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3,328,524 
SOUND SYSTEM FOR BANKING SERVICE 

EQUIPMENT 
George R. Bechtel and Newton J. Krug, Canton, Ohio, 

assignors to Diebold, Incorporated, Canton, Ohio, a 
corporation of Ohio 

Filed Nov. 14, 1963, Ser. No. 323,733 
3 Claims. (Cl. 179-1) 

ABSTRACT OF THE DISCLOSURE 

An arrangement of microphones and speakers in bank 
ing service equipment for voice communication between 
a teller inside and a customer outside a sound-barrier 
building wall wherein the customer’s microphone is 
mounted in a sound-absorbing box located behind and 
mounted against the wall, with the microphone directed 
toward the customer through an opening in the wall to 
reduce feedback and permit increased sound system 
volume. ' 

This invention relates to an improved sound reproduc 
tion system for banking service equipment used for the 
convenience of bank customers, and more particularly 
it pertains to a sound reproduction system for eliminating 
or minimizing feedback. 

Banking service equipment includes such devices as 
walk-up windows, drive-up windows, and so-called tele 
vision banking stations, Which are placed at strategic 
locations for the convenience of bank customers. Such 
equipment usually includes a customer’s station and a 
teller’s station separated from each other so that direct 
two-way oral- communication between the customer and 
the teller is not feasible. 
For various reasons prior sound reproduction systems 

for banking service equipment have not been satisfactory. 
Under normal conditions a system may be set for a suit 
able volume for both incoming and outgoing speakers. 
Due to distractions of outside noises, such as during traf 
?c hours, it is necessary for a bank teller in a drive-up 
window to frequently adjust the volume. Feedback usual 
ly develops and it becomes necessary to immediately 
reduce the volume below an audible level. For that reason 
most prior audio systems have been inadequate. 
Feedback is high frequency distortion caused by sounds 

of a speaker picked up by a microphone. It is a sustained 
oscillation or howling and is caused by the return of 
sound waves from the speaker to the microphone in the 
same sound system and causing reinforcement of the 
output. The type of feedback involved here is external 
of an ampli?er. Feedback normally occurs because the 
microphone is too near the speaker or the sound from the 
speaker is directed substantially toward the microphone. 
Feedback is most prevalent where two basic channels or 
audio systems are operating simultaneously. Where sound 
systems having dual channel ampli?ers with two micro 
phones and two speakers are operating, it is di?icult to 
get good audio quality. Inasmuch as an audio system for 
a drive-up window merely involves the transfer of voices 
between two people on the opposite sides of a glass win 
dow (sound barrier), a system with the basic compo 
nents of an ampli?er, mikes, and speakers should suffice. 
Such a basic system is conducive to the problem of feed 
back, which problem can sometimes be corrected by the 
provision of a more complicated ampli?er having built 
in components for permitting the increase of volume 
without development of feedback. 

In relation to regeneration and oscillation, feedback 
can occur in a single stage of an ampli?er or it may ap 
pear as over-all feedback through several stages that are 
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operating on the same frequency. Feedback may be re 
duced by isolation of the various components of the am 
pli?er, as well as good shielding of tuning capacitors and 
coils. Feedback is not as prevalent at low frequencies as 
it is at higher ones. 

Over-all feedback in a multistage ampli?er is avoided 
by ?rst ?ltering the output circuit before running it back 
near the input circuit. However, the ampli?ers used in 
bank windows are unusual in that they are two-channel 
units as compared to the single channel standard ampli 
?er. While all the above conditions have been met, feed 
back is still quite apparent in these ampli?ers because 
there is cross channel as well as single channel feedback. 
Also, any stray sound ?owing through the window will 
cause a mechanical feedback. The more complicated 
sound systems, however, are not only more costly, but 
much more difficult to adjust and maintain, and their use 
for mere transfer in a dual channel system for drive-up 
windows is not always justi?ed. 

It has been found that the problem of feedback can be 
substantially eliminated or minimized at the usual audio 
levels used in banking service equipment by the provision 
of a relatively inexpensive ba?ie ‘box or suppressor for 
producing a directional effect upon sound entering the 
outside microphone. It is not suitable for the inside or 
teller’ microphone or speaker. By providing the outside 
or customer’s microphone with the sound baffle, suflicient 
sound waves are ?ltered out to suppress feedback which 
normally occurs when the volume of the system is in 
creased to overcome extraneous tra?ic noises. However, 
if the inside microphone and/or speakers areprovided 
with similar ba?'les, some of the desired sound waves are 
?ltered out which are otherwise necessary for high gain 
with no feedback which avoids clarity. ' 

With prior systems vthe vsounds treated acoustically 
after ampli?cation produced some undesired sounds and 
resulted in feedback at lower volume levels. With the 
device of the present invention the tones are partially 
absorbed and partially re?ected prior to ampli?cation by 
striking the barrier wall before entering the microphone. 

Accordingly, it is a general object of the present inven 
tion to provide a sound system for banking service equip 
ment having means for directing partially absorbing and 
partially re?ecting sound waves entering the outside 
microphone. 

It is another object ‘of this invention to provide a sound 
system for banking service equipment which eliminates 
stray sounds caused by sound waves which bypass the 
outside microphone and would, therefore, cause me 
chanical feedback at lower volume levels. 

It is another object of this invention to provide a sound 
system for banking service equipment in which a dual 
ampli?er provides a microphone and speaker on each 
side of a sound barrier and which equipment ?lters out 
unwanted sound waves for eliminating feedback at lower 
volume levels. I 

It is another object of this invention to provide a sound 
system for banking service equipment which directs the 
sound waves prior to ampli?cation so that the waves 
strike a barrier wall before entering the outside micro 
phone. 

Finally, it is an object of this invention to provide a 
sound system for banking service equipment which is 
economical to manufacture, easy to operate, and requires 
a minimum amount of maintenance and repair. 

These and other objects and advantages apparent to 
those skilled in the art from the following description 
and claims may be obtained, the stated results achieved, 
and the described di?iculties and problems overcome and 
solved by the parts, elements, constructions, mechanisms, 
combinations, subcombinations, and arrangements, which 
comprise the present invention, the nature of which is 
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set forth in the following general statement, preferred’ 
embodiments of which—illustrative of the best mode in 
which applicants have contemplated applying the prin 
ciples-are set forth in the following description and 
shown in the drawings, and which are particularly and 
distinctly pointed out and set forth in the appended claims 
forming part hereof. 

Generally the present invention may be described as 
comprising banking service equipment having a customer’s 
station and a teller’s‘ station beyond direct oral com 
munication with the customer’s station, audio means for 
providing indirect communication between the stations, 
said means including a bank teller’s microphone and a 
speaker as well as a customer’s microphone and a speaker, 
the customer’s microphone being enclosed in a box-like 
sound barrier having opposite side, top, bottom, and rear 
side walls, said side and top and bottom'walls providing 
an opening on the side of the microphone opposite the 
rear side wall, the microphone being disposed against the 
rear side wall and facing said opening, the walls being 
composed of acoustical material,v whereby some sound 
waves strike and are partially absorbed and partially re~ 
?ected by the box-like walls before entering the micro 
phone. 

In the drawings: 
FIGURE 1 is an elevational view of a bank drive-up 

window; 
FIG. 2 is a vertical sectional view taken on the line 

2—2 of FIG. 1; 
FIG. 3 is an enlarged sectional view through the out 

side microphone assembly; 
FIG. 4 is a diagrammatic view of a dual channel audio 

system of the type involved herein; 
FIG. 5 is a decibel-frequency chart; 
FIG. 6 is a graph showing variations of maximum 

decibels at varying frequencies for the inside microphone 
for different combinations of suppressors on speakers and 
microphones; and 
FIG. 7 is a graph showing variations of maximum 

decibels at varying frequencies for the outside microphone 
for different combinations of suppressors on speakers and 
microphones. 
A drive-up window is generally indicated at 1 in FIGS. 

1 and 2 and isusually built in a building wall 2. The 
window‘l includes upper and lower portions 3 and 4, the 
former of which is composed primarily of bullet-proof 
glass panels, and the latter of which is preferably com 
posed of metal walls. An audio system is also provided 
which includes an inside (teller’s) microphone 5, an out 
side (customer’s) microphone 6, and an inside speaker 
7 and an outside speaker 8. A teller’s drawer 9 is pro 
vided within the lower portion walls which moves into and ' 
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4 
compartment 13 ‘with walls 14 and 15. The upper wall 
14 includes a front wall 16 as well as an inturned wall 17. 

Conversation between the teller and the occupant of 
the automobile 11 is provided by a two-way audio sys 
tem which includes the microphones 5 and 6, the speak 
ers 7 and 8, and an ampli?er 18 (FIG. 4), the latter of 
which is connected to an outside source of current by 
lines 19. The speakers 7 and 8 are mounted in an en 
closure between the walls 14 and 17, as shown in FIG. 2. 
The inside microphone 5 preferably depends from the 
walls 17 and the outside microphone is mounted within 
the front wall of the lower portion 4 of the window 1 
and preferably below the counter 12. 
As shown, the inside speaker 7 is directed toward the 

rear wall 15, and the outside speaker is disposed above 
and is aligned with an opening 20 in the inturned wall 
17 adjacent the front wall 16. Without further modi?ca 
tion the foregoing arrangement of the microphone and 
speakers would operate to provide for two-way communi 
cation on either side of the sound barrier, i.e., glass panels 
3. However, the foregoing arrangement showing a nor 
mal situation is limited in the amount of volume that 
can be used before feedback occurs. 
As shown in FIG. 3 the outside microphone 6 is pref 

erably mounted within a sound ba?ie box or suppressor 
21 which is a rectangular member having two pairs of 
opposite side walls including opposite walls 22 and 23 
and a base wall 24 which faces an opening 25 in the lower 
portion 4. The box is preferably composed of a sound 
absorbent material or acoustical tile such as Celotex. As 
shown in FIG. 3, the walls 23‘ and 24 are in abutment at 
26 with the inner surface of the lower wall portion 4. 
Accordingly, all sounds indicated by the lines 27 enter 
ing the box 21 are transmitted either directly or indirectly 
into the outside microphone 6 which faces the opening 
25 and on an axis therewith. 

Formerly it had been the practice to place the box 21 
away from the inner surface of the wall 4 with a space 
28 therebetween. With that construction it was found 
that some of the sound waves 27a entering the opening 
25 pass into the spacing 28 between the box 21. and the 
wall 4. The ‘result of that former arrangement was the 
development of feedback at a lower volume level of 
operation of the audio system. 7 
To ascertain better audio conditions for banking serv 

ice equipment, tests were made with the inside and outside 
speakers as well as the outside microphone enclosed with 
in sound suppressors or ba?ie boxes 21.'The speakers 
were enclosed in boxes similar to the boxes ‘disclosed in 
Patent No. 3,301,956. Results of the several tests are set 
forth in the table below in which the maximum volume 
readings at the lower edge of feedback are listed for the 
various frequencies and the human voice. 

MAXIMUM VOLUME READINGS AT LOWER ED GE OF FEEDBACK IN DECIBELS 

Test 

1 2 3 4 5 

Frequencies No Ba?ie Box Ba?‘le Box Only on Boxes on Speakers and Box Only on Mike Box Only on Mike at 
Speakers Out ' e Spaced From Wall Wall 

In Mike Out‘. Mike In Mike Out Mike In Mike Out Mike In Mike Out Mike In Mike Out Mike 

73 72 75 74 76 76 84 72 86 7 
75 73 89 76 78 80 82 75 93 8% 
90 76 92 82 91 92 88 88 96 96 
87 74 88 81 90 82 88 75 94 82 
85 82 86 84 87 87 84 78 92 86 
78 71 87 81 79 80 83 73 ‘ 93 77 
74 74 86 78 74 78 89 72 90 78 
86 80 91 90 92 90 94 84 98 95 

out of the window through doors 10 for the convenience The decibel values listed are the maximum volumes 
of a bank customer seated in an automobile 11. The 
drive-up window 1 is also provided with a work surface 
or counter 12 which extends across and over the drawer 
9 in a conventional manner. The window 1 forms a teller’s 75 

obtainable for each frequency or voice before feedback 
occurs. For all readings a decibel‘ meter was located at 
the approximate position of the customer or teller. When 
reading decibels for the inside mike, a meter was located 
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at the approximate position of the customer in an auto 
mobile near the outside speaker. For taking readings of 
the outside microphone, a decibel meter was located at 
a position corresponding to that of the head of a teller 
near the inside speaker. The values for the outside micro 
phone are lower than those for the inside mike because 
the sounds tested travel through outside air without the 
bene?t of walls such‘ as the inside walls enclosing the 
inside microphone. 

Test N0. 1 involved a standard audio system without 
suppressors on either speaker or microphone. The values 
for the inside microphone are the sound levels observed 
from the outside speaker. Likewise, the values ‘for the 
outside microphone are the sound levels observed from 
the inside speaker. 

Test No. 2 involved an audio system with the speakers 
only enclosed within suppressors. Higher volumes are at 
tained before feedback than for corresponding frequencies 
in Test No. 1. 

Test No. 3 involved the use of suppressors on both 
speakers and the outside microphone only. The suppressor 
on the microphone was placed against the inside surface 
of the lower wall portion 14 as shown in FIG. 3 of the 
drawings. 

Test No. 4 involved the use of a suppressor on the out 
side microphone only in the position shown in the broken 
line of FIG. 3 of the drawings. In that position the front 
end of the baffle box or suppressor 21 is spaced from the 
inner surface of the front wall panel 4 by approximately 
11/2" so that some of the sound waves enter the interior 
of the drive-up window through the spacing, causing feed 
back at a lower volume. 

Test No. 5 involved the use of a suppressor on the out 
side microphone only as shown in FIG. 3 of the drawings. 
Suppressors for the inside and outside speakers 7 and 8 
were removed, as for Test No. 4. The front end of the 
suppressor or ba?ie box 21 was against the inner surface 
of the wall 4 leaving no spacing through which some 
sound waves entered as for the conditions of Test No. 4. 
The volume readings for Test No. 5 are substantially 
greater than those for all prior testing conditions and par 
ticularly for Test No. 4. That is, the maximum volumes 
before feedback for both frequency and voice tests were 
obtained when the outside microphone only was enclosed 
within a suppressor box. 
The data listed in the table are graphically illustrated. 

In FIG. 6 the curves show readings taken at the outside 
speaker for testing the inside microphone. It was found that 
where a suppressor or baf?e box is used only on the out 
side microphone with the open end of the box in contact 
with, rather than spaced from the inner surface of the 
Wall 4, the maximum volume before feedback could be 
obtained. Indeed, where the open end of the suppressor is 
spaced from the wall 4, the maximum volume obtained 
in the system is considerably less. The same is true for 
other combinations of suppressors such as (1) on the 
speakers and the outside microphone or (2) only on the 
speakers. 

In FIG. 7 the readings were taken at the inside speaker 
for testing the outside microphone and the highest volumes 
were obtained with one suppressor only on the outside 
microphone with the open end in contact with, rather than 
spaced from, the inner surface of the wall 4. With other 
tested combinations wherein suppressors were used (1) 
only on the inside and outside speakers or (2) on the 
speakers and the outside microphone, lower volumes were 
obtained before feedback developed. 

FIGS. 6 and 7 graphs show that the greatest possible 
gain without feedback occurs when a suppressor is 
mounted on the outside microphone only. Theoretically 
the maximum possible voice gain in the inside microphone 
is 106 decibels for a single channel (FIG. 6). With the 
suppressor on the outside microphone the gain is 98 deci 
bels. The ampli?er e?iciency on the channel, therefore, is 
92.5% (98 divided by 106). Similarly, the maximum pos 
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6 
sible theoretical voice gain on the outside microphone is 
.104 decibels on a single channel. With a suppressor on 
the outside microphone the gain is 95 decibels. The ampli 
?er on this channel, therefore, is 91.5% e?icient (95 di 
vided by 104). 
‘The foregoing maximum 104 and 106 decibels are for 

a given ampli?er used in these experiments with a given 
wattage and the results would be proportional in any 
other system as related to its rated power. 
Assuming an average maximum voice gain of 105 

decibels, the ampli?er on the setup for the inside micro 
phone is 93.5% e?icient. Therefore, the ampli?er for the 
setup of FIG. 7 on the outside microphone is 90.5% 
e?icient. 

' One explanation of the foregoing results may be shown 
in FIG. 5 in which a sound wave is graphically illustrated. 
The curve represents the optimum volumes achieved by the 
use of a ba?le box or suppressor 21 with the open end in 
contact with the inner surface of the wall 4. When the 
box 21 is spaced from the wall 4 so as to permit some 
sound waves 27a to pass into the space indicated by the 
arrow 28 in FIG. 3, the maximum volume obtained before 
feedback is reduced. The resutling maximum volume lies 
between the shaded areas 29 in the peaks and valleys of 
the sound curve in FIG. 5. If baflle boxes or suppressors 
are also added to the inside and outside speakers 7 and 8, 
the greatest volume achieved before ‘feedback by the sys 
tem is reduced by the shaded areas 30, leaving a maximum 
volume obtainable which is unsatisfactory for operating 
conditions where outside noises, such as tra?ic, normally 
prevail. 
The device of the present invention discloses that more 

volume can be obtained from presently existing sound 
systems in bank service equipment when the outside micro 
phone is enclosed within a ba?le box or suppressor with 
the open end of the box in contact with the outer front 
wall of the equipment such as a drive-up window. 

j It has also been found that where the open end of the 
ba?ie box or suppressor is spaced inwardly from the wall 
so as to permit some of the incoming sound waves to by 
pass the outside microphone, said sound waves prevent 
the optimum development of volume before feedback, 
which volume would be completely satisfactory for normal 
operation of the sound system. 

Moreover, it has been found that where ba?ie boxes 
or suppressors are also added to the inside and outside 
speakers, the maximum volume obtained is less than 
satisfactory in some given instances, even where a ba?le 
box or suppressor is also provided for the outside micro 
phone. 

In the foregoing description certain terms have been 
used for brevity, clearness and understanding, but no un 
necessary limitations are to be implied therefrom as such 
words are used for descriptive purposes and are intended 
to be broadly construed. 

Moreover, the embodiments of the improved construc 
tion illustrated and described herein are by way of ex 
ample aud the scope of the present invention is not 
limited to the exact construction shown. 

Having now described the invention, construction, oper 
ation and use of preferred embodiments thereof and the 
advantageous new and useful results obtained thereby; 
the new and useful sound system for banking service 
equipment and reasonable mechanical equivalents thereof 
obvious to those skilled in the art are set forth in the ap 
pended claims. 
What is claimed is: 
1. ‘In banking service equipment having a customer’s 

station and having walls forming a teller’s station beyond 
direct oral communication with the customer’s station, 
the walls including a sound-barrier wall having inner and 
outer surfaces with the outer wall surface adjacent the 
customer’s station; audio means for providing indirect 
communication between the stations and including a 
teller’s microphone and a speaker at the teller’s station 
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and a custornr’s microphone and a speaker at the cus 
tomer’s station; the combination therewith of feedback 
suppression means, said feedback suppression means in‘ 
cluding box-like walls forming an acoustical chamber 
having an open end, said barrier wall being formed with 
an opening, the box-like walls being mounted in abutment 
with the barrier wall inner surface and'with the chamber 
open end aligned with the barrier wall opening, and the 
customer’s microphone being mounted within said acous 
tical chamber. 

2. The construction set forth in claim 1 in which the ' 
box-like walls form a generally rectangular baffle box hav 
ing ?ve walls forming pairs of opposite side walls and one 
end wall, the opposite side walls having end portions form 

10 

78 
ing the acoustical chamber open end opposite said end 1 
wall, and the side wall end portions abutting the ‘barrier 
wall inner surface around the barrier wall opening. 

3, The construction set .forth in claim 2 in which the 
ba?le box walls are formed of sound-absorbent acoustical 
material. 
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