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INSTRUCTIONS AND APPLICATION S 

Automatic Reverberation Switch Type 4407 

With this device a complete sequence of reverbe
rat ion curves can be recorded on the High Speed 
Level Recorder Type 2304 on a single section of 
recording paper. Adjustable spacing between the 
individual curves. 
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· Automatic Reverberation ~tch Type 4407. 

General. 

The Automatic Reverberation Switch Type 4407 is intended as an ac

cessory to the High Speed Level Recorder Type 2304, and is spe

cially designed for the automatic recording of reverberation curves, 

the investigation of room acoustics according to the B. B. C.'s Im

pulse Glide Method, the recording of articulation diagrams, and the 

sound insulation measurements of walls, partitions, doors, windows 

Fig. 1. Photo of the Automatic Reverberation Switch Type 4407. 

A thorough investigation of the acoustics of a theatre, concert hall, 

cinema, studio etc. by normal reverberation methods demands ap

prox. 500 reverberation curves, scanning the frequency range from 

60 c/s to 8000 c/s, and quite considerable amounts of recording 
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paper are required for such an experiment. Apart from the time re-

qui red for the manual execution of these measurements, the filing 

problems with the long ·recorded results are even more awkward, and 

a concise representation of reverberation time versus frequency. de-

mands a very elaborate work of extracting, copying etc. The pro-

blem has been solved with the Automatic Reverberation Switch Type 

4407, as here the reverberation curves are recorded on an endless 

paper loop at regularly adjustable distances from each other, corres-

ponding · to a predetermined frequency interval. Such a recording al-

lows a quick estimate of the reverberation time's dependence on fre-

quency, it can be inserted directly into a report on the measure-

menta and it does not offer any filing problems. 

Auto"""lt-....Ntloll 

0 
Typo 4407 

Curn Space -¥ Halo Switch 

Off 

@_ 
On 

Fig. Z. Drawing of the Automatic Reverberation Switch Type 4407. 
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Description. 

The Switch consists of two sets of contactors controlled by different 

interchangeable: camdiscs. One set regulates the on-off switching 

of the signal source -loudspeaker circuit, while' the other interrupts 

the current to a lifting magnet device in order that only the essential 

part of the reverberation curve be registered on the High Speed Le

vel Recorder, the magnet lifting the stylus from the paper during the 

greater part of the paper loop's cycle. The camdisc s regulating 

the two contactor sets are mounted on the same axle, which ter

minates at the back of the instrument in a clutch, _allowing the con

nection of a normal Type 3003 Flexible Cable for attachment to the 

A. F. Spectrometer 2109. With reverberation measurements using 

the B. F. 0. 1014, the apparatus is run from the paper drive of the 

Level Recorder by means of a specially delivered cable connected to 

another clutch on the back of the instrument. The paper axle con-

nection is only possible with Type 2304 Level Recorders which have 

a hole on the right hand side where the paper drive is available. The 

speed ratio between the paper axle on the Level Recorder and cam

disc axle in Type 4407 is 8:1. As 6 em of rec_ording paper cor

responds to one paper axle revolution, one complete camdisc turn 

will equal 48 em recording paper. This paper length, or half of it, 

can therefore be chosen as loop length, as one camdisc turn stands 

for one loudspeaker on-off switching and one lifting magnet rise-drop. 

A 24 em loop only circulates twice through the recorder before a 

recording occurs. 

The contactor sets are mounted on a large ratchet wheel, independ

ent of the camdiscs, and movable by means of a ratchet lever. This 
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lever is controlled by the "Curve Space" switch on the front side of 

the instrument so as to move the contactor wheel 1/400 to 5/400 of 

a turn further in the direction of rotation after each complete cam-

disc rotation. This results in a 1.2 - 2.4 - 3.6 - 4.8 and 6.0 mm 

distance between two consecutively recorded reverberation curves, 

as indicated on the apparatus. As a consequence the separation 

distance is completely independent of the paper speed of the Level 

Recorder, which can still be freely chosen out of the range 0.003 -

0.001. .... -; . 10 - 30 - 100 mm/s. For actual reverberation mea-

surements, however, the 10 and 30 mm/s speeds will mostly be of 

importance, whereas in a particular case of a heavily damped audi

torium with short reverberation time, a paper speed of 100 mm/s 

will be needed. 

In the case where the reverberation measurements are carried out 

with the Beat Frequency Oscillator Type 1014 as signal source, the 

Oscillator is driven by means of the Flexible Cable 3003 connected 

between the clutch on the right hand side of the Recorder and the 

left hand side of Type 1014. When the combination of Oscillator and 

Level Recorder, the A. F. R. R. · 3302 is used, this connection is 

achieved internally by switching on the magnetic clutch of 3302. 

Choosing different wheels in the gear case of the Level Recorder re

sults in different traversing speeds through the B. F. 0. 's frequency 

range of 20 c/s - 20 kc/s, and consequently different frequency in

tervals between two consecutive reverberation curves. Under "In

structions for Use" these frequency intervals will be explained in 

details with the aid of a table. 
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Reverberation measurements with a random-noise generator require 

a Type 2.109 I\.. F. Spectrometer to filM
1
r out 1/3 octaves of the 

·total, received microphone signal before recording. With these 

measurements the mechanical clutch at the back of the instrument 

should be connected directly, by means of a flexible cable, with 

either of th¢ two clutches o~ the side-panels of the Spectrometer. 

One comp~ete camdisc rotation in Type 4407 then means one shift 

to a following filter on Type 2.109, so that the different reverberat

ion curves . .are recorded one after the other, with random-noise 

within 1/3 octave, covering the total spectrum from 35 - 18.000 cIs 

in 2.7 steps. 

Connecting the above mentioned clutch directly to the Level Recor

der's right turning gear case clutch (removing of course the special 

cable between paper drive and Type 4407) adapts the Automatic Re

verberation Switch for all Type 4405_, Two Channel Selector appli

cations, whereas special use can still be mJtde of ·the lifting mag

net device in those cases where the switching points; du ... .Lng the 

changing from one channel to the other, should be avoided as giving 

no information about the two different levels to be recorded, but 

on the contrary can obscure the measuring result due to the over

shoot at these places. The automatic measurement of the insulat

ion of walls, partitions, doors, windows, etc. in this way is an 

important application of Type 4407. 
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The signal source-loudspeaker contactor is a 3-point switch, which 

connects the loudspeaker with the signal source for a part of a cycle, 

and partly short-circuits the speaker for quickest damping. The 

lifting magnet contactor is a 2-point switch. Both .c ontactors are 

made with silver co'ntact points. 

The lifting magnet itself is mounted on a special frame, which should _ 

replace the frame on the Level Recorder guiding the recording paper. 

The magnet is fed with D. C. current via a selenium rectifier from 

a transformer for 115-127-150-220 V mains voltage. Power con-

sumption is about 7 Watts. The proper voltage is selected by means 
• • ,J i 

of a switch which is operated with a screwdriver through a hole in 

the rear plate of the instrument. The voltage selected is indicated 

by a pilot disc ganged with the switch. During the selection the in-

strument should be disconnected from the power line. 

A fuse directly above the voltage switch is placed in the primary 

circuit of the transformer. The · fuse can be replaced by loosening 

a cover plate mounted above the voltage switch, thus obviating the 

necessity for removing the rear plate of the instrument. 

The lifting magnet can also be ope rated with a D. C. voltage source 

of about 6 V. 
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Instructions for Use. 
L 

By means of the special flexible cable (3 in fig. 1 ), the instrument 
t,: 

is connected with the paper drive on Level Recorder !ype 2304. 

The small rod with which the cable is terminated is inserted in 

the upper hole on the right hand side of Type 2304 and locked with 

the small screws in the knob for manual paper adjustment. On the 

Reverberation Switch's back the lower of the two clutches is used 

for the connection, likewise locked with screws. Secondly, the 

paper guiding frame on the Level Recorder should be U,!lSCrewed 

and replaced by the lifting magnet frame (1). (The mounting should 

be carried out with the aid of two specially delivered screws, to 

avoid the recording paper being damaged). The lifting magnet cable 

(Z) is led from the magnet to the jack "Lifting Relay" on Type 4407. 

The signal source-loudspeaker circuit is operated by connecting the 

sockets 11BF0 11 with the signal source and "Loudspeaker" with the 

loudspeaker, whereas the socket 11LS Ground" is short-circuited; the 

screens of the sockets are grounded, and should therefore be con-

nected with the ground side of the signal source, and also if possible 

of the loudspeaker. 

The different camdiscs can be changed or inserted by removing the 

square cover on the front side and loosening the end screw on the 

camdisc axle. The innermost camdisc (or -discs) regulates the 

signal source-loudspeaker circuit and has a fixed position with res-

pect to the axle. Then follow a separating ring and the two thin adjust

able discs (thickness of Z mm each), the relative position of which 

with respect to each other determines the Recorder stylus' writing 

period during a loop cycle, whereas the position of the two discs to-

.. 
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gether, compared with the loudspeaker disc, · determines which time 

during the cycle the recording takes place. The shape of the two 

magnet discs is shown in fig. 3a, from which follows that the writing 

period can be varied from half a loop turn to _afractionof it. Figs. 

3b-3e shdw the remaining· discs as supplied with the apparatus. Cam-

disc b (3.5 mm thick) is intended for normal reverberation measure-

me'its where the LS is connected for half a cycle with the signal 

source. Camdisc c (1. 5 mm thick), together with camdisc b per-

mits an LS signal source connection for only a short interval with 

impulse reverberation measurements. With the camdiscs b and 

c mounted as a the contact interval can be adjusted in the same 

way as the magnet lift between 1 I 2 and a fraction of · a cycle. This 

interval can then be measured with the aid of the Level Recorder as 

described on p. 13 before the measurements begin. Lastly, the 

combination camdiscs d-e with 20 and 40 teeth makes insulation 

measurements possible. More details about camdiscs d-e follow 

under "Insulation Measurements". 

a 

20 teeth 

Fig. 3. Rotating discs supplied with 4407. 
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With reverberation measurements, the paper speed is a more or 

d ess fixed- datum, as the slope of the reverberation curves should fall 

in the range 30-60 degrees, preferably around 45 degrees to ob-

tain highest accuracy. The traversing speed of B. F. 0. Type 1014 

through the frequency range can then, as mentioned before, still be 

freely·:chosen, resulting in different frequency intervals between two 

consecutive· recordings. Generally speaking this traversing speed 

should be . so " slow that no noticeable difference is seen between the 

measuring result of .ta recording with the traversing speed under dis-

cus sion and one with infinitely slow frequency change. The maxi-

mum speed at which this is still true will depend on several va-

·riables such as room dim.ensions, wall absorptions, distributions of 

absorbing panels etc., all influencing the homogeneity of the sound 

field. In the table below, the first row indicates the different wheels 

in Level Recorder Type 2304, the second row the time for one 20 

c/s - 20 kc/s s scanning. For .paper speeds of 3-10-30 and 100 

mm/ sec the following information is contained in the third row: 

l) which part of the total scale the B. F. 0. traverses 
between two consecutive recordings, 

2) the absolute value in cIs of the interval at 1000 cIs, 

3) the interval expressed in parts of an octave. 

Finally this frequency interval can cover a 1.2 - 6,0 mm space on 

the recording paper, depending on the setting of the "Curve Space" 

switch. 

. .. 



A B c D E F G H Wheel 

Freq. scale 
14.4 sec 48 s .ec. 24 min. 8 min. 24 min. 1.33 h. 4 h. 13.3 h. traverse 

20-20000c/s. 

1/5 3/50 1/50 3/500 1/500 3/5000 1/500 3/50000 
1000 250 70 20 6 2 \ c/s 100 
1 1/3 1/10 8/300 1/120 octave 

2/3 1/5 1/15 ~ 1/150 1/500 1/1500 1/5000 
1080 80 20 6.5 2 c/s 30 0 

2 3/5 1/5 3/50 1/50 3/500 1/500 3/5000 
1000 250 70 20 6 c/s 10 

1 1/3 1/10 8/300 1/120 octave 

6 2/3 2 2/3 1/5 1/.15 1/50 1/150 1/500 

1080 250 80 20 c/s 3 

mm/ sec. 
Paper speed. 

..... 
0 
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With regard to the frequency indication on the measuring result, the 

squares around three of the different combinations indicate the pos

sibility of using preprinted paper 3 611-12-13 with frequency scale, 

but only in the case where a curve space of 4.8 mm is used. On 

24 em recording paper the result will be 30 reverberation curves 

at 4.8 mm distance from each other for the frequency range 20 c/ s-

20 kc/s. With other combinations, paper types 2350-51-52 are used. 

In those cases the frequencies at which the first and the la-st rever

beration curves are recorded are read off from the B. F. 0. 's scale, 

whereupon a new frequency scale can be constructed geometrically 

with the aid of the printed 'scale on paper 36ll. 

With random-noise mess~rements the connection between the Rever

beration Switch and the A. F. Spectrometer has already been de

scribed. When using the )combination of Spectrometer and Level Re

corder, the Automatic · s~ctrum Recorder Type 2311, care should 

be taken to place the changeable gear wheel in the Level Recorder's 

gear case in a free position, lest the Spectrometer be driven simul

taneously from two sides. Type 3611-12-13 recording paper with 

preprinted frequency scale is recommended, and a curve spacing 

of 4. 8 mm. In that case all 27 reverberation curves for 1/3 octave 

random-noise from 35 to 18 000 c / s will be recorded with correct 

frequency indication. 

After insertion of the appropriate camdiscs in the instrument, and 

properly adjusting the mains supply, the apparatus can be switched 

on by means of the Main Switch, and the measurements begun. 
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A loop is folded from 48.5 em recording paper, so that the first 

and last hole on both sides of the strip cover each other. Then, to 

check the instrument, the "Loudspeaker" jack is connected to the 

Level Recorder, the writing speed of which is set on a low value 

to achieve a sufficient slope of the curves with the different paper 

speeds. The B. F. 0. is set on a value which will give a sufficient 

level on the recording paper, and with different paper speeds on 

the Recorder and differt:nt "Curve Space" settings on the Reverberat

ion Switch the combination of the two instruments is investigated. 

With the pawl of the contactor wheel loosened one curve only should 

be recorded at the same place after each loop turn. When this is 

not true within 0.4 mm, the coupling between the two instruments, 

or the paper drive, which ought to be very smooth, should be cor-

rected. The writing period of the Recorder's stylus as well as the 

recording instant within one cycle follow too from these results, 

and can be readjusted if necessary. With the pawl functioning, the 

curves should be equally spaced even after 50-100 loop turns. An 

unsmooth paper running can disturb the regularity of this pattern, 

especially of course with small curve spacing. 

The B. B. C. Impulse Glide Method as discussed by T. Sommerville 

in the papers of the Building Research Congress 1951, Div. 3, Part I, 

p. Z3, can also be executed :with the Level Recorder as described in 

B & K Technical Review, October 195Z. These impulse measure

ments with the Automatic Reverberation Switch Type 4407 should be 

carried out with the combinations of camdiscs b and c as described 

on p. 8. 



13 

To evaluate the length of the signal impulse to the loudspeaker, which 

is dependent on the camdisc speed, and consequently on the paper 

speed, proceed simply as shown in fig. 4, recording a level drop 

of 2 db when the smaller resistance is short-circuited. However, 

only a paper speed of 100 mm/sec gives a sufficiently accurate mea-

suring result for impulse lengths of less than 200 millisec. With 

normal connection of Level Recorder and Reverberation Switch this 

method, with paper- and driving speeds less than 100 mm/ sec, makes 

a second Level Recorder necessary to record the impulse with the 

required speed. This can be avoided by driving +'ype 4407 from 

the Recorder's gear case clutch as a Type 4405, by means of the 

short cable connected to the camdisc clutch on Type 4407 and to the 

right turning clutch of the Level Recorder. (By means of the de-

livered extension piece fitting over the rod-terminal of the flexible 

cable). A paper speed of 10 mm/sec corresponds to a paper axle 

speed of 10 r/m and camdisc speed of 1.25 r/m. Wheel E of the 

gear case, rotating at 0. 75 r /m should therefore be used to drive 

the Switch. In case a Speed Multiplier is available, increasing the 

3302 4407 

Fig. 4. Measuring arrangement for the evaluation of the length of 
the signal impulse to the loudspeaker. 
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'3'321 

Fig. 6. Example of automatic recording of reverberation time with 
warble tone. By means of the compressor in the Oscillator of Type 

3302 all curves start at the same level. 

00 0 00 0 000000 0000000 00 000 

Fig. 5. Example of automatic recording of reverberation time with 
white noise, using A. F. Spectrometer 2109 fo.r automatically filter
ing out the 1/3 octave bands. The thick line drawn indicates the 

reverberation time, measured from the resulting curves. 



15 

speed in the ratio 5:3 to the correct 1.25 r/m, no correction of the 

impulse length (1 em recording = 100 millisec.) will be necessary, 

otherwise the resulting time should be multiplied by a factor 3/5. 

Automatic Insulation Measurements. 

The insulation of walls, windows, doors etc. can be measured with 

the Switch 4407 as follows. 

A Condenser Microphone Type 4111 is placed in the transmitter 

room, where a diffuse sound field is obtained by employing several 

loudspeakers fed from the Beat Frequency Oscillator Type 1014. 

The output from the Condenser Microphone is led via Microphone 

Amplifier 2602 to the compressor input of the Beat Frequency Oscil-

lator. With the oscillator traversing the frequency range from 20 

cIs to 20 kc Is a constant sound level can thus be obtained on the 

11transmitter 11 side of the partition. On the "receiver" side a second 

Condenser Microphone 4111 picks up the transrnitted sound, which 

is amplified by a Microphone Amplifier Type 260 1. The output of 

both amplifiers are led to input 11 1 11 and 11 2 11 of Switch 4407 and the 

Level Recorder is connected to the socket "Potentiometer". In this 

way two levels are alternately recorded: the constant sound level 

of the transmitter room (which with a 50 db pote.ntiomeote·r on tne Re

corder is set on the recording paper's 45 db line) and the varying 

level of the receiver room. The difference of these levels directly 

indicate the insulation of the tested partition (apart from a correction 

factor 10 log ( F I A 2 ) where F is the area of the partition and A
2 

the 

absorption of the receiver room, both measured in the same units). 
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When preprinted paper 3 611-13 is used the transmission loss of the 

construction will thus be depicted automatically as a function of fre

quency. Attention should be given to traversing the total frequency 

range with a very low speed in order to record both levels under 

conditions approaching as closely as possible the steady state. To 

this end the Switch's camdisc axle is driven from the Level Recor

der's right turning clutch as described before, whereas camdisc d 

is used for the 3-point contactor and camdisc e for the magnet con

tactor. The position of d is fixed by the small axle-notch and disc 

e is placed so that its teeth-tops coincide with the teeth flanks of 

disc d. In this way the two levels only (i.e. the tops and roots of 

the teeth of the camdisc d) are recorded by the stylus and not the 

switching points. Using any of the recorder wheel-paper speed com

binations (A-10, B-3, C-1 etc. ) required to make recordings on 

paper 3611-13, a complete frequency traverse of the Beat Frequency 

Oscillator corresponds to 17.5 revolutions of the recorder clutch and 

consequently both levels will be recorded 20 x 17.5 = 350 times for 

one complete measurement. At a frequency of for example 1000 

cIs this means that the Beat Frequency Oscillator traverses 20 c/ s 

between two successive recordings of . the same level and about 5 

c/s only between two different levels, thus approaching a steady 

state measurement quite closely. 

Finally, taking recorder wheel E, F or G for the driving of the 

Switch requires respectively 23, 77 and 230 min. for a total fre

quency traverse. 
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Combination Type 4407 - Level Recorder Type 2301. 

In case only the older Level Recorder Type 2301 is available, where 

no direct access is possible to the paper driving axle, as required 

for the driving of the Reverberation Switch, a minor mechanical re

" ·t 
building of Type 2301 is the best solution. To this end the chassis 

plate is taken out of the wooden box, and in both plate ~fid box a 

'" small piece around the paper adjusting knob on the right hand side 

of the lever box is sawn out in such a way as to allow the mounting 

of a connecting piece between the paper axle of the Level Recorder 

and the flexible cable of the Reverberation Switch, with the adjusting 

knob removed. All combinations of different paper and traversing 

speeds as described before will then be possible; however, as the 

~ear case speeds for the Type 2301 Level Recorder are 75-24-7.5 

etc. instead of 75-22.5-7.5 etc. the rows for wheel B, D, F and H 

in the table on p. 10 should be altered accordingly, the scale parts 

which the oscillator has moved after a complete loop turn then being 

2~: 5 times greater. Another solution is to drive the Switch directly 

from the gear case of the Level Recorder. The cable should then 

be connected with the lower right clutch on the Reverberation Switch 

and, by means of an extension piece, with the left turning clutch 

of the Recorder. The disadvantages of this solution are obvious, 

as the loop length is now no longer independent of the paper speed, 

but must be adapted for each paper speed to a combination with an 

appropriate gear wheel. However, the following loop lengths in em 

for different combinations of paper speed-gear wheel are possible: 

Paper Speed Wheel Loop in Cm. 

100 A 64 

30 B 60 

10 c 64 

3 D 60 
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These lengths can be halved again as mentioned · before; the loop then 

circulates twice for one recording. 

For warble tone measurements the BFO can now no longer be driven 

from the Level Recorder's gear case. A connection is possible be

tween BFO 1014's left side clutch and Type 4407's camdisc clutch. 

The disadvantage here again is that only one fixed scanning speed of 

the BFO is possible, the time for total scanning of the frequency 

range 20-20 000 c/ s already being determined by the choice of the 

gear case wheel. For wheels A, B, C and D this time is 112 sec., 

5.6 - 18.5 and 56 min., respectively. 

From this may be derived that the small mechanical change of the 

Level Recorder, as described above, is the far more preferable of 

the two solutions. 
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Specification: 

Standard Accessories: Lifting magnet wi th cable (l and 2), flexib l e 
shaft (3) with connecting piece, one roll recording paper, powe r 
cable, and six camdiscs for the following purposes : 

a) two camdiscs for the lifting magnet. Two thin discs are sup
plied, whose position with respect to each other determines the 
writing period of the recorder stylus. 

b) one camdisc for reverberation measurements, where the loud
speaker is only connected to the B. F. 0. during a half loop circu
lation. 

c) one camdisc for impulse measurements according to the B. B.C.' s 
Impulse Glide Method in combination with- camdisc b. 

d) and e) two camdiscs used with insulation measurements; d) con
nects the Level Recorder' alternately with the two different sound 
levels, whereas the switching points are n;ot recorded due to the 
lifting magnet's rise during these moments, controlled by camdisc e). 

Paper Loop Length: 24 and 48 em. The 24 em loop circulates through 
the Recorder twice for one loudspeaker and lifting magnet on-off 
switching. 

Paper Speed: All paper speeds ranging from 100-0.003 em/sec are 
possible on Level Recorder Type 2304. For actual reverberation 
measurements only speeds from 10-100 mm/sec will be of importance. 

Displacement of the Individual Curves: 1.2 - 2.4 - 3.6 - 4.8 and 
6.0 mm, independent of paper speed. The frequency interval between 
two consecutive curves is a function of both paper speed and the tra
versing speed of the B. F. 0., but is practically independent of the 
setting of the curve space switch. 

Freguency Scale Traverse 20-20000 c/s with B.F.O. Type 1014: 
0.24 - 0.8 2.4 - 8 - · 24 - 80 - 24:0 - 800 mins. 

Drive: The instrument is run from the Level Recorder's paper 
drive by means of a specially delivered flexible cable. (This con
nection is only possible with Type 2304 Level Recorder and not with, 
the earlier Type 2301 ). 

Connection to A. F. Spectrometer Type 2109: A second clutch at 
the back of the instrument provides a drive for the automatic switch
ing of Type 2109 by means of the Flexible Shaft Type 3003. This 
clutch should also be used where the instrument is employed as a 
Two Channel Selector. 

Power Supply: 
7 Watts . 

l15- 127-150 and 220 volts A.C., 50/60 c/s., 

Dimensions: 26 (height) x 18 (width) x 16 (max.depth) em. 
10 (height) x 7 (width) x 6! (max. depth) inches . 

Weight: 4 kg ( 9 lbs. ) 

Date: April 1956. 
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