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1. INTRODUCTION 

1.1. THE CONCEPT OF NOISE DOSE 

A considerable research effort has been focussed on the accurate as
sessment of industrial noise for hearing damage potential. A fundamen
tal result of this research has been that the frequency response of the 
human ear is best reproduced by using the A weighting curve which at
tenuates low and very high frequency sounds. A further result is that 
hearing damage risk is not only a function of the level of noise but also 
the duration of the exposure . This is the concept of noise dose . Many 
hearing conservation standards specify the maximum allowable daily 
noise dose as being 90 dB(A) for 8 hours. 

In industrial areas where the noise level remains approximately con
stant over the full 8 hour working day, a simple sound level meter can 
be used to obtain a dB(A) level which represents the noise dose in that 
environment for the working day. In most industrial situations, however, 
the noise level does vary with time, often between wide limits. In these 
situations a sound level meter cannot be used and more sophisticated 
instrumentation, such as a noise dose meter, is required. Noise dose 
meters usually supply the accumulated result of a working day measure
ment expressed as a percentage of the maximum allowable noise dose 
of 90 dB(A) for 8 hours. Thus 1 00% represents the .maximum allowed 
noise dose, and values above 1 00% are in excess of this criterion. The 
advantage of expressing the noise dose in this way is that whatever the 
measurement duration, 100% will still represent the criterion dose. 

1.2. AMPLITUDE WEIGHTING 

Sound impinges on the human ear as a pressure variat ion aiJout the 
ambient atmospheric pressure. It may be thought that if the amplitude 
of a sound pressure variation was doubled, then the hearing damage 
potential would also double . Research has shown that this is not so and 
in practice the doubled pressure has more than double the damage po-
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tential. An instrument measuring noise dose must take this effect into 
account. This is done by raising the sound pressure to some power, the 
process being known as "amplitude weighting" . 

The following formula represents the process of evaluating the noise 
dose (NO) of a particular noise: 

where 
and 

_I 

ND 1 oo j 1 ~1 n dt % 
0 0,632 

P(t) is the A weighted time varying sound pressure in Pa 
T is the measurement duration in hours . 

1 . 1 

In Eqn. 1 .1, P(t) is non-dimensionalized by the pressure corresponding 
to 90dB(A) which is 0,632 Pa and the measurement duration non-di 
mensionalized by the standard working day of 8 hours. Thus the entire 
equation is referenced to the criterion noise dose of 90 dB(A) for 8 
hours . The factor of 1 00 is introduced to give ND = 1 00% for the crite
rion dose. 

It can be seen from Eqn . 1.1 that the time -varying pressure P(t) is 
raised to a power "n", this being the process of amplitude weighting. 
After amplitude weighting integration over the measurement duration 
takes place to give the noise dose . Unfortunately in hearing conserva
tion standards the power "n" is not directly defined . Instead a parame
ter "q" is specified, q being the number of dB(A) to be added to a noise 
to give the same noise dose if the duration of that noise is halved . A 
problem also arises because of some conflict over which is the correct 
value of q to use. Two representative standards exist for hearing conser
vation. The first of these is ISO R 1999 " Assessment of Occupational 
Noise Exposure for Hearing Conservation Purposes" (Europe) . This 
standard specifies a q value of 3. With this value of q, 93 dB(A) for 4 
hours will be an equivalent noise dose to 90 dB(A) for 8 hours, 3 dB(A) 
being added for a halving of the duration . These two situations can be 
used in Eqn. 1 .1 , and the two noise doses equated. First, however, 
93 dB(A) corresponds to a sound pressure of 0,894 Pa. 

4 r I 0,8941 n dt 
0 0,632 

_a_ 

j I 0,632ln dt 
0 0,632 

6 



After integration, 

Applying the limits of integration 

1,414"·0,5 
or 1,414" 2 
but 1,4142 2 

: . n 2 

Thus under ISO R 1 999 for a q value of 3, the sound pressure must 
be squared to give the correct amplitude weighting. As this corresponds 
to energy averaging it is often referred to as the Equal Energy Principle . 
For this value of q, Eqn. 1 .1 reduces to 

..I. 
8 I P(t) 12 

100 £ 0,632 dt% 1.2 

The second standard is the Occupational Safety and Health Act 
(OSHA, succeeding the Walsh Healey Act in North America) . OSHA 
specifies a q value of 5 . With this value of q, 95 dB(A) for 4 hours will 
be an equivalent noise dose to 90 dB(A) for 8 hours, 5 dB(A) being 
added for a halving of the duration. These two situations can again be 
used in Eqn. 1 .1 to provide a value of n for OSHA. 95 dB(A) corresponds 
to a sound pressure of 1,1 24 Pa. 

After integration 

4 
n -g-

[1,780. t] 
0 

dt 

8 jl 0,6321 n dt 
0 0,632 

Applying the limits of integration 
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or 1 ,780n · 0,5 1 
1 ,78on 2 

but 1,7801 •2 2 
:. n 1,2 

Thus under OSHA with a q value of 5, the sound pressure must be 
raised to the power 1 ,2 to give the correct amplitude weighting . For this 
value of q, Eqn. 1 .1 reduces to 

T 

NDosHA 100 j ,~ 1 1 
'
2 

dt% 
0 0,632 

1.3 

1.3. DETERMINATION OF Leq 

It is often useful after a noise dose measurement to reduce the time 
varying sound level to an equivalent continuous level for the measure
ment duration. This equivalent continuous level (usually given the sym
bol Leq) is obtained by dividing the noise dose by the measurement du
ration, giving an amplitude weighted average sound pressure, and con
verting to dB form. In practice it is seldom necessary to obtain Leq by 
calculation as conversion tables and nomograms are easily constructed 
to simplify this determination. Use of these calculation aids will be de
scribed later in this manual. 

1.4. THE NEED FOR PERSONAL NOISE DOSE METERS 

Stationary microphones cannot always be used to give a satisfactory 
assessment of the hearing damage potential of a machine. The micro
phone can rarely be placed close to the machine under investigation 
without causing inconvenience to the operator. Also it is not specifically 
the machine noise which is being assessed, but rather the noise which 
actually reaches the operator's ear . Many machine operators spend peri
ods of time in quiet areas such as the stores or canteen. A microphone 
left at their usual workplace would overestimate their daily noise dose. 
Wandering personnel such as maintenance and cleaning staff, foremen 
and executives often move in and out of noisy areas. It is impossible to 
assess such personnel for hearing damage risk with a stationary micro
phone. A satisfactory solution to these problems is to provide the sub
ject under investigation with a personal noise dose meter which he 
wears throughout his normal working day. 
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1.5. THE B & K NOISE DOSE METERS 
TYPES 4424 AND 4425 

Fig. 1. 1. The 8 & K personal Noise Dose Meter 

/ 

The 8 & K Types 4424 and 4425 are personal Noise Dose Meters. 
The sound pressure is detected by a specially designed low cost conden
ser microphone which can be mounted integrally on the instrument or 
remotely on a 1 m cable using Microphone Preamplifier ZE 0132, as 
shown in Fig.1.2 . 

The signal from the microphone is amplified, A weighted and aver
aged with a "Slow" time constant . Use of the "Slow" time constant is 
specified by OSHA. It can be shown mathematically (see 8 & K Technical 
Review No. 2 1 972 p. 43) that under ISO any time constant can be 
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Fig. 1. 2. The Noise Dose Meter in Use with Microphone Preamplifier 
Z£0132 

used with no change in the resulting noise dose. Thus the "Slow" time 
constant can also be used for measurements to ISO. 

The resulting averaged signal is passed to the amplitude wieghting 
circuitry . Because of the different amplitude weightings specified by ISO 
and OSHA two versions of the instrument are produced. The 4424 per
forms amplitude weighting to ISO R 1999, using a q value of 3. This, as 
shown in section 1 .2 is achieved by squaring the averaged sound level 
signal. The 4425 performs amplitude weighting to OSHA, using a q 
value of 5. This is achieved by raising the averaged sound level signal to 
the power 1 ,2. The two versions of the instrument differ mainly in their 
degrees of amplitude weighting*). As required by OSHA, indication of a 
sound level in excess of 115 dB(A) Slow is provided in both versions . 
After amplitude weighting the signal is passed to an integrator where 
the accumulated noise dose is evaluated. A read out is obtained simply 

*)A 4424 may be changed into a 4425 and vice versa; for details see the 4424/ 25 service 
manual. 
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by pressing a button to initiate a four digit LED display of the noise. dose 
expressed as a percentage of the maximum allowable dose of 90 dB(A) 
for 8 hours. To improve the resolution of calibration, a special acceler
ated mode is provided which can also be used for short duration meas
urements . For such measurements a wristwatch (or similar) is required 
to give the measurement duration. 

1.6. POSSIBLE SOURCES OF ERROR IN PERSONAL 
NOISE DOSE METERS 

Use of a personal noise dose meter to avoid errors in noise dose as
sessment due to operator movement can unfortunately lead to further 
errors due to body shielding and reflections. As very little is known of 
these errors a B & K personal Noise Dose Meter Type 4424 was tested 
both in the laboratory and industrial surroundings to provide further in
formation. 

Body shielding errors were investigated by producing a random noise 
field, with flat frequency spectrum between 100Hz and 8kHz, in a 

Fig. 1. 3. Body Shielding Errors at the Breast Pocket 
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room closely resembling a typical workplace. A comparison was then 
made between the level recorded by a microphone alo~e and that by a 
microphone mounted on a person who was rotated in the sound field. A 
typical result obtained for breast pocket mounting is shown in Fig.1 .3 . 

It was found that directionality effects were lowest at the ear, increas
ing at the collar, breast pocket and hip pocket. The maximum deviation 
at the breast pocket was approximately+ 1 dB(A). 

Reflection errors were investigated in a similar way but in a reverber
ent room to give near-ideal random incidence conditions. Comparisons 

Microphone 1/3 Octave Frequency Band Error 
Position dB 

100 200 500 1k 2k 5k 10k • Hz 

Dose meter 
__, ...., ~ ~ ·: '"iJ 

-2 

Ear - n o 
~ r c:::r- ....___. ....___. 

-2 

Lapel - ~r :::J 

~-2 
-4 

Breast Pocket ~ r ~~ 
Hip Pocket 

--, r ~~-L-=: 
173428 

Fig. 1. 4. Errors Due to Microphone Position, Third Octave Bands 
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of the personal noise dose meter microphone response in various posi
tions to the microphone alone response are shown in Fig .1 .4. 

The overall A weighted results are given in Table 1 .1. 

Microphone Position Error dB(A) 

Ear +0,3 
Lapel +0,3 
Breast Pocket -0,6 
Hip Pocket -0,4 

Table 1. 1 Overall Body Reflection Errors 

The results of industrial testing confirmed the laboratory results in in
dicating that errors can arise due to microphone position on the opera
tor, particularly in highly directional sound fields . These results indi
cated that the microphone position giving the most accurate assessment 
of noise dose is at the ear. This investigation of errors in personal noise 
dose meters is given in full in B & K Technical Review No.3 1973 pages 
3 to 1 3 . 
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2. CONTROLS 

%Display 

> 115 dB{A)/Batt. 

740792 

Fig. 2. 1. The Noise Dose Meter with protection cover removed 

OFF/ RESET: 

%DISPLAY: 

14 

Allows selection of: 
"On" for normal long duration 
measurements, 
"Off/Reset" for switching . the in
strument off and resetting the % 
DISPLAY and > 115 dB(A)/ BATT. 
light, or 
"Cal." for calibration, short duration 
measurements and battery check. 

4 digit LED display of noise dose ex
pressed as a percentage. With the 



READ OUT 

> 115 dB(A)/BATI: 

CALIBRATION POT.: 

PREAMPLIFIER INPUT: 

OFF/RESET switch set to "On", 
100% represents 90 dB(A) for an 8 
hour day. 

Button for activating the % DISPLAY. 

Dual purpose light. With the OFF/ 
RESET switch set to "On" and the 
READ OUT button pressed, it will 
flash to indicate that 11 5 dB(A) Slow 
has been exceeded at least once 
during the measurement duration . 
With the OFF/RESET switch set to 
"Cal.", it will flash to indicate ade
quate battery capacity. 

Screwdriver operated potentiometer 
for adjustment of instrument gain 
when calibrating . 

Socket for connection of Microphone 
Preamplifier ZE 0132. The socket is 
protected by a black plastic cap 
when not in use. 
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3. OPERATION 

Concise instructions for use of the Noise Dose Meter are contained in 
the "Instructions for Use" handbook (BR 0038) supplied with the instru
ment . This chapter will repeat these instructions with further explana
tion and give instructions for applications not already contained in the 
handbook. 

The controls and battery compartment of the Noise Dose Meter are 
made accessible by removing the instrument cover using the larger 
screwdriver provided . 

3.1. PRELIMINARY INSTRUCTIONS 

3.1 .1 . Battery Insertion 

Fig. 3 . 1. Insertion of the Battery Pack 
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The Noise Dose Meter uses two 9 V batteries as its power source. Be
fore insertion the two batteries should be attached to the Mounting Card 
using the press stud fastenings. The battery pack should now be suit
ably orientated for insertion into the battery compartment of the Noise 
Dose Meter, as shown in Fig.3.1. The Mounting Card bears an arrow 
which should point down into the battery compartment for correct inser
tion. If the battery pack is incorrectly inserted, the Noise Dose Meter will 
be protected from damage due to incorrect polarization by insulators on 
the Mounting Card . 

3.1.2. Battery Check 

The batteries should be checked both before and after a noise dose 
measurement. The OFF/RESET switch should be set to "Cal.". If the 
batteries are in order the red > 115 dB(A)/ BATI. lamp will flash. 

If the Noise Dose Meter is to be used for a full 8 hour working day 
measurement, it may happen that the batteries will fail during that time. 
This can be predicted by pressing the READ OUT button while the OFF/ 
RESET switch is in the "Cal." position . If the red > 115 dB(A)/ BATI. 
light then stops flashing, the batteries are likely to be exhausted within 
eight hours . If however, the > 115 dB(A)/ BATI. light continues flashing 
then under normal conditions the batteries will last for the 8 hour 
measurement . If either of these tests indicate that the batteries are ex
hausted then both batteries must be replaced. 

3.1.3. Battery Replacement 

Remove the battery pack from the Noise Dose Meter by holding the in
strument in one hand and tapping it on the other hand so that the bat
tery pack falls into the palm. The two exhausted batteries should then 
be removed from the Mounting Card and replaced by two new batteries . 
The battery pack should then be re-inserted into the Noise Dose Meter 
as shown in Fig .3.1 . 

3.2. CALIBRATION 

After the battery insertion and battery check procedures have been 
followed, the Noise Dose Meter can be calibrated. A timing device with 
a seconds hand is required for calibration . A stopwatch can be used but 
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Fig. 3. 2. Calibration of the Noise Dose Meter 

is not essential. An ordinary wristwatch with a seconds hand is usually 
the most convenient device to use. If such a wristwatch is used the dial 
should be turned to the inside of the wrist as shown in Fig .3.2. The 
procedure is as follows: 

3.2.1. Using the Sound Level Calibrator Type 4230 

1. Check that the Sound Level Calibrator batteries have sufficient capac
ity by pressing and releasing the START button. The signal should 
last for at least a few seconds after releasing the START button. If 
not, replace the battery as described in the Sound Level Calibrator In
struction Manual. 
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2. Remove the Dust Cover from the Microphone and, using the half inch 
adaptor, fit the Sound Level Calibrator . The Noise Dose Meter and 
the Sound Level Calibrator should be held as shown in Fig.3.2. 

3. Switch the OFF/RESET switch on the Dose Meter to "Cal.", press 
the START button on the Calibrator and hold it depressed . This will 
prevent the Calibrator turning itself off during calibration. 

4. When the seconds hand of the wristwatch reaches a convenient posi
tion, press the READ OUT button and note the count indicated by the 
%DISPLAY. 

5. When the seconds hand of the wristwatch indicates that 30 s have 
elapsed, again press the READ OUT button and note the count indi
cated by the% DISPLAY. 

6 . Subtract the first count from the second. When correctly calibrated 
the Noise Dose Meter should count at a rate of 1% per second with 
the Sound Level Calibrator signal applied to the Microphone and the 
OFF/RESET switch set to "Cal.". For a thirty second calibration pe
riod the result of .the subtraction should. be nominally 30% for correct 
calibration. However, for less than ± 0,5 dB(A) error, the count need 
only be within the limits given in Table 3.1. 

Instrument Standard % Count Limits 

4424 ISO, q=3 27 to 34 
4425 OSHA, q=5 28 to 32 

Table 3 . 1. Calibration Count Limits with Sound Level Calibrator Type 
4230 

7 . If the result is not within these limits adjust the CALIBRATION POT. 
(clockwise for a higher counting rate) with the smaller screwdriver 
provided and repeat the calibration procedure from item 4 onwards. 

8. When a suitable calibration count has been obtained, set the OFF/ 
RESET switch to "Off". Remove the Sound Level Calibrator from 
the Microphone and replace the Dust Cover. 
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3.2.2. Using the Pistonphone Type 4220 

It is possible to use a Pistonphone Type 4220 for calibration. The Pis
tonphone produces a Sound Pressure Level of 124 dB at 250Hz, corre
sponding to a Sound Level of 11 5,4 dB(A). A disadvantage in using the 
Pistonphone is that the calibration is not performed around 90 dB(A), 
which since it is the criterion level is the optimum point for calibration. 
If the Pistonphone is used for cross-checking the calibration of the Noise 
Dose Meter, it should be realized that most international standards for 
sound level meters allow considerable tolerance on the overall fre
quency weighting performance of the instrument. The Noise Dose Meter 
is in fact constructed to closer tolerances than those specified in the 
standards, nevertheless a discrepancy of up to 1 dB may be detected on 
cross checking with a Pistonphone. If the Pistonphone is used then the 
nominal count and limits for ± 0,5 dB(A) error corresponding to a 30 s 
calibration are given in Table 3.2. 

Instrument Standard Nominal Count(%) Limits(%) 

4424 ISO, q=3 4160 3710 to 4660 
4425 OSHA, q=5 578 539 to 619 

Table 3. 2. Calibration Counts with Pistonphone Type 4220 

3.3. USE OF THE MICROPHONE PREAMPLIFIER ZE 0132 

If required the Microphone can be mounted remotely from the Noise 
Dose Meter using the Microphone Preamplifier Type ZE 01 32. The com
plete assembly is shown in Fig.3 .3. The procedure is as follows: 

1 . Unscrew the protective cap from the part of the Preamplifier which 
protrudes from the spring clip. This should be done carefully to avoid 
damage to the fragile circular gold plated contact spring inside the 
Preamplifier. 

2. Check that the Noise Dose Meter OFF/RESET switch is set to "Off". 

3. Carefully unscrew the Microphone from the Dose Meter. Care is 
again necessary to protect the cirlular contact spring inside the Mi
crophone attachment. 
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Fig. 3 . 3 . Assembly with the Microphone Preamplifier ZE 0132 

4. Carefully screw the Microphone onto the Preamplifier. 

5. Carefully screw the protective cap from the Preamplifier onto the Mi
crophone attachment on the Dose Meter. 

6. Pull the black plastic dust cover from the Preamplifier socket on the 
Dose Meter and insert the Preamplifier plug. If positive contact is not 
felt, then the Preamplifier plug must be rotated until it is in the cor
rect orientation. The plug has positive locking and cannot be removed 
accidentally. 
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If the Preamplifier is normally always used with the Noise Dose Meter 
it is preferable to leave the system assembled for storage between meas
urements to minimize the possibility of damage and dust ingress. When 
dismantling the system the black plastic dust cap should always be re
placed on the Preamplifier socket of the Dose Meter. A typical mount
ing of the assembled system is shown in Fig.1 .2. 

3.4. THE MEASUREMENT OF NOISE DOSE 

3.4.1. Mode Selection 

The instrument can be used for Noise Dose measurements in two 
ways. First the normal operational mode of the instrument can be used, 
as selected by setting the OFF/ RESET switch to "On". This mode is suit
able for long duration measurements such as for a whole working day . 
In this mode the batteries will last for approximately two working weeks 
when used intermittently (e.g. 8 hours per day) and approximately 50 
hours when used continuously. 

The instrument can also be used in the accelerated calibration mode 
which is selected by setting the OFF/ RESET switch to "Cal.". In this 
mode the counting rate is greatly increased (see section 4.2.1) and it is 
thus useful for short duration measurements. The "Cal." mode is also 
useful for long duration measurements of relatively low sound levels to 
gain sufficient resolution to give an accurate result. The batteries will 
last for approximately 30 hours when used continuously in the "Cal." 
mode. 

The maximum count obtainable on the % DISPLAY is 9999%. If the 
count attempts to go higher than this value, the % DISPLAY will be 
blacked out for that measurement. In this condition, when the READ 
OUT button is pressed the % DISPLAY will not be illuminated . It may 
happen that if the "Cal." mode is selected for a long duration measure
ment of high sound levels the % DISPLAY will exceed 9999% and 
be blacked out, rendering the measurement void. As a guide to avoiding 
this situation Fig.3.4 should be consulted . 

Fig.3.4 gives the variation of the maximum measurement duration in 
the "Cal." mode with Continuous Sound Level in dB(A). Curves are 
given for both the 4424 (ISO, q = 3) and the 4425 (OSHA, q = 5) . If it is 
required to make a noise dose measurement for longer than the maxi
mum duration given by Fig.3.4 for a certain estimated average Sound 
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Continuous 
Measurement 

Duration 

80 85 

"Cal" Mode 

90 95 100 105 

Continuous Sound Level 
dB(A) 

110 115 120 

740169 

Fig. 3. 4. Maximum measurement duration in the "Cal." mode 

Level, then the accelerated "Cal." mode cannot be used and the OFF/ 
RESET switch must be set to "On" for the measurement. As an ex
ample, it is desired to use the 4424 for a noise dose measurement. The 
estimated average Sound Level is approximately 1 05 dB(A) and the re-
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quired measurement duration is 20 minutes. Using the 4424 (ISO) line 
on Fig.3.4 it can be seen that the instrument will saturate after approxi
mately 1 3 minutes at 1 05 dB(A). Thus the measurement cannot be per
formed with the "Cal." setting and so "On" must be used, or the meas
urement duration shortened. Included with the instrument is a set of 
Conversion Tables. These are drawn up for measurement durations of 2 
hours, 4 hours and 8 hours for the "On" or normal long duration mode 
or 5 minutes, 15 minutes and 1 hour for the "Cal." or accelerated 
mode. Calculation of Leq will be simplified by using these measurement 
durations and their respective OFF/RESET switch settings. 

The selected setting of the OFF/RESET switch, either "On" or" Cal.", 
should be noted on the measurement report . The measurement should 
not, however, be started by selecting "On" or "Cal." until the following 
instructions have been followed. 

3.4.2. Mounting 

It is strongly advised that the Noise Dose Meter is used with one of 
the front covers firmly in place to prevent ingress of dust and possible 
damage to the instrument. If it is desired to conceal the % DISPLAY 
from the wearer, then the opaque cover, DZ 9187, should be used. If 
this requirement does not exist then the transparent cover DZ 91 88 can 
be used, the rubber diaphragm being used to press the READ OUT but
ton and activate the % DISPLAY. 

Several mounting methods are recommended for the Noise Dose Me
ter. The simplest method is to hold the instrument in the hand. As this 
may prove tiring for a long duration measurement, tripod mounting may 
be preferable. On the base of the Noise Dose Meter is a threaded bush 
for mounting the instrument directly upon a tripod such as the B & K 
Tripod UA 0049 . The Dose Meter is specifically designed for mounting 
on a subject for instance in either the breast or hip pocket . Mounting on 
the back of the subject, at,the belt, may also be useful in some circum
stances. The rear of the Noise Dose Meter is provided with a spring 
metal clip with rubber insert which should be used to firmly fix the in
strument to the wearer. If it is desired to mount the microphone separ
ately from the instrument itself, close to the ear for instance, then 
Preamplifier ZE 0132 must be used and the instructions in section 3.3 
followed. The chosen method of mounting should be noted in the meas
urement report. 
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3.4.3. Measurement 

Reset 

Before starting a noise dose measurement it may be necessary to 
reset the instrument to a % DISPLAY of zero . To do this switch the OFF/ 
RESET switch to "Off' and wait at least five seconds . The Noise Dose 
Meter should now be reset and ready for the measurement. Failure to 
wait for five seconds with the OFF/RESET switch in the "Off" position 
may result in an incorrect % DISPLAY at the beginning of the measure
ment. 

Long Duration Measurements 

For long duration measurements the Noise Dose Meter will usually be 
mounted on the subject. The following procedure should be followed: 

1. In a quiet place, such as an office, set the OFF/RESET switch to 
"On" or "Cal." (see section 3.4. 1 ). 

2. Press the READ OUT button. The% DISPLAY should indicate a count 
of 0% (as the situation is quiet the instrument will not start count
ing). If the % DISPLAY does not show zero return to the Reset in
structions. 

3. Place the required protective cover on the instrument and mount on 
the subject. 

4. The subject should now enter the noisy environment at the normal 
time for starting work . The start time should be entered on the meas
urement report. 

5. The subject should finally leave the noisy environment at the normal 
time for finishing work. This time should be noted on the measure
ment report . 

6. Again in a quiet place, remove the Noise Dose Meter from the sub
ject and remove the protective cover if necessary. 

7. Press the READ OUT button. Note the % DISPLAY count on the 
measurement report. 
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8 . For measurements to OSHA with the 4425 and the OFF/ RESET 
switch in the "On" position, while the READ OUT button is pressed 
observe the > 11 5 dB(A)/ BATI . lamp . If the lamp flashes then 
11 5 dB(A) Slow was exceeded at least once during the measurement. 
This fact should again be noted on the report . 

9. Finally switch the OFF/ RESET switch to " Off '. This will switch the 
instrument off and reset the% DISPLAY . 

Short Duration Measurements 

For short duration measurements, the measurement duration must be 
carefully chosen to include exactly one cycle or a whole number of ma
chine cycles if the cycle time is regular or many cycle times if the cycle 
is irregular. The short sample of the noise emitted by the machine will 
then be representative and can be extrapolated to longer times if the 
machine operation is homogeneous. A wristwatch with seconds hand 
can be used to time the measurement. Stopwatch accuracy is not ess
ential. 

1 . Mount the Noise Dose Meter as required (see section 3.4. 2). 
I 

2. At a convenient time start the measurement by setting the OFF/ 
RESET switch to "On" or " Cal. " as required (see section 3.4. 1 ). 

3 . Press the READ OUT button immediately and check that the % DIS
PLAY is counting normally from zero. If not then follow the RESET 
procedure and start the measurement again . 

4. When the required measurement duration has elapsed press the 
READ OUT button . Note the % DISPLAY count on the measurement 
report along with the measurement duration . 

5 . Finally switch the OFF/ RESET switch to "Off' . This will switch the 
instrument off and reset the% DISPLAY . 

Battery Removal 

If the Noise Dose Meter is not to be used for some time it is strongly 
advised that the batteries should be removed to prevent damage to the 
instrument due to battery leakage . Hold the instrument in one hand and 
tap it on the other hand so that the battery pack falls into the palm. 
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3.4.4. Results 

The following is a summary of the essential results of the noise dose 
measurement for further analysis. 

1. The instrument used (4424, ISO or 4425, OSHA). 

2. The setting of the OFF/RESET switch ("On" or "Cal."). 

3. Either the measurement duration or the time of starting and the time 
of ending the measurement. 

4. The percentage count indicated by the% DISPlAY. 

For OSHA measurements 115 dB(A) Slow exceedance should also be 
indicated (for the "On" mode only). Some noise dose standards require 
further information such as a sketch of the measurement site and an in
dication of the type of noise measured . Careful documentation will also 
require inclusion of the date and place of the measurement, the sub
ject's identity (for long duration measurements) and the method of 
mounting the instrument and microphone. 
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4. ANALYSIS OF RESULTS 

Once the percentage count (indicated by the% DISPLAY) and the du
ration (calculated, if necessary, by subtracting the time of starting from 
the time of finishing) of a noise dose measurement have been obtained, 
the two results can be used in various ways to provide further informa
tion of interest. Noise dose measurements with this instrument will fall 
into one of two types depending on the setting of the OFF/RESET 
switch, "On" or "Cal.". Analysis procedures differ for the "Cal." setting 
as an accelerated counting rate is provided for this setting. This makes 
the "Cal." setting most suited for short duration measurements, (i.e. for 
less than a working day) and the "On" setting for long duration meas
urements (i.e. for a whole working day). However, as this may not al
ways be the case, where necessary analysis procedures for all measure
ment durations will be given for each setting. 

4.1. ANALYSIS OF RESULTS OBTAINED IN THE "ON" MODE 

4.1.1. Significance of the% DISPLAY 

For a whole working day measurement a count of 1 00% will be indi
cated when the wearer has been subjected to a recommended maxi
mum noise dose corresponding to 90 dB(A) for an 8 hour day. A count 
greater than 1 00% indicates that the maximum noise dose has been ex
ceeded. 

The % count obtained from measurements of less than a working day 
can easily be factored linearly to a whole working day count as follows: 

If CM is the % Count obtained in the "On" mode 
TiM is the measurement duration in hours 

and Tw is the working day duration in hours 

then Cw, the% Count for a whole working day, is given by: 
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This formula assumes that the time T M was suitably chosen to obtain 
a representative sample of the machine's noise output. If the work cycle 
of the machine is long or irregular, this time must be carefully chosen . 
If the machine is not operated for the whole working day, then the time 
T w in Eqn . 4.1 must be taken as the time the machine is actually work
ing. If the machine was on for the whole of the noise dose measure
ment then the % Count, Cw from Eqn . 4.1, will apply for the whole 
working day. The value of Cw can then be compared with the criterion 
count of 100%. This comparison will decide whether or not the machine 
subjects the operator to more than the maximum daily noise dose. 

A further result of interest is the time for which the machine can be 
used before the operator has been exposed to his maximum noise dose . 
If T MAX is the maximum operator exposure time for the machine in 
hours 

then T MAX 
100 

· T (hours) 
CM M 

4.2 

A simple extension of Eqn. 4.2 is the calculation ofT 0 , the necessary 
quiet time in hours for the machine operator 

Tw- T MAX (hours) 4.3 

This equation clearly only applies if T MAX is less than T w. The time 
T 0 is that time which the machine operator must spend in quiet sur
roundings, or wearing · adequate hearing protection, every working day if 
he is to avoid exceeding his maximum daily noise dose. 

Example 

A Noise Dose Meter was used for a measurement lasting two hours. 
The OFF/RESET switch was set to "On". The % DISPLAY indicated 
35% . The working day in the factory was 7,5 hours, the machine usu
ally being on for the whole of this time. 

Thus 

Using Eqn. 4.1 . Cw 

35%, 

7,5 0 35% 
2 

: . Cw 131% 

2 hours and T w 7,5 hours 
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Thus the machine operator is subjected to more than the maximum 
noise dose. 

Using Eqn. 4.2. 
100 
131 

· 7,5 hours 

:. T MAX 5,75 hours 

Thus the operator may only be exposed to the machine noise for 5, 75 
hours. 

Using Eqn. 4.3. Ta 7,5 - 5,75 hours 

:. Ta 1,75 hours 

The operator must work in a quiet place or wear hearing protection for 
at least 1, 75 hours every working day. 

4.1.2. L eq Determination using the Conversion Table 

Supplied with the Noise Dose Meter is a Conversion Table which al
lows direct assessment of Leq values for measurement durations of 8 
hours, 4 hours and 2 hours (in the "On" mode). Two Conversion Tables 
exist, OH 0009 being supplied with 4424 for ISO measurements and 
OH 0010 with 4425 for OSHA measurements. 

With the "On" side of the Conversion Table uppermost, choose the 
column corresponding to the particular measurement duration. Read the 
Leq value from the dB(A) column opposite the percentage count for the 
measurement. The Leq value should be rounded off to the nearest 
dB(A). 

Example 

A Noise Dose Meter was used for a 4 hour measurement with the 
OFF/RESET switch set to "On". The percentage count obtained was 
67%. What was the Leq value 
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(b) if a 4425 (operating to OSHA) was used? 

, 

'r 



(a) Using the "On" side of Conversion Table QH 0009 for 4424, on 
the 4h column, 

67% = 91 dB(A) 

(b) Using the "On" side of Conversion Table QH 0010 for 4425, on 
the 4h column, 

67% = 92 dB(A) 

4.1.3. Leq Determination using a Nomogram 

For measurement durations other than those given on the Conversion 
Table, a nomogram may be used to determine the Leq value. For the 
"On" mode, two nomograms are provided as follows: 

Fig.4.1 4424 
4425 

ISO 
OSHA 

q= 3 
q= 5 Fig.4.2 (use lower "On" Leq scale) 

Care should be taken to select the correct Figure and scale. 

Having selected the correct Figure the Measurement Duration scale to 
the left of the nomogram should be examined and the point correspond
ing to the measurement duration found. A ruler or other suitable 
straight edge should be laid from this point to the point on the central % 
Count scale corresponding to the count indicated by the % DISPLAY. 
The point where the straight edge intersects the Leq scale on the right 
of the Figure will correspond to the Leq value of the measurement in 
dB(A). 

The Leq value should be rounded off to the nearest dB(A). 

Example 

A Noise Dose Meter was used for a 40 minute measurement. The OFF/ 
RESET switch was in the "On" position and the % DISPLAY indicated 
96% at the end of the measurement. What was the Leq value 

(a) if the 4424 (operating to ISO) was used? 
(b) if the 4425 (operating to OSHA) was used? 
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Fig.4. 1. Nomogram for Leq Determination; 4424 (ISO) in the "On" 
mode 
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(a) Using Fig.4.1 

40 minutes, 96% = 1 01 dB(A) 

(b) Using Fig.4.2, the Lower scale for "On" 

40 minutes, 96% = 1 08 dB(A) 

4.1 .4. Determination of the Number of dB(A) in Excess of the Criterion 

It is often useful, particularly before introducing noise control meas
ures, to know by how many dB(A) a particular machine is in excess of 
the criterion. For this calculation the percentage count for the normal 
working day duration is required. This can be obtained directly from a 
whole day measurement or by linearly factoring a short duration per
centage count up to the working day duration , as described in 
section 4 . 1 . 1 . 

Having obtained the whole working day percentage count it is sim
plest to work with reference to the standard working day duration of 8 
hours for which hearing conservation standards specify a maximum al
lowed level LMAX . The Conversion Table provided with the instrument 
can be used to determine the level Lah in dB(A) corresponding to an 8 
hour day using the 8 hour column. The procedure is given in 
section 4 .1 .2 . The number of dB(A) in excess of the criterion (~ L) is 
then easily calculated from the equation: 

~L Lah - LMAX dB(A) 4.4 

The value of~ L should be rounded off to the nearest dB(A) . 

Example 

A noise dose measurement was made for 2 hours in a factory where 
the working day was 7 hours. The percentage count (obtained in the 
"On" mode) was 59%. The maximum level for an 8 hour day is speci
fied as being 90 dB(A). By how many dB(A) was the machine in question 
over the criterion 
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The initial calculation applies to (a) and (b) 

Using Eqn. 4.1 
7 

- ·59% 
2 

: . Cw 206% 

(a) using Conversion Table QH 0009 (for 4424) from the 8h column 

206% 

: . Lah 

and using Eqn. 4.4, 6L 
6L 

- 93 dB(A) 
93 dB(A) 

93-90 dB(A) 
3dB(A) 

(b) Using Conversion Table QH 0010 (for 4425) from the 8h column 

and using Eqn. 4.4, 
206% 
6L 
6L 

95 dB(A) 
95-90 dB(A) . 
5dB(A) 

4.1.5. Determination of Composite Leq Values 

It may be necessary to determine the average of several single Leq 

measurements, for instance to determine the Leq for a five day week of 
working days. This is simply done by adding together the set of meas
urement durations, to give the total duration; adding together the set of 
% Counts to give the total count, and using the relevant nomogram as 
described in section 4 . 1.3 to give the composite Leq value . The compo
site Leq value should be rounded off to the nearest dB(A) . 

Example 

The following set of results was obtained from five successive whole 
working day noise dose measurements: 
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Day Duration Count 
(h) 

Monday 7,5 
Tuesday 7,5 
Wednesday 7,5 
Thursday 7,5 
Friday 7 

What is the composite Leq value if 

(a) the 4424 was used? 
(b) the 4425 was used? 

% 

129 
156 
143 
138 
111 

The addition is the same for both (a) and (b) 

Total duration = 37 hours 
Total count = 677% 

(a) Using Fig.4.1 

37 hours, 677% = 92 dB(A) 

(b) Using Fig.4.2, the lower scale for "On" 

37 hours, 677% = 93 dB(A) 

4.2. ANALYSIS OF RESULTS OBTAINED IN THE "CAL." MODE 

4.2.1. Significance of the% DISPLAY 

In the "Cal." mode the Noise Dose Meter counting rate is increased 
relative to the "On" counting rate. This increase is different for the 
4424 (ISO) and the 4425 (OSHA) and given in Table 4.1. 

Instrument Standard Acceleration 

4424 ISO 11 5 times faster 
4425 OSHA 1 66 times faster 

Table 4 . 1. Counting Accelerations in the "Cal." Mode 
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These counting rate increases enable conversion of a count obtained 
in the "Cal." mode to the corresponding count which would have been 
obtained in the "On" mode as follows 

4424: 1~5 CCAL (%) 4.5 

4425: 4.6 

Once this conversion has been made, the converted count and the 
measurement duration can be used for all the calculations in 
section 4. 1 . 

Example 

A noise dose measurement was performed in the "Cal." mode, result
ing in a count of 2864%. What was the corresponding count in the 
"On" mode if 

(a) an ISO measurement (4424) was done? 
(b) an OSHA measurement (4425) was done? 

(a) Using Eqn. 4.5 

(b) Using Eqn . 4 .6 

1~5 . 2864% 

25% 

1 
166 . 2864% 

17% 

4.2.2. Leq Determination using the Conversion Table 

Supplied with the instrument is a Conversion Table which allows di
rect assessment of Leq values for measurement durations of 1 hour, 1 5 
minutes and 5 minutes (in the "Cal." mode). Two Conversion Tables ex
ist, QH 0009 being supplied with 4424 for ISO measurements and QH 
0010 with 4425 for OSHA measurements. 
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With the "Cal." side of the Conversion Table uppermost choose the 
column corresponding to the particular measurement duration. Read the 
Leq value from the dB(A) column opposite the percentage count for the 
measurement. The Leq value should be rounded off to the nearest 
dB(A). 

Example 

A measurement of noise dose was performed for 15 minutes. The re
sulting count was 2521%. What was the Leq value if 

(a) an ISO measurement was performed? 
(b) an OSHA measurement was performed? 

(a) Using the "Cal." side of Conversion Table QH 0009 for 4424, on 
the 1 5 minute column, 

2521% = 98 dB(A) 

(b) Using the "Cal." side of Conversion Table QH 0010 for 4425, on 
the 1 5 minute column, 

2521% = 101 dB(A) 

4.2.3. L 8 q Determination using a Nomogram 

For measurement durations other than those given on the Conversion 
Table, a nomogram may be used to determine the Leq value. For the 
"Cal." mode, two nomograms are provided as follows:· 

4424; ISO q = 3 Fig.4.3 

4425; OSHA q = 5 Fig.4.2 (use upper "Cal." Leq scale) 

Care should be taken to select the correct Figure and scale. 

Having selected the correct Figure the Measurement Duration scale to 
the left of the nomogram should be examined and the point correspond
ing to the measurement duration found. A ruler or other suitable 
straight edge should be laid from this point to the point on the central % 
Count scale corresponding to the count indicated by the % DISPLAY. 
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The point where the straight edge intersects the Leq scale on the right 
of the figure will correspond to the Leq value of the measurement in 
dB(A). 

The Leq value should be rounded off to the nearest dB(A). 

Example 

A Noise Dose Meter was used for a 3,5 minute measurement. The 
OFF/RESET switch was in the "Cal." position and the% DISPLAY indi
cated 823% at the end of the measurement. What was the L eq value 

(a) if the 4424 (operating to ISO) was used? 
(b) if the 4425 (operating to OSHA) was used? 

(a) Using Fig.4.3 

3,5 minutes, 823% = 100 dB(A) 

(b) Using Fig.4.2, the upper scale for "Cal." 

3,5 minutes, 823% = 104 dB(A) 

4.2.4. Determination of the Number of dB(A) in Excess of the Criterion 

It is often useful, particularly before introducing noise control mea
sures, to know by how many dB(A) a particular machine is in excess of 
the criterion. It is simplest to refer the calculation to the standard work
ing day duration of 8 hours for which hearing conservation standards 
specify a maximum allowed level LMAX . This is done by adjusting the % 
count obtained in the "Cal." mode so that the dB(A) level determined by 
Conversion Table or Nomogram can be assumed to exist for the 8 hour 
standard working day . This is done using the following equation: 

where 

40 

CADJ 

CcAL 

Tw 

T 
CCAL ·~% 

8 

is the adjusted count 
is the actual measured count 
is the working day duration in hours. 
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The adjusted percentage count is now used with the actual measure
ment duration to obtain the level (Lah) corresponding to an 8 hour day. 
This can be done using the relevant Conversion Table (as described in 
section 4.2.2) for durations of 1 hour, 15 minutes and 5 minutes or the 
relevant nomogram (as described in section 4.2 .3) for other measure
ment durations . The number of dB(A) in excess of the criterion (A L) is 
then easily calculated from the equation: 

. ~ L Lah- LMAX dB(A) 4.4 

The value of A L should be rounded off to the nearest dB(A). 

Example 

A noise dose measurement was performed with the instrument in the 
"Cal." mode. The count was 852 in 2 minutes. If the working day dura
tion was 7 hours, by how many dB is the machine in excess of a 
90 dB(A) for 8 hours criterion 

(a) if a 4424 was used? 
(b) if a 4425 was used? 

The initial calculation applies to (a) and (b) 

Using Eqn . 4. 7 
7 

a52 . 8 % 

745% 

As the measurement duration was 2 minutes, nomograms must be 
used to obtain values of Lah . 

(a) Using Fig.4.3 
for 2 minutes, 745%; L8h = 102 dB(A) 

:. Using Eqn. 4.4 A L = 102- 90 dB(A) 
.' .A L = 12 dB(A) 

(b) Using Fig.4.2, the upper "Cal. " scale 
for 2 minutes, 745%; L8h = 107 dB(A) 

Using Eqn . 4.4 A L = 1 07- 90 dB(A) 
.". A L = 1 7 dB(A) 
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4.2.5. Determination of Composite L8 q Values 

It may be necessary to determine the average of several single Leq 

measurements, for instance to determine the Leq for a whole working 
day from a series of measurements. This is simply done by adding to
gether the set of measurement durations, to give the total duration; ad
ding together the set of % Counts to give the total count, and using the 
relevant nomogram as described in section 4.2.3 to give the composite 
Leq value. The composite Leq value should be rounded off to the near
est dB(A). 

Example 

A time and motion study was performed on a punch press operator. 
Representative short duration noise dose measurements (in the "Cal." 
mode) were taken in the various places he visits during his working day. 
The results are given in the table below: 

Place Time %Count Measurement 
(hours) Duration 

Punch Press 4 1562 10 minutes 
Stores 1,5 52 3 minutes 
Noise Refuge 1 83 5 minutes 
Miscellaneous 0,5 68 12 minutes 

What is the Leq value of the noise pattern for the punch press opera
tor 

(a) if an ISO ( 4424) measurement was performed? 
(b) if an OSHA (4425) measurement was performed? 

The initial calculation applies to (a) and (b) 

The % Counts must first be linearly factored up to the times actually 
spent in each place. 

For example, for the Punch Press 
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Four hour % Count 1 562 . 4 hours 
10 minutes 

1562. 
4

'
60 

10 

= 37488% 

The other % Counts were factored up in the same way to give the fol
lowing table: 

Time %Count 
(hours) (factored) 

4 37488 
1,5 1560 
1 996 
0,5 170 

Totals 7 hours 40214 

(a) Using Fig.4.3 

7 hours, 40214% = 96 dB(A) 

(b) Using Fig .4 .2, the upper "Cal." scale, 

7 hours, 40214% = 97 dB(A) 
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5. DESCRIPTION 

The personal Noise Dose Meter is described with reference to the 
block diagram shown in Fig.5.1 . 

Microphone 

t
~-, 

}--,_, A 
Weighting 

Amplifier 
RMS 

Detector 

Amplitude Weighting 

Lin/Log 
Converter 

X 2 
(x 1,2) 

Low-Level 
Detector 

5.1. MICROPHONE 

Log/Lin 
Converter 

DC/Freq. 
Converter 

Fig. 5. 1. Block Diagram 

High-Level 
Detector 

Counter 

Lamp 

173305 

The sound field is detected by a Half Inch Free Field Microphone Type 
4125. The microphone is a condenser microphone, this type being most 
suitable for noise dose measurement applications because of its robust 
qualities. The microphone can be mounted directly on the Noise Dose 
Meter or separately using the Preamplifier ZE 0132 (available as an ac
cessory, its use is described in section 3.3) . 

The Microphone is supplied with a polarization voltage of 7 V DC, at 
which voltage the Microphone has a nominal sensitivity of 2 mV /Pa or 
-54 dB re 1 V /Pa. The 7 V DC polarization voltage is zener diode stabi
lized. The Microphone response is within specifications up to a Sound 
Pressure Level of 146 dB with less than 3% distortion. 
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Fig.5.2. Microphone Pressure and 0° Incidence Free Field Responses 
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Fig.5.3. Free Field Corrections for Microphone with Protecting Grid 

A typical pressure response variation with frequency for the micro
phone alone is shown in Fig.5.2 (the lower curve). 

The corrections to be added to the pressure response to give the free 
field response of the microphone plus grid are shown in Fig.5.3 and of 
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Fig. 5. 4. Free Field Corrections for Microphone with Protecting Grid and 
Dust Cover 

the microphone plus grid plus Dust Cover in Fig.5.4. These corrections 
are shown for various angles of incidence, together with the random in
cidence correction curve. 

The 0° incidence free field correction curve for the Microphone plus 
grid is shown added to the pressure response curve on Fig. 5. 2 to give 
the free field response for that angle of incidence. Further frequency re
sponse curves for the Noise Dose Meter as a whole are given in 
section 5. 6. 

5.2. SOUND LEVEL METER SECTION 

The initial signal processing in the Noise Dose Meter is identical to 
that of a sound level meter. The electrical signal from the Microphone is 
passed first to a combined preamplifier and A weighting filter. A weight
ing is performed at this stage to give a greater range of allowable input 
signals. After A weighting the signal is passed to an amplifier with a 
nominal gain of 30 dB. The gain of the amplifier is variable to allow ad
justment for calibration purposes, using the screwdriver operated CALI
BRATION POT. 
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Fig. 5. 5 . RMS Detectors 

The amplified signal is next passed to an RMS Detector. Usual cir
cuits for RMS detection consist of squaring, RC averaging and square 
root sections as shown diagrammatically in Fig .5.5(a) . Bruel and Kjrer 
RMS detectors, however, modify this general principle by feeding back 
the voltage on the averaging capacitor to produce a "variable squaring" 
characteristic, as in Fig.5.5(b), removing the necessity for a square root 
operation. The principle of the circuit and its difference from conven
tional RMS detectors is discussed in B & K Technical Review No. 1 
1 969, pages 7 to 1 3 . 

Squaring is achieved in the Noise Dose Meter by approximating two 
linear limbs to the squaring parabola which allows the detector to meas
ure signals with crest factors (the peak voltage divided by the RMS volt
age) up to 3, or 10 dB, with less than± 1 dB error . 

The signal is averaged in the RMS detector to give the "Slow" sound 
level meter characteristic. Thus the DC signal output by the RMS detec
tor will be a dB(A) Slow representation of the instantaneous sound field 
recejved by the microphone. For detailed calibration and testing of the 
Noise Dose Meter access to this DC signal may be necessary. This is de
scribed in the Service Instructions of the 4424/5. 
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5.3. HIGH LEVEL DETECTOR 

The DC signal is passed to a High Level Detector (which operates only 
when the OFF/RESET switch is in the "On" position) for detection of lev
els in excess of 11 5 dB(A) Slow. When this level is exceeded an elec
tronic latch is operated which stores this information . When the READ 
OUT button is pressed the latch sets the > 11 5 dB(A)/BA IT. lamp flash
ing. The latch will be released by switching the OFF/RESET switch to 
"Off" for at least 5 seconds~ 

It should be realized that the> 115 dB(A)/BATI. lamp is not an over
load light but is provided to allow detection of levels greater than 
11 5 dB(A) Slow in accordance with OSHA requirements. 

5.4. AMPLITUDE WEIGHTING CIRCUITRY 

As described in section 1 . 2 it is necessary to amplitude weight, or 
place emphasis on higher levels, in noise dose measurements . In hear
ing conservation standards a "q" value is defined, q being the number 
of dB(A) to be added to a noise level to give the same noise dose if the 
duration is halved . This q value is converted to a power to which the in
stantaneous DC voltage (representing the dB(A) Slow variation) must be 
raised to define the amplitude weighting process (see section 1.2). The q 
values and corresponding powers are shown in Table 5.1. 

Instrument Standard q Power 

4424 ISO 3 2 
4425 OSHA 5 1,2 

Table 5. 1. Amplitude Weighting Parameters 

Amplitude weighting is performed electronically in a similar way to 
raising a number to a power using logarithms. The dB(A) Slow represen
tation is passed to an Lin / Log Converter (equivalent to taking the loga
rithm) multiplied by the relevant power, as defined in Table 5.1, and fi
nally passed to a Log/Lin Converter (equivalent to taking the antiloga
rithm). The DC output from the Lin/Log Converter is then the amplitude 
weighted dB(A) Slow representation of the sound field . 
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5.5. INTEGRATION/COUNTING CIRCUITRY 

The DC signal from the Amplitude Weighting circuitry is passed to a 
DC/Frequency Converter . This is basically an integrator made up of an 
operational (very high gain) amplifier with a capacitive feedback loop. In
tegration by this technique is a common feature of analogue computers. 
The output of the integrator will be a voltage ramp whose slope is pro
portional to the magnitude of the DC signal. When the ramp voltage 
reaches a certain value the capacitor in the feedback loop is shorted out, 
thus resetting the integrator to zero. The process is then restarted. The 
output of the integrator will be approximately a sawtooth waveform, the 
frequency of which is proportional to the DC voltage passed to the inte
grator. 

The signal from the RMS Detector (being a dB(A) Slow representation 
of the instantaneous sound field) is also passed to a Low Level Detector. 
When this signal drops below a certain level the Low Level Detector, via 
logic circuitry inhibits the integrator until that level is again exceeded. 
By this method low Sound Levels are ignored as specified in the various 
standards. The 4424 is set to ignore Sound Levels below 80 dB(A), fol
lowing ISO and the 4425 to ignore Sound Levels below 89 dB(A) follow
ing OSHA. 

The use of low level inhibition greatly reduces the integrator drift 
(which is usually a problem with integrator circuits) so that only straight
forward drift compensation is required in the instrument. 

The sawtooth waveform is finally passed to the Counting circuitry 
which stores the accumulated noise dose count. When the READ OUT 
button is pressed the 4 digit LED % DISPLAY will be activated to display 
the count. Counting continues normally while the READ OUT button is 
pressed. The maximum indication of the display is 9999%, if this is ex
ceeded pressing the READ OUT button will reveal that the % DISPLAY 
has been blacked out, indicating that saturation has occurred. The dis
play is reset to 0% by switching the OFF/RESET switch to "Off' for at 
least 5 seconds and then switching to "On" or "Cal." as required . 

5.6. THE ACCELERATED CALIBRATION MODE 

In order to increase the sensitivity of the Noise Dose Meter for calibra
tion purposes a special accelerated mode is provided. This mode also 
makes the instrument suitable for short duration measurements. The 
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accelerated counting rate is selected by setting the OFF/RESET switch 
to "Cal.". The acceleration is partly obtained in the Counting circuitry 
and partly in the (nominally) 30 dB Amplifier placed directly after the 
Preamplifier in the Sound Level Meter section of the instrument. 

Counting is performed by logic circuitry in the instrument which 
means that counting rate accelerations of only powers of two are avail
able in that circuitry. In the "Cal." mode the counting rate is here accel
erated by a factor of 1 28, this being 2 7. In the 4424 (ISO) this accel
eration is reduced to a factor of 11 5 by reducing the gain of the 30 dB 
Amplifier and in the 4425 increased to a factor of 166 by increasing 
the gain of the 30 dB Amplifier. For both the 4424 and the 4425, 
these gain adjustments are made so that the Noise Dose Meter will 
count at a rate of 1% per second when a 94 dB(A) sound source (such 
as the Sound Level Calibrator Type 4230) is applied to the Microphone 
with the Dust Cover removed. The different gain adjustments are neces
sary because of the different amplitude weightings of the two instru
ments. This gain adjustment results in a slight change of the dynamic 
range of the Noise Dose Meter when the OFF/RESET switch is in the 
"Cal." position, as given in Table 5 .2. 

Instrument Standard Range for "On" Range for "Cal." 
dB(A) Slow dB(A) Slow 

4424 ISO 80 to 120 80,5 to 120,5 
4425 OSHA 89 to 115 87 to 113 

Table 5.2. Sound Level Ranges for "On" and "Cal." 

5.7. POWER SUPPLIES 

The Noise Dose Meter is supplied with power by two commonly ob
tainable 9 V dry cell batteries (IEC 6F22). The batteries will last for 80 
hours under intermittent use (for example, 1 0 working days of 8 hours) 
or for 50 hours under continuous use with the OFF/RESET switch in 
the "On" position. In the "Cal." position the battery life is 30 hours for 
continuous use. All of these lifetimes assume no use of the% DISPLAY. 
Under normal use the % DISPLAY is activated for such short times (by 
pressing the READ OUT button) that the lifetimes quoted will not be re
duced. For dry batteries, the energy content varies with make, tempera-
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ture and storage. The values quoted are typical for unused B & K Type 
QB 0010 batteries at 25°C. 

The batteries are checked by setting the OFF/RESET switch to "Cal." 
and observing the> 115 dB(A)/BATI . lamp, if this flashes, then the bat
teries are in order. A further check on the reserve of power in the bat
teries is to press the READ OUT button. If the> 115dB(A)/BATI.Iamp 
still flashes, the batteries are likely to last for an eight hour measure
ment. If the lamp does not flash, the batteries are likely to be exhausted 
during the next eight hours . 

To prevent acid leakage and possible damage to the Noise Dose Meter 
circuitry it is advised that the batteries are removed for long periods of 
disuse. 

Most of the instrument is driven directly from the two batteries . The 
exceptions to this are the microphone polarization voltage (as described 
in section 5.1 ), the Level Detectors, which are driven by a stabilized 
± 3 V supply, and the logic circuitry which is powered by a special + 5 V 
high efficiency supply of the switching regulator type. This type of power 
supply is non-dissipative and results in a considerable extension of the 
battery I ife. 

5.8. OVERALL CHARACTERISTICS 

5.8.1. Acoustical 

The acoustical characteristics of the Noise Dose Meter with the Micro
phone integrally mounted are shown in Figs.5.6 to 5.9. Shown in 
Fig.5.6 is the frequency response of the Noise Dose Meter to sound at 
various angles of incidence. It can be seen from this figure that the flat
test frequency response to a sound source in a free field is obtained at 
45° incidence. This fact can be made use of when using the Noise Dose 
Meter hand held or tripod mounted to measure the direct sound from a 
localized source by inclining the instrument at 45° to the incident 
sound. 

Fig.5.7 shows the random incidence response of the Noise Dose Me
ter (relative to the microphone response which is flat to 10kHz for 0° 
incidence within ± 0,5 dB, see Fig.5.2). All of these curves are taken 
with the Dust Cover in place which improves the random incidence re
sponse of the instrument as a whole. 
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Fig.5.6. Noise Dose Meter Free Field Response at Various Angles of In
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Fig. 5. 7. Noise Dose Meter Random Incidence Response 
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Fig. 5 . 8. Noise Dose Meter Directional Response (Front to Back) 

Fig. 5 . 9 . Noise Dose Meter Directional Response (Side to Side) 
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Finally Figs.5.8 and 5.9 show the directional response of the instru
ment for frequencies of 200Hz, 1 kHz, 2kHz, 4kHz and 6kHz plotted 
on polar paper. The results of a laboratory investigation of the effects of 
body shielding and reflections are given in section 1. 5. 

5.8.2. Temperature 

The Noise Dose Meter operates within its specifications over the tem
perature range from -1 0°C to + 50°C ( 14°F to 1 22°F). A temperature 
sensitive resistor adjusts the gain of the (nominal) 30 dB Amplifier to 
compensate for the slight variation of Microphone sensitivity within the 
stated operating temperature range. 

5.8.3. Vibration 

The critical part of the instrument for sens1t1v1ty to vibration is the 
microphone. The condenser microphone gives the best immunity from 
vibration effects and in the worst case (with the vibration perpendicular 
to the diaphragm) the maximum vibration sensitivity is equivalent to 
65 dB SPLat 1 m/s2 or 85 dB SPLat 1 g . 
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6. SPECIFICATIONS 

Microphone: Half-inch Condenser Microphone 
Type 41 25 mounted directly on 
Noise Dose Meter 

Frequency Range: 

Frequency Weighting: 

Amplitude Weighting: 

Sound Level Range: 

Alternative mounting of microphone 
on clip-on Preamplifier ZE 01 32 
which connects to Noise Dose Meter 
via a 1 m (3,3 ft) cable (option) 

10Hz to 1 0 kHz 

4424: Weighting network A accord
ing to IEC R 1 23 
4425: Weighting network A accord
ing to ANSI S1 4-1971 Type 2 

4424: Continuous amplitude squar
ing following the equal energy prin
ciple specified in ISO R 1 999 
4425: Continuous type expansion 
providing the 5 dB/6 dB amplitude/ 
time relationship contained in the 
Occupational Safety and Health Act 
(OSHA) 

4424: 80 dB(A) to 1 30 dB(A) (in
cluding 1 0 dB crest factor allowance 
at 1 dB error). Linearity tolerance 
1 dB(A) from microphone to display 
4425: 90 dB(A) to 11 5 dB(A) in ac
cordance with OSHA requirements 
(to 1 25 dB(A) including 1 0 dB crest 
factor allowance at 1 dB error). Line
arity tolerance 1 dB(A) from micro
phone to display 
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Low Level Cut-off: 

115 dB(A) Indication: 

Rectifier: 

Time Constant: 

Integrator: 

Read-Out: 

Calibration: 

56 

4424: Integration is inhibited below 
80 dB(A) ± 1 dB(A) 
4425: Integration is inhibited below 
89 dB(A) ± 1 dB(A) in accordance 
with OSHA criterion 

Electronic latch activated by Sound 
Level exceeding 115 dB(A) ± 1 dB(A) 
"Slow" (the maximum dB(A) "Slow" 
level permitted by OSHA) 
Read-out by flashing LED lamp dur
ing noise dose read-out 

Quasi-RMS ± 1 dB tolerance for crest 
factor of 1 2 dB 

4424: "Slow" according to IEC 1 23 
4425: "Slow" according to ANSI 
s 1 .4-1 971 

DC to frequency converter followed 
by electronic counter 

Built-in four digit LED (Light Emitting 
Diode) display, 0 to 9999% indica
tion 
4424: 100% corresponds to an 
equivalent continuous level (Leq) of 
90 dB(A) for 8 hours 
Maximum Leq displayed after 8 
hours measuring time is 11 0 dB(A) 
corresponding to a display of 9999% 
4425: 100% corresponds to an 
equivalent continuous level, Leq, of 
90 dB(A) for 8 hours in accordance 
with OSHA criterion . An Leq of 
115 dB(A) corresponds to 31 62% 
displayed 

In calibration mode, 94 dB Sound 
Level at 1000Hz will produce a dis
play count rate of 1 per second 



Influence of Magnetic Field: 

Influence of Vibration: 

(B & K Sound Level Calibrator Type 
4230 is well suited) 
The calibration mode may also be 
used for accelerated (short · dura
tion) measurements of Leq 

4424: Calibration unaffected at 
100A/m, 50Hz 
4425: Calibration unaffected at 
1 OOA/m, 60Hz 

Microphone sensitivity to 10 m/s2 

acceleration is equivalent to less 
than 85 dB SPL 

Operating Ambient Temperature: -1 0 to + 50°C ( 14 to 1 22°F) 

Storage Temperature: 

Influence of Humidity: 

Batteries: 

Dimensions: 

Weight: 

Accessories Included: 

Less than 0,5 dB change within 
specified ambient temperature range 

-20 to + 70°C (-4 to + 1 58°F), 
with batteries removed 

Calibration unaffected for 0 to 90% 
relative humidity 

Two 9 V batteries size IEC 6F22, 
Neda Type 1 604 (ordinary transitor 
radio battery) 
Battery life: 80 hours intermittent at 
8 hours use per day ("On" mode) 
Battery Check: Flashing LED lamp 
indication in calibration mode 

Length: 115 mm (4,52 in) 
Width: 75 mm (2,95 in) 
Thickness: 33 mm ( 1,30 in) 
Excluding microphone and clip 

280 g (9,9 oz) including batteries 

2 Batteries QB 001 0 
1 Miniature Screwdriver QA 0001 
1 Screwdriver QA 0027 
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Accessories Available: 

58 

1 Microphone Dust Cover DZ 9192 
with Sponge Insert DS 03 7 6 

1 Transparent Cover DZ 91 88 

4424: 
1 Conversion Table QH 0009 

4425: 
1 Conversion Table QH 0010 

Sound Level Calibrator Type 4230 
Clip-on Microphone Preamplifier 
with 1 m (3,3 ft) cable ZE 0132 
Tripod UA 0049 









BROEL & KJ.LER instruments cover the whole field of sound and vibration 
measurements. The main groups are: 

ACOUSTICAL MEASUREMENTS 
Condenser Microphones 
Piezoelectric Microphones 
Microphone Preamp! ifiers 
Sound Level Meters 
Precision Sound Level Meters 
Impulse Sound Level Meters 
Standing Wave Apparatus 
Noise Limit Indicators 
Microphone Calibrators 

ACOUSTICAL RESPONSE TESTING 
Beat Frequency Oscillators 
Random Noise Generators 
Sine-Random Generators 
Artificial Voices 
Artificial Ears 
Artificial Mastoids 
Hearing Aid Test Boxes 
Audiometer Calibrators 
Telephone Measuring Equipment 
Audio Reproduction Test Equipment 
Tapping Machines 
Turntables 

VIBRATION MEASUREMENTS 
Accelerometers 
Force Transducers 
Impedance Heads 
Accelerometer Preamplifiers 
Vibration Meters 
Accelerometer Calibrators 
Magnetic Transducers 
Capacitive Transducers 
Complex Modulus Apparatus 

VIBRATION TESTING 
Exciter Controls -Sine 
Exciter Controls -Sine - Random 
Exciter Equalizers, Random or Shock 
Exciters 
Power Amplifiers 
Programmer Units 
Stroboscopes 

STRAIN MEASUREMENTS 
Strain Gauge Apparatus 
Multi-point Panels 
Automatic Selectors 

MEASUREMENT AND ANALYSIS 
Voltmeters and Ohmmeters 
Deviation Bridges 
Measuring Amplifiers 
Band-Pass Filter Sets 
Frequency Analyzers 
Real Time Analyzers 
Heterodyne Filters and Analyzers 
Psophometer Filters 
Statistical Distribution Analyzers 

RECORDING 
Level Recorders 
Frequency Response Tracers 
Tape Recorders 

DIGIT!\L EQUIPMENT 
Digital, Encoder 
Digital Clock 
Computers 
Tape Punchers 
Tape Readers 
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