
USES: 
• Free-field measurements 

in noisy and reflective 
environments 

• Amplitude and phase re
sponse of loudspeakers , 
microphones, hydro
phones , telephones, hear
ing aids etc. in typically 
0,5s to 2s 

• On site measurements of 
reflections and sound 
insulation 

• Time response measure
ments of any electrical, 
acoustical or mechanical 
two-port 

• Intermodulation and differ
ence frequency distortion 
of systems incorporating a 
delay e.g . loudspeakers 

and taperecorders 

• Leak and crack detection 
in ·mechanical structures 

• Investigation of anechoic 
rooms 

FEATURES: 

• Sweeps Heterodyne Ana
lyzer 2010 linearly through 
any frequency range be
tween O Hz and 200 kHz 

• Continuous sweep for use 
with display units 

• Choice of lin . or log. fre
quency axis for display 
and recording 

• Fast logarithmic detector 
provides DC output of 
magnitude response 

• Reference signal for selec
tive measurements of 
phase using Phase Meter 
2971 

type 5842 
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When used in conj unct ion wit h the 
Heterody ne Analyzer Type 201 O and 
the Distorti on Measurement Control 
Unit Type 1902, the Time Delay Spec
trometry Control Unit Type 5842 en
ables fast , tim e selective measure
ments of both magnitud e and phase of 
the fr equency response . The phase is 
available with the addition of the 
Phase Mete r Type 2971 to the system. 
On addition of one of the FFT Analyz
ers Type 2031 or 2033 the magnitud e 
of the time respo nse (commonly 
known as the Energy Time Curve de
noted by ETC) is calculated and di s
played on the FFT analyser 's screen. 
The frequenc y responses are moni
tor ed on a var iabl e perslsta nce 
screen. All the responses are mea
sured in a few seco nds and can easil~ 

• Output for display of time 
response on FFT Analyzer 
2031 or 2033 

• Provision for centring the 
time range on the FFT An
alyzer's screen 

• Remote control of Hetero
dyne Analyzer's filter 
bandwidth 
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be traced out via an X-Y Recorder 
Type 2308. Time delay spectrometr y is 
a general tec hniqu e for measuring the 
performance of any two-port. The 
main virtue of this techniqu e is its re
markable capability of rejecting noise 
and reflections with short measuring 
time s. Tim e dela y spectrometry has a 
vas t number of appl ication s in both 
deve lopm ent and quality co ntrol work. 
A typic al application is the free-field 
measurement of loudspeakers in a re
flective environm ent. Other applica
tions are found in building acoustics 
and underwater acoustics. The instru 
ment s co nstituting the rest of the sys
tem ret ain their full measurin g capa
bilities and can be used on their own 
for a host of other measurements. 

• Frequency marker for ac
curate readout of any fre
quency within the sweep 
limits 

• Automatic compensation 
for the attenuation due to 
the inverse square law in 
time response measure
ments 
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Introduction 
The Time Delay Spectrometry 

Co ntrol Unit Type 5842 is designed 
to be used in conjunction with the 
Heterod yne Analyzer Type 201 O and 
the Distortion Measurement Control 
Unit Type 1902. When used with 
these instrum ents the 5842 is the 
co ntrol centre for time selecti ve fre
quency response meas urements. 
Furthermore the 5842 can be con
nected to the Phase Meter Typ e 2971 
and to one of the FFT Real Time An
alyzers either the Type 2031 or Type 
2033. With the phase meter , selec
ti ve phase mea surement s are avai l
able wi thout further compensation . 
The FFT Analyzer ca lculates the 
Time Response , the magnitude of 
which is commonly called the Energy 
Time Curve (ETC). 

One of the main appli ca tion s of 
the TDS technique is the measure
ment of free-field response of , for 
example, loudsp eaker s in a norm al 
reve rberant environment thus avoid
ing the use of an expensi ve anechoic 
chamber. The Time Response , not 
hitherto availabl e in such an easy 
manner , adds to the versatilit y of the 
measu rement system. Both frequen
cy and time respo nse are typic ally 
available in " real time " , that is , new 
data is produced fas te r than it can 
be ass imulated by the human mind. 
Compared to other tech niques TDS 
offers exceptiona l perf or mance in 
situations where speed of operation 
and immunity to background noi se is 
essent ia l. 

The TDS Principle 
TDS is a general technique for 

measuring the performance of two
port systems (i.e. systems which 
have a pair of input terminals and a 
pair of output terminal s). 

The driving signal is a linear sine 
swee p i.e. the Instantaneous fre
quency is linearly relat ed to time. 
The constant ·swee p rate , S, lin ks 
time and frequency together in such 
a way that a selectiv ity in time - and 
consequentl y in spa ce - can be ob
tai ned by filtering in the frequency 
domain. Similarly a delay can be 
compen sated by a frequency offset. 
This relation ship between tim e and 
frequency is the esse nce of TDS. 

The response signal is measured 
using a tracking filter with a constant 
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Fig. 1. Typical meas uri ng si tua tion where the fr ee -field respons e of a loudspeaker ha s to be 
measured in an ordinary room . When employing a linear sweep, the various delay s will 
be converted in to frequency sh i fts proportional to the delay and swee p rate, S. The 
figure sho ws the frequencies pr esent at the microphone at the moment in time when 
the gen erator is at 1000 Hz 

bandwidth. The tracking filter giv es a 
selec ti vity in time and the centre fre
quenc y of the filter eithe r tracks the 
generato r frequency or may be off
set in frequency in order to compen
sat e for a delay. 

The linear sweep causes the 
sweep rate, S, to be time indepe n
dent. The sweep ra te is given by: 

S = F/ Ts [Hz/s) 

where F is the swept frequency 
range and T 5 is the swee p time. As 
an example consider the typical 
meas ur ing situation show n in Fig. 1, 
where the free-field respon se of the 
loud speake r has to be measured in 
an ord inary room (I.e. a refl ec t ive 
envir onment). In this example t he 
frequ ency range, F, of 20 kHz is 
swept in 2 sec onds giving a sweep 
rate , S, of 20 kHz I 2 s = 10 Hz/ms. 
At a specific moment in time the 
generator is at, say, 1000 Hz. The 
spectr um receive d at the micro
phon e wi ll co ntain different compo
nents cor responding to the var ious 
delay s present in the set-up i.e . the 
reflections. For insta nce, the dir ect 
sound from the louds peaker has 
tra ve lled 1 m. With a spee d of pr op
ag ation of sound in air of 344 mis 
th is means that the sound recei ved 
at the microphone had been trans-

milted from the loud speaker app rox
imatel y 3 ms prev ious ly. The T DS 
Control Unit Typ e 5842 sweeps the 
generator from the high to lo w fre 
quencies so that the dir ect sound re
ce ived by the microphone at the mo
men t o f time in question is 1000 Hz + 
S · 3 ms = 1030 Hz. The same simp le 
ca lcu lation can be made for the floor 
reflect ion shown in Fig.1. In th is case 
t he path length of the so und is 2 m 
which means a frequency shi ft of 
60 Hz yield ing a frequency of 
1060 Hz at the micropho ne. 

Fig .2 shows the spectrum at the 
microphone correpon di ng to three 
d istinct ti mes during the sweep. 
Time t1 correspo nds to the situa tion 
in Fig.1 . The relat ive positions of the 
frequency componen ts correspond 
ing to the different delays remain un
changed as a function of ti me al
though the whole picture is shifted 
towa rds the lower frequencies dur
ing the sweep. The levels of the com
pone nts will , however change as a 
func tion of ti me co rre spond ing to 
the frequency responses of the indi
vidua l paths. 

To recapitu late , in TDS a frequen 
cy sweep converts a delay into a fre 
quency shif t and, as a lin ear sweep 
is used , the conversion ratio is con
sta nt and equal to the sweep rate, S. 



Terminology 
Traditionally the terms frequency 

response and phase response have 
been used for the magnitude of the 
frequency response and the phase of 
the frequency response respectively. 
As the time response was not nor
mally dealt with , these terms entailed 
no ambiguity. However , with TDS the 
magnitude and phase responses are 
available in both the time and the 
frequency domains and therefore the 
terminology must be more explicit. 
The terms used for the four respons
es are: the magnitude of the frequen
cy response (traditionally known as 
the frequency response), the phase 
of the frequency response (tradition
ally known as the phase response), 
the magnitude of the time response 
(also known as the Energy Time 
Curve) and the phase of the time re
sponse . This terminology is not only 
unambiguous but also emphasizes 
the analogy between the time and 
the frequency domain. 

Frequency Response 
To measure the frequency re

sponse of the direct sound alone , i.e. 
the free-field response , the micro
phone signal is passed through a fil
ter which tracks the generator fre
quency with an offset of 30 Hz corre
sponding to the frequency shift of 
the direct sound. Reflections can be 
excluded from the measurement by 
using a filter of sufficiently narrow 
bandwidth (see Fig.2). 

The frequency response of any re
flection can be measured by chang
ing the offset of the tracking filter. 
For example by changing the offset 
to 60 Hz the frequency response of 
the floor reflection is obtained. In 
this case it may be necessary to re
duce the filter bandwidth, B, even 
further as the floor reflection is clos
er to the second reflection than to 
the direct sound . 

Frequency responses measured in 
this way include the phase respons
es. Except for the linear phase shift 
associated with a delay , the phase 
response is the phase difference be
tween the filtered microphone signal 
and the generator. In the B & K TDS 
System, however , the linear phase 
shift is automatically compensated 
for when the filter is tuned to the 
desired component. 
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Fig. 2. Spectrum at the microphone corresponding to three dist inct times during the sweep. t1 
corresponds to the instantaneous picture in Fig.1. During the sweep the whole picture 
will be shifted towards the lower frequencies but the relative position of the compo
nents remains unchanged. The levels of the individual components will change in 
accordance with the frequency responses. Here th e tracking tilter is tuned to measure 
the direct sound 

Time Response 
If the microphone signal is mixed 

with the generator frequency , the 
whole instantaneous spectrum will 
be shifted towards DC as shown in 
Fig.3.a & b. At this stage the pro
cessed signal no longer contains in
formation about the original fre
quencie s. The spectra in Fig.2 are 
aligned with the gener ator frequency 
at DC. 

The magnitude and phase of the 
individual components will , as stated 
above , change in accordance with 
the frequency responses. This 
means that amplitude and phase 
modulations occur which produce 
sidebands in the spectrum. There
fore if the mixed down microphone 
spectrum is averaged over time, T 5 , 

the spectrum will be smeared as 
shown in Fig.3.c. This is the time re
sponse corresponding to the swept 
frequency range, F. The magnitude 
of the time response is oft en re
ferred to as the Energy Time Curve 
(ETC) as it shows the arrival of ener
gy as a function of time. 

Analogy between Frequency and 
Time Response 

The magnitude of the time reponse 
is completely analogous to the mag
nitude of the frequency response. 

Bot h responses are normally dis
pla yed on a logarithmic amplitude 
scale i.e. dB scale . The detector 
used fo r measuring the magnitude of 
the freque ncy response can be con
side red as an envelope detector. 
Similarly , in the time domain the 
magn itude of t he time response (the 
Energ y Time Curve ) is the true enve
lope of the impulse response. In con
trast to the impu lse response itse lf, 
the ti me response is much easier to 
interpret as the picture is not co n
fused by osc illations at the various 
peaks in the transfe r funct ion. Fur
thermore , the log arithmic amp litude 
scal e, not applicable to the impulse 
response , impro ves the dynamic 
range vi sually and exponential de
cays appear as str aight lines . 

The phase of the frequency re
sponse a lso has its counterpart in 
the time do main . The complete time 
and freque ncy responses i.e . includ
ing the phase and magnitude of 
each , represe nt exactly the same in
formation. Both are equall y va li d de
scr iptions of the linear performance 
of a two-port. Bot h representat ions 
have their uses. In some cases dev i
ations from " ideal " behaviour will 
appe ar much more clearly in one do
ma in than in the other. 
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Fig . 3. Signal processing for obtaining the Tim e Respons e. If the microphon e si gnal is m ixed 
with the generator signal (a) the instantaneous spectra in Fig.2 will be aligned with the 
generator fr equenc y at DC (b). As the individual components will be amplitude and 
phase modul ated the spectr um will b e smeared when averaged ov er th e entire sweep 
(c) 
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Fig. 4. Freq uency and t ime dom ain represen tation of three typical two- ports . An ideal system 
appears as a straig ht l ine in both dom ains (a) . A fre qu ency independent reflexion is 
most easily recogni sed in the time domain (b) while a band pass filter is beat stu di ed in 
the frequency domain (c). When the two-port exibits both frequency an d time anoma
li es both representations will prove useful 

Fig.4. shows the magnitude of both 
frequency and time response for 
thr ee different two -ports. An "idea l" 
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two-port i.e. one with a flat frequen
cy response is manifest in the time 
response as a verti cal line (Fig.4.a). 

If a frequency Independent reflec
tion is int roduced int o the system, 
the reflection will appear as another 
vertical line in the time response but 
as a comb-fil ter effect In the fre
quency response as shown in 
Flg.4.b. On the othe r hand, a band
pass f ilter may appear similar to a 
(sin x) / x function In the time domain 
(Fig.4.c). Clearly the differe nces in 
the linear performance should be 
studied in the domain where the y ap
pear more clearly. 

Often it is not easy to distinguish 
between t ime and frequency domain 
effects . In the case of loudspeakers , 
for examp le, the response is due to 
the comb ined responses of the indi
vidua l dri ver units , the cross-over 
network , d iffraction and ref lection 
within the enclosure etc. In such 
cases, where there is a mi xture of 
both time and frequency phenome 
na, both representations will prove 
useful. 

Relation be twee n Frequency and 
Time Doma ins 

As the two domains are so closel y 
related it follows that the parameters 
describing the two representations 
must also be related . Fig .5 (bottom 
right) shows t he representation in 
the two domains. The time respo nse 
shows the magnitude while the fre
quenc y response shows both magni
tude and phase. Both magnitudes 
are shown on a logarithmic ampli
tude sca le and the phase is shown 
on a linear scale. Both frequency and 
time scales are linear. 

Assume that the frequency re
sponse co vers a range of F Hz with a 
resolution of ~ f Hz and that the time 
response covers a range of T sec
onds with a reso lutio n of ~ t seconds. 
Then the frequency resolution, ~f . is 
given by the time range , T: 

M = 1/ T 

where 

T = B/ S = BT 5 / F 

Similarl y the time resolution , ~t . is 
gi ven by: 

~ t = 1 / F 

That is , the resolution in one do
main is given by the range in the 
other domain. 



D D 
for c = for c = 

344 mis 

ti f T 

FREQUENCY & TIME RESPONSE NOMOGRAM 

B tracking filt er bandwidth [ Hz I s Ts sweep time [s l F ti t 

Hz/ 
1000 316 100 31 ,6 10 

* 5 10 20 3, 16 ms 0,2 0,5 1 2 
l--~--l-~~-l--~~-4-~~~~~-t-~-t-~--t~~,-~-t---t--~t-:;,t--,t-~~~-;r--;,t-~ 1 200kHz 5µs 

500 kHz 2 µs 
1 mm 

2 mm 200 kHz 5 µs 

100 kHz 10 µs -+----- --- ----
5mm 

1 cm 

2
cm 20kHz 50µs.!:::=:=:=:=:=:=::::;2~4L::;;:~ 

10kHz lOOµs+---- -- ..----;c.,,<--77..._., 
5cm 

10cm 

20cm 2kHz SOOµsl:::=:::::::;~~~~~::::::;~~ V 

1 kHz 
50cm 

lm 

2 m 200 Hz 5 ms +-..---,,£.._-7"!-E-:ff-r---,,r-r-¥ 

Sm 

10 m 

100 Hz 10 ms -+-..... ~~:..+,,4---::Jw.:..._-,4/.::.....,..c:.,.<.-__., 

50 Hz 20 ms ©~~~~~i~~~~~~~~ 
20 m 20 Hz 50 ms ~~:::::::;~~~~:::Z~~=;:; 

10Hz 100m s~;z'.~~~~~~~'.:i~~~~ j 
50m 

5 Hz 200 msl~~~~~~~~~~~~~~ 100 m 

200 m 2 Hz 500 ms 

1 Hz 1 s 
500 m 

OOmHz 2 s 
1 km 

2 km 200mHz 5 s 

100mHz 10 s 
5km 

50 m Hz 20 s 
10km 

20 km 20 m Hz 50 s 

10mHz .100s 
50 km 

5 m Hz 200 s 
100 km 

t==::z:::::z::.::z::z::::~~r-:~ 

DERIVED EQUATIONS 

F T 
- = - = F . T = B.T 
ti f ti t s 

~---:fl-~~.,.,..--jl~-,,..--,.r--;100kHz 10µs 

.,..'--.,,_-fll'r--~'---f---111'--~--t-50kHz 20µs 

~....,.'*"~'-"'lll'o-,,~~~ .... -t-20kHz 50µ s 

1'7'~~~~...S,'-7<;f--~~"'*"-+10kHz 100µs 

5 kHz 200 µs 

2 kHz 500 µs 

i kHz 1 ms 

b£.._-,..~'r--Jf7.<--~~f-~-+500 Hz 2.ms 

~--,"II--A~-4----,~-oA,-_,..-+ 200 Hz 5 ms 

~-r:fl--Jl-fF7'-'-r.,,__,,.___,,....-+ 100 Hz 10 ms 

Function al 
Relationship 
in Nomogram 

s = _£_ 
Ts 
B 

T =-
S 
1 

ti f = -
T 
1 

ti t=
F 

D = T . c 

50 Hz 20 ms 

• settings 
available 
with 5842 

• optional 
FREQUENCY RESPONSE 

t dB 

TIME RESPONSE 

200 km 2 m Hz 500 s 
NB! frequ ency response measurements only valid for B2 ~ S 81 0934 

Fig. 5. Choice of measuring parameters . The example used in this introduction is indicated by the thick line. Two other combination, of aweep 
time, Ts, and tracking filter bandwidth , B, are indicated by dotted lines. All yield the same frequency and time resolution but those with 
the narrower filters give better signal to noise ratio at the expense of the measuring time 

The spatial range, D, is calculated 
from the time range, T, when the 
speed of propagation , c, is known : 

D = Tc 

A single point in one domain is an 
average of all the information con
tained in the other; that is frequency 
information is lost in the time do-

main and tim e inform ation is lost in 
the frequency domain . 

Frequency Resolution 
As with all other time selective 

techniques the frequency resolution 
is restricted by the time range (or 
time window), T, as mentioned 
above. The time range can normally 
be selected within wide limits but 

must, however, often be restricted in 
order to exclude unwanted reflec
tions from the measurements. It is 
then the measurement environment 
that determines the resolution. If a 
large room is available the reflec
tions can be moved away from the 
direct sound and a wider time range 
selected. On the other hand if the 
reflections are close to the direct 
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sound, a narrower time range must 
be chosen resu lting in a larger fre
quency resolution. 

Note that the TDS technique im
poses no restrictions on the frequen
cy resolution whatsoever. The time 
range , T, and hence the frequency 
resolution can be chosen at will. 

Time Resolution 
The time resolution on the other 

hand was given by the frequency 
range, F. Again there is no theoreti
cal limit, but it is useless to sweep a 
much wider range than that set by 
the system under test - including the 
measuring transducer. 

Signal to noise ratio consideration 
- Choice of other parameters 

Once the time and frequency 
ranges have been chosen according 
to the measuring environment and 
the system under test, it still remains 
to choose the sweep time, Ts, and a 
suitable tracking filter bandwidth, 8. 
Fig.5 also shows the functional rela
tionships mentioned previously in 
the form of a nomogram. 

The example used in this introduc
tion is given in the nomogram i.e. 

F = 20 kHz, Ts= 2 s. A suitable 
choice for 8 in this case could be 
31,6 Hz giving T - 3ms and hence 
11f - 300 Hz (see Fig.2 & 3). 

It is however possible to use other 
combinations of Ts and 8 which will 
y ield the same T and F. This is ex
pre ssed in the following equation 
which can be derived from those 
mentioned above: 

F I ~f =TI !1t = F ·T = 8 ·Ts 

As long as the 8 ·Ts product is 
kept constant (and 82 < S) the same 
F and T can be maintained. The limi
tation 82 < S, also given in Fig.5 , ap
plie s to the measurement of the fre
quen cy response only. It is due to the 
fact that the frequency respon se is 
measured serially while the time re
sponse is the result of a parallel 
analys is. 

Two other possible choices would 
be 

8 = 316 Hz, Ts =0,2 s 
or 8 = 3,16 Hz, Ts =20 s. 

The actual choice depends on the 
required signal to noise ratio in the 

measurement. As the TDS technique 
employs a tracking fi lter, it has in
herently a good signal to noise ratio . 
Actually it can be shown that the TDS 
technique for almost any practical 
measur ing situation offers the opti
mal combination of signal to noise 
ratio and measuring time . 

Obv iously, choosing a narrower 
filter , 8 , at the expense of the sweep 
t ime, Ts, (measuring time ) will im
pro ve the signal to no ise ratio. 
Hence 8 should be chosen so that 
the noise is sufficiently suppressed . 
Normall y this can easily be obtained 
with sweep t imes of the order of a 
few seconds giving effecti vely " real 
ti me" per formance. 

Principle of 
operation 

The princip le of operation of the 
complete TDS system is shown in 
the block diagram of Fig.6 . The 
heav y lines indicate signal paths 
while the thi n lines indicate refer
ence and control signals between the 
various instruments. 
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Fig . 6. Block diagram of the complete system . Signal path s are indicated by thick li nes wh il e reference and control signals are shown with thin 
llnea. The elgnal proceHing in the system la baaed on the filtered intermediate frequency signal, IF, present at the output of the 2010 Analyzer 
Section when this is set to its selective mod e. All response curves eventually appear as DC outputs for recorders and display unite 
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Signal processing in the Het ero
dyne Analyzer Type 2010 and Dis
tortion Measurement Control Unit 
Type 1902 

The input for the device under test 
is taken from the BFO output of the 
Hete rodyne Analyzer Type 2010. The 
output from the devic e under test is 
fed to the input of the Analyser Sec
tion of the 2010. Here the signal is 
mixed with the Ext. Variable Fre
quency coming from the Frequency 
Synthesizer section of the Distortion 
Measurement Control Unit Type 
1902. The signal is then stepwise 
mixed down and filtered . Eventually 
it appears as a signal centred about 
an intermediate frequency of either 
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750 Hz or 30 kHz depending on the 
bandwidth, B. The filter then tracks 
the generator wit h some fi xed fre
quenc y off-set. 

The two instruments are locked to
gether by the fi xed frequency of 
1,2 MHz while the variable frequency 
ranging from 1 to 1,2 MHz carries 
the information about the Genera tor 
signal. When the Heterodyne Analyz
er is operated on its own the input is 
mixed with the variable frequency so 
that the filter tracks the generator. 
When the Distortion Measurement 
Control Unit is connected, however , 
it tak es over co ntrol of the filter po
sition. Normally in the TDS set -up 

Input 

From 
2010 

Output A 

To 2971 

the Distortion Measurement Control 
Unit is operated in the Intermodula
tion mode so that the filter can be 
given some fixed offset relativ e to 
the generator frequency. 

A more detailed description can 
be found in the data sheets for Het
erodyne Analyzer Type 2010 and 
Distortion Measurement Control Unit 
Type 1902. 

Signal processing in the TDS Unit 
The filtered IF signal is then taken 

to the TDS Control Unit for further 
processing. Here the signal is sp lit. 
One part is fed to a fast detector the 
output of wh ich is a DC voltage pro-
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Fig. 7. Block d iagr am of TDS Control Unit. Signal paths are indicated by thick lines while reference and control si gnals are shown with th in lines. 
The diagram is divided into four almost independent section s (Mixer, Detector , Reference and Ramp Section s) in accordance with Fig.6 . 
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portio nal to the log magnitude of the 
frequency respo nse. Ano ther pa rt is 
fed directly to one channel of the 
phase-meter which in turn delivers a 
DC vo ltage proport iona l to t he 
phase. Fina lly the signal is fed to the 
Mixer section in the TDS Control 
Unit. 

In contrast to the exp lanation giv
en in the introduction (Figs.2 & 3) the 
filtered signal is already mixed to the 
IF. This has severa l advantages. 

Firstly, as the detector always op
erates at the same frequency, the 
time constant of the detector can be 
optimised to give the fastest possi
ble ripp le-free detectio n. The same 
applies for the phaseme ter. 

Second ly, the signa l for the refer
ence channel of the phasemeter is 
simply the IF whic h is derived from a 
fixed frequency in the Heterodyne 
Analyzer Type 2010. 

Third ly, as the centre freque ncy of 
the filter will always appear as the IF 
in the 201 O output, the li near phase
shift ment ioned in the introduct ion is 
compensated for automatica lly. 

Forth ly, the down-m ixing to DC il
lustrated in Fig.3 is simp lified as the 
filt ered IF sig nal has only to be 
mixed with the Intermediate Fre
quency. For the reason mentioned 
earlier, it is not the generator fre
quency but the centre fr eque ncy of 
the track ing fil ter wh ich wi ll be 
aligned with the DC. Hence the mix
ing is not perfo rmed precisely with 
the IF but with the IF offse t by a fixed 
freque ncy, so that the centre of t he 
tra cki ng filter wi ll appe ar at some 
known posit ive frequ ency, thus 
avoiding that the components in the 
magnitude of the Time Response to 
the lef t of the centre frequency fo lds 
around the DC. The output of the 
mixer is then fed to one of the Nar
row Band Analyzer s Type 2031 or 
2033 which ca lcu lates and disp lays 
the Time Response in rea l time. If 
desired the magni tude of the Time 
Response can be traced out via the 
X-Y Recorder Type 2308. 

Co ntr ol s ig na ls 
The remainder of the block dia

gram is concerned with contro l sig 
nals. The Ramp Generator delivers a 
fix ed ramp voltage for tuning the X
drive of the recorder and disp lay 
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units. A variab le ramp is used to tune 
the VCO in the Heterodyne Analyzer. 
In order to obtain a stable phase
cur ve the sweep must be started at a 
time where the phase between the 
generator and the tracking fi lter has 
a well-know n relat ionship. The low 
note of the two tone generator in the 
Distortion Measuremen t Co ntro l Unit 
when opera ted in the IM mode con
tain s the necessa ry informat ion. This 
frequency not only co rresponds to 
the filter offset frequency (or some 
fraction of it) but the phase wi ll also 
be the phase di fference between the 
tracking fi lter and the genera tor. It 
can therefore be used to trigger the 
sweep start of the ramp gene rator. 
When the ramp is started, a tr igge r 
pul se is fed to the FFT Ana lyzer (ei
ther the Type 2031 or 2033) so that 
the reco rdi ng sta rts simu ltaneous ly 
with the sweep. 

Descr iption 
Fig .7 shows a more detai led block 

d iagram of the TDS Con tr ol Unit. The 
d iagram is divided into four almost 
independent sections, in accordance 
with Fig.6. As before the signal pat hs 
are shown with heavy lines whi le 
contro l and refe rence signals are 
shown by thin lines. Most of the 
sockets are si tuated on the rear pa n
el (see Fig.8) while most of the co n
tro ls are on the fron t pane l (see pho
tograph on pp.8 & 9). 

Ramp Sect ion 
The ramp section con ta ins a 1 O to 

0 vo lts ramp. The sweep t ime can be 

Adj . X Goin 

~ 
lnpu l 

. ....., 
Mar-ke , Ou tpu1 

6 ' e) 
From 190 2 

Fh,ed Freq . 120 kHz E,n . Trigger 

(@ 6 
From 2010 To 20 31 

Mich In Denmark 

!Ill' 

varied from 0,2 to 5 s in a 1, 2, 5 
seque nce. The ramp is either used 
directly to tune the X-deflect ion of 
the display of the oscilloscope or the 
X-Y Recorder Type 2308 or can be 
passed through a lin./log. converter. 
In the latter case the two uppermost 
decades will cover the whole fre 
quency scale. In both cases the ramp 
is passed thro ugh the rear panel ad
justmen t "Adj. X-Gain" to allow fo r 
differe nt sensi t ivity of recorde r and 
diplay uni ts. 

The ramp outp ut is also fed to a 
set of f ixed atte nuators so that the 
Heterodyne Analyzer Type 201 0 can 
be swept through var ious sweep 
ranges selected by the "Sweep 
Width" cont rol from 0,5 kHz to 
20 kHz again in a 1, 2, 5 sequence. In 
conjunctio n with the multip lier in the 
2010 this gives a total range of 50 Hz 
to 200 kHz. 

Before the ramp is fed to the Het
erodyne Analyzer It is super imposed 
on a DC vo ltage (0 to 10 V) so that 
the chosen sweep range can be off
set as desired within the Heterodyne 
Analyzer's range. 

By switchi ng on the "Set Freq uen
cy" of the "Frequency Marker" both 
ramp ou tputs will be fixed at a fre
quency corresponding to the posi 
tion of the " Frequency Marke r" d ial. 
A comparator delivers a pu lse at the 
"Marker Outpu t" and gives a 5 dB 
shift at the Y-output at the moment 
in t ime cor respond ing to the fre
quency set by the "Frequency Mark-

Ff'eq, Con 1ro l 
Voll•oo In -~ 

To 20 10 

b ;t, B & T Prog ram u. 
To 20 10 

•• 

Fig. 8. Rear pane l of TD S Con tr o l Uni t show ing sockets, t he " Phase Adj ." cont ro l and th e "A d i. 
X Gain" potentiometer 
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Fig . 9. TDS system used for loudspeaker development . The same arrangement is used tor other types of measurements by exchanging the 
microphone and loudspeaker systems for the appropriate transducers and amplifiers 

er" when the marker is on . With the 
marker off, the Pen Lift lifts the pen 
from the X-Y Recorder 's recording 
paper during the return sweep. 

Depending on the position of the 
" Set Frequency" of the "Swee p 
Start", the Ramp Generator will 
sweep the Heterodyne Analyzer 
Type 201 O as follows. In Continuous 
the Heterodyne Analyzer sweeps 
continuously, a new sweep com
mencing when at least 0,2 s have 
elapsed and the sweep being trig
gered from the Distortion Measure
ment Control Unit Type 1902. In Stop 
the ramp will be fixed at 10 V. If Sin
gle is pressed, one sweep is pro
duced as soon as the trigger condi
tion is fulfilled and the sweep will 
return to the upper limit of 1 O V. The 
Sweep Trigger also delivers a trigger 
pulse to the "Ext. Trigger " input of 
either the FFT Analyzer Type 2031 or 
Type 2033 so that the time record 
can be started synchronous with the 
sweep. 

Detector Section 
To obtain the best possible dy

namic range , the detector is of the 
log . RMS type . The time constant is 
selected according to the Intermedi
ate Frequenc y of the Heterodyne An
alyzer output to obtain the fastest 
ripple free detection . The IF depends 
on the bandwidth B of the Hetero
dyne Analyzer, so the time constant 
is determined by the po sition of the 
Bandwidth Control in the Reference 
Section. 

The Dete ctor Section also con
tains an adding network for superim
posing the 5 dB change in the output 

of the Log . Magnitude of the Fre
quency Respo nse. The input from 
the Heterodyne Analyzer is fed di
rectly to channel A of the Phase 
Meter. 

Reference Section 
Apart from setting the tim e con 

stant of the detector , the Reference 
Section delivers the reference fre
quencies for the Phase Meter and 
the Mixe r Section. The referen ce fre
quency for the Phase Meter is a 
square wave with a frequency corre
spon ding to the IF. The IF is deri ved 
from the Heterod yne Analyzer's 
120 kHz mast er clock by dividing by 
4 or 160 acco rding to the position of 
the Bandwidth Control. The rear 
panel control " Phase Adj." can 
change the duty-c ycle of the square 
wave so that the phase can be con
tinuou sly adjusted. 

With Mixer Offset in "Ca l." the re f
erence frequency for the Mixer Sec-

0 Hz 10 kHz 20 kHz 
a ,1, 63 

tion is the same as for th e Phase 
Meter i.e . the IF. With the Mi xe r off
set in "1" or "2" the reference fr e
quency is derived from the crystal 
co ntr o lled oscillators and will be the 
IF offset by 100 Hz and 250 Hz re
spect ive ly. For convenience the 
Bandwidth control remote ly sets the 
bandwidth , 8, of the Heter odyne 
Analyzer. 

Mixer Sect ion 
In the Mixer Sec tion the filt ered IF 

signal from the Heterody ne Analyzer 
is mixed wi th the ref erence fr equen
cy from the Referenc e Sectio n to 
produ ce the time sign al for obtaining 
the Tim e Respo nse by a FFT trans
form in the FFT Anal yzer Type 2031 
or 2033. Zero time corresponds to 
O Hz, 100 Hz or 250 Hz in positions 
"Ca l.", " 1" or "2 " respectively . 

Whe n " Dist. Comp" is "O n" the 
Mi xer out put is pa ssed thr oug h a 
6 dB per octave filter. As a dela y is 

0 Hz 10 kHz 20 kHz 
8 11162 

Fig. 10. Magnitude (top) and phase (bottom) of frequency response of a commercial loud
speaker as they appear on the oscilloscope scr ee n . In th e left .hand photog rap h th e 
trac k ing filter has been tuned for the d irect sound . In the right-hand photog raph the 
tilter is slightly off-tune resulting in a tilted pha se trac e. The Jumps in rig ht-hand 
phase trace are caused by the Phasemeter shifting 360° 
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Fig . 11. Res ponse of a comme rcial loudspeaker. Top : magnitude of 
ti me response. Centr e: magnitude and ph ase of frequency 
re sponse on a linear frequency scale. Bottom : m agnitude and 
phase of frequency response on a log arithmic frequency 
scale. From the time response it is seen that ne ar reflections 
are included in the m eas urements resulting in a comb.filter 
effect in th e fr equency response. This effect is bes t see n on a 
lin ear frequency scal e. At high frequ enci es the comb-filter 
effect could easily be mistaken for noise wh en d is pl ayed on a 
logarithmic fr equency scale 
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Fig . 12. Sam e as Fig .11 except that a narrower filt er is used in order to 
exclude the near reflections thus measuring only the direct 
sound i.e. th e free-field response of the loudspeaker i tse lf 



Fig. 13. Complete TDS system used to obtain the results shown in Fig.11 & 12. 

converted into a frequency shift this 
automatically compensates for the 
inverse square law provided the Mix
er offset is in the "Ca l." position and 
the tracking filter offset is set to 
zero. 

Examples of Use 

Time dela y spectrometry (TDS) in 
itself has a vast range of applica
tions. Moreover the B & K system, 
made up of standard instruments of
fers a wide choice of other meas ure
ments as each piece of equipment in 
the setup retains its original capabil
ities . For example , advanced distor
tion measurements and noise analy
sis can be ca rri ed out using parts of 
the complete TDS instrumentation. 

The modular design also allows 
the B & K system to be tailored to 
any specific application. If the fre
quency phase response or the time 
magnitude response is not consid
ered important , then the Phasemeter 
Type 2971 or the FFT Analyzer Type 
2031 / 2033 respectively can be omit
ted. Often , however , both the com
plex frequency response and the 
time response yie lds valuable 
information . 

The basic instrumentation togeth
er with the expanded versions are 
listed under the Specifications on 
page 16. A schematic arrangement 
of the complete TDS system, used in 

this case for loudspeaker meas ure
ment , is shown in Fig.9. By exchang
ing the mea suring microphone
/p reamplifier assembly and the pow
er amplifier with the corresponding 
transducers and amplifiers of anoth
er sys tem (e.g . hydrophones and 
acoustic emission transducers) the 
same arrangement can be used for 
measurement s on another system. 

Loudspeaker development and 
quality control 

A typical application for the com-
plete sys tem is loudspe aker 
development. 

The responses of loudspe ake rs 
normally display both frequency
and time-domain related irregular
ities. At high and low frequencies the 
response will drop off due to varia
tions in the acoustica l and electrical 
impedance. On the other hand dif
fraction at the edges of the cabinet 
can bring about a who le series of 
delayed signals most easily recog
nised in the time domain. Conse
quently, although expressing the 
same information, both frequency 
and time response are essential for a 
quick lo calization of the trouble. 

Linear frequ ency phase response 
is imp ortant not only for audible rea
sons but also to ease design of cross 
over networks for multiway speak
ers . If the separate drivers are not 
time aligned the phase response will 
display sudden changes of slope at 

the crossover f requencies. Also by 
comparing the frequenc y magnitude 
and pha se responses it is poss ib le to 
check the individual dri vers for mini
mum I non -minimum phase 
behaviour. 

The high sensitivity of the freque n
cy phase response to changes in t he 
transmission time proves very help
ful fo r the in itial adjustment of the 
delay compensat ion. Fig. 1 O illu s
trates the inf luence of a slight off
tu ne. A lthough only minor dev iations 
are seen in the magnitude respon se, 
the phase response is radicall y 
changed. 

Figs.11 and 12 show some results 
from measurements of the response 
of a commercial loudspeaker. The 
setup itself is illustrated in Fig .13. 
T he response is measured with and 
without the influence of close ref lec
tions and frequency response is di s
played bot h wit h a logarithmic and 
wit h a linea r frequency ax is. The log
arithmic display can be recorded ei
ther as in Fig .11 and 12 where one 
division corresponds to one thi rd
octave or on logarithmically calibrat
ed recording paper. 

The time response itself provides 
a very efficient method of improv ing 
the impulse response of a loud
speaker . The quality of the direct 
so und is ver y important for the lis
tening results since it arrives first at 
the human ear and the first few mill i-
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seconds are typically unaffected by 
the room reflections. Fig.14 shows 
the first 2 ms time response from a 
high quality loudspeaker with and 
without a hood. The responses which 
are based on the total frequency 
spectrum clearly reveal the in
creased diffrac t ion and reflection 
caused by the hood. The width of the 
added peaks are very narrow Indi
cating a broad band phenomenon. 

The low measuring time of typical
ly 0,5 - 2 seconds is a great advan
tage for development work where 
the effect of electrical or mechanical 
modifications of speakers can be 
monitored in "real time". 

For quality control it is often suffi
cient to check the magnitude of the 
frequency response. The reduced 
version of the TDS-system is ideally 
suited for this purpose. Influence 
from both reflections and the noise 
normally present in a production en
vironment is eliminated even when 
using short measuring times. If the 
best possible signal to noise ratio is 
not required, the 1902 may also be 
omitted. 

Hearing aid development and 
testing 

One of the most demanding mea
surements in hearing aid develop
ment is that of determining the di
rectional characteristics of aids 
equipped with pressure gradient mi
crophones. Such microphones are 
extremely sensitive to pressure gra
dient variations especially for rear 
incident , low frequency sounds for 
which a 3 dB measurement error at 
400 Hz typically occurs for only a 
0, 1 dB or 1 ° variation in the sound 
pressure at one of the input ports of 
a directional hearing aid. Conse
quently these measurements previ
ously necessitated a large , anechoic 
chamber. With TDS such measure
ments can be performed in an ordi
nary room or even a reverberation 
chamber. Results of such measure
ments are shown in Fig.15 for four 
different angles of incidence of the 
sound. The deviations between these 
curves and those obtained in an an
echoic chamber for frequencies less 
than 1 kHz are Jess than 1 to 2 dB. 

Room Acoustics and 
Insulation 

Sound 

For room acoustics and sound in
sulation both frequency and time re-
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Magnitude of tim e response of a comm ercial loudspeaker 
corresponding to a frequen cy range of F ~ 50 kHz 
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Fig. 14. Time response of a commercial loudspeaker with and without hood. Only the first two 
milliseconds are shown corresponding to the direct sound. The effects of reflections 
and diffraction around the hood are clearly seen in the right-hand response. To obtain 
a better time resolution a wider frequency range was swept for these measurements 
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Fig. 15. Results of the very demanding measurements on a hearing aid equiped with a presaure 
gradient microphone. Using TDS the measurements are disturbed neither by back
ground noise nor by presaure gradient variations in the sound field 

sponse measurements are relevant. 
The time response is used to investi
gat e the total reflection pattern of a 
room and to identify the sound paths 
through windows , doors, etc. Know
ing the physical distances involved it 
is an easy matter to determine the 
sound path related to a certain peak 
in the measured time response. 

Isolation of a specific part of the 
time response enables measurement 
of the corresponding frequency re
sponse. The reflective properties of 
e.g. the ceiling of a room can be 
evaluated by comparing the re
spon se of the reflection to the direct 
response. For this purpose the 
square distance attenuation and the 
dire ctional properties of the loud
speaker must be taken into account. 

Transmission loss and reflection 
coefficient of absorbing materials 
can be measured for various ang les 
of inc idence by inserting a piece of 
the material into the direct path or 
next to an ideally reflecting surface . 

A special applicat ion is checki ng 
anechoic rooms for reflections. 
When testing highly directional 
transducers reflections even more 
t han 30 dB lower in level than the 
direct sound can easily influence the 
measurements. 

When basing the time response on 
a narrow frequency range the rever
beration time of a room is simply 
derived from the slope of the re
sponse. The large memory of the 
High Resolution Ana lyzer Type 2033 



is particularly suited for this use as it 
enables the analyzer to make an 
automatic scan of the reverberation 
decay versus frequency. It can also 
display the average reverberation 
decay for a wider frequency range 
(see Fig.16) . 

B & K Microphones used as sound 
sources 

A condenser microphone can be 
used reciprocally i.e. as a sound 
emitte r as well as a sound receiver . 
When correctly chosen and compen
sated a condenser microphone 
comes close to being an ideal sound 
characterised by a very flat frequen
cy response over a wide frequency 
range and small physical dimensions 
(Fig .17). A major limitation of con
denser microphone sources is the 
relatively low sound pressure levels 
and consequently the poor signal to 
noise ratio obtainable with most 
measuring techniques. However this 
limitation does not apply to the TDS 
technique due to its outstanding 
noise rejecting properties. In normal 
non-anechoic environments, TDS 
can provide signal to noi se ratios of 
well above 40 dB. Thus wi th TDS a 
condenser microphone sound 
source becomes a straightforward 
tool for a multitude of otherwise 
cumbersome two-port measure
ments such as scale model tests, 
acoustic impedance, investigations 
of absorbers and reflectors , calibra
tion of other microphones and cre
ation of well-defined sound fields. 

Other Applications 
The examples mentioned above 

have been selected from the elec
troacoustical and room acoustical 
fields and only give a brief idea of 
the possibilities of the Brue! & Kja3r 
TDS equipment. Another electroa
coustical application is the measure
ment of loud speaker and hands-free 
telephones in an ordinary laboratory 
or on the production floor. The time 
selective frequency response and 
the time response has , however, just 
as many uses in the underwater , 
acoustical , mechanical and electri cal 
fields. A few examples are given 
below . 

Crack detection 
When a sound wave propagates 

along an air filled tube or a solid 
structure holes and cracks will gen
erate reflected waves. By measuring 
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Fig. 16. Reverberation decay measured with the TDS sys tem. The zoom facility of the 2033 can 
be used to obtain a longer time response, so that complete reverberation decays can 
be st udied in detail. The scan average has been used to compreH the 4000 line time 
response to 400 lines 
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Fig. 17. Total frequency response ol two 1/2 " Microphones Type 4133, using one as an emitter 
and the other as a rece iver. Devi ations from the ideal !lat response can be equa lly 
attributed to the emitter and the receiver thus making the 10 dB division on the vertical 
axis equivalent to 5dB per microphone . For signa l to noise evaluation the 10dB 
divi sion is valid 

the time response one or more 
places along the structure holes can 
be located and their sizes roughly 
judged . 

Delay compensation in tape 
recorders 

Tape recorders exhibit a signifi
cant delay between recording and 
playback heads. Normally this ne-

cessitates very long measuring 
times for se lective swept measure
ments of frequency response and 
distortion. By compensating for the 
delay, bias optimisation can be car
ried out in "real time" by monitoring 
alternately the frequency response 
and the 3'd order difference frequen
cy distortion. 
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Transient response of filters 
Anti-aliasing filters, although pos

sess ing flat frequency responses 
wi thin the audible range, often pro
duce audibly different results . From 
the time response it can be seen that 
the filters will have very different re
sponses to transients. 

Ramp Generator Section 
Sweep Time: 0,2s; 0,5s; 1,0s; 2,0s and 
5,0s ± 1%. 
Tim e between sweeps (conti nuou s mode): 
0,2s 

Ramp Amplitude (Sweep Width): 0,25; 
0,5; 1,0; 2,5; 5,0 and 10,0 Vpp ± 1% 

Ramp Lower Limit (Sweep Start) : Ad
justable O - 10 V (10V cor respond s to 
2 kHz or 200kHz depending on 2010 fre
quency range sett ing) 

X-Output for dlaplay and recording: -SV 
to +SV nominal . Adjustable ± 50%. Mini
mum load Impedance 5 k{l 

Logarithmic conversion of X-output: 
Upper 2 decade s of sweep displayed on 
full X-range Linearity better than ± 5% 

Ramp trigger voltage: 
300 mV positive slope 

Trigger output: 
Positive going pulse slope 

Marker (Marker Switch "O n"): 
I ms pulse appearing as 
1: O Vat marker output (normally + 15 V) 
2: an Increase of 0,5 V at Y output 
Can be positioned anyw here within the 
sweep limits . 
Marker output source Impedance: 10 k{l 

Pen Lift (Marker Switch "Off") 
TTL "O" during sweep (max. current drain 
10mA) 
open output between sweeps (max. vol t
age 15 V) 

Detector Section 
Logarithmic RMS de tector 
Rated Input voltage: 10 V 
Rated output voltage: 0 V 
Conversion ratio : 10 dB to 1 V 
Minimum load Impedance: 5 kn 
Dynamic range : > 70 dB 
Crest Factor capability: 3 
Linearity of con version : Bette r than 1 dB 
Averaging time: 0,7 ms (2010 IF= 30 kHz) 
7 ms (2010 IF = 750 Hz) 

Phas e Reference Section 
Measuring signal output 
Amplitude: max. 10 V rms 
Minimum load Impedance: 15 kn 
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Underwater acoustics 
Wit h its 200 kHz frequency range 

capabi lit y, the TDS system is an ex
cellent tool for research and devel
opment in underwater acoustics. 

Summary 
From the range of applications it is 

Specifications 5842 
Square wave reference output 
Amplitud e: 8 Vpp 
Minimum load Impedan ce: 15 kn 
Frequency: 
30 kHz for Fllterbandwldth ~ 316 Hz 
750 Hz for Fllterbandwldth ~ 100 Hz 
Derived from 2010 masterlo ck 
Phase adjustment range : > 270° 

Mixer Section 
Mixer frequencies tor 2010 IF output 
Mixer offset po s. "Cal": O Hz 
30 kHz for Fllterbandwldth ~ 316 Hz 
750 Hz for Fllterbandwldth ~ 100 Hz 
Derived fr om 2010 masterclock 

Mixer offset pos. "1": 100 Hz 
30, 1 kHz for Fllte rbandwldth ~316 Hz 
650 Hz for FIiter bandwidth ~ 100 Hz 
Derived from crystal oscillators 

Mixer offse t pos. "2" : 250 Hz 
30,25 kHz for Fllterbandwldth ~ 316 Hz 
500 Hz for Fllterbandwldth ~ 100 Hz 
Der ived from crystal oscillators 

Nominal output: 10 V 
Minimum load Imped ance 5 kn 

Noise and spurious frequencies 
60 dB below nominal output 

Distance compensation 
+ 6 dB pr. octave filter 
Frequency range : O - 250 Hz 
Unity gain frequency: 50 Hz 

General 
Operating temperature: 10° to 40°C (50° 
to 104°F) 

Power Supply: 
100,115, 127,22 0, 240V ( ± 10%) 
50 to 60 Hz, 10 VA 

Cabinet: 
Supplied as model A (light-weight metal 
cabinet) 

Dim ensio ns and Weight: 
Height: 132,6 mm (5,2 in) 
Wid th: 209,5 mm (8,3 In) 
Depth : 200,0 mm (7,9 In) 
Weight: 2,7 kg 

Acceaaoriea included: 
2 Contro l cables ........................... AO 0034 
1 Power cable ................................ AN 0020 

seen that the TDS system is suited 
for fast measurement of trans fe r 
functions within the frequency range 
2 Hz - 200 kHz. The responses can 
be presented in both time and fre
quency domains. For a given mea
suring time no other method offers 
comparable rej ection of reflections 
and noise. 

Spare fuses 125 mA ...................... VF 0030 
Spare fus es 250 mA ...................... VF 0031 
Control cable ................................. WL 0380 
(for Type 2308 X-Y recorder 
pen lift) 
Kit for 2971 modification ............. WH 1073 

Bas ic instrumentation for TOS (not in
cluding transducers, preamplifiers 
etc.): 
Time Delay Spectromet ry 
Contro l Unit.. ................................ Type 5842 
Distortion Measurement Con-
trol Unit ........................................ Type 1902 
Heterodyne Anal yzer ................. Type 201 O 
X-Y Recorder ............................... Type 2308 
Power Am plifier , e.g ............... .. Type 2706 
Osc illoscope (va riable pe rsis-
tence screen and external X 
input. Dual channel for slmu -
taneous display of both mag-
nitude and phase) .................................. . 
1 Screened cab le, B & K 
plugs , 1,2 m .................................... AO 0014 
5 Screened cables, B & K-
BNC , 1.2 m ....................................... AO 0064 
5 Screened cables. BNC 
plugs . 1,2 m .................................... AO 0087 
2 Contro l cab les, 8 pin plugs. 
1,5 m ................................................ AO 0034 
1 Control cab le, 8 pin plug -
BNC. 1, 1 m ....................................... WL 0380 
2 Connectors. BNC-T pi ece .......... JJ 0152 
Recommend ed recor ding 
pap er ................................................ OP 1002 

Additional instrumentation tor phase 
measurements: 
Phasemeter (Including Modifi-
ca tio n WH 1073) ......................... Type 2971 
3 Scree ned cab les, BNC 
plug s, 1,2 m .................................... AO 0087 
1 Connector , BNC-T piece ............ JJ 0152 

Additional instrumentation lor time re
sponse measurements 
Narrowba nd Analyz er ................ Type 2031 
or ................................................................ .. 
High Reso lut ion Analyzer ......... Type 2033 
1 Screened cable , B & K-BNC , 
1,2 m ................................................ AO 0064 
1 Screened cable, BNC plugs , 
1,2 m ................................................ AO 0087 
1 Con trol cable, 8 pin plugs. 
1,5 m ................................................ AO 0034 


