0 2 
THEA. I. 23eA1 CI Mam 

 



     

   
      

   

° a 
ORDINATES" 

CO-ORDIHAT! 
THT#3, 085" ¢" ee "3" PRINT#S 

  

MOD 20 ARG 20"; 

       
A PRIWT#HS. " 

PRINT#3, " 
GOTO: 

A PRINT#3. "FREG. CH29 SEND SENS REC SEHS 2C¢RL) 2CCIMI"S 
G@ PRIHT#S," 250¢RL) cIMo" 
PRIHT#S," 

Se PRINTH 
838 FOR I=1T : 
388 PRINTH4 JO ASCO ACD ALC. 1D, ALCI 25. A260. 13,820, 29 
318 HESTI 
926 PRIHT"SRE-RUN ? "5 

IHFUTCE 
IFCS="VES" THEN298 
IFC$="NO"THEHSS9G 

  

   

      

   

  

   

  

   

  

3° PRINT#: CLOSES : PRINT#5: CLOSES 
1660 PRINT" SENT 
1616 PRINT" SINCORRECT EWTRYS-TRY AGAIN 
i626 RETURH 

REAL. 
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DAs LAX 

166 REM “DATUM? 
1i6 REM DATUM FR 
126 F 
136 
146 
156 1 
iée 
17a 
188 
136 
2h 
216 

* READY. 

      

   

   

  

05 FOR STORED TELEPHOME DATA oF STD 

Fie] 
DIMPUT" BREE EI" 5 H 
iTt    
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ORED TELEPHOHE DATA 
    

S
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Pa
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PRE? 

1 GOTO1SE 
GAR" G: Pi", 8      

  

Slee IT# oT 
FORI= iT    

  

    

PCL>:NEXTI 

=8THENG=4 

(59: GOSUBSEE 
TOZ8: INPUT#2. ACK. T9 :MEXTIoNEXTE 
TEXTI 

PS"INtSTRECS) : GOSUESSS 
17013: FORJ=1 7026: INPUT#2. ACK: J): MENTI:HERTK 

  

       

   
     

   

    
    

*RETURH 
3 SRIHG Ui & U3 FILES TO DISK 3 
338 BRINT" Ty "PE IH “ERASE’ TO ERASE OLD R-FILES 
398 INPLITES 

‘R-FILES HOW ERASED 
SFERRIHG MEM FILES 

Sag 
S18 
See 
Soa 
S46 
Se 
S68 
S76 
Soe 
596 
666 CLO 
616 
626 
63! 
646 
655 
666 

376



nel UDaE= i 

  

     

    

    

  

730 
800 
816 
820 
838 
840 F 
850 PRINT’ SKEND OF 5 
868 PRINT"SUG YOU MISH TO RUN STAGE 3"; 
87a INPUT Ag 

(139;3R#: CLOSES 

    

  

  

  

See +" THENS38 
83a ="HO" THES a 
S68 6 Lado 
S16 PRIHT" INCORRECT ENTRY@-TRY AGRIN 
$26 GOTOS?a 
336 LOAD" 1:P35".8 
346 PRINT" Ne-----EHI----— e 

  

$50 PRINT"APRESS SPACE BAR TO RETURN TO INFORMATION PROGRAM 366 GETAS: IFAS=""THENSé8a 
3976 LOAD" @: Pi". s 
386 D$="8: "40+", S,R":GOTOIGIG 
330 E$="1:":F$=".5.R":G0TO1Gio 
GGG E¢="G1:":Fe=",5, 4" 
1614 Dt=ES+Ds+Fs 
1626 OFENZ. 3.2. D¢ 
1836 RETURH 
1646 POKESS459, 255 
IG5G FORI=17T068a:HEXTI 
G66 POKESS459,6 
1878 RETURH 
IGSG FORI=17026:PRINT#2. ACK. J CHREC1333 :HEXTI 

RETURN 

        377



1 GOTOLBS 
S LOAD"G Pi". s 
16% REM PS cn 
L4G PRINT" SETTING-UP LE FILES " 
126 CLR: PRINT 
126 6 
138 

        

   

   

I 
STING PROW 1 VALUES iy      

43 
25a PRINT" TYPE IM VALUE OF LE AT EACH OF THE 
236 PRINT" FOLLOWING FREGUEHCIES:—-3]" 
SHG FORIT=1T¢ RIMTFCI3G "HE". 
318 OPEHS, @: INFUT#S, T¢1) CLOSES: PRINT: HEXTI 
S26 PRINT"ANS! CORRECTIONS? "3: INPUTS 

            

HO" THEN4 3 
b0TO32 
a FREQUENCY? cor TNPUTES 

3 LOG 185-18.59 
CT VALUE "3: INPUTTCI> 
ECTIOH? "3 PINPUTMS 

    
   
   

   
     

       
   

   

    

S TRECH) DS="@1 :"4De4", 5,0" 
3 I: PRINT"WRITING LE INTO FILE N&. "3H 

G:°PRINT#2, TC13 ) CHR$C1335 :HEXTI ‘CLOSES 
488 PRINT" DATA HOW STORED 

  

a INPUT#2, TCT): HENTI: CLOSE2 
S38 OFE| PEH4.4.1:0PEHS.4.2 
S48 PS $99.9" 
Soa PS 
S68 PRINT# "PILE DGH 
o7G PRINT#3,"_ "= PRINT#S 
Sea PR "PREG. CHZ> De Sor Tee aaa 
6o8 TH4 FCT9. TCL) SHEXT 

    

  

618 

é 

64a 
READY. 

IHT#4 : CLOSES: PRINTAS: CLOSES 

    I 
8° RETURH



P1aP13 

1 GOTOISE 
S LOAD" a: Fi",s - 
18a REM Pia _&TNISK 
118 BAe 
128 
136 
146 
158 
166 
17a 
18a C 
isa ="RSH1" THEH 
268 TIGL" THEH 
218 ="PTPH" THEM 
228 r 
238 
246i 
258 
260 
276 
256 
238 
Saab 
316 
326 

346 
356 
368 

    

        

G T2-FILES TO WEST & EAST " 

    

PRINT" E 
HIMT1¢20) 

      

   
NESTI 
MEXT I: CLOSES 

HEXTI 
HEXTI: CLOSES 

  

Hh GOSUBSER 
: fay eee MoH ALLOCATED    

498 EF="@1"F $=", 8,14" 
SOG Dses+DS4F$ 
S16 OPE 
S26 RETURN 

READY. 
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1 GoTo1ea 
=o LOAD": Fi"s8 
jae REM 
118 RINT" OR 
126 
138 A 
14a 
158 
168 
176 TA 
18 
is 
26a 
21g 
226 Fi ] 
238 REM SLR Woi.I> 
246 DATA 15. 
258 DATA 36 
268 REM ELE Wee, 
276 DATA 156, 127 
286 DATA 5.4.57. 
23 REM JLFE bh 

  

ALCULATING LOUDNESS RATINGS ="    

    

   

      

    

   
    
    

    
    

  

LiCaer, 
R(Q0) 

      1840 1148, 1490, 

    READF CI. 13 
FOR LR CCITT F.SHE 

+7254.1,45.1.37 
52, 7,54.1,166.13 

EXTI:HEXTI 
> 

  

o7.9,56,8,55 
2.193.123, 149.173 

  

Tr = ic ot 

     

    

    DATA 43.7 
REM READTIHE ONE TGHTTHG paTA 
FORJ=1T0S:FORI=17026-> README I. 19: HEXTILT 

7 DATA FROM STL CONVERSATIONS 3 
A Glee 

426 DATA. 6.45 
H REM READI 

  

      

      

     

          

   

        

REM LE (PRO a? 
443 DATA 28,16.5, 12.5.8. ay 4. 13 re 

BOTA 72.3 oa 

  

; S18: VS=19:Misda 
SiG REM INFUTTING Li & U 
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De="T"4+ 

A FOR 
IFAS="W-E"THEHAS="E-H 

  

5 eas te fB4sUit C1, T3941G38F (2.19: MEST 

  

HES¢1395 (HEXTI: PRINTH2, VL: CLOSE2 
OTOI6S 

=17T09: PRINT: 

  

Rel 

  

LOAD" 1: P4548 
Egat: we 

Ci 
READY. 

  

= Ss et epo ee a 

2.5.2, 08: RETURH 
Se  FORI=1 TOG: NEXT I 

ii": Fs=", S 
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PaSPas 

1 GOTO188 
S LOAD"G Pi" .s 
166 REM FP ¢ 
116 CLE: 
126 DINRI¢ 
136 DEFFHAC 

DS="0 2 
G ee 

    

   

   

      

    

     
      

  

     

  

     

  

RATINGS " 

THPUT#2, 1‘ CLOSEZ 
JCVISFHACYLD 

HEAT I: IHPUT#2. V2: CLOSES 
CJ90°MERTI: Ve2sFHACV2) 

2SHERTI: 

250 FRINT#S 
240 PRINT#S, 
250 PRINTS 

(Caen 
:PRINT#3 

  

CEAST TO WEST" 

       

  

i 1FG= 4THEH 

336 AS=" RLRCN) = 
340 HFS" TLR =":B eos 

STLRCH) =":B 
THREW) = 

   

   

     

     

    

    

  

VLCW) ="GMISCHREC1419 5 TABCZE3;" VLCED ="G¥a 
MSEHD OF STAGE 3 

PACE BAR TO RETURN TO INFORMATION PROGRAM 
“"THENS 28 

  

LCDS CHREC141 95 TABC2S3 BS; RECT) 
456 RETURH 

B U$="1:"4+Ds+",$,R" OPENZ, S.2,D£ 

3: FORI=1 T0668: HEX 
RETURH 
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166 REM DATUM CARCHIVES D 3 
116 PRINT" DATUM FOR STORAGE OF STAGE 2 DATA " 
126 PRINT" ON ARCHIVES DISK 
136 PRINT"S@ITYPE IN FILE HO. FOR START OF STORAGE 
146 PRINT" CINITIALLY 16 FOR A CLEAN DISK "; 
156 INPUTC 
166 C=C-1 
176 OPEN2.8.2. "81:0 4.5," 
188 PRIHT# 03 
196 PRINT" SATUM HOM SET AT"SC+1 
208 PRINT" si-—-——-=| Be Deemer “CENT 

READY. 
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P2P2 

1 GOTO1Ge 

eCHIYES DISK? 

    166 PRINT#S 
174 De="0 3: ‘6 
166 INPUT#2, 

      

$="[" 457 RECK+99 -GOSUBASA 
AE TS, 

  

PRINT#S, TS." "4" "kag 
@ NESTK 

BG PRINT"ADIO YOU WISH TO LOCATE A FILE "3 
INFUTTS 

O IFTES"ES" THEN 

  

THE UTE 
a igs 4      
   

360 PRINT" S00 YOU WISH TO PRINT-OUT CONNECTION PLUS U-FILES ¢Tiuld 
$74 PRINT"OR TRANSFER COMMECTION ETC. To DISK 3 ¢TR3 "3 
S88 IHPUTTS 
336 IFT#="TU" THEM 
468 IFT#="TR" THEM 

    

ESSE 

  

S16 PRINT" SIHCORRECT ENTRY'B-TRY AGAIN" 
SZ RETURM 

      

  

558 
S6G 
ore BAR TO RETURH TO IMFORMATICH PROGRAM" 
Soa A 
S94 LOAD"G:P1i",3 ae 

READY. 

PORESS455 
RETURH 
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PPP? 

1 GOTO16E 
S LOAD" 
Ga REM 

  

228 D'+STRECT) :GOSURSSH 
230 INPUTH2, T$)S#.R$0N 

    

  

  

ae 2, P¢1) :NEXTI 
SINPUTH2, DCT) NESTI      

370 OPEN. 4 
380 OPEN4. 4.1 

OPENS. 4, 

  

     
  
   

  

PRIHT# 
440 PRINT#H 
456 PRIHT# 

PRINT# 

a 

"SPRINT#S 
SUJE CHS SUMICES SUJECE? SUMICHS 

          

      

SUIECE)    
bi PRINTH



    

    

sACL1,09, A012, 79,0013. 2.0014. I5,A619. 0) 
oe] 

a
y
a
 
I 

AI
ad
 

md
 
ma

nd
 

wd 
od
 

  

   

   

FOR J=1 T0268 
PRIHTH#4.F eI) .AC28. J) ,AC21,75 

360 NENT 
c PRINT#4: CLOSEd : PRINT#S : CLOSES 

PRINT" END OF PRINT RUN ® 
    

    

A PRINT" BP SPACE BAR TO RETURH TO INFOMATICH PROGRAM 
GETAS: IFAS=""THENSES 
LOAD": Fi".8 

$939.9 $993.9 $393.9 $999.9 
j : 8994.4" 

$46 RETURH eat 
S56 [="1: nee SaRe 

} ¢:RETURH 
Ss FORI=1 7068: HEXTI 

459, 0: RETURH 

e 

meh re 
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PEPE 
1 GOTOL aS 
S LOAD" 
i6G 
116 
126 
138 
146 

   

   

    

HIVES DISK> 

HBLida 
HT" PRINTING QUT CONNECTION AWD U-FILES " 

: 1166 
     

  

   

   

134 FORI=17T0 SIMPUT#2, PCT): HEXTI 
266 FORI=170H: THPUT#E DETS :NERTI 
216 IMPUT#, 

  

ERGHES cs 228 A="RSELS 
238 OPENS. 4 

HTFRS: -FBHFBIFECHFLCJATTULCT#LLATMCCAALZ ESEZSI 

  

    
S 3. TE: PRIHT#S: 

PRIHT#S “CONNECT ICN DESCRIPTION IS :-":PRINT#S: PRINTHS 
PRIHT#3.We5 "~      

270 IFH>1GTHENS36 
288 FORI=170H 
230 GOSUBSTE 
388 NERTI 

  

338 FORI=1T0N 
346 PRINT#S.   

  

GOSURi Gea 
GoToisds 

    

   

  

GOSUEB 
pe ail     
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    Sh PRINTHES 
B PRIHT#S 
G@ PRIHT#S. " MS 

RETURN 
BSSM IDE CAS D¢T3.3) 

H PRIHT#S, BS, 
RETURH 

     

  

B RETURH 
PRInTHos” #ols""; 

 RETUR 
BA PRIHT: 

RETURH 
G PRINT#S. "CTE" 

S90 RETURH 
1666 PRINT#3." ¢TE>" 
1618 RETURH 
i620 PRINT"HUMBER GF ELEMENTS 
1638 PRINT" (PROGR H 
146i : "RI 
igse 
isée 
17a 
i636 
1856 . : 
1166 PRINT#HS) "JE 15 FETHEEN ELEMENTS 
1116 PRINT#3 

  

nuspsuns eT 

       STOO LARGE 1" 

      

  

AND "GPCL 944 Pc) 
"IM 1S BETWEEN ELEMENTS 

  

ABD "3 PC29+1 
AWD "SPCSD4+1 
AWD "SPE 4o41 

   

    

     

1126 PRINT#3, "NOMINAL LOSS (JW-JE) =";%i" DB": PRINTHS 
1136 LOAD" 28 
1144 SFORI=1TO6@:HEXTI 
1158 RETURH 
1168 De="1:"4Ds+",5, 8" 
117G OPEN2.8.2,1¢:RETURN 

REIDY. 
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GOTOIGa 
Loe 

         

  

   

  

   

    

    

> DISK 

2 OF Ui & US FILES To DISK 3 xR" 

  

:GOSUIBS! 
REH 

  IHPUT#2. T#. SRE. H 
G@ FORT=1704: INPUT#2.P¢139 :MEXTI 
a FORI= mene INFLIT#2, DET): HEXTI 

     
   

    

      

  

    

        

   
CS =GTHENS88 

Tosa 

Bi PRINT"IS DISK 3 IM DRIVE @ "; 
IMPUTAS y 

: S"THENS18 
“THEHS 7G 

PRIHT"RE 
a8 PRINT" 

  

   

  

   

     

CLOSE DRIVE @ Dnt 

    » US FILES TO DISK 3 
: SINT#L« "Tg": CLOSE! 
ELGG 

  

= i Re



        
      

   

  

   

   

     

Tg="T 

     
    

is # TSS CHREC1S)3 S$; CHRECIS 
. 

ie PR HT"TRAHSFERREHCE TO DI HOW COMPLETE 
if NT" TYPE IM “ERASE’ TO ERASE OLD R-FILES 
F4h INPUTES 
‘5 $="ERASE"THEM?Se 
6 
r 

  

PRINT"COLD R-FILES HOM ER 
PRIHT" 2m YOU WISH To RU S 
THPUTES 
IFE#="VES" THEMS16 

G@ IFE#="HO"THEM1 198 
GOSUB 

G GoOTosse z 

FRINT"EREMOVE BOTH D S FROM THEIR we ae 
H FRINT"AFTER CENTRALISI IMSERT 
PRINTF! PACE BAR TO CONTINUE AND THEN 

348 GETA£: IF} "OTHERS 4 & 

S60 LOAD" 1: Pis".8 
S76 FORJ=17026:PRINT#HE. ACK, T93CHRS¢1393 -NEXTI 
380 RETURH 
996 D$="1: "40+", S$. 8" OPENZ, 8,2. 0¢ 
1686 RETURH 
1G1G DS="GG:"+0F+",S,.W" OPES. 6.2. 0¢ 
1620 RETURH 
1838 GOSUBiGea 
1646 PRINT" SIHCORRECT EXTRY®-TRY AGAIH" 
iGSG RETURH 
1868 
187a 
1858 
1856 
1188 

READY. 
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= 

FRI D#¥PRI Te 

a REM co DATA 

  

| 158 STH: IFD¢=""THEH1 Se 
| 166 PR INTLE : 

a a 

  

   
     

   

  

   
   

PRINT"INCOR Fee", 
Feen, : 
PRINT AIT PE 
IHPUTDS 

a TH=Tit 
PRINT" SHARD COPY 2 "5 
INF'UTRE 

¢f= "VES" THENS20 

   
1": GOTO15a 

   

  

IH FILE MANE OF DATA FILE 

    

    

    

   

        

     

    

      

    

   

   

  

   

  

i OPENS. MW: PRIMT#3. T#: PRIWTHS. "Wo" PRINTHS 
PRINT" SHOW MAY ARRAYS IH DATA FILE 
THFUT "SBERREEI" 5H 
De=EF+D$+F$ 
OPEHS. 8.2. De 

& FORI=1TON 
A PRIHT"AIS ARRAY "3 15") S6KS. 2bR2 
G@ THPLUT 

THES 78 
THEHSa8 
THEHE 43 

  

    

  

   

  

   

  

4 GOSUBSEE 
A GOTO 
A PRINT" TH 
@ PRINT" SA CREA 

T EHTRY-TRY AGAIN" RETURN - 
SEAL? CCREALS IDCREAL)      

    

B 

PRIHT"ACINAG) EBCIMAGS CCIMAG> De IMAG) 

  

Tossa 
PRINT" #2 ¢REAL? 
BOTOS 

ZC INAGS 
   

eh=1TOS: INFUT#2, ACT. KR) -HEXTK:HEATI 

CJ 7 2 4 
ACJ. G93 °PRINT#S 

23. FMACACT. 339. FHACAC IS 
3,29). FHACACT, 499. PHACACT 

599. PNAC 
1633.FHAE    

  

FORE=1702: IHPUT#2. BCI, E9 >MERTE: MEXTI 

CBCI,193,FMACBCI,295 
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PRINTHS 

CLOSE2: PRINT 
PRINT!" = CL 
ae - ‘ 

  

      

*PRIHT#S, ‘CLOSES: GOTOZ28 
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PRE EaPRi se? 

   

    
   

   

  

TATE “DAS 
PRINT*TYPE. ‘TH "FILENAME OF ee -FILE "3: INPUTFi¢ 

    
   

     
    
           

CJaKo HEXTKMERTI 

“SOTMPUT"VES OR NO" RRS 
"VES" THEN 1 71 
"HO" THEM 

    

SUBROUTINE FOR PRINTING 
PRINT" 9 1 “FILE "iF1s 

S16 PRIHT FRE ; JTS UBCRISUCCRI"G "DCR" 
PRINT'H2 i BE USS LECT Mee Cl ae 

: £ VAD" MELE 39 PMEICE, SO" "ELCT. 79" 
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;3 ITOFSTEF2:PRINTELCI. 
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Afig=" RAAB" 

    

     
    
       

      

ACR) BRD CCRD 
ACID BEI3 CcId 

Eid, 13 E1i¢d. 33 EICs,5) 
Ei¢y.23 Ei¢d.45 E1¢J.63 
vey VA AeY 

?HEXTE: PRINT 
AT: PRINT‘ HEXTI 

Ite 
Led 

El¢d 
E1ICs, 
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APPENDIX 4 

DISCUSSION OF THE MTF METHOD FOR ASSESSING HIGH GRADE 
TELEPHONY CHANNELS 
  

15,16 
The modulation transfer function (MTF) method was 

developed at the Institutionfor Perception (TNO) in the 
Netherlands for application to the assessment of relatively 
low quality speech paths, such as those found in an 
auditorium, where reverberation and echo are the dominant 
factors. It provides objective measurements that correlate 
well with subjective opinions (based on word articulation). 
The sensitivity of the system is such that it can resolve 
S/N ratios up to 15 dB. (i.e. 3% accuracy). 

The suitability of this method for application to high 
grade telephony channels (having S/N ratios up to 35 dB) 
has been investigated, and it has been concluded that the 
sensitivity required could not be obtained without having 
to resort to considerable expense on high precision digital 
circuitry and a minicomputer. The following notes will 
explain this decision more fully: 

The basic principle of the MIF method is to generate 
a test signal, the intensity of which is 100% modulated with 
a frequency F. The carrier of the test signal is broad band 
noise with a spectral shaping such that the long term power 
spectrum is equivalent to that of typical speech. 

Note ,the carrier is multiplied by a sinewave having frequency 
gF. This results in the wanted sinusoidal pressure modulation 
with frequency F. (See Fig. 1.A4). 

From the output signal, the reduced pressure modulation depth 
(m,) is recorded for a sequence of successive modulation 
fréquencies. The MIF is then obtained from a weighted sum 
of the various values of mm: 

Note, modulation and noise addition on a pressure basis is 
used to represent the physiological interpretation of signal 
and noise. (See Annex 1). 

  

The S/N ratio may be determined from m as follows: 
(See Fig: 2.44). 

Fig. 2.A4 shows a sample of the output signal. Due to 
circuit noise and other degradations (represented by I_) the 
original test intensity (I,) has I_ added to it ona 
pressure basis and so effectively Results in reduced 

modulation depth but unchanged modulation waveform. 

From equation (1), 

ly ma 
i i-m 

(for each test frequency) 
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and so SNR = 10 log(z=5) aB (2) 

Thus, for a known SNR, the corresponding value of m may be 
found by re-arranging equation (2) to give: 

SNR 
¢ ) 

where A = 10 Zo (3) 

  
 & 

eae 

For a high grade telephony channel having SNR up to 
30-35 dB, m will correspond to 0.9990 - 0.9997. A resolution 
of 1 part in 10* (i.e. 0.01%) will provide a discrimination 
of 1 dB. Clearly, ordinary analogue techniques are quite 
unsuitable and so digital techniques have to be resorted to. 

A resolution of 1 part in ioe will require an A/D 
convertor having 14 bits accuracy. (2 4s 16,384). This 
poses serious problems when working to such precision as 
externally induced noise and mains hum would be very 
difficult to eliminate. 

Another factor which must be considered is inaccuracy 
due to finite sampling time, and also the number of samples 
required. (See Fig. 3.A4). 

From Fig. 3.44 it can be shown that: 

st =ld5 1 - 2 sin *- &) (4) 
(see Annex 3) 

where « = % error due to ét. 

Thus, for F = 1KHz and 0.01% error, (ignoring amplitude 
error due to 14 bit sample). 

-3 10 DP 0.01 4 = j= 2 sine a (angle in rads) wt ét 

w 6.36 uS (i.e. 157 KHz). This approaches the limit 
of conversion time for A/D converters and this limits the 
test frequency. 

To store only one cycle of signal (1 mS) will require 
157 x 14 bit samples, i.e. 2198 bits. In practice, at TNO 
sampling is taken over 8 cycles. 

As an example of instrumentation difficulties, the 
user port on the PET computer on which TCAM is implemented 
can only handle 8 bits at a time and so the effective 
memory capacity required would be 157 x 16 bits x 8 = 2512 
bytes which is not available (for machine code programs) 
inside the computer. Also, the rate at which the user port 
can receive data is only 40 Hz (via basic interpreter) or 
50 KHz (machine code), it would therefore be unable to 
cope with a parallel bit rate of 157 kHz, in real time. 
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Input to Channel Output from Channel 

  
  

      

  

1/¥F a / =, 

Mahar ~ feta -- : CHANNEL 

= T, (1+cos2mFt) ae T,(1+mcos2mF(t-t)) 

FIG. 1.A4 

intensity 

  

  

ieee oe 2) 

  

  

a 

ee [En 

tg, qe calles 

ét = Time between samples 
6A = Maximum amplitude error caused by finite value of 

6t. (True sampling point missed due to displacement 
of 6t/2). 

FIG. 3.A4 
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ANNEX 1 

THE REASON FOR USING PRESSURE MODULATION IN THE MTF MODEL 

| 

When a person is listening to two sound sources, (e.g. 
whilst in conversation with someone he may also be hearing 
the sound from a television set), he can 'switch' concentration 
from’one to the other, and so get an idea of the intelligence 
conveyed from both sources. To do this, his ear must perceive 
the sounds on an additive or 'pressure' basis. Similarly with 
speech and noise. (If perception was on a power or intensity 
basis, the original speech envelop would become distorted by 

| the noise). 

This effect is illustrated in Fig. 4.A4. 

  

SIGNAL NOISE 

   
ADDITION ON A PRESSURE BASIS ADDITION ON A POWER BASIS



ANNEX 2 

AMPLITUDE MODULATION 

Let a carrier be modulated by a signal v_ where 
= B cosw_t and the carrier amplitude is A.~ The composite 

oe onai obtafned by modulation is shown in Fig. 5.A4. 

Consider the variations of A, a 
caused by v5 on the positive 2 Bhat 

Vy = A+ ve 

(When Veo O amplitude returns to A) 

M 
_ B 
= A(1 + nN cosu.t) 

ites wy SrA eB costw.t 

  

Fig. 5.A4 

Let m represent the modulation depth. i.e. m= B 

Then Vee A(l +m cosw.t) (5), 

To determine m from a modulated carrier 

Consider Fig. 6.A4 

To find m in terms of E and E . 
max min 

  

E at A+B, Eni = A - B (from 
a es Fig. 5.A4) 

> A S83 -B, B=A-E. 
max min 

: A =E -A+t+E 
max min 

2A = E te max min 

FIG. 6.A4 ees te Emax = Enin (6) 

Similarly, 

B= ek -A, A=B+t Buin 
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max min 

ao max Evin 

lens 9 Dees -£E 
| max min 

2 
  

Thus, m = 8 from equations (6) and (7) gives: 

E -£E.. 
m = max min 

E +E. 
max min 
  

4,00 

C1) 

(8)



ANNEX 3 

ERROR DUE TO FINITE SAMPLING FREQUENCY 

(To determine sampling interval in terms of required maximum 

error and signal frequency). 

Consider Fig. 7.A4 

ét = time between samples 
(Assume sampling time << 

ét) 
6A is max error caused 
by finite value of 6t. 
(Max error occurs when 
displacement in time = 

  

  

6t/2). 

Fig. 7.A4 

Now, a= fa + sinuwt) 

2a a 
car 1 = sinwt 

BR gd act a oles cele = fot Dae I) (9) 

Bt es Cee At A, t=] , thus 3. =q - ts (10) 

At a=A- 6A 

have ts = L sin} (24 = 258 - 1) (from equation (9) 

) Ree ao 26A , 
Dent > sing (lL - a7) (11) 

but SA = fractional error 

thus if « = % error BS X 100) 

then from equation (11), 

Det eine ee oe ts @ sin cl 50) 
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but w = 27F and T = 1/F 

.'- combining equations (10) and (11), 

Steals 1 hy Mead 
pone AP a ones | ts ep) 

toe 

ae 2c Ee cow df - 2am a 

402 

(12)



    
APPENDIX 5 

ADVANTAGES OF LOUDNESS RATINGS OVER REFERENCE =     

403,



APPENDIX 5 

13,14 
ADVANTAGES OF USING LOUDNESS RATINGS OVER REFERENCE EQUIVALENTS 

FOR PLANNING TELEPHONE NETWORKS 

At present, the loudness loss of speech in various parts 
of a connection, is measured in terms of 'reference equivalents’ 
in accordance with CCITT recommendations. It will be shown 
that they have the disadvantage of not being additive on a 
agB basis or on an overall basis. The British:Post Office, 
however, use their own ‘loudness rating' method of determining 
loudness loss, which does not have these disadvantages. A 
modified version of these loudness ratings has been proposed 
by CCITT which is now undergoing evaluation by study group 

pS Er, 

A computer based telephone connection assessment model 
(TCAM has been developed at the University of Aston to 
facilitate the investigation of the transmission character- 
istics of any telephone connection. Setting up procedures 
and the interpretation of results are made in accordance 
with CCITT recommendations. The ISO recommended range of 
frequencies is used. (See frequency column in Table 1.A5). 

Calculation procedures have been incorporated into the 
computer model which determine the reference equivalents, 
relative equivalents and (CCITT) loudness ratings for the 
various speech paths, making up a telephone connection. A 
lot of the connections being studied use the BPO 746 type 
telephone which incorporates a carbon microphone. (Various 
non-carbon type telephone sets are also used for other 
studies). 

The sensitivity characteristics of telephone set micro- 
phones become difficult to obtain when the microphone happens 
to be of the carbon granule type. This is because the shape 
of its frequency response varies according to the sound 
pressure of the test signal used. Various procedures have 
been adopted in order to obtain a set of results that will 
cover the range of talkers found in practice. Although a 
completely satisfactory method has not yet been devised, 
one which gives a fair approximation for certain typeof 
carbon microphone is the ‘upper envelope' method, and this 
is the one adopted by the BPO. 

A corresponding problem is encountered in the telephone 
earpiece due to uncertainty in the value of earphone coupling 
loss to be assumed in the calculations if the results are 
to represent conditions under which subjective determinations 
are made. 

The sending and receiving sensitivities for the '746' 
are available for 3 different line conditions (zero, average 
(1.6Km/O.4mm copper) and limiting (5.9Km /0.5 mm copper), 
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each with a Stone FB). The way in which the sending sensit- 
ivities were measured (upper envelope method) gives sensit- 
ivities which tend to be too high, thus causing incorrect 
loudness ratings to be obtained. A correction has therefore 
to be made in order to use the appropriate data in the 
computer model. The corrections for sending and receiving 

were determined by setting up hypothetical connections for 

which the correct subjectively determined reference equivalents 
were known. The reference equivalents of the connection 
(using the upper envelope values of sensitivity for the 
telephone sets) were then calculated and found to be somewhat 

in error. An attenuator was then included in the send end and 

in the receive end oi the connection and, by successive 

approximateions, each set to a value which yielded the correct 

send and receive reference equivalents. Thus, the ‘corrected’ 

sensitivities were obtained by subtracting the attenuator 
value from the original sensitivity values at each frequency. 
These 'corrected' values are shown in Table 1.A5. 

Note 

Successive approximations had to be made when altering 

the attenuator values, because a straightforward addition 

of dB's could not be done. (Changing the sensitivity by 

X dB does not change the reference equivalent by the same 

number of dBbutonly by about O.8X dB). 

Study is in progress regarding the evolution of an~ 
all-digital telephone network and what problems will need 
to be overcome during the various stages of evolution. Using 

the computer model, reference equivalents and loudness ratings 

have been calculated for the speech paths in various 
connections (each with the three line conditions) were chosen, 

denoted by the letters A to G). Nominal overall reference 
equivalent or loudness rating, is given by the sum of the 
individual values for sending and receiving plus the value 
of nominal loss for the circuits connecting sending and 

receiving ends. Figures 2.A5 and 3.A5 show nominal overall 

and true overall reference equivalents/loudness ratings for 

these connections under average line conditions. These two 

graphs show that the additivity (on a nominal basis) of 
loudness ratings give much more realistic results than 
reference equivalents. 

CONCLUSIONS 

Computer based models work best when the system they 
are modelling has rational properties, and so loudness 
ratings are more suitable than reference equivalents which 
do not have the additivity properties that loudness ratings 

possess. 
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Zero Line Ave. Line Lim. Line 

T 
Frequency (Hz)| SS SR ss SR 85] sR 

1g 18.81] 23.22 | - 19.15 | 18.96 18.71 | 16.74 

124 18.31} 23.72 | - 17.95 | 18.46 16.51 | 14.84 

16g 17.61| 22.92 | - 16.75 | 17.96 15.91 | 13.64 

260 16.91} 21.12 | - 26.25 | 14.76 15.21 | 13.84 

259 16.31} 23.32 | - 14.35 | 16.86 13.31 | 14.24 

315 15.81) 23.42 | - 12.75 | 17.96 12.71 | 17.54 

49h 15.71} 23.82 | - 12.15 | 18.46 12.21 | 17.74 

500 15.51} 23,62 | - 11.75 ; 18.76 11.61 | 18.24 

63¢ 14.71] 23.22 | - 9.95 | 19.16 1g.71 | 18.54 

8g 12.81| 22.82 | - 8.95 | 19.96 8.21 | 18.74 

1g 9.21] 22.72 | = 3.85 | 19.56 4,21 | 19.24 

1259 6.51} 23.52 | - ¢.95 | 26.66 lil | 2.14 

1699 8.61] 24.82 | - 2.75 | 22.96 3.11 | 23.54 

2980 1g.21| 22.52 | - 3.95 | 20.76 a 29.24 

2590 12.91] 19.92 | - 5.35 | 17.56 5.61 | 17.04 

315¢ 1g.41| 23.12 | - 3.55 | 21.96 4.31 | 22.24 

gis 21.41| 12.g2 | - 14.15 | 11.86 14.51 | 11.84 

5990 32.81|- 49.78 | - 27.95 |-69.84 28.31 | -5¢.66 

6398 46.81|- 99.78 | ~ 45.75 |-191.¢4 46.71 | -19¢¢.66 

ic) 71.81 |-190.78 | - 69.15 |-191.94 67.71 | -100.66   
  

TABLE 1AS.CORRECTED SENSITIVITY /FREQUENCY 

BPO 746 TELEPHONE 
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