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The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 
The present invention relates to device for measuring 

the density of fluids. More particularly, the invention 
relates to a device for measuring the density of fluids by 
passing the fluid ’through a whistle or nozzle which is ca 
pable Vof producing an audible signal of variable pitch in 
accordance with the density of the fluid, the signal being 
picked up by a microphone, amplified, filtered to remove 
undesirable frequencies such, for example, as the higher 
harmonics, and entered into a heterodyne circuti. The 
heterodyne circuit has an oscillator connected thereto 
which provides oscillations of a predetermined frequency 
and which is heterodyned against the amplified audio sig 
nal to provide a beat which changes in accordance with 
the density of the fluid passing through the nozzle, ther 
mostatic means being provided in the oscillator to com-l 
pensate for changes in temperature of the fluid, which 
changes have the effect of changing the density of the 
fluid. 
The output of the heterodyne circuit may be employed 

to actuate a tape recorder, thus providing a record of the 
changes inthe density of the fluid. It is also within the 
province of this invention to cause the output of the het 
erodyne circuit to actuate apparatus for operating a mix 
ing valve wherein the density of the fluid fed into the 
nozzle is varied in accordance with the output of the yhet 
erodyne circuit to provide a fluid of substantially constant 
density. 
An object of the _present invention is to provide a -new 

and improved apparatus for determining the density of 
fluids by comparing the audible frequency caused by the 
passing of the fluid through a nozzle with the output of 
an oscillator of predetermined frequency. 
Another object is to provide an improved apparatus 

for determining the density of iiuids in which a micro 
phone is employed to pick up the sound of the fluid pass 
ing through a nozzle, the amplified signal of such sound 
being heterodyned against a signal of known frequency. 

Still another object is to provide apparatus for audibly 
determining variations in the density of fluids and having 
apparatus for controlling the density of the fluids in ac 
cordance with such determination. 

Other objects and many of the attendant advantages 
of this invention will be readily appreciated as the same; 
becomes better understood by reference to the following? 
detailed description when considered in connection with 
the accompanying drawing wherein: 
The single ligure is a diagram of the apparatus and 

circuit of the present invention. 
Referring more particularly to the drawing wherein 

like numerals indicate like parts, 10 indicates a Whistle 
or nozzle having a calibrated orifice for producing an 
audible signal which varies in frequency in accordance 
with the density of the lluid as the fluid passes through 
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the oriñce at a constant rate. Nozzle 10 is mounted >on 
one end of a conduit 11, there being a pump 12 mounted 
in conduit 11 to supply fluid to nozzle 10 under constant 
pressure. 

lf desired mixing valve 13 has the outlet fitting thereof 
connected to conduit 11 and has inlet connection 14 hav 
ing fluid of higher density and inlet connection 15 hav 
ing fluid of lower density than the desired density for 

AIt is obvious that by 
proper manipulation of mixing valve 13 a substantially 
constant density may be maintained for the fluid passing 
through nozzle 10. Driving gears 1'6 of valve 13 are oper 
atively connected to a servomotor 17 which moves valve 
13 in either direction to control the density of the ñuid in 
a manner to be hereinafter more fully described. 

Positioned adjacent nozzle 10 is a transducer such for 
example as microphone 21 which picks up the sound of 
the iluid passing through whistle 10. The signal output 
of microphone 21 is amplified by audio amplifier 22 which 
.may be of a conventional variety. The output of ampli 
îfier 22 is passed through filter 23 to a heterodyne circuit 
24. Filter 23 is of a type wherein the higher harmonic 
frequencies present in the amplified signal are suppressed.> 
An oscillator circuit 25 is provided for supplying to 

the heterodyne circuit an oscillating signal of predeter 
mined .frequency which is heterodyned .against the ampli 
fied audio signal to produce a heat signal which changes 
as the frequency of 'the audio signal changes in accord 
ance with the variations of density of the fluid. 

Vin order to compensate for variations in temperature of 
Athe iluid, a thermostat 26 is placed adjacent the nozzle 10 
or, 4if desire-d, in the path of the fluid. As the tempera 
ture of the fluid changes in response to changes in the 
ambient temperature or other causes, thereby changing 
the density of the fluid, the thermostat 26 moves a tem 
perature compensating device here shown as an arm 27 of 
variable resistor ».28 to vary the frequencyof the output of 
oscillator 25, thus to provide an oscillatory signal to the 
heterodyne circuit the frequency of which is varied in 
accordance withl the temperature of >the fluid thereby to 
compensate for density changes due to temperature. 

It is, also, desirable to provide a pressure compensat 
ing device, here shown as device 18 which moves contact 
arm 19 ̀ of variable resistor 20. Arm «19 and resistor 20 
are connected Vin parallel with Varm 27 and .resistor 28 of 
oscillator 25 to vary the oscillator frequency in the same 
manner as arm 27 and resistor 2S, when pressure in con 
duit 11 varies thus to compensate for variations in pitch 
of the audible signal caused by such variations in pres 
sure of the fluid. 
A pen recorder 29 receives the output of the heterodyne 

circuit 4and records variations therein on a moving tape 
39, thus providing an accurate indication of the varia 

ice 

_ tions of density of the fluid. 
It is, also, within the province of the kpresent inven 

tion to maintain a substantially constant density of ñuid 
at nozzle 10 by providing apparatus for operating valve 
13 in laccordance with variations of density of the Huid, 
to supply more high density fluid vand less low density 
fluid to nozzle 10 when the density at the orifice thereof 
falls below a predetermined density and to supply less 
high density liuid and more low density fluid to nozzle 
10 when the density at the orifice thereof rises above a 
predetermined density. l'n order to provide such result 
automatically, a servo control circuit 31 is connected to 
the output of heterodyne circuit 24 and is iniiuenced by a 
rise in the density of the fluid to energize servomotor 17 
to move valve 13 in a direction to admit more low density 
fluid in conduit 11. When there is a reduction in the 
density of the fluid, servomotor 17 is energized by servo 
control circuit 31 to move valve 13 in a direction to admit 
more high density ñuid to conduit 11. This is accom 
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~plished by frequency discrimination provided in the cir 
cuit whereby the variations of frequency of the beat signal 
of the heterodyne circuit above or below a predetermined 
frequency, which is indicative of the desired fluid density, 
causes the servomotor to move the valve in either direc 
tion, respectively in accordance with frequencies above 
and below the predetermined frequency. It is clear that, 
by an inspection of the recording of the beat frequency, ~ 
the -amount of density variation above or below a prede 
termined density will be readily apparent. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
l. Apparatus for measuring the density of fluids com 

prising, a nozzle having fluid flowing therethrough at a 
constant rate, said nozzle producing an audible signal 
variable in pitch in accordance with the density of said 
fluid, a transducer for providing an electrical signal varia 
ble in frequency in accordance with the variations in 
pitch of said audible signal, means for providing a signal 
of substantially constant frequency, means for controlling 
said constant frequency signal including a thermostat po 
sitioned adjacent said nozzle and responsive to changes in 
temperature of said fluid impinging thereagainst as the 
fluid flows from said nozzle, means for heterodyning the 
variable electrical signal against said substantially con 
stant signal, and means for recording the output of said 
heterodyning means. ' 

2. Apparatus for measuring the density of fluids com 
prising, in combination, a nozzle for producing an audible 
signal variable in accordance with the density of a fluid 
passing therethrough, means for pumping said fluid 
through said nozzle at a constant rate, -a microphone 
mounted adjacent said nozzle for picking up the audible 
signal, means connected to said microphone for amplify 
ing said signal, means for filtering undesirable frequencies 
from the amplified signal and connected to the amplify 
ing means, oscillator means for providing a constant sig 
nal, means for heterodyning the amplified signal against 
said constant signal, means for recording the output of 
said heterodyning means, a source of high density fluid, 
a source of low density fluid, a mixing valve for connect 
ing said sources with said pump means and for varying the 
proportions of fluids, means including a reversible motor 
for controlling said valve, and a servo control circuit 
connected to the output of the heterodyning means for 
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operating said motor in a direction to energize the valve 
control means selectively in accordance with changes in 
density at the nozzle. 

3. Apparatus for maintaining a substantially constant 
density for a fluid comprising, in combination, a whistle 
for producing an »audible signal variable in accordance 
with the density of the fluid passing therethrough, means 
for pumping said fluid through said whistle at a con 
stant rate, a microphone mounted adjacent said whistle 
for picking up the audible signal, means connected to said 
microphone for amplifying said signal, means for filtering 
undesirable frequencies from the amplified signal and 
connected to said amplifying means, oscillator means for 
prov1ding a constant signal, means for heterodyning the 
amplified signal against said constant signal, a source of 
high density fluid, a source of low density fluid, a mixing 
valve for connecting said sources with said pumping means 
and for varying the proportions of high and low density 
fluids in order to maintain a predetermined density at 
the nozzle, servomotor means for controlling said valve, 
and a servo control circuit connected to the output of the 
heterodyne means and to said servomotor for energizing 
the servo means selectively in accordance with changes 
in density at the nozzle. 

4. Apparatus for measuring the density of fluids, corn 
prising in combination, a whistle, means for pumping the 
fluid through said whistle, said whistle producing an audi 
ble signal variable in accordance with the density of said 
fluid, pressure sensitive means between said pumping 
means and said whistle, thermoresponsive means con 
trolled by fluid impinging thereagainst from said whistle, 
a pair of variable resistance elements in parallel and con 
trolled by said pressure sensitive means and by said ther 
moresponsive means respectively, a transducer for provid 
ing an electrical signal in accordance with variations of said 
audible signal, oscillator means providing a second signal 
of a frequency jointly controlled by said resistance ele 
ments and variable by said pressure sensitive means in ac 
cordance with the pressure of said fluid and by said 
thermoresponsive means, means for heterodyning said 
electrical signal against said second signal, and means for 
recording the output of said heterodyning means. 
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