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THE HILBERT TRANSFORM 

by 

N Thrane. (Ph D ) 

ABSTRACT 

complex, wen yield two new "set" prapertes - the Envelope and the lnrtanta 
neoua Frequency Pracflcal use of the Envelope funcflon IS demonstrated 

SOMMAIRE 
LB theorse de la transtormee de ~ m r t  tncorporee dens les ~nalyseurs de 
s8onaux b8canaux Tvoes 203212034 esf ardsenfee dans cef artlcle Par cefle 

demonfree dans cef arflcle 

ZUSAMMENFASSUNG 
Dleser Arflkel sfell! den theoretlschen Hlntergrund der Hllbert-Transtormaflon, dle 
in d#e Bruel&Kwr Lwelkanal-Slgnalanaly~~fffff 2032 and 2034 elngebauf 131. 

VOI M ~ I  dleser ~ransformat~on wlrd aus der normalen, realen reltlunktlon eine 
komplexe Funkflon heigesfellf, welche m e #  neue nutrlicne E#genschaiIen besitzt 
- dle Elnhililende ""d die Momentanfrequenl Ole prakflsche Anwendunp der 
Elnh"llenden W8.d demonsfrlerf 

In t r~duct ion 
The newly developed 2 ch. FFT analyzers. Types 2032 and 2034 incorpo- 
rate discreetly a unlque feature - the Hilbert Transform Al tho~gh the 
name Hlibert does not appear on the screen, thls transform is manlfert- 
ed by the fact that all the normal real-valued time damaln functions 
(Correlation, Impulse Response etc 1 are ~n fact complex-valued func- 
ttons ~n the 2032 and 2034 This 1s because the lmagmary part of a 



function 1s the ~ l l b e r t  Transform of the real part Hence, these time 
f~nct1011~ can be displayed s~m#iarly to the frequency domaln functions in 
terms of their real part, imaginary part, magnltude, and phase, vs time. 
with even "Nyquisf' and "Nichols" plots belng avaliabie. The magnltude 
describes the envelope of the slgnal. and slnce the magnltude is a 
positive quant~ty ~t can be displayed on a logartthmlc amplitude scale, 
g i m g  a large dynamic display range also I" the tbme domain. Thls 
envelope function is similar to the Energy-Time Curve, or ETC, known 
from Time Delay Spectrometry Also the phase representation 1s of 
mterest, since tt allows the detectlo" of "instantaneous frequency". 
which IS of Importance for signals sweeping ln frequency wlth tlme 

The man appltcations of complex tlme domain funct80ns are found ~n 
propagatlon delay estlmatlon (envelope of the Cross Correlation) and ln 
the study of Impulse Responses 1-Energy-Tlme") 

While the Fowler Transform moves the Independent var~able of a slgnal 
from the time to the frequency domaln or vlce versa. the Hllbert 
lransform leaves the sgnal in the same domain The Hilbert Transform 
of a time signal 1s another ttme stgnal and the Hllbert Transform of a 
frequency "signal" 1s another frequency slgnal 

I ~.,.., 
Fig. 1 Hllbert Transforms of a srnusord 



The slmplest non-mathematical way of descrlblng the Hilbert Transform 
of a tlme slgnal is to say that it glves all the frequency components of a 
signal a -90' phase shift, or in the time domain that st shifts each 
component by 114 wavelength. Thls effect 13 similar to an lntegratlan of 
the slgnal As an example, the Hllbert Transform of a slnuso8d is shown 
m Flg.1. Uslng the letter r to denote the Hllbert Transform 11 1s seen 
that 

W ( c o s 2 r f f )  = s l n 2 r h  W ( ~ i n 2 ~ 1 1 )  = - ~ o s 2 ~ I t .  etc 

Nmce that the shlft 4s not a given tlme shllt, but depends on the 
wavelength (or frequency) of the particular component 

Delinition 
The Hllbert Transform of a real-valued time signal, a([). is defined as 

However, before we can explore thls equatlon wlthout lnvolvlng too 
much mathematics. we must prowde ourselves with a few tools. 

1. symmetry properlres of the Fowler Transform 

7 7  7  7  
a(!) - ~ ( f )  s a(-[) - A(-f) - e l f )  

where 7  means Fourier Transform 

From this tt can easlly be "seen" that 

Reven. Xodd 

r-0 

2. The convolubon theorem 



where " * '  denotes "convolution". Equations 4 and 5 express the convo- 
lution theorem. i.e, the Fourier Transform of a convoiutvm of two time 
signals IS the product of the Fourler Transforms of the s!gnals, and vlce 
versa. 

3 Slgn function 

has the following Fourler Transforms 

and 7[ - 5 1  = sgn I 

Eq.6 1s illustrated ~n Flg 2 

With these tools we can new rewrite Eq.1, recogntang that the Htlbert 
Transform 1s a convolut~on jEq.3): 



-,,.. 
Frg 3 The effect of the Hilbert Transform of a tme slgnel as seen m the 

frequency domain 

Using the Fourier Transform and Eq 7 

The symbol " L  mdicates that the phase of A , ( f )  has been changed by 
90°, compared to that of A(f ) .  

NOtlCe that Eq 9 states that in the frequency domain the Hllbert trans- 
form corresponds to a phase change of -90' (-0 for pasltlve frequen- 
cies and +90e(r )  for negatlve frequencies Thls 1s illustrated in F8g.3 

t m,,.6 

F g  4 Hllbert Transforms of a smuso,d as seen ,n the frequency domsm 



Flg4 shows the Hllbert Transforms of Flg 1 as seen in the frequency 
domaln 

F I ~  3 a150 lndcates an easy way of calcuat8ng the Hllbert Transform of a 
time signal by Fourier transformlng to the frequency domaln. changmg 
the phase of each of the frequency components by 590'. (depending on 
whether they are pos~tlve or negat~ve frequency], and then lnverse 
Fourier transformlng back to the time domaln 

The ~nverse Hllbert Transform (somet8mes called the "Berthll" Trans- 
form) IS  deflned ~n a manner slmllar to Eq 8 and Eq 9 

Therefore the Inverse Hllbert Transform corresponds to a phase shlft of 
90" 8n an oppos~te dlrect8on to the Hllbert Transform ltself 

Causal Signals 

A s~gnal. for example a time signal. 1s called causal 11 11 equals zero for 
negatlve f 

a ( t l = O  f - 0  

F1g. 5 A causal tme srgnal shown as a sum of an even srgnal and an 
odd $&ma1 



As shown 8n F8g 5, such a s g n a  can be wrmen as a sum of an even 
Slynal a, (1) and an odd slgnal a, (1) 

#It1 = %I t !  + a o I t l  

U m g  the symmetry properties of the Fourer Transtorm we tlnd 

3 [a , l f l l  = R V l  

J l a , ~ f l l = i X ~ f l  

and hence ? [ a ( t ) ]  =R ( I )+ ,X j f i  

For the causal slgnal a l l ) ,  a, and a, are not ndependenf of each other 
Since 

hence, R(1l and X(1) must also depend on each other Usny the Fourlrr 
Transform and the convoutlon theorem we tlnd 

Hence for causal tlme sgnas,  l e g  the lmpulse response of a physically 
realizable system), we find that the real and maglnary parts of the 
System's frequency response are related by the Hllbert Transform 

For a Causal System: 

Impulse Response h i t )  ( h ( t ) = O  f - 0 )  

Frequency Response Functlon t i l t )  = 7 [ h ( t ) ]  

= R(f1 + rX(f1 

where R i l l  = Z' [ X l f ) ]  



Nottce that although thls dlscussm has been concerned with causal 
tlme signals. the same relatlonshlps wlll apply to a causal (I e one slded) 
frequency slgnal 

and 8( t l  1s the (Instantaneous) phase- 

,I(!] = tan-' Lu 
at1 

The rate of change of phase IS  the mstantaneous frequency 

<([) = l m 
277 dt 

An example wlll help clarlfy thls 

IIIII I = 1 I e . a constant 

In thls case the analytic signal 8s a splral revolving uniformly around the 
tlme axls as shown tn Flg 6 The real part of the slgnal IS  a c o m e ,  the 
lmaglnary part a m e ,  and the "Nyquist" plot (the slgnals propctlon on 
the real-lmaglnary plane, as seen along the tlme a m )  8s a clrcle The 
magnitude 8s constant, and the phase IS  a lhnear tunctlon of time 



n g  6 The analyNc sgnal of a cosrne 

lncreaslng 2" per perlad. 8 e .  having a constant slope corresponding to 
the "instantaneous" (but constant) frequency 1, 

Going back to Eq 13. 

a"jt) = a( t )  + a ( t )  



f 

Fr9 7 The spectrum. AifJ. of a real trme stgnal, all), compared lo the 
specbum, d i f ~ ,  of the corresponding analytic sgnal, &I) 

we tlnd using the Fourier Transform 

&I] = A l f )  + i A,(/) 

= A j f )  + sgn I A l f )  

I e, a one-sded spectrum 1s obtained, as shown ~n Flg 7 Hence. the 
analytlc slgnal only mcludes the posltive frequency components, 8 e the 
complex vectors rotating 8" the poslflve dlrectton 

Wlth the mtroduct8an of the analytlc slgnal, we have flnally abolished 
negatlve lrequencles, but have introduced mstead complex tlme signals 
However. new useful properties are gained - the Envelope and Inatanta- 
neous Frequency. 

A practical use of the envelope funct~on 1s demonstrated I" F8g 8, where 
the Impulse Response of a system IS  shown ~n two different ways The 
upper part shows the tradltlonal presentatlon, 8 e the real part of the 
analytic slgoal on a llnear amplitude scale The lower part shows the 
envelope or magnctude of the analytic signal on a 40 dB logar~thmic 
scale It 1s clear that the lower presentatlon allows for a much e a s w  
determlnatlon of system delays (peak posltlons of the magnitude). and 
for a much more detalled study of the actual shape of the tunctlon. 
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F g  8. Two preSentatmos of the Nnpolse Response of a physical system. 
Upper part Tradrtional method 
Lower part: Envelope cabuleted using the Hilbert Transform 

A further discussion of the practical use of the envelope function can be 
found in "Dual Channel FFT Analysis" by H. Herlufsen. B & K  Technical 
Review NOS 1 and 2-1984. 



APPENDIX 

For causal systems the Impulse Response hit1 8s causal, I e h(1l = 0 far 
t < O  

The Frequency Response 8s 

H(f1 = 7 I h ( t l l  

= Rj f )  + iX[f) = A ( f ) e ' ~ " l  

where R i l l =  b [ X ( f ) l  

Does a slmllar Hllbert transform relattonshlp exlst between the ampli- 
tude response A l l /  and the phase response c,>[f)7 

Ye5 - and no For minlmum phase systems there 85 a ielatonshw 

~ n y  Transfer Function ~ [ s )  can be characterized by ~ t s  poles and zeroes 
n the complex frequency plane - the s-plane 

where the a's are zeroes and the b s  are poles 

Also such a Transfer Function can be wrltten as a product of two parts 

H@I = H(st,,,  HIS),^ 

H(s),. 8s the so called mtnwnum phase part, where all poles and 
zeroes are placed m the left hand half [real part 0) of the 
$-plane, gwng a mlnlmum phase shlft and hence the 
5mallest delay between lnput and output for the gwen 
amplitude characterist8c 



HIS) , .  15 an "all-pass' part, where the poles and zeroes are 

5-a  
negatve conlugates of each other 1 e of the form - 

5 + a  

The amplitude characterlstlc of thm part IS equal to one 8 e 
only the phase of H(s1 IS  Influenced 

It can be shown tor the mmmurn phase part of the Frequency Response 
Functlon that 

Thls relatonshlp mdlcates that for a gven amplitude characterlst~c the 
H~lbert transform can be used to flnd the correspondmg mlnlmurn phase 
characterl~tlc A proof of thls relatlonshlp can be found 8n "The Fourler 
Integral and ~ t s  Appl~catlons" p 204. McGraw-Hill, 1962. by A Papouls 





I n t r ~ d ~ c t i o n  
in some applcatlon flelds. for example, hearing research, there IS  a need 
10 measure very low sound pressure levels. I" the order of -1OdB re. 
20p Pa ~n thlrd octave bands or lower 

The lowest nolse level m8crophone systems exlstlng today, have typlcal 
Inherent noise levels of 10 to 15 dB(A) or 5 to 5dB  ~n the thlrd octaves 
between 20 Hz and 20 kHz The n o w  spectrum of such a system is 
shown rn Frg 1, curve A 

Slnce the lowest sound levels of Interest cannot be measured by such 
systems dmctly, use must be made of advanced slgnal processing and 
tlme consuming procedures durlng whlch the experimental conditions 
may change To overcome these dlff~cult~es, experlmentr have been 
CBrrlea out to reduce the lnhereot nolse from the mternel sources of  the 
microphone systems These n o w  sources are partly m the microphone 
cartrldoe and oartlv 8n the oreamollfler Whlle the cartrtdoe nolse con- 
tribute; to the spectrum A !i has been elmmated m spectrum B 8n Fig 1. 
which shows the preampllfler nose only. For the measurement of spec- 
trum 8, the Cartridge was substituted by an equivalent capacitor 

AS can be seen, a slgn#f#cant nome reduction requlres mlnlmlzatlon of 
cartridge noise as well as preamplifier nolse. 

Flg 1 Thrrd octave analysts of Preamplmer oufpuf Norse Voltages 



Experimental Low Noise Preamplifier 
Durlng the iast t o  - 15 years the mherent nolse of preampl#flers has 
been slgnltlcantly reduced Thls s malnly due to the Fleld Effect Trans#$- 
lor which has replaced the vacuum tube The domlnatlng noise sources 
of Preampllflera are described 8n the literature and shall not be d8s- 
cursed m this paper 

However, by appropriate component selection and careful opt#mmt#on 
01 the clrcult, ~t has been posslble to make expermental pieamplif8ers. 
h a m g  a 6 - 10 dB lower nose e v e  than correspondng preampiltlers 
which are available today With a source capacitance of 50 pF they have 
typically an A-welghted nolse level of 0,7 i i V  and 1 2 uV for f a t  welghtlng 
from 20 Hz to 20 kHz, the nome spectrum of such an experimental 
preamplmer is shown ~n Fig I ,  curve c 

The noise has been reduced to a level whlch corresponds fa the nose of 
the mput stage of modern measurng ampimers A o w  notse voltage 
ampllfler has therefore been comblned wlth the preamplifier to rase ~ t s  
output level by 20 dB. whlch thus elhmlnates the influence of the measur- 
~ n g  ampllf8er nalse Extra f l l trat~on of the supply voltages has been 
necessary to mln!m\ze hum components in the nose 

Notle sources 01 Condenser Microphone Cartridges 
Analym 01 transducer characteristics are often s#mpl~f!ed by use of 
equivalent electrlcai networks This 8s also relevant 8n connection wlth 
analys15 01 inherent nolse tn mlcrophone cartrdges A useful condenser 
mlcrophone model s shown 8n Flg 2 In electr8cal as well as acoust8cai 
~ i r c ~ l t s  Thermal Nome 8s produced by reswances or dampmg mecha- 
n8sms The nmse pressure produced by an acoustical resmtance IS  

determined by the fol lowng formula 

- 
pni  = mean value of squared pressure 
K = Boltzmann s constant 
T = absolute temperature 
R, = acoustlcal res~stance 
I =frequency 



h g  2 Model of Condenser Microphone Cartridge 

I w d e  Condenser m8Crophone~ there wlll normally be two such sources 
One source belongs lo  the darnplng rnechanlsm behlnd the dlaphragm 
(R ,  1 and the other one to the resldtance o l  the pressure equaltratlon 
vent (R,) 

The tmpedance loading the dlaphragm an 11s outslde (2,) has a real part 
(R,) which also produces thermal r m S e  In prlnclple there IS a corre- 
spond~ng mpedance lZ,I and resistance I RaI connected to the outside 
open~ng of tne equallsatlon vent 

ln the equwalenl circuit the internal nolse pressure generators can be 
treated as ~f they were connected to the respective acovstlcal lnput 
termlnals To determine the contrlbutlon of each nolse generator to the 
overall cartridge noise, the spectrum of each generator should be 
mult~pl~ed by the transfer funct~on between the respectwe acoustlcal 
mput termmals and the electrtcal output termlnals 

Smce the typlcal resistance values of Type 4145 are known. thelr nalse 
can be calculated The two transfer functions from the acaustlcal inputs 
to the e l ec l r ~~a l  output are also mown, lrom the diaphragm termlnals 11 
1s prsct~cally equal to the pressure response. as the outslde load on the 
dlaphragm. 2, 1s small compared wlth the acoustlcal impedance of the 
d~aphragm and ~ t s  Internal damplng The transfer funct8on from the vent 
open~ng decreases by 20 dBldecade from the lower lhmtlng frequency at 
the cartridge. 1.5 Hz la  about 1000 Hz where ~t starts rolllng off at a 
hlgher rate 

~ r o m  tne ao2.e I can or ~ m n n  mgt me "3. d . gr t ~ a n t  uu s: source an 
~ , p e  4145 5 R. tne a amragm damp ng A! I r eqmwes  Ueaa 30 nz lne 
.en1 re5 smrlce R P me m o a  s qn I can1 no re  -o.rcr 



Experimental Low Noise Microphone Cartridge 
Slnce the most serious cartrldge nolse 8" Type 4145 and other exstlng 
microphones 8s produced by the diaphragm darnplng res~stance R , .  
expertments have been carrled out to rn lnmze thls effect, resulting m 
the development of 1 "  cartrdges having a reslstance 40 times lawer 
than that of Type 4145 

AS it ha5 not been pract8cally posslble to reduce the diaphragm mass 
and stiffness proport8onally the frequency response of the microphone 

IS  Obtalned for cartrldge and network up to 13 kHz wlthln 1 dB, see F8g 3 

The sensltlvlty of the cartridges IS  Increased by 6 dB compared to Type 
4145, I s 2 0  dB re 1 V per Pa 

The sensltlvlty "crease mlnlmzed the influence of the prearnplitler noise 

correspondingly, also the cornpensatlon network ahlch IS cornblned wtth 
the preampllfler contr8butes to the name reduction 

The darnplng reslstance. R., of the low nose microphone 1s typca ly  
t,25 lD"s/mi I t s  nmse pressure (L43 l O - ' P a l ~ R ? o r  -43 dB SPL for 
1 Hz b w 1 85 16 dB lower than for R, of Type 4145 The output voltage 
n01se spectrum 1s also 16dB lower, as the transfer function of the 



experimental cartridge wlth compensating network is the same as that of 
Type 4145. see the thlrd octave spectrum 8n Fig.4 

Because of the slgnlficant Cartr8dge nolse reduction, the real part of the 
external load impedance. R, has become a domlnatlng noise source at 
higher frequencles, see spectrum I" Flg.4. AI 10 k ~ z  R, exceeds the 
internal diaphragm damping reststance, R ,  

p = den~lty of the alr: 
f =frequency. 
c = speed of sound, 
K, = ratlo between random and pressure response. 

The n o ~ e  produced by the vent reststance, R, which 1s typically 
6 1OaN~/mS is also shown on Flg 4. Due to the transfer response from 
the vent terminals, thtr nolse will contribute to the output nolse at low 
frequencles. However, 11 does not play any practical role, as the pream- 
pllfler nowe 1s domlnant m that frequency range 



The noise contrlbutlon of the external vent resistance. a,. 1s very tow 
and can be neglected 

The acoustical nolse spectra have all been calculated, while the pream- 
pllfler noise spectrum whlch 8s also shown in the figure has been 
measured 

The noise source analysis explans clearly the measured total nose 
Spectrum of the system 

The A~welghted levels of the preampllfler, the mternal damplog. a,. and 
the external load reststance. a, are -10 d ~ ,  7 d~ and -11 dB respec- 
tfvely resulting m an overall level of -4 dB(A) 

Conclusion 
An exper8mzntal one lnch mcrophone system wlth a flat frequency 
response up to 13 kHz has been developed, a system whlch is able to 
detect extremely tow sound pressure levels - the mherent A-welghted 
noise of the system 1s 4 dB or about 15 dB lower than the name of  any 
corresponding systems 
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IMPROVED RMS AVERAGING WITH TRUE EXPONENTIAL 
RESPONSE USING THE B&K LEVEL RECORDER TYPE 2317 

ABSTRGT 
The RMS hveraglng clrcufs 8n the new Portable Level Recorder Type 2317 have 
been designed, so that when u m g  ~ a r f  or slaw, the averagmg and ~ndcator 
ldwlay )  character#st#cs are in accordance to $he E C  651 standard for sound 
level meters Examples at AC and DC recordings of vmous types of everyday 
noises are ncluded ~n the article fa ~llustrate tnss special averagmg m e  of 15ms 
has also been mcluded n the recorder to measure ieverberaflon m e s  as low as 
0.25 

. - 
C O ~ F Y E  de fawn a ce qu'avec e s  ponderatcons temporelles " ~ a p l d e "  et " ~ e n t e "  
Ies caracterlswues du moyenneur el de I appara  nd~cafevr solent en accord 
avec a norme CEI 651 Dour sonometres Oes exemoles d enreqmfremenfJ AC et 
oc de dlvers types de brurfs caurants ~llusfrent cef a r m e  une canstante de 
temps specmle de 15mr esf lncarporee dans rappareil pour a mesure de temps 
de ,everberam" auss, court3 que 0.2s 

ZUSAMMENFASSUNG 



Inlroductmon 
The development of the logarlthmlc RMS detector 8n hybrld form has 
made posslble a revlson 8n the design of the logarlthmlc Level Record- 
er. whlch far many years has been a very useful hnk m the measuring 

mstrumentat8on chain for acoustics and vlbratlons 

Tradltlonally meter Instruments have been used tor measurlng nase and 
vlbratlon levels. and tram the Level Recorders 2306 or 2307 hard copes 
showing the time hmtory of level versus tlme have been available The 
recardmgs ot nearly steady levels have shown good agreement wlth the 
meter Indlcatlon, but for large signal varletons e g for measurements of 
lrnpulse nome, the recorders have only partly been able to show the 
same response as that of the meter clrcults Thm 8s because of the 
dmarent ways 8" which the averaglng has been carried out In the meter 
c#rcu#t RC welghtlng clrcults have been used to average the slgnas, 
whsle m the recorders the averaglng has taken place ~n the electrame- 
chanlcal wrltlng system, controlled by a veloclty servo glvlng equal 
response for rlsmg or decreasing levels The meter c#rcu#t on the other 
hand. has a qulck response close to the ftnal pos#t#on. and thereafter a 
smooth exponentla1 movement to the correct deflect8on of the polnter 
For a sudden decrease m level the meter tnd#cat#on falls wlth a constant 
Speed depending on the chosen tlme constant (see Appendlxj 

The correct response of the meter for var80us types ot nolse lmpulses 
are established I" the IEC 651 Standard for Preclslon Sound Level 
Meter5 (formerly IEC 179) Here the acceptable errors from the theoretl- 
c ~ I  response as a funct8on of the pulse wldth are glven. 

For some years most of the B & K  noise and vlbratlon measurlng Instru- 
ments have contained a DC Log output, so that the recorder. 11 11 1s fast 
enough, should be able to tollow 8n the Itnear DC mode and thus meet 
the requlrements of the standards. However, the 2306 8s not fast ~nn l l gh  
for the "Fast" response of short lmpulses Therefore the new portable 
~ e v e l  Recorder Type 2317 has Improved DC response and 8s faster and 
eawer to calibrate wlth other Instruments For the appllcatlons where AC 
output 15 the only, or the preterred posstb#llty, the 2317 has been 
provided wlth AC Log recording faclllty uslng a speclal hybrld clrcult 
LMS detector, whlch 8s ~n fact the very same as IS  used m one of the lat- 
est developed Sound Level Meters ~ y p e  2230   he requlrements ot the 
IEC 651 are thus met for 'Slow" and "Fast" recordings 

The slgnal from the transducer (m#crophone, accelerometer etc 1 8s 
prearnpllfied by a broadband llnear AC preamplifier m the meter lns t ru~ 



ment. Flg 1 The slgnal may then pass dlrectly to the AC output. or 
through a f8Iter or a frequency welghtlng clrcult Alter passmg through 
the logarlthmfc RMS defector or any other sort of slgnal rectlflcatlon and 
Smoothing ClrCUlt a DC output may be obtained If the AC output 1s used 
the recorder has to be ~n the AC Log mode The dynamic range for the 
recording may be selected as 10. 25 or 50dB. Uslng the DC output some 

logarithm of the slgnal 1s taken ~n the meter clrcult to give a linear dB 
Scale 

A5 will be shown the two types of recording are ldentlcal and follow the 
meter fluctuatlonr, 11 the meter and the writing System are both i~near 
and fast enough to track the detector output wlthln the accepted 
tolerances 

Examples 01 Recording* 
Flg 2 shows four Ch~r~ClerlStIC types of nolse recordlngs obtalned on a 
2317. when the nolse 13 measured uslng a Sound Level Meter Type 2230. 
The results on the left are obtalned wlth the 2317 in AC Log made wlth 
~ a s t  RMS and 50 dB dynamic range. On the rght  the same results are 
obtained. but wlth DC recording The paper speed for all recordlngs war 
1 m m k  



-,a 

Flg 2 Examples of Nmse Recordlngs 





2317i2230 comblnat8on (DC recordmg] The dynamc range was adlusted 
to 25dB and the paper speed was set to 3mmls 

Long Time Noise Monitoring 

" - 
Level Meter F8g 4 shows the same recordings of a must program using 

"Slow" averaging and 60sec L,, The L,,-curve shows more clearly the 
varlatlons of sound level, although the breaks ~n the program are only 
seen m the "Slow" recordng 

I 2317 + 2225 MUP~C program 

I -,m 

F g  4 MUSIC program recorded m RMS Slow and 605 L,, 

Measurements ol Reverberation Time 
In some appllcatlons the relatively slow response for decreasing levels IS  

not cowenlent For example when narrow peaks are recorded 8n a 
frequency response test or for reverberation measurements usmg an 

- - 
make that feaslble As the pen speed of the w m n g  system 1s llmlted to 
500mmi5, the response 1s not truely exponentla1 for lncreaslng eves,  
which IS however. irrelevant for thls appllcatlon 



APPENDIX 

When a sound level meter Is exposed to a step lncrease ~n mput level, 
the exponentially welghted output from the meter clrcult may be ex- 
pressed as a functlon of tlme 

N =  N o +  20 log f l - e x p ( - t / r )  

where N 8s the lndlcated level In dB. 
N o  1s the flnal level, 
1 1s the tlme ~n 5 and 
i IS the averaging tlme constant for the clrcult 

It ts assumed here that before the step the mput 1s very small compared 
to the tlnal level. 

If the signal 8s suddenly removed, the output will fall off Ihnearly: 

~n which N,., 8s the level at the tlme 1, when the slgnal 8s removed. 

From the last expresslon 11 can be seen that the tlme constant may be 
determined from the rate of decrease If the tlme for a l odB  decrease IS  

called I,, and Inserted m (A.2) the values 

N,,,-N= tOdB and 1-1, = t,,s, and we get 

7 = ( l o / l n t O )  t , ,  = 0.4343 I,,S 

The requirements ~n the IEC 651 for Ampulse sound meters are based 
upon the expresslon (A.1). As test slgnals. 2kHz tonebursts wlth varlous 
duratmn I s  are used. The standard tlme constants are I s  for "Slow' and 
0.125s lor ''FasY response The calculated results together wlth the 
accepted tolerances are shown In F w A t  The results of a test uslog a 
B&K  Recorder 2317 ~n the AC Log mode are also shown here The 
requlrernents are seen to be fully met 



Fig A l .  IEC Tolerances for Fast and Slow 



News from the Factory 

The Portable Level Recorder Type 2317 is a fully portable unit designed 
for field and laboratory recording of DC and AC signal levels from 
100-V RMS to 50V RMS, wlth frequencies up to 20kHz. It has DC and 
RMS response modes with choice of 10. 25 and 5068 logarithmic AC 
record ranges, plus two continuously adptable linear DC record ranges. 
In the AC log mode the signal Is fed through an RMS detector and an av- 
eraging circuit, glvlng a cholce of four averaging times. The RMS 
detector conforms to IEC 651 Type 1 when used wlth the 'Slow' (1 s) or 
'Fast" (l25mr) time weightings. The 'Vibr." setting glves a time constant 
01 28 malnly used tor vibration measurements. The 'Reverb." senlng 
gives the pen a maximum tall speed of 300mm/s, to measure reverbera- 
tion times as low as 0.2s. 

Tne vrollng syslem has Iwo speeds and Lses lnterchangeao e I ore pens 
or sappnlre ~ t y l l  The recordings are made on 50mm wde pre-pr nlsd 
I ~ e a d e n ~ v - ~ ~ l b l a t e d  or I ned DaDsr as a f.nctlon of trea.encv or tlms . , 
Elght cristal controlled pap& 'speeds are available. Startlstop and 
reverse 01 the Paper drive can be remotely controlled. Additionally, the 
recorder has facllitles for filter synchronization and external synchroni- 
zallOn of !he paper movemsnl Tne recorder can 0s powerea from either 
bw 1-on dry ce Is (standard), recharpeaole No-Co ce Is, from the malnr via 
Ins p up-on Power S ~ p p  y ZG 0199 or from an sxterna DC o.pp y 



Condenser Microphone Type 4179 and Prearnplilier Type 2660 

TO facilitate measurementS of very low sound pressure levels, 
BrilelaKjaer has developed a condenser microphone system conslstlng 
on one-Inch dlameter Condenser Microphone Type 4179 and Mlcropho- 
ne Preamplifier Type 2660. Thls system 1s unprecedented in low-noise 
performance: the typtcal noise floor for the complete system is 
-2,5dB(A), allowing measurements to be made down to levels of -5 to 
-15dB in the third-octave bands between 20Hz and 12.5kHz. The fre- 
quency response Is In accordance wlth iEC 651. Type 1 requtrements. 
and the system is well-sulted for laboratory hearlng research, measure- 
ment and monltorlng of very low background noise levels, and sound 
pressure and sound power level measurements of very-low-level 
SOUrCeS. 

Microphone Preampliliers Types 2839 and 2645 

For precision acoustic measurements with condenser microphones, two 
new mcropnone preamp ofoers nave men ntroaucea to tne Brde 8 1( a r  
nstrment range The Preamp ters nave ver) ow lnnerent nmse are 

~OLSI an0 are oeslanea tor use .noer a H ae ranae of envoranmenla 
condltion~ Type 2639 accepts '12" microphones dtrectly and 1" 1L 



and18 types Y B maptors 11s nlendea for prsc soon acousi; measbre- 
ments n accoraanee wltn EC SO and AhS requrementr Twe  2645 s 
s m ar n oes an an0 BOD  cation lo m e  2639 0.1 fn aood on nci.oes a - . .  
facility for insert voltage calibration of 1" and VP condenser micro- 
phones in accordance with standards requirements throughout the 

I world Types 2639 and 2645 are available In two forms: delivered elther 
~n a mahogany case together with various accessories or alone in a 
piastlc case. 

Line-Drive Amplifier Type 2844 and Two Channel Power Supply Type 1 2819 

The BrileislUiasr Llne Drive Amplifier is a miniature. unlty-gain signal 
condwm ng Dreampi ller wnch can oe mobnteo olrect y onto tne top 
face ot BslK acceieromelerr eqblpped u In top connectors or ad,acenl 
10 acceerometerr wllh ade connectors 

~ ~ n k - u p  with the new two-channel battery-operated power supply Type 
2813 is via ~ingie ,  low-cost. coaxial cables which also carry the vibration 
signal from the accelerometer. Thls "Llne Drlve' system permits cable 
runs as long as 1 km to the measurwg Instrumentation wlthout significant 
attenust~on of the accelerometer/oream~lifier sensltivltv. A direct Line . . 
Drwe anput, which avolds the need for a separate power supply, lo 
already provlded ln the new 2-Channel FFT Analyzers Types 203282034. 
The 2644 can be used Integrally wlth an accelerometer in environments 
whose sevemy wodid norma iy reslr ct the use ol olner preamp1 fiers I 
can enaure mecnanca, shocks of LP to 50000 m/s' ( -  50Wgj and 
Iomperat.reb between -55' and 125 C 



Resordef Control Unit Type 7508 

The Recorder Control Unit Type 7509 together wlth a front loaded 
Appllcatlon Package, enabler spectra, tlme functions and control set- 
t1ng8 from BrOel&K]ier Analyzers to be plotted by the X-Y Recorder 
Type 2308. The plots can be made to a preferred paper format and are 
in a fully annotated form which 1s oultable for dlrect Incluslon in a report. 

Two APPlCat On Pacrapes are avadaoe bL /U/5 10, the U q a  h e -  
q.ency Ana yler Type 2131 an0 the S%nO nronsny Ana yzer Type 2134 
Iwn cn 6 a Dart of Ihe Somd inlenr tv Anafvs no svrlem lboe 3360, and 
BZ 7078 torthe Narrow Band spectrum ~najyzer  ~;pe 203i ind the'nigh 
Resolution Slgnal Analyzer Type 2033. 

Four format modes are avaliable for presentation of the measured data: 

1. Dual half-size which plots two graphs of A5 size onto a sheet of A4 
paper. 

2 single fuli-size whlch plots one graph onto a sheet of A4 paper 

3. Multiple full-size which plots a single group of control settings and 
Several graphs onto the same sheet of A4 paper. 

4. Preprinted format whlch plot9 one or more graphs onto preprinted 
A4 paper. 

The total plotting time depends upon the chosen writing speed, the 
mode, the type of spectrum and the amount of relevant text. A single 
spectrum using the "Fast" wrltlng speed may be plotted in 10s whilst a 
fully documented plot using "Slow" may take 2 mlnutes. 

The X-Y Recorder Type 2308 may oe farteneo normntai y or uer! ca Iy 
10 tne top 01 the Recorder Canlro Ln l Type 7509 by means of tne 
modntlng bracxetr pro" deo Type 7509 o cannecteo to tne ana yrer v m  



an IECIIEEE Interface cable and to the X-Y Recorder Type 2308 using 
the cables supplied, and the cabling Is the same no matter what 
comblnstion of analyzer and Application Package is employed. 

Personal Noise Dose Meter Typa U?4 

The BrilelaKjler Personal Noise Dose Meter Type 4434 Is a handy. 
pocket-sized instrument for measuring the accumulated nolos exposure 
01 personnel in accordance with OSHA criteria. Des~gned to be worn by 
n0lvnd.a o ullnoJt lnterler ng with the r uorkmg actw t es $t req~lrss no 
spec~ai tram ng to operate The Dose Meter pro" des a contln.ous read 
0-1 d the total accLmusted nolse oose received ou the wearer ex 
pressed as a percentage of the maxlmum allowable dally nolse 
exposure The read-out Is on a clear easy-to-read d~splay which may be 
~ o n ~ e s l e d  from the wearer by closlng the front cover of the Meter 

n aoolton to nose dose. Type 4434 lndcates when the nolse eve 
exceeds preset h i t s  above unlch exposure IS cons dered to be acbtely 
m.lo.5 10 nearm and n case of sleaov or contln~ous no re s strlcuu 
pr~ohiblted by OSHA. Nobe hazards as bhort as lOOrs are detectabli. 
This is M particular Importance considering that the peak sound pres- 
sure level of transient and impulse types of noise no usually significantly 
hlgher than their loudness suggests. The Dose Meter also lndlcates 
when, the continuous nolse has exceeded tt5dB(A), andlor 140dB(A) 
peak tor both ~ontlnuou8 and Impact nolse. 



Multiplerw Type 2514 

A new Multiplexer. Type 2514, has been developed to provide multichan- 
nel facilities for Broel a Klssr's permanent machine-vibration monitoring 
systems. 

Designed specifically to complement the Type 2505 Vlbratlon Momtor. 
the Type 2514 offers economical coverage of up to eight monitoring 
points. The Multiplexer continuously steps through the chosen monlto- 
ring channels, dwelllng at each channel for a selectable perlod of 
between 1 second and 32 hours. Each channel has indlvldual slgnal 

Danger levels detected by the vlbratron monitor are indicated by an 
alarm and by a llght flashmg at the relevant channel of the Muitlplexer 

The M~ l t l p l e~e r  and Monitor use modular clrcuit boardo for e a q  mainte- 
nance and speclficatlon change*. and both comply with strlct MIL 
Standards to withstand harsh lndustrlal environments. Other features of 
the 2514 Include: A test cycle to check for malfunctions and incorrect 
settings: bypassing of individual channels, manual local- and remote- 
channel stepping, relay for external indlcatlon of a power fallure; facility 
for external scan control, and an optbonal relay box for individual ramole 
channel warnings. 

The system can be further expanded by connecting a number of Multi- 
plexers to One vibration monitor - up to a recommended maximum of 40 
channels - and also be used for other AC signals such as sound. 
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SPECIAL TECHNICAL LITERATURE 

As shown on the back cover page, Brael 8 Kjrer publish a variety of 
technical literature which can be obta~ned from your local B a K 
repreoentatlve. 
The toilowlng lltsrature Is presently available: 

Me~hanlcsl Vobrat~on and Shock Measurements 
(English). 2nd edibon 
Acoustic Noise Measurements (Engllsh). 3rd editlon 
Architectural Acoustics IEnallshl . 
Strain Measurements IEnollsh German) 
Frequency Analysis (EngLh) 
Electroacoustic Measurements (Engllsh, German, French, Spanish) 
Catalogs (several languages) 
Produ~t Data Sheets (English. German. French. Russian) 

Furthermore, back c o p m  of the Technical Review can be supplied as 
shown in the list above. Older issues may be obtained provlded they are 
Otlll I" stock 




