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(54) Noise Reduction in Dual Beam
Ratio Recording
Spectrophotometers

(67) A dual beam ratio recording
spectrophotometer has signal
processing circuitry for determining
the transmittance of a substance. The
signal processing circuitry has a
bandwidth or sampling time which is
dependent on the magnitude of the
radiation passing through a reference
cell and includes control ogic circuitry
7 which produces a pulse on line m

whose width is proportional to the
square of the magnitude of the
radiation detected when the beam
passes through the reference cell.

A sample and hold circuit 22
whose sample time is controlled by
the pulse on line m samples the
output of an integrator 20 which
produces a signal representative of
the transmittance of a substance.
Thus the response time of the sample
and hold circuit depends on the
magnitude of the radiation passing
through the sample cell.

The drawings originally filed were
informal and the print here
reproduced is taken from a later
filed formal copy.
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SPECIFICATION
Spectrophotometer

The invention relates to a spectrophotometer
comprising a radiation source, a radiation
detector, a first path between the source and
detector which includes a sample cell, a second
path between the source and detector which
includes a reference cell, means for alternately
directing radiation following the first and second
paths onto the detector, and a progessing circuit
for processing the output signals from the
detector and producing an output signal
representative of a characteristic of a substance in
the sample cell.

Dual beam spectrophotometers may be
classified as either nuil balance or ratio recording
types. A null balance spectrophotometer includes
a variable optical attenuator which is inserted in
one or both of the radiation paths and is driven by
a servo system until the intensity of the radiation
reaching the detector via the reference cell is
equal to that reaching the detector via the sample
cell. By its nature the response time of this form of
instrument increases as the energy level of the
radiation is reduced since the drive to the servo is
reduced. This is advantageous as it reduces the
effect of noise on the system which would
otherwise be increased as a proportion of the
wanted signal. There is however a corresponding
disadvantage of an increasing “dead band” i.e.
the error signal required to operate the servo
system becoines a greater proportion of the
wanted signal. The display in this form of
spectrophotometer is conventionally a chart
recorder controlled by the servo system which
drives the variable attenuator.

In a ratio recording spectrophotometer, instead
of inserting an optical attenuator in the radiation
paths the radiation passing along each path is
individually detected and processed and, to
determine the transmittance of a sample, the ratio
of the two quantities is determined by means of
electronic processing circuitry.
Spectrophotometers of this form have the
advantage that there is no “dead zone" since an
error signal is not required but in known systems
the frequency response of the processing circuitry
is independent of the signal level and hence as
the signal level decreases the effect of noise on
the signal increases. If a scan is run with a large
dynamic range of signal the noise performance
will not be aptimised over the whole scan.

it is an object of the invention to provide a dual
beam ratio recording spectrophatometer in which
the effect of noise on the signal when the signal
level decreases is reduced.

The invention provides a dual beam ratio
recording spectrophotometer comprising a
radiation source, a radiation detector, a first path
between the source and detector which includes
a sample cell, a second path between the source
and detector which includes a reference cell,
means for alternately directing radiation following
the first and second paths onto the detector, and
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GB 2 043 880 A 1

a processing circuit for processing the output
signals from the detector and producing an output
signal representative of a characteristic of a
substance in the sample cell characterised in that
the bandwidth of the processing circuit is
dependent on the magnitude of the radiation
received by the detector via the second path.

Thus if at a particular wavelength of interest
the radiation emitted by the source falls to a low
level or the absorption of radiation by a solvent in
which the sample is dissolved increases then the
bandwidth of the processing circuit is reduced to
reduce the effect of noise on the wanted signal.
Since the noise output of a system is proportional
to v/bandwidth the bandwidth may be made
proportional to the square of the magnitude of the
radiation received by the detector via the second
path.

In order to produce a variable bandwidth the
signal processing means may include a sample
and hold circuit in which the sample time is made
dependent on the magnitude of the radiation
received by the detector via the second path. This
method of controlling the bandwidth enables an
approptiate correction to be made over a large
dynamic range of input signals, An alternative
method of controlling the bandwidth would be the
use of variable gain reactive feedback loops.
However semiconductor variable gain elements
tend to be non-linear when working with large .
signal variations over a large dynamic range of
gain. Consequently the signals have to be kept at
a low level. Further the gain of these elements is
often not well defined and further feedback loops
have to be incorporated to define their gain’
accurately. '

Since the bandwidth of the processing circuit is
to be dependent on the magnitude of the
radiation received via the second pathitis
necessary that either the bandwidth required by
stored for the intervals between the times when
the radiation follows the second path or that this
magnitude be stored. Thus the processing circuit
may include a second sample and hold circuit for
sampling the magnitude of the radiation received
by the detector via the second path and producing
an output dependent thereon. )

In order to make the bandwidth proportional to
the square of the signal magnitude the output of
the second sample and hold circuit may be fed to
a squaring circuit whose output is used to
determine the bandwidth of the processing
circuit.

An embodiment of the invention will now be
described, by way of example, with reference to
the accompanying drawings, in which:—

Figure 1 shows in diagrammatic form a dual
beam spectrophotometer according to the
invention, ' ,

Figure 2 shows a signal processing circuit for
use in the spectrophotometer of Figure 1,

Figure 3 shows a series of waveforms
illustrating the operation of the processing circuit
of Figure 2,

Figure 4 illustrates the response of the sample
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and hold circuit of Figure 2 to a step input. reference cell RC. If the magnitude of the
Figure 5 shows an amplifier for insertion radiation emitted from the source S is small then
between the radiation detector and an input of the signal produced at the output of the detector
the circuit of Figure 2. D will be small and hence the effect of noise in the
5 Figure 6 shows in greater detail the decoding 70 system will be increased. Since the total noise
circuit of Figure 2. produced at the output of the signal processing
Figure 7 and 8 show in greater detail the means PC is proportional to the square root of its
control logic circuit of Figure 2, and bandwidth the effect of the noise can be reduced
Figure 9 shows the response of a squaring by reducing the bandwidth as the magnitude of
10 circuit in the control logic circuit. 75 the radiation reaching the detector D via path RB
The spectrophotometer shown in Figure 1 is reduced. This procedure may also be expressed
comprises a source of radiation S, means for as increasing the response time of the signal
forming two beams of radiation, means for processing means PC as the magnitude of the 3
combining the two beams, a monochromator MO, radiation is reduced. It will be appreciated that

16 adetector D and signal processing means PC. 80 this increase in the response time, or decrease in

Radiation from source S, which may be the bandwidth, will prevent the system responding to -
infra-red, visible or ultra violet regions of the fast changes in the level of radiation emerging
spectrum, is reflected by a mirror M1 along the from the sample cell SC and will thus limit the
path SB which passes through a sample csll SC rate of change of wavelength produced by the

20 within a measurement compartment MC. The 85 monochromator MO if meaningful measurements
radiation following path SB is reflected by two are to be made.
further mirrors M2 and M3 onto a rotating sector The indicator | is typically a chart recorder in
mirror assembly M4 which alternately allows the which the chart is advanced in synchronism with
radiation followmg the path SB to fgll on a mirror the wavelength change of the monochromator.

25 M8 and reflects it away from the mirror M8. 90 However, other indicators could be used, for
Radiation from source S is also reflected by a example video display units or the output of the
mirror M5 along a second path _RB which passes signal processing means could be fed to a
through a reference cell RC, which is also located computer which could either store the

30 m;het.me?sl?rerpent c;:n;;n:tmefrlit '\t"% Zhi information or drive a printer to produce a print
radiation following pa is reflected by two i i velength.
further mirrors M6 and M7 onto the rotating 95 out of transmittance against waveleng
sector mirror assembly M4 which alternately Figure 2 shows in block schematic form one
reflects the radiation following the path RB onto embodiment of a processing circuit suitable for
the mirror M8 and allows it to pass through and use in the spectrophotometer of Figure 1. The

35 thus be directed away from the mirror M8. Thus a signatl from the detector D is applied via a terminal
composite beam CB which comprises pulses of 100 1 to a first input of a decoder 2 and to a first input
radiation which have followed path SB interlaced of a control logic circuit 7. Four timing signals
with pulses of radiation which have followed path derived from devices sensing the position of the
RB is formed. The rotating mirror M4 has rotating mirror assembly M4 are applied via

40 successive sectors which are radiation terminals 3, 4, 5 and 6 to further inputs of the
transparent, radiation absorbing, radiation 105 decoder and of the control logic circuit 7. The
reflective and radiation absorbing in series thus decoder 2 has a first output which is connected
causing the composite beam CB to comprise via an FET 8 to an integrator 20 which comprises
interlaced pulses or radiation which have followed a resistor R1, capacitor C1 and an operational

45 paths SB and RB respectively separated by amplifier A1. An FET 9 is connected across the
periods in which radiation from the source is 110 capacitor C1. The output of the integrator 20 is
interrupted. The composite beam CB is reflected fed to a sample and hold circuit 22 comprising an
by mirror M8 onto an entrance slit SL1 of a FET 10 a resistor R2 a capacitor C2 and an
monochromator MO. The monochromator MO operational amplifier A2 the output of which is

50 comprises the entrance slit SL1, a concave mirror connected to an output terminal 11 of the <
M@, a diffraction grating G and an exit slit SL2 115 processing circuit. A second-output of the decoder
and is used to select radiation of a narrow band of 2 is connected via an FET 12 to a second
wavelengths from the wideband radiation integrator 21 which comprises a resistor R3, a
presented to the entrance slit SL1. The narrow capacitor C3 and an operational amplifier A3. An

55 band radiation emerging from the exit slit SL2 is FET 13 is connected across capacitor C3. The
reflected onto a detector D by a mirror M10. The 120 output of the second integrator 21 is connected
output of the detector D is fed via signal to one input of a comparator circuit which
processing means PC to an indicator |. comprises resistors R4 and Rb and a fast

In order to determine the transmittance of a comparator-A4. The other input of the comparator

60 sample it is inserted in the measurement is connected to a reference potential VR. The
compartment MC so as to be traversed by the 125 output of the comparator is connected to a further
sample beam and the signal processing means PC input of the control logic circuit 7. The control
is arranged to determine the ratio of the logic circuit has three outputs the first being
magnitude of the radiation emerging from the connected to the gate electrodes of FET's 8 and

65 sample cell SC to that emerging from the 12, the second to the gate electrode of FET's 9
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and 13 and the third to the gate electrode of FET
10. :
Figure 3 shows a number of the waveforms
oceurring at various points in the processing
circuit shown in Figure 2. Waveform a illustrates
the composite waveform from the detector D
which is applied at terminal 1. The four time
periods T1, T2, T3 and T4 correspond to a first
period when the radiation beam is absorbed
within the mirror system, a period during which
the radiation beam passes through the reference
cell before falling on the detector D, a second
period during which the radiation beam is
absorbed within the mirror system, and a period
during which the radiation beam passes through
the sample cell before falling on the detector
respectively. Waveforms b, ¢, d and e illustrate
the four timing signals applied to the decoder 2
and contro! logic 7 and which correspond to the
periods T1 to T4. Using these timing signals the
decoder presents at its first output a signal
hereinafter called Sample-Dark representing the
detector output during the period T4 minus the
average of that during the latest of periods T1 and
T3 and at its second output a signal hereinafter
called Ref-Dark representing the detector output
during the period T2 minus the average of that
during the latest of periods T1 and T3. During the
periods between the end of T2 and the beginning
of T3 and the end of T4 and the beginning of T1
the control logic 7 produces a signal shown as
waveform f. This signal is applied to the gate
electrodes of FET's 9 and 13 to discharge
capacitors C1 and C3 and thus zero the two
integrators. At the start of periods T1 and T3 the
control logic 7 produces an output signal shown
as waveform 7/ which allows the integrators 20
and 21 to integrate the first and second outputs
of the decoder 7 respectively. The integrator 21
integrates the Ref-Dark signal and when its
output reaches the reference potential VR causes
the comparator output to change as shown by
waveform A, This in turn causes the control logic
to terminate the integrate pulse / and thus the
integrator 20 now holds a representation of the
Sample-Dark signal as a proportion of the Ref-
Dark signal. The control logic 7 generates a
waveform m which switches on the FET 10 to
connect the output of comparator 20 to the
sample and hold circuit 22, The sample pulse
commences at the cessation of the integrate
pulse, waveform /, and has a puise length
dependent on the magnitude of the output of the
detector during the period T2 i.e. the magnitude
of the radiation reaching the detector D via the
path RB. As this magnitude increases the sample
time increases and thus the signal at output 11
follows.variations in the magnitude of received
radiation-more quickly.

Since the noise output of a system is
proportional to the square root of the bandwidth it
is convenient to make the sample time
proportional to the square of the signal energy.
Thus noise x bandwidth remains constant. In
order to achieve a sample time which is
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proportional to the square of the signal energy the
control logic circuit 7 includes a squaring circuit
which squares the signal at the detector D during
the period T2. The control logic circuit 7 then uses
this value to determine the length of the pulses m
and thus the sample time for the sample and hold
circuit 22,

Figure 4 illustrates the response of the sample
and hold circuit 22 to a step input shown as
waveform n. If the FET 10 is permanently on then
the output at terminal 11 will have the form
shown as waveform p the response time
depending on time constant CR of resistor R2 and
capacitor C2, However, if FET 10 is switched on
for 26% of the time CR then the output at
terminal 11 will have the form shown as
waveform g. Clearly, in this case, the rate at
which the output of the sample and hold circuit
22 will follow changes in the value of the signal at
its input is dependent on the time during which
the FET 10 is switched on.

An amplifier as shown in Figure 5 may be
connected between input terminal 1 and the
decoder 2 and control logic circuit 7. The
amplifier includes a pre-amplifier section 502
comprising an operational amplifier ABO1, a
capacitor C501, resistors R501, R502 and a
capacitor C502. Following the preamplifier
section 502 is a differentiator 503 comrising an
operational amplifier A502, resistors R503, R504
and capacitors C5603, C504. The output of the
differentiator 503 is fed via a line 701 to the
control logic circuit 7 and via a capacitor C505
and a resistor R605 to a variable attenuator and
buffer stage 504. The variable attenuator and
buffer stage 504 includes an operational amplifier
ABO03, a capacitor C506 and resistors R5086,
R507 and produces an output signal on line 601
which is fed to the decoder 2. The variable
attenuator and buffer stage is controlled by an
automatic gain comparator and amplifier stage
506 which is fed from an output of the decoder
on line 501. The signal on line 501 is fed via the
series arrangement of two resistors R508, R509
to the positive input of an operational amplifier
AB04. A potential divider comprising resistors
R510, R511 connected between positive and
negative supply rails has the junction of the
resistors connected via a resistor R512 to the
negative input of the operational amplifier A604.,
Two oppositely poled diodes D501, D502 are
connected in parallel between the junction of
resistors R508, R509 and the junction of resistors
R510, RB11. The output of operational amplifier
ABO4 is fed via resistors R513, R614 to the
negative input of operational amplifier A501. The
junction of resistors R513, R514 being connected
to the gate electrode of an FET T501. The source
and drain electrode of the FET T601 are
connected across a resistor R515 which is
connected between the negative supply rail and
the positive input of amplifier A503. A capacitor
C507 is connected between the positive input of
amplifier AbO4 and the negative supply rail,
capacitor C508 is connected between the output
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of amplifier ABO4 and the negative supply rail,
and a capacitor C509 is connected between the
output and the negative input of ampllﬁer A504,
The variable attenuator and buffer stage is
controlled by the automatic gain.comparator and
amplifier stage to maintain the Ref-Dark signal
substantially constant despite.variations in the
sighal level received by the detector D.

The decoder 7 is shown in greater detail in
Figure 6 and comprises four sample and hold
circuits 604, 605, 606 and 607 and two
subtractor circuits 608 and 609,

Sample and hold circuit 604 comprises an FET
T604, a resistor R604, a capacitor C604 and an
operational amphﬂer A604, sample and hold
gircuit 605 comprises an FET T605, a resistor
RG0S5, a capacitor C605 and an operational
amplifier AB05, sample and hold circuit 606
comprises an FET T6086, a resistor R606, a-
capacitor C606 and an operational amplifier
AB606 and sample and hold circuit 607 comprises
an FET T607, a resistor R607, a capacitor C607
and an operational amplifier A607.

The subtractor circuits 608 and 609 are
identical in form subtractor 608 comprising an
operational amplifier AG08 having its positive
input biased by a resistor network comprising
resistors R608, R609, R610and R611, a’
capacitor C608 being connected across resistors -
R608 and R609. The parallel arrangement of a
resistor R612 and a capacitor C612 is connected
between the output and the negative input of
amplifier ABO8. A first input of subtractor 608 is
connected via a resistor R613 to the negative
input of amplifier AGO8 while a second input is
connected via a resistor R614 to the positive
input of amplifier A608. Subtractor 609 is
identical in form and comprises resistors R618—
R623, capacitors C618 and C622 and operational
amplifier A60S.

The composite waveform a is apphed on line
601 to the sample and hold circuits 604—607
after suitable processing in the amplifier shown in
Figure 5. Timing signals e, d, ¢ and b are fed from
terminals 3, 4, 5 and 6 respectively to sample and
hold circuits 604—607. In this way during time
period T1 sample and hold circuit 607 samples
the composite waveform as the timing signal b
causes FET 607 to conduct and stores the
magnitude of the composite waveform at that
time on capacitor C607. In this way a
representation of the radiation falling on the
detector D during the first Dark period i.e. a period
when the radiation beam is deflected away from
the detector D is stored. In the same way value of
the Reference signal is stored on capacitor C606,
the sample signal on C604 and the signal during
the second Dark period on capacitor C605. The
outputs of sample and hold circuits 605 and 607
are commoned through resistors R630 and R631
so that the average value of the composite signal
during the last two Dark periods is applied to one
input of each of the subtractors 608 and 609. The
output of sample and hold circuit 604 is applied
to the other input of subtractor 608 while the
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output of sample and hold circuit 606 is applied
to the other input of subtractor 609 and via line
501 to the automatic gain comparator and
amplifier 505 (Figure 5).

The output of subtractor 608 on line 602
provnded the Sample-Dark signal which is applied
to the input of integrator 20 (Figure 2} under the
control of the integrate signal / as previously -
described while the output of subtractor 609 on
line 603 provides the Ref-Dark signal which is
applied to integrator 21 (Figure 2).

The contro! logic circuit 7 is shown in detail in
Figures 7 and 8 and comprises an energy detector
703, a squaring circuit 704, energy level
comparator 705 and the logic elements shown in
Figure 8. A comparator 706 is also shown in
Figure 7 and this takes the place of the
comparator shown in Figure 2,

The energy level detector 703 has an input
which is connected via line 701 to the output of
the differentiator 503 (Figure 5} and comprises a
sample and hold circuit with an FET T703,
resistor, R703, capacitor C704 and operationail

_amplifier A703.

The sample and- hold circuit is fed via
capacitor C703 and the FET T703 is switched by
waveform c¢ so that a representation of the
magnitude of the radiation falling on the detector
during the period T2 is held. A resistor R723 and
an FET T723 are connected in series between the
junction of capacitor C703 and FET T703 and the
negative supply rail. The gate of FET T723 is fed
with waveform b to discharge capacitor C703

-before the period T2. The output of the sample

and hold circuit is connected via the series
arrangement of two resistors R704 and R705 to
the negative supply rail. The junction of resistors
R704 and R7056 forms the output of the energy
level detector 703 and is connected to a squaring
circuit 704.

The squaring circuit 704 includes an
operational amplifier A704 whose positive input
is connected to the junction of resistors R704 and
R705. The output of amplifier A704 is connected
to its negative input via a resistor R706. The
series arrangement of two diodes D701 and
D703 and a resistor R708 is connected between -
the negative input of the amplifier A704 and the
negative supply rail. The junction of diodes D701
and D702 is connected to the negative supply rail
via a resistor R707.

The squaring circuit has unity gain until diode '

D701 starts to conduct i.e. when the input
voltage becomes greater than about 625 mV. The
gain is then defined by

{R706+R708)/R708

~ which is made to be equal to three. When the

input voltage reaches 1.25V diode D702 starts to
conduct and the gain is defined by the expression

R707xR708 R707+R708

(R706+ )

R707xR708 R797+R708

)

-}
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which ranges between 0 and 2.5 volts. The
response is a straight line approximation which is
correct-at-25%, 50% and 100% of the maximum
input signal. In practice at each of the diode break
points the curve is smoothed by the gradual turn-
oh of the diodes. The output voltage of the
squaring circuit<= 1.6 {(Vin)%

The energy level comparator 705 comprises a
constant current source for charging a capacitor
C705; a comparator and.a switch controlled by a

“reference level comparator 706 which is in

modified form the reference level comparator of
Figure 2. The constant current source comprises a
pnp transistor T705, having its emitter connected
to the positive supply rail and its base connected
to & potential divider comprising a resistor R710
and a preset potentiometer R711 connected
between the positive and negative supply. rails.
The junction of the collector of transistor T705
and the capacitor C705 is connected via a resistor
R712 to the negative input of a fast comparator
A705, which together with its associated
components, i.e. diode D703 and resistors R713
and R714, forms a comparator. A switch
comprlsmg an FET T704 connects the output of
the squaring circuit 704 to the junction of -
capacitor C705 and the collector of transistor
T705. The FET T704-is controlled by the output of
the reference level comparator 706 via-d dlode
D704 and a resistor R709.

The reference level comparator compnses an

operational amplifier A706 having its negative

input connected to a potential divider comprising
two resistors R716-and R7 17 connected between
the positive and negative supply rails. A resistor
R718 is connected between an input line 702
which is connected to the-output of the reference
integrator 21 and the positive input of amplifier
A708, A diode D706 is connected between the
positive and negative inputs of amplifier A706
while a resistor R7 19 is connected between its
positive input and its output. The output of
amplifier A706-is connected to the positive
supply rail via a resistor R720 and via a diode -
D707 to an output ling.707. The output line 707
is connected to a positive supply. rail via a resistor
R721.

in operation the energy IeveI detector samples
the magnitude of the compositive waveform a
during the period. T2 and holds this value on
capacitor C704 and thus presents a sighal
representmg the magnitude of the radiation
passing through the reference cell to the input of
the squaring circuit 704. The output of the
squaring circuit is applied to the energy level
comparator via the FET T704 which is.controlled
by the output of the reference level comparator
706 so that the capaciter C7065 is discharged to
produce a negative voltage proportional to the
magnitude of the radiation passing through the
reference cell at the junction of capacitor C705
and resistor R7 13 when the reference comparator
output is positive. When the reference
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comparator output goes negative FET T704 is
switched off and the. capacitor is charged linearly
by the constant. current soeurce. This action is .
illustrated by waveform kin Figure 3. Waveform &
causes the output of comparator A705 to take the
form shown in Figure 3 as waveform /. As.can be
seen from Figure 3 the mark/space ratio of -

‘waveform / depends on the. magnitude of the

output of the squaring circuit-704. The output of

. the comparator A705 is modified in the control

logic circuit 7 as described hereinafter to produce
the control signal for sample and hold circuit 22
of Figure 2.

- Figure 8 shows an arrangement of Iognc
circuitry for producing the waveforms /, £, and m
of Figure 3. Inputs 4 and: 6 are connected to the

-inputs of an OR gate-800 whose output.is

connected to the input of a monostable .
multivibrator 801. Thus the leading edge of the

. pulses corresponding to times T1- or T3 will cause -
- the monostable:801 to-produce a-pulse which

sets two bistable circuits 802 and 803. The Q
output of bistable 803 is connected via an: -
invertor 804 to-output line 805 and produces.the
waveform 7 to-govern the operation of the £
integrators 20-and 21 of Figure 2. The bistable
circuit 803 is reset either when the reference
comparator output on line 707, which is
connected to the reset input of bistable 803, goes
negative, i.e. the reférence integrator2 1 output
has reached a préset value, or at the'end of the
next T2 or T4 petiod. Inputs:3:and-5 are

- connected to the inputs of a:NOR gate: 806‘w-hose

output is connected to the input of a monostable
multivibrator807. The output of the monostable
807 is.connected to the clock input-of bistable -
803 and thus the back edge of waveform c or e
will cause the bistable 803 to change state. Thus
either the end of period T2 or T4 or the output of
integrator 21 reaching a preset value will cause
the integrate pulse / to cease. The Q output of
bistable circuit 803 is connected to an inhibit
input on the monostable circuit 807 so that the
monostable circuit 807 will not produce an
output pulse to clock the bistable circuit 803 if
the integration has been completed and hence
the bistable circuit 803 is reset via line 707,
before the end of the reference or sample period,
times T2 and T4. .

The output of reference level comparator 706

~ on line 707 is connected via an invertor to an
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input of a NAND gate 809 the other input of
which is.connected via line 708 to the output of
the energy level comparator 708. The output of
NAND gate 809 is connected via an invertor 810
to an output line 811, Thus waveforms s and / are

~ combined in NAND gate 809 to produce a sample
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and hold pulse m whose pulse length is
proportional to the output of the squaring circuit
704 and hence proportional to the square of the
energy received by the detector D during the
period T2 i.e. when radiation passing through the
reference cell falls on the detector.

. The output of NOR gate 806 also resets
bistable 802 at the start of periods T2 and T4 and
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is applied to-one input of a NAND gate 812 the
other input of which is connected to the output of
bistable 802. The output of NAND gate 812 is
connected to an invertor 813. The output of
NAND gate 809 is connected to an invertor 814
which is in turn connected to an invertor 815. The
outputs of invertors 813 and 815 are commoned
and fed to an output line 815 via which the zero
clamp signal, waveform £, is cannected to the
integrators 20 and 21 of Figure 2. Thus the zero

clamp signal only occurs in the intervals between

periods T2 and T3 and T4 and T1.

In an alternative embodiment the signals
representing the level of the radiation falling on
the detector during each of the periods T1 to T4
may be measured by an integrating digital
voltmeter and stored. The differences and ratio of
Sample-Dark to Ref-Dark may then be calculated
in an arithmetic unit. The response time can be
varied by taking the average of the results over a
period which is made dependent on the
magmtude of the signal during period T2. if this
technique is used it would also be possible to
weight the significance given to the measured
results during the period over which the average
is taken, e.g. to give greater sngmfacance to the
latest measurements.

Claims

1. A dual beam ratio recordmg
spectrophotometer comprising a radiation source,
a radiation detector, a first path between the
source and detector which includes a sample cell,
a second path between the source and detector
which includes a reference cell, means for
alternately directing radiation following the first
and second paths onto the detector, and a
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processing circuit for processing the output
signals from the detector and producing an output
signal representative of a characteristic of a
substance in the sample cell characterised in that
the bandwidth of the processing circuit is
dependent on the magnitude of the radiation
received by the detector via the second path.

2. A spectrophotometer as claimed in Claim 1
characterised in that the bandwidth is
proportional to the square of the magnitude of the
radiation detected by the detector when the beam
is directed through the reference cell.

3. A spectrophotometer as claimed in Claims 1
or-2 characterised in that the signal processing
means includes a sample and hold circuit in which
the sample time is made dependent on the
magnitude of the radiation detected by the
detector when the beam is directed through the
reference cell.

4. A spectrophotometer as claimed in claims 1,
2 or 3 characterised in that the signal processing
means includes a second sample and hold circuit

- for sampling the magnitude of the radiation

detected by the detector when the beam is
directed through the reference cell and producing
an output dependent thereon.

5. A spectrophotometer as claimed in Claim 4
characterised in that the output of the second
sample and hold circuit is fed to the input of a
squaring-circuit whose output is used to
determine the bandwidth of the signal processing
means.’

6. A dual beam ratio recording

.spectrophotometer substantially as described

herein with reference to Figures 1 to 4 or to
Figures 1to 9 qf the accompanying drawings.
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