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[57] ans'macr 
A con?ned system of sound transmission from a fre 
quency attenuation compensated source through plastic 
pneumatic tubes in series with liquid tubes of consider 
able length, transmitting audio to and through pneu 
matic headphones to the ear canals of the user. It is an 
audio system suitable for use in Nuclear Magnetic Reso 
nance scanning environments and for use in CAT scan 
environments. The system includes a stereo program 
source playing into a stereo frequency compensation 
ampli?er driving right and left loudspeaker pneumatic 
drivers feeding audio to and through long liquid tubes 
in series with pneumatic tubes extended to left and right 
earphones of plastic headphones worn by a patient in a 

abandoned scan room environment. The tubes that extend from the 
[51] Ill. (11.5 ............................................. .. H041‘ 5/00 clecxronjc audio system equipmgnt outside the scan 
[52] 11.5. C1. ....................................... .. 381/25; 381/67 room through scan room walls to the Patient head. 
[58] Field of Search .................. .. 381/25, 67, 68.2, 98, phones and [he headphones themselves are made of 

331/103; 131/20, 7-2; 36-7/132 plastic or other non-magnetic materials causing no in 
[56] References Cited terferencc with the scanning signals and are not visible 

U‘SI PATENT DOCUMENTS on scan pictures produced. 

Re. 25,652 10/1964 Kennedy ............................. .. 381/25 "8 Claims, 4 Drawing Sheets 

AM/FM ‘ 3' LEFT 
RECEIVER MON'TOR \ 33 

32 36 /-o o-\_ 35 SPEAKER 
' L._______l \ CASSETTE 

40\ RIGHT 
MONITOR 

FOOTSWITCH COMPENSATION SPEAKER 

44\ AMKkBFiER 
MICROPHONE MICROPHONE ‘4' A 30 

AMPLIFIER 

LEFT \ PNEUMATIC 1 R|GHT 
PNEUMATIC ,0 DRIVER PNEUMATIC 
DRIVER 2L AMPLIFIER 'OZR DRIVER 

86LN 88 86R 

____(Ef____” 



US. Patent Apr. 27, 1993 Sheet 1 of4 Re. 34,236 

FIG! ~3I LEFT 
AM/FM _ IIIoIIIToR \33 

32 36 RECE'VE§\ 35 SPEAKER 
' I____I \ CASSETTE 3 

TAPE DECK 3 |_~ I 4 
4o 8 38" RIGHT -' 
\ IIIoIIIToR 
FOOTSWITCH coIIIPEIIsATIoII SPEAKER 

AMPLIFIER 
44\ AND x4‘ A30 

IIIIcRoPIIoIIE IIIcRoPIIoIIE 
AMPLIFIER 

87L\ 76/? 78 98 /87R 
LEFT PIIEuIIIATIc RIGHT 

PNEUMATIC IO‘ZL DRIVER "112R PIIEuIIIATIc 
DRIVER AMPLIFIER DRIVER 

saw as “86R 

FIG-4 I2I I22 a7IL,RI H4 - FIG.6 

h - '05 II2 

H8 "0 H3 

III \ . 
I08 / H8 II4 

104 ")6 

F165 

I09 rm 

I08 f 
H9 

'07“ I20 





US. Patent Apr. 27, 1993 Sheet 3 of4 Re. 34,236 

2 1 S ./ m.\$ H Y 82.8 

s. u A 185:8“ A 8 ... 552 

U25? 3 E8 u<> 

men. $.02 



US. Patent Apr. 27, 1993 Sheet 4 of 4 Re. 34,236 

FIG. 8 
7s gn \I }\78 an} 

LEFT PNEUMATIC RIGHT 
PNEUMATIC z DRIVER 1 PNEUMATIC 
DRIVER |°2L AMPLIFIER |°2R pmvER 

86L‘ I23L 98 ?asn' 
1 1 I23R 

'24‘- ‘ 127Rj men 88- I24R 

I25 



Re. 34,236 
1 

FREQUENCY A'I'I'ENUA'I'ION COMPENSATED 
PNEUMATIC HEADPHONE AND LIQUID TUBE 

AUDIO SYSTEM FOR MEDICAL USE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This is a continuation-in-part of my co-pending appli 
cation, Ser. No. 659,413, ?led Oct. 10, 1984 now aban 
doned. 

This invention relates in general to audio amplifica 
tion systems, and more particularly, to a frequency 
attenuation compensated pneumatic headphone and 
tube audio system with extended acoustic pneumatic 
and liquid tubes adapted for use from outside to inside a 
medical RF shielded room environment. 
A medical environment where radio frequency (RF) 

shielding is important and where communication can be 
helpful to the patient is, for example, a typical Nuclear 
Magnetic Resonance (NMR) Imaging system consisting 
of a large cylindrical magnet with a center bore large 
enough to accomodate the body of a patient to be 
scanned. Associated with the magnet are electrical and 
electronic components which are a part of the scan 
system. The magnet and some of the associated parts are 
housed in a radio frequency (RF) shielded room which 
may also contain magnetic shielding materials. When 
the scan-room (shielded room) door is closed, commu 
nications through walls, doors or windows is usually 
quite di?icult, particularly when the scanner is operat 
ing. The door must be closed when a scan is being per 
formed, to prevent RF interference from entering the 
room and degrading or destroying the scan signals. 
Unless a patient is very ill, be is usually left in the scan 
room alone while a scan is being performed. Because 
the scanner generates a high noise level when operated, 
the patient has generally been provided with ear plugs 
to attenuate this noise, strapped to the patient bed, ?tted 
with a scan coil (often on the head), positioned inside 
the magnetic bore, and told to remain perfectly still for 
the duration of the scan (usually 30 minutes or more). 
Often, the patient can see nothing outside the magnet, 
and feels totally cut-off from the rest of the world with 
the claustrophobic effect alone unnerving to some pa 
tients, and with time passing slowly for most of them. 
Added to these effects is the fact that the patient can 
hear nothing except the operation of the machine. It is 
important that a method be provided for the operator of 
the NMR Imaging system who is positioned outside of 
the scan room to communicate with the patient inside 
the scan room, and that in intervals between communi 
cations from the operator the patient be provided music 
or other program material of his choice. With the in 
tense magnetic ?eld located in the scan room, conven- 
tional loudspeakers are unsuitable for use, since their 
performance would be greatly degraded by the scan 
magnetic ?eld. Conversely, the magnetic ?elds gener 
ated by the loudspeakers could be detrimental to the 
scan signals. In addition, electrical signals, used to drive 
the loudspeakers, could adversely affect the signals 
generated by the scanner, and penetrations from outside 
the room to the inside would require the use of RF 
filters. Since the presence of any metallic object within 
the scanned ?eld adversely affects the scan picture 
itself, it would seem unlikely that even a non-magnetic 
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2 
audio transducer (loudspeaker) could be placed close 
enough to the patient to be heard above the noise of the 
scanner. Conceiveably, crystal headphones could be 
used, except the wires connecting them to the electrical 
current would cause unacceptable interference in the 
scan area even if they could otherwise be constructed of 
non-metallic parts. 

It is therefore a principal object of this invention to 
provide a frequency attcntuation compensated pneu 
matic headphone and liquid tube audio system for medi 
cal use with communication from an operator stationed 
outside a room to a patient within an RF shielded room. 
Another object is to provide such an audio system 

without any electrical conductor penetration into a 
patient scan room. 
A further object is to provide such an audio system 

that does not generate any extraneous magnetic ?elds in 
the patient scan room. 

Still another object is to mask scan machine noise 
along with the ability to communicate both speech and 
music to a patient in a scan room. 
Another object is to avoid introduction of metallic 

parts in the patient scan area and for the headset and 
acoustic tubes both pneumatic and liquid of the audio 
system within the treatment room to be transparent to 
NMR scanning. 
A further object is to optimize patient comfort and 

safety. 
Still another objects is for all components other than 

pneumatic and liquid tubes and headphones that require 
occasional maintainance to be outside of the scan room. 

Features of the invention useful in accomplishing the 
above objects include, in a frequency attenuation com 
pensated pneumatic headphone and liquid tube audio 
system for medical scan use, conventional electromag 
netic loudspeakers housed in special enclosures (pneu 
matic drivers) located outside of the scan room. In those 
installations where magnetic shielding is not employed, 
the pneumatic drivers are located some distance from 
the scan room to reduce the effects of the high magnetic 
?eld generated by the magnet in the scan room. Typi 
cally, the pneumatic drivers are located as close as prac 
tical to the scan room, so that serially connected liquid 
and pneumatic tubes may be as short as practical, 
thereby insuring ?delity. Attached to the pneumatic 
drivers are plastic closed liquid acoustic tubes, that 
penetrate the scan room through guides which are usu 
ally pre-existing in these facilities, and connected seri 
ally through pneumatic tubes to pneumatic headphones 
worn by the patient. The materials (plastic) used in this 
headset cause no interference with the scanning signals 
and are not visible on the scan pictures produced. The 
pneumatic drivers are powered from a conventional 
audio amplifier driven with the program material. A 
frequency-response shaping network is employed to 
attenuate the lower frequency audio spectrum, and to 
“boos ” the higher frequencies (to compensate for the 
attenuation of high frequencies as the audio passes 
through the serially connected liquid and pneumatic 
tubes). A microphone is included for use by the opera 
tor so he may interrupt the program material and talk 
directly to the patient. 
A specific embodiment representing what is presently 

regarded as the best mode of carrying out the invention 
is illustrated in the accompanying drawings. 

In the drawings: 
FIG. 1 represents a block schematic diagram of a 

frequency attenuation compensated pneumatic head— 
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phone and tube audio system for medical scan room 
patient use; 
P16. 2, a combination schematic and block diagram 

after the AM/FM receiver (or other program source) 
through to the pneumatic outputs; 
FIG. 3, a shematic diagram showing detail of the 

microphone ampli?er and the compensation ampli?er; 
FIG. 4, a perspective view of one of the pneumatic 

driver speaker boxes; 
FIG. 5, a side elevation of the pneumatic driver 

speaker box with a pneumatic tube fastened in place to 
the output opening of the box; 
FIG. 6, a front elevation view of a front cavity bulk 

head mounting the loudspeaker within the pneumatic 
driver speaker box; 
FIG. 7, a front elevation view of the front box end 

enclosure with an acoustic pneumatic tube opening for 
insertion connection of a pneumatic tube end; 
FIG. I, a partial block schematic with the portion 

removed the same as the showing of that portion of 
FIG. 1 and with the left and right pneumatic drivers 
each serially connected, respectively, through a short 
section of pneumatic tubing, a pneumatic to liquid line 
acoustic transducer, an extended length of closed liquid 
acoustic line, a liquid line to pneumatic line acoustic 
transducer, a relatively short length of pneumatic tub 
ing to a pneumatic head phone for medical scan room 
patient use; 
FIG. 9, a partially broken away and sectioned side 

elevation view of a pneumatic driver speaker box di 
rectly connected to a pneumatic to liquid line trans 
ducer; and 
FIG. 10, an exploded perspective view of a pneu 

matic to liquid line acoustic transducer such as used in 
the acoustic system embodiments of FIGS. 8 and 9. 

Referring to the drawings: 
The frequency attenuation compensated pneumatic 

headphones and tube audio system 30 of FIG. 1 for 
medical scan room use is equipped with a standard off 
the shelf AM/F M stereo receiver 31, such as a Pioneer 
8X40 receiver, equipped for receiving stereo inputs 
from a standard cassette tape deck 32, such as a Pioneer 
CT -50R, and providing stereo output to left monitor 
speaker 33 and right monitor speaker 34 when switch 
and volume control 35 is switched for monitor. When 
switch 36 is turned on stereo programming is fed to the 
stereo compensation ampli?er 37 (referring also to FIG. 
2) through left stereo line 381. and right stereo line 38R 
and relay switches 39L and 39R when foot switch 40 is 
in the open state shown to the stereo compensation 
ampli?er 37 in the compensation ampli?er and micro 
phone ampli?er section 31. However, when foot switch 
40 is depressed to the closed state electric DC power is 
applied through relay coil 42 that acting on its relay 
armature and rod 43 switches the relay switches 39L 
and 39R to close the circuits for operators microphone 
44 activation input through microphone 44 ampli?er 
circuit 45, in circuit section 41, to the stereo compensa 
tion ampli?er 37 and simultaneous disconnect of the 
stereo input thereto from AM/FM stereo receiver 31. 

Referring also to FIG. 3 the microphone ampli?er 
circuit 45 includes connection from microphone 44 
through capacitor 46 and resistor 47 to the ?rst ampli 
?er stage 48 having an output connection through ca 
pacitor 49, volume adjustment potentiometer 50, capac 
itor 51 and resistor 52 to second ampli?er stage 53 that 
has an output connection to the normally open contacts 
54L and 54R of relay switches 39L and 39R. DC volt 
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4 
age is applied from the power supply 55 directly to the 
?rst and second ampli?er stages 48 and 53, respectively, 
and also via a voltage divider 56, with resistors 57 and 
58 and connection through capacitor 59 to ground, as 
an additional voltage reference input to the ?rst and 
second ampli?er stages. 
The power supply 55 includes connection from a 

l05-l25 volt AC 60 Hz source 60 through transformer 
61 with recti?er diodes 62 and 63 connected to opposite 
ends of center grounded transformer secondary coil 64 
developing a DC output applied through voltage regu 
lator 65. There is a 0.22 pf capacitor 6 connection to 
ground on the DC output of the voltage regulator 65 
connected as a DC voltage power supply to the micro 
phone ampli?er 45 and to the stereo compensation am 
pli?er 37. 
The stereo compensation ampli?er 37 includes an 

integrated circuit chip 67 (that may be a National Semi 
conductor Co. chip LM-l035) that is a twenty terminal 
chip 67. Switch 39L is connected through capacitors 68 
and 69, having a common junction connection through 
resistor 70 to ground, to terminal 19 of chip 67 as the left - 
stereo input, and switch 39R is connected through a 
capacitors 71 and 72, having a common junction con 
nection through resistor 73 to ground, to terminal 2 of 
chip 67 as the right stereo input to the stereo compensa 
tion ampli?er 37. The DC voltage supply out of voltage 
regulator 65 is connected to terminal 11 of chip 67 and 
also through capacitor 74 to ground and terminals 4, 10 
and 20 of chip 67 are connected directly to ground. 
Terminal 13 of chip 67 is connected through capacitor 
75 and line 76 as the left stereo output, and terminal 8 is 
connected through capacitor 77 and line 78 as the right 
stereo output from the stereo compensation ampli?er 
37. Terminals 7, 12 and 17 of chip 67 are connected 
serially through resistor 79 and the total resistance of 
potentiometer 80 to ground with the junction of resistor 
79 and potentiometer 80 connected to terminal 9. The 
adjustably moveable tap 81 of potentiometer 80 is con 
nected through line 82 and resistor 83 to terminal 14 of 
chip 67, with terminal 14 also connected through capac 
itor 84 to ground, and is set to graduated settings 85 as 
driven by setting of knob 86 to the desired setting of 
knob graduations 87 corresponding to graduated set 
tings 85. This adjusts for a particular length of plastic 
material pneumatic tubes 88L and 88R used in extend 
ing from left pneumatic driver 89L and right pneumatic 
driver 89R to plastic pneumatic headphone set 90. Chip 
67 terminals are connected 1 through capacitor 91, 3 
through capacitor 92, 5 through capacitor 93, 6 through 
capacitor 94, 15 through capacitor 95, 16 through ca 
pacitor 96, and 18 through capacitor 97 to ground. 
The left stereo output 76 and the right stereo output 

78 of stereo compensation ampli?er 37 are connected as 
inputs to the pneumatic dn'ver ampli?er circuit section 
98 and extend to stereo control ampli?er 99 that has a 
left stereo output line 100L connection to left stereo 
pneumatic driver ampli?er 101L, and to ampli?er 99 
having a right stereo output line 100R connection to 
right stereo pneumatic driver ampli?er 101R. The out 
put lines 102L and 102R of left and right pneumatic 
driver ampli?ers 1011. and 101R, respectively, are con 
nected as inputs to pneumatic tube drivers 87L and 87R, 
respectively. The DC power output of power supply 55 
is extended through branches of DC line system 103 as 
power inputs to stereo control ampli?er 99, and pneu 
matic driver ampli?ers NHL and 101R in addition to the 
stereo compensation ampli?er 37, microphone ampli?er 
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45 and relay coil 42. In this system the potentiometer 80 
is calibrated in pneumatic tubing (86L and 86R) lengths 
so that the installer measures the tubing length and then 
adjusts the potentiometer tap B1 accordingly. The com 
pensation ampli?er 37 has left and right RC networks 
including capacitor 68 and resistor 70, and capacitor 71 
and resistor 73, respectively, that set the low frequency 
roll-off such that the headphone response is essentially 
?at with approximately ten foot left and right lengths of 
pneumatic tubing. Compensation is then attained with 
the compensation ampli?er 37 providing varying 
amounts of low frequency roll~off compensation pneu 
matic tube length variation in left and right channels 
from ten to forty feet and more if needed. This fre 
quency attenuation compensated pneumatic headphone 
and tube audio system for medical use makes use of a 
commercially available ampli?er for the pneumatic 
driver ampli?ers. Component sections of the system 
manufactured especially for the system include the 
compensation and microphone ampli?er section and the 
pneumatic tube drivers. The system is to be supplied 
with a standard AM/FM receiver, cassette tape player 
(or recorder/player) along with the compensation am 
pli?er, the pneumatic driver ampli?er system, two 
pneumatic tube drivers, two monitor speakers, micro 
phone, footswitch, pneumatic tubing, plastic head 
phones, installation hardware and wire connecting 
pneumatic driver ampli?ers, and with pneumatic tubing 
in matched lengths. 

Referring also to FIGS. 4 through 7 for pneumatic 
driver speaker box detail each pneumatic tube driver 87 
(L, R) is shown to be a rectangular box 104 with top 
105, bottom 106 opposite sides 107 and 108, a back 109 
and a front end 110 with acoustic pneumatic tube open 
ing 111. A bulk-head 112 provided with a cylindrical 
cavity 113 is mounted in the box 104 to the inside back 
of front end 110 as by screws through openings 114. A 
high compliance four inch diameter, permanent magnet 
loudspeaker 115 is mounted on the back of the bulkhead 
112 in a conventional manner with the loudspeaker 115 
aligned with and substantially the diameter of the cone 
and with a depth of approximately three quarters of an 
inch. The cavity behind the loudspeaker 115 has a cross 
sectional area of thirty six square inches (6" by 6") and 
a depth of approximately six and three quarter inches 
with a volume of approximately two hundred forty 
cubic inches. This con?guration presented a pneumatic 
driver that is relatively ef?cient, with no serious re 
sponse variations, that functions with virtually any high 
quality ampli?er without requiring any other compen 
sation. A plastic tube 86 (L,R) is mounted with the end 
thereof in opening 111 by a ?tting 116 mounted on the 
front of front end 110 by screws 117 extended into 
openings 118. Power lines 119 and 120 for speaker 115 
extend from connection terminals 121 and 122 on top 

- 105 of box 104 down within the rear cavity within box 
104 to speaker 115. 

In a working embodiment of the compensation ampli 
?er 37 typical values of some of the component values 
are for capacitors 68, 69, 71, 72, 75, 77, 84, 92 and 
97-022 pf, capacitor 74 0.01 pf, resistor 79-20K 
ohms, potentiometer Oil-20K olms, resistor 83-47K 
ohms, capacitor 91-47 uf, capacitors 93 and 96-10 pf 
and capacitors 94 and 95-0.] f. These component val 
ues work well with chip 67 in providing the frequency 
ampli?cation compensation desired along with settings 
of potentiometer tap 81 for different lengths of tubing 
06L and 86R from 10 feet to 50 feet or more by, gener 
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6 
ally, ten foot settings. Thus, a compensation ampli?er is 
provided with a wide range of frequency compensa 
tions to adjust response for varying lengths of pneu 
matic tubes particularly with the pronounced high fre 
quency attenuation that occurs as sound travels through 
pneumatic tubes. As pneumatic tubes are made longer, 
more high frequency attenuation occurs, so that with 
more tube length more compensation is required. When 
monitor speakers 33 and 34 are switched on they pres 
ent the programming without compensation so that the 
operator can listen to the programming being provided 
for the patient in its normal state comparable to the way 
the patient hears the programming out of the headset. 
The microphone ampli?er 45 is provided to amplify the 
microphone signal to approximate amplitude of the 
program information signaling from the AM/FM re 
ceiver 31 to the compensation ampli?er 37. This allows 
the operator to speak to the patient with little or no 
noticeable change in volume from the program signal 
ling or information. This is with the microphone ampli 
?er connected to the input of the compensation ampli 
?er for frequency shaping when the microphone is used 
for operator to patient communication. 
With the left and right inputs to the compensation 

ampli?er duplicate RC networks set the low frequency 
roll off such that the headphone response is essentially 
flat with approximately ten feet of pneumatic tubing. 
The compensation then is able to provide varying 
amounts of low frequency roll off to compensate in 
creasing pneumatic tube lengths in the range of ten to 
forty feet and more. The potentiometer 80 is roughly 
calibrated in pneumatic tubing lengths so that the in 
staller measures the tubing length and then adjusts the 
potentiometer tap B1 accordingly. 
Magnetic resonance scan rooms are shielded enclo 

sures (radio frequency and sometimes magnetic 
shielded) with dimensions typically of approximately 
twenty by thirty feet with a height of approximately 
twelve feet. Visually the room employs a “dropped” 
ceiling suspended by an aluminum grid that is hung 
from non-magnetic stainless steel wires. An entrance 
door is provided in the end of the room for viewing the 
patient. The patient communication and music system 
employs a pneumatic headset of the type used for air 
craft passenger entertainment with the headset con 
nected however to pneumatic tubes attached to the 
patient bed (liquid ?lled tubes may not be used within 
the "bore" of the scan magnet because most practical 
liquids include compounds of hydrogen that are not 
transparent to the scan ?eld). 

Referring also to FIGS. 8, 9 and 10 the left and right 
pneumatic drivers 87L and 87R are connected serially, 
respectively, through pneumatic to liquid line acoustic 
transducer 123L and 123R to liquid lines 1241.. and 124R 
that extend through room wall 125 opening 126 to liq 
uid line to pneumatic acoustic transducer 1271.. and 
1271.. connected to pneumatic lines 128L and 1281. on 
through to plastic non-magnetic and magnetic ?eld 
transparent pneumatic headphone set 88’. The transduc 
ers 123 and 127 are all alike with opposite ends 129 
being duplicates of each other having a rim 130 with 
bolt holes 131 spaced around the rim so that bolt 132 
and nut 133 assemblies may bolt the transducer to 
gether. Each end 129 is formed with an internal recess 
134 to accomodate acoustic vibrations of the diaphragm 
135 with bolt holes 136 between ends 129 in the trans 
ducer assembly and a tube extension 137 extends out 
ward from each end 129 for connection of the trans 
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ducer in the acoustic circuits with a clamp 138, such as 
shown in FIG. 9, used to clamp pneumatic line 86L’ a 
tube extension 137 and an additional clamp 138 to clamp 
liquid line 124L on a tube extension 137. 
The pneumatic tubes (which are attached to the pa 

tient bed or close to the bed) are connected to either 
pneumatic or hydraulic (liquid ?lled) tubes which run 
to the wall of the scan room or penetrate the wall of the 
scan room. In the case of pneumatic tubes they pene 
trate the scan room wall through wave guides. Hydrau 
lic tubes may either penetrate the scan room wall 
(through waveguides) or they may connect to pneu 
mtic tubes which penetrate the scan room wall 
(through waveguides). The option is provided in cases 
where the available space through the wall openings or 
waveguides is not great enough to allow the ends of the 
hydraulic tubes to pass (the ends being larger than the 
tubes). 

Typical tube set lengths are: 
l. From the pneumatic drivers 87 (L and R) to the 

scan room wall six feet or less. 
2. From the scan room wall to the patient bed ?fteen 

to thirty feet. 
3. From connection to the patient bed to the patient 

headphones ten to ?fteen feet. 
Overall tube system set lengths generally are in the 

range from twenty feet to ?fty feet. Hydraulic (liquid) 
tube lines would be provided in standard lengths of 
approximately thirty feet (?lled and sealed at the fac 
tory). When liquid tube lines are used the total pneu 
matic tube length by sets should be held to less than 
?fteen feet to minimize higher frequency loss power 
compensation requirements. Liquid (or hydraulic) tubes 
are used to replace a major portion of the pneumatic 
tubes otherwise used in this acoustic system. These 
hydraulic tubes are ?lled with an incompressible fluid 
which yields a faster propagation rate down the tubes 
with greatly reduced power loss and improved high 
frequency response as compared to pneumatic tubes. 
While the high-frequency losses are rather insigni?cant 
with pneumatic tube lengths of ?ve feet or less, these 
losses are quite signi?cant with tube lengths of more 
than thirty feet. The original application, using pneu 
matic tubes, employed a large amount of compensation 
to counteract these losses. While compensation is still 
provided with the hydraulic system, the amount of this 
compensation has been greatly reduced. 
Advantage of using the hydraulic tubes include: 
A. Improved frequency response (improved ?delity). 
B. Reduced power required to produce the same 

sound pressure level at the headphones. 
Description of hydraulic tubes: 
The tube material is plastic of a semi-rigid type (nylon 

or polyethylene) with a diameter of i or i inches (tubes 
may be made larger or smaller). Attached to each end of 
this tubing 124 is a ?tting containing a ?exible dia 
phragm 135 which moves in response to air or ?uid 
pressure exerted upon it. This diaphragm 135 is used to 
to "seal" the ends of the tube 124 containing the ?uid, 
and provides on air to fluid interface coupling. In use, 
the driver transducer 104 exerts air pressure upon the 
diaphragm 135 which in turn attempts to compress the 
?uid within the tubes 124. Since the ?uid is virtually 
incompressible, the diaphragm 135 at the other end of 
the tube 124 responds in like manner to the diaphragm 
135 at the driven end. Because the ?uid medium is in 
compressible, there is virtually no loss due to compress 
ibility of the medium, and in fact the losses due to com 

10 

25 

35 

45 

55 

60 

65 

8 
pressibility are attributible to the fact that the walls of 
the tubes are not totally rigid (these losses are rather 
small even for tube lengths in excess of ?fty feet and 
contribute only slightly larger losses when the medium 
is a liquid instead of gas (air). 
The diaphragms 135 at either end of the hydraulic 

tubes 124 may be made any practical size or shape, but 
the prototype tube was constructed with a diaphragm 
diameter of approximately one inch. The prototype 
diaphragm was circular in shape for convenience of 
construction and because this form factor allows a uni 
form driving surface (no corners to contend with). The 
prototype diaphragm was constructed of mylar but it 
could be constructed of any other ?exible material 
which is compatible with the fluid used. The holding 
?xture was constructed with a cavity on either side of 
the diaphragm to allow free movement of the dia 
phragm. For convenience, the hydraulic tube ends 
could be made smaller than one inch in diameter so that 
they could be passed through one inch waveguides for 
penetration into the shielded scan room. Larger hydrau 
lic tube ends could easily be used by employing a short 
length of pneumatic tubing between the hydraulic tube 
ends and the driving transducer. 

Pneumatic headphones are used at the receiving ends 
of the hydraulic tubes (either directly connected to the 
diaphragm ?ttings or through a short piece of pneu 
matic tubing connected between the hydraulic tube and 
the headphone tubes). 
The prototype hydraulic tube was ?lled with water, 

but production models would most likely be ?lled with 
some other liquid (mineral oil, ?uorcarbon compounds, 
etc.). The prototype was gravity ?lled by closing one 
end of the tube and holding the tube vertically. After 
the tube was ?lled, the second diaphragm was installed 
so that the tube was completely ?lled with liquid. Sev 
eral better methods of filling the tube on a production 
basis are being considered, including the use of a fill 
valve located on the tube. 

In summary, the liquid tubes would replace the major 
portion of the pneumatic tubes presently used. There 
would be pneumatic to liquid interface at either end of 
the liquid tubes (although these might be as short as an 
inch or so on the driving end, and as short as two or 
three feet on the receiving end). 

With the embodiment of FIG. 9 the pneumatic driver 
speaker box 104 is directly connected to a pneumatic to 
liquid line 124 acoustic transducer 123 with pneumatic 
lines 128 L and 128R connected to headset 88' at the 
patient bed being the only pneumatic lines of the sys 
tem. 
Whereas this invention has been described with re 

spect to several embodiments thereof, it should be real 
ized that various changes may be made without depar 
ture from the essential contributions to the art made by 
the teachings hereof. 

] claim: 
1. A frequency attenuation compensated pneumatic 

headphone and acoustic tube audio system comprising: 
pneumatic tube driver means; acoustic plastic tube 
means transparent to scanning ?elds such as a Nuclear 
Magnetic Resonance ?eld and in a length range of ap 
proximately ten to ?fty feet; plastic material pneumatic 
headphones for a user that are transparent to scanning 
signals so as to not cause interference with scanning 
signals; pneumatic tube driver means for driving audio 
signals through said acoustic plastic tube means and said 
pneumatic headphones to the ears of a user; program 
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signal source means; a frequency response compensa 
tion ampli?er connected to the output of said program 
signal source means that with progressively higher fre 
quencies boosts the higher frequencies to compensate 
for the increasing attenuation of progressively higher 
frequencies as audio is passed through said acoustic tube 
means; circuit means interconnecting said compensation 
ampli?er and said pneumatic tube driver means; includ 
ing pneumatic driver ampli?er means interconnecting 
said compensation ampli?er and said pneumatic tube 
driver means; wherein said program signal source 
means is a stereo signal source; said compensation am 
pli?er is a stereo signal two channel ampli?er; monitor 
speaker means is connected directly to said program 
signal source means; said pneumatic driver ampli?er 
means includes a stereo control ampli?er and left and 
right pneumatic driver ampli?ers; and wherein said 
compensation ampli?er includes settable resistance 
valve means for adjusting higher frequency boost com 
pensation for different length acoustic plastic tube 
means of substantially matched pair lengths used in 
different installations. ‘ 

2. The frequency attenuation compensation pneu 
matic headphone and tube audio system of claim 1, 
wherein a microphone and microphone ampli?er are 
included with the audio system also including switch 
means in the input circuit path to said compensation 
ampli?er connected to the output of said microphone 
ampli?er and connected to the output of said program 
signal source means and controllable for switching be 
tween said program signal source means and said micro 
phone ampli?er. 

3. The frequency attenuation compensation pneu 
matic headphone and tube audio system of claim 2, 
wherein said switches means is a relay switch connected 
to an operator operated power switch. 

4. The frequency attenuation compensation pneu 
matic headphone and tube audio system of claim I, 
wherein said settable resistance value means is a potenti 
ometer with an adjustably settable tap. 

5. The frequency attenuation compensation pneu 
matic headphone and tube audio system of claim 1, 
wherein pneumatic plastic tube means is included in said 
acoustic plastic tube means; and said compensation 
ampli?er has RC input network means that sets low 
frequency roll-off such that headphone response is es 
sentially ?at with shorter lengths of pneumatic tubing in 
the ten foot to twenty foot range. 

6. The frequency attenuation compensated pneumatic 
headphone and tube audio system of claim 1, wherein 
pneumatic plastic tube means is included in said acoustic 
plastic tube means; and said pneumatic driver means 
includes a box means enclosing a loudspeaker means 
with cavity means between the loudspeaker and the 
front end wall of the box; a hole in said end wall in open 
communication with said cavity means; and with a tub 
ing end of said pneumatic plastic tube means received in 
said hole in said end wall for importing into and through 
the tubing audio signalling generated in said loud 
speaker. 

7. The frequency attenuation compensated pneumatic 
headphone and tube audio system of claim 6, wherein 
said box means comprises two used as said pneumatic 
driver means one a left pneumatic driver and the other 
a right pneumatic driver connected to left and right 
pneumatic plastic tubes of approximately the same 
length that in turn are extended to and feed left and 
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10 
right stereo signals to left and right earphones, respec 
tively, of said plastic material pneumatic headphones. 

8. The frequency attenuation compensated pneumatic 
headphone and tube audio system of claim 1, wherein 
said program signal source is a left and right channel 
stereo program signal source; said compensation ampli 
?er is a two channel stereo ampli?er; and said pneu 
matic tube driver means is a two speaker boxes each 
enclosing a loud speaker and feeding audio signals to a 
pneumatic plastic tube portion of said acoustic plastic 
tube means connected to each; and with the two tubes 
of approximately the same length connected to left and 
right earphones of a headset. 

9. The frequency attenuation compensated pneumatic 
headphone and tube audio system of claim 8, wherein 
said circuit means includes pneumatic driver stereo 
ampli?er means interconnecting said two channel ste 
reo ampli?er and said two speaker bores comprising 
said pneumatic driver means. 

10. The frequency attenuation compensated pneu 
matic headphone and tube audio system of claim 9, 
wherein said compensation ampli?er has an RC input 
network means in each of two input channels that set 
low frequency roll-off such that headphone response is 
essentially ?at through shorter lengths of said pneu 
matic tube portion in the ten foot to twenty foot range. 

11. The frequency attenuation compensated pneu~ 
matic headphone and tube audio system of claim 10, 
wherein each of said boxes encloses a loudspeaker on a 
cavity wall with a cavity between the loudspeaker and 
a front wall of the box; a hole in said front wall in open 
communication with said cavity; a resonant chamber 
behind the loudspeaker; and with a tubing end of said 
pneumatic plastic tube portion received in said hole in 
said front wall for imparting into and through the tub 
ing audio signalling generated in said loudspeaker. 

12. The frequency attenuation compensated pneu 
matic headphone and tube audio system of claim 11, 
wherein a microphone and microphone ampli?er is 
included with the audio system; switch means is in 
cluded in the left and right channel input circuits paths 
to said stereo compensation ampli?er; and with said 
switch means connected to the_output of said micro 
phone ampli?er and connected to the left and right 
channel outputs of said stereo program signal source 
means; and wherein said switch means is a multi-contact 
relay switch connected to an operator controlled power 
on/oif switch. 

13. The frequency attenuation compensated pneu 
matic headphone and tube audio system of claim 1, 
wherein said acoustic tubing includes both pneumatic 
plastic tubing and liquid plastic tubing. 

14. The frequency attenuation compensated pneu 
matic headphone and tube audio system of claim 13, 
wherein the pneumatic plastic tubing is included in a left 
channel and in a right channel of said acoustic tubing. 

15. The frequency attenuation compensated pneu 
matic headphone and tube audio system of claim 14, 
wherein the total length of pneumatic plastic tubing is 
substantially equal between said left and right channels 
of acoustic tubing. 

16. The frequency attenuation compensated pneu 
matic headphone and tube audio system of claim 15, 
wherein most of the acoustic tubing length in both said 
left and right channels is liquid plastic tubing. 

17. The frequency attenuation compensated pneu 
matic headphone and tube audio system of claim 16, 
wherein said liquid plastic tubing is made up in sections 
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with a liquid retaining diaphragm in a pneumatic to 
liquid acoustic transducer at each end of each of said 
liquid plastic tubing sections. 

18. The frequency attenuation compensated pneu 
matic headphone and tube audio system of claim 17, 
wherein pneumatic tube lengths interconnect said pneu 
matic tube driver means and liquid plastic tubing sec 
tions in both said left and right channels; and pneumatic 
tube headphone section lengths interconnect said liquid 
plastic tubing sections and said pneumatic headphones. 

19. The frequency attenuation compensated pneu 
matic headphone and tube audio system of claim 17, 
wherein a pneumatic to liquid acoustic transducer of 
each of said liquid plastic tubing sections is directly 
connected to said pneumatic tube driver means. 

20. A sound system ?tr conducting audio signals to a 
person in an electromagnetic scanning signal ?eld. com 
prising: 
program signal source means disposed outside of said 

electromagnetic scanning signal ?eld and including 
means for generating sound signals, 

audio signal generator means for generating audio sig 
nals representative of the signals from the program 
signal source means, 

headphone means for a person disposed in said electro 
magnetic scanning signol?eld, said headphone means 
being substantially transparent to the scanning signals 
of the scanning signal ?eld, 

acoustic tube means for conducting the audio signals 
from a position outside of said scanning ?eld to the 
headphone means disposed in said scanning signal 
?eld, said acoustic tube means having a length of 
approximately between 10 to 50 feet long so as to 
accommodate spacing of the program signal source 
means outside of the scanning ?eld while the head 
phone means are in the scanning ?eld, said acoustic 
tube means being substantially transparent to the 
scanning signals of the scanning signal ?eld, 

and frequency response compensation ampli?er means 
interposed between the program signal source means 
and the audio signal generator means for compensat 
ing for di?'erent frequencies of the audio signal as it is 
conducted through the acoustic tube means to the 
headphone means 

21. A system according to claim 20. wherein said electro 
magnetic scanning ?eld is in a scanning room which ac 
commodates a person being diagnosed by the scanning 
signal ?eld, 
and wherein the acoustic tube means extends from out 

side the scanning room to the headphone means in the 
scanning room. 

22. A system according to claim 2], wherein said acous 
tic tube means comprises pneumatic tube means extending 
from outside the scanning room to the headphone means in 
the scanning room. 

23. A system according to claim 22, wherein said audio 
signal generator means comprises speaker means opening 
to the pneumatic tube means. . 

24. A system according to claim 22, wherein said pneu 
matic tube means are made of plastic material. 

25. A system according to claim 24, wherein said head 
phone means are made of plastic material 

26. A system according to claim 20. wherein said acous 
tic tube means includes a pair of substantially matched 
pair length pneumatic tubes. 

27. A system according to claim 20, wherein said com 
pensation amplifier means includes settable resistance 
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12 
value means for adjusting higher frequency boost compen 
sation for longer length acoustic tube means. 

28. A system according to claim 20, further comprising 
monitor speaker means disposed outside the scanning ?eld 
for monitoring the source signals, said monitor speaker 
means being connected to the program signal source means 
in parallel with the frequency response compensation am 
plt?er means. 

29. A system according to claim 20, further comprising 
microphone means ?)!‘ accommodating selective operator 
voice communication to the headphone means via the 
acoustic tube means. 

30. A system according to claim 29, wherein said micro 
phone means includes microphones output signal means ' 
connected to the frequency response compensation ampli 
?er means. 

3]. A system according to claim 28. ?trther comprising 
microphone means for accommodating selective operator 
voice communication to the headphone means via the 
acoustic tube means. 

32. A system according to claim 28, wherein said electro 
magnetic scanning ?eld is in a scanning room which ac 
commodates a person being diagnosed by the scanning 
signal ?eld. 

wherein said monitor speaker means is disposed outside 
the scanning mom. 

and wherein the acoustic tube means extends from out 
side the scanning room to the headphone means in the 
scanning room. 

33. A system according to claim 32, wherein said acous 
tic tube means comprises pneumatic tube means extending 
from outside the scanning room to the headphone means in 
the scanning room. 

34. A system according to claim 33. wherein said audio 
signal generator means comprises speaker means opening 
to the pneumatic tube means 

35. A system according to claim 34, further comprising 
microphone means jbr accommodating selective operator 
voice communication to the headphone means via the 
acoustic tube means. 

36. A system according to claim 29. further comprising 
operator controllable switch means for accommodating 
selective actuation of the microphone means and the source 
signal generator means. 

37. A system according to claim 36, wherein said switch 
means includes means for automatically simultaneously 
deactivating the source signal generator means and activat 
ing the microphone means. 
3& A system according to claim 20. wherein said source 

signals are stereo signals and said audio signals are audio 
stereo signals, and wherein said acoustic tube means in 
cludes a pair of tubes for transmitting respective dtj'erent 
components of the audio stereo signals to di?'erent ear 
pieces of the headphone means 

39. A system according to claim 20. wherein said fre 
quency response compensation ampli?er means includes 
means jbr e?'ectively boosting higher frequency source 
signals to compensate for attenuation of progressively 
higher frequencies of the audio signals conducted through 
the acoustic tube means to the headphone means. 

40. A method for conducting audio signals to a person in 
an electromagnetic scanning signal ?eld, comprising: 

disposing program signal source means outside of said 
electromagnetic scanning signal and generating sound 
signals therewith, 

providing audio signal generator means for generating 
audio signals representative of the signals from the 
program signal source means, 
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providing headphone means for a person disposed in said 
electromagnetic scanning signal field, said headphone 
means being substantially transparent to the scanning 
signals of the scanning signal ?eld. 

providing acoustic tube means for conducting the audio 
signals from a position outside of said scanning ?eld to 
the headphone means disposed in said scanning signal 
?eld. said acoustic tube means having a length of 
approximately between 10 to 50 feet long so as to 
accommodate spacing of the program signal source 
means outside of the scanning ?eld while the head' 
phone means are in the scanning ?eld. said acoustic 
tube means being substantially transparent to the 
scanning signals of the scanning signal ?eld, 

providing frequency response compensation ampli?er 
means interposed between the program signal source 
means and the audio signal generator means for com 
pensating for di?'erent frequencies of the audio signal 
as it is conducted through the acoustic tube means to 
the headphone means, and 

activating said electromagnetic scanning ?eld with a 
person disposed therein while simultaneously supply 
ing audio signals to said headphone means via the 
audio signal generating means and the acoustic tube 
means whereby said audio signals are supplied with 
out interfering with said electronic scanning signal 
?eld. 

4]. A method according to claim 40, wherein said elec 
tromagnetic scanning field is in a scanning room which 
accommodates a person being diagnosed by the scanning 
signal ?eld, 
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and wherein the acoustic tube means extends from out 

side the scanning room to the headphone means in the 
scanning room. 

42. A method according to claim 4]. wherein said acous 
tic tube means comprises pneumatic tube means extending 
from outside the scanning room to the headphone means in 
the scanning room. 

43. A method according to claim 42, wherein said audio 
signal generator means comprises speaker means opening 
to the pneumatic tube means 

44. A method according to claim 40, wherein said com 
pensation ampli?er means includes settable resistance 
value means for adjusting higher frequency boost compen 
sation for longer length acoustic tube means 

45. A method according to claim 40. further comprising 
disposing monitor speaker means outside the scanning field 
for monitoring the source signals. said monitor speaker 
means being connected to the program signal source means 
in parallel with the frequency response compensation am 
plt?er means 

46. A method according to claim 40, further comprising 
providing microphone means for accommodating selective 
operator voice communication to the headphone means via 
the acoustic tube means 

47. A method according to claim 29. wherein said micm 
phone means includes output signal means connected to 
the frequency response compensation ampli?er means 

48. A method according to claim 28. further comprising 
providing microphone means for accommodating selective 
operator voice communication to the headphone means via 
the acoustic tube means 
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