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@ A refractometer.

@ A refractor for determining the concentration of dis-

solved solids in a sample solution has an enclosing opa-

que housing (11). a light source (26) directing a substan-

tially coMlmated monochromatic light beam through a hol-

low transparent-walled prismatic container (13) for hold-

ing a liquid solution to be tested. A light sensor (40) Is

disposed in the refracted path of the light beam and res-

ponds to the extact refraction of the kseam caused by pas-

sing through the liquid solution. A display is actuated by

01 the light sensor and digitally displays the exact refraction

^ as a function of the concentration of dissolved solids in the

liquid sample.
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A refractometer

THIS INVENTION relates to a refractometer and to a

method for measuring the light refraction of liquids,

A refractometer, which measures the refraction

of light in liquid, may be used for measuring the

5 concentration of a dissolved solute. For example,

a refractometer may be used in clinical testing of

biological specimens. More particularly, a refractometer

can be used to determine the specific gravity of urine,

and hence the sugar content of the urine. However,

10 this particular use of a refractometer is an illustrative

example, not a limitation. Problems associated with

the present practise relating to the measurement of

the specific gravity of urine, and hence the sugar

content, will now be described.

15 Heretofore, there have been two primary methods

for determining the specific gravity of urine. The

first method employed a urinometer, a specially calibrated

hydrometer. One problem with hydrometers was that

they required a large volume of the speciment/ at

20 least 30-40 ml. Moreover, the readings obtained were

inherently somewhat inaccurate, due to the formation

of a meniscus (or curved top line) along the reading

column, the reading being done conventionally from

the bottom of the meniscus. Also, since the urinometer

25 readout was on an analog scale, it was therefore subject

to operator error.

A second method of determining the specific gravity

of urine has employed an American Optical refractometer,

a device with the distinct advantage of requiring

30 only two or three drops of specimen • There have been.



'
. 0035081

however, several drawbacks in this device , one being that
again, there is an analog readout with its potential
operator error. Another drawback has been that the small
optical chamber has had to be cleaned between each use:

5 this necessity has added considerably to the time required
to perform a series of tests. This prior refractor has'

further required both a high power optical system, and a

manual visual alignment, i.e., a knob had to be turned by
the operator to align two fine lines to obtain a reading;

10 and, again, this increased the potential for operator
error.

The present invention seeks to provide a refractometer
in which the above described disadvantages are obviated
or reduced.

15 According to one aspect of this invention there
is provided a method for determining the concentration
of dissolved solids in a liquid sample, comprising
the steps of: placing a liquid sample to be tested
into a hollow prismatic container which is enclosed

20 in an opaque housing, directing a collimated beam
of monochromatic light through the filled prismatic
container, measuring the refraction of the beam through
the sample filled prism, and displaying the measured
refraction as a function of the concentration of dissolved

25 solids in the sample. Preferably the refraction of
the beam is compared with a value corresponding to
a predetermined reference refraction.

Since the light is directed through a prismatic
container the total refraction of the beam will be

30 dependant upon the refractive- index of the liquid
filling the container. The refraction can be measured
directly by utilising an appropriate photo-sensitive
device located in the region where the refracted beam
will be. Consequently, the measured refraction can

35 be displayed directly as a function of the concentration
of dissolved solids.

The entire method can be automated, a digital
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display being used to provide a direct reading, this

obviating operator error. The prismatic container can be

of a reasonable size and thus, when the container is

emptied, even if a few drops of the sample remain within

5 the container, the container will be substantially emptied

and the retention of a few drops of one sample will not

lead to a significant error when the container is re-

filled. Thus there is no need to wash the container

between successive operations.

10 Advantageously the measuring step is deferred until

after a predetermined amount of said sample has been

placed in the prismatic container, and until after the

predetermined amount has been in the container for a

period sufficient to free the liquid in the container from

15 air bubbles.

The method may include a step of automatically drain-

ing the sample from the prismatic container once the ref-

raction of the beam has been measured, and indicating whe

the container has been drained and is ready to receive

20 another sample.

According to another aspect of the invention there is

provided a method of using a refractometer for determining

the amount of dissolved solids in a series of sample sol-

utions which comprises: directing a collimated mono-

25 chromatic light beam through an empty hollow prismatic

container and refracting it onto first light sensing

means, indicating when the refractometer is ready to

receive a sample, introducing a sample solution into the

prismatic container, thereby causing refraction of the

30 collimated light beam passing therethrough to a second

light-sensing means, instead of to the first light-sensing

means, commencing the testing sequence only after all of

the light beam has been refracted away from the first

light-sensing means, and simultaneously indicating that

35 testing is in progress, determining the amount of refrac-

tion of the light beam caused by passing through the

sample solution, converting the amount of refraction of
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the light beam into an analog electrical signal, converting
the analog signal, to a digital signal, displaying digitally
an amount corresponding to the digital signal, stated as a
function of the concentration of dissolved solids in the

5 sample solution, automatically draining the prismatic
container, and simultaneously causing the light beam to be'
refracted to the first light-sensing means, and auto-
matically recommencing the sequence by indicating that the
refractometer is ready to receive another sample.

10 It will be appreciated that a preferred method in
accordance with the invention constitutes a method of
determining the presence of sufficient sample and actu-
ating testing in a refractometer, in which a collimated
monochromatic light beam is directed through a desired

15 level of a hollow prismatic container to illuminate a
light-sensing means on the opposite side of the prismatic
container, and a liquid sample is delivered to the pris-
matic container, to refract away from the light-sensing
means whichever portion of the light beam passes through

20 the liquid sample, testing being commenced when said
light-sensing mens is no longer illuminated.

According to another aspect of this invention there
is provided a refractometer for determining the concen-
tration of dissolved solids in a sample solution, com-

25 prising: an enclosing opaque housing, light source means
in said housing for producing a beam of substantially
collimated monochromatic light, a hollow prismatic
container in said housing having two transparent optical
walls disposed in the path of said light beam, light-

30 sensing means disposed in the refracted path of said light
beam after the said beam has passed through said prismatic
•container when filled with a liquid sample. and responsive
to the exact refraction of said tigifrtr-freaiaT-and display
means actuated by said light-sensing means for displaying

35 the refraction as a function of the concentration of
dissolved solids in the liquid sample.

Said light source means may be a light-emitting
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diode. Said hollow prismatic container may be triangular,

having a third wall, an inlet opening located near the top

of the prism, an overflow opening in said third wall

located a desired distance below said inlet opening, and a

5 drain opening located at the lower end of said prism* The

prismatic container may also have a bottom sloping down-

wardly from said third vertical wall toward the inter-

section of said two transparent optical vertical walls,

said drain opening being located at substantially the

10 lowermost point of said bottom. Said prismatic container

may comprise a triangle in which the two transparent walls

meet at an angle between about 40^ and about 55°.

Preferably drain means are connected to said pris-

matic container, and control means are provided to open

15 said drain means causing said prismatic container to be

emptied after testing has been completed.

The refTactometer may have warning means to indicate

that the refractometer is ready for the introduction of a

new sample.

20 According to another aspect of the invention there is

provided a refractometer for determining the concent-

ration of dissolved solids in a sample solution, including

in combination: an enclosing opaque housing, light source

means in said housing for producing a beam of collimated

25 monochromatic light, a hollow prismatic container in said

housing having two transparent optical vertical walls

disposed in the path of said light beam, first and second

light-sensing means, said first light-sensing means being

disposed in the path of said light beams after the said

30 beam has passed through said prismatic container when

empty, and said second light-sensing means being disposed

in the refracted path of said light beam after the said

beam has passed through said prismatic container when

filled with a liquid sample, said second light-sensing

35 means including means responsive to the exact refraction

of said light beam, control means to actuate testing as

soon as said first light-sensing means ceases being ill-
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uminated by said light beam, and differentiating means and
display means for comparing the exact refraction of said
light beam through a sample to the exact refraction of
said light beam through a reference sample and displaying

5 that difference as a function of the concentration of.

dissolved solids in the test sample

•

Preferably the first light-sensing means is a photo-
transistor which emits a signal upon being illminated, and
said control means to actuate testing is an electronic

10 circuit comprising: an amplifier, connected to said photo-
transistor, a Schmitt trigger, connected to said
amplifier, and a timer connected to said Schmitt trigger
via a switch, the signal of said phototransistor being
amplified by said amplifier and received by said Scmitt

15 trigger, so that when said phototransistor ceases being
illuminated said Schmitt trigger is operated making a
sharp cutoff in the electronic circuit which actuates said
timer through said switch.

Advantageously the second light-sensing means is a
20 photopotentiometer emitting an output voltage wjiich

corresponds to the exact refraction of said light beam as
caused by passing through a liquid sample, and said
differentiating means is an electronic circuit com-
prising: a differential amplifier, said differential

25 amplifer being connected to the output voltage of said
photopotentiometer and amplifying an analog signal which
corresponds to the difference between said output voltage
and the output voltage of a liquid sample having a fixed
predetermined concentration of dissolved solids, an

30 analog-to-digital converter connected to said differ-
ential amplifer, receiving said amplified analog signal,
and converting it to a digital signal of pulses at a freq--

uency which corresponds to said amplified analog signal, a
testing duration timer, a gate connected to and receiving

35 the digital signal of pulses from said analog-to-digital
converter, said gate also being connected to said testing
duration timer to receive its output during its period.
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and a decade counter connected to the output of said gate,

so that the digital signal of pulses passes through said

gate to be counted by said decade counter only when the

output of said timer is also received by the gate, the

5 number of pulses counted by said decade counter being

proportion to the concentration of dissolved solids in a

test sample.

The period of said timer may be approximately 40

milliseconds.

10 Preferably the refractometer has calibrating means

for adjusting said differentiating means, said

calibrating means comprising: first switch means, an

astable timer connected through said first switch means to

said control means to actuate testing, said astable timer

15 also being connected to said decade counter to reset said

decade counter at the beginning of each period of said

astable timer, second switch means connecting the output

of said astable timer to actuate and re-actuate said

testing duration timer at the beginning of each period of

20 said astable timer, and adjustment means connected to said

testing duration timer, said adjustment means controlling

the period for which said testing duration timer is set.

A preferred digital refractometer in accordance with

the present invention accomplishes the foregoing and other

25 objects by providing (1) a monochromatic substantially

point source of light, substantially collimated by a lens,

(2) a hollow transparent-walled prism for holding a liquid

solution to be studied, (3) a three-terminal photosensor

several inches away from the prism which, along with

30 associated electronics, provides a means for measuring the

amount of displacement of the light beam due to refraction

by the solution in the prism, (4) a second photosensor,

and (5) control and display electronics.

The sequence of operation may be as follows:

35 1. A sample is poured through a funnel that is integral

v;ith the refractometer housing, running down directly into

the prism. Any excess sample flov;s out through an over-



•
» 0035081

flow system.

2. ' Until the prism chamber is sufficiently filleS, the

device will not cycle. This is because light- beam is

oriented to continue to illuminate a phbtotransistor until

5 all of the beam is diverted to the measuring photo-

sensor ,which is preferably a photopotentiometer . As soon

as all of the beam has been diverted from the photo-

transistor to the displacement photopotentiometer, a

first timer is automatically turned on.

10 3. The first timer stays on for about 1 to 2 seconds, a

sufficient time to enable any air bubbles to leave the

prism.

4. Then, the first timer automatically turns on a

sequential second timer for a fixed* time, is calibrated to

15 be between approximtely 25 ahTS 50 milliseconds iEor the

count cycle; During this timev the amount of refraction

is determined, and a digital display actuated,

5. At the end of its cycle, the' second timer triggers a

sequential third timer . This third- tiiier opens a solenoid

20 drain valve for approximately two seconds, or lohg enough

for the contents of the prism chamber to draiti completely.

Due to the novel prism design, saiaple drainage is complete

with only a minimion of carry-ov^t. t7here extreme accuracy

is needed a rinsing system may be addefd, but this is not

25 necessary for clinical purposes. " '

'

6. The digital display is held until a new sampl^ is

poured into the funnel and a new sequence is started, at

which time the display is reset to Q.

Additional logic circuitry operates a warning light

30 display so that samples will not' be added while liquid is

in the prism chamber. A red light may indicate' "wait"

,

and a green light may indit^ate "ready" ^ ^

The phbtosensot is- grounded' at' one- end, has a plus

voltage terminal^ at the other ^nd, preferably a regulated

35 +5-v6lt terminal, and a centre . terminals TPhe voltage of

the centre terminal of thie photosensor is put into a

bridge circuit. Voltage at the ^centre terminal is half
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the supply voltage when the light beam falls at this exact

centre of the photopotentioitieter . Movement of the spot

toward the +5-vdlt terminal gives increasing voltages,

while movement in the other direction gives voltages of

5 less than 2.5 volts. The device is quite linear, so that

the voltage put into the bridge circuit is directly prop-

orational to the amount of light refraction.

The bridge output voltage is suitably amplified and

is applied continuously to a voltage-to-frequency

10 converter. Thus, the voltage at the centre terminal is

converted to a digital signal which is passed on to a

decade counter, a decoder driver and from there on to dis-

play. These components make up an analog-to-digital

converter.

15 In order that the invention may be more readily

understood, an embodiment of the invention will now be

desribed by way of example with reference to the accom-

panying drawings in which:

FIGURE 1 is a top plan view of an instrument in

20 accordance with the invention, with the cover removed;

FIGURE 2 is a view in section taken along the line 2-

2 of Figure 1, the bottom portion being broken off to con-

serve space;

FIGURE 3 is an enlarged fragmentary view in section

25 taken along the line 3-3 of Figure 1, showing the photo-

potentiometer and phototransistor of the instrument?

FIGURE 4 is a front plan view, partially in section,

of the instrument of Figurel;

FIGURE 5 is an enlarged fragmentary view in section,

30 taken along line 5-5 of Figure 1 of the flow-through

prism;

FIGURE 6 is a side view taken along the line 6-6 of

Figure 4;

FIGURE 7 is a diagrammatic top plan view of the

35 prismatic container showing varios light refraction

paths;

FIGURE 8 is an enlarged view in longitudinal section
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of the light source r taken along the line 8-8 in Figure 1^

the size of the light-emitting diode being exaggerated; and

FIGURE 9 is an overall block diagram of the circuits

included in the digital refractometer of Figure 1.

5 As shown in Figure 2, a digital refractometer 10

includes an enclosing opaque upper housing member 11 which

may be made of a single piece of moulded plastics

material. The opaque housing member 11 may be shaped to

provide an integral funnel 12 through which a sample may

10 be poured into a hollow prism 13. In an embodiment not

adapted for flow-through capabilities, the hollow prism 13

may be removable and the funnel 12 may be replaced by a

hinged or sliding opaque lid providing access to the

removable prism when open and blocking light wheii closed

15 during operation. However the illustrated embodiment is

preferred, and here the prism 13 is secured in a fixed

position. Transparent walls 14 and 15 of the prism 13 may

be made of any suitable optical material including, for

example, glass, plastics material, and quartz. The third

20 wall 16 need not be transparent, though it can be.

In the embodiment adapted for flow-through capab-

ility, as may be seen in Figures 2 and 5, the hollow prism

13 is preferably triangular, having one non-optical side

wall 16 and two transparent optical side walls 14 and 15

25 which meet each other at some suitable angle between about

40^ and about 55^, to provide a good spread of light over

a range of refractions. The prism 13 has an inlet opening

17 at its top, an overflow opening 18 in it side wall 16

disposed approximately two-thirds the height of the prism

30 13, a floor 19 sloped downwardly from the side wall 16

towards a point 20 along the edge where the two optical

side walls 14 and 15 meet, and a drain opening 21 located

at approximately the lowermost point of the sloped floor

19.

35 The overflow opening 18 is connected to an overflow

tube 22, through which excess sample may be conducted (see

Figure 6) to a waste receptacle outside the digital ref-
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Tactometer 10. The drain opening 21 is connected by a

drain tube 23 . to the inlet side of a solenoid drain valve

24, which remains closed during filling and testing and is

then opened automatically to evacuate the hollow prism 13

5 after the test has been completed. The outlet side of the

solenoid drain valve 24 may be connected to the same out-

side waste receptacle through the drain tube 23 or through

a separate waste tube 25.

A light source 26 is provided at one side of the

10 prism 13 to direct light toward and through the wall 14.

This light source 26, as shown in Figure 8, preferably

comprises a light-emitting diode 27 of a type that

produces monochromatic light, housed in a metal member 28

through which is a bore 29 housing a lens 30 on the end

15 opposite the light-emitting diode 27. The diode 27

preferably has a flat square emitting surface about 20

tails square, and thus is substantially a point source of

light. The light source 26 must emit a beam of collimated

monochromatic light. It may be a laser, an incandescent

20 bulb, an LED, a zirconium arc lamp or the like. The lens

30 acts substantially to collimate the light of the diode

27 and direct it in a beam 31 toward the transparent prism

wall 14. As shown in Figure 7, the wall 14 slightly

refracts the beam 31 along prism wall path 32, and then

25 the beam goes across the hollow interior of the prism 13

to the transparent wall 15. When the prism 13 is empty,

the beam of light follows the interior path 33 from the

wall 14 to the wall 15, is slightly refracted along the

prism wall path 34 in the wall 15, and then emerges as a

30 slightly divergent narrow beam 35 directed at a photo-

transistor 36. Figure 2 shows that the light source 26,

the hollow prism 13, and the phototransistor 36 are dis-

posed in a height relationship such that the beam 35 goes

directly to and illuminatesthe phototransistor 36 when the

35 prism 13 is empty.

A photopotentiometer 40 shovm in Figures 1 and 2, and

3 is also disposed at substantially the same height as the
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phototransistor 36. When there is liquid 41 inside the

hollow prism 13 and when the liquid fills the prism 13 all

the way up to the overflow opening 18, then, as shown in

Figure 7, the beam 31 follows interior refracted 42 path

5 through the liquid 41 and a path 43 through the prism wall

15, and emerges as a refracted beam 44 directed at the

photopotentiometer 40. Dnlike the beam 35, which is

always directed to the same point, the refracted beam 44

is affected by the solids content in the liquid 41. It may

10 be directed toward the middle of the photopotentiometer

40. If the photopotentiometer 40 is placed across a +5

volts at one end terminal 45 and ground at its other end

terminal 46, a beam 44 directed a its middle would give a

voltage of 2.5 at the third or centre terminal 47.

15 Movement of the beam 44 toward the terminal 45 increases

the voltage at the centre terminal 47, while movement of

the beam 44 toward the terminal 46 decreases the voltage

at the centre terminal 47. The operation is substantially

linear. In a preferred configuration the spot moves about

20 3.5 mm for specific gravities between 1.000 and 1.040? the

voltage change at the centre terminal 47 is between about

1.7 volts and 3.3 volts.

Figure 1 shows the location of control means 50 and

display means 51. The relative positions of the light

25 source 26, the hollow prism 13, the photopotentiometer 40,

and the phototransistor 36 on a compartment floor 52 are

also shown. Line A represents the path of the light beam

when the hollow prsim 13 is not sufficiently filled with

sample, illuminating the phototransistor 36. Line B

30 represents the path of light beam when the hollow prism 13

is sufficiently filled with sample 41, being refracted to

illuminate a point along the photopotentiometer 40. The

amount of refraction and consequently the point locatioa

along the photopotentiometer 40 which is illuminated is a

35 function of the concentration of dissolved solutes in the

sample being tested.

More specifically, as shown in Figure 7, the solids
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content of the liquid 41 affects the light refraction path

B of Figure 1* Thus, clear water with a specific gravity

of 1.000 causes the light to refract along a beam C in

Figure 7. Urine with enough dissolved solids to give a

5 specific gravity of 1.020 causes the light to refract

along a beam while urine with more dissolved solid,

enough to give a specific gravity of 1.040, causes the

light to refract along a beams E. Each of the beam C, D and

E strike the photopotentiometer 40 at a different

10 location and accordingly changes the output voltage at the

terminal 47. Specific gravities can then be determined to

an accuracy of +0.001, and the values are almost instantly

displayed.

The relative locations of the control means or calib-

15 ration wheel 50, the display means 51, a green "ready"

light 53, and a red "wait" light 54 are shown in Figure 4.

Figure 9 is a circuit diagram showing mostly in block

form the way in which individually known elements are

assembled. Alternatively, a microprocessor may perform

20 all of the electronic functions except the sensing and

amplifying functions. The LED 26 is shown as the light

source, and its light after collimation passes through the

prism 13, going either by path A to the phototransistor 36

or by path B to the photopotentiometer 40,

25 When the light from the LED 26 is directed by path B

to the photopotentiometer 40 because there is solution in

the prism 13, a refracted beam 44 is produced, as has

already been described, which depends upon the amount of

solids dissolved in the solution 41. A resultant signal

30 then passes by line 60 to a differential amplifier 61

which is also fed by a reference line 62. The amplified

difference signal is sent by a lead 63 to a voltage-to-

frequency (i.e. analog to digital) converter 64 which, in

turn, produces and transmits a digital signal along lead

35 65 to a gate 66, preferably a NAND gate. The gate

controls the initiation and cessation of a decade counter

67, which is connected through a decoder driver 68 to a
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display 51.

When the prism 13 is empty, the beam from the LED 26

goes through the prism 13 along path A to the photo-
transistor 36. A voltage, for example +5 volts DC, is

5 applied to the collector of the phototransistor 36 while*

the emitter is connected to the base of a second amplif-

ying transistor 70, the collector of which is also

connected to the +5 DC volts source. The emitter of the

second transistor 70 is held above ground by a bias

10 resistor 71 and is sent to a Schmitt trigger 72 which
sends a signal to a latch circuit 73 and also to a first
switch 74. The switch 74 has a normal operating position
75 and a calibration position 76. when the switch 74 is

in its normal operation position 75, as shown in Figure

15 9, the signal is coupled by a resistance capacitance
network 77 to the trigger input of a first timer 78.

The first timer 78 is connected by a lead 79 to the

decade counter 67, and actuation of the first timer 79

resets the counter 67 to zero. Upon completion of its

20 time interval, the first timer 78 sends a signal v*ia a

second switch 80 that actuates a second or testing dur-
ation timer 81. Actuation of the second timer 81 sends a

signal via a line 81a to the NAND gate 66 that opens the

gate and starts the decade counter 67 in its counting

25 operation, which operation lasts only for the interval the

second timer 81 is set' for, and then turns off. When the

NAND gate 66 is actuated, the digital signal is trans-
mitted to the decade counter 67, and the decade counter 67

counts the digital pulses generated by the voltage-to-

30 frequency converter 64 and passing through NAND gate 66

for the period of the second timer 81. When the second
timer 81 completes its timed interval, the NAND gate 66 is

closed, and then the decade counter 67 no longer receives
a signal to count. The counted signal goes to the decoder

35 driver 68 and from there to the display 69. It may be seen
that the components 64, 66, 67, 68, 78 and 81 comprise an

analog-to-digital converter.
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When the second timer 81 reaches the end of Its

interval r it then actuates a third timer 82 to energize a

solenoid 85 for the solenoid drain valve 24. There is a

diode 86 in parallel with the solenoid 85. The third

5 timer 82 also sends a signal along lead 87 to the latch

73.

The latch 73 controls whether the green light 53 or

the red one 54 is lighted. At the end of its period, the

third timer 82 causes the latch 73 to light the green

10 light 53, showing that the device is ready to receive the

next sample. When another sample has been put into the

prism 13, the phototransistor circuit is actuated to send

forth a signal from the Schmitt trigger 72 to the latch 73

so that the red light 54 is actuated. It remains actuated

15 until the third timer 82, again, actuates the green light

53.

The calibration mode is selected by control switch

handle 88 (as shown in Figure 4) . Other elements in the

calibrating circuit (as shown in Figure 9) include a first

20 switch 74 connected to an astable timer 89, connected to a

second switch 80, connected to a second timer 81,

connected to a calibrating potentiometer 50, and a third

switch 83.

When control switch handle 88 is put in the calibrate

25 position, switches 74, 80 and 83 are moved to their

respective calibrate positions 76. When phototransistor

36 ceases being illuminated and the resulting sharp cutoff

in the circuit is caused by the Schmitt trigger 72, the

astable timer 89 is actuated because the first switch 74

30 is in calibrate position 76. The astable time 89 turns on

and off in one second pulses causing the decade counter 67

to reset to zero via connection through a lead 90. Since

the second switch 80 is in calibrate position 76, the

astable timer 89 also re-initiates the second timer 81,

35 which, through its connected via the lead 82 to the NAND

gate 66, causes repeated counting periods by the decade

counter 67 and therefore repeated displays of the number
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corresponding to the concentration of dissolved solids in
the sample on the display 51 through the decoder driver
68.

The third switch 83 , * also being in the calibrate
5 position, conducts the output from the third timer B2,

(which would normally actuate the solenoid 85 and cause'
draining) to ground, so that the sample does not drain
during calibration.

The potentiometer 50 controls the length of time for
10 which the second timer 81 is set. By testing a standard

solution 41, having a known concentration of dissolved
solids, in the calibrate mode, the period of the second
timer 81 can be adjusted by the calibrating wheel 50 so
that the decade counter 67 will count pulses from the

15 analog-to-digital converter 64 for a time which will
result in a reading on the display 51 which is the same as
the known concentration of the standard.

Once the calibration is completed, the control switch
handle 88 may be moved back to the test mode, the refract-

20 ometer will go through a normal testing sequence commen-
cing at the sharp cutoff by the Schmitt trigger 72' and
will drain at the end since the third switch 83 is again
passing the signal for the third timer 82 to actuate the
solenoid 85 for draining.

25 The operation sequence will now be described with
reference to Figures 1, 2 and 9. At the beginning, the
green "ready" light 53 is lighted, the hollow prism 13 is
empty, the solenoid drain, valve 24 is closed, and the
phototransistor 36 is Illuminated by the beam from the

30 light source 26. A sample 41 is poured through the funnel
12 into the inlet opening 17 of the hollow prism 13, fill-
ing the prism 13. Any excess sample, which could lie
above the overflow opening 18 goes to waste via the
overflow tube 22. Once the hollow prism 13 is filled

35 sufficiently for testing, the light beam will be refracted
away from the phototransistor 36, cutting off its output

•

This circuit is amplified and the Schmitt trigger 72 makes
a sharp cutoff in the electronic circuit. This sharp
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cutoff actuates the first timer 78, and also actuates the

latch 73 to turn off the green "ready" light 53, and to

turn on the red "wait" light 54.

The first timer 78 measures a period of approximately

5 1 to 2 seconds, a sufficient time to allow any air bubbles

in the sample to disperse. The first timer 78 then

actuates the second timer 81 and resets the decade counter

67 to zero.

In the meantime, the beam from the light source 26

10 has been refracted and is illuminating a point along the

photopotentiometer 40. The point on the photo-

potentiometer 40 on which the light beam falls corresponds

to a particular output voltage, whichis received by the

differential amplifier 61. The reference voltage 62,

15 which may correspond to the photopotentiometer output

voltage for either a clear solution or a solution having a

fixed known concentration, (e.g.., in the middle of the

range, such as sg. 1.020), is also received by

differential amplifier 62, which measures the difference

20 between its two input voltages and amplifies a signal

corresponding to that difference. The amplified signal is

received by the voltage-to-frequency converter 64, which

converts amplitude to frequency. This frequency signal is

one of the inputs to NAND gate 66.

25 The second timer 81 measures a period of approx-

imately 40 milliseconds, and sends the second input to NAND

gate 66 for that period of time. The NAND gate 66, having

both input signals, opens and the frequency signal is rec-

eived by the decade counter 67. The decade counter 67

30 counts each pulse it receives, receiving pulses so long as

the NAND gate 66 is open, and passes on a signal which

corresponds to that number of pulses to the decoder driver

68. The decoder driver 68 then causes a reading which

corresponds to the specific gravity, concentration of

35 dissolved solids, or refractive index of the test sample

to be shown at display means 51.

At the end of its cycle, the second timer 81 triggers
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the third timer 82. The third timer 82 sends a signal
through the switch 83 to the transistor 84, the signal of
which actuates the solenoid 85 for the drain valve 24,
causing it to open thereby draining the hollow prism 13 of

5 any sample. The third timer 82 then also actuates the
latch 73 to turn off the red "wait" light 54 and turn on
the green "ready" light 53. At the end of the period of
the third timer 82, its signal is turned off and solenoid
controlled drain valve 24 closes.

10 Other electronic means such as a suitably programmed
microprocessor may serve to perform many or all of the
conversion and control functions of the electronic
circuitry described herein. Recent advances in micro-
processor technology include the integration of analog-

15 to-digital converters and display driver circuitry along
with the central processing unit, memory, etc. on a single
chip. Such a device may cost effectively implement the
design of the present invention, so that the complete
apparatus may be very economically produced.

20 It will be appreciated that the above described ref-
ractometer is adapted for use by individual physicians and
others having limited laboratory space. Also it will be
appreciated that the device and method described above are
equally applicable to measuring sugar concentration and

25 other dissolved solids in liquids.
The above described device is no more expensive to

manufacture than the American Optical Refractometer

,

although it provides quicker and more accurate deter-
mination of the specific gravity. of fluid.

30 The time required to test a given sample is dramat-
ically reduced to the point where up to ten specimens may
be tested in one minute.

The quantitive analysis of various body fuids and
other liquids is performed by measuring the displacement

35 of a beam of monochromatic light and the possibility of
operaor error is greatly reduced, since measurement is
automatic and the results are displayed digitally, elira-
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inating the need for interpretation o£ a fine analog scale

by the operator.

Also erroneous readings caused by the use of too

small a sample are eliminated by a novel actuation system

5 which delays the taking of readings until sufficient

sample has been used. Further, erroneous readings are

prevented by imposing a time delay in taking the reading

for a time sufficient to ensure that any air bubble in the

specimen will have dispersed. Only a small amount of

10 specimen is required and no washing between samples is

necessary for routine clinical testing. No high-power

optical system is required, nor is any manual adjustment

by the operator required in taking a reading.
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CLAIMS:

1. A method for determining the concentration of dis-
solved solids in a liquid sample, characterised in that
said method comprises the steps of: placing a liquid

5 sample to be tested into a hollow prismatic container (13)
which is enclosed in an opaque housing (11) , directing a
collimated beam of monochromatic light (31) through the
filled prismatic container, measuring (40) the refraction
of the beam through the sample filled prism, and dis-

10 playing (51) the measured refraction as a function of the
concentration of dissolved solids in the sample.

2. A method according to claim 1 characterised in that
the measuring step is deferred until after a predetermined

15 amount of said sample has been placed in the prismatic
container, and until after the predetermined amount has
been in the container for a period sufficient to free the
liquid in the container from air bubbles.

20 3. A method according to claim 1 or claim 2 charac-
terised in that there is a step of automatically draining
the sample from the prismatic container once the refrac-
tion of the beam has been measured, and indicating when
the container has been drained and is ready to receive

25 another sample.

4. A method of using a refractometer for determining the
amount of dissolved solids in a series of sample solutions
characterised in that said method comprises: directing a

30 collimated monochromatic light beam (31) through an empty
hollow prismatic container (13) and refracting it onto
first light sensing means (36) , indicating (53) when the
refractometer is ready to receive a sample, introducing a
sample solution into the prismatic container (13) , thereby

35 causing refraction of the collimated light beam passing
therethrough to a second light-sensing means (40) , instead
of to the first light-sensing means (36) , commencing the
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testing sequence only after all of the light beam has been
refracted away trom the first light-sensing means (36),
and stmultaneounly indicating (54) that testing is in
progrfees, deterinining the amount of refraction of the
light beam caused by passing through the sample solution,
converting the amount of refraction of the light beam into
an analog electrical signal, converting the analog signal
to a digital signal^ displaying digitally (51) an amount
corresponding to the digital signal, stated as a function
of th« concentriition of dissolved solids in the sample
solution, automatically draining the prismatic container
(13) , and simultaneously causing the light beam to be
refracted to tht> first light-sensing means (36) , and
automatically rocommencing the sequence by indicating
(53) that the rotractometer is ready to receive another
sample

,

5. A refractomoter for determining the concentration of
dissolved solids in a sample solution, comprising an enc-
losing opaque hoiusing, light source means in said housing
for producing a beam of substantially collimated mono-
chroma t ic light, and a container for a sample solution
characlerised in that said container is a hollow prismatic
container (13) in said housing (11) having two transparent
optical walls (14, 15) disposed in the path of said light
beam

( \i) ^ said lefractometer further comprising light-
sensim, means (40) disposed in the refracted path (44) of
said li.jht beam After the said beam has passed through
said pi Jsmatic container (13) when filled with a liquid
sample and responsive to the exact refraction of said
light Itoam, and dl:.;piay means (51) actuated by said light-
sensiny means foi displaying the refraction as a function
of the concentration of dissolved solids in the liquid
sample

,

6. A I cfractome* or according to claim 5 characterised in
that diain means (24) are connected to said prismatic
containcv (13) and control means (82) open said drain
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means causing said prismatic container to be emptied after
testing has been completed.

7. A refractometer for determining the concentration of
5" dissolved solids in a sample solution, including in com-

bination: an enclosing opaque housing, light source means
in said housing for producing a beam of collimated mono-
chromatic light, and a container for a sample solution
characterised in that said container is a hollow prismatic

10 container (13) in said housing (11) having two transparent
optical vertical walls (14, 15) disposed in the path of
said light beam (31) said refractometer further compris-
esing first and second light-sensing means (36, 40) said
first light-sensing means (36) being disposed in the path

15 of said light beams after the said beam has passed through
said prismatic container when empty, and said second
light-sensing means (40) being disposed in the refracted
path of said light beam after the said beam has passed
through said prismatic container when filled with a liquid

20 sample, said second light-sensing means including means
responsive to the exact refraction of said light beam,
control means (72) to actuate testing as soon as said
first light-sensing means ceases being illuminated by said
light beam, and differentiating means and display means

25 (51) for comparing the exact refraction of said light beam
through a sample to the exact refraction of said light
beam through a reference sample and displaying that
difference as a function of the concentration of dissolved
solids in the test sample.

30

8. A refractometer according to claim 7 characterised
in that said first light-sensing means is a photo-
transistor (36) which emits a signal upon being illumin-
ated, and said control means to actuate testing is an

35 electronic circuit comprising: an amplifier (70),
connected to said phototransistor , a Schmitt trigger (72) ,

connected to said amplifier (70) , and a timer (78)
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connected to said Schmitt trigger via a switch (74) the

signal of said phototransistor being amplified by said

amplifier and received by said Schmitt trigger, so that

when said phototransistor ceases being illuminated said

5 Schmitt trigger is operated making a sharp cutoff in the

electronic circuit which actuates said timer through said

switch.

9. A" ref ractometer according to claim 8 charaterised in

10 that said second light-sensing means (40) is a photo-

potentiomeer emitting an output voltage which corresponds

to the exact refraction of said light beam as caused by

passing through a liquid sample, and said differentiating

means is an electronic circuit comprising: a differential-

15 amplifier (61), said differential amplifier being

connected to the output voltage of said photopotentiometer

and amplifying an analog signal which corresponds to the

difference between said output voltage and the output

voltage of a liquid sample having a fixed predetermined

20 concentration of dissolved solids, an analog-to-digital

converter (64) connected to said differential amplifier,

receiving said amplified analog signal, and converting it

to a digital signal of pulses at .a frequency which corres-

ponds to said amplified analog signal, a testing duration

25 timer (81) , a gate (66) connected to and receiving the

digital signal of pulses from said analog-to-digital

converter, said gate also being connected to said testing

duration timer to receive its output during its period,

and a decade counter (67) is connected to the output of

30 said gate, so that the digital signal of pulses passes

through said gate to be counted by said decade counter

only when the output of said timer is also received by the

gate, the number of pulses counted by said decade counter

being proportional to the concentration of dissolved

35 solids in a test sample.

10. A refractometer according to claim 9 characterised in



0035081
that calibrating' means are provided for adjusting said
differentiating means, said calibrating means comprising:
first switch means (74), an astable timer (89) connected
through said first switch means (88) to said control means

5 (72) to actuate testing, said astable timer also being
connected to said decade counter (67) to reset said decade
counter at the beginning of each period of said astable
timer, second switch means (80) connecting the output of
said astable timer to actuate and re-actuate said testing

10 duration timer at the beginning of each period of said
astable timer, and adjustment means connected to said
testing duration timer, said adjustment means controlling
the period for which said testing duration timer is set.
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