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9 Claims. (Cl. 88—14)

This invention relates to systems, such as those for
spectrochemical analysis, which. include pulse amplifiers

of the alternating current type having in the output cir- .

cuit a synchronous rectifier and has for an object the

_provision of systems in which there is avoided variation in

the direct current cutput of the alternating current ampli-
fier and rectifier due.to phase shift of the synchronous
rectifier.

This invention is particularly apphcable to systems
utilized in spectrochemical analyses of various composi-
tions where a spectrum will be produced by a spark dis-
charge and where a radiation-responsive device has an
output corresponding with the intensity of a selected line
or lines of the spectrum produced from the composition.
The repetition rate of the spark discharge is controlled in
manner such that the energies in successive discharges re-
main substantially constant within narrow limits. With
each spark discharge a pulse is produced by a radiation-
responsive device such as a phototube, the intensity of
which is measured with reference to the intensity of a
selected line or band of the spectrum. '

Such measuring systems are preferably of the type dis-
closed in Williams, Jr. Patent No. 2,522,976. Reference
may also be had to the article entitled “Electrically
Balanced Controller for Flight Testing and Spectroscopy”
by Albert J. Williams, Jr. et al. which appears in AIEE

_Transactions, volume 65, 1946, pages 205-208, for de-
_tails of such a ratio-measuring system.

1t has been found desirable, as more fully explained in
copending application Serial No. 157,541, filed April 22,
1950, for “Pulse. Amplifier System for Spectrographic
Analysis” by Albert J. Wﬂhams Jr., issued May 19,-1953
as patent No. 2,638,811, to include prea.mphﬁers in ratio-

-measuring systems of said Williams’ patent No. 2,522,976

and of said publication in order to utilize signals frem
low intensity lines of .the spectrum. However, direct-
current amplifiers, if used, would increase the “dark cur-

rent” signals to the same degree as the sxgnals due to the -. -

fainter lines of the spectrum. Hence, the signal-to-noise
ratio would not be improved. Alternating current ampli-

fiers improve. the signal-to-noise ratio by elimination of

the dark current signal, but with alternating current ampli-

fiers it is necessary to rectify the output thereof for appli- -

cation to thé ratio-measuring network. However, recti-
fiers of either the diode type or of the semi-conductor type

do not have sufficiently linear characteristics to meet the gq

exacting requirements of the spectrographic application.
More particularly, the non-linearity. of such types of
rectifiers produces an apparent change in ratio at different
signal levels not due to change in relative intensities of
the lines of the spectrum ‘under the observation but due
solely to the non-linearity of the rectifiers. - =

Synchronous _rectifiers of :the mechanical type have .

linear response characteristics, but due to:the fact that
such synchronous - rectifiers -operate with switching con-
tacts, they have been found to be subject to slight phase
shifts during operation; that is, like switching operations

-may. cccur at different times in the cycle of the alternat- ..

.2 S
ing current used to drive them. These shifts in phase of
the synchronous rectifier have been enough to introduce
unwanted signals. More specificaily the shifts in phase of
the synchronous rectifiers have produced a change in the -

5 ratio due solely to said shift of phase, and not to a change

in the ratio of intensity of the lines under observation.

It is the principal purpose of the present invention to
provide compensation for systems including an alternating
current amplifier and a synchronous rectifier wherein the

10 System is compensated for the inherent phase shift 'of the

synchronous rectifier and more particularly to provide
a system which allows. a substantial tolerance -in the
phasing of the synchronous rectifier without introducing
signals due to shifts in phase of the synchronous rectifier

15 Wwithout regard to the number of spark discharges within
While systems of the:type disclosed and -

a given cycle.
claimed in the aforementioned copending application have
-been successful in avoiding the introduction of signals
due to shifts in phase of the synchronous rectifier when

a0 a relatively few number of spark discharges take place

during a: cycle, such systems have left something to be
desired when many discharges, for example more than six
pulses of radiant energy for each half cycle, are produced.
‘When more than a few pulses of radiant energy are

25 produced in each half cycle, some of the resulting voltage

.pulses will be reversed by the synchronous rectifier and
will subtract from the direct current output signal of the
amplifier-rectifier. ~ This is" undesirable. Thus, in ac-
cordance with the present invention there is provided.

30 means for applying to the input circuit of the amplifier-

rectifier radiant energy pulses during alternate half cycles
only of an alternating current supply voltage.

In carrying out the invention in one form thereof, there

.is provided a spectrometer system having a source of

85 radiant energy operable over a range of selected repeti-"

tion rates and a phototube responsive to a selected band
of the spectrum of the radiant energy for producing
radiant energy pulses at a selected repetition rate. There
is further provided an amplifier having an input circuit

40 including said phototube and an output circuit in which

there appears-an output signal including amplified pulses
corresponding to those applied to the input circuit. There
is further provided a synchronous rectifier in the output
_circuit and means for applying to the input circuit radiant

5 -cmergy pulses. during alternate half cycles only of an

alternating current reference voltage, to insure unipolarity
‘of the rectified amplified pulses throughout said range of
selected repetition rates, and means including the refer-
-ence voltage for operating the synchronous rectifier to pro-
duce sw1tchmg operations at a predetermined time in the
cycle. of said reference voltage.

Further in accordance with the invention, there is pro-
vided a system for measuring -the relative intensities of
radlant energy produced over:a range of selected repetr—, -
‘tion rates comprising phototubes respectively v1ewmg the
‘radiant energy, a D. C. ratio recorder for comparing the

" output of one phototube relative to the other, and an-A. C.

amplifier disposed between each phototube and the. ratio
recorder, each amplifier having an imput . circuit” for
application thereto of groups of pulses at aselected repeti-
tion rate and an.cutput circuit in which there appears an
ocutpuf signal including amplified pulses corresponding-to
those applied to the input circuit, The system further, in-
cludes a synchronous rectifier means of the mechanical
type in each output circuit, means for simultaneously ap-
“plying to each input circuit radiant energy during alternate.
half cycles only of an alternatlna-current reference voltage

‘to - insure umpolarlty of thé rectified amplified’ pulses -

throughout the fange of selected repetition rates, and
means for operating-the synchionous rectifier means to
produce switching operations at-a predeterrmned time” m
the cycle .of the reference voltage. - - BRIt
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- Further in accordance with the invention, the means for _
..applying to the input circuit - radiant-energy pulses during

-alternate half cycles only of an alternatmg-current refer-
“enge voltage may comprise a half-wave rectifier in serics

_circuit -‘with the source of radiant énergy or it ay com-:
‘prise. a rotary light shutter drsposed ad}acent tne sparrc

electrodes formlng the analytical gap.

[

:* for use in spectrographic  analysis for the teason that un:’ -

Further -in - accordance” with “the- mventlon,,the syn- -

ﬂchronous rectifier means ‘may be:of the mechanical dou-
_ble reed vibratortype, one reed berng disposed respectively
-in’ each of ‘the -output circuits of the amplifiers and both

-of the reeds simultaneously producmg the swrtchlng oper-

) Vatlons at'a predetermined time.

“For:a more detdiled understandmg of the invention and
. ;for further .objecis-and: advantages: thereof; reference is” :
~-tg.bé had to the fohowmg descrrptron taken in CODJUHC- o

) -tron with the a¢companying drawings in ‘which:

“Fig. 1: diagrammaticaily- lllustrates a preferred embod1-4

“ment:of the invention;

-~ -.Fig. 2-diagrammatically illustrates a modrﬁcatron ot the
,mventlon apphcable to the embodrment shown in: Frg 1;
and-

.- Figs."3-8 ‘are graphs useful'in’ explanatron of the prob- -
‘lems to be solved and the manner of therr solutxon by the :

’mventlon
-Referring to Fig. 1 as exemplary of a spectrometer
-system utilizing the invention, light pulses from"the ana-

4

. converted to direct current for application to. ratio’ meas- -
uring networks of the type shown . in sald Wuhams, Jr. ;

Patent No.2,522,976.

It was further pointed out i in sard copendmg apphcatlon
Serial No.-157,541 that the use of alternating-current am--

plifiers-of the type generally available are not suitable

desirable signals are introduced, which signals are not due

‘to ratro differences between. the selected spectral lines or
“bands:
No. 157,541 there was ‘disclosed and is included’ here by, -
reference a pulse amplifier system including a compensated:
- pulse applifier having.a feedback:circuit mcludmg cxrcurtr :

Accordmgly, in Said copendrng applicatjon Serial

elements having impedance characteristics which aré ma-

terially -different.fof Tow and. high-frequency components .-
of the applied-pulses for so-modifying the ‘amplifier char- .’

““acteristics -as ‘fo produce. 4. substantlally uniform ievel of

lytical gap or'source 18 are admitted through entrance slit -

11 ‘of spectrometer 12 in which a prism or grating pro-
duces a spectrum haying emission lines characteristic of
the material to be analyzed, which material ‘is included
i ‘electrodes 16z and 10b or. 1ntroduced into- the spark
" gap 10 between them. ' As the partrcular nature of the
_spectrometer is ‘not here of interest, <t is not further de-
scribed.” It may be of any convennonal type sultable for
tse in spark spectrographrc analysis. .~

- Similar to the spectrometer system  disclosed i in. afore-
L sard copendrng application Serial No. 157,541, the spec-
- tromeéter 12 _directs’ upon phototubes 16 and 17 ‘the se-

.may be. c0n51dered ‘as the analyzing phototube whereas
~phototube 17 may.be consrdered as the reference photo-
tube;

. apphcatron
_¢ation, Fig. 1, there is interposed in:the optical path adja-

,lected Tines- or ‘bands of the ‘spectrum. ~Phototube 16 40

;.. .men -as more fully” ‘disclosed” in” copendm‘7 apphcatron_'
~ - Serial ‘No. 156, 763 ﬁled Aprl[ 19,1959, " Patent -No.
2,734,418 issued February 14,1956, for “Spectrometer-- - .
, The reference ‘band effectively .

- viewed by th
“and ‘embraces the prmcrpal radiation from ths. conshtuents; L
“~of theé specunen “yetiis hrmted by the: response. character-." .

istic of the receiver alone orin combmatlon with an opti--

'cal ﬁlter 10 -exclude “the’ non-representatrve radlatron due.~-
: to components of the ambient atmospher\_ or due to'speci- .. -
'diﬁferent excitation ‘char- -

. ‘For: ‘purposes’ of clarity; insofar as possrble “like -
- parts in“the present application*have been’ desrgnated with.
~-thie same referencc characters as the aforesaid copendmg E
Tn thie sp ctrometer-12 of ‘the present appli-

:cent efifrance’ sht 1% a clear polished: quartz light- sphtter, :

_in‘the form of a plate’ 13 whick transmits’ radrant energy

- to: analyzm ‘phtotibe ‘16 and reﬁects radiant energy tc -2
- reference phototube 17. The purpose of the hght splitter -
‘As -disclosed in .said "co- -
“pending apphcatron the radratlon-responswe devices 16 .-
and: 17. are’ preferably photomu]trphers and these have -
been ‘connected in -a ratio measuring circuit for operation

13 will” be latér: pomted out,

©ofa ratio recorder 18 in acéordance with the relatlvet

==values of the infénsity of the reference: radrant energy

- othie radiant. energy’ correspondmg with thc constittient” of -

- the “substance - ‘being analyzed 'Accordmgly, in" Fig. 1 .
~.the ‘ratiorecorder 18 is illustrated
' cireuit, 19 from phototube 17 and a’ second mput c1rcu1t :

- 220 from’ phototube 16.

= In theé aforementroned copendmg apphcahonr-Senal No
“ 157, 541,71t was pomted out that because. of the “dark'
: r;‘current 2 that is, the current ﬁow durm -the - absence ‘of -

amp,llﬁers' are partrcularly dvantageous The‘

'—..output of such an: alternatmg current amphﬁcr is. then 75

“as” having one input .- 16sS |

':i: ﬁers do not 1mprove the srgnal-to-norseratro Where the"jl -
n“srgnal of course 1s a measure of the mtensvty of the re-_

: ,pulses produced ineach, half cycle of a refer
" The manner:of. producmg ‘multiple: pulses is:
erplamed in* Bnns Patent-
;-:source or analyzmg gap 10 is mc uﬁed ina hrgh-frequency

) acterlstlcs

with réspect to-the-light’ actually
,_’pollshed quartz plate 13 to the. analyzmg cell 16 of the
‘§pectrometer: because . the latter cell i§ -viewing. only a.
single line whleh contains very httlerradlant enzrgy” ‘while.
annel is viewing sib-"
fathe radrant eneroy Thus as the two

“the ‘pho
;stantlall alf:

signal: between groups. of pulses in-avoidance of spurlous

-sigrials which would otherwise be introduced-by _change i
-phase operatron ‘of the fectifier in the regions if which’ said: "
_ substantially " umform sigiial level “has ‘béen estabhshed CLr

Similar amplifiers 37, 374 and synchronoiis contact recti-
fiers 72, 72a illustrated in Frg 1"of said copending’ appli-

cation Serral No. 157,541 have béen illustrated schemati- -~ . ;
cally in Fig. 1-of this application by blocks desrgnated by e
The - synchifonous ~
rectifiers 72, 72a may .be. of the polarlzed vibrator. type,

corresponding - reference - chardcters.

the construction-of which is disclosed ir ¢opending appli-
cation Serial No. 725,465, ﬁled by “Albert J. Williams, Jr.,
issued October 14, 1952 as U. S Patent No. 2,614,188

(and also disclosed in Belglan Patent No. 479, 515). .The

vibrators 72, 72a may be either ‘of the norrnally closed-or
‘the normally open-type, but preferably of the iatter type.
“The fefetence cell 17, whlle it'may receive radiant en-

kergy from"only a srngle hne of the spectrum, preferably

and as illustrated in Fig. 1, Teceivés radiant energy from
a ‘selected band of the total radratron of ‘the excited speci-

Systerins” by J ohn H. Enns.

eference photccell is undispersed radiation

men “components of apprecrabl

In this connection, it'is to ba. noted ‘that'it is

desrrable to have the'radiant energy reachlnn the reference -

channel of ‘thé fatio récorder 18 consrderably attenuated

ir 17’ in thé refer

'3

ssing through the clear |

ote filly
456, 116 - Briefly, “the .
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‘discharge circuit 20 including a capacitor 21, a resistor 22
‘and inductor 23, and preferably a radio-frequency am-
meter 24.- The low-frequency charging circuit 25 includes
a voltage step-up transformer 26 supplied from a suitable
source of alternating-current supply 74. To adjust the
«charging voltage for the capacitor 21, an adjustable auto-
transformer 27 of the “Variac” type is utilized in con-
junction with an adjustable series resistance 28.. The ¢on-
ventional - 60-cycle alternating-current source -of supply
qnay be utilized, the sine waveform 76 being illustrated in
Figs. 3~-8. Variation of the voltage applied to the trans-
former 26 will predetermine, cther things remainiag con-
stant, the number of sparks which jump the gap 10 each
half cycle or alternate half cycle of the low-frequency
supply voltage. A control gap 29 is included in series
with the analytical gap 18 to stabilize operation thereof,
a stream of air being directed across the conirol gap as

- by means of a flow pipe 30 of insulating material.
-~ As fully explained in said Enns patent, when the voit-

age Tises across the capacitor 21, it will attain .a magni-
tude at which a spark will jump across the.control gap 28,
whereupon the energy stored in the capacitor 21 will be
dissipated as an oscillatory high-frequency discharge in
the discharge circuit 28 including the analytical gap 10.
The voltage across capacitor 21 will be quickly restored
to zeérc. However, the capacitor again starts recharging
at a rate determined by the time constant of the charging
network and therefore may again receive a charge ade-
quate to produce a spark at the control gap 22 to initiate
a further high-frequency discharge. The charging and
discharging cycle repeats in each half wave of waveform
76 of the reference voltage 74 a number of times depend-
ing upon the setting of the control gap 29, the time con-
stant of the charging circuit 25, and the available sec-
ondary voltage of the transformer 26. As described
above, the spark breakdowns of the analytical gap 10 have
ranged from 1 to 20 per half cycle of the reference voltage.

In Fig. 3 there has been illustrated the sine wave 76 of
the reference voltage 74 of 60 cycles per second as well as

three pulses 41, 42 and 43 of radiant energy directed to &

the spectrometer 12 as a result of three discharges across
gap 16 during the positive half cycle of the réference
voltage 74. During the negative half cycle of that volt-
age, there will again be three further discharges. As in-
dicated by the broken line 120-cycle sine wave 45, it will
be observed that the three pulses of radiant energy occur
during the positiveé . half cycles of a 120-cycle sine wave
45.  Under such conditions, it will be desirable to have
the synchronous. rectifiers 72, 724, Fig. 1, (discloséd in
detail in aforementioned copending application Serial No.
157,541). operate at 120 cycles per second. With syn-
chronous rectifiers 72, 72a operating at 120 cycles per
second, there will be obtained operation of the ampli-
fier-rectifier combinations of Fig. 1 according to the wave-
form including” the resulting voltage pulses 41a—d43a
illustrated in Fig. 4. ,

While the foregoing operation is satisfactory if only
a single pulse or a small number of pulses are produced
in each half cycle of the reference voltage 74 (illustrated
as.sine wave 76 in Figs. 3, 5 and 7) if numerous pulses,

10
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in Fig. 1, the high-frequency discharge. circuit 20 may
include a half wave rectifier 60 which serves to limit the
discharge current through the gaps 10 and 29 only to -
the half wave corresponding with the . polarity of con-
nection of the rectifier 60 in the discharge circuit. Alter-
natively, the half-wave operation may be accomplished by
providing a rotary shutter (approximately 180° disc) 61 -
in the light path between the source or gap 10 and the
phototubes 16 and 17, operated by a synchronous motor
62 supplied from source 74, the half-wave shutter 61
blocking from the phototubes alternate half cycles of radi-
ant energy, thus performing the equivalent function of the
half-wave rectifier 60 in the electrical circuit of gap.10.
While in Fig. 1 both the half-wave rectifier 60 and the
half-wave shutter 61 have been illustrated, it will be noted
that there has been provided a rectifier shunting switch
63 and a motor circuit switch 64. Both switches 63 and
€4 ‘are mechanically “colipled - together for simultaneous’
operation to open.and closed positions. Thus, when
motor switch 64 is closed to energize motor 62 to provide
half-wave source operation by means of half-wave shut-
ter €1, the switch 63 .also will be closed, thereby shorting
out of the electrical circuit. of gap-10 the half-wave recti--
fier 60. Similarly, when switches 63 and 64 are in open
position, half-wave rectifier 60 will be effective in the
electrical circuit of gap 10 to produce half-wave source
operation, and, accordingly, motor. 62 will be deenergized
thereby preventing rotation of the half-wave shutter 61.
It is to be understood that suitable provision is to be made
to insure that when switch 84 is in open position with
motor 62 deenergized, the half-wave shutter 61 will be
at rest in a position such that it will not block the pulses
of radiant energy being directed from gap 16 to entrance
shit 11. . . .
By thus limiting the radiant energy pulses to either the

" positive or to the negative half cycles of the reference

50

60

for example as many as six pulses of radiant energy 51—56 .

are produced in each half cycle of the reference voltage

74 (ilustrated as sine wave 76 in Figs. 3, 5 and 7), it will

be seen from Fig. 6 that two of the resulting voltage pulses
56a and 57a will be reversed by the synchronous rectifier
72, 72a and will subtract from the direct-current output
signal of the amplifier-rectifiers. L :
Operation according to the waveforms illustrated.-'in
Figs. 5 and 6 is undesirable and in accordance with the
present invention there is provided means for applying to
the input circuits of the amplifiers radiant energy pulses
during alternate half cycles only of the alternating-current
reference voltage 74. The alternate half-wave operation
may be performed in various ways. ‘For example, as shown

75

voltage wave 76, the synchronous mechanical rectifiers
72, 72a of Fig. 1 may be operated at 60 cycles; for ex-
ample, from the same source of alternating-current sup-
ply as supply 74 having sine waveform 76, Fig. 7, and the
switching of the rectifiers may be phased for operation
with respect to the reference voltage wave 76 to eliminate
the possibility of radiant energy pulses which, in turn,
may produce signal pulses at the amplifier. which, if pres-

> ent, would be reversed by the rectifiers 72, 72¢.in diminu-

tion of the direct-current output signals. As may be seen
in Fig. 8, the switching of the-synchronous rectifiers takes
place at the point of alternation of reference voltage wave
76. - Thus, with operation according to the waveform il-
lustrated in Fig. 8 there is avoided the possibility of indc-
curacies due to change in the direct-current output signal
which would result in a change from the operatiod with
some pulses, at times, subtracting from the direct-current
output,. and at other times due to ‘mechanical rectifier
phase shift, nct subtracting therefrom. There is further
avoided the need for a high degree of phase stability since
by including the rectifier: 60 in the discharge circuit, the
synchronous rectifiers 72, 72a can shift in phase over a
substantial period of time without the possibility of the
improper operation above discussed in - connection with
Figs. 5 and 6. There may then be as many radiant energy
pulses 78 as desired during alternate half cycles-of voltage

74 represented by waveform 76, but none of the resulting -

voltage pulses 79 will be reversed by rectifiers: 72, 72a
because their switching operations even with some phase.
shift occur substantially during the inactive half cycles.. -
- It is, of course, possible to have phase shift occur be- - -
tween the synchronous rectifier 72 contained in the meas-

“uring channel and synchromous rectifier 724 contained in

the reference channél which would lead to inaccuracies

in the system unless the amplifiers contained ‘in the ref- - -
erence channel-and in the measuring channel are compen- e

sated, for example, in accordance with the compensation -
described in aforesaid copending application Serial‘ No.
157,541. However, to avoid the need of utilizing com-
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“mon vrbrator“ctrrve' of Fl“ 2 with two reeds 81 82 at-
tached thereto reed~81 serving to rectify. the output of

pensated ,amphﬁers there may»be substltuted for the two

the reference channe and reed ‘82 ‘rectifying the output -

B of the measuring cha el, the phase shift produced i in both
channels will be 1dent1cal since being derived from a com-
~ mon v1bratorr 80 and the effects of any phase shift will.

‘cancel. Thls, of course, assumes.that both halves of the
“vibrator respectlvely mcludmg reeds 81 -and 82 will vary

k. 1dent1cally in their Vlbl'atlﬂ° characteristics stuch as the

‘make or break time ‘of the v1brator contacts,” “Thus, by
Vutrlrzmg a common vibrator 89, as illustrated in-Fig. 2,

10

pulses durmg :alternate half cycles only of an alternatmg
current reference voltageto insure umpolarxty of -the-rec-
tified - amphﬁed pulses-throughout said range:of- selected

V—repetmon rates, and -means for-operating- said. synchro--’ 7

nous rectifier: means:to produce switching -operations -at'a

predetermined-time-in.the cycle of. said reference voltage. -

5. ‘A system accordmg to claun 4 -wherein said synchro-

nous._rectifier: -means is of the ‘mechanical-double:reed vi--

brator type,. one. reed being. drsposed respectively in each

-of said-output circuits. and both -of .said reeds: simultane-. =
ously producmo the. sw1tch1ng operatrons to avord phase

" .- shift effects.

the amplifiers 83 and 84 need not be of the aforemen- -

. tioned compensated type but may be of a well- known type
. ““voltage ampllﬁer characterized by high gain, stablhzeo by
. feedback and having telatively uniform response through—

ot ‘the audJo spectrum, for example, such as Ballantmc_,—'

4 ‘decadeé amplifier Model 220.:

AT s o be understood that the amphﬁer—rectlﬁer crrcurt :
o of Fig. 2 may be’ utlhzed with: the. source circuit of Fig..-
Yand that the half-wave source operation may be obtained -

as in Fig.-1-by-cither the.use of the half-wave rectifier 60.
or. the half-wave rofary hght shutter 63. " It is further to
be understood that while it is not necessary, the common
-vibrator: 80 may also be. used with compensated amplifiers
such as 37-and 374 of Fig. 1.”

“While- preferred embodiments of the invention have

‘been_ illustrated, it is to be understood of course, that -

further. modifications may be. made wrthrn the spirit and
scope of the appended claims. '
What is claimed is:

1. In combmatlon, a spectrometer system havmf7 a:

source of radiant energy operable over a range of selected
repetition ‘rates -and a phototube responsive. to a.selected
band 6f thé spectrum of said radiant eénergy for producing
* radiant-energy. pulses at a selected repetition rate, an am-
plifier having an: mput circuit mcludmg sa1d ‘phototube

“and an outpiit circuit in which there appears an’output

signal: mcludmg amphﬁed pulses:correspending with those

. -tion rates:and a phototube responsive: fo.a selected band ’ -
producmbt s

30

-40

' -‘applied to  said mput circuit, a- synchronous rectifier in-. -

said’output circuit, means for applying to said input cir-

euif radlant-energy pulses curmg “alternate nalf cycles only.

of: analternating-current reference voltage to insure uni--

polarity: of: the: rectified amphﬁed pu]ses throughout said

- ~range 'of “selected: repetitiori rates,and ‘means -including -
. sdid.reference voltage for operatmg said synchronous rec
- tifier: to: produce. switching’ opcratlons ata predeterrmned
e t1m° in.the cycle of:said Teference voltage. - '

2. .The combination accordmg to' claim’ l wherein said

~means for-applying to said input circuit radlant-energy

pulses_during. altérnate. half cycles only of an alternating-

current reference voltage’ comprises. a half—wa"e rectifier
) m series with said source of:radiant energy. .-

3.: The combination according to claim 1 wherem said
_means. for ‘applying ‘to. said” rnput crrcmt radlant-energy :

pulses during-alternate: hall- cycles only of an alternating-
clirrent reference: volfage. compnses a rotary. light shutter.
C4A systcm of ‘measuring the relative-intensities ‘of ra-

s dlant energy produced overa range of selected repetltlon.f
rates compfising: phototubes respectively viewing said ra-". -
o >rgy; a'D.~C. ratio-recorder for comparing: the
" output of one: phototube rélative to.the othér, a pair:of 45
LA G amohﬁers, one. d1sposed betweedi. éath phototube‘ B
- -and said Tatio recorder and éach ‘amiplifier having an in-;
=7 put: circuit: for apphcatron thcreto -of groups- of pulses at -
-~ a-selected: repetition- rate and: an ‘output circuit in which-
:- there-appears-an-output: swnal Includmo ‘amplified pulses &
. corresponding: with. those applied to’ said input’.circuit, -
-, synchronous Tectifier :means. of ‘the- mechanical ‘type:in
“. the;;Tespective output- c:rcmts, means for: s1multaneouslyt .

‘for -applying ‘to- said input; circuit radlant—e*leray puls
. during alternate “half cycles only of an: alternatmg CUur-
“tent reference. voltaoe conpuses a rotary “light :sh

“having an mput cir

b A system accordmg to ‘claim 4 wherem sa1d means‘
‘for applymg ‘to said -input. circuit radlant-energy pulses”
mng alternate half. cycles. only of an- alternanng cur; -
voltagc .comprises. a half—wave rectlﬁer in-:

rent- referenc
series. with sard solrce. of -radiant énergy:
7oA systen ‘according’to-claim 4 wherein said means

8. In- combrnauon an spectromcter havmg
sdlant energy operaule over a range of selected repetr-

of .the spectriynof said: radiant energy_:f
radiant-energy. puls;s ‘at & selected “fepetitio

“amplifier hav-ng an input. circuit: including: said photo-'
" ‘tube and an-cutput circuit in which there appears an out-
ional ‘inctiiding -amplified pulses corresponding. with -

put
those applied to’ said input circuit, said amplifier ;includ-

ing compensating means for making substantially @iniform - :

the output signal level between groups-of said pulses, a

synchronous rectifier - insaid output. circuit,. means -for.

applying to_said input circuit radiant-energy pulses durmg
alternate half cycles only of am. alternating-current ref-

érence voltage 1o instire unipolarity of the selected ampl-" . -
fied. pulses throughout said range of selected- repetition . -

rates, dnd.means including-said - reference -voltage. for

:operatmg said synchronous rectifier fo produce its switch- -
;111«7 .operations ‘during the time:-said output s1gnal level,
_is‘maintained substantlally umform in avoidance. of pro-
ducuon of ‘spuriotis ‘outpit signals- due t& small shmsr

n ‘phase.in’ operation -of ‘said rectifier. -

9.° A system of . medsuring. the. relative mtensrtres of e

selected spearal “bands prod""ed over a3 range of

~t1veLy v16wmg said ’eectral bands; @ D C I'.;.UO recorderr_
for. comparmo the: putpai of one- phototube reratwe torf—,t
~ the other, a'pair : of A C. a'nphﬁers, one dlsposcd. 5
each phototube and.said ratio recorder and each amphﬁer; -
it for .application” thersto. of ‘groups - :
of pulses at a_sclected répetition “rate and . an output - .
cireuit in which. thére appears 2n. output- 'signal including: .
amplified pulses. corresponding -with those. applied to.§aid "
input circuit, each said amplifier including comﬂensatmg'
means for makng substantially uniform the output signal. =~ .~
. level between groups:of said pulses, synchronous tectifier L
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means of the rnccnamcal type.in each said output: eirenit, s

60 means. for srmultaneously applying to’ each “said’. 1neut
" circuit. radiant-enet

- only of ‘an “alternat

pulses durmg alternate half,_c vclas

g !
_sure un,polarrty of t‘lc recuﬁed amuhﬁed pulscs throug

’applym'x 1o the respectlve mput elrcurts radrant-energy,

“of product;ton of spurtous output srgnal b
'shlfts in. phase in operatron cf"sa!d rcctrﬁe A
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