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(54) An improved dosimeter having 
constant flow pump 

(57) An improved dosimeter designed 
for individual use has a means for 
collecting particles or vapors present in 
an air stream being pumped through 
the dosimeter, a variable drive pump 
that draws the air stream through the 
filter means, an electric motor coupled 
to the variable drive pump, an electric 
power source for the motor, an air 
reservoir connected to the pump, an 
orifice positioned in a tube attached to 
the air reservoir which orifice creates a 
pressure drop in the air stream, a 
differential pressure switch positioned 
before the orifice that is activated by a 
change in air pressure and creates a low 
voltage electrical input signal; an integ-
rator circuit that uses the low voltage 
input signal of the pressure switch and 
integrates this signal and an amplifier 
circuit which amplifies the signal from 
the integrator circuit and feeds the 
signal to the electric motor thereby 
controlling the speed of the motor 
driving the pump in relationship to the 
signal generated by the pressure switch 
to maintain the air stream at a constant 
flow rate; together with: 

an accumulator positioned before the 
variable drive pump for retaining air 
and maintaining an even flow of air to 
the inlet of the pump and 

a pulsation air pressure filter assem-
bly positioned between the orifice and 
the pressure switch which assembly 
reduces pulsations in the air stream 
thereby limiting the activity of the 
switch to substantial changes in air 
pressure of the air stream. 
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SPECIFICATION 

An improved dosimeter having constant flow pump 

5 BACKGROUNDOFTHE INVENTION 
Field of the invention 

This invention relates to a dosimeter and in 
particularto a dosimeter disigned for individual use 
that has a constant air stream flowing through the 

10 dosimeter. 
Dosimeters are known and have been used by 

individuals in an effort to determine the level of 
exposure of an individual to foreign substances in 
air, for example, to vapors or fumes, dust particles 

15 and the like. The dosimeter is worn by the individual 
and air is pumped through a filter which traps 
foreign substances in the air. At the end of an 
individual's exposure period, the filter is removed 
and analyzed for any foreign substances. The prob-

20 lem has been with these dosimeters that the airflow 
rate through the dosimeter has not been accurately 
controlled. For example, if the filter was partially 
blocked so that intake of air was momentarily 
stopped or reduced for a period of time, it was not 

25 possible to adjust and increase the flow rate of air to 
compensate for the stoppage or reduction of air 
passing through the filter of the dosimeter. Any 
reduction in the airflow rate reduces the amount of 
foreign substances collected by the filter thereby 

30 giving an inaccurate level of exposure of the indi-
vidual. 

The aforementioned problem has been substan-
tially solved with the dosimeter described in Baker et 
al. U.S. Patent 4,063,824 issued December 20,1977. 

35 However, dosimeters requiring an airflow rate of 
about 1-3 liters per minute present special problems 
and require additional control of the air being 
pumped through the dosimeter to provide a uniform 
smooth air flow rate. 

40 
Summary of the invention 

An improved dosimeter designed for individual 
use that has an intake port connected to a filter 
means in which particles or vapors present in an air 

45 stream being pumped through the dosimeter are 
collected on the filter means, a variable drive pump 
is connected to the filter means and draws the air 
stream through the filter means and pumps the air 
stream through the dosimeter, an electric motor is 

50 coupled to the variable drive pump and operates the 
pump, an electric power source is coupled to the 
electric motor, an air reservoir connection to the 
pump retains any excess air supplied by the pump to 
maintain a constant flow rate of the air stream, an 

55 orifice position in a tube attached to the air reservoir 
whereby a pressure drop is created when the air 
stream is pumped through the orifice, a differential 
pressure switch positioned before the orifice that is 
activated by a change in air pressure of the air 

60 stream and creates a low voltage electrical input; 
an integrator circuit electrically connected to the 

power source and to the pressure switch uses the 
low voltage input signal of the pressure switch and 
integrates this signal, an amplifier circuit electrically 

65 connnected to the power source and the integrator 

circuit which amplifies the signal from the integrator 
cicuit and feeds the amplified signal to the electric 
motor thereby controlling the speed of the motor 
driving the pump in relationship to the signal 

70 generated by the pressure switch to maintain the air 
stream at a constant flow rate; the improvement that 
is used therewith comprises: 

an accumulator positioned between the intake part 
and the variable drive pump which retains air and 

75 maintains an even flow of air to the inlet of the pump 
and 

a pulsation air pressure filter assembly positioned 
between the orifice and the pressure switch which 
reduces pulsations in the air stream in contact with 

80 the pressure switch thereby limiting the activity of 
the pressure switch only to substantial changes in air 
pressure of the air stream. 

Brief description of the drawings 
85 Figure 1 is a block diagram of the dosimeter. 

Figure2is a schematic circuit diagram for one 
embodiment of the dosimeter. 

Detailed description of the invention 
90 The dosimeter which contains an accumulator and 

a pulsation air pressure filter assembly provides a 
uniform smooth flow of the air stream through the 
dosimeter at an airflow rate of 1-3 liters per minute. 
The dosimeter is of a relatively low cost construction 

95 and does not use an additional pump or high cost 
control apparatus to achieve this uniform airf low 
rate. 

The dosimeter is designed primarily for individual 
use and is compact in size and is about 4 cm x 10cm 

100 x 16cm and weighs about 723 g. The dosimeter can 
be carried by a worker, for example, in a pocket, or a 
belt, in a neck band and the like, without inconveni-
ence or hindrance to work activities. The dosimeter 
is rugged in design and is useful for service in 

105 industrial environments. 
The dosimeter with its constant flow feature 

improves the accuracy with which a wide variety of 
environmental hazards to individuals can be moni-
tored. Monitoring for dust in mines or mills vinyl 

110 chloride or benzene vapors in industrial work areas 
and toxic radon gas and toxic related products of 
radon gas in mines are typical of important applica-
tions of the dosimeter. 

Referring to the block diagram of Figure 1, a basic 
115 arrangement of the dosimeter is shown. Air is 

pumped in at the intake 1 at a constant flow rate and 
passed through a collector or filter 2. The air intake 
and collector or filter are tubularly connected to an 
accumulator 3 which is connected by a passage to a 

120 variable drive pump 4 driven by an electric D.C. 
motor 18. 

The accumulator allows for a buildup of excess air 
on the suction side of the variable pump and helps to 
moderate the flow of air by reducing surges of air 

125 created by strokes of the pump. From the pump 4, air 
is pumped to the air reservoir 5 which also moder-
ates the flow of air and reduces surges of air created 
by the pump. An orifice 6 such as an adjustable 
needle valve is positioned in a passage leading to 

130 the exhaust port 7 and causes an air pressure drop. A 
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pressure switch 14 is positioned before the orifice 
and is activated by any change in the air pressure 
drop. To reduce surges in the air, a pulsation filter 
assembly 13 is positioned in a passage before the 

5 pressure switch. One side of the pressure switch is 
exposed to the air stream while the other side is 
open to the atomosphere. When the pressure switch 
14 is activated by a change in the air pressure drop, 
an electrical signal is generated and this signal is fed 

10 to the integrator circuit 15 that is electrically con-
nected to the pressure switch. The integrator circuit 
integrates this signal which is then fed to the 
amplifier circuit 16 which amplifies the signal. Both 
the integrator circuit and the amplifier circuit can be 

15 formed on an electronic chip 17. Theamplified signal 
controls the speed of the electric motor 18 driving 
the air pump 4 and thereby provides a constant flow 
of airthrough the dosimeter. The integrator and 
amplifier circuits are electrically connected to a D.C. 

20 power source 20 which usually is a battery. An on-off 
switch 19 is positioned between the power source 20 
and the amplifier and integrator circuits. 

Configurations otherthan the aboveforthe dosi-
meter can be used. The dosimeter can be used to fill 

25 bags with air samples by attaching a bag to the 
exhaust port. To accomplish this, the low pressure 
side of the pressure switch 14 is connnected to the 
exhaust port 7 through another pulsation pressure 
filter identical to 13. Optionally, the two pulsation 

30 pressure filter assembles could be combined to form 
a differential pulsation pressure filter. 

If a filter such as a charcoal filter is used that is not 
sensitive to pulsations in the air stream, it is possible 
to remove the accumulator 3. If a multicylinder 

35 pump, such as a four cylinder pump which only 
causes small pulsations, it may be possible to 
eliminate the accumulator 3 and/or the air reservoir 
5. 

The orifice 6, the pulsation pressure filter assem-
40 b!y 13 and pressure switch 14 can be positioned 

between the filter2 and the accumulators. With this 
configuration, the air reservoir 5 can be eliminated. 
However, a differential connection of the filter would 
be required and the pulsation pressure assembly 

45 and pressure switch would be exposed to an inlet air 
pressure drop across the filter and would be prone to 
air leaks. 

The filter or collector 2 of the dosimeter can be 
adapted to entrap almost any type of substance such 

50 as gases, liquids or solids. If mechanical filtration is 
only required, for example, to collect dust particles 
to which a worker is exposed, a filter is provided 
which will entrap particles of 0.01 microns or larger. 
If the filter is to entrap a gas such as sulfur dioxide, a 

55 chemical filter is used which will entrap this gas or 
the air stream can be bubbled through a solution 
which reacts with this gas. If vapors are to be 
entrapped, a filter such as a charcoal filter, is 
used which entraps vapors. A clean filter or collector 

80 is placed in the dosimeter at the start of a work 
period, such as an eight hour shift. At the end of the 
period, the filter is removed and examined for the 
substance or substances to which the individual was 
exposed. A simple count of particles under a micro-

65 scope may be used or the filter can be analyzed, for 

example, with a gas chromotograph. 
The accumulator 3 is usually an integral part of 

any frame on which various components used in the 
dosimeter are enclosed or mounted on and is milled 

70 or cut into the frame with appropriate openings. 
Preferably, at least one wall of the accumulator is a 
thin flexible material such as "Neoprene" rubber. A 
typical accumulator has a volume of about 5-20 cc. 
As pointed above, the purpose of the accumulator is 

75 to reduce or moderate surges of air created by 
strokes of the pump by allowing a build-up of air on 
the suction side of the pump. 

Avariable drive air pump is used in the dosimeter. 
Generally, a diaphragm type pump is used that 

80 pumps from about 1 to 3 liters per minute. Other 
pumps such as piston pumps, rotary pumps and 
centrifugal pumps can also be used. Preferably a 
diaphragm pump is used in which the valves are of 
an elastomeric material or a plastic such as polyester 

85 like polyethylene terephthalate. 
The pump is electrically connected to a conven-

tional D.C. motor of about 0.0001-0.02 horsepower. 
The motor is a variable speed motor and operates 
from about 1,000 to 20,000 revolutions per minute. 

90 Under some circumstances, a reducing gear can be 
used between the motor and the pump. 

The air reservoir is usually an integral part of the 
frame on which the various components used in the 
dosimeter are mounted and is milled or cut into the 

95 framework with appropriate openings. Part of the 
reservoir may be enclosed with a thin sheet of an 
elastomer so that any pulsations of the air stream 
created by the pump can be readily dampened by 
the elastomer absorbing the pulsation. 

100 The purpose of the reservoir is to smooth pulsa-
tions of the air stream created by the strokes of the 
pump at least to some degree before the air stream 
passes through the orifice. The vGiume of the 
reservoir is as small as possible but of sufficient 

105 volume to reduce the pulsations of the air stream. A 
typical reservoir has a volume of about 1-5 cc. 

An orifice such as an adjustable needle valve is 
positioned in a tube connecting the reservoirto the 
exhaust port. An orifice is used that creates a 

110 pressure drop of about 0.4-4.0 inches (1-10cm) of 
water. Usually a pressure drop of 2.5-3.5 inches 
(6.35-8.25cm) of water is used. 

A pulsation pressure filter assembly 13 is posi-
tioned in the air stream before the orifice 6 and 

115 before the pressure switch 14 which is in parallel to 
the orifice. The assembly substantially reduces and 
often eliminates pulsations and surges of air caused 
by the pump so that the pressure switch does not 
operate on each pressure surge created by each 

120 pump stroke and thereby substantially extends the 
life of the pressure switch. The pulsation filter also 
causes a delay of the pressure signal traveling to the 
pressure switch. This delay causes the circuitry 
controlling the pump to increase the speed or slow 

125 the speed of the pump in a repeatable manner. 
The elements of the pulsation pressure filter 

assembly 13 are shown in Figure 1. The airfrom the 
pump flows through the orifice 6 and a pressure 
drop across the orifice is created which generates a 

130 higher pressure on the inlet than on the exhaust side 
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of the orifice. The higher pressure is transmitted to 
the pressure switch through orifices 8,10 and 12. A 
pressure surge in the air stream on the inlet of the 
orifice 6, first passes through orifice 8 and fills the 

5 chamber of the accumulator 9. The surge then 
passes through orifice 10 and then into the chamber 
of accumulator 11 and then through orifice 12 to the 
pressure switch 14. The opposite side of the press-
ure switch is open to the atomsphere. Thus the 

10 pulsation filter moderates the air pressure surges in 
the air stream and provides a relatively constant 
level of pressure to the pressure switch which 
represents the average of the pressure drop gener-
ated across orifice 6 and allows for smooth and 

15 continuous operation of the air pump since the 
signal generated by the pressure switch is utilized by 
the integrator circuitto control the operation of the 
air pump. 

Generally, a pressure switch is used that has a set 
20 point that is about the same as the pressure drop 

across the orifice and that is sensitive to a pressure 
drop change in the air stream of about 0.01-0.5 
inches (0.0254-1.27cm) of water. The sensitivity of 
the switch or the amount of pressure required to 

25 activate the switch determines the'number of signal 
changes fed to the integrator. A switch having a low 
level of sensitivity would feed fewer on-off changes 
of signal to the integrator than would a switch of 
high sensitivity. A switch with a fixed level of 

30 sensitivity or a switch with an adjustable level of 
sensitivity can be used. 

The flow rate of the air stream is determined by 
the size opening in the orifice and by the sensitivity 
of the pressure switch. When it is desired to operate 

35 underfixed conditions, a non-adjustable orifice can 
be used with a fixed pressure switch. When it is 
desired to operate under variable conditions, an 
adjustable orifice or an adjustable pressure switch 
can be used or both the orifice and the pressure 

40 switch can be adjustable. 
The integrator circuit takes the on-off signal gener-

ated by the pressure switch and formulates a slowly 
changing continuous signal therefrom which is fed 
into the amplifier circuit. The integrator circuit is 

45 biased at about +0.6 volts and the signal from the 
switch increases to about 1.2 volts when the press-
ure switch is activated and decreases to about +0.0 
volts when the switch is deactivated. The integrator 
circuit produces a gradually decreasing output vol-

50 tage which feeds into the amplifier when the press-
ure switch is closed and a gradually increasing 
voltage when the pressure switch is open. The circuit 
is constructed of conventional transistors, capacitors 
and resistors. 

55 The amplifier circuit receives the signal generated 
by the integrator circuit and amplifies the signal so 
that the electric D.C. motor can be conrolled at 
various speeds to insure a constant flow rate of the 
air stream through the dosimeter. The amplifier 

60 circuit amplifies the signal from the integrator to a 
maximum of about 95% of the total voltage of the 
power source. For example, for a 5 volt power 
source, the signal will be amplified to 4.8 volts. 
Generally, the amplifier has an impedance of greater 

65 than 10 ohms and up to 1 megohm. However, an 

amplifier with an impedance of less than 10 ohms 
can be used, e.g., 0.01-10 ohms impedance. The 
amplifier is constructed of conventional transistors, 
capacitors and resistors. 

70 The power-source usually is a battery of about 5-6 
volts. Generally, a nickel cadmium battery of 4 cells 
is used. A direct current power source of rectified 
A.C. current can also be used. 

One optional circuit that can be used in the 
75 dosimeter is a battery check circuit. The circuit uses a 

precision voltage detector which can be adjusted to 
the voltage of each cell and is set to be activated at 
the full charge voltage of the battery. A light emitting 
diode which is activated by a switch is usually used 

80 to indicate a full charge of the battery. 
Another optional circuit that can be used in the 

dosimeter is a low air flow detector circuit which is 
connected to the integrator circuit and is activated 
when the voltage output of the integrator circuit is at 

85 higher than normal operational levels caused by an 
interruption of the air stream being pumped through 
the dosimeter. The low flow detector circuit compris-
es a bistable multivibrator circuit electrically con-
nected to an indicator light such as a light emitting 

90 diode. 
Useful integrator circuits, amplifier circuits, low 

flow air detector circuits and battery check circuits 
are disclosed in Baker etal. U.S. Patent 4,063,824 
issued December 20,1977 and Baker et al U.S. Patent 

95 4,123,932 issued November 7,1978. The applicable 
portions of these patents are hereby incorporated by 
reference. These circuits can be formed in an 
integrated circuit chip. The chip is preferred because 
of its small size and simple installation and replace-

100 ment. 
Figure 2 shows a schematic circuit diagram of the 

circuit used in the dosimeter. 
The circuit is based on an integrated circuit chip (IC 

Chip). The chip contains an integrator circuit, ampli-
105 fier circuit, battery check circuit and low flow detec-

tor circuit. The internal construction of the chip is 
made of conventional transistor circuits and is made 
according to conventional techniques well known to 
those skilled in the art of making integrated circuit 

110 chips. The chip has fifteen terminals which connect 
to external functional electrical components of the 
circuit. 

To power the motor (M) connected to the pump, 
switch SW1 is placed on the ON position and feeds 

115 power from the battery (BATT) to the Motor (M) and 
via diode D2 (typically IN4001) to the chip circuit via 
power input terminal 5 (+VCC). Diode D2 prevents 
circuit damage if the battery is accidentally con-
nnected with the polarity reversed. 

120 Capacitor C1 (typically 2.2. microfarads) connected 
between terminal 5 and ground filters out electrical 
noise. In the operation of the integrator circuit of the 
chip, the voltage across capacitor C3 (typically 10 
microfarad) connected to terminal #6 (CAP) is 

125 always either increasing or decreasing depending on 
the state of pressure switch SW 3. When the airflow 
rate is low, SW3 is open and the voltage at terminal 
#6 increases and when the airflow rate is high, SW3 
is closed which connects terminal #4 (SW) to 

130 terminal #1 (GND) which is the COMMON terminal 
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for the chip and the voltage decreases. The rate of 
increase and decrease of voltage (time constant) is 
determined by capacitor C3 and resistor R2 (typically 
2.2. megohms). R2 is connected to ground (G.N.D.) 

5 and terminal 7(TRIM) connected to the integrator 
circuit of the chip. 

To provide a shorter time constant when first 
starting the pump, momentary switch SW2 is closed 
connecting R3 (typically 100 K ohms) in parallel to 

10 R2. SW2 connected to ground and to R3. R2 is 
connected to terminal 7 of the chip. 

In the chip the voltage from the integrator circuit is 
fed to the amplifier circuit. The amplifier circuit is 
connected to terminal 13 (DRIVE), terminal 14(IL1I\/I) 

15 and terminal 15(OUT).TheoutputtransistorQ1 
(typically D40-D2) is connected to terminals 13,14 
and 15 and provides additional voltage to the motor. 

Resistor R1 (typically 1 ohm) connected between 
terminal 15 and ground sets the maximum current 

20 valuethatthe amplifier circuit will produce. Capaci-
tor C2 (typically 2.2 microfarads) connected between 
terminal 15 and ground stabilizes the amplifier 
voltage output. 

In the chip, the voltage from the integrator circuit 
25 is also fed to the low flow detector circuit. A higher 

than normal voltage from the integrator circuit 
indicates low air flow through the pump. When this 
occurs, the low flow detector circuit is triggered and 
terminal 3 (LF) is energized and terminal 2 (LF) 

30 deenergized. Either terminal can be connected to a 
light emitting diode (LED 1) to give the desired 
indication of airflow. With LED 1 connected between 
terminal 2 and ground, the LED indicates proper flow 
control by remaining on and upon low flow, the LED 

35 will extinguish. With the LED connected between 
terminal 3 and ground, the LED indicates properflow 
control by remaining off and when there is a flow the 
LED will light. 

Under conditions when low air flow occurs and the 
40 low flow detector circuit is triggered and subse-

quently the airflow is corrected to normal flow, 
terminals 2 and 3 remain latched in their low flow 
state because of the connection of terminal 12 to 
terminal 5. Terminals 2 and 3 remain in the latched 

45 position until the power is turned off and will keep 
LED 1 in its lit or unlit state which indicates low flow. 
Optionally, the connection between terminal 12 and 
5 can be omitted, then terminals 2 and 3 would 
return to their original state when the low flow 

50 condition is corrected. 
In the chip, the battery check circuit drives the light 

emitting diode (LED 2) connected terminal 8 (IND) 
when the battery voltage is above a certain level. 
Resistors R4 (typically 20 K ohm), R5 (typically 5K 

55 ohm) and R6 (typically 5.1 K ohm) are serially 
connected between the power switch and ground 
with the wiper of R5 connected to terminal 9 (B. SET) 
to provide a percentage of the battery voltage to the 
battery check circuit. When this voltage is higher 

60 than an interval precision reference voltage set in the 
chip, power is provided to terminal 8 which lights 
LED 2 indicating that the battery is fully charged. 
When the above voltage is lower than the interval 
precision reference voltage, LED 2 is not energized 

65 indicating that the battery is not fully charged. 

A precision reference voltage is generated in the 
integrated circuit chip for the battery check circuit. 
Terminal 11 (TRIM) is normally connected to ground. 
If necessary a resistor can be connected between 

70 terminal 11 and ground to provide better tempera-
ture stabi I ity. 

Capacitor C4 (typically 0.02 microfarads) is con-
nected from terminal 10 (REF) to ground to provide 
filtering of the precision reference voltage. 

75 The battery can be charged by a nickel cadium 
battery chargerthrough charging jack J1. Diode D1 
(typically IN 4001) is connected from J1 to the 
positive terminal of the battery to prevent current 
flow if the jack is accidentally shorted. 

80 In practical operation of the dosimeter a worker is 
given the dosimeter to wear for an 8 hour shift. At 
the end of the shift, the LED of the flow control circuit 
is observed to determine if the intake was blocked 
during the shift. The filter is then removed from the 

85 dosimeter and sent to a laboratory for analysis and 
the results are recorded in the worker's files. If there 
is excessive exposure, the worker can be withdrawn 
from the particular area and given another job. 

It is practical to maintain a dosimeter bank from 
90 which each worker draws his own dosimeter at the 

beginning of his work shift and is returned at the end 
of the shift. 

It may be preferred to monitor only one worker of 
a given group and assume that the entire group has 

95 received the same exposure. If desired, individual 
dosimeters can be statically mounted in specific 
work areas and individual exposure can be approxi-
mated according to the time spent by the worker in a 
particular area. 

100 
CLAIMS 

1. An improved dosimeter that has an intake port 
connected to a filter means in which particles or 

105 vapors present in an air stream being pumped 
through the dosimeter are collected on thefilter 
means, a variable drive pump is connected to the 
filter means and draws the air stream through the 
filter means and pumps the air stream through the 

110 dosimeter, an electric motor is coupled to the 
variable drive pump and operates the pump, an 
electric power source is coupled to the electric 
motor, an air reservoir connected to the pump 
retains any excess air suopplied by the pump to 

115 maintain a constant flow rate of the air stream, an 
orifice positioned in a tube attached to the air 
reservoir whereby a pressure drop is created when 
the air stream is pumped through the orifice, a 
differential pressure switch positioned before the 

120 orifice that is activated by a change in air pressure of 
the air stream and creates a low voltage electrical 
input signal; an integrator circuit electrically con-
nected to the power source and to the pressure 
switch uses the low voltage input signal of the 

125 pressure switch and integrates this signal, an ampli-
fier circuit electrically connected to the power source 
and the integrator circuit which amplifies the signal 
from the integrator circuit and feeds the amplified 
signal to the electric motor thereby controlling the 

130 speed of the motor driving the pump in relationship 



to the signal generated by the pressure switch to 
maintain the air stream at a constant flow rate; the 
improvement in use therewith comprises: 

an accumulator positioned before and.connected 
5 to the variable drive pump which retains air and 

maintains an even flow of air to the inlet of the pump 
and 

a pulsation air pressure filter assembly positioned 
between the orifice and the pressure switch which 

10 reduces pulsations in the air stream in contact with 
the pressure switch thereby limiting the activity of 
the pressure switch to substantial changes in air 
pressure of the air stream. 

2. The improved dosimeter of claim 1 wherein 
15 the pulsation air pressure filter assembly comprises 

at least one orifice in combination with an air 
chamber. 

3. The improved dosimeter of claim 1 or Claim 2 
wherein the pulsation air pressure filter assembly 

20 comprises an orifice in combination with an air 
chamber connected to a second orifice in combina-
tion with an air chamber connected to a third orifice. 

4. The improved dosimeter of any one of claims 
1 to 3 in which the variable drive pump is a 

25 diaphragm pump. 
5. The improved dosimeter of claim 4 in which 

the diaphragm pump has a valve of a flexible 
polymeric material. 

6. The improved dosimeter of claim 5 in which 
30 the valve is of a thin polyester film. 

7. The improved dosimeter of any one of claims 
1 to 6 which has electrically connected thereto a low 
air flow detector circuit comprising a bistable multi-
vibrator circuit electrically connected to an indicator 

35 light, 
8. The improved dosimeter of any one of claims 

1 to 7 which has electrically connected thereto a 
battery check circuit comprising a precision voltage 
detector adjusted to the voltage of each cell of the 

40 battery. 
9. The improved dosimeter of claim 8 when 

dependent on Claim 7 in which the integrator, 
amplifier, low airflow detector and battery check 
circuits are on an electronic chip. 

45 10. The improved dosimeter of claim 1 wherein 
the air pressure filter assembly comprises an orifice 
in combination with an air chamber connected to a 
second orifice in combination with an air chamber 
connected to a third orifice; 

50 the variable drive pump is a diaphragm pump 
having a vaive of a thin flexible polyesterfilm, 

a low airflow detector circuit electrically con-
nected thereto comprising a bistable multivibrator is 
electrically connected to a light emitting diode; 

55 a battery check circuit electrically connected there-
to comprising a precision voltage detector adjusted 
to the voltage of each cell of the battery; and the 
integrator, amplifier, low airflow detector and 
battery check circuits are on an electronic chip. 

60 11. A dosimeter substantially as hereinbefore 
described with reference to the accompanying draw-
ings. 
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